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Recersed 3t Devember 1963

Abstract ——— e

Johansen B Regsonal dst butwon of & culating blood du 11 spbmers n ziphsma n dwk  Acta
phvsel scaad 1963 67 1—9 — Regonal blood flow distfibut on ra ducky was cxt mated
from fracucnal & stabution of Rb €1 A comparson was made between narmally b cathing
ducks and subme ged ducks The data document that cangpicwous changes n reg onal blood
flow take place upon submersiay Th skin skeletal muscle and organs of the gast omtestmal
system shawed 3 marked decreast tn ace ity 1n the submerged £ond taw down to an average
of39  for the gizzard 294  for sk exc sed from the thorax and 110 for gastrocnem us
muscle Surprnng ex ept ons to this were duplayed hy ussues 1 the cranaal part of the anmals
Thus both ki and ruscle £ om th hrad 1eg on showed an wercase 1y actviry duriag b~
merson Th ame was true Tar the exciscd ¢3¢ The aophagus ¢ milarly showed an increased
actn ty n the submerged an mals The mvocardmm f om both atna 2nd ventricles showed 2
rsking smrreass amount ng 10 4+ § umm ugher act vy m the It ventecddae myocardiom in
the subre ged animnals The hange » vasomotor constr cto 1one tak ng place wpon submersion
s Duas bighly select ve and powwsbily segmentally oncated giVing 35 wmereast 1w perpherst
TeSUtance to most OIEARs pastenior o the hears while the mast ctansal Giue seem to be sub~
cesed 102 g neral decrease v vasocanstnerat e with an ncsex o blosd Gow \cuv ty in the
kidneys wa markedly conswtent and 91 of the value found in normally breathing animals

The ad enals showed an ateresung wcrease i acaaty on the.average at bigh as 19 tmes
the value 1 normatly breath ng 2eumals

-~ £
The exeeptional endurance to asphyxia display ed by natwratly diing ammals has fong
Been a focus of mterest 10 \ marked card: respanse 18 without
exeept; dered to be a key it factor in 1he endurance of the asphyote

condiesons in these ammals The hine of seasoning sugoesis that oxygen 1 consenved for

r e address © o Department of Zoologs Lo verny of ¥ash ngton Seattle 5 Washing
0 1

IRt 4 skl 431G



2 KJELL JOHANSEN

TarLz [ demonsirates changes i organ act ity comparmg nermally breathing (N) and sub-
the normally breathung subject 15 histed in a special column for each set of expen
are histed 1o the right i the table

1 u

Sample N s o ~ s
Skn

Web 134 3160 - 380 40 105

Thorax 3641 1883 511 3911 401 101

Head 47714 9740 200 4038 9307 200
Muscle

Gastrocnemius 4830 603 125 5624 50 1o

Peetoralis 2030 2202 243 5330 LIE] 1”7

Neek muscle 466> 1€50 353 3000 560 186

\Maseter 240 3230 130 2505 7300 290
Heart

Left atnum 7739 47468 615 8000 5019 627

Rught ventriele 13 €9 86 0F4 548 17098 83,200 492

Left yentricle 3103 140037 450 27,810 105F48 380
Gastrointest

Esophagus 2320 13473 95¢ 2103 3,876 270

Crzzard 2362 594 105 5482 no act -

Intesune 9636 457 472 10628 190 17
Glands

Pancreas 7600 1175 154 883 344 39

Lier [ 23 4383 668 8467 10509 124

Adrenals 4323 11,837 240 3441 0 000 581

Thvrord 390> 12 88% 330 3790 5000 133
Kadnev 93,220 14167 155 61 6/0 9517 154
Splern 498 10844 219 6447 7 440 1ns
Eye 637 20340 30 4703 4772 350
Diencephalon 5.0 2,83) als 7 1,818 250
Heart rat

(beaty mmn) 1.0 Ik} &s 180 15 83

the most v11a) nssues by 2 redustnbution of the arculating blood reducing flow throush
siun, rmuscle and splanchmc areas with a d or d flow ta the central
nervous sstem The only directly measgred parameter of support 10 such a reasonng
has been a profound brad dix and a relatnely unchanged sv3temse blood pressure
{Inang 1939 §nang Scholander and Grinell 1941 Inang Scholander and Gnnell
1942, Johansen and Krog 1959 Feigl and Folkow 1963

§ number of authors fiave reported tndirect measures of & ceduced Ylood BE
throuh skin ard skeletal musele tn local temperature recordings and accumulation
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mevged {S) ammals expressed as counts per gFAT USWC P TuRUte The per cent change from
 ntal ammals Fhe h art rates arc indicated at the boceant of each eofumn. Average values

m i Wwerage

~ [ ~ s N H

251 163 10 2 50 26 6 185 -
Joa7 575 185 40,3 1500 37 3743 1089 294
2876 11525 370 4322 21 640 500 38630 13062 327
5767 1395 24 6533 420 6% 55 @8 s
1553 1333 8148 7907 100y 137 5182 1364 236
3869 1096 w3 1040 1109 106 3143 1103 329
3000 2000 166 27t 79710 309 2640 2875 222

4793 28507 W 1 ies £) 400 306 7927 45 987 365
17 311313 223 41 byt ] 501 14970 63287 468
22852 #4391 3 23674 123820 417 27842 103486 407

2828 6000 ki 2548 6830 268 2449 8044 fadd
3950 85 13 1948 83 16 4613 Tat k3
g0 225 2 9670 2073 ns 9558 200 209
4222 a0 21 7564 608 8a 7060 % I8
8000 556% Ll 9434 4011 44 7612 6116 an3
2853 16683 584 298 18 480 657 3415 17 000 497
24600 46% 731 4322 11412 276 I 424 8494 243
24 519 4162 169 56 923 439> [ 3] 81083 2 560 91
19639 1514 142 & 62 6436 55 7Yy £33 916
3203 18644 at§ 303 15000 403 437¢ 16676 381
330 1184 3t 483 1158 238 535 1747 326
200 15 75 I8 13 7t 150 3 738

of lactic acxd an musele (Schatander Irvng and Groell 19422 Scholander Trving and
Grinel! 18470 Aademsen 1959) by thermosiromuby  technique (Tnvng 1938b) or a
wodified plethvsmograghic venous occtuston method (Johansen and hrog 1929)
More recently Hollenberg and Lvnas (1963 have provided more direct evidence of
blood flow changes in skin mustle and splanchnic areas by usiog a drop flow meter
techarque  The present study provides wstantaneous s3ives of regromal blood fow

distribution from @ wide \anety of bissues in unanesthetized ducks by using the techrnigue
descrbed by (19585 based on f; 1o fa rad;
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Materials and methods

Domestc ducks were used as experimental ammals The animals were immobibized na camvu
Jacket Thr feet the neck and head and the nght wing protruded out through the restramng
acket The night brachial vein was exposed and cannulated under local anesthesa The
catheter (PE 40} was advanced to the proximety of the nght atrum  Electrocardiogriphic leads
1 ere mounted subcutancously and extended to an Elema Schonander electrocardiogriph Subs
mersion was done bv manually placing the ammals head 1n a water contaner Care was
excreused to avord magor postural changes of the anumal duning submersion ‘The method used
to measure regronal blood Aow dustribation follor s sn all essentials the description by Sapur
stein (1958) The method has earlier found widespread applications by a number of s orkers
{Hershgold Stener and Sapirstein 1929 1evy and AMaruns De Olaaira 1961 Stewner and
Mueller 196! Johansen 1961 Bullard and Tunkbouser 1962) The basis of the methnd 1s that
the uptake of an indicator by an organ 1s related (o the organ blood flow the arteral concentra
tion of the indicator and the organs extraction ratio for the mdicator When Rb* Clisantroduced
1nto the blood stream 1t v 1l readily distribute into the intracellular compartment and the con
centration of Rb 1o a certamn tissue will be proportional to the fraction of the cardiac output
reaching that tisue  Accordimg to Sapirstein (1938) the amount of mdscator depouted will
reman in the tssue for a certain tme Sapinstenn found 1 umform extracuon rito for all

organs exeept the bram for periods up to a minute

In the normally breathing duchs the heart rate values ranged from 170 to 210 beatsfminute
After smjecuon of 10 pc Rb Clan @ ml saline inta the brachial vemn catheter the heart + ay
stopped momentanly 50 sec later by mnyection of a saturated potassium chlonde solution tato
¢ venous catheter F was with frd of remuning activity
Subscquently the ammal was dissected and the vanious tissues excaised and their activity counted
A\ Tracer lab sanullation counter was used together with a Tracer lab  scaler to record
the activity Tissues were counted for 5 mun at 1 700 v In tt e submerged ducks the indicitor
was ijected when the heart rates had reached a steady Ievel of approximately 15 beatsfmin
The heart was stopped after approximately 2 min by mjection of the saturated potassum
chlonde solution The time dependence of the indicator concentration 1n var us tissues tn the
diving ducks was found to stay unchanged from about 40 sec to more than 2 rin after ingection
of the ndicator The rest of the procedure followed what is described far the normally breath ing
ducks In the present study only relatise values of regional blood low distribut o m e tw)
experimental situanions were sought and no integrations done of the arterial concentrat on
after injection

Results

Table I gives a2 compostte picture of the results obtained 1n the present myestigation
expressed as counts,g tssue/min The per cent change in going, from normal breathing
1o submersion 13 listed in a specsal column for cach set of the experimental ammals
Axerage values are found to the far nght of the table The heart rate during nornal
b h and 18 d at the bottom of each column Iigure | shows
the percentage of total injected actisity deposited per gram ussuc m a number of
different tissues companng the normatly breathing animals (black bars in the diagram)
with the submeraed anumals

Samples of skin were taken from the web of the foot from the thorax and the head
region Acusity in the web skin vaned greatly scemingly unrelated to changrs induced
by the submenuon [t was readily seen that areulation through the web s dommantly
governed by T lat T If an animal became subjected toa
positive heat Joad as was the caxe of the submerged anrmal T the heatdiupating require
ments completely overruled any possible constnictn e effects of submersion asphy xiz Gie
culauon throuzh skin from the thorax region whichis entirely covered by feathers and
presumably plays no part in temperature regulation showed a untform vasoce nstrictor
response 1o the submersin asphyxia There v as a markedly reduced actiaty on the
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Tig 1 Percentage of total imjected acuv ty of Rb  deposited per gram tissue 1n various organs
of domestic ducks The black bars indicate valucs dunng normal breath ng the stnped bars
values obtamed du ing submersion The graph represents average values from eight ducks

average about 30°  of the values for the normally breathing ammals Howeser siin
exaised from the head region showed a conststent jncrease In actrvity ranging from 2 teo
o himes the value found 1 normally breathing animals wath an average mcrease of 3 2
umes (Fig 1)

Muscle samples were sumilarly selected along the long axis of the body 1n order to
detect any possible flow thanges related to an anseno-postenior locahzauon of the
ussue Samples of the gastrocnemaus muscle showed a stnkingly uniform reduction n
activity In one submerged ammal (no II) the actnisty was as low as to approach the
background value The average valuc for activity during submersion was only 1/10th
of the values from normally breathung ammals Samples from the strongly developed
pectoral muscle showed the same general reduction 1 activity hoy ever somewhat less
prominent but stll down (0 less than 1/4th of the vafues in normally breathing antmals
Skeletal muscle from the lower neck region showed changes paralle! to those from the
pectoral muscle In one anumal (no IV) there s as 2n insigmaficant change from the
salues 1n normallv breatiung anunals Skin and muscles from the head region for
example the masseter muscle displayed a completely different picture with an average
mcrease of 22 tmes 1n actvity danng submersion (Fig 1) From the heart region
samples were exased from the left atnum and from the pght and left ventrcle Al
these tissucs showed a profound increase in activaty dunng submersion reflecung marked
changes in the underlying blood flow (Fig 1) Descending down the gastro-ntestinal
tract revealed results with the same general tendency as those obtaned from skin and
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skeletal muscle [hus did samples from the csophagus show a considerable increase
actinaty dunng submersion ranging from about 6 0 times 1 ammal I to about 2 7 umes
mn amumazl III The average ancrease was 3 2 times the valuc 1n the normally breathing
amimals Samples from the grzard however taken a few centimeters more caudally
showed a conspicuous reduction m activity In ammal IT the activity was practically
simslar to that of the back ‘The aierage sut salue wasaslowas 39°,
of the actnaty in the normally breathung :l.mmah The samples taken from the smal!
intestine showed a vaned but fi durg sul with values
ranging from 472 %, to 17 %, and with an average of 209 ¢, of the values found 1n
normally breathing animals Samples from a lower segment of the intestines (not shown
1n the table) revealed a completely parallel picture The pancreas samples tiken from
the sub d animals were low and on the average 78° of the activty
n normally breathing amimals The Iner on the other hand showed a more moderate
reduction dunng submersion with average activity values of 803 °  of the average
value for normally breathing ducks

The adrenal gland showed an interesting response with a consistent increase in
actinity The increase \ as indeed considerable ranging from 27 t0 6 5 umes that of
normally breathing ducks The ascrage increase was 4 9 imes and second only to the
ncrease n left atnat actwaty (Fig 1) The thyrord showed a sumilar but less conspacuous
ncrease of 2 4 times dunng submersion (Fig 1) The kidneys were suspected to dem
onstrate stnking changes 1n the submerged ammals and the actinaty an the kidaey
samples rescaled a reduction in underlying blood flow duning submersion down to an
average of 91 © of the values in normally breathing ammals The vanous samples
showed a very umform response (Table 1) The splecen on the other hand showed the
greatest constancy 1n acuvits of all organs tested comparing normally breathing and
submerged anmmals with an avcrage dunng submersion of 91 6 ©  of the actisity 10 the
normally breathing amimals The conspicuous changes related to the anteno-posterior
ortentation of the organs and tisues suagested that other more speciakized organs weee
tested The eyes sere exased from all test aninals and showed an increasc 1a actiity
of 3 3 umes duning sub As carhier empk d by Sap (1958) in dey elopm~
and evaluning the method used presently the central nenvous svstem docs not render
atself for analvsis by the method In spite of the fact that the counts obtained from
central nervous ussue are thus unreliable and meantngless as compared with other
ussues from the same subject 1t was felt that a comparison between the two groups of
subjects might reveal suggesti e information about the rrlatve blood flow changes sa
the normal and Such analyss revealed an sncrease sn
flaw through the dicncephalon 3 times the average value in the normally breathing
ammals

Discussion

Tt has for obuious reasons been difficult to obtain comprehensise data on the partitson
of the cardiac output in unanesthetized anmmals and in particular in ammals that
undergo a remme of exprimental submersion The results here presented makes
posnible a more direct and detailed analyss of the conspucuous redustibution of blood
flow which has been alleged to occur tn many animals upon submeruion It should be
inferred however that th method used of fractional dispersion of an indicator has the
disadvanta~e of measunny, regional blood flow at only a v ennitant i asingle animal
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For thus eason nigud precautions 5 ere taken 10 standardize the experimental arcum
stances and 10 use expenemental ammals as simidar 23 they could possibly be selected
Trving {1939} was the first to propore the theus that a donunant factar e the success
of raturally dwing ammals sa thesr endurance of prolonged asphywa consists m 2
redsstribution of blood flaw zad thereby of available oxygen to mamrtan the imtegrated
acuvity of the central nervous systern and allowing less sensitive pistues wath a better
capacity for anaerobc metabolsm to dowith less oxvgen Most warkersin the field have
provided suppors for thisadea Thus Iovng baouself (1938%) showed with  (hermostro-
mubr technique m a number of different species aven including typical “non-divers
Like cats and dogs that crenlation decreased markedh through ckeletal muscles but
was mamtamed or ipcreased 1 the brmn dunng apnea He also showed that the
changes 1 muscle blood flow vesulted from inereased actvisy 1o sympathete vaso-
constnctor fibers Schotander {1940 detected an accwmulation of hacue aad 0 skeletal
muscle m seals which was not released to the arcolating blood untsl afier the dne He
presents this as evidence for musele wchermia duning diving Grnnell  frang and
Schotander (1912} deduced 2 musenlar vasoconstoction s seals by heat conductivie
methods Andersen {1929) extended these studies to ducks and got swmlar resulis
Ehasen (1960) wakes excepton from i} other workers and mam s thar muscular
blood flon does ot change i vesponse to submersion of avsan divers \s pointed out
bv Schotander e o {1962) the data of Ehassen {1960} are open to sentous eniticisms
because of methodical deficiencies More recently Hollenberg and Lvnas (19631 have
measured regronal blood flow through skin muscles and splanchuuc arcas by a drop
flow meter wechmque These authors argue that progressnve asphyax will sumutate
chemo-secepions and produce an wicrease 1 penpheral resstance and an eardy and
progressnve fait we heart rate They support the concept that blood flow redistnbutions
15 unportant in the toleranon to prolonged asphvua duplayed by dunng anwmals Thes
documented a marked fall sn the splanchme 20d sk blood flow dunng submersion
trut were unable 10 demumsirate any morked change m skeletat wuscle blocd flow Tt
can be argued that the method emploved by these workers s rather crude i respeet to
retauntng a sormal conditiom of the ammal For cxample the skin v s excised from the
leg of the duck in which muscular blood flow was measured
Reports on rrgronal blood flow changes dunng submersion to organs other than skin
suscles and the splanchawe arvare notavatable m the beratuce apart from a report by
Irang et al {1942} about a marked decreare 10 mesentenc dlood flow and obsenations
™ Murdaugh ef 2l (1961) shosing that the renal blood flow pracecalty stops dunng
adnemn seals
The data acquired presently bnng indispueable support ta the 1dea that skeletal
muscalar blood flow  madically reduced dunng smbmernon 1n duchs 11 ey how
ever highly mgruficant that the muscles of the head show a deviatung response and a
consistent increase sn perfusion dunng submersion The Fact that skap and tssues atong
the gastro-mtesnaad tract show a simifar response related 10 an antenio-posterior loca
bzaten of the ussue justifies the assumption that the increase m svmpathetic aso-
canstrictor ewifiow dunae submernon 1 hughts selective ang perhaps segmentally
onented The findung that the esophagus shows a mackedis nicecased acuvaty winle the
gizzard Jocated a fow em more posteniorly 1 reduced 1039 1 acuvis duning sub-
meruon pouwts to 3 stking differentiation i the sympathetic outflaw from the spmal
nerves The author contends that while the sympathene L Xsoconstricfor waus INCredses
to the main bulk of skin and skeletal musele and most vusceral organx dunng submersion
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1t actually decreases to the heart and to several tissues and organs cramial to the level
of the heart This finding seems at first hand to be exceptional as the general concepts
about an mncreased path disch mn the nenves tnvolve a general
and unsform response to most tissues and organs with possible exeeptions for coronary
and ccrebral blood flow Recent studses using the same technique as applied presently on

haved d

blood flow distnbution dunng arousal from hib mn \!

a stnking parallel to the present findings in regards to a scgmentally onented changen
sympathetic vasomotor outflow (Johansen 1961 Bullard and Tunkhouser 1962)
Both these publ d a ncrease 1n blood flow to organs

antenor to the heart while the postertor portion of the body remains vasoconstneted

It seems of interest that a 3 to 5-fold increase in flow to tissues like the ventricular
myocardium and central nen ous tissue wiall inerease or mamtain a relatn ely unchanged
oxygen availability to these tissues dunng the asphyxia penod investigated Specialized
and vital tissues may possess a faculty of regulating their blood flow also by more local
or mtnnuc mechansms The finding that the adrenals showed a conspicuous increase
1n actity while most other visceral organs were markedly reduced 1n actvity senes
to emphasize thy pomnt The sigmificance of an increased blood flow to the adrenals
duning submersion asphyvxia 1s hard to evalute on the basis of present information but
nvates further studies

The question naturally emerges whether the response obtained on naturally diing
ammmals dunng submersion asphyxia 1s a specialized phenomenon or a more general
defense mechansm to asphyxia in all higher vertebrates In spite of an overwhelming
Iiterature on orrculation dunng asphyxia in mammals few generalizauons ave yustified
at present A of h and general exg 1 il differ to the
extent that such a compansen s very restncted It seems relauvely established how
ever that renal blood flow 1s markedly decreased duning asphyxia 1in mammals gencrally
\urray and Young 1963

Th « werk was supported in part by a grant from the Natonal Saence Teundat in of the
United States of Amenca
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1t actually decreases to the heart and to several tissues and organs cramal to the level
of the heart Ths finding seems at first hand to be excepuonal as the general concepts
about an increased sympath disch m the nernves imvolie a general
and uniform response to most tssues and organs with possible exceptions for coronary
and cerebral blood flow Recent studies using the same technique as apphied presently on
blood flow distnbution dunng arousat from b m haved d
a stnking parallel to the present findings in regards to a segmentally onented chanee in
sympathctic vasomotor outflow (Johansen 1961 Bullard and Funkhouser 1962)
Both these publ d a increase m blood flon 1o organs
antenor to the heart while the postenor portion of the body remams \asoconstrieted

It seems of nterest that a 3 to 5 fold increase in flow to tissues hike the ventricular
myocardium and central ner ous tissue wall increase or mamtain a relatn ely unchanged
oxygen availability to these tissues dunng the asphyaa penod investigated Specialized
and vital tissues may possess a faculty of regulating their blood flow also by more local
or intnnsic mechanusms  The finding that the adrenals showed a consprcuous merease
m activity while most other visceral organs were markedly reduced 1n actinity serves
to emphasnize this point The sigmficance of an increased blood flov to the adrenals
dunng sabmersion asphyxia 12 hard to evalute on the basis of present informanon but
nites further studies

‘The question naturally emerges whether the response obtamned on naturally dnang
amimals during sub: aphyaas a \} h or a more general
defense mechanism 1o asphyvia i all higher vertcbrates Tn spite of an overwhelming
literature on arculaton during asphya in mammals few generalizations are justified
at present Appl of h and general exp 1 cond daffer to the
extent that such a 15 very d It scems relaunel hed how
ever thatrenal blood Aow 1s markedly decreased dunng asphyvia in mammals generally
(\Murray and Young 1963)

This work was supported tn part by a grant from the Natonal Science Foundation of the
United States of Amenica
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Right
atrium Puim  Leftsup
ventr arfery v cava

1 Angiocard ography depicting inflow veins night heart and pulmonary artery before {a)

Fg
and durmg (b) submers on

“ote the delayed empty ng of contrast and the reflux 1nto adjoimng yewns during submerston.
ate also the dimens onal changes of the pulmonary artenes and the nght side of the beart
The reduction 1n pulmonary artery diameter during submersion + a3 most conspicuous 1 its
central part Exposu €5 done n mid-diastole

vascular function an tlus siuation (Eliassen 1960 Johansen and Aakhus 1963) The
bradycardia and alleged p heral dunng sub
are hughly of other latory changes
Angocardiography 1 1th film changer techmque represents a uscful tool for evalua
tron of the central arculation The technique has hitherto not been used 1n the studs
of phenomena dunng submersion of diving animals The present study takes advantage
of this tech supported by stmul artenal pressure measurements

Materials and methods

Domestc ducks were used fr the expenments o ancsthes a was used except for he focal
app! cation of x3loca 1 at the s tcs of cannulation The contrast med um Lsopaque  \ycO™
was myeeted through a catheter in the nght or left superio caval v_n or directly nto
the nighy atrum through a polyethylene catheter introduced 1n the nght brachual van The
position of the catheter was checked by fluoroscop ¢ control. The  olume of contrast med um
Fanged berween 4—6 ml and was tnjected with an automat ¢ pressure svringe
The rocntgen equ pment conmsted of an Elema Schonander fitm changer The rate of
vared up 10 wix frames per sec in the p c-submerged anmmals agaist t o frames
per sec in the submerged cond ton The exposures were done at 67 K\ and 200 mA  exposure
tme 003 sec film focus distance 90 cm and focus size 12 v 17 mm
Aricnal pressure was cont nually recorded through a catheter in the 2orta with the aid of a
Statham presiur transducer a S1nhom cary er preampl fier and a +~channel Sanborn recorder
Timing and dufsr v of conter  ction a8 well as the film exposures were recorded together
wihd © a1 bonrecorder

L f Wyegaard and o Oslo Norwas
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The animals were fastened to a board n normal prone sometimes shghily obhique position
Diving was simulated by manually submerging thesr head 1 a water contamner The periods
of submersion lasted up 16 3 min

Results

The contrast 1njections outhined the 1nflow vains 10 the nght atnum clearly It was
mmanably observed that the contrast density was markedly greater in the inflow vans
during the submerged condition A delayed emptying of contrast from the inflow veins
and vanable deprees of reflux into adjoining vems were similarly commonly obsersed
during submersion Fig 1 illustrates this point showing filling of the left supersor vena
cava m the pre sub d (A) and ged (B) d Table IA and IB represent
a d: of some of the fi 1 ch obtatned from the radiological
data Data referring to pre submerged and | d are grouped sepa

rately The Tetters on the top of each column mdicate the different ducks used in the
cxpenments

Tumng of the cardac excle
The d of brad dia dunng 15 gradual and docs not reach a
maumum until about 40—50 sec after start of submersion (Johansen and Aakhus 1963)
The roentgen exposures were as a rule made after the conspicuous bradyeardia had
been established

1In the normally breathing animal prior to submersion the crreulation ime from stare
of ijection to the appearance of contrast in the pulmonary artery was about ) sec
representing 3 heart beats (1n one instance 5 heart beats) compared to a range from
2—4 sec and | heart beat i the submerged condition Inexp B (submerged condition)
the bradycardia was only d q 3 heart beats to bning the contrast to the
pulmonary artery The pulmonary capillary phase became discernible afier 2 sec in
the amimals breathing normally compared to 2—8 sec 1n the submerged condiion The
duration of the capillary phase evaluated from the roentgen frames was about 2 sec
1n the normally breathing amimals against more than 14 sec in the submerged animals
A stmilar difference 1n arculation time was clearly detectable after the appearance of
contrast 1n the pulmonary vein and Ieft atnum This was effected 1n about 2 scc1n the
normally breathing ammals compared to 6—12 sec in the submerged ammals Again
a smaller number of heart beats sufficed to propel the contrast in the submerged
ammals $—5 beats against 5—9 beats 1n the pre-submerged condiion One heart
beat after the contrast was discormible in the left atnum  the left ventncle was usually
well defined 1n the submerged ammal At approumately the same time the larger
systemic artenes the aorta and the brachio-cephalic arteries became distinctly vuble
It took about 3 sec and 7—9 heart beats to bring the contrast ta the aorta i the nor
mally breathing asumals compared to 7—14 sec and 5—6 heart beats in the submerged
ammals

Dimensional changes

A\ rather conspicusus difference 1n the dimensions of the heast chambers and greater
vessels became apparent when comparing the amsmals § rior to and during submernion
The total size of the heart was always increased during submersion i corresponding
phases of the cardiae oce bz 21 Inon exp (G, 1l e projected area of the heart
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B

Fig 2 Anterio-postenor view of the chest A pre submerged B subme ved The heart size
1 considerably increased and the projected lung area reduced dunng dising

Pum  Lefisup
artery v cava

Fig 3 A

changes of the pulmonary artery and
tight heart bcfor: (n) nnd dunng (b} submers on Exposures done in MP;;xle
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The animals were fastened t0 a board in normal prone somcumes shightly oblique position
Duving was simulated by manually submerging thew head in a water container The periods
of submersion lasted up to 3 min

Results

The contrast injections outhned the inflow vens to the nght atnum clearly It was
mariably observed that the contrast density was markedly greater in the inflow veins
during the submerged condiion A delayed emptying of contrast from the inflow veins
and vanable degrees of reflux into adjoimng veins were similarly commonly observed
duning submersion Fig 1 1llustrates this point showing filling of the Icft superior vena
cavamn the pre-submerged (A) and submcrgtd (B) condttion Table 1A and IB represent
2 conds ol some of the fi obtamned from the radiological
data Data referning to pre suk d and d d) “re grouped sepa
rately The letters on the top of each column indicate the different ducks used in the
experiments

Tunung of the cardiac eycle
The development of bradycardia during submersion 1s gradual and docs not reach a
maxaimum until about 40—50 sce after start of submersion (Johansen and Aakhus 1963)
The roentgen exposures were as a rule made after the consprcuous bradycardia had
beren established

In the normally breathing ammal prior to submersion the circulation time from start
of injection 1o the appearance of contrast in the pulmonary artery was about | sec
representing 3 heart beats (in one instance 5 heart beats) compared to a range from
2—4 sec and | heart beat 1 the sub d d Inexp B d condition)
the bradycardia was only moderate requining 3 heart beats ta bring the contrast to the

y artery The pul y capillary phase Lecame discermble afier 2 see i

the animals breathing normally compared to 2—8 sec m the submerged condinon The
duration of the capillary phasc eraluated from the roentgen frames was about 2 sec
in the normally breathing arumals against more than 14 sec 1n the submerged animals
A similar difference in circulation ime + as clearly detectable after the appearancr of
contrast 1a the pulmonany vein and left atrium This was effected 1n about 2 sec in the
normally breathing animals compared 10 6—12 sec in the submerged ammals Agun
2 smaller number of heart beats sufficed to propel the contrast an the submerged
ammals 4—5 beats agatnst »—9 beats in the pre submerged condition One heart
beat after the contrast was discernable in the I ftatnum the left ventnicle was usually
well definicd m the submerged ammal At approwimately the same tme the larger
svstemic artenes the aorta and the brachio-cephalic artertes became distinetly visibl
It tock about 3 see and 7— ) heart beats to bring, the contrast to the aorta in the nor
mally brething animals compared 16 7—14 sec and 5—6 heart beats in the submerged
animals

Dumensional changes
\ rather conspicuous differ nice m the dimensions of the heart chambers and greater
vessels became apparent wh o companng the animals | rior to and dunng, submersion
Ihe total size of the heart was always increased duning submiersion 1n corresponding
hases of the cardiac eycle Fie 2 Inone exp  (C) the projected area of the heart
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A

Fg 2 Antenio-postenor view of the chest A pre submerged B submerged The heart sze
15 considerably increased and the projected lung area reduced during d ving

Pulm  Leftsup
artery v cava

A )

3 \ngiocard ography demonstratmg d 1 chas f the pul d
g dimens onal changes of the pulmonary artery ar
night heart before (a) and during (b) submersion Exposures done n systole

Fig
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Tasre I Part A demonstrates heart rate and blood pressure values correlated with arculation
systemue vascular beds Part B shows the dimensional changes of the pulmorary
the diffe-ent ducks used in the expenments Duck D was submerged twice

TPresubmerged
A B
4 Heart ratc 150 180
Systernic arternal mm Hg Systolic 200 150
blood pressure Dhastohie 140 60
Pulmonary artery Fint Seconds 1 1
appearance Brats 3 3
Pulmonary capillary First Seconds 2 2
phas~ appearance Peats 5 3
Duratuon seconds 2 4
Pulmonary vein and First Scconds PV7 LAS 2
Teft atrum appearance Beats P\5LAT €
Left ventricle First Seconds. 3 3
appearance Brats 7 8
4orta and brachto- First Seeonds 3 3
cephatic artemics appearance Beats 7 8
B Dimensional changes {mm)
Pulmonary arterv $ slie Central 135 152
Penipheral 105 ay
D stolc Centr | b4
Middle
Periphrral 59

contour was measured by planimetry giving approximately 20 em® prior to submersion
avamst 32 em? dunng submersion The difference was cven more marked when the
difference in sze of the nizht heart tnght atnum and nighy ventnicle together) was
measured Fiz | Thus revealed 87 em? prior to submension compared to 20§ cm?
dunng submemon The [efi sentncle duisplaved a more vanegated picture however
not olscunng a tendencs to an ncreased volume and a larg £ syste he residue dunn~
subrnersion On one 2amemal calculations were made of the dimensional changes of the
area projected by tt thoracic cavity There was an approumate 10 reduction i
1} 1s area dunng subriemion The nmultaneous increase in hrart size eontributes further
to a eeduced thorac ¢ Jlume dunng submermon

Among the Jarger  exsls 1l e pulmonars artenes duplayed the mast potable dimen
sional chanms Th 3wl diameter was measured on the left pulmonary artery shortly
after the bafaraation f the | u'monan trunk. This sezment of tt e vexsel wonld presum
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times from the inject on site i the $ystemuc veins to vanous segments of the pulmonany and
artenies dunng pre submerged and submerged The letters on top of each column indicate

Pre submerged Submerged
[ D E A B c D D E
180 260 200 24 50 20 35 30 32
200 160 200 17> 190 165 200 185 175 215
150 195 150 75 7> 100 60 130 100 100 110 140
1 1 075 25 3 1 2 2 35
3 3 t 3 2 1 1
2 2 125 2 3 8 2 6 35

9 4 5 3 3 1 3
<2 2 <2 >8> >4 >14 >14 >14 >143
2 2 25 § 8 12 8
s 9 6 4 4 >

2 325 6 10 14 9
9 9 8 4 H 6
3 2 35 7 12 14 105
S 9 8 5 5 6
105 19 1y 100 52 100 16 70
80 94 77 100 55 83 90 70

70 47 64 38 49 39
36 32 32
67 64 75 72 76 47

ably be spaced freely in the thoracic cavity Dhimensions were also measured at a more
penpheral site where the arten was emb n the puls The
dimensional changes were trmed to specific points i the cardiac que evaluated from
the artenal pressure tracing recorded sumultaneously The composite results are
available from Table IB The numbers des gnating the diastolic dumensions are meas
ured in the end-diastolic phase The essence of the dimensional changes conssts first
of all n far smaller vessel diameters during submersion (Figs | and 3) In ammal C the
heart rate changed from l80 to 20 beats per min and the systemic anmal blood
pressure stayed d going from pre sub to The
maxumum systohe central diameter was 10 5 mm before compared to 52 mm dunng
submersion The perpheral diameter changes were not nearly as stking being for
ammal C 80 mm svstolie value prior to submersion compared to 5 5 mm dunng
submersion (Table I BY The dimensional changes 1n the diastolic phase were in con
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sonance with the systohic changes (Table 1 B) The diameter reduction duning sub
merston was by far most distinct 1n the segment of the artery confined to the free
thoracic space (Figs 1 and 3) This feature was so dominating that the paradoucal
sutuation of a pulmenary artery with smaller central than penpheral diameter was
obserned 1n many ammals (Table I B Iig 1 B} Another common feature of the pul
monary artery during submersion was the presence 1n diastole of a parniculasly narrow
scgment about midway between the base of the artery and the penpheral measuring site

Any dimensional changes 1n the larger systemic arteries the aorta or the brachio-
cephalic arteries were hardly detectable companing the pre submerged and submerged
conditions

Discussion

‘The present finding of a marked tendency of v enous reflux dunng contrast injection in
the submerged condition 15 suggestine of an increased central venous pressure This
15 11 agreement with the results of previous measurements of central s enous pressure
Johansen and Aakhus (1963) recorded a pressure increase in the central veins amount
g to 15—20 mm Hg duning submerston The greater contrast density and the defayed
emptying ohserved presently i the larger vemns during submersion 1mply a reduction
an the volume flow through these vessels An increased resistance to cardiac filling
caused by an increased intra thoracic pressure may also be reflected 1n the venous
reflux and the delaged emptying of contrast medium from the central veins
The most consistent finding 1n the radiological data was the delayed passage of the
contrast medium through the pulmonary vascular bed dunng submersion There was
a doubling of the time required to bring the contrast from the injection site 1o the pul
monary artery duning submersion  Simularly there v as more than a fivefold 1ncrease
i tme for the contrast passage through the entire pulmonary sascular bed Ths
finding 1s 10 close agrcement sth carhier observations (Johansen and Aakhus 1963)
utlizing a modified i n the evaluation of pul y circula
tion ime dunng submersion It should be emphaszed that the degree of bradycardia
developed durng submersion 13 a decisive factor for the degree of confornuty between
1ndividual experiments The same resenation should be made when companing the
results of different investigators The duration of the pulmonary capillary phase evaluat
«d from the rocntgen exposures was more than seven times longer dunng submersion
The prolongation 1n creulation tmes obsersed during submersion 1s not directly
expressne of parallel changes in volume flow Hov ever taking into account the rather
profound dimensional changes recorded in the present study the volume flow must
be radically reduced A reduction 1n heart frequency to 10—20 2, of il values
dunng submersion would require a five to tenfold increase in stroke volume i order
te mantain an unchanged cardiac output Such a compensation scems highly un
likely and a decreased cardiac output during submersion seems probable Larlier
data (Johansen and Aakhus 1963, showed no change in systohic ejection ume and 10
sigruficant INCTC13es 1n intrasentricular pressure concurrent v sth an unchanged artenal
pressure dunng submersion On these grounds 1t may be deduced that no myor
changes 1n stroke rolume can have taken place
One cawative factor in the probable increased resustance (o flow in the pulmonan
bed dunin~ sulmersion seems 1o be an ncreased intrathasacic presure Such an
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increase has heen measured directly (Johansen and Aakhus 1963) and addiional
support 15 offered by the reduction i the area projected by the theracic cawty as ob-
served presently Elassen (1960) has siularly measured an increase m pulmonary
artenial pressure dunng submersion Another posuible influence may be a direct effect
of the low alveolar otygen tension on the vascular smooth muscle of the pulmonary
vessels (Nisell 1948 Duke 1927)

The reduction i caliber of the pulmonary vessels must influence the blood torage
ability of the pulmonary vaseular bed A reduction in pulmonary blood velume during
submersion scems to be a rational adjustment to the prolonged penod of asphyvua
Tt 1s of interest to note n thus regard that the intrathoracie systermuc vems display no or
rather msignificant changes 1n caliber while the larger pulmonary vessels may be re
duced to half the size seen prior to submersion This indicates that the increase in
strathoracic pressure 18 balanced by an increase in central systemuc venous pressure
gving no changes m transmural pressure whereas the pulmonary vessels must be
subjected to a decrease i transmural pressure

The consistent finding of an increased size of the heart particularly of the nght side
duning submersion brings into focus the highly debated question of factors other than
the end diastohe d as d of the d Several
workers have recently stressed the modifying effect on ventnicular energy release
medtated through the cardiac nerves and by humoral agents (Rushmer 1905 Mtchell
Linden and Sarnoff 1960) The conspicuous increase of the heart size 1n diving anumals
as a normal physiolopical response provides a stnikimg example of regulating factors
capable of over ruling the end-diastolic distention 1n adjusting the stroke output

A study of these regulating factors 1n the naturally diving anunals may represent a
frutful object for further research

‘This work was supported m part by a grant from the National Science Foundation of the Uruted
States of Amenica

References

Duke Heten N Observations on the effects of hypowa on the pulmonary vascular bed
J Phviol (Lond ) 1927 135 45—51
uassey E - Card, dar responses to
Uniwersitetet s Bergen Mat Aat 1960 2 1—100

FrioL, E and B Fotkow Cardiovascular responses in D ving and dunng bramn stmulation
n du ks Acta physuol sca d 1963 57 99110

Horexsese N R and B Uvwas The role of the card ovascular response m the resistance to
asphywia of avian dwers  Acta physiol scand 1963 58 140—161

Irvive L\ ascular adjustments of dv ng animals during apnea Science 1938 89 507

Invive L P F Scmorasper and § W Grrvwers The regulation of artenal blood pressure
n th seal dunng d ving Amer J Physsol 1942 135 557 —566

Jouavsey K and T Aaxnus Central card responses to
the duck 4mer J Phpmol 1963 205 1167—1171

Jousssen K and J KRoc Penpheral circulatory response to submersion asphyxia in the
duck. deta physiol seand 1939 46 194-—200

Mmensts, J H R ) Livorvand § ] Sarvore Influence of cardrac sympathet ¢ and vagal
nerve smul tion on the relat on between left ventr cula daastol ¢ pressure and myocardial
segment | ngth Corculat Res 1960 8 11001107

NBELL O Effects of oxygen and carbon d owide an the curculation of the 1solated and perfused
lungs of the cat feta physiol scand 1948 16 1°1—127
vstewer ROF Appheability of Stachings law of the heart to intact unanesthetzed anm ls
Physl Rec 1955 35 138—14

asphyxia 1n avian dvers d bok for

asphyxia in



Acta physiol scand 1964 62 1830

From the Depantment of Phyuology Unnvers ty of Gatebarg Sweden

The Effect of Exercise on the Vascular Bed
of Skeletal Muscle
By
Incustar Rjeriser

Pecenned 2 January 1963

Abstract

Relimer 1 The et of exons on the vascular bed £ shel 1ol muxte Acta phyrcl scand 1§
62 18,00 — A plett am graphie method w described winel has bern wsed {1 continy u
record v of solumetne changes mn it e i bated Ul o7 uscles of cats. Vene ws outll o artenal
and y enowr pressurcs went mes ured nmultanenusly Stendy sate ex rose wa miacked by
sumttlstion of the e tor wenve (langrs occurning m the sedstance emet 1t e rap sance

exel and in the cap Nary filtou n corficients were fecorded § vere w proy ked a ditatat on
of the sms.ance ewcls am meresse of the capiliary THraton cneffic emt dlatat v {17 pre
apilary spt ncten) and & duters n <f ¢ caparetance vessels The drares of Hhsta 5 a1 all
there vessel sections was selated 10 e severss of exevose Tt was stown & Lt 1 reme
i regonal Hond nfume diatat n £ cupacrance oot uwd munds & anoan
creased prossure head reach no b spac tance ewelyand nethy snactn serou fletat
Dunnzg exercne there was a ret vute rd cap flars FHac n due o an eleavated ¢ § Bam by
drostat ¢ prea ure ard avgrented by an pereased caprllary surface area 3 adald b Lk

m e lratcon of capr’an prevure wa wied by a2 dlataticn wlsch affecisd of
precapillan ses tance vessel relan of 1 or dfaa the psicapllan

It 1t el £non 1 that muscular exercise couses a local dilatation of the sl and an
ancressed @ Jf b od to the acts e museles In bus clxs scal stody heosh £V b med
that the number of Llond~contaming capillanes per umt of or ss-srctional area of 3
goven mused o much barger i act ¢ 1hat in resurs ustue
Duning exerc se there i thus a dilatznen of th gen ance vessele s ithanrous wath
an oproms up A precapelian sphuncrers with comsequent spread (f e § w v T an
anereased putiter §aaptlanes The offect of exercise on e taed wnportant vas sdar
compartment ihe  spacieancr eswls mamh the venules and sein appeanst have
recenod Int' attennion
Thaparer 8¢ e med with the larst b un uhaneous resctons of the rentane o
5els the cacillanes and he raparstance encly of the sArirtal musele w0 gra fed exer 1ae
mdea mawmmdl anatonof mean eapallary pressure and of net { iraton evchan -
acress the £3pulasy & o hrane
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Fig 1 Schematic drawng of the espen
mental set up

Methods

T d used was lized by Mell (1960} but adapted for the vascular
ted of the calf of the cat
Tharty-exght cats of both sexes we ghng between 20 and 55 kg werc used The anesthesia
was induced with ether and ether chloralose (70 mgjkg) chlo alose (50 mglkg) plus urethane
(100 mgfhg) or nembutal (30 mgfkg) was given Intravenowsly Hepann about 5 mg/kg was
adminstered to pre cnt clotung A free airway was secured by means of a tracheal cannula
Rectal temperature was mawntatned at 38 1 ath a heatng pad regulated by a thermostat
Operat n The nght paw was exart culated at the anide 3o nt. A higature was tied around the
achilles tendon and another around the tendons of the extensor muscles of the toes These liga
tures were then ted together over the bone and the calf muscles thereby stretched The ex
posed borie was covered witk the sk o from the paw and a plast ¢ sheet The skin around the
entire circumference of the lunb was d vided as h gh up the th gh a3 poss ble a 1d dissected free
{0 n subcutaneous tissuc down to the leyel of the knee yont The thigh muscles were then severed
yust above the knee jomt by thermocautery The femur was drlled and the bone marrow
cavity plugged with otton soaked yn vasehine The scianie nerve was dwnded about 5 om above
the knee jo nt The large saphenous ve n was d vided between § gatures as was the small sa
phenous vein and the saphenous nerve with the accempanying artery Tl e popliteal artery and
* 1n were freed and all small branches were higated with the result that these b o vessels were
the unly ones Tanm ng 10 nd from the calf mustles
The calf was placed in a plethysmograph and fixed firmly in posit on by means of & o serew

clamps gnpping the ankle The plethysmograph vas sesled with the skin that had previously
covered the thigh and filled with wat at 38 by

ex a th cgulated
heating lamp The water flled the funne) of the plethysmograph 10 2 level 68 cm above the
centre of the tisue mass

In n ne of the ex

iments, 1n which a constant blood flov was destred_the flow from the nght
£ moral artery 1 a3 conducted through a Sigmamotor pump Model TA 11 to the pophteal
antery The temperature of the perfus ng blood was registered with an electrical thermometer
% th thermocouples 1n the blood stream and kept at 36~38 by heatmg lam|

The peripheral end of 1l ¢ severed sciatic nerve was placed on bipolar s her clectrodes and
st mulated with square 1 ave pulses from a Grass Stimulator Model §1 CR The sumulauon
cha actenst cswere I—3 V0 1 msec and 0 5—4 impulses per second_ The stur ulation satens ty
chosen wa such th t yudging from the meehan cal arufact produced by each single twitch on
the olume ecord and from the blood flow response all muscle fibres were actvated tn each
expenment The ntensities hay ever were far tao low ta evoke any sesponse of the vasocon
strictor fibres n the saiat ¢ perve This was checked in the following way In five expeniments
where the % auc nerve was not cut the psilatecal lumbar sympathetic chain was ssolated At
the end of the experiment gallamune triethiod de (FlaxcdilC) was gwen m a dose large enough
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ARTERIAL L0
PRESSURE, wom Hy

wonce oF Fig 2 Cat40kg Effecsof
TISSUE VOLUME muscle  contracuony  on
/108y MUSSLE blood pressure tisue vot
ume and blood flow n thi
figure (st Fig 4 5and7)
the volume artifact dunng
sLEeS FLOW exercise 13 due mamly toa
miimin s 199 g) - small displacement of the
- ussue 1 relation to the ple
TIME tmin B ROUMIMIVRASUNIIMIY, 11y3mograph duning cach
AL comrm:u;::’ b'lc‘h:c v::(ux:;
jr—mrgrrrenareamed al ~rvfac n_retrac
T SmATic e o these Faures om. dhe
’ - ongmal secording

10 block the lar junclion L of the sctatic nerve using the same charac
1ersucs 21 before now produced no changes i blood flow through the muscles while sumula
uon of the sympathens chain showed that the vaxocanstrictor fibres could sull he activated
Even when the surmulation intensities apphied tothe sciatic nerve alter admustration of Flaxed:!
wese markedly mcreased {10 above 30 V) hardly any vasoconstrictor response could be eheited
After each expenment the muscls mass encloscd 1n the plethysmograph was carcfully dis-
sected free from surrounding tisues (skin and bone) and weighed The mean weght of the
call muscles 1n 27 cxperuments was 174 gikg b w (S D = 15) In the remaming expen
ments the muscle weight was esumared from the body weight
Recording The changes n the pletk h were measured with an air filled
piston recorder usually with 2 deflexion of 50~E0 mm per ml The artenal mflow pressure
was recorded with a mercury manometer connected with the opposite femoral artesy In the
constant perfision experiments the pump pressure was measured with a mezcury manometer
1n the pesfison tubing smmediately distal 10 the pump
The venous outflow was conducted first from the cannulated pophtcal vewn into a drop
chamber contzmning sil cone oif and then back 1o the oppositz femoral vein via a coflecung
funnet The blood flsw was recorded by means of a photocel) device attached to the drop
chamber and operat ng an ordinate writer The product of the blood flow and the hesght of the
ordinate was ¢ nstant and the height of the ordimates therefore 1ny ersely selated to the magm
tude of the bisod flow
“The venous pressure in the tub ny running to the drop chamber was measured with a water
manometer 11 ¢ zero fevel of ths manometes was placed at the fevel of the pophteat vew @
the preparation (1—2 cm above the night atral level} Since blood flow was recorded with an
open sustem th venous outflow pressure could be set at any desired fevel by adjustment of the
Tevel of the vutlet from the dr sp chamber
AN recordings were made on a slowly noving smoked paper an a kymograph drum The
set up 55 shown schematically i Fig 1
Provedsre When 2}l preparatory operatt ns had been performed  bload flow was allowed
to become stable and venous outflow pressure was adjusted to achieve an wsaosalumetnc stale
usually at 2 leved of B—12 £m 31 O It should be noted that this correspands 10 a vennus pres-
sure not more than 3—4 cm H O above the water pressure 1 the plethysmograph To enable
deterrnauon of 1he capllary fliravion coefficient (CFC) dunng rest and exercise venous out
flow pressure vias sepeatedly rased for a fow minutes (1—3) 212 tme 10 2 level 10-20ecmHO
abave the mitia) Jevel. This procedure resulied 1 a diphavc chang i velume $irst a phase
of ragd venous filling and then a phase of slgwer outward Bhiration The elevation of venous
reasure was eontinued unul the slope of the slow phase was clearly cvident
Caledlaions “The eapillary filtravon eoeff cient (CFC) was ealenlated from the volume curve
by mearunng the changen nee capilfary fud exchange duning the briel penods of rassed venous
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presnure, Calmations of CFC rrqmorms knomsdze of the chapm of mear capilary b dome o
pressure on elevation of the verows pressore. Thxy change m presurr was estrmzood by amr=
that 80 per ccnt of the chanze m venavs prestrr was trazsen,“ted 1 he caplires. §5 pisg
ments with a corntant prrfiton the eorrepordng Sgure was avuTed to b 1 4 per cez_. Tke
Rans of turse asumptons 23 well 23 exmaties of Le aroe &3 Ctermnng CFC 3 —vwa
Below {Comrzants on methad,

Results

AT values are expressed per 100 g rncle weroht.

Buod fox Duning 2 penod of exercur conyating of 2 senes of md sced ormeular con-
tracuons the blood fow mcreased durtrg the first oo of tv o oL o to reach 2 Iee!
at which 1t remamed £l constant 25 long 25 the exeresr was comuacuad Fiz 2
Lismg supramavrial sumcl the cxervse bvps was graded be chanmcz the fr
quency of the sin_le twitekes il maxamum vasodlaton was reacked. Fiz 3 shows
the relation between the blood flow and frequeney of the contractons 2 2 represen.2
tror experuzent. Ozly thase parts of the mdradaal expenic-ents, where the ruascalar
conteactions were rduced at the rate of 2t most + per sreond were wed fom dedortions
s.nce higher frequencies of en appeared to caue 2 censderab = mechar cal bmdrazer
to blood fow In most caves 4 con._ractions per secord mdierd a vasoflt. ¢n close
to maumum (cf. f Fquency resporss curve m Fiz 37

Thr blood fow sesstaner exrressed a8 femn Hz # mun 7 100 g w1 was 2boe 20
prnpheral renstance unts (PRU) 1 the restizg racle with sropathectomaznd vessels
and detreased to about 3 units durirg the most severe exerenie (Tabl- |

Tisrae to ome The chanzes m mmr\n!umrdum;anmeamwdv.d:d m Fiz. 2.
The curve was mvanubly dxan.c thr fr3 raped phase comaded w th (be ol

acerleranon of the blood ﬁow theseeond, Jos rapnd phas- wita the lned 2 whach the
blood flow remaned .=

The iwatial rapnd 1ncreass 1n volume was presumablc doe 10 an morrase of the ezt
blood volume the dearer of which vaned with the s—err of exerense Tobe 1

The second phase conn:s ed of 2 Jess faped cortineoes merease of volome whah was
not dur 0 aov further r Lixatum of the eapeaitance vesels ser discmean but was
attsibuted t0 2 £t movement of fud 1ato the tasue To dierrruate brrecen filrasom
ard diffusion the same exercise was performed at differert pf.s on presares @ S
s Fiz §erer 2 tvpical eaample. Reducton of the prrfcron pressure abuusted both
the it and the srcond phase of the vosume response. The abolitso of the second phase
€an be accounted for provided this ehange 1 normally couwsed by firato bt ot o
the changr romally 15 cawsed by dimion sec discesron
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TasLe 1
Cileulated
Increase of 1nerease m
Exercse  Number  PRU segional blood  Rate of outward  capiltary
twitches/  of obser  (mmHg¥mm  volume filtratron Ppressure
sec vatons X100 g/ml) {mi!100 g) (ml/mn>100g) (mm Hg)
) 2 170 ] 0 [
88-333
05 7 75 035 011 47
42-137 016-061 003-020 15-90
1 6 22 05> 026 99
20-129 020114 008-050 352790
2 19 41 073 048 138
24-77 021112 012-076 55-310
3-4 7 30 082 075 173
16-54 043124 036—100 100-250

For each parameter mean value and range 15 gnen

The outward filtration dunng exeraise seems to be ascribable to increased capillary
prosure whose effect 1s enhanced by a larger capillary filtration cocfficient (CFC)
which means that for 2 g en mcrease of capillary pressure more filtrate 15 formed per
munute Fig 5 gives an example of the CFC during rest durnng exeraise and after ex
erase In this particular expeniment the CFC rose from 0012 ml/(min x mm Hg %
% 100 g} duning rest t0 0036 mlf{rmn x mm Hg » 100 g} duning steady state exer
aise while blood flow increased from 8 mlf(min x 100 g) to 40 ml/(mmn ¥ 100 g)
‘When exercise was stopped the CFC gradually di hed roughly 1 p o
the dunmimshing blood flow The refation between CFC and blood flow resistance ex
pressed as penipheral resstance umts PRU — (mm Hg > min x 100 g)/ml — 15
shown in Fig 6 (sobid symbols) Changes mn PRU were brought about by mnduced ex
ercisc of varymng sevenity As can be seen from thus figure CFC increased up to three
fold together with a decrease 1n blood flow resistance from the control range of 2bout
20 umits to about 3 units e g while resistance to blood flow dropped to about one
sixth of the resting value resistance to filtration exchange decreased to about one third
Although the scatter of CFC values was wide 1n each single expeniment the CFCin
creased as soon a8 PRU decreased Thus the scatter 15 caused mamly by large dif
ferences between different expeniments

With knowledge of the value for net capillary outward filtration duning exercise
and the CFC value 1t 1s possible to calculate the change of mean capillary hydro-
static pressure by dnading the former value 1n mlj(min ¥ 100 g) by the latter
mif(mm # 100 g x mm Hg, The elevation of capillary pressure dunng exercise 15
gnven in Table I together with the filtraton values As will be discussed below the
change 1 capillary pressure dunng exerouse 15 probably somewhat overesumated
while the changes of CFC are correspondingly underesumated
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Fig 4 Cat30 kg Effect of reducing perfusion pressure on the response of the tisue volume
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Constant perfusion expernments Nne cats 1n which the blood fow to the calf was dev
tivered from a constant perfusion pump were mchuded 1o the study 1n order to secure
2 more accurate esumation of CFC (see below Comments on method) secondly to
provide a fusther possibility of differentiating fiftration from diffusion and thurdly to
ascertan whether the wmanal wverease n regional blood volume during eeercise 13 due

10 an actwve dil; of the vessels of to caused by an wmcreased
pressure head
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vy mamon
Fiz. & Relauon betwern thr capillary filtratn cocfficent (CFC) and Blood flow resstance
25 persheral sessstance units (PRU)

Hllow symbels — expenments with prrfusm pump s 1d symbx Iy — expeniments without
pump = 1 standard devtanos 1s 1nd cated. Line drawn by imspecton. % alurs classed accordimg
1o PRU valum. 92 desermnatiom duning rest 2nd 08 during cxeron with an constans per
fuaon. 33 dunng rest and 43 dunrg cxerass with perfus on pump

STAL, AT MERVE

L3901 smars R4 fove

Fiz. 7 Cat 3F bz Efforts A tuscle eimira tions on perfussm pres.ure, capulary filtranon
onficent CFU ussue  Jurae 2nd 1 73 Bow i1 an experiment where a cons.ant prrfuson
pump was i3

The starueg lmel o the perfusn pressure exconds th = ptemic blod pressure by about
20 mem Haz At pr .ot A the musles were perfusd directly fyom the femoral artery

A representatine expenmaent 13 shown 1 Fig 7 When exrrass was induced 314
reduction of bloxd fow renstanes 1 the calf muscles was reflecied by a dsmunstung
prefunon presure which persated at 3 farrh stable low level dunrg the whole penod
of exerase, The trsue volums first increas~d somrwhat, but as the prrfusion pressure
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fell the muscle volume returned almost to the mnitral level and despite contmued
muscle contractions the tissue yolume remamed practically unchanged

CFC values were noted repeatedly before during and after exercise and varzed 1o~
versely with blood flow resistance Fig 7 shows the recording of one CFC dunng rest
and one duning exercs ¢ Note that when the venous pressure was raised 10 mm Hg the
constant perfusion pump automatically elevated the artenial pressure so that the per
fusion pressure was essentially unchanged Duning rest this was always the case while
during vasodilatation caused by exercise the imcrease of artenal pressure was usually
70 to 80 per cent of the apphied change of venous pressure The relation between CFC
and PRU 1n these expennments 1s gnen 1 Fig 6 (hollow symbols)

Comments on method for CFC determination

To estimate CFC the venous pressure 1s sbruptly rassed by a known amount (1n this study usual

1y about 15 ¢m H Q) The enswing increase in volume of the lunb studied 15 diphas ¢ first 2
rapid phase due to distension of the capacitance vessels and then a slower but contmuous phase
of outward filtration These 11 0 phases have been discussed by e g Pappeabe mes and Soto-
Ruvera {1948) and Mellander (1960)

Calculation of the CFC requires know ledge of the amaunt by + huck the mean capillary pres-
sure 15 mcreased by the elevaton of venous pressure It has been shown that the rano between
precapillary and postcap llary resstances (r T ) determnes what fraction of the mcrement.
of venous p essure reaches the capillary level (cf Bayhss and Starling 1894) The preseat ex
perm nts do not allow d rect determination of this ratio w th accuracy Instead a certam
Tatio has to be estimated If for wstance the arteral p essure 1s 100 mm Hg the mean capl
lary pressure 1s 20 mm Hg and the venous pressure sselse to 0 ther r ranois4 1 which
means that 80 per cent of the change 1n venous pressure 15 transmtted to the capillary level
All CFC values reported here {except those recorded 1n the constant perfision expenments)
were caleulated us ng thus figure of 80 per cent,

e maximum error m this assumption 3 as esimated by takang into account the total range
of artersal and venous pressures m these experiments The mean artenal pressu ¢ ranged be
tween 80 and 160 mm Hg while the venous pressure was kept farrly constant at >—10 mm Hg
Maumum range for the r  r rat <5 at ma ntained sovolumetsic state was then 14 1 —# 1
For companson  the corresponding vatues at 2 mean capillary pressure assamed to be 30 mm
Hgare 65 1 and2 1 and at a mean capillary pressare of 15 mm Hg the values ¢ 29 1
a1d 65 1 At first sight th s seems to be an extremely wide range and the redu tion factor
©of 80 per cent thus an extremely unreliable assumption but if the reduchon facto s actually
caleulated 1t wall be found to vary between 67 and 87 preents henther r rat>vanes by
asmuchasfrom2 11029 | The use ofa reduction [ ctor of 80 per cent then means that the
esumation of CT'C has an crror of less than 20 per cent,

€ cxerose there 1s an nercase of the mean capillary pressure by about 10 mm Hg
(Table 1) To demon trate the effeuts of such 2 cha ge an the crror w the CFCdetermimation
one can compare the valucs g cn above at capllary pressares of 20 and 30 mm Hg Calculatng
ifm?:;? fi\;nul:g rest and rf.té:;_cg:bwnm the same reduction facto  sould thus mean under
n € 1crease of v 153—20 per cent a fi ty with the
observed changes of 200—300 per cent P gure contrasting SPATPlY

\ny underestimaton of the CFC during exe cise leads to overest mauon of the change of
mean capillary pressure by at most 15—20 per cent of the observed chan_e

© cstimate the crror n the CFC value in a more direct way nine expenments were per
formed wsing the constant perfusion technique desiribed abo e The flow ate of the pump
was set ac a value clos to the resnng blond flow When th venous pressu e was mcreased
abruptly the pump increased its pressure by about the same amount snce w th a constant
blood Ao v and a presumably farely constant blood flow res stance the perfus on press sre should
be essentially unchanged In these instances the total serement of venous pressurc 1s presumably
transmutied to the capillary level since the p essure cure for the whole vascular bed 1 the
calf changed simultancously by an amount equal to the clevation of the venous pressure

When 10 mm Hg was appl ed during rest the pump pressure rose by the same amount, but
during exercise the pump pressure usually rose only 7—8 mm Hg (Fig 7)
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There 13 at least onc reason why the pump pressure should rise less than the yenous pressure
when the venous pressure 15 rassed the distending pressurc 13 mcreased and owmng to the
distensitulity of the resistance vessels the blood flow resstance 18 d_creased. On the other
hand, the higher distending pressure tends to excite the myvogenous automaticity of the smooth
muscles in the vesse] walls (Bayhss 1902 Folkow 1962) which leads to a secondary rise in the
blood flow resistance. During rest these two opposing tendencies obvioush counterbalance one
another while duning vasodilatation produced by exercise the tendency towards decreased
flow resntance domunates Thus 1s 1 accord wath the findings of Folkow and Lofving (19.6)
and Roddic and Shepherd (1927) who showed that the distensibility of the resistance vessels
2 hughest when vascular tone 15 Jow

It thus seems safe to assume that duning rest 100 per cent of the applied venous pressure 18
transmitted to the capillaries with the constant perfusion technique This assumption will alse
hold roughly for the situation dunng exercise, since the major part of the 20—30 per cent
reduction occurs at the precapillary Jevel, However also during this type of experiment the
changes of CFC dunng exercuse are shghtly undere.timated.

To compare the results obtained 1 the two series of expenments {wath and without con
stant perfusion) the CFC values were plotted agawst the peripberal blood flow resistance The
values were divided 1n classes according to the PRU values and the mean for cach class was
caleolated The solid symbols in Fig 6 gives the relation without and the hollow symbols with
<onstant perfusion pump The values compare closcly 1n the two series but 1t 1s obvious that
the PRU values noted during the severest exercise were about twice as hugh in the series with
the pump as 1n the one without. This was expected since when the rate of blood flow 15 kept
constant, the pump pressure falls 1o around 30—33 mm Hz at maximum vasodilatation which
‘means that the distending pressure 18 reduced to a very low value with an ensuing less efficient
«<ilatation {ef. Folkow and Lofving 1956) PRU values of 5 to 10 (mm Hg x nun x 100 g}f
1al seem to be the Limut of vasodilatation at such low arteral pressures Furthermore 1t should
be realized that at any given vascular tone not onlv should the resistance be higher but alo
the CFC salues probably lower in the constant perfusion experiments due to pasive elastic
recoil occurnng i response to the decreased transmural pressure m these experiments When
these facts are taken into account the o series of values 1n Fig 6 compare so closcly that 1t
seems yusufied to draw the conclusion that CFC values obtamned without the perfusion pump
are as relable as thos with the pump technique.

Discussion

“The dilatation of the resistance vessels dunng exercise has been extensively studied
for about one hundred years The relation between muscular exercise and hyperema
~— here depicted 1 Fig 3 — was studied among others by hramer Obal and Quensel
{1938} who found a direct rel. p between strength of and
hyperemua up to a pomt where the hyp: was p! d from any
further by the fact that maximal vasodilatauon was reached and because of the n
creasing created by mech 1 ot of the vessels Barcroft and
Dornhorst (1949) showed that strong rhythmic contractions of the human calf 1m

peded blood flow markedly during the actual contracuon Black (1959) measured
‘blood flow through the calf of humans wallang and runmng the same distance at van

1ng speeds and found that blood Aow ancreased bnearly with pace rate vp 10 2 cestan
pomt. When the pace rate exceeded this point peak flow after exercise increased only
Tittle while the amount of excess blood flow ing after exercise increased. This 1s a parallel
to the findings reported here that blood flow 15 directly related o the scventv of ex

ercise expressed 1n terms of number of contractions per umt of ume (Fig 3} In these
expenments, 100 a certam pomt was reached — usually about 4 contractions per
second — after which further increase of the seventy of exerase did not cause any pro-
portional change of blood flow and where blood flow increased markedly as soon a3
exercise was stopped  All experiments that showed signs of mechanical obstruction
fow were excluded.
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Exercise was d by a dil. of the vessels and of the capaa
tance vessels (kg 2 and 5) the dilatation varying with the seventy of the exercise
(Table I) The dilatation of the capactance vessels was partly an artifact caused by an
elevated venous pressure due ta the mcreased pressure drop over the drop chamber
and tubmg during the hyperemua This elevation of venous pressure was about 2 cm
H,0 at the hughest blood flows Since the distensibility of the vews m this preparaton
‘was about 0 06 m! per cm H O and 100 g this nise of venous pressure could account
for up to 20 per cent of the widening of the capacitance vessels The remainmng part 1s
probably due largely to an mncreased pressure head reachmng the capillanes venules
and veins dunng exercise because of the marked precapillary dilatation for the ussue
volume remamed essentially the same 1n the perfusion expenments where the venous
pressure was unchanged and the lowered artenal pressure prevented the capillary pres
sure from nsing

Sharpey Schafer (1963) has put forward results which he mterpreted as endence

that venous constriction occurs 1mmedsately after exercise both i normal and m
sympathectomized human forearms These findings seem to contradict those made m
the present study This may be explamed by the fact that the method of Scharpey
Schafer does not measure constrichion and dilatation of the vems as such but  venous
tone 1n mm Hg per ml — which 18 thus an expression of the volume clasticaty of the
veins The elasticrty values change with volume smce the pressure/volume curve for
the velns 13 not a straight hine and elasucity 1s mcreased ( venous tone 18 increased)
at higher venous volumes (sec e g Gauer and Thron 1962) To check whether this
rught explan the discrepancy the volume elasticity of the vens was caleulated using
the chstensions of the veins induced by all CFG determations in ten consecutive ex
peniments The mean elasticsty value dunng rest was 12 (mm Hg x 100 g)/ml (44
determinations) and increased to 18 during exercise with one contraction per second
{20 determinations) and to 19 dunng two contractions per second (13 determmations)
Thus 1n these experiments there was a fairly small but consistent increase of elastiaaty
(decrease of distenuibility) when the veins in fact increased therr volume In contrast
there was no change of venous elasticity duning exercise in the mne experuments with
constant blood flow — whete the regional blood volume did not change — venous
elasticity durng rest was 14 (32 determmations) and during exercise 14 (mm Hg x
» 100 g)/ml (38 detcrmmanons)

‘Thus 1t appears that the venous distensibility dees not change dunng excrase pro-
wided the determunations are performed starung from the same venous volume as
during rest This 15 1 accordance with the results of Rudd and Lyons (1958) who
avorded vanations in stial venous volume by applying a high yenous pressure before
the beginning of exercise

The second slow phase of the volume change duning exercise mught theorencally
be attnbuted to a gradual further relaxation of the capacitance vessels or to a move
ment of fluid 1nto the tssue The first possibility scems unlikely since 3t would mply
completely different tume constants for the relaxation of the capacitance yessels and the
resistance vessels The possibility 1s ruled out at least as the only explanation by the
fact that the tissue volume can increase by as much a3 10 per cent dunng this type of
exercuse (Jacobsson and hjelimer 1964) while in the present mvestigation 1t was not
possible to increase ussue volume by more than a small fraction of this volume even
vath very hugh distending pressures A pressure of 30 mm Hg applied 10 the senous
side — far 1n excess of the slight increments 1 mean venous Ppressure occurnng as a
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result of exsresse vasodiatatin — moreased the regmonal tissue yolume by at most 2~
I per cent 1m these exprnments.

Thus 1t zppezrs thas the wncrezss of voluase 1s dae 10 2 Joss of fuid from the vessls
10 the ussues, This trzasudation of fwnd wzs studird already by Ranke (1862} who
found that 1he water content of the tetznized frog muscle mcrezsed while that of the
Hlood decreay-d. He contduded that the extra water 10 the tusues 15 derned from the
arculzting blood 2nd br sh med that 1t cznn st be accounted for by the water liberated
during the ondanon proresses Thes~ fodings were Jater confirmed n mammals (Bar
oot zad Kzt 1910 hevs and Taalr 1930

“The teazsport of fiod 1a 3 the ussue has been shown 1o be dependent on the capil
lzrv bvdroetanc pressure 2nd can br 2bolished of the pressure 15 low enough (Fiz 4
208 7) Thus 33 20 Line vath 2 fltration process 3f anstead 1he transfey were due 10 6
fanom, the volume chan~es could not has € bren 2ltered unless the osmoue froet gonome
g dFmon bad bren chan~rd.

The drnvanyg force for the net capallan outward fltration duning exerase wust be an
1crezsed meza capillary hvdrostane pressare. Giher factors winch mrhe, theoreneal
Iy caxse an outward filtzton are a3 decrease of plasma collosd esmotse pressare 2n
zacrezse of ussae Bad £03) o3 osmot pressase or 2 decrease of torus pressure, o
of thesr change 2mpezts 1o be plausible under the present exprrmental condinons,
An smerezse of the eapillany n drostatic pressure, on the other band 15 known to occur
when y25540l210 300 25 brovshy abom Landis 1434

The €zt of meas czplian presure eziculated from thess expariments 1s related
19 thr aromes of vas wilatztion, wloch m turn s drpendent an the s~enty of ereoross
Tab)* ] When the artenal and s enous £ ressures are krpt constany, a ns- wmn capillan
preesure 18 brourht abom by a decrease of the 1 v savo This means that the pre
cepillany resstznee 1esels are relndh more dlated fhan ibe portezpallam It has
bren poioted out dboe ther the venows pressare rore somewhat dunng the exerast
Bvprrema 2s 20 zrufart. bin ths ondy contributed with 1 or at moet 2 mm Hg to the
13- of cap Nam pressre Thus it doss not 1nvabdz ¢ the contlunon that the precapl
Jary ressznce sesels are o markedh 2f8eced by the e erast metabolites than are
1he poscaprlan

Thr cayllan farzam co~Bomt CFls found bere apvee wath valaes found pre
woush 13 resuar shederd mosles Pagpeohemer Peokun 2ad Borrero 1951 Md
lzoder 190 Cotbld eraf 1993 R chue 194 reporied 2 three 1o Sour{old 1ocreas
of B CICvzlues S th baman §rearm danng smrre ererose, Th chunoes reported
here zre of 1b 2 mapmatade

An moreass o e CFC man b du 10 ap mereas 1o the capillany surface area
vz £ 1) 103 Bow zud or en mrreay of camlien permeatibin These two factors
27+ 3mpossit £ 10 separate dreeth but 1t murby be usefud to conuider the res Vs of e
prumert whee AT s we sud-d maead of Slravion. Reolan 19,9 measared
1h~ &iSunm rete of rath artne potasmum from b capiflunes o the pracils musdes
of dogs 208 drtrmned what e called the  permeabditssurface area product  Ths
wzsfamd 1o ooress- 1 thred 1d 115 oanel level dunng shvthmue contracuons of the
BT

Therzr fd T2 dermard In Fick slaw of diffunon rate of diffusion ~ €03
sznt 7 comremtrzn graders  arealoomh  whie Gltrassm n copsdered 10 b0

1 §rrge of the prasent resuls wrre iatiaded 1n the srud by Coblr detal
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determined by Poiseuille s law {rate of filtraton = constant X pressure gradient X
% Taciustflength) Wath the pore theory of capiliary function {of Renlun and Pappens
hetmer 1957) 1n muind an increase of the rate of diffusion for a non hipoid soluble sub
stance such as potassium might with the same dnving force occur 1 two wavs 1 the
capillary surface arca could be unchanged and each pore could wcrease 1ts diameter
(.. an mcrease of permeability} 2 the capillary surface area could increase without
any change 1n pore diameter For a threefold mcrease in rate of diffusion the first pos-
stblity requires a munefold mncrease of the CFG while the second possibility requires only
a threefold mncrease of CFC In the present expeniments the CFG was never observed to
ncrease to more than three to fourfold 1ts original level which makes 1t probable thar
the change was duc to an mcrease 1n capillary surface area rather than to changes m
pore size Direct d of the lity ch of the capillary
‘membrane 1n restng and contracting calf muscles of dogs strongly support the view
that permealulity does not change during evercise (Arturson and hjellmer 1964) It
thus seems jusnfied to conclude that the capillary surface area open to blood flow m
creases up to three to fourfold dunng severe exerase
From the work of krogh (1929) it 1s known that only a fraction of the capillanes m
the resting skefetal muscles at a given moment 15 open to the hlood flow presumably
due to interrmttent closure of the capillanes by therr sphincters hrogh also showed
that the fraction of capllaties open to blood flow 1ncreased marbedly durmg muscle
contractions 11 fact often as much as ten to fiftyfold The data reported here are of
course quantitatively not directly comparable with kroghs since one set of data
refers to capillary surface area and the other one to capillary counts But assumung the
capillanes to be of about the same length the discrepancy seems large enough Tt would
seem that krogh s data should not be considered guantitatiely rehable for two reasons
first owing to uneven distnbution of blead flow the india 1k mjection techmque 13
‘bound to underesmate the number of patent capillanes (as indeed 15 allustrated by
the fact that 1n some resting muscles krogh did not find any capillanies open at all)
and second Hus data on volume of blood contamed 1n the capillary bed suggest that the
total capillary volume was grossly overesimated (10 per cent of the muscle volume 15
taken up by the mn the dog ‘muscle durning dilata
ton according to hrogh) The data of Martin Woolley and Muller (1932) obtamed
on cats show that the capillary counts 1n the gastrocnemms muscle increase roughly
threefold when contracting muscles are compared with resting ones values s hich agree
well with the merease of CFC found 1n the present study
1t 35 assumed that each precapullary sphincter controls blood flow through a capi!
lary area of approsimately the same magnitude a threefold increase of CFC should
correspond to about a threefold increasc n the number of open sphincters Opensng
up of new capillanes 1s accompanied by an increase of the blood fow up to about six
fold 1ts onginal level Exen af the higher blood flow spreads over a larger capillary area
the hnear velocity of the blood must be approamately doubled and the ime available
Jor exchange with the tisue approamately halved provided the caprifanes are 1ot
distended or elongated markedly during the vasedilatation This mught be of sigmfi
cance 1n the exchange of substances across the capillary wall dunng exercse

This study was supported by grants from the F_ulty of \ed cine, Lnvers ty of Goteborg
from Svenska idrottens vetenskap! ga forskning rid from School of A rospace Med cine
AISC through the European Office Aerospace Rescar b Un ted States Air Force (Grant
AT EOAR 61-47) and fom U $ Publ ¢ Health Service (Grant HE03675-03)
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An Indirect Method for Estimating Tissue Pressure
with Special Reference to Tissue Pressure mn
Muscle during Exercise:

By
INGEMAR BJELLMER

Recerved 2 January 1961

Abstract

Wjellmer I dn  direct i thod for est mating £ stie p esu ¢ wnih spect L v fe ome to £ sue pressure i
musele d g exerase Acta physiol scand 1964 67 31-—0 — Tussue pressure is one of the
determ nants of capillary filtraton and appears to be a major bmuting facto of filtranon ex

change during muscular & erese Stnce d rect measurement of t ssue p essure through a needle
'was congdered ymposs ble an nd: ect method was developed to record hissue p essure in sheletal
muscle dunng rest and ¢xe cise This method 1s based on the { ct that vews are normally col

lapsible and that the pressure ms de patent veins can never be less than the extramural pres-
sure e b suc pressure When the tissue pressure exceeds the central venous p essure the pres

sure n the local  ems s dictated by and becomes a measure of the tisue p essure Instead of
measuring this p rssure the changes mvolume of th musc! were recorded plethysmosraphical

1y and the pressure below which chan es of cent al senous pressure ¢ d not nfluen e solume
was noted This g ressure as © garded 25 corresponding to the mynumum t seue pressure The
maximusn tissuc p essure was obtamed { om distensib 1ty curves for the vems The accuracy
of the method 1s about ? cm H O Duning rest the ussue pressure was only L ttle abo e zero
and rose dunng csercise 1n relation 1o the amount of filivate accumulated m the muscle

Though the hydrostatic pressure of the tissue fimd (here called the tssue pressure) is
normally considered to be verv low it canpot aly avs be ignored m the study of the reg
ulation of net hltrauon exchange Thus st has been clatmed on mdirect grounds to
rise as much as 35 em H,0 1n human forearms dunng s enous congestion and thereby
hmut the effect of a rassed capullary pressure (Landis and Gibbon 1933)

Part of thus study was reported before the M1 Scand navian Physiolomeal Congress in Copen
hagen ugust 1963
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Studtes on the wolated calf of the cat suggested that tissue pressure ncreased as a
result of an accumulation of capillacy filtrate during prolonged muscular exercise and
that this increase was the factor mainly responstble for himiting filtration (Jacobsson
and kjellmer 1961) Others working with the same type of preparation however con
cluded that tissue pressure does not change until the tissues are grossly edematous
{Pappenheimer and Soto Rivera 1948) This study was undertaken to ascertamn 1n a
more direct way, whether tissuc pressure 1ncreases when filtrate accumulates mn ex
eraising muscle and if so the relationship between the tissue pressure and the tissue
volume

Judging from the iterature tissue pressure 1s usually measured via a thin needle
anserted 10 the tssue and measuning erther the equilibrium pressure of 2 small quantity

of flurd injected 1nto the tissue (¢ g Swann Montgomery and Lowry 1951) or the
mimmum pressure necessary to force a small amount of flud into the tissue {e g
Wells Youmans and Miller 1938) Thus group of methods however has been enticized
— even by those who used them {McMaster 1946 and others) The objections raised
aganst the method are first cven the smallest needles are several hundred times larger
than the spaces where they should record the pressure (Guyton 1963) and second the
difficultics encountered when one tries by means of fluid movements to measure pres
sure in a substance of sems solid gel character ke the mterstitial flund (cf Rusznysk
etal 1960 p 340)

To avord the difficulties mvolved by the needle methods direct readings of pressures
n small veins have been used a3 a measure of tissuc pressure under certatn experimental
conditions (Ryder Molle and Ferris 1944) This method has the advantage of deter
muning pressure 1 a true flud but 1ts use 13 imited by the fact that it requires elimina
tion of any influence of the central \enous pressure and that 1t may be technueally dif
ficult to measure the pressure in small veins without wedging the catheter However
the method to be described may 1 fact be considered an elaboration of this method

While the present expeniments were 1n progress a completely new approach was
described by Guyton (1963) who measured the pressure inside small perforated cap-
sules implanted 1n the tissues Guyton arnved at the surprising conclusion that the
tissue pressure 13 normally subatmospheric ( negative ) The capsule technique was not
considered to be entirely suitable for the present purpose partly because Guyton re
ported technical difficulties when implanting the capsules inside skeletal muscles partly
for th \ d (sce below D n)

‘Thus none of the methods hitherto described appear particularly sintable for re
cording ussue pressure 1n skefetal muscle during rest and exercise [t was therefore
deaided to try an mdirect h based on the foll it 1 Flow
through a collapsible tube can occur only when the pressure inside the tube is at least
2s hugh as that outsde 2 Venules and vons are collapsible tubes 3 Tissue pressure
acts directly on the venules and veins The intravascular pressure in venules and veins
can never be lower than ussue pressure 1f blood flow 18 to be preserved as has been shown
experimentally for different tissues such as the skn of the forcarm the kidney the lung

and the cye (Ryder ctal 1944 Swann etal 1951 Permutt Bromberger Bamnea and
Pane 1962 and Bill 1962)

For conventence the pressure 1n the vens mside the organ studied will be called
Jocal venous pressure (LVP) hat in the veins outside the organ central venous pres
sure (CVP) 1 ¢ abbrevations used though 1n a shghtly different sence by Ryder et al
(194) Since tssue pressure ean never exceed the L\ P wathout stopping blood flow
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the LV P 1s deternuned by the magnutude of the tissue pressure as scon as shis eveeeds
the QVF and secondly there must be a steep presture drop in a vewn when st passes the
boundanes of an organ with a tissue pressure excerdmg the VP Thes steep pressure
drop has aptly been termed the vascular waterfall  (Permuttetat 196 The water
fall metaphor 1s approprate in several Yespeets it stresses that the préssure drop in a
vew emergiag from an organ with a high nssue pressure s steep and that neith r LAP
aue blood fow can be changed by moddymng the OVP until the VP exeeeds nssue
pressure 1 ¢ unui the waterfall 1s abolished

The present method esumites the tssue pressure from the level at whick the + ater
fall effect 13 v ercome when the CVP 15 rased stepwase from a Jow 4 alue

Methods
£ AL xpe nents

To test the theorencal vald 1v of the method some model eape 1ments were performed The
madel was b 1t to study the pressure with o a collapsible tube throuvh which wates « a5 con
ducted The tube consisted of a length of thin latex tubmg connected at both ends to ngid
wbes Water way conducted thiough the tollapmble tobe from e asvernd nflow 1 the
venous omiet Both tfiow and outfiow pressures were adgastsble The tube a3 placed m 2
waser filed pleihysmograph The pressure within the wstem was neasared wah a casheter
connected o a2 low p essure vanable mductance transducer {Elema Sweden? The ¢ p of the
cathetet could be placed tither muids the tube or i the ¥ gid outlet tube \ny change of volume
10 the plethwumogsaph was recarded with a smalt p3ton recarder To the Jever arm of U
recarder was attached a th n metal blade » hich moved between 20 electnie bulb and a photo-
res st o that the shaded avea of the photo-renstor changed every $me the piton acorder
moved The photo-resistar was connerted to a bridge circut and the output fed nta 1 Sand
born Twm Vaso recorder the other channe of which recorded the pressure

¥ Uny modet the pressure wnside she flace ¢ tatex tobe corresponded 1o thie INP the poos
su e nthe ng d outlet tobe to the CV P sad the b ght of the wate column i ¢ e pleshvsmo-
graph abave the collapsible tube to the tusue gressure

tmum £ exper ments

Beventeen cats w ghing 23 1058 kg were used  Mier ethe tadu ton chlorafose 70 mg &g
b w wasgy v v The p cparaton which has been described 1 detanl elsewhere 1hgellmer
1964 e b ofly as follows The calf muscles were walated from the 1est of i body 3o that
the sole canniections were the femur and the pophteal arte y and ve n The paw was remor
the skin ve ns we ¢ gated the bone maszow cavety of the fomur was pluggred and all branches
of the pop! teal vessel were | gated to ensure that che fotal blood flon 1f ough the fo er fex
was conducted through the ma n vessels and that blood flo  f om tissues ather than skeletal
wasclez was teduced to 2 manamam

The calfs a3 placed 10 a plethysmograph it the skin of the th gh used as » watert ght sea!
The herght of the water olumn was 5 10 9 em abose the centre of the ttue mass in f ur ex
per ments the parmat funs 1 of the plethvsmograph was cpla od by 3 hgh one se that v as
posuble 10 abta n a water tolumn up o 30 cm above the tesue

Four parametens wese eeorded { Vrtesial p tsvaen w the

nualat 3 fem orad aneny was
mexured w th a m

Tury manometer 2 Venous outflor pressus n the popl teal vem v a
# casured (th a water manometer The zero dev el of the madom 1 7 was adpsted 1o the centre
Tth tssu nass The presure recorded orespouds (0 th CAP 3 Venous outfla from the
pophe 3l veun v a3 measured Wtz d op chamber and 3 odmat 3 1 unt The outlow
prssu uld be s ned by adjust og the ower ] vel fon the drop hambe 4 Changes s
tiswe solum w ¢ measured with 3 p ston raca & an cied to the pl thvsm sgraph
The pe pheraf endk of the & vided st1t_necve wa stomulated with palses 3V 0 1 msce at
an ng {equen o5 from a Grass model 54 CR st mulsto to produce rmusculz wo k and
exer ise hvperema All record ngs were made an & towly moving moked kymograph paper
Th en us prosres W ¢ 00f frgsiered cont nuowly but sead at s table s sals

oAUl 2 py 2 M L6
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Fig 1| Model expeniment
showing volume changes
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VOLUME stepwise  Hydrostatic ex
CHANGE

tramural pressure { tissue
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Fig 2 Cat4 7hg Changes
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VENOUS PRESSURE, em M6 T S mumritesersizmin & f changed stepwise  Water
— e —
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e 4 mle EEEAALLEALEARLAINY pcssurc o plethysme
graph 8 cm

Results

Vodel expersments
‘When the tissue pressure in the plethvsmograph was set at a higher level than CVP
the pressure measured mside the collapsible tube was the same as the tissue pressure
and when the catheter was withdrawn into the outflow tube the pressure suddenly
dropped to the level of the CVP when the catheter tip passed the connection between
the flaceid and the nigid tube

The recordings of pressure mn the collapsible tubc (LY P) during stepwise changes
of the C\ P showed that LVP did not change with CVP untl the latter pressurc ¢
ceeded tissue pressure

“To muone the animal expeniments the change i volume of the collapsible tube was
recorded together with CVP which was altered stepwise Fig 1 shows an example
where tissue pressure was set at 185 cm H O and the CVP raised 1 ¢m at a time from
151022 cm H O The volume remamned unchanged until the CVP was raised from 18
to 19 cm H O and when the C\ P was lowered no change occurred below the step
between 18 and 17 cm HyO This record s typical in two respects — 1t shows 2 faurly
close correlation between the tussue pressure and the level at which changes in the
CVP begin to mfluence the volume and 1t shows that there can be some difference be
tween the cnnical values obtamed when rasing and lowenng the CVP Thus difference
was nmer larger than 1 cm H,0
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Amamal experiments

it the ammal expersments the volume was changed by stepw e aleration of the CV P
In order to produce 1olume changes large enough to be measured accurateh the CV P
was rassed 2—4 om H O ata ume

Fig 2 gnes ag example where OV P was changed 4 em H G at a tume from 2em H O
In ths case the height of the ater column w the plahvsmagragh & 23 § ca abave the
<entre of the tssue mass Note the smalann between the volume changes 1 thus case
and the model experunent i Fig 1 In the ammal evpenument there was also one level
¥elon  hich a change of CU P dvd notinfiuence the volume  bove th s level the v clome
changed stepwise with the G\ T

in each case 511 a3 possible te find a CVP Ievel below v huch <hanges of pressuse
produced no change e volume The threshold pressure was taken as the midpomt 1w
the first step that produced a change i volume The chreshold pressure  as usually
close ta and occasionaliv somewhat lower than the water p ess w1 the plethamo

ph En Fiz > the mean h ight of the water column was B as s s that of the thresh
old pressure

In order 1o study the refatianship bet ven the presure olurie cune and the water
| essur  nthe pl thvsmograph the lattrr was saned between 6 2nd o€ am H O wang
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the hugh funnel on the plethysmograph Iressure volume curses were recorded repeated
Iy at various water pressures The curves were constructed from data obtamed fiom
records fike the one shov nun Fig 2 The rapid change in volume produced by each
mcrement of the L\ P was measured before the subsequent slow change 11 volumie due
to capiflany filtravon The total volume changes were then plotted anatnst the pressure
Fig 3 shows such pressure volume cunes obtained 1n one exprriment at water pres-
sures of 6 16 and 26 em The curies shifled 10 the nght 10 rough proportion to the i
crement an water pressure In four expennments the water pressure was vared in the
plethvsmograph In each cas~ the pressure volume curves shafied 1 propertion to the
change in water pressure Fig 4 shows the relationship between the extra pressure ap-
plied 1n the plethysmograph and the shift of the pressuse volume cun e along the pres-
sure axs The correlaton 13 s0 close that st scems Justified to conclude that the water
pressurc 11 the plethysmograph 18 transmutted t the tissue without decrement

Fiz 5 shows the pressure solume relation in an experiment where the water pressurc
was9cm Curves were obtained dunng rest and when the muscle volume had increased
10 per cent dunng prolonped exercise 1s obious that the exercise cunve hat shifted
1o the nzht of the control cune bul this displacement is only shght If however the
d so that the d Lty 13 instead plotted aganst venous pres-

curies are
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Fig 7 Relatonshp between 2.
tissue pressare and tissue volume
In each case the maxmum and TssUE
minimum fissue poessures A PRESSURE g
gwen Values at normal tssue ;o

o
valume are mezn  alues from LY
15 cats Hollow symbols denote

single determ nat ons on 10 cats “
duning exercse  sobid symbols +

sngle determanations on 2 cats
after intra arter;al mfusion of
b sta mine.

INCREASE OF TISSUE VOLUME p ¢t

sure another difference bety een the two curves b comes apparent (Fig 6) Both curves
have an ding and a d ding hmb The dmng ltmb of the exercise curve
15 less steep and covers a wider pressure range than the cunve obtained dunng rest I
the threshold pressure 1s taken to indicate the minimum tissue pressure and the pres
sure corresponding to the peak value of distenvibility taken to mdicate the maxamum
tissue pressure (see Duscussson) then in Fig 6 the maamum and mnmum pressures
during rest are 15 and 9 em H,0 tvely while the corresp pressures ob-
tained during evercise are 23 and 13 cm H O Duning excreise the tsue pressure thus
increased  parucularly the maxumum pressure so that the uneyenness of distnbution
had become accentuated This was a typical finding

‘The ussue pressures determined m this way are composed of the true tssue pressure
and the extra pressure exerted by the v ater column 1n the plethysmograph To cal
culate the true tusue pressure the mcnn v am prcssurc was subtracted from the ponts
of: and lity curves The values of maximum
and mmmum pressures calculated from the cunve obtamed dunng rest i Fie 6 are
accordingly 15— 9 =6em HOand9—9—0em HO

1n 15 the mean and pressues were 59 (2 10 13
cm Hy0) and — 02 (—2 to + 5 cm H O) respectively In two cases no change of
lssue pressure could be obsersed when the volume increased duning exercise 1mcrease
of volume 7 and 10 per cent respectnely) In all the other expenments there + as a
clear sncrease of tissue pressure with increasing volume Fig 7 shoys the distribution
of ussue pressure in resting muscles and after accumulation of increaang amounts of
capillary filtrate in ten cats dunng exercise and o caws dunng mira artenal wfusions
of hustamine (the 1 o cats where tissue pressure did not change when volume increased
are not included 1n the figure} From this figure 1t seems as iof the lughest tissue pressure
mnereases gradually with volume + hule the minimum pressure does not begn to m
crease untsl the muscles are marked!ly s sollen

Discussion

The method used in based on she assumptions that the veins are normally collapsible
50 that flow ceases s h 1 extrara: pressure exceeds lar pressure and that
the evtramural pressure that tends to collapse the vems 55 the same as the t ssite pres-
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sure These have been hened ly by Ryder etal (1944)
both for excised vewns and in vivo for human arm veins They showed that the vens
were frecly collapsible and that the hydrostatic pressure exerted by the ussues was
completely transmitted to the walls of the veins Fig 3 and 4 show that increments of
the herght of the water column in the plett ph were 4 1
to the ussues and recorded as changes of tissue pressure by the present method One
may therefc lude that the are vahd also in this case and that the
present method measures changes of tissue pressure with an accuracy of about 2 cm
H,0

1t 15 apparent from Fig 6 that exercise not only mcreased the threshold pressure but
also changed the pressure volume relationship so that the ascending Innb of the disten
sibility curve covered a much wider pressure range during exercise than dunng rest.
In view of the results obtaned both on solated vems (Clark 1933) and from m vivo
expenments (¢ g Gauer and Thron 1962) 1t 13 difficult to believe that the ascending
limb represents a true increase of venous distensibility with increasing pressures In
stead 1t mught rep! lead due to uneven distnbution of tis
sue pressure The curves shown i Fig 6 may thus be explaimed if one assumes that the
Towest tissue pressure is represented by the threshold pressure 1 e at which the volume
begins to increase and when the central venous pressure 15 increased further veins in
areas with higher ussue pressure are gradually distended until the huphest tissue pres
sure has been orercome at the pomnt where the distensibility curve reaches 1ts peak Ac
cording to this mterpretation each distensibility curve would thus allow estimation of
both the and the P! 1n the tissues

To obtain the true tissue pressure the mean pressure exerted by the water was sub-
tracted from the points of maximum and mimmum pressure Usually the difference
thus obtamed between maxumum and mmmum tissue pressure was about 6 em H,O
during rest {cf mean values from 15 exp n Fig 7) Ths distnb of tissue
pressure mght be due to differences between vanous tissues such as muscles connec
uve ussue and fat or to differences between vanous muscle groups (sec below) The
tissue pressures 1n resting ussues are thus only slightly above zero pressure This ysan
agreement with most previous findings obtained with needle methods (¢ g McMaster
1946 VWells etal 1938 or the indirect method of Ryder etal (1944) but there s a
large discrepancy between these findings and those of Guyton who claums the tissue
pressure 1o be well belov zero n resting muscles Besides the difficulties associated with
the aruficial situation created when a large capsule 13 permanently implanted 1n the
tissue p 4 d| the d of protemn and flud transfer across the

vic d tissue b some of the negative tissue pressure do not

seem to apply to the normal behaviour of skeletal muscles The same experiments
(Guyton 1963) showed the ussue space to have a very high modulus of volume elasticity
1n the negatin¢ tissue pressure range and 2 very fow modulus when tissue pressure be
comes positive  This should eause the pressusc curve to nise very rapidly when the us
sue pressure 1s in the negatn ¢ range but extremely slowly when in the positive range
Suchan would be teleol y at least for skeletal muscles
because 1t would effecticly prevent any gross net exchange of flud between the ar
culating blood and the largest ussue mass mn the body and thus prevent the extra
cellylar flmd from acting as a buffer munumzing changes of blood volume There 1s

crable expenimental cvidence that instead suggests that changrs of ussuc pres-
rkedly a reduction of

consid
sure do not come 1nto play until ussue volume has changed mal
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capillary pressuce dunng bleeding causes a progressive decrease of muscle volume
(Oberg 1963) and a hemodilution due to reabsorpuon of interstitial fiwd 10 2n amount
corresponding to about two thirds of the plasma lost (kaufmann etal 1956) On the
other hand an mcrease of capillary pressure caused by venous congestion ot exercise
leads to contnuous outward fltration the rate of which 1s at first steady and then de
chines This 13 1n accord with the view that the more the tissue volume 1s increased the
more rapidly the tissue pressure nsey s ¢ that the modulus of clastieity tncreases at
Tugher »olumes
The relationship between tissue pressure and tissue volume found + ith the present
method seems to be more 1n accord with what might be evpected from the abo emen
tioned findings Here one finds a low modulus ot elasticity that seerns (o increase gradual
1y wath swelling of the muscles Thus 1s the type of curve one would expect fiom a sys
tem hike the sketetal muscle which s enclosed mn a fascia that contains both elasue
fibres and relatively unelasuc collagen fibres
‘The thukness of the fascia differs from muscle to muscle Wells et al (1938) recorded
ntramuscalat pressure in the gastrocnemius and the saleus with a needle and found
that the pressure mn the soleus could nse 10 50 em H,O duning venous congestion s fule
the pressure 1n the gastrocnernius never rose above 20 cm H O These findines were
ascribed to differences m the surrounding fascia The marked tendency towards an
uneven dustrtbution of tissue pressure in the muscle mass i estgated here might Like
w1 ¢ be atintbuted to differences 1n tassue pressure betw een vanous muscles in the course
of thewr swelling
To ascertain whether the change of tissue pressure during exercise was caused mainly
by the muscular contractions per s¢ or by the accumulation of capillary fiitrate 1n the
muscles tissue pressure was determined dunne rest and when the volume had rmcreased
during intra arterial ifisions of histamsme The values are sncluded in Fig 7 The
relanionship between pressure and yolume change seems to be the same as during cxer
cise Moreover 1n three cases it was possible to obtam a reading of the tissue pressure
immedhately after exercise and the vatues then obtamed were the same as durmyg exer
cise In most cases however it was ympossible to make such determinations since muscle
volume usually fell so rapidly after exercise that muscle volume (and thus tisue pres
sure) decreased matenally during the pertod necessary for estimation of hissue pres
sure The three values obtamed 1mmediately after exercise together with the  alues
obtaned duning admimstration of histamine strongly suggest that the important deter
minant of tssue pressure 15 the degree of \olume increment dunng, exercise rather than
th contractions themsehes Bevond doubt a muscle contraction produces a rapid
and marked sncrease of fissue pressuse bur with the type of contractions used this
rise of pressure 1s apparently so transient that it does not sigmificantlv influence the pres
ent type of recording
Thus study was prompted by the finding that the mean capallary pressure rose by 5—
12 mm Hg during exeraise {helimer 1964) and that opposing fc rees tended to counter
act the effect of a raused capillary pressure and set a it to outs ard filtration In an
attempt to analyze the nature of the opposing forces it + as pointed out that the out
ward filtration tended to concentrate the intravascular proteins and dulute the prote ns
m the ntersutial space and thereby increase the gradient of colloid osmotic pressure
across the capallary 1 all by at most 3—4 mm Hg (Jacobsson and kj llmer 1968) [t
+7as #lso concluded that the tssue pressure was the most important hm ung factor The
present results seem to corroborate this viey  Even af 1t 15 not poss ble to express the
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change of tissue pressure during exercise by a single value e g a mean value 1013 ob
vious from Fig 7 that tissue pressure nises when filtrate eollects in the musele and
second that the increase n ussuc pressure 15 large enough substantially to counter
balance the rassed capillary pressure

Ts study was supported by grants from the Faculty of Medicine University of Gotcborg
from Svenska adrottens vetenskaphga forskmngsrdd from School of Aetospace Medicne
ATSC through the European Office Acrospace Research United States Atr Force (Grant AP
EOAR 61-47) and from 11 & Public Health Service (Grant HE 03675 03)
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Capillary Permeability 1 Skeletal Muscle durmg
Rest and Activity
By
G Awvumson and I Ryerrwer

Recened 7 January 1954

e~ Abstract

Arturson G and | Noltmer Capullory permeab lsty o skeletal muscle dung west and arpasty Acta
62 4143 ~~ In everc: mg sketetal muscle flusd 1 Gltered from the

the concentrateon of th Qextran wn pure s lymph 23 compared with that m astessal
placma The rato ber een these coneentrations ¢ d ot change s gn fieant] | when ceererne
was s mulared by rep ated st mulaton of the motor neme Tt 13 therefo ¢ concluded that
caplt rv premeabibity does nor change during suseutar exercrn

Dunng muscular excrese flind in the cireulating plasma s lost 10 the wntersuces of the
active muscles This s ell known cdema formation has beensho n to depend matd on
Rlteation due 10 2 raised capiltar, hydrostaue pressure and to be augmented by an
merease of the capilfary fittration coeffcent {hgellmer 1964)  The caplany filtrauon
cocflicient 13 an expression of the amount of fiurd filteved per mamute per 100 g twsue
pes mm Hy change in capiilaty pressure Any ncrease 1 the fltration coellioent s an
cpression of an ncreyse of capillary permeabilits andjor an merease of the perfused
capsliary surface area

To differentate bet een changes i permeabshits and surface area ove of these 1 0
ranables namely capdlary permeatalit was stud ed 1n the present \penments in
which the sieving charactensies of the capillary membrane  ere desermmed

The permeatiddty of the capilary wall has been clumed 1o mcrease m response w0 &
vanety of conditions ancliding hvposia ac Jeast f se ere Lands 1978 Hendley and
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Sciiler 1954) and distension of the capillary wall (stretched pore phenomenon
W: Loch and M 1955) These ph as well as bradyk
which has been as the active d: during lar exercise (see ¢ g
Dornhorst 1963) and which 15 known to increase capillary permeability (Elliote
Horton and Lewis 1960) rmght affect the permeabihity of the capulary wall during
exercuse It was therefore dered | to d the capillary prrmeabnl
1n exercising muscle

If the bility sub 11 d during exercse protems would leak
through the capillary wall Two observations argue strongly against leakage of extra
protems during exercise first neither the total concentration of proteins nor the fraction
of albummn 1n mu cle lymph changes duning exercise (Jacobsson and hyellmer 1964 a)
and second  the filtrate accumufated 1 the muscles during exercise seems to be poar
m proteins since after exercise 1t 1s re bed even when the lymp are blocked
(Jacobsson and Kyellmer 1964 b) However changes mn capillary permeability too
small to affect the protemn transport but large enough to influence the filtration coefli
cient meght still occur

Methods

Two dogs less than one year old and weighmg 15 and 16 kg were used Nembutal 30 mg
per kg bw was admmustered and small amounts were added during the exper ment Atropie
Img wasgieniv and the dogs were mtubated The abdomen was opened by a midline it

sion and both renal pedicles were clamped 10 ml p kg bw of 26 per cent dextran solution
1n 09 per cent saline was then myccted 1 v The dextran used (Pharmacra AB ) had an average
molecular weight R of 40 400 (range 10 000—80 000)

After anyection of the dextran the dog was left for about 4 hours The blood pressure recorded
with a mercury manometer in « brachial artery was stabl around 130 min Hg 1n bath ex
penments

A small amount of Patent Blue \ 10let 1n 11 per centsolution wasinjected mto the skin of the
paw By blunt dussection the deep lymph vessels accompanying the femoral blaod sesscls were
eed 4—5 cm above the knee All vessels were 1 gated and one was cannulated with a

hen fr
PE0 polycthylene catheter (Clay Adams Inc) The circulauon of the paw way then care

¢ This dextran  as generowly supplied by Pharmicia AB $i eden
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A

Fig 2 Dog 15kg Lynph)  °° ]
lasma_concentration rato ¢
(CLICp) for different molec

ular sizes of dectranin s o o
samples obtained dunng

yest - pass ¢ movemenis

Incs) \bscissa 1n fog seale

fully shut off with tight 1 gatures around the ankle To sccure a measurable lymph flaw durng
rest the ankle joint was fiexed and extended in a standardized way once a secon:

The sciatic nerve was cut and was sumulated from a Grass stmulator odel SICR  through
b polar silver electrodes with supramaximal stimul: at a frequency of 2/sec

The muscle lymph was sampled 1 previoush werghed small test tubes Immediately befare

the smiddle of the lymph samphing period 2 blood aymple %as drawn from th contralateral
femoral artery

Some samples were first collected during rest In order to secure fuid representatne of the

1 mb dunog exerase ssmpl ng was not commenced until some menutes after the exereise had
been staned

The Iymph and plasma samples were analyzed for total dextran concentration with the
anthrone method (Wallensus 19>4) and the distnbution of molecular weight was d termuned
using the method descnbed by Wallenwus ¢ af (1960) This method derermunes tw b dimetrs
< iy the procipitation curse obta nied when ethanol 15 slowly added to the water solution of
dext an S nce the largest dextran molecules a ¢ precip tated first the resulting curve can
converted into a molecular  eight distnbution cune For discuss on and evaluat on of the
method see Wallenius e af (1960 and Arturson (1961)

Results

The results are summanzed in Fig 1 and 2 1 huch show the results noted 1n one dog
but are representatne of both expenments Fig 1 shows data obtained on lvmph floy
and on concentration of dextran m plasma and lymph which 15 shown to diminish
almost linearly with ume When exercise was induced lvmph flow increased and
reached a peak during the first few munutes after  huch it returned towards resting
salues In order to be sure that the catheter had been Alushed wath Iymph produced
dunng excroise lymph sampling was not started unti! after the peak flow had pased
The prak kmph flow immediately afier the bemmmnine of exercise 13 not shown 10 the
frure

For each malecular size of dextran the rato between the concentration mn lymyh
and that in the corresponding plasma sample s calculated and called the Cr Ce
rauo Frr 2 shows the curves for the Cp. C.p rato platted acanst th molecular v eight
of the fraction s can be seen from the figure exercise had no effect on the cunves



44 G ARTURSON AND 1 KJELLMER

Discussion

The capillary wall acts as a barrier between blood and tissue through which solutes
and solubles are transported by diffusion and filtration Substances passing through
the capillary membrane 1n a water phase arc thought to have only a small fractton of
the capillary surface area available for passage and their passage 15 restricted 1f their
molecular size is too Jarge (¢f Renkin and Pappenheimer 1957)

The ability of the membrane to retain large molecules can be measured by determin
mg the sieving charactenstics of the membrane This 1 turn 18 a measure of the
capillary permeability Grotte (1956) showed with the aid of the same techmque as m
the present study that the capillary permeability duffers from region toregion ¢ g much
higher in the liver than in the tissues drained by the leg lymphaties Such a difference in
capillary permeability between anious organs was also demonstrated by \faserson
etal (1960)

Owing to the regional differences mn capiflary permeability sn a study of the present
kind care should be taken that the lymph 15 drained solely from one particular 1y pe of
tissue — 1 this case striated muscle Since the paw is dramed to a fair extent by the
deep lymphatics of the Jeg while the skin above the ankle seems to be dramed almost
exclustvely by the su 1 lymph 1 of a deep lymph stem near the
¥nee region after exclusion of the paw from the circulation enables collection of almost
pure lymph from the calfl muscles (Jacobsson and Kyellmer 1964 2)

‘To measure the sieving charactenstics of the capillary membrane in skeletal muscle
dextran mjected intravenously was allowed to spread 1n the whole organism for about
4 hours before lymph sampling was started This ime should be sufficient to ensure
steady state conditions (¢f Grotte 1926)

The sieving charactenistics of the capillary wall determine the size of the dextran
molecules that pass freely mto the lymph and the size of the molecules totally retained
n the plasma Dextran fractuions of mntermediate molecular weight have been shown to
pass the membrane by restricted diffusion (Grotte 1956)

In the present experiments 1t was found that the rauo between the concentration of
vanous fractions of dextran in muscle lymph and the concentration 15 plasma was not
affected by excrase (Fig 2) «— 1 ¢ the sieving charactersstics of the membrane v ere
not changed

It might be expected that the CyCp curves in Fig 2 should shuft to the left if capulians
permeability were unchanged and filtration rate increased Tt has been theoretcally
deduced (Pappenheimer Renkim and Borrero 1951) and experimentally shown (Grottr
1956) that molecules passing the capillary wall by the process of restricted diffusion
should appear in lower concentrations in the filtrate when the rate of filtraton 15
ncreased Furthermore the sieving effect 1s more pronounced for larger than for smaller
molecules This would lead to a decrease of the overall concentration of dextran int
filtrate 2nd 1n lymph and simultancously a shuft of the curve for the molecular weight
distrbution towards dextran fractions of lower molecular weight

In these experiments no such changes of the dextran composiuon of muscle hymph
were obsened dunng exercisc 19 spite of the fact that the filtration rate must havein
creased The reason for this 1s probably a quantitative one Toobtaina clearcut change
of the concentraton and distnbution cune for dextran in Iymph ¢ rotre had to elevate

the senous pressurc to 50 mm Hg The lymph flow then increased to twice the resung
salue In the present experiments neither the filtrauon rate nor the change of capnllary
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pressure was measured For a rough comparson hawever 1t might be permusible to
compare Grotte s data with those obtained on cats (hyellmer 1904) where an ecerene
of 2 smgle twitches per sec (the same frequency as 1n the present sertes) which caured
almost maximal vasodilatation 1 the muscles was shown to increase the hydrestatic
mean capillary pressure about 14 mm Hg This should be compared with the figure of
50 mm Hg \enous pressure (corresponding 1o a change of mean capillary pressure of
some 40 to 45 mm Hg) n Grotte s expeniments Lymph flow in the present experr
ments cid not wcrease sigmficamty duning creroise {except m the minal fase of exer
ciss which was not included m the sampling perrad) Thus 18 also m accard with the
uew that the change of filtration rate mn these experiments was helow that nerded t1
produce a detectable effect on the dextran composition of the muscle lymph

It may thus be concluded that the capillary permeatulity m skeletal musele wav n ot
measurablv changed during stmulated cxercise

Ths study v as supported by grants from the Defece Medical Poard [ilr Sw di b M [
Research Counc 1 (G A ) and from the Faculty of Medicine Univernty of Grteberp (1 F
The mvestigation has alsa been sponsorcd m part by S kool af Aer agree M { e AL4C

through the Earopean Office Aerospace Rescarch Lt Statrs ir Foree € fant AF 1 OAR
61~47) wnd by U § Public Health Service (Geant HEA 4 7,0,
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From the Institute of Zoophysiology Unssersity of Uppsala Sv aden

Cyche Varation 1 the Body Temperature of
the Male Rabhut
By
G Decersuan and J E homistrow
Recerved 20 January 195%

Abstract

G Degerman and § E Kuhistram Cielic ranat 11 th body lemperature of the male rabbit Acta
phvsiol scand 193 62 46—30 — Dady recordings of body temperature 1 mate rabb &
have been shown to vary evelically The mean lergth of thesc cyules 1s very close to that of the
eyche varations 10 the sexual functiony of the male rabbnr previoushy found Further the
comeidence in phase ben een the Cvdles of the body temperaturc and thote of the semumal
volumes 13 statistucally significant

The biphasic thermal vanation dunng the menstrual cycle 1n women first observed by
van de Velde (1904) s well known Sumdar vanatons in body temperature during the
estrus cvele have been reported i females of cattle (Vollman and % oliman 194?
rabbit (Donnet «f al 1960 2} long taded monkes rat and gumea pig (Donnet of of
1960 b) Recently cyclie sanations have been demonstrated 1n some sexual funchons
of bulls and male rabbits (Dogget 1936 huhlstrom 1958 1962 1963 Degerman anl
KRuhlstrom 196] hahlstrom and Degerman 1902 Some lacts indicate that m the rabbit
the male sexual &vcle ke that of the female 15 hormonally regulated (Rahlstrom and
Degerman 1962} Furthermore @ this animal the male evcle 13 of the same duration
4—6 davs as the estrus cycle of the doe (\yers and Poole 1962) Thercfore 1t seems 1o
be of mterest 10 study » hether or not a thermal ovele conpecied with the sexual
functions exsts also s males

Material and methads

Twenty fisc normal male rabbuts all sexially mature and ranging in 1g¢ from 810 ¢ mmxh;\
Lave been used for the experiments The an mals were scparately caged but could see r:;
othes as well as fernale ammals. The temperature of the room was thermostaveathy mg\ﬂ;;j
“The fecding and care of the anunals were carned out dauly between Yand 11a m T1 i
tamparItUTE %Ay vecorded daus using a cal brated elecinic unnersal thermometer (type e
Elizb A § Coperhagen wuth 2 rend ng accuracy of =00 € Temperagure rec rdings w

46
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Temperature Seminal volume
mt
400 10
8 [
Feg 1 All cvcles obtamed >
from ammat no 191 dunng 396 (3
March have been supenm 594 ot
first masimum 0 the
cycles placed on day number 392 02
one 190 90
123456 2346
Tax O¥° Tenax®Y®
Rabbit No 18t
Seminal
Temp. valurne

Fg ? The da'lv vecorduogs

ammal no 191 f om May 18
to \May

femperature Seminat volume
£ a5 £ ez
x @ 2 nn
F 3 <voms 350 5 ooos
Fg 3 Theobsened distribn & g [
tion (sohid ines) of the sizes of o o
the gips between min ma © 50, © 30|
compared with the theo et g ) H 20
calditnbution (hrokeabnes) £ £
to be found m a s nes of 3 20 . ER
cand m b
34 5 6.7 145 6
Sze of gaps 1n days S$ze of gaps n days

performed by nsert ng the pplicator (type RK 2) 9 em through the anus These measurements
were carried out between Band 102 m —— 2 tme when th bodv temperature n prel m nary
expeniment was found to be at 2 m mumum

“ane animals we ¢ stud ed from the begimning of T brusry untd the end ¢f Ma  Pasibly
€x: ting conneciions between body temperature and _exual act vity were sud ed by obrerv ng
the volumes of jaculates dailv yiclded. Semenwas It cied ta fix dtreaf the day by means
of n artfical vag na and dsch rged nto small test tubes the v lumes of whi b up to 2
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Taste I Stamstically oyche 1n body
Comparson between mean
values from column. with
the bighest numbers of
maxma and murma
Test for frequency of mavma Tesp ctnely
Rabb  Length
o (days) ¢ I3 pe © £ P
257 8 179 86 a0y 264 k4 aat
198 9 209 82 005 204 16 00>
191 7 273 120 000> 202 28 LEE
190 3 n jra 0002 350 % 0001
128 4 300 9 000> 230 37 000+
157 8 216 69 0025 251 16 0075
156 7 198 86 00> 247 20 0075
155 3 241 90 001 223 20 0075
[ 200 88 0075 250 24 ao1
154 No sign ficant yche vanation

marh n the glass wall  ere hnown with great accuracy The volume of the semen was then
measured by adding distilled from a burette up to tis mark.

‘The remaimng 16 animals were studied as to temperature during at least a fortrught

To test 1 hether the data obtamed are distributed at random or not we used a test for random
ness 1n a senes of numerical observauons. elaborated by kendrew and Mchendnck (1937)
In this test figures smaller than either one of their immediate neighbours m th  senes are
defined as mimmum numbers Th imterval between two such muaima expressed 1 time
umts m ous case davs 15 called a gap both munwna bewno ncluded with the gap In serses of
random numbers the theoretical distnbution of gaps of different sizes has been calculated by
hermack and \Mchendnch (19370 By means of y analys:s th s theoretical distnbution 15
then compared with the distnbution f und in the materal to be testrd A non random distribu
fion obtained by means of th s 1est 15 2 good dication of cyclic vanat ons Lsing this method
the only relevant fact 1. the mterval berween the mumma  the st es of these numbers being
arelevant Ths means that very small and occastonally ccurring mumima are of the sanc
importance as more pronounced and reeularly orcurring wmun mum values which i tun
gaves a surplus of sal! gaps

\fore deta led information concernuny the cyclic vanauons has been obtamed using the daa
from the anymals studied dailv from February to May Ihe collected fieures have been arranged
n chronological ord r with a constant ume miterval of one day Part of a series thus obta ned
15 diagrammaacaih lustrated m Frg 2 Each series was then rearranged n horizontal fows
of 1dentica) length  ne below the other This arrangement was Tepeated the number
Fagurts m each Tow varyng from 3 to 20 (Cf Warthing and Geflner 194 p 296) and the
mean salue of each + i cal column calculated In the seney afl maxima and all mntma
Jsrespectne of therr denavions from the adjacent values were marbed and the muxmum
puspbers used for the further statsucal trestment. Unless the collected data express ¢y be
aristions these values will be distributed at random among the verucal columns obtatned
b the procedure descr bed abore However a cyclic vanation of 3 gnven length appears -u‘ an
accumulation of the majonty of the maxima i one and the same column This happens when
A ermontal row has  length approaching that of the cycle ora muluple of the eycl The
probatalir ef a ghen frequency of maxima i & vert cal cofumn to be statust cally d feren!
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Taste Il Changes 1n semmal solumes follow g upon maxma and muuma m emperature

Seminal volume

No of mere~ses No of decreases
Temperature Observed Expected Obsenned Expected
Maxsmum 47 60 B0 64
AMinmum 87 [+] 69 1

7 =49 p<00s

from that experted 1f the maximum values of the whole senes were distrnbuted at random
amang the colun ns has been tested as described earhier (Bihlstrom 1962 193} Howev r
m this test as wn that described above small maxima and mmima are of the same inportance
s thrse devaat ng markedly from thewr adjacent values In arder to overco ne this disadvantage
2 statstically signif cant accumulatt n of maxima 10 a column has not been Jooked upon as
proving a cycl ¢ vanaton unless the mean value calculated i this column differs s gn ficantly
from that calculated in the column hay ng the greatest number of muama The connections

ben;t:n temperature recordings and semmal volumes have been tested by means of chisqua €
analyss

Results

Examples of the daily temperature and volume recordings are dizgrammancally
represented 1n Fig | and 2

Hody temperature The mean of all temperature data 1 39 34 = 6001 (S E; Asseen
from Fig 3 the distubution of the lengths of the gaps between temperature muima
when data from all animals are pooled 18 far from random (z- = 49 17 df = 4 p<
00005) which strongly indicates a cychic vanation These gaps bare a mean len>th of
45 days When applying the test for frequency of mauma descibed above eight of
nume ammals srudied revealed a staustically signuficant cyclic vanation the eycles
varying ia length from 3 to 9 days with a mean salue of 7 days  See Table I

Sem nal rolumes The dustnbution of the gaps between the mintma i semynal yolumes
s gien i Fig 3 This dutnbunon 100 18 far from random (ff «= 2333 df = 3
p < 00005) The mean length of the gapsis 4 2days The cyclic vanation in the semunal
volumes hase been desenbed earlier (Degenman and hublstrom 1961) 1

\ maximum in temperature 15 sigmificantly more frequently followed by decreasing

volumes than 1s the case concermng a munkmar 1n temperature (x 499 p < 003
See Table 11y

Discussion

With 2 very high degree of probabilitv the body temperature of male rabbts sanes
€ychically This vanation shows a stausiical cowcidence 1n phase wath the cycles of the
daily seminal volumes Besides, the durations of the cycles are w good agrecment wath
the length earlier discovered on studying the solumes of ejaculates (hablstrom 1958
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Degerman and hihlstrom 1961) the sexual drive (Degerman and Kihlstrom 1961)
production and density of sperm cells (Dorgett 1956) and the occurrence of gels 1n the
seminal flud (Kahistrom and Degerman 1962) It may be mentioned that the length
of the female estrus evcle 1n domesticated rabbits 1s 4—6 days (Myers and Poale 1967)

The mean length of the gaps between mimma 1n body temperature 15 4 5 days As
duscussed above random vanations will grve a surplus of small gaps Thus fact probably
explains the greater mean value 7 days of the significant cycles found using the test
for frequency of maxima However 1t 1s also possible that a cycle having a length of
about 4 days 15 co-exstent with a longer one (Sce Table T rabbit number 155)

As the cychic vanations o( the different ammals caged 1n the same room are not

1 causes of the p must be excluded

The vapaton 1n body temperature aftcr castrating the ammals 1s under observation

and the results will be published elsewhere

cen 1 d by the Swedish Natural Science Research
Councll We are mdcb(cd to Professor P E Lindahl for valuable enticism For techmcal
assistance we thank Mrs Elisabeth Vosamaa and Muss Ingvor Andersson
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Acute Effects of Prolonged, Heavy
Exercise on the Concentration of Plasma Lipids and
Lapoproteins in Man
By
Lars A Carison and Forxe MossFELDT

Recerved 21 January 196%

Abstract

Carlon L. A and F \lossfeldt feutz off cts of pr lom ed heniy exercrse on the concentration of Masma
1 puds and lipopr trns v mam-Acta physiol scand 1964 67 51—29 — The concentration of
tnglycendes cholesterol and phospholsp ds in plasma and in ultracentrfugallv separated plasma
Dbpoprotemns was studsed 1 normal persons durmg paruaipation i 192 and 563 m yearly
kirzcung The shi og time 25 around 3_9  hours Tn the group studicd 1962 28 well as
the 1963 group there was %! ds
in plasma_ VWhen the 1962 group was nud.led durmg ordimary actvines with dmt cal calonc

keand at ident cal mes the Fcant changes were found e the plasma
1pds The most pronnu.nr(d Qecreases of lhc Phaams spids was i the tnghcende Fracton and
this decrease was d rectly nd hughly sigificantlv correlated to the fastmg tnghycende cor cen
tration About three quarters of the decrease 1n trgly cende concentration was due to a decrease
nheamountof tngh cendesin the very low denuity bipop otems The el tende concentration
in th low and the high density lipoproteun elasses also decreased The decrease of trglycendes
was d_cctly corrclated 10 the fastung level m cach Lpoproten class No  gaificant changes
wer observed n the cholesterol content of any of the lipaptotews. The phospholip d concen
tration however o wn all three lpoprotan classes The most p onounced decrease of
phospho! pids was found n the high dens ty | poprotems echarusm(s for these changes
\;m concentrana + of the ptasma 1 p ds and hipopratems dunng prolonged, heavy exerene were

iscussed.

Previous studies i man hat e shown that the concentrauon of the free fatry aads (FFA)
of plasma are charactensueally changed dunng evercise in the fasung staze Early
dunng evertise the artenal concentrauon of ¥F A decreases (Carlson and Pernow 1929
Friedberg ctal 1960 Carlson and Pernow 1961 Bruce, Cobb and \ihams 1961)
duc to an mcreased frachional turnover rate (Carlson and Pernow 19613 After about
15 mun of exerase the FF A level starts 10 inerease (Basu  Passmor and Strong 1960
Carlson and Pernow 1961 Fredberg etal 1963 Havel Namark and Porchgrevink
1963) due to an increased mobilisauon (Friedberg etal 1963 Havel etal 1963}
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These events can be fooked upon as a purposeful mechanism 10 supply encrgy m the
form of faty acds 1o the working muscles If other fatty acds of plasma 1 ¢ the dif
ferent forms of estenified fatty acids could contnbute to the energy needs dunng ex
eraise 1n man 13 not known. Since we had observed that no changes otcurred 1n the

of plasma chol phospholipids and tngl des during exercise
at moderate work loads for up t0 two hours (Carlson and Pernow, unpublished results)
1t was considered to be of mterest 1o study these plasma lipuds during prolonged heavy
exercise In this paper data are gnen on changes m the plasma lipids and lipoproteins
during particapation 1 skiracing for about eight to nine hours

Material and methods

Matertal The studies were done 1n 1962 and 1963 during Vasaloppet  which 1 a sluracing
occurning every year 1n March m Dalecarha Sweden The racing consists of slang 82 km
1 hully terrain wath start at one place (Salen) and t e winning post at another place (Mora)
“The persons studied were all 1 good health. Al subjects had tsken part in phymical training
dunng 5 months before the expenment The trainmg consisted of gymnastcs indoors the hos
pital. The exeresse 100k speaial a1m 1o tram the arculatory capacity and the muscles that are
specially used in skung The last two months before the experiment the trammng was recom
pleted with skung On the a1 erage 300 km was run on skus d nag this ime belore the start 1n
\ asalopper
The matenal studied 1n 1962 comprised 9 men 6 doctors one dentst and 2 managers
Twenty persons took part . Vasaloppet 1953 14 doctors one photographer one insurance
man one shipbroker one teacher and 2 managers The 19 2 group was also studied dunng
1t exr ordmary actratics about 3 months after  Vassloppet  Durning that study they consumed
sdentical amounts of food and liquids a( the same time as duning \ asaloppet and blood sam
ples were also taken at identical timey
3 cnouss blod samples were taken a1 6 a. m afier fasting over nught T} e subjects then con
suraed their breakfa ¢ In 1962 the subjects had thesr own frer choiee for breakfast. In 1963
however the breakfast was designed 1o contain as httle fat as possble The skurace then started
at 743 a m. Suations where water containing 30 per cent sugar was given were situated 21
km Z>km 23km 33km 41 km 46km 54 km 60 ki 72 km and 79 km after the start,
The heart rate was exatnined after skung 21 km 20 km 41 km o4 km €3 km 72 km and 1m
meduately after finshed skung and the mean heart rate for each suby ct was cafculated from
these occansons The surface for skung was easier during 1962 than (%3 Wathin ,—10 m n after
the subiects armied to the winning Post a second s enous blood sample was drawn  The blood
samples were bepannised plasma separated off by centnifugation and stored at 5—10 € fr
about 24 hours brfore bemg processed at the faboratory
Lypsd aralyns The plasma bpids were determimed as desenibed previously (Carlson 1960
Carlson 193) Plasma proten analyss were made with the Bruret methud and a1l ipid v fucs
corrected for anv changes sn plasma protein concentrations
Itpoproten analysis The plasma Lipoproteins were separated i principle according to Bragdon
Ha clandBovie (19 Four ml of plasma was added t  the tubes of the40 3rotor of the Spinico
Mode] L preparat e ultracentnifug  and dil sted with 0 §o M NaCL After centnfugation a¢
40000 rpm for 18 hours the tubes were sticed 2nd the top fracton harvested quant tasely
and made up to 3 ml with saline Tt s fraction 1 called ety fow density digoprote s The bestcm
fraction was aspirated and recorered quantitatively from the sliced tubes and made up 10 5
yal #3th 013 M NaCl OF this 4 3 ml was added tn 3 nrw tube and one ml of a NaCl- kBr
solution with a density of 13197 added The tubes were then filled up with a \aCi~hEr
s lution of denats 1¥3 capped mixed and centnfuged as above After centnfugats n the
subes were slieed the top fractin haryesied quantitatnely and made up to 3 mi with salme
“Thus Erattion 1 c2lled loze dennty I furoteins The bottom fraction was transferred quanuauvely
102 5 ml volumetric fask with saline and 1s called fugh densty fipoprotens One mil of these frac
toyms was extracted witt chloroform methan.l for determunats m of trglycendes (Carlson 1973)
2ud 125 ) extracied warh ethanol acetone for determunation of chofestere I — accord o2 10
Sper W ebb—and phospholipids s deseribed prevaonsly (Carlson 1960) The entire procedare
ghves  reeovers of all lipid fracuons between 95— 103 per cent
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Tastel Ag physical working capacity calorse consumption sk g bane and heack rate
the 1962 and 1963 graup

Calonc cons smpnon

Mean VMean Mean
physcal Calortes skung heact
working, fam tune fax rate
capacity  Total earbo- Calories Vasa dunng
1get (kpm} calones  hydmte  fromfar  loppa sknng
Afatenat  (yrs) ma) (keal} {keal} {ixcal) {hrsh smn}
1967 36 1460 2820 2070 310+ 867 141
Eoup 745 1020 $ 620 9
1963 34 157 $ 1805 39602 R AR 973 124
gup 2233 0 700 20

* \f an and range
Defined as phymeal working capacity 3t 3 heart rate of 3 0/ qun under standardised contd
« ons on a bicyele ergameter {Holmgren 1956)

Mean satue

%+ standard devianon

Tantz T The cfect of sk ing on plasma 1 oid I els as compared 1 the plasma | pid levels
durieg ord a3ty acth ues w9 normal men {196% ymes) Each person consun od
sdenucal amounts of food and 1qu d dunng 1be 1o different studies and food =
wefl as the blood samples were taken at identicad t metin the two different stud es
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w0z /100 mi) (mg 100 i) mrmoles t
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Tarre 11 The cffect of skiing on plosma lipid Im 15 11 20 normal men (1973 senes)

Chrlosterl Phopb Lpads Trgheerdes
{103 ml) {505/ 100 a1 {wm Aesll)
Fasung Afer Farting Aftrr Fasung. After

Vme-SD 20736 19736 2031 22430 1272049 078031
Tnd. &2 F-4 27=5 043007
P >00 -~ 0001 < 8001

1328 See Taile I

Tasiz I\ Th effct of skung on the concrntrats.m and cempossnm ¢ { the plasma hipoprotens
016 mem 197, senes)

Pauo
Chr lesrrot Phusph Lpwls Trigherndes Ch frstered
tmg 100 ml gt 100 ml tmmdes 1 Phospholipads

Fasurg Ater  Fawung Afir  Fasung Aftr  Fastrg Aflir

Veg Lo density § porrvtens

Mean-5.D L2 &= 17 = 0= 0f ~ 026 078x 021z
10 G 13 3 040 019 019 023

Ind &L 4824 7229 0.72009 003004

b 4 ~0%> <002 ~001 ~002

Lo demits byrpraairs

Mea-SD 127- 118z 2T= 74z 040z 030% J4Zx f49c
2> 2 13 2 013 00 0% 010

Ind & 42-€0 7%-29 0e¥ 0031 002004

P ~003 0.0> <00 ~00

High density Lys protes

Mezn=SD €3 &= 142 134 019> 0352 047~ 049
a 13 1% 21 o0 003 003 on3

14 2S¢ —19=14 142-77 00:4=00] —06 =051

IS ~0.0> <001 ~om <0001

sl s SeeTaV 11
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Results

Some data for the two groups are given 1a Table I The calonc consumption the skung
tume and the heart rate were all mcreased dunng  Vasaloppet 1963 These findings
are probably due to the fact that the surface for skung was heavier 1n 1963 than i 1962
Approumately half of the calones from carbobydrates were consumed dunng the skung
1n the farm of water contammg sugar

Plasma lipnds during skun,, and during am'mar_y acticatres in the 1962 group

The plasma c of ¢k bipids and triglycendes before and
after the two different activities are given 1z Table 1T The fasting levels were the same
at the two oceasions Dunng skune there was 2 sigmficant fall 1n all plasma Lipids
while no significant changes occurred durning ordinary actvities

Plasma liprds during sknng sn the 1963 group

The plasta lipids before and after skung in the 1963 series are gwen i Iable IIT

There was a ficant fall m the of ph hipuds and trighy cendes

dunng skung It can also be seen that the fasting lipid levels were similar to the levels

1n the 1962 group Furthermare the decrease 1 the concentration of tngh cerides and
hospholtpids 1 as of the same m the fwo groups

Plasma { pob oten composttson durng skitng

The itprd composition of the three Iipoprotein classes before and after skung 13 gren
n Table IV In the rery lou density ipoproteuns there was a significant fall m the concen

trauon of phospholipids and tnglycendes The phospholipids and triglycendes de

creased significantly also in the low densuty Lipoprotern fraction The fall 1 tniglycendes
n thys fraction was hnv\ner only one quarter of the fall m the very low density hpo-
proteins In the high de lipids and trigfycendes
Were significantly reduced The ratio cholesterol to lipids increased
in this bpoprotetn fraction
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Relationshsp bettween the fasting hpnd Tevels ond the changes mduced dunng skung
o correlation was found between the fasung tevels of plasma cholesterol or phospho-
hipads and the changes in these fractions duning exerase The relationship between the
fasting tnghycende concentranon and the decrease m ths fraction dunng exerese 38
gnenin Fig 1 for the 1962 and 1963 groups There 1 a haear and highly sigmficant
relatianshsp between the decrease 1o tnglycende concentrasion and the fasing tn
glycende level Tt can also be scen that this relationshep 15 very similar for the 1967 and
1963 series

A stmular relationship exists i the separated ety low denaity lipoproten class (Fig
2} There s also a tendency for the same relanonship an the other two hpoprotan classes
(Fig 2) The lagher the fasting tnghcende concentranon was the greater was the fall
n s 10 alf threc fipop classes

Discusston

The most important findings an this study was that the concentration of tnglycendes
and phosphohpids in plasma was reduced dusing prolonged heavy excreise This 1
mediately raises the questions f this effect was due o the exercise or (o the heavy carbo-
fydrate load and of the effect was on the endogenous ar an exotenous plasma hpids
Carsbohydrates affect the plasma tnglycende fevels acutely A load of 400 g glucose
grven to fasung person thus causes a sigarficant fall i the concentration of triglycendes
(Havel 1997) However when we suched the plasma hipids dunng ordisary actruty
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+ hen the subjeets consumed the same kind and amount of food at 1dentical tumes as
dunng "\ aaloppet  no sigraficant change in the concentration of any plasma lipd
frachon was obsenved This indicates that the changes observed dunng  \asaloppet
was du¢ to the exercise and not to the carbohydrate load Furthermore there was no
relanonstip between the intake of catbohydrates and the decrease of tnghveendes
aither the 1962 or the 1963 group
Exrrasc has been shown to decrease the turbudity of alimentary hpemia {Cohen
and Goldbery 1960) as well as to reduce the mcrease in plasma tnglycende concentra
tion normally seen after a fatty meal (\iklula and hontunen 1962} If this s due to
an alteration in the absorpion of lipids from the intestine dunne cxercise or 10 an
creased remova) rate of chylomicrons ~ transporting the dietary fatty acids — 1 not
¥nown The changes we sbsenved i tnglycendrs dunng “Vasaloppet 15 wath all prob
athty an effect on endogenous tnghycendes Finst the inglycende concentrauon de
creased from the fasting Jevel Sccondly 1 the 1963 group the fat consumption was on
the average oty 5 ¢
The major part — ahout three quarters -— of the decrease 1n tnglycende concentra
non was due to a decrease of tnglycendes contamed m the very fow density hpopro-
temns The trighyceride concentration in this fraction decreased more than 50 per cent
In the low and the fugh density hipoproteins the tnglyceride content decreased abaut
25 per cent but due to the relatwely small amounts of tnghycerides present 1 these
fractions these decreases tosether contributed only to about ope Quarter of the wotal
decrease of the plasma tnglycendes
Of the other ipd of the P the cantent v 38 hot
changed i while the h decreased in all three classes
and most so m the high density hpoproteins. However on a pescentage bas. the drop
i phospholipids was smafler than the drop 1 tnglycendes 1n all bipaprotein ¢las es
{409 and 10 per cent respecsnvedy for phosphobipids yersus 59 24 and 23 per cent for
trielycendes) Prolonged exercise thus mfluenced the different lipid components of the
lipoproteins uncqually This suggests that the effect exerted by exerase 1as on a part
of and not on the entire Lipoprotemn molecule
The two possibilities for the cause of the decrease of plasma tnglycendes dunng ex
erase ~ a decreased influx o plasma orjand an mcreased effuc from plasma — will
be brefly commented upon 1 relaton to current coneepts of the transport of tnghe
ende fatty acids i plasma Since at least part of the endogenous plasma sl cendes
are dertsed from the Iner (Harper Neal and Hlavacek 1933 Sten and Shapiro 1929
Borgstrom and Olnecrona 1961 Havel and Goldfien 1961 Carlson and Ekelund 1963}
a decreased influ of tngheendes to plasma could be caused by 2 d creased delery
of enghcendes from the fer to the plasma This might occur as a result of decreased
hepatic uptahe of plasma FFA snce FFA 1s an ymportant preeursor 1o the hver and
subsequentls the plasma tnghycendes (Stein and Shapiro 1959 Boresirom and Olive
crona 1961 Havel andGoldfien %1 Havel Felts and \ an Duvne 1962 Duning exercise
the motnluation of FFA from adipose ussue 15 actually ncreased (Fricdberg et ol
1963 Haveleral 1931 but data are avadable suggesting that the percentane flux of
F'A to th muscles at the same ume 1¢ increased Carlson and Pernow 1359 Carlson
and Perno 19611 Tt 1s abso known that the hepauc blood flow 1s considerably reduced
funug heavy exerese 1Wade and Bishop 1%2 Thas sugrests that the uptake of FEA
10 the byer may be decreased duning exercise which could result in 3 decreased forma
uon of gt crndes in the et The rapid equulibrat on between the hepauc and plasma
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tnglycende pools scen i rabbis (Havel etal 1962) and sn man (Caslson and Eke
tund 1963} makes st probable that a decrease of the hepatie trghycende pools should
be reflected 1 a deercase of the plasma trglycersde pools En support of thiy hypothess
1t has 1n fact been shown that there is a lasser mearporation ductag exercise than at
rest of angected labeled FFA 1o the plasma tnglyeenides of man (Havel etal 1964)
An snereased efffux of tnglycendes from plasma danng evercise could be due 10

creased uptake of trghcerde fatty acids 1n penipheral organs such as the working
muscles In companson wsth the flux of FFA through plasma the transport of plasma
tnghcende fatty acids 0 the periphery 15 low in the fasing state in resting man {Carl

son and Ekclund 1963} It has however been reported that i the post prand:al state
the beating heart takes up more estenfied fatty acids than FFA (Baflard eral 1957)

Furth dunng ma1tze perfy of the rablut hears the concentration m the per

fusate of tnglycendes contaied in the very low density hipoprotems alsa decreases
{Gounos Felts and Hatel 1963) An uptake of teghycende fasty acids thus ocours m
penipheral organs This uptake of tnghcerde fatty acds might be segulated by the
actron of hipoprotein hpase (Robinson and French 1960) Since exercise snereases the
hpoprotein hipase actvity i the hears of rats (Nekfula Torsu and Penttsla 3963) a
possible mechanum for wereased efflux of plasma inglycende fatyy acids o she pe

nphery duning exerase appears 10 exist

Supported by granta fram the United States Public Health Senv ce (Grant H 7083) and from
Svenska Jdeattens \ crenskapliga farskmingsrad.
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From the Department of Pharmacology University of Goteborg Sweden

Comparative Investigation of the Calorigenic and Lactic
Acid Stimulating Effects of Isoprenaline and
Adrenaline 1n Experiments on Rabbits
By
LeanarT LunonowM and Nits SVEDMYR

Recenved 29 January 1964

Abstract

Lundholm L and N Svedmyr Comparatice imestigation of the calorsgense and {xctic ad stimulaling
effects of 1sof rencline and adrenaline wn experments on rabbits Acta physiol scand 1964 62 60—
L}

— The effects of DL line and L-ad
and lactic acid were ] on rabbuts In doses which produced
a 1 response DL-tsopren was for both effects 4—5 times as potent a stimulnt
as L ad 1 Although the cal action of 1sopi line was largely referable to m

creased lactic acid gudation the fact that isoprenaline in the doses tested markedly sumu
Jated the h art rate suggests that an ancreased cardiac actvity contributed 1o the calongentc
effect Intra artersal anfus on of 1soprenaline inta the brachial artery inereased the elimination
of lacuc acid from skeletal muscle while commensurately augmenung the blood flow 1t scems
probable that the vasodilater effect of isoprenaline in the rabbit siemmed ar least in part
from ncreased lactie acid production m the skelet1] muscle — The relations for doses of

prenaline L adrenaline and L wh ch produced equal hetie a 1d producing
and calongentc effects in the rablbit were 1 9 120

Previous 1 estigations have revealed a close correlation between adrenaline s sumult
ton of lacue aad prod and 1ts cal and il efects (Lundholm
1949 1956 1957 1958 Lundholm and AMohme Lundbolm 1960) In the present study
we sought to determine whether a similar corrclation exists 1n the case of isoprenaline

\f oxygen 1n the rat (Waterman 1919) and 1n man
(Ct‘xhbold Ginsburg and Paton 1960) Its effect upon carhohydrate metabolism
however seems to be more \anable ln expenments on rats soprenaline rased the
lactic acid content of the blood but produced no hyprrglycenuc effect (Filis and
Anderson 1933) A hyperglycemic action was however  demonstrated 1n rabbits
(Ellis 1956) In terms of a 1) cogenoly tic action on wsolated rat diaphragm isopecnalin®
way ten times a3 potent as adrenaline (Ellis Davies and Anderson 1900 hennedy and

60
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Ellis 1963) while m experiments on dog s heart 1t was ten bmes as potent as adrenaline

1n the activauon of phosphorylase @ (Mayer and Moran 1960) On the other hand

Cobbold Gmsburg and Paton (1960) i experuments on humans found no augmenta

tion of lactic acid production after admmstration of 1soprenaline m doses which had
bl il y effects on the \bol,

Inview of these findings we resolied to study the question of whether isoprenaline —
1n doses producing a calongenic effect — also elevated the lactic aad production and
1o compare the results with those referable to adrenahine In the rabbit expernments
described below we observed a disunet correlation between the lacuc acid stumulating
and the calongenic effects of 1soprenalme

Isoprenalne 1 the doses tested mereased the heart rate appreciably — an effect
not found with equialent doses of adrenahine The augmented cardiac activity could
presumably have helped to stmulate the oxygen consumption The calongeme effects
of 1soprenaline and adrenahine showed however no sigmificant difference that could
be ascribed to 1soprenaline s cardioaceelerator action Ity ould seem nevertheless that
this powerful card 1 effect of 1soprenaline 15 humans a factor which
probably contributes 1o sts calongenic action (Lundholm and Svedmy to be published)

Methods

Oxygen Consumptt n_—~ The O consumpt on was determ ned 1 rabbits hich had fasted for
1518 hours. Linder local ancsthesia one cannula was introduced into the central artery of
an car and a second cannula 1nto the marg nal ¢ n of the contralateral ear Following 1 +
mjection of 5 per cent hepann solut on the 2mmal was placed 10 a metabolism apparatus for
Qeterminat on of vy gen consumpt on as described previously (Lundholm 1919) Fine rubber
tubes were passed from the cannulae through the 1 of the apparatus so that blood samples
could be drawn f om the artery or solutrons unfused mto the vem without disturbing the
anumal After about 60 mn  hen the amumal had become accustomed to the canditions and
the blood level of lactic acid measured a basal value { ¢ < 10 mg per cent) the basal oxygen
consumption was deterrned fo 60 min i 10-m 1 perods and blood samples were taken
for determ nat on of the basal lactic acid content 10 min before the start of infuson DL
sop enaline sulphate or L-adrenaline hyd ochlonide was thereaficr mnfused 1 v over a 60-mun.
peniod at the rate of 6 3 mI mn and 10 a dose of 005 and 05 5 gfkgimn calculated as base
The drugs we ¢ dissolyed i stenle pyrogen frec 09 per cent sodium chlonde soluteon to whch
013 pe cent 350 bac acd bad been added to p event gudat on of the sympathomumenc
amines Ovygen consumption was meastred >t 180 mun 23 from the start of wfusion while the
l:\;uc acid content of the blood was assayed 20 40 60 90 170 and 180 mmn after the start of
wfusion
Heart Rate a d Blood Presis ¢ — 10  ser cs of 6 amimals we recorded the effects on the heart
rate of DL-isoprenal ne and Leadsenakine whised 1 + for a 20-mun period n doses of 0 0>
and 05 g hg/m n_Heart ratc was recorded by a tachhcardiograph on Grass inseruments Tn
an add tonat 4 wed the effects of and 1soprenal ne on the
blood pressu ¢ With the animal under Ev pan ancsthesia and focal anesthesta with lidoca ne

We cannulated the r ght carot d and recarded the blood by St
duc r on Grass nstruments after hepariniz n Pressure by Satham p essure wans-

g the rabbut w th 1 ml of 5 1
ton Approvumately 3 houn afer preporaton hen the anunal b roeord o the
general anesthesia soprenaline or adrenal fused ressu
21 heart rate were yerorded for 20 " ‘o and the effecs on blood pressar
Flor — For v a wfuson of the Fabb t5 were

P th urethane
13 Biks The trachea was cannulated and the an mal breathed mto 2 small Rrogh spirometer
vith 00 s procedure was des gned 1o reduce the cffect of anesthens on the blocd
evel of 1 cuc acid (L undholm 1927) but fuled to achicve s purpose mnce the baga lacuc acd
content in these expenments was figh — approx mately S0 mg per eeat. A 7 cannula was
tnserted into the right brachial artery the crrculating blood passing through 1ts horgontal huntf




62 LENNART LUNDHOI M AND NILS SVEDMYR

E
£ 5
7 foos 8 005 o
215 30
= w
2 &
5 -
& &
w a
S 1m0 Qu
& a
& =
z g
g s <
e W 0 156
H
&
&
0 L 20 w

60 60
TIME m TIME
Fig 1 Effects of 00> pgfkg/nun DL-isoprenaline (n = 8) and 005 ; gfkg/mm I adrenaline
(n = 6) on oxygen consumption and lactic acid content of the blood The drugs were mfused
for 60 mun 1 v Oxygen consumption m percent of the basal value was measured for 60 mun
prior tonfusion The caleulated curve the rise i oxygen }
to increaed lactic acid oudation m the experiments with soprenaline
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Fizg 2 Effects of 005 ; gfkgfmin DL and 03 L ads hine (n = 6)

on oxygen consumpuon and lactic atid content of the blood

c experiment DL-soprenaline 0 1 g per mun 10 0 1 ml of 6 per cent devtran solunen
o I:\%u‘s‘;d hrough the vertica) bmb Blood flow was regitered by drap recorder via a cannula
10 the brachial vern The blood was then collected for 10 mn i a measuning ¢l amber from
which samples were taken for lactc acid determination i venous blood The blood was re
turned to the animal via a cannula in the Jugular vein Before the cxperiment was begun, | o
of 5 per cent heporin soutton and 120 ml of 6 per cent dexiran were admimiered 1 4
Lactic acid content was determned ad modi m redmann and Gracser (1933) 1n 15 ml blood.
preciputated with 15 ml 10 per cent trichloracctie ac d Dupheaie determmations were

on the extract
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Fig 3 Effects of 05 pgfhg/min DL isoprenaline (r = 5) and Leadrenaline (1 = 9) on oxygen
consumption and lactic acid content of the blood See alsa legend to Fig 1

Taewe 1 Eflects of DL line and L-ad;

on oxygen inunanesth tized
rabbits  The drugs were mnfused for 60 min 1v Oxygen consumption was measured
for 60 ymn pror 1o wfus on and for 120 mmn after nfusion was begun. Oxgen con
sampion during and after 1nfus on was calculated 1 percent of the basal value

Drug DL-soprenaline Leadrenal ne

Dose (s gikg! min) 005 05 005 03 [}

Meanmereas () 1094£29  U25£25 1066:£17 110825 1140=2°

o of tests 8 5 3 9

» o0l <001 <001 ~001 ~ 0001
Results

Ouxygen Consumption — The effects of DL-soprenaline (base) 00> ug (7 = 8) and
035 pg tn = 5) per kg per min on oxygen consumption and lactic acd content of the
blood will be evident from Fig 1—3 and Tabl 1 where the effects are also compared
with thase of L-adrenaline (base) 005 yig (n = 6) 03 ug (n = 6) and 05 ug (1 = 9)
per kg per min In the dose of 003 g soprenahine had an appreciably greater effect
on both oy gen consumption and lactc acid content than had adrenaline At the end of
40 min mfusion the blood level of lactic acid for example 1723 29 4 + 6 1 mg per cent
in the experiments with soprenaline byt only 162 = 23 mg per cent in those sath
adrenaline The difference of 133 2 6 0 was statistically probable (P < 003 n = 14
On the other hand 005 fig 1soprenaline had approuimatclv the same effect on both
axygen consumpuon and lacuc acid content as did 0 3 pg adrenaline (Fig 21 Adrena
line m a dose of 05 pg appeared 16 have somewhat stronger effects than did 05 pg
though the di way nat i

Fig 4 shows the dose response cunves for the effects of 1soprenaline and adrenahine

on the oxygen consumption — Ttshould be noted that 0 5 ug adrenaline has a maximal
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effect (Lundholm 1949) — and the same may well be true of 1soprenaline This could
account for the fact that the curves converge towards 0 5 ugfkg/mmn — We calculated
graphically from the curve the dose of adrenaline that was equivalent i effect to
0 0o ptg 1soprenaline and obtaned a value of 0225 yg Isoprenaline was administered
as racemic salt and since its action was largely attributable to the L-somer (Dornhorst
and Herxheimer 1958) 1t may be assumed that Lsoprenaline was approximately 9
tumes ag potent as L ad m i the oxygen The same
applies to the il of lactic acid production (Fig 2) In previous
on rabbits (Lundholm 1950) L d line was found to be about 13
nmcs weaker than L-adrenaline in its simulatory effect on oxygen consumption and
lactic acid production The relations for doses of 1soprenaline adrenalme and norad
renaline which produced equal effects were therefore 1 9 120
Heart Rate and Blaod Pressure ~— On 1nfusion of DL isoprenaline or L-adrenalime 0 05
or 0 5 pg/kgfmin m unanesthetized rabbits the effects on blood pressure and heart rate
reached a maximum after 510 min and remained at that level throughout the
wnfuston Isoprenaline 1n each of the two doses the heart rate apg bl
(Table J1) while the larger dose consprcuosly depressed the systolic and dstolie blood
had ! ly milder effects The 05 pg dosc was associated
mlh a shght reduction of the heart rate and some incrcase of the pulse pressure 1n
consequence of a decline in the diastolie and a rise 11 the systolic pressure Earlier
expeniments had shown however that | 1n similar increased
the cardiac output by about 50 per cent via augmentation of the stroke volume without
substantially mfluencing the heart rate or blood pressure (Lundholm 1958) The
negah\e findings referable to adrenaline cannot therefore be taken as proof that
1 n these es cid not late the heart activaty
Effeet of Intra artenial Infuston of Tsoprenalin on Blood Flou and Lactie Acrd Lhminal on
sem Skeletal Musele — In this expenment we studied the effects of ssoprenaline on the
blood flow and the lactic acid production 1n skelctal muscle and sought to sule out
the posubility that the latter effect was produced rcﬂcvdy via | of
line or 1line from the line way infised 1nto the
area supplicd by the nght brachral amry Its effect on lhe lacuc acid production was
deterrmned by caleulating the elimmation of lacuc acid from the product of the arterio-
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Taste 1T Effects of DLusoprenal ne and L adrenakne on heart rate and blood pressure m
expenments on umanesthetized rabbits The drugs were infissed 11 for 20 mn In
the expenments with 1soprenaline the values were recorded after (0 min mfusson
10 those with adrepaline after 5 min # = number of tesis P = probab lity that the
effect was due to chance

Heart rate Blood pres ure mm Hg
Ghange
per cent
Drug and dose Basal after drug Basal After drug
DLosoprenal ne
005 pg/ketmn 237 1938 1461102 1451101
a= P< 0008 nesd
05 ug/hglmn 237 146+ 67 144107 199:86
n- 7 P2 0002 a4
Leadrenaline
005 g/ kg/mm 265 10010 1437103 1451100
=9 ne 4
05 uglhglmmn 253 14 146/106 149/203
=7 Pe 0Ol =t

venous lactic acid difference and the blood flow Tt follows that determnatton of lactic
aed prod was not fully sinee 1t did not mclude the amount retamed
m the muscle On the other band  the lactic acid elumnation was also determined for
10 mm afier termnation of the infusion and dunng that interval the greater part at
Ieast of the lactic acid produced in the muscle may be assumed to have been elimnated
1 the blood (¢f Lundholm 1956 )

DI ssoprenahine was snfused 1n a dose of 0 I gg/mun for 10 min Lts vasodilator effect
was comparatively nuld the blood flow creasing by a maumum of 100 per cent In
some mstances no vasodifator action was mamfest and not even an mncrease of the dose
to 1 pgfomun produced an apprecable effect

The results may be seen in Fig 5 which grves the mean of 5 expeniments in which
the Jactic aad ehmination was determined for 10 min periods It is evident from
Fu, 5 that both blood flow and lactic acid elimination icreased dunng the infusion of
1soprenaline From an wutial mean value of 126 + 2 2 ml/10 mun the blood flow rose
by 30 & 7 B per cent (P <. 001) while the lactic acid ehmenatron rose from 0 38 & 0 21
mg/10 min to 1 04 2 025 mg/ID min the 1ncrease of 066 = 0 16 mg10 mun bemg
statistically significant (P < 0 02) In some expenments the blood flow and lactic acid
elimmation remawed elevated durng the post infusion period but the effects vere not

b fi A between the lacuc acid sumulating and the
vasodilator effects of soprenaline was apparent in these expenments

Previous imesuigations have shown that mfusion of lacuc acid has a vasodilator
effect 1n expenments on rabbits (Lundholm 1928} It seems hikely therefore that n

5643015 At phy 1 A Fof 6
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Fig > Effects of 01 pgjmun ssoprenaline on blood
flow and lartic ac d elimanation 1n rabbut s foreleg
Tsoprenaline was mfused for 10 min into the bra
chul artery blood flow and lactic a.d elumina
ton i brachial sein were measured for 1mn
peniods before, durng and afier the infusion.
Mean lactic and content of artenial blood was
482 £ 68 mg per cont. Lactic acd production
mezn of > determinations Blood flow mean of 10
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INFUSION

the present exp the Iacuc acd d: of the skeletal muscle was fo some
extent, a factor in 1soprenaline s vasodilator effect. On the other hand soy renaline
sumulates lacuc acd production 1 1solated vascular muscle while relaxing the muscle
{Lundholm and \Mohme Lundholm, to be published) thus lactic 2ad production may
1n skeletal as well as 1 vascular muscle contnbute to the vasodilator effect of 1soprena
Ime. In expenments on humans soprenaline appeared to have a vasodilator effect
that could not be atinbuted entrely to 1acreased lacuc acid production in skeletal
muscle (Lundbolm and $yedmyvr to be published)

Discussion

In previous exptnments on rabbits st had been found that an increase in the lartic
acid content of the blood was asonated with sumulation of the oxvgen consumption
‘Londholm 1949 Aficr 1 v anfusion of L (~ ) lactate the following relation between
onzen consumption m percent of the basal value (1) and the lactic acd content of
the blood 1 mg prr cent (X) was demonstrable } = 1123og ¥ ~ 932 Thus relation
tended 10 on erestimate somewhat the effect of a low lactic 2ad content on the oxygen
consumption but underestmated the effect of higher sactir 2ad concentrations We

calculated. on the bans of ths relauon, the of oxygrn
wihich could be expected to result from increased lacuc acd oxdauon foﬂav\-mg
imfusion of 1soprenaline (Fiz 1 and 3) In the exp with 0 02 ug tsop

the area below thus theoretical cune consututed 97 per cent of the expenmentally
determmned onvgen consumption 1 these with 05 1t constituted 109 per cent It

seems, therefore that ncreased Jactic aad may be largely respopable for
the calongeme effect of moprenalire1n :}5‘

Qo the owber hand lerator action and st
15 haghlh probable thy 4 t paruth respon.ible
for the augmented adrenaline did not
accederzte thr beart an dsrs which
stmlated lacic 20d = amore

eral calorrgensc ey rat the
po ~- st It

mcreas- 1n Jretic
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s the lugher doses (03—0 5 prg/kgfmin} ~ probably raused the cardiac output by
increasng the stroke volume thus stmulating sn these doses the cardiac actnity

e obsersed 1 expenments on huraans (Lundhoim and Svedmy 10 be pubhshed}
that A ! the oxygen P toa greater degree than did adsen
alne although the respectuve effects on lactic acd producton were nearly equal
Since moreaser there emerged a distnet corelation betw cen the sumulatory effest of

prenahne on oxygen and that on hear? rate the calongeme effect of
1soprenaling — at Jeast 1n man ~- may be pactally ascribed to1ts cardwaceelerator ac
non

The catecholamnes also inerease the plasma lesel of free fatty acids and thus effect has
been supposcd to be of for the cak effects of 1 m cold
adapted (Hannon Faonuk and Larson 1963} and newborn mammals (More 1963)
‘The eventually sigmsficance of an ncrease fat sudation for the calongenc efferss of
catecholamines in normal adult rabbut will be discussed i a later paper

The authors are grateful for the tecknscal ass stance of My Theodor Dzedin Financral support
fias beer g ven by the Swedish Med cal Research Council
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Uterine Motility of the Estrogenized Rabbit

1 Isotonic and Isometric Recording 1n vivo Influence of
Anesthesia and Temperature
By
Jonaxnes Serexren
Recened 29 Janvary 1904

Abstract

Seteklrw ] Lterne mothiiy of the et ogens.ed rablbet I Isotome end asomet 1 recording sn sno In
Suence of anesthe wa and temperature. Acta phynol scand 1965 67 68~/8 — A technique for
ssotomic and sometnc recording of tenne contractions 1 Lo 13 desenbed. No significant df
ference was fyund 1o the spe ntaneous contract ms recorded stmultanesusly from the two homs
by the 140 meth xds On the other hand differences were Tyund n the responses 1 gradually
mcreanng sumuli su b as sns of noradrenal ne or of strengtt
of stunutauon f 1t ¢ Inpogastne nerve  The sotonsc response rapidly reached 2 maximum
whereas the BOrerc &pon.s inereased more pradually Since the 1w tumic response can be
smaxmal 1o spite A submaximal acinaton, the numetn response 15 a more rehuble quantita
ine measure which 18 10 azfeement with previsus findings with w 11tre recording Homever
a1 qualitatne evaluauom of responses near thresh Id sumvulation wotomie recording at low
1oads 15 preferable. Anestheucs administered Ly 1 small doses to lightly anesthetized animals
abgtily enhancrd utenne contracuons whereas drep anesthests and 1xal apphcaton of the
anestheucs depressed th acunity. Liemne motbty 18 extrem §y senutive to decreass in body

1emperature

1n studies on the myometnal raponse 1 rize to distension and 10 sumulation of the
penpheral and crotral nersous sysiem 1 Seteklery 19642, b ¢ and d; some m thodo-
lozcal problems were vt with Firsthy since the blood and nen ous supply to the uterus
1santact alterations in the general condiion of the animal dunng the exprriment m2y
1nfluence the respose In the prewnt imyestization o such factors which were of par
ticular importance for the subsequent studies were dealt with ;. the type and degree
of an=sthesia and the bods temp

Secondly different fratures of the myometnal response may br brou~ht out v did
ferent recording techmques 1 ¢ by aither sotonse or sometne methods From the re
sults of 17 stro experiments Caapo 194 stresved that the notomsc recording method

oF
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gaves 2 less exact quantitatine measure of the response thap does the isometric method
Tt was of smportance to develap techniques for sawetoe and satare recording e Ly
preferably from the whele uterus and to make a comparison between the two methods

The smaoth mustle of the nterus 18 atranged i an outer Jongtudinal and an inses
circular layer and the forces of the myometrium are directed towards the content of
the Jumen

Schafield (1954) has desised a method for sometrie recording of the rabint uterus
wene which however 15 d mamnly by the dsnal trial muscles
Using the technsques descrbed below  the resultant foree exerted by the vanous groups
of eells on the wntra uterme content are measured After fillng the utenine horas with
sahne ar Tyrode solution wometric recording was ohtzned by connccting a closed.
aysiem 1o a pressuse wansduces In the sotome system the utenne content v a8 e
pressed during the contraciion 101 2 Teservear AgAMst LoOTGlant pressure

‘Fhe utenne response 1o neryous 1} shows derable spectes
{Reynolds 1948 Chapt 12} The rabbrt was chosen as the expenmental ammal because
the response m ths species 15 best known from previous rmeshiganons and the rabhut
nterus gives a stanlas response to many drugs as dees the human uterus The uterus
duplex of rabbits also allows a comparison between the ssotome and the ssomeire on
tractions i the same uierus because these can be recorded separately and smultaneous-
Iy from each of the two horns (twint uterus preparanion) In this « 2y changes m the
anumal s condrwn are ehnusated when the responses are compared The uterus was

exested tather by 1 v myection of of by k nerve

Uslike other muscular tssue the tnotor respense of the ulerus 15 dependent on the
oyche yanations of the ovanan b The <! 3 uterus exhibits
no and 15 o i {Reynalds 1945

Chapt 7} However umform pattern of thytaire activty can be obtarned by estrogene
treatment of ovaricciomzed rabluis (Cross 1958) Therefore spayed and estrogenwed
rabbus were tsed

The present »n v ath {5} a dy of the em
ployed i this and subsequent studies (1) & comparisan besween the someta aud the

sotonsc recording techmgues and () the wnfluence of anesthesss and bady tempera
rure on the thythmic contractions

Matersal and methods

f mals Twenty two adult rabb ts (253 7 ke) were wend After dhe ovar ectomy perlormed
under penthobarbual anesthena {Nen butald Abbott 30 ngkg b w | the anwral w re
rreated with dicthylstdbesseol (01 per cent 05 mg m ) overy secondt day for at lexst one
week bef re the experment
Ynr the @ Vhe actual experiments were cary el out under chiorslose urethan  nesthesia

40 ng Blomlose 01 per eont sohn on and 250 mg urethane (25 per cent) p r3¢ B W one
halfgsrmt v and th et m Ether was suppled dur ny the operstt ¢ provedure when
necessary T surround gy of th abdo v szl newan w 3 afkeaied w th 00 per a6 Ldo-
an (% loean” \siral $p mal omesthesa was obta ved by ngectonof - § 5 ml §2 per cont
N Dwan mratsceally fmmediate Racedty of the tal and the } b ensued further nyec

Tty ru:ndcd the Innel of the spnal anesthes 2 Resprstorn o en ns usvall ceas aftra
dweof T mt

Uht rafos was kadt suppled by E A ek Darmy dt
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1SCMETRIC RECORDING TRANSOUCER POLYGRAPH
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Fig 1 Arrangement fot 1sotoric (A4) and 1sometric (B) recordings of utenne conteactions ‘The
ssotanic record {C) 13 cahbrated (D) in ml Ruid expressed by the uterus the intra uterine pres
sure developed by 1s0m tric contractions 18 measured m cm of water (£) ' Defimitons of the
amplitude the peak pressure and the mimmum pressure The mean values were calculat
from recordings withim a certain tme wnterval (5 or 10 min of possible) G Increase of intea
uterine pressure after injection of 0 01 ml of fluid into the tube connected with the trapsducer
when the other end of the tube was closed (Sce text)

Infuston of 1 noradreraln  Treshly made solutions of 1 noradrenaline hydrochlonde (Nor
exadnin conc O N Astra) in Tyrode solution (1 pg/mi) werc keptat 0 ¢ Doses from 001 g
to ! pg/kg bw Were given through the lefk saphenous ven

Operatie procedures and record ng techniques
Quanectomy was performed through an incwsion of about 1 ¢cm n the lateral abdomnat wall

4drenalectomy was carried out 1n two steps  [he nght adrenai gland was excited through n
incision of about 5 em yust beneath the costal marg n Subscquently the nght avary 1 18 7¢
moved through the same incision The left adrenn] gland was removed dunng the acewil €%
perment after the icision had heen extended ta the processus xiphoides

Tracheotomy was routmely performed to sccure free respiration

Blood pressure was recorded from the catotd artery by a clo ed flud system to a phespho-
bronze bellows connected to an 1nk pen writ ng on kymograph paper The system was provided
yith a T tube tonnected to a mercury manometer for cahbraton In later expeniments the
blood pressure was recorded by a Statham transdurer (Model 123AC} connected o 2 Cras
Polygraph (Model JC)

Jsotone vecarding of uterine contractions The uterus was exposed throug) a 5 cm incision 1 the
rudlme of the abdomen Through a small cut 10 the cervical end of the postenior vaginal will
2 Jatex tube was inserted through the cervix to about the upper third of it ¢ uterine horn (Fix
1) The tube was kept 1n place by a hgature around the cervix and i same stances by an
other hgature around the uterme horn The operung of the wbe had a dimeter of 2 mm
Qare was taken not ta d sturb the vaseular and oervous supphes (o the uterus The litex twbe
was carnied through th vagina and connected to 1 reservair agan connected to a Marey ¢
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tambour or n Grass pressorc trapsducer (Model PTA) The abdominal muscles were
trausected to prevent them from changing the wmntra uterse pressure, Finally tte abdomin
al opening wag closed The latex tube and the uterus were filled with 05 per cent sahne
or Tyrode soluton (\aCl 160 M ROI 23 e\l NaHCO, 11§ m\ NaH PO 032 mM
Cally 18 m\ MgCl, 0.0 mM and ghucese 20 mbf)

Duniag an wsotonie cantracuon the lumoal ¢ontent 1s displaced aga nsta resstance b wim
uter ne presure which 15 given as the verteal difference herween the flwd level in the eeser
voir and the uterus The amplitude of the rrcord depends on the amount of flu d expelfed Cal
bration was made after occlusion of the latex tube by tyeetion of Rud m steps of | ml (Fig
1D} Because of the consderable larger dismeter of the reservow the flu 4 expelled from the
utetus d d nat clevate the fu d level of the reservowr s gnificantly In this way 2 constant intra
uterne pressure was w2 ntatned durng the recording

Tsometric secording of uterne contractsons By this method (e myomernum exerts wx power
agmnst an meompress ble fu d and the pressace devecloped was secorded by 2 Statham traos-
ducer (Model PZIAC) (Fig 15} Flud could be tagected to the system through a three
way valve. The pressure was cabibrated n em H,0 by connecting the Iatex tube and the wrang
ducer to the water reservoir used in the wwoton ¢ recordmng (Fig 1 E)

“The d stensibilsty of the latex tube was determned af #r closing the uterme end of the tube
and by the syect on of 6 01 mloffnd  Thit amount of flwd beung only 11500 of the operational
content of i ¢ system caused & greater rise of the pressure than (3t developed by the spon
tancaus  contractions (Fig 1 G) Therefore she recordings can be cons dered to be virtually
un nfuenced by datension of the tutic

“The ampltude of the contrachons was meas sred from the tisng pont to sts peak and ex
pressed as the mean valu of ¢ e contrachions oceusming with n 2 penod <f 5 to 10 rm The
frequency of contractians was expressed as the nurm ber of contract ons per mmute W en pos
sible these wete alio counted voth n 2 § or 10 mn penod

The term  romumum pressire has been introduced for descnptive purposes and defined
a3 the lowest pressure between succesnve contractons (Fg 1 F)  Peak pressure 13 taken a3
the total press sre reached by the coatract ons .
= peak pressure) The mean mia mum presure as well as the mean peak g ressure were cal
culsted in the same way @ the mean amgh ude

Results

In prelimunary experiments i was confrmed 1hat the uterus of progesterane treated
rabbits and of rabbits with developed corpora lutez were nactine

By 1mnspecuon of the exposed uterus of estrovenzed rabbits after laparatomy 113 horns
and tobes were wsually seen to exhibit slow pendular movements In addiion contrac
tion nings were formed 1n the tubes the uterus and vagna and these wsually passed
downwards At other tunes the contraction mags were more stationary When such
rings were formed the utenne surface tumed pale The wierus reacted by vigorous

© mech sumuly p ly p 1he latex tbe

{rom being mserted and the tube had to be anchored to the cervix by ligatures

The frequency and of these e \arted from ans
raal to amumat When the wisns was exposed by laparatomy the spontantous actnin
usualfy subsided bt 11 123 soon restored when the abdomen was rlosed Ord nanly
the thythmc as recorded or 1som Iy were
of & fairh regular shape and frequency throughout the rxpenment  \s wen from Fig
1 C and F there was no iTe 1 the pattern between the
atome and the somesnic recnrdings The thythm ¢ contract ons had the same appear
ance whether 09 per cent saline or the Tyrode sohuton were used Firther thes
were fiot sersitn e to small anauons of the content of the ntra utenine find Incrrase
i the NaCl-concentration up to 6 per cent did not influence the rh thaue contractons
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Fig 2 1 Influence on blood pressure and rhythmic uternine actvity of repetitive im)ections of
b mgfkg of Nembutal (a1 amvows) After the third imjechon arrest of respration (fxp 131
B [nfluence of ether inhalation on the uterine acuvity € D The uterme thythmic acuvity
when the intra utersne fluid was withdrawn ({) and replaced () by an equal volume of 12>
per cent urethane or 0 5 per cent chloralose (Exp 1271

+ hereas thewr (requency progressiely mcreased by clevation of the potassium content
from2 5m™to 20 40 and B0 mM

In long uter1 2 more smooth and regular recording could be obtained by a ligature
around the cornu The flusd filled part was then limited to the upper part of the uterus
The higature also prevented distension of the cervical part of the uterus which sometimes
occurred and caused disturbance of the vascular and nervous supplics

Influence of anesthesia on the rhythmuc actitty
\ddstional doses of chloralose and urethane were admunsstered 1y an five and three
ammals respectively In amimals under light anesthesia small doses of chloralose and
urethane resulted 1n an inercased amphitude of the rhvthnuc contractsons and a nise
in blood pressure Howeser with the anumal under the ordinary surgical level of
h d 1 ad of ch or urcthane (10—40 mg/kg and

230500 mgikg respectnely) shghtly deg the rhythmie contracis

To asoud the general effect of the anesthencs and to obtam a direct focal effect on
the myometnum 1 four ammals chloralose and urethane (05 and 12 5 per cent 1
Tyrode solution respectivelv) were used as the intra uterine fluid tnstead of the Tyrode
solution  From Fig Z D1t 1sseen that chforalose had no sigmificant effect on the rhy thame
contractions Whife urcthane caused a marked depression (fig 2 o4}
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Fg 3 Effects of akieras on s body temperature on frsquency and amphstude of the rhythin ¢
contract ons {Exp 111)

In four anumals Nembutal i doses of 6 mg/hy body 3 eight was gren m addition to
the basic chloralose urethane anesthessa For example 1 Fig 2 A the fist twoingec
toms resuilted 1n @ transniens Hlood pressure fall but had po sigmbicant nfluence on the
wienne contrachony Addimional wgeenons of Nembutal caused respreatory arrest and
2 sustawed drop m blood presure demnndang arnficsal respuanon Dunag e penod.
of low blood pressure the shythwe actnaty decseased but the contraction pattesn s as
restored when the hlood pressure rose 1o nogmal levels

Tntra wienine appheation of Nembutal (30 mg sn 10 mi Tyrode) s as found smmladly
to depress the thythmic utenne actissty wathout any effect on the blood pressure or
resprranon

Ether was admumistered 10 sesen ammals in addition to the basic ancsthrm The m
hatanan of ether resulted 1 an increased pressure and
smaller amphitude of the rhy e contractions {Fig 2B) The acun ity was vesumed 3
1o ¢ mun after the cessation of inhalavon In some amumals the ether mhalation vas
follos 2 by a drop W blovd pressure anotiated vith 2 fall i menunum pressure. and

b deeseased ampl sude and froquenty of the ripthnme vienne contractions

The uterwae tesponse to cther admmstranon was nov abolshed be section of the
hypogasssic nerves by spinal anesthesia or by adrenalectomy

Spral anesthena Tnsullation of ! mi 2 per cent \ylocaw intrathecatly did not reduce
the rhythmse utenne contractiens but resulted sometmes in 3 resporse silar to that
obtamed by nerve as described below In other cases oty 2

tranmtional wncrease m the shythmic actiity ensued The response of the uterus fo
noradrenaline seemed unaftered Spinal anesthena was m most cases awoaared with
a roderate decresse tn Blood pressure

2nfl ence of change 1n bady temberatre

The normal body temperature of the rabbet has bern g ea as 3/ 5 € Csapo 194
upto 386 € Spector 1956 p 437) Thisdiscreponc s perhaps due to the £t that
the body temperature i this species falls rapidt dur ng anesthes a 1 nless prevented
by hugh e sreamental (emperatur  In 1\ rabhuts i the present series the recral tem
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) Fig 4 Influence of increasing doses of noradrenaline 1 v on uterus and blood pressure Siml
tancous satonic (night horn) and ssometnic (ieft t orm) recordings Below graphic dlustrausn
of the same experiment (Exp 107,

perature was measured to be about 39 C (387 ta 333 C; before anesthesia [n the
choralose urcthane anesthetized amimals the temperature often fell to about 37 C
Walrmung thearumai to 33 C, fed to a gradualincreasein frequency and amphtude ofth
thythmic utenne actnaty (Fig 3) At higher temperatures (397 ) there wasadr
crease 1n freq y and Litude of the

In three other animals the intraperitones! temperature was lowered by blowing cold

air against the abdommn This procedure rosulted 1n a reduction n ampbiude and 2
marked slowing m frequency of the chythauc contractions The activily was soon
restored when the intra abdominal temperature returnied 1o the previous levet

Comparuson betseen ssotame and 1sometrie recording
1n thess experiments a twin uterus preparation was wsed with smultancous recording
from both horns by the 1sotonic and sometnc techmiques respectively

Response 10 drenaline 1 doses of were div n
three rabbits Typical responses are seen 13 Fig 4 N\oradrenaline was in thu casean
Jjected 1n doses of 0 010 025—0 0>—90 1~-02 and 0 3 ug/kg bady werght The fowest
dose 001 pigkg caused a shight elrvationin blnod pressure but a decrease it amplitude
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Fig 5 Effect of wtra uterine pressure on FIGHT HORN INTRATERNE som
the 1soton ¢ xesponse of 3 twin wterus pre 2!
paranon to myzenon of adrenal ne 1 ¢ gikg { ) L
bw The mhub tory period s best tecog. | f U
nzed m el hon < heee s o { (V1Y
utesime presysre 1 fow (Exp 66) o + i
ot ipg AORENALINE MY

MmN

of the thythmue contractions m both harns At highes dases the amphiude of the con
tractions increased As seen from Fig 4 the isotomic respanse had mcseased (o x fawrdy
constant level even after 0075 Hgfkg The ssomeme response on the ather hand
gradually increased wath larger dores uptaBo ugfke asdid the blood pressure response
The additine effect of increaung doses shows that more and more muscular elements
are actvated Thus the graded 1sometne response tan be regarded as 2 better quantuta
bve measure of the steength of the myometnal contractions than the sotonic response
1t was found that sumub near threshold gave a more Pronouncetf response when the
frequency of the rhy thrme utesne actvity waslow This phenomenon wwas best studied
in the twin uterus preparation in which the background actvity could be altered m
dependently 1n the two harns by vanacons in she nira utenne pressure (Setekler
19642} In Fig § the response 1o 1 £ advenalinejkg body weight 18 more easily seen
0 the nght horm + hete the intra utenne pressure was 5 cm of « ater than w the left

hom voth 20 cm intea uterse pressure In Particular the inhihition was more clearls
seen at tow pressuses

ults are imalar 1o thuse obsasned followmng
gan they i ficaic that the 1sometne recording
® estimats of the degree of actsaton of the m o~

iereasing dases of noradrenaline Al

techmique allows 2 better quanttats,
metnam
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l(-‘:g 6 llosgmmc and 1sometnc Tesponse 1o increasing strengths of hypogastric nerve sumulation
Exp 109)

Discussion

(1} Comparison between the ssometric and tsotonic recording fechntques
The diffi m ob a rehable ding of uterme ¢ have been
emphasized In the present exp the ding has been shown to
give a better quantitative measure of the myometrial contractions m o than does
the 1sotonic techmque This 1s 1 accordance wath observations from i titro expen
ments (Csapo 195%) The difference between the watome and the 1sometric response
15 greater when just supraliminal stimult are used The reason 18 that maximal 1sotonic
shorteming may develop although the myometrium 15 subroaximally activated The
difference 1s also dependent on the load 1 the present experiments represented by the
mtra utenne pressure and 1s reduced unul the optimum load 1s reached ¢ ¢ the foad
when the optimum work 15 performed (Csapo 1944) Snce 1t 1s difficult to record con
tractions i 100 with small Joads this dafference 1s usually small under these circum
stances

The maximal response abtained with 1sotonic recording tn spite of submaximal ac
tnauen can 1n addition to ghang a false picture of the amplitude of the contractians
also give an incorrect mimmum pressure It was observed often that the contractions
m the 1sotonic recordings lasted longer and the response had a more smooth or  tomec
appearante than the 1sometnc response

In the method of 1sometnic recording in 120 developed by Schofield (1924) a loop
of the uterus 15 fived 1n a plexiglass chamber and the shortemng of the Joop largely
p d by the | dinal museles 13 d by a thread (o an sometnc teft
sion recorder Simular characteristics of the response to direct electacal sumulaton
of the rahbit uterus were found by this method (Schofield 1931 1955) as were described
prevsously from 2 ctro experiments (Csapo and Corner 1952 Csapo and Godall 1951)
although the response i Lo were less marked and less regular (Schoficld 1934) The
same method was wed by Fuchs and Puchs 11960) who were not abl  to reveal any
difference bets een the isotomie and the sometne recording upon oxytoun sumula

uon
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The duration of the 1sofome response was in the present expenments found to be
direct refated to the amount of adrenalne or noradrenaline mjected and thus effect
was largely paralleled to the amplitude of the sometnc contraction The same result
was obtamed on sumulating the hypogastric nerve at different frequencies (Seteklen
1964 b) Howeser the duration of the response 1 also dependent on the rhythmc ae
tavity of the uterus Vigorous rhythmic activasy can mask the mhubitory period As the
rhythmic actiity increases duning distension (Scteklewv 1904 a) the uterme response
to stmuli near threshold 15 recognized easier at low 1ntra utenne pressure (Fig 3)
“Thus for quaheative evaluation of the response to weak stunuli the sotonuc recording
technique with low intra utenine pressure s preferable

{2) The spontancous rhythmuc contractions end the effects of anesthesta and tempevature change
With regard to the influcnce of anesthetics on uterine motihty i tiwe Ferguson (1941)
observed no effects of ether chloralose or urcthane on utenine contractions n rabbit
Ounly if deep anesthesta was mamtamed for a quarter of an hour or more did a slow
decline 1 the rhythruc acuvity develop Ths dechine was interpreted as being due m
a decreased secretion of oxytocin In with d rabbits h
wuh Nembutal Cross (1958) found lhal the spontancous rhyvthmic contractions were
dent of both 1 and extrinsic nervous influence but was de

pr&td by mcreasing depth of anesthesia

In the present experiments it was found that admunistration of ether reduces the
amphtude of the rhythmic contractions but increases the runmum pressure and the
frequency of the contractions Since neither adrenalectomy nor section of the hypo-
gastric nerves nor spinal anesthesta could abolish the response a direct pertpheral
acuion 13 hkely The effect resembles the mfluence of acetyIcholne on the rhvthmic
contractions line has a depol: eflecton h muscle (Marshall
1929) It1s not known how ether influences the membrane potenual of the myometrial
cells but 1t has a depolanzing effect on nerous tissue (Lorente de N6 1957 p 73)
If ether depolanzes the utenine muscle cells this could explain the obsers ed facitaton
effect on the rhythmic contractions

Chloralose urethane and \embutal were found to enhance shightly the rhythmic
contractions when given1 v duning light anesthesia This increase tn the rhythouc ac
vty may indicate that the uterus i sty 15 exposed to some nhibtory influences When
applied locally these anesthetics all bad a depressne effect only

The rhythmic utenne activity was shown to be sensitive to a decrease 1 bods tem
perature A fall in rectal temperature of only 23 C from the normal value (39 C)
was followed by a marked decrease n the frequency and amphtude of the rhythmic
contractions This was also observed by Fuchs and Fuchs (1929) and may explatn the
rapid v aning of the utenne actmity after Japaratomy In addition 1t was sho vn 1n the
Ppresent study that a rise in the body temperature above the normal (39 C) duninsshed
the utenne motility The extremely narrow temperature optimum makes 1t essenual
to control the body temperature i studtes of utenne mottlity

In sn rutre expenments Csapo (1924) found that the 1sometric tenuion obtained by
dhrect electneal sumulation reached 2 maximum ar 40 C At lower temperatures the
Tesponse decreased and v as practically zero at 10 G Thus influence of the temperature
on the uterine contractions may be due to alterations 1n the membrane potential
which increases slightly when the body temperature 1 lowered (Kunyama 1961
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Uterine Motility of the Estrogenized Rabbt
II Response to Distension
By
Jomanwes SETERLEIV

Rece ved "9 January 1964

Abstract

Setcklev J Ukert ¢ motilsty of the estrogens ed rabbit II Respo se to dust nsion \cta phys ol scand
1964 67 79—93 — The myometrial response to rapid distension consists of a quick contrac
sion the carly stretch response followed by an increase n the thythmic act vity The latency
and amplitude of the carly contractton has been studied during increasing degrees of disten
son and dunng repettive distens ons  The frequency of the rhythmic contract ons ncreases
with mcreasing d stens on the amplitude and the external work perfarmed by cach contrac
toaat first increa es and later decreases Data obtained from 1sometnc and tsoton ¢ recordings
mndicate that the pacemaker activity 1s not directly related either to the atra uterine volume
© to the mtra uterine p essure but rather to the tension 1n the myometnial cells The independ
ency with which the two horns respond to distension  the lack of effect of local and spinal
anesthes 2 and of autonomic blocking agents ind cates that the 2ct ve response 1o distension 1

of myogeme ofig n The Nira wtenne pressure 13 ot mamta ned dunng  onstant distensicn
but d creases at first rapidly later more slawly

In a previous communication (Seteklen 1964 a) a techmque for 1sotome and isometric
recording of contractions in the v hole rabbit uterus 1n ciwe was described The methods
employ distension of the utertne horns with saline or Tyrode solution It 15 known that
such distension may influence the rhythmic {Reynolds
1949 Chapt 11) but there 15 no detailed analysis of the response to uterme distension
or stretch available Furthermore most previous expenments have been carmied out
with tn £alre preparations using the 1sa omc recording techmque v hich has been shovn
to be lest quantitative than the sometne method (Setekler 1964 a) Tt was therefore
necessary to study the effect of distension on the rabbit uterus in tio using the 1sometnc
recording techmique

It has been shown i other types of smooth muscle that quick stretch mav ¢hat a
contraction as well as wfluencing thythmic actnagy This contraction v as fist ob-
senved by Hll (1926) in 1solated smooth muscle from Hol fena mgra and in i tiro expen
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ments by Bozler (1947) who worked with the cat ureser Burnstock and Prosser (1960}
have recently observed the same type of quick response in ssolated strips of smooth
muscle from various visceral organs Uterine tissue has not been studied wath respeer
to this early mechameal response With the 1sometric recording techrque used (S te
klewv 1964 ) the reaction could be chated by quick distension of the whole uterus m
2o In the present the effect of degrees of d and of
repetitive distension on this response 1s reported

Further the mechanisms underlying the uterine response to distenston have been
studied The response may be due to a hormonal or a neryous mechanism or it may be
of myogemic origin In a twin uterus preparation a hormonal agent would snfluence
both horns in the same way  Therefore 1f cach of the two horns responds independently
to distension a hormonal mechanism can be excluded The reflex nature {spin) or
pertpheral reflex arc} can be proven or disproven by studying the effect of spinai ance
thesia of cholinergic or adrenergic blocking agents and of local anesthesia on the re
sponse to distension

Material and methods

The present report 1s based on experiments on forty four rabbuts (weight 25—t kg) ovariee
tomized at least one week before the recording and treated dunng this interval with 05 ml
daetylstlbestrol {0 1 per cent) given 1m every second day

Operatre procedures and the techmques for womeirie and isotomic tecording of uterne contractions
were the same s previously described (Seteklerv 19CHa) Particular ¢are was taken to prevent
deviations from the normal body temperiare (39 C)

Qruck distension of the uterus was achieved by rapid injection of Tyrode solutien through
a three way walve mtroduced into the Iatex tube connecting the uteeus with the transducer
(Setcklerv 196+ a) The myection rate was held as constint as possible and was about 10 mi
per sec The d and the cal of the amplitude the muinimum pressure and the
frequency of the thythmic contrictions have been described previously {Scicklev 1964 8)

Anesthesia A mwaxture of chloralose and urethane was used (10 mg chlorates (1 per ceat)
and 500 mg urethane (25 per cent) perkg b v) I necessary ether of penthobarbital sadmm
(NembutalD Abbottj was gnen tn addition during the operative procedure Spinal anesthes
was obtamned by imjection of 1~ 1 5 m Lidacaine { Xylocain™ Astra) 2 per cent intrathecallv

s { the b fene was pe d by mplinted electrodes using square
v:ave pulses of | msec duration supramyximal intensty and a frequency of 30 cps The tech
mique his been described elsewhere (Seteklev 1964 by

The drugs admmtstz ed Atropne sulphate (0 1 per cent) served as cholinergc blocking agent
and for blocking Dibyd, Sandor and Phentolarune (Regitin  Giba)
were uted Nylocam (1 or 2 per cent) was applied intra utetinely s order 10 obtam a local
ancsthesia

Results

Isometric recording of the uterine contractions 1s a more reliable guanutative n casure
of the degree of actnation than s the 1sotomc recording method (Setchlen 1961 2)
When not otherwise stated the sometnc technigue w1s used 1n the present study
singe 1t was also found to be more smtable 1n studies of the myometrr! vesponse (0
quick distension

“The myometnal response (as measured by the intra utenne pressure) to quick dusten
sion 18 a complex one For descriptine purposes some terms have been introduced m
s study for the vanous componenty These appear from the diagram m ¥ig | Dunr;:
the injection the tube to the transducer was eyther open or closed In studics of the ca:‘ ()‘
responsc of the myometnum 10 distensson 1t was necessany ta keep the tube open &
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the syection pressure was recorded Otherwise the recording of this  artfact  could be
avorded by shutting off the connection to the transducer and not turnung the walve until
immediately after the myection (Fig 5) Following the mjection the pressure falls to
alevel which will be referred to as the mnutial pressure Then follos s the first contraction
the early streteh response The total pressure atats peak will be called the first peak pressure
Ths 1s followed by 2 senes of rhythmic contractions The mintmuim pressure 15 defined as the
lowest pressure between This pressure gradually falls, first
steeply and then more slowly Duning the first phase of the minimum pressure the

rhythmic are of small litude and high freq: dunng the second
phase they are of higher amplitude and lower frequency The peak pressure 15 defined as
the sum of the pressure and the de of the

The early stretch vetponse

‘The first peak pressure was shown to consist of at least two components oi.. the pas-
uve resstance of the utenne wall producing the -mu;\ prrsuxe and a cunmmon of
the myometnum The presence of a
tompanng the response to rapid distension i the Iurmg and the dead amnal (Fig 2)

Such post mortem studies were performed 1n four rabbits at vanous intervals and up
to 18 hours after the arumal had been killed by 1 v injection of air In the expenment
iMlustrated an Fig 2 the response to quick distension was elicited every 5 mn after the
antmal had been killed Afier 10 min only a small pressure elevation was present and
this was completely absent after 20 nun The imtial pressure was increased after 5 mun

6643015 At phynol 4} L6
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later 1t decreased The increased stifiness of the myometrium may be due to asphytic
sccrenion of 2drenaline. A maxumal contraction of the uterus was always observed when
the animat was killed

The carly stretch response was also absent 1 a rablut spaved anc week before re
cording and treated with 5 mg progesterone {LuteohinC Nyca) each of the two last
davy

The behaviour of the earhy stretch response to (a) varying degrees of uterine disten
5100 and th) successive equal distrusion at vanying intenals were studied 1n cight am
mals The recordings were obtained at a refatively high paper speed (06 mmjsec or
more) and with free to thr pressure di as well as to the uterus
during the injecuion

\a Degree of distension In the expenment llustrated 1 Fig 3 the intra utenne
volume was mcreased 1n sieps of 2 ml, from 2 to 14 ml All flurd was wihdrawn withn
20 sec after each injection and a penod of 60 sec clapsed between succean e distensions
The imitial pressure increased with increasing degrees of distenmon at first slowly and
later more steeplv Such a relation between the distennon and the intra utesine pres-
sure 15 16 be expected if the imual pressure was due mamly to the passite s icous-clastic
propertics of the utenine wall If the imitial pressuse and the first peak pressurc are
plotted agamnst the utennc volume a pressure volume diagram 1s obtaned (Tig 3B)
The amphtude of the carly stretch response as measured from the beginning of 118
nsing phase to 13 peak reached 2 maxumum 2t a distension of about 1012 m and
then decreased Fig 3B, The latency of the carly stretch response was measured from
the start of imyection to the beginning of its nsine phase Wuh increasing distensions up
10 8 ml there was a gradual decrease 1n the latency from about 10 to 3 see (Fa> 3C)
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2715 and 70 sec s menval (Exp 172}
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Fe 3 Eifects of noscawng degree of wenne distension on st pressure and amphiude
and frequency of th ndused Thyth~se contract ors § Response to rap d myecton of 1 3
#nd 6 ni Fvrode soluton 1 3 sees of sncreas ng myectons m steps of 1 m) from 1o 7wl
B Mean frequency 2o mesn amplitude of the hythme ontrations dunng the seeond phase
af  nmum pressure decresse 31 varr s degrees of distens on The salues 2 & calculated from
},‘;‘ expreiven s 7 A o 2 10 oun peniod s ng at the begsan ng of the seennd phase Exp

)

Stgreate distension up 1o 14 mb the lateney remamed fa rh constant imudar results
a3 those seported were also obtained i four other anumals The shortest lateacs meas
ured was 1 7 3

(b Reperitne distennons The amphiude and latenes of the earls stresch response
were lound to depend on the mntenal ben een suctessine i tension In the expen
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Fig 6 Decrease wn mmmum
20| presaure and complete nhib
tion of the rhythmicacuvity after
o) reduction of the intra utenine
4 fluid (Exp 118)
3ol 1em zom 18ML
s MIN

ment illustrated 1n Fig 4 the uterus was distended with 6 ml fluid at time 1ntervals
varying from 15 to 40 sec between two distensions It can be s en that the latency of
the second response d and the ampl d d by shorteming the interval
between the two successive distensions the imtial pressure beng relatively constant in
all trals except the last one (¢f below) At intervals of less than 15 sec between the
two stimuli the response to the second stumulus was completely abolished This period
of unresponsiyeness was found to vary somewhat from animal to amimal 1t was to some
extent influenced by the degree of stretch applicd being shorter at the greater disten
stons
After a 40 sec interal there was an increase 1n amplitude of the second early stretch
response  Such potentiation was more clearly d n other
However the concorutant fall in 1mit1al pressure should be taken 1nto account since 1t
mav provide a more favourable condition for the early stretch response

In addition to this potentiation there were also some cyche vanations n the mmual
pressure as well as in the latency and amplitude of the early stretch response These
variations were found to be of the same frequency and in phase with the spontancous
rthythmic contractions and may be due to evclic changes in the excitability of the myo-
metrium In the mterval between cxpected spontancous contractions the initial pres-
sure was lower and the latency longer than were the corresponding values at the peak
of the expected contractions On the other hand the amphtude of the early stretch
response was small when the mitial pressure was high and wwee tersa

The thythmac contractions
In the expenment llustrated 1n Fig 5 the uterus was distended by a seres of rapid
injections at constant speed in steps of 1 mi from 1 to 7 ml The findings are representa
tive of those obtaned 1n a senies of six ammals with the purpose of studying the total
uterine vesponse to degrees of d n d At the
relatn ey slow recording speed used 10 these expenments a separanon of the yection
pressure from the first peak pressure 1s difficult. The former was thercfore elymnated by
closing the tube 1o the transducer during the injection The uterus was allowed to adapt
to each volume sncrease for 2 period of 10 min the flud was then withdrawn and the
uterus allowed to rest for several mim This procedure also served as a control that no
fiwsd had escaped from the organ durng the distension
An early raptd and a second slower fall in muntmum pressure was clearly seenin most
{Fig 5) The between these two phases of the mimmum pres-
as wsually faurly distnct The rate of fall in minimum pressure increased at the

sure w.



CTERINE MOTILITY 1T B8y
'uu(

{{, i

"i fi

frer
Fyg 7 A Effect of incrensed mira ute e M L‘.L[{
pressure. o the £ equency and ampl tade

& e shythmic contracuers Isotome 52
condung B Nean lrequency and ampleade 1l 1y | -
(na3ma penod) caloulared from the 3 UMY,

secords n £ (Exp 63) s

e T
e

§

L] £ e

higher degrees of distension In the second phase it appczrcd to be nearly wnsmnt fora
genvolume Honever mn these the d were d 1o 10 mn
At targer volume chs periad ts toa shart to ohtaw 2 stable level of the mmmum pres-
sure The flmd was withdrawa to avord chianges i the preparation which might spoid
the companson of the respemses

As mentsoned above the induced rhythmic actmty which followed the earh siretch
respanse showed two dstinct patterns 1 the two phases of the response In the first

phase the were of high and smslt ! w0 the second
phase the rhythmic contractions were of fower frequency and higher ampluude (Fig 5
e freqy y of the ehythauc was about 10 per mun 1n the first phase and

was relatovely wnaffected by the degree of distenmon andl by the absolute pressure
tFsg 3) Ingeneral the amphtude decreased with mcreasing distension In the second
phase the mean frequency of the thythrie contrachons increased with mncreasing
disiension (Fig 5B The amplitude wcreased up to a certamn volume (3 mi in the ex
penment reproduced i Fig 5) and then deereased

After withdrawal of flud the snira uienne pressure felt 10 a levet helow that recorded
before the wstltatien of ths amount (Fig 6) Thus decrease i wira utenine pressure
ofien resulted m 1013t aboliion of the thythmue conteactions For cxample 1 the ex
peniment an Fig € shythoue activty was abolished for about 90 sec The contractons
reappeared as the muatmum pressuse increased but the frequeney was lower than for
the same volume dunng distension.

The expenments so far desenbed were performed with the somewnc cecording tech
rugue 1 which the thythmic contractions + eve sindwed following changes in the mtra
uteninc solume By this method 1t i nat possible ta obtain 3 constang shy thaue acuwaty
atagnen volume The reason mav be that the cha thruc actiaty bears soroe relation to
the conttnuous decline 1 mintmum pressure. However 2 nearh consiant mira utenne
pressure can be ohtamed by the tsotome recording techn gue Frs as therefore of ntevest
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Fig 8 The mdependence with which the two utenine horns react to distension Iiotame te
cording 50 2 twin uterus preparation ‘The inira uterine pressure was vared imersely in the
two horns Tncrease tn stra iesine pressure in one hom mcreases frequency and amphtude

of the rhythme conteactians 1 the same hora Spital anesthessa {nght} does not affect the
mmometrial response (Exp €b)

Sm Sem
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1o compare the behasrour of the rhythmc acuity when the distension was pesformed
by an sncrease i the intra ulenne pressuce

In ten animals the 1ntra wtenne pressure was sncreased by heightenng the resenor
m steps of 5 em Thas procedure resubted 1o similar changes in the frequency and am
phiude of the rhythmic contractions {11g 7) as were obtained with the sometnic tech
maque (Fig 5) The freq d with developing d: and the ampliud

dtoa and then 4 The work performed famplitude  atea

uterine pressure) similarly reached a maumum but at a highes degree of distension

However dunng a prolonged period with constant satra utenine pressure the fre
quency and iude of the rhvihmic e were not unaltered Such long
1erm chan,es were amestigated 10 2 twin uterus preparation wth sometric recording
1 one homn and tsotomic recording 1n the other The former was distended v sth 3 ml
Tyrode soluuon 1 the latter the intra uterine pressure was adyusted so (10 cm of
water) that by inspection through the abdominal ncision the harns appeared ta be
equally distended before the recording started  Both horns were then lefs untauched for
a period of 80 mun Intuallv the frequency sas the same sn both horns I the uatomc
secord the f increased gredually and the amplitude of the ¢ d
creased Bvanspection afier the experiment this horn was jound to hayve dilated by com
parison with the other horn In the latter hom the sometric contractions were nearly
absent after B0 mun 1 ¢ the uterus had adapted to the volume

These findings sugcest that nesther a constant imtra utemine volume por a constant
intra utenne pressure can mduce thythmic contractions with a gegular frequency and
amplitude Duning the constant volume condition the tenston s drercased du to the
viscous clements 1o the muscle dunn  the condinons of 3 constant 1nira ulenAe pres-
sure the tenwion m the moscle cells 13 inereased due to distension of the uterus {Lap faces
Iaw) Thus the tension 1 the muscle cclls may be the common factor which deter
mnes the frequency of the pacemaker of the thythmic contractions
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Fig 9 The early stretch response
3 B < o € F clicited by rapid distension (2 ml)
H in a uterus Alled sth 2 ml Tyrode

~ solution before (A) and afier (B)

20) 1 v adm nustration of 1 mg kg

LY A atropne before (C) and after (D}

b P the tra uterine Tyrode solut on
o noa

oy sme (4 ml) was changed th equal

amount of 2 per cent “yloca nand
before (E) and after (F) 1 3 inyection of 06 mg/kg dibydrocrgotamne In C E and F
the distension was performed vith 3 ml Tyrode solution Atropine and dibydrocrgotamine
have a ol ght depressive cffect whercas the carly stretch response 1s umnfluenced by Sylocam
(Exp 144)

Mfechanisms underlyin, the response to dustension

Tun uterus preparation If the utcnne response to d 1s mediated viz a 1
mechanssm 1t could be expected that in a twin uterus preparation both horns + ould
behave 1 the same way

By applying different degrees of distension 16 the two horns they were found to re
spond ind: dently of each other A one of four 1s shown
m Fig 8 Imually the intra utenne pressure m both horns was 10 cm of water and the
frequency and the amplitude of the rhythmic contractions « ere sumlar on both sides
When the intra uterine pressure wn the left horn was raised to 15 cm of water the fre
quency and the amplitude of the rhythmic contractions of this horn ncreased On
the right side the pressure v as simultaneously lowered to 5 cm which resulted in a
decrease in amplitude and frequency 1n this horn When the intra utenine pressure was
reversed 1n the two horns opposite alterations in the thythmmc actiaty occurred These

thata 1 agent cannot be the major cause

of the response to distension

The latency of the carly stretch response may be as low as 17 sec The time taken
for a arculating hormone to actsate the uterus 1s about 10 sec (Seteklen 1964 ¢)
which makes it unhikely that the mechanism is due to a circulating hormone

Spnal anesthesia Distension of the uterus 1s known to produce discharge 1n the af
ferent nenes from the uterus (Bower 1959) and this could be the affercnt limb m a
spimal reflex. However spinal ancsthesia did not abolish the utenne response to disten
sion Thas apphes both to the rhythmic activity (Fig 8) as well as the early stretch
response Esen if the intratheceal injection produced respiratory arrest necessitating
artificial ventilation the early stretch response persisted A spinal reflex arc for the
response can therefore be excluded

Lffects of autonomc blockin,, agents The myometnal response to distension may represent
a penpheral reflex mediated through ganghion cells 1n the penipheral autonomic plexus
or within the utenne wall If the response to distension 1s caused by such a reflex 1t
would be prevented by autonomic blocking agents or by local ancsthesia

Atropine sulphate (0 1 per cent) was admumstered to four amimals through the saphe
nous vein 1a doses of 1 mg In two cases this dose had no ifluence nesther on the blood
pressure or on the spontancous thythmie uterine actwity sn the two other ammals
there was a transient fall 1n blood pressure and a concomitant reduction of the amphitude
of the rhythmic actinaty  \tropine did not block the early stretch response In three
amimals, rapid distens on of increasing degree was performed before and after admin
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Fig 10 4 The thythmic uterme acuvity beforc and after mtra utenne appl cation of 1 per
cent Sylocain The uterine content 1n both cases 35 m! (Exp 116) B The eariy stretch re
sponse can still be elicued after the respense to hypogastrie nerve sumulation (6 V (0 96 mA)
30 cps 1 mser 5 sec) has been blocked by 1ntra utenine application of Xylocam The effect
veness of nene : 13 secured by g recording from the other
hom (Exp 144)

wtration of 1 mg atropine/kg The mtia) pressure was only slightly mfluenced by this
agent compared with the controls (Fig 9 A and B) The latency of the carly stretch
response was prolonged after atropine whereas 1ts amphtude was reduced The un
responsne peniod 1ol ane 4 was d from 13 to 18 sec following
snjection of atropine in the case yust referred to (Fig 9) However the carly stretch
response was elicited also after Jarger doses of atropine (5 mg/kg)

Regitin and dihydroergotamune weve used as blocking agents for adrenergic transmitiers
In four antmals Remitn 1n doses of 10 mg was injected 1nto the saphenous vein 1n four
other ammals dikydroergotamine in doses of 1~2 mg was adoumstered m the same
way Both drugs lowered the blood pressure but while dihydrocrgotamine depressed
the spontaneous ehythmic actiity Regiun increased the frequency and the amplitude
of the rhythmic contractions

The early stretch response was not blockrd by these agents although a shight depres-
sts ¢ snfluence on the various components was ohtained expressed by a shght reduction
of the 1mual pressire and of the amphitude of the early stretch response and 2 pro-
Jongatson of the latency (Fig 9E and F)

Effect of Iocal anesthesta Wath the purpose of blocking the nerves in the myometrium
Nylocain {12 per cent) was applied intra uterinely in five amamals  Replacement of
the Tyrode solution with N\ylocamn enhanced the rhythmic acysity considerably (fig
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10 A) The mmmum pressure mcreased afier 1--2 min followed by a rbythmic actiaty
of hugh frequency

ylacain blocked the response to hypogastric nerve stimulation (hg 10B) but the
early stretch resporse persisted In nts with repetit (Fig 3C
and D} the mntsal pressure as well as thc latency and the amplitude of the early stretch
sespansc shor ed small vanatons from the contrals In one rabbit the earlv stretch
response was ehated \ hen the uterus had been exposed to \ylocan for 1 1/2 hour

Conclusion N0 evidence 15 obtamned from the results described that the uterine re
sponsc 1o distrnsion snvolves nervous mechamsms Resulis are more 1 favour of 2
myogeme origin The slight depressive effects of atropine Regin and dshydroergot
amune are due most likely 10 their duect action on the myometnum

Discussion

The pre-ent study d that the d yabbit my Like most
other smooth muscle tssues responds to rapid stretch wath an actine contraction {the
carly streteh response)

The uize of the casly stretch response was {found to depend on the degres of the disten
sion This vanauon s presumably due both to changes in the strength of the sumulus
and 1o the mechanical properties of the muscle The decrease 1n latency mdscates that
the sumulus 18 not maumal at small degrees of distension At greater distension the
fatency 13 fanly constant However the myometrium is not maxmally actinated ex
cept at tugh degrees of d Ttus 18 supported by an which wll be
dralt with 1 a subsequent paper (Setebiew 1964 D) 1f the myomernum 15 acmared
by hypogastric nen e sumulation which 13 tmed sa as to comade with an early stretch
response of muumal tatency addinonal pressure is obtamed Only at bigh degree of
distension 1t 13 pot posuble by hypogastnic nerve sumulation 1o actiate the uterus
additionally In addivion to these vanatons in sumulus strength the amphiude of the
carly stretch response 1 also influenced by the change 1n Jength of the muscle fibres
1 ¢ the length tenson relanonship

The response 1o quick stretch may sene a purpose dunng partus Mo ements of the
foetus with streteh of the utenne wall are believed 10 act as local sumult for mitanon
of contractions 1n fabar (Cross 1939

The present study has confirmed that the spomtaneous rhythmic contractions are m
fluenced by distension \ewton (19°0) observed that the frequency of axstocn mduced
contractions in excsed stnps of gunes prg utert was enhanced by mcreasing the stretch.
of the preparation The amphitude of the rhythmic contractions 1o the present in estiga
uon  as shown at first 10 merease 10 3 maumurm and later to decrease by gradual in
crease of d stenmon \ suvalar feature of the amplitude was obtaed by hurzel 1928
with solated whole guinea pig uters In 1 curw experiments vath cats Sumone 119331
found that the ampbiude of the rthythme d on the
distension,

It was found 1n the presene study that th re are considerable differences 1 the
th thmic achivity briween the firse and the second phasc of the mirumum pressure de
crease (ollowing a distension of the aterus The cxplanat on iy not fear ft mav be that
1n this first penod some muscle cells re stretched more than others and thus act as 2
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ker with a high freg: y Another expl: 1s that the high frequency
contracuons of the first penod arc due to a long lasting wave of depolarzation

Whatever the underlying mechamsm may be 1t seems to be a dynamic and a

static  response to stretch in the myometrium The dvnamic response includes the
quick response and the rthythmie activity in the first phase the static response the change
0 rhythmue activity in the second phase of the mimmum pressure decrease

In the second phase a direct relationstup was found between the distension and the
frequency of the rhythmic contracuions However a constant frequency was not main
tained esther at constant intra uterine volume or 3t constant 1ntra utenine pressure
In either case the tension of the muscle ¢ells 15 altered and this indicates that the fre
quency of the rhythmic contractions depends on the tension in the musele cells Sim
dlarly the depolanization and the spike acuvity mduced by stretch of 1solated taemia
colt was not found to be 2 function of the length but of the tension produced (Bulbring
1955)

The purpose of the rhvthmic contractions during distension 15 16 expell the contene
of the lumen These contractions ncrease with increasing dustension ¢ ¢ when mort
work 15 required However when the uterus is overdistended as may oceur, ¢ £ 10
polyhydramnion the working capacity of the uterus 15 reduced

The present observations of the independence of the responses in the two uterine
horns (the early stretrh response as well as the increase 1n rhythmic contractions) the
independence of spinal reflex arcs and the lack of effect of autonomic blocking agents
and of local anesthesia strongly suzgest a myogenic ongin of the uterine response to
dustension  From recordings of the electrical actinity in expenments with ureter Bozler
(1947) postulated a myogenic origin of response to distenston in this organ too

As regards the cellular mechantsms involsed in the response 1o particular evidence
czn be obtained by the present methods but certan inferences can be drawn from
citro studies of changes 1n membrane potenuals of smooth muscle cells during streich
Thus kunyama (1961) has shown that myomctnal cells of post partum mice or rats
are depolarzed by siretch 1In cells of taema colt 1t has been found that the depolaniza
tion increased with increanng degrees of extension (Bulbung 1922 Bulbnng and
R 1963) Furth the spike 18 related to the membrane poten
tal level (Bulbnng 1935, a8 1s the fi and de of the rhythmic contrac
t1on (Jung 1959) Therefore 1t appears likely that the early stretch response is 1ntuated
by depolanization of the membrane potential of the myometnal cells Burnstock and
Prosser (19611 suggested such 2 mechanism for the response to quick stretch in smooth
muscle from p1= octophagus guinea g and rabbit tacnia coli cat mtesune tat and
guinea pig 423 deferens  rabbit bladder and dog retractor pems

The myometnal response to quick distension was found to depend also on the sate
ality of the when the d s asapphrd The response showed

of ex
regular yanations corespording 10 the exproted rhythmie cuntracuons. By watrace!
lular ding from the the b potenual has been found to €x

Tubit cyehic vamauons the rhythmic contracuions being induced on the top of the de

polanzanon waves {\Manhball 1959 The vanations 1n the early streich responsc are

thercfore most hkels duc to ovchc chanzes of the membrane potential When the

muscle cclls are pantly depolanzed 2 weaker stimulus tdustension) 18 required to 0
res

du:\c}:::mmp;n;cnzm of the uterine response 10 distension was postulated by Ferguson

(1941) He observed dhat ditatation of one of the uterine horas 1n post partum Fabbi
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caused an augmentation of the motility 1n the other horn This effect was abolished
after removal of the pitwtary gland and he mterpreted the miluence on the uterus
tobe due to discharge of oxytocin Inthe pmmlsmdy was fnund that 1o the estrogeniz
ed rabhut the rhythmic di d n the two
horns Ths strongly suggests that a urculatmw hormcmal agent cannot be responsible
for the response
The active response to distension of smooth muscle organs does not appear to have
been studied Ily by previous tigators m in 110 eXP “The changes
1 mtralumnar pressure of the unnary bladder at varymg degrees of distenston have
been recorded by Denny Brown and Robertson (1933) and Renungton and Alesander
(1955) Howeser these authors do not describe the so-called early stretch response of
the present study Furthermore they do pot make any attempt to disunguish between
the pressure changes due to actnve muscylar contraction and those due to the passine
mechanieal properties of the bladder wall Therefore their results are not eastly com
pared to lhusc of the present myeshigation They did find however that after a sudden
the smtral pressure of the bladder declmed progressisels
as if the bladder had adapted to the new volume This 1s simular to what has been
described in the present paper as the progressive tv o-phased dechine of the mummum
pressure
A number of factors may be responsible for this declne (1) The gradual reduction
n active contrachion of the myometnium 1 the late phase of the early stretch response
(2) Internal rearrangement or shding of the myometrral cells whereby their length s
reduced and the tension decreased accordingly (3) The viscous-clasuc properties of
€ach myometrial cell These will cause a reduction 1 tension after a sudden mamntamed
stretch The time course of this dechne in tension will be determned by the relatine
values of the viscosity and the relevant stiffness (¢f Winton 1930} To determne the
relative contnibution of each of these factors to the time course of decay of the munimum
Pressure has not been atteripted m the present study for sanous reasons the most 1m

portant bewng the difficulty 1n assaymg the passie mechamcal properues of the myo-
meinum

In expenimental studies on the myometnium 1t 15 of 1mportance to take this fact into
account and not equate length with tension

The ability ta adapt to the mtra luminar content may play an unportant rele w
utenne physiology Dunng pregnancy the myometrium 15 mactvated by progcs::mnc
action The uterus can then be d. ded without of the actne
contraction and  1thout 1ncrease in the ntra ylenne pressure which s ould gie un
Javourable condmans for the foetus

Local vt ofthe ureter iSteator
and Bucher 1953) and of the wterus (Clegg 1963) whereas they have 2 spasmelytie
effect in the gastromntestnal tract (Chron, Olson and Nicheles 1941 The action of
local anestheties 15 apparently not sumlar m all kind of smooth muscular tisue In
nenvous ussue where the effect of \wvlocamn s better kno\m, st doﬂ not alter the po-
tential diffe across the eell b but the hized and thereby
made mexcitable (for references sce Rud 1961)

Xn order to elucidate hov the response to distension may be wfluenced by drugs

have been with whilst under the e

fluence of lhc NenOus transmtters, acetslchohne and adrenaline noradrenakine The
cHect of these drugs on smooth muscle 13 well known from previous susdres Acetyb
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choline applied 1ntra utennely increases the rhythmic actwaty 1n a manner somular to
Nylocain However it also affects the quick stretch response The imnal pressure 1
mncreased, the latency reduced and the amphtude of the early stretch response 1 1n
creased at smaller  and decreased at hugher degrees of distenvion Adrenaline and nor
adrenaline have an effect imilar to acetylcholine with the exception that the latency
was prol d by higher d d d d bility of the uterus
On Tl d ! 15 found to depot: yometnal cells (Mar
shall 1959) Adrenaline exerts 2 diphasic action 1t parthy depolarizes the membrane
and partly 1t affects the metabolism by tending to stabihze the membrane (Bulbnng
1960) Thus diphasic action may explam the reduction of the comtracule abilny by
greater degrees of distension whilst under the mfluence of adrenahine

If the effect of \ylocamn was due solely to depolarization one would have expected
from the acetylcholine—expenments that it would also influrnce the stretch response
According to Clegg (1963) Jocal anesthetics may prevent the spontancous Jeakage of
catecholanunes from utenne stores and thereby chmnate mhibitory influence on the
shythmie utenneactivaty Obviowsly further expeniments at the cellular les el are needed
1n order to sitle this problem

The rescarch; reported 1 this communication has been sponsared 1 pare by the A Foree
Office of Saentific Research OAR, through the European Office Acrospace Research Umited
States Air Force (Grant AF AOAR 62 36) and 1 part by the “orwegian Research Counal
for Saence and Humamties
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The Effect of Oxygen at High Pressure on Thyroid
Function in the Rat
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Abstract

Syostrand ] The effe £ of oxygen at hugh pre.suze ox thyrend finction v the saf Acta phys ol scand 19 4
6” 94100 — Rats were exposed to oxygen at 6 atm da ly for 45 days and klled on the
sixth day The ansmals showed 2 ey low nadence of convulsions The thyroid weight was
decreased (p -~ 0 02) but the uptake of 1 1 the thyroid was increased {p « 003} The

erease of 19 upLake of the thyroid per 100 g bodv weight per mg thyroid weght way hghty
wemficant (p 000 in the OHP cxposed rass A group of rats subjected to stress by frmalin
injections were nvestgated for rompanson. The thyroid [ © uptake was ngmficantly hugher n
rals exposed (o oxvgen at igh pressure (OHP) than in rats treated with formal n imyecuons

p < 001 There was thus an increase w the otal amount of I ¥ 24 hours afics wnjection 1
the thyroid associated with the OHP and 1t scems probable that this was a specific reaction

different from the well kn wn response ¢ non-spersfe stress

Changes n different endocrime organs have been reported after exposure ta oxvgen at
wncreased pressure OHP It has been found that OHP cxerts 3 sumulative action on
the sympathetic nenvous svstemn and the adrenals (Bean 1945 Bean and Johnson 1924
Edstrom and Ruckent 1952 Edstrom and Rockert 1962) studied the effect of OHF
€ 2 number of endocrine organs and reported an adrenal hvpertrophy a decrease i
the weight of the thvmus 2nd an increase in the v sight of the thyrosd These authors
concluded that the observed changes in the nervous and the endocnne svstems were
charactensuc for a non-speaific stress reaction. However the reported weht increase
of the thvrod maght have been an expsewsion of a speaific effect of oxygen at fugh pres-

xm; 15 of conmiderable pracucal and chimieal interest to studs the thyrod funcuen durtng
exposure to OHP since 1113 reported in hterature that the thyroid nfluences the seyeriey
of reactions {ollowing exposure to hyprroua Grossmann and Pernod 1949 Sruth et of
10601 This studs was carncd out 1n order to obtain a more complete picture of the
ffect of oxvoen at hugh pres.ure on thirod funeuon
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Expertmental

72 young male ra.s (Sprague Danley) we ghng 160710 g at the stars of the CXpErImEnt wete
used Al the rats rece od standardized sat cubes {diet 212 Ang amex) and fresh water ad
fibitum for more than a month before the beginng of the experment The temperature was
keptat -+ 9L 1 C SersesIand IV were camed out early spnngume and senes 11 and HI
W summer pme The reposure 1o OHP were performed according to Edstrom ard Rockert

The accumalation of CO was moderate 1 these experiments Astuming a CO producuon
of 5 mlfmunjrat and using 2 chamber ventilat on rate of § Yman the maumum CO pressuge 1n
the chamber %as § mm Hg (360 ml €O at atmosph ric pressure)

Insenes 133 raus were employed 16 control and 17 Txpenmental an mals The rats were
£ o1 two daily treatments domng five contecuuy e days In senes §1 comprisng 14 anmaly
The rats were given two da ly treatments dunng foe ennsecut ve days In serses 1 comprs ng
1 animals the exporire 10 OHP was performed 1 the same wayasinsenes | A group of e
1 seriet I werre exposed 1o nan-speaific stress by gvmng them subcutancous wyectans of for

day and the ammials were Lilled s houss baser

At saenfice the blood w23 collected and hepanmzed The actnaty of I an unseparated
seeum and an sthe prote i beund fract on {PB1; were deternuned PRIM way obtarned b separs
ton wh 2n anion exchang  solamn | Amberhie Resth 153-400) At autopsy the th rod
adrenals and thvmus were cleanty dussecied om and unmedsar Iy placed n werghing botdes

Bang 10 of the admun stered dose sohed n 3
uptakeal'l  wasex,

n
Yons was counted up 1o 9000 mpulees and the 2y ty ol the thvro d above 10800 mpulses
The background was counced p 1o 1 08 npulses,

Resules

o anumal in the xXpenmensad seres sho
™ weicht increase The average snerder

used exposure times of up 10 12 men at 6 ATA 2nd the ansmals were expased for pertads
of up to cune werks The tugher convulsion {requency 1n the reporied sud rucht be
Gue 10 the prolonged cxposure tme 2 EAT or an wncreas ng con -ulsion tendency
after she st week of exposure 1o OHP



96

J SJOSTRAMND

Taste I Body and organ weights 1n OHP exposed and formalin treated rats
Mean valyes 5 SE AL

Controls n  OHP n  Formaln n
Senes I 5 davs exposre and series € 5 |, days exposure
Body waghts (g)
Tinal 220 21 23 23
Organ weights {mg)
Thvrowd abs weight 129204 14 111404 14
Thysord pre 100 g 60102 14 54402 13
Adrenaliabs weight 352414 9 433418 1
Adrenals per 100 g 154208 9 205:10 1
Series 2 5 days exposure
Body weights (g)
ol 1% 5 200 5 171 B
¥Final 223 5 234 5 23 4
Organ weights (mg)
Thyrod abs weight 122203 5 116107 5 105206 4
Thyrod per 100 ¢ 55501 > 50+03 5 45403 4
Adrenals abs. waght 34711 5 394215 5 419122 4
Adrenals per 100 g 155204 5 163106 5 182210 4
Thymusabs weight 50482121 5  4735+194 5 37312100 4
Thyrus per 100 2264227 5 2026296 5 1616299 +
Serues 3 4 digs exposure
Body waights (g)
Imtzal 172 1% 3
Final 218 > 197 5 216 H
Organ wesghts (mg)
Thyrod abs waght 12520 5 106204 5 12006 5
“Thyrod per 100 g 5202 5 5 5603 5
Adrenals abs weight 30 9+17 5 5 37017 5
Adrenals per 100 g 16906 o = 5 171=07 5
Thymus abs. werght 24032192 5 4300:250 5 40472235 5
Thymus per 100 g 2480293 21862131 5 251=100 5
p<005 p- 001 p- 00  (compared with controls)

o exptnimental ammal showed any macroscoprcally detectable pathological changes

1 the lunzs, heart and abdomunal viscera
The wesght recordings of body wer-hts and organ weights are gnen n Table 1
The weight of the thyroud of the OHP exposed rats showed a deer

1\ (p < 005) and a smaller insignificant deereaseinsenes and 11X

ease in series | and.
The rats inected
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Tance II I uptake of the thyrord 1n per cent of the mjected dose o control OHP cxposed
and formal n treated rats The interval between injection and saenfice 15 24 hours
mseries § 2 3 and 6 hours m series 4

Mean values = S EM

Controls n OHP n Formalin. n
S nes 1 104112 16 132-31 17
Series 2 148417 5 172119 5 54117 4
Seres 3 67408 2 67105 5 46103 5
Senes 4 8608 3 84105 5

pP<00> p<00l (compared wath controls)
Analyss of vanance for senes 1 and 2 gwes p < 005 (compared with controls)

Tasce IIT St ust cal dufference in I * uptake of the thyro d 1n per cent of the myected dose
between the OHP exposed and formalin treated rats in sertes 2 and 3
Mean values = SE M.

P for real
oHP n Fermahin n ifference
Senes 2 177119 5 54217 4 <001
Senes 3 67105 5 46203 5 <001
TameI\ 1

uptake of the thyro d, in per cent of the injected dose per 100 g body we ght
and per 10 mg thyrowd weight, in control OHP exposed and formalin rats The
nterval between inection and sacnifee 15 24 hours m all seuies

Mean values + SEN

Controls n OHP n Formalin n
Series 1 3403 16 52104 17
Senies 7 67 +07 5 64+06 a 2307 4
Scries 3 23402 5 37403 5 18~02 2
Scries 4 3003 5 4206 2

P<00l p<OOM (compared with contrals

with formalin exhubited a decrease (p < 002) 1n the weight of the thyroid 1n senes 11
and an insemficant decrease 1o senies 1T

“The weights of the adrenats were signsficantly ncreased (p < 0001 1w the OHP ex
posed rats i sees Land IV In sencs 11 the merease was not signaficant and 1n senes
11 the weights were unchanged 1n the OHP group The rats stressed with formalin

THI 4 ol 2l S
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Taste v 1% fovel in per cent of the inyected dose per m! plasma 1n the organuie morganie
and un_eparated fraction of blood plasma 24 hours afier an iniraprntoneal 1) ction

Mean valoes & SE M

i Controfs n OHp n Formahin n
Series |

Organie 059306 17 05¢3.000 19

Inergarnuc 046+0 (1 7 0284003 1o

Unseparated 1214032 7 083009 15

Series ?

Organic 041400 5 0414004 5 0374003 4
Inorganie 022200 S 0214008 5 0314005 4
Unseparated 0633001 5 0fr+003 5 0681002 4
Seney 3

Organic 022007 5 0204003 5 0174002 5
Inorganse ai3caot B 016+005 5 01i+00! E]
Unseparated 0353602 5 0761004 3 028000 5
Series f

Organic ¢17£001 5 0121003 5

Tnorganic 3372029 5 2742011 5

Unseparated 3442029 5 286011 5

P << 00> (compared with controls)

showed an increase {p ~ 0 02) in the weight of the adrenals in series 11 and no change
n weght 10 seres 111 The thymus of the raty exposed 1o OHI showed a 10 per cent
weight decrease in sevses H and M1 although stausucally inagnificant m both senes
As 2 result of the formalin mjections the weighe of the thymus showed a decrease in
series 51 {p << 0001) and i senes 11 {p ~ 00

The §& uptale of the thyroid 24 hours aftet the snjection was inereased 1n the OHP
group 1n serics § and If with a mean of 30 Analyrs of \anante of the 3 yptake
values in scries 1 and 11 showed an increase 1y the OHI group (p < 00

Tnxenes L the increase in 19 uptake of the tiysod pes 100 g body werght and per g
thyrod ussue was highly ugnificame (p < 0001,

Insenes IV the uptake was unchanged The 139 uptake in rats stressed with fmmafin
was decreased i senies I (p « 001 and seney [11 ip ~ 002) Insenes 11 and 1§1 the
difference 1n uptake of I betwern rats exposed to OHP and 1o Trmalin 1RYrCOns 3%
sugmficant (P < 001) 23 shown i Table 111

“The plasma analysis showed no sigmificant changes in the dufferent senies
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Discussion

In the present work uptake of 1% of the thyroid and thyroid weights « ere measured as
induces of thyroud activities The adrenal weights were recorded 1n order to obtam 1n
formation on any possible stress action of OHP
It 1s known from earher workers that non specific stress dinumishes the uptake and
release of I** of the thyroid (Paschlus et af 1950 Bogoroch ef of 1901 Brown Grant
etal 1956 Schnurer 1963) This was confirmed 1n the present study in the rats injected
with formalin The d:fferences in uptake of I m the OHP and the formalin groups
were significant 1 all seres which speaks for a speaific effect of OHP
The adrenal hypertrophy after exposure to OHP reported by several worbers (Bean
1951 Bean and Johnson 1954 Edstrom and Rackert 1962) was also found n the present
mmvestigation The analysis of the adrenal response showed that the increase m weight
quickly returned to control values in 40 hours after the last exposure to OHP or the Jast
formalin ingection. There was no sigmificant difference m the adrenal response in the
OHP and the formalin groups Bean and Johnson {1954) have suggested that OHP per
se constitutes a speaific type of stress on the adrenals
‘The weight decrease of the thyroid after OHP may seem to be in discord 1 1th the
results of Edstrom and Rockert (196?) who found an increase after 7—9 weeks exposure
with nearly the same expenmental design ‘Tisala (1962) on the other hand reported
2 weight decrease of the thyroid of two old rats but unchanged weights in growing and
adult rats after exposure to hyperoxa for 48 hours The apparently discordant results
<could possibly be cxplained 1l one assumes that OHP has a double action on the thyrod
gland and makes further assumption that one of the components the non specific stress
acts mamly at an carly stage Non specific stress which 1s known to induce thyroid
imvolutton rught be a potent factor in the early part of the expeniments but less prom
ment later on wath the amimals adapted while OHP as such acts as a thyrerd sumu
Jator and this effect becomes dominant over the non specific siress effect alter a few
days Tt s also to be expected that the functional sodide test will respond more quickly
to changes m the stmulation of the thyrod than the wetght of the organ changes in
the werght of the thyrod 15 a comparatively insensitive index of thyroid function
(Yamada 1961} This may explain the increased 19t uptake of the thyroid m the cases
where the organ weight had decreased The possible dual actson of OHP could be
compared to the simlar action of cold which also gives a combination of a non-speaific
stress response and thyrod stimulation 1 ath the concomitant unusual situation of an
adrenal and thyroid hyperfunction (Brown Grant ef al 1954 Brown Grant 1936 a)
On the mamn pomnt there is an agreement between the present results and earlier studies
of OHP effects wherein there have been found signs of non-specific stress combined
with signs of increase in thyroid actvity  The data presented here indicate that the
thyroid function in some way 1s changed by OHP 1n spite of its action as a nonspecific
stresung agent Hov ever the mode of action of OHP on the thyrotd 1s sull unknown

Th present n est gaton has been a ded by a grant from th_State Resea ch Come tice of
Avaton nd N al \ed eme 1 would I'ke to thank Dr L Trocll Surgeon General of the
Sweduh \avy and D A Muren for the £ interest and upport 1am ery grateful to AMiss Gun

B Peron for careful 1sotope measurements o Miss B it Hild ng o tatstical work and
excellent techmical assstence and Dr G A Sansteban for help with the Eng! h text
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Abstract ——————————————————

Sevall G Short term tfioets f seserpane on norad enahine Je- Is w sheltlol smscle Aeta phys ol stand
190% 62 181108 ~ In ihe shelctal muscle € om the bndlinb of cat naradtenaline dwap.
pea od almost completely within 5 to 10 hours after reserpine {5 mg/ks 1 ) When the sym
pathet ¢ n rve supply to the muscles was eut at a preganghonc Jevel befo e reserpine was given
about 12 ¢ of the noradrenaline was still present after > hours Thiy remaming a nount then
d sappeared more slowly duning 4 to 48 bours and 1s rate of dis?ppezrance wa not influenced
by a second dose of reserp ne When the pregang! ontc section of the sympathetic supply v as
perform d 3 hours afier reserpine adm nistration 1t prevented the rap d disappearance of ife
rema ning noradrenaline only to a small extent It 1s known from p ev ous nvest oatons that
the noradrenal ne n skeletal muscle 1s stored almost exclusively 2 the adrencrg ¢ nenves The
effects of pregang! o sect on of the svmpathetic o rve supply are p esumably due to an wnter

rupt on of the nurmal mpulsedischarge in these berves The data f om the p esent mvesugation
scem to_ndicate that noradrenaline m th adrenergic nerves of skeletal nus Ie 1s stored n
& 0 d flerent compartments One larger fract on disappears within a relstively hort ime after

reserpine Another smaller fract on disappears more slowly but th 3 fraction 1s rapidly released
dur ng impulse actwv ty

Reserpme mhibits an uptake mechamsm for amunes mn the storage granules of svmpa
theue ussues (Bertler Hillarp and Rosengren 1961 Carlsson Hillarp and Waldeck
1962 1963 Rurskner 19622 b Euler and Lishajko 1963) By the mhibition of dop-
amune uptake into such granules  reserpe blocks the formation of noradrenahine
(harshner 1962a b Kishrier Rone andRamin1963) Reserpine in small doses also mu
buts the release of noradrenaline from isolated adrenergic nerve granules (Euler and
Lishajko 1961 b)

None of these effects cxplain why preformed catecholatines disappear from the ts
sues after reserpine as shown by Catlsson and Hillarp 119561 Bertler Carlsson and
Resengren {196+ and Holzbaner and Vogt (1956} Several factors could be mvolved
n this process One secrs to be the nenve impulse discharge Denenvation thus prevents
the disappearance of catecholamines from the adrenal medulla after reserpine (Holz
bauer and Voot 1936 and others) and noradrenaline dis3ppears at a slower rate from

A pr luntnary report of parts of this study was p es=nt~t a1 tha XAII th Intern3t onal Con
gress of Phys ologacal Sciences Lesden 197
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adrenergic nertes that have been \! or acutely before reserpine
(Herttuing Potter and Axelrod 1962 Wemner Perlins and Sidman 1962 Benmiloud and
Euler 1963) Ganghion bloching agents have sumilar effects (karks Paasonen and Van
halartano 1959 \Mirkin 1961 Herttng Potter and Axelrod 1962)

The role played by the discharge of nen e impulses m noradrenalne depletion from
several types of adrenergic nen os afier reserpine seems o be small (Brodie ¢f af 1937
Bharpebar Cenvomt and Furchgott 1962 Wemer Perhins and $idman 1962 Benmiloud
and Euler 1963) In a recent investigation on cats Rosell and Sediall (1962) studied

the arculaton to electrical L of + 1ctor nenves after reser
pine The disappearance of the responses after reserpme was to a hiph degree pre-
1ented by dec and p d by of the nenves As the trans-

nutter substance of the vasoconstrictor nerves 1s considered to be noradrenaline (Folkow
and Uvnas 1948) the results suggested thas the discharge of nen e impulses plavs an
p role in drenaline depl from these nerves after reserpie
Noradrenaline 1n skeletal muscle 1s stored almast exclustvely 1n vasoconstrictor nerves
{Sedvall 1963 Fuxe and Sedhall 1964) Q 3 of the drenal
content 1n muscle thus gnes mformation on the noradrenaline siore 1n these nenves
The present paper deals with the effect of sympatheuc decentralization on the disap-
pearance of noradrenaline from skeletal muscle of the cat afier reserpme The results
ndirecthy show the role of the nerve impulse discharge 1n noradrenaline depletion from
10tor nenves after reserpine Data wall be d ind that the nor

adrenaline 1n vasoconsinictor nenes 1s stored — from the point of view of the action of
teserpine and nerve mmpulses — ta two different compartments

Methods

Thr stud  was performed on cats waighing § 8—4 2 kg Al animals were killed by 1y i
Control animals ot gnen reserpine were the same as i the paper by Sedvall (1961)

1In a first senies of experuments 33 animals were anesthetized with urethane (3.0—1360 mg'kg
1. ) and the trachea was conrulated The recta] temperature of the animals was maungned at
3b—37 C bv means of a heating lamp One of the lumbar svmpathetc chams was reached b
the antenior approach and transceted at a level bets een 14 and L6 Transection of the chan
was made on alternate ndes. This operation @ =5 a preganghonic sympathetic denen ation of
the mastrocnerius m ascle 1Sed all 1% and will be referved 1o below as decentrabizaton Tes
erpine Serpasil Caba . mg kx was then admtnistered 1y The animals were killed afier 3 5
10 and 24 hours respects ey The gastroenernius muscle from each handhimb was immed ately
removed { ¢ notadrenaline anal 15 soc below

Another ¢ cats were treated as above but 2 second dose of reserpine { mg'kg 1 v ) was ad
munistered 3 Fours after tt e it These ammals were killed 10 hours after tt ¢ first inject on of

ne

Another 7 cars were operated at above but the sympatteuc chain was not transected until
31 ours afier the mjects m of reserpine 19 mg kg 13 ) These anwmals were killed 10 hours afier
reserpne admunstraton
Fourteen cats were aneth tzed wih sod um pentobarb 1a) (Nembutal, Ybbot 35 mekg

and one f the svmpatheuc chams was transected as above under asepuc preeaut s

1 2% houns later when the umaly had rerovered from the ancsthoua Reserprne (o me e
3 10 74and

a3
Abou

13 ) was tn ected  [hese animals were kept at room temperature and killed 1

hours respect s 1 afier © ¢ imert on of reserpine

4allr?r‘:cdutrl) afier death, the gastrornem us muscle from each h ndl mb was rap dly semosed
fr d~terma naton of the noradrenal oe content, In eact cat the muscle with an intact ¢ wp2
octre v s5mpl served as a control The muscla were } omogenised n wce-col 10 4\ per
chtone 3cxd wiih an Llira Turrax } movenuzer Homogenirat on way usaslly complete w it 1
S afer death The mruscle extracu were punfied and anal 3ed {7 noradrenal neanda § ens
e exsenalh am. Bertler Carlsson and Resencren (19,31 for details of the met o w1
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Fig 1 Acyaton and fuorescence

spectra {afier vudavon wnd yeas

sangement m atkah) of synthet <

noradrenal ne and adrenal ne solu

tromt and of extraces from an anner

wated and from a sympathencale

decentralized susele from a cat 10

hoyes after nyection of resetp ne

{5 mgfkgav)

Left  Act vaunon spectra Tluores-
ence wae leagth 510 m

Right Fluorescence spectsaActs
waten 3 ave Jenzth 400 my

NA  Noradremahne §9 ngimi

A \drenal e 10 ngfent

N Innervated fnuscle

o PDecentral zed muscle

IBn  Nonoud zed tasue blank
mnervated muscle

TBy Nonoudzed tsw  blank
deceraral zed mausele

KB Reagent blank + 5

The muscle extracty were recorded e

sl s hghe wnam ty than the 300 400

standard solut ans

FLUORESCENCE

500 600 ™

Sedvall 196+ In about half of tht number of extracts n eath exptiunenal senes EDTA
{1 g mi) v as added to the huffer and (o the first 20 mi nins ng water m the 2on exchiange proce
dure for exsacs punficaton ‘This sremed to mp ove the ep oduc b bty of the cecavery (see
below) Ahous half of the mumber of extracts m cach expenimental senes were gnalysed eco d
mg a the wmproved owdavon progedure dev &d by Haggendal {1963) Oodavon with the
wo & flerens methods gave essentially umalaz resulis. The amounts of norad enaline have been
op n zerms of £ ec base 40 nanograms {10 g) per g wer werght of mnscle

\Medel cxpenmenss we ¢ peeformed 10 1ot the aceusaty of the method The mean recovery
of 50 ng norad enal ne added 4o muscle extracts from analsge ven reserp ne (5 mg kg e )
23 bours befr & devth was in 13 exper menss 77 drange 5

F bt dupi cate experiments were peef emed by analysing separately the aaghr and et homel
ogous mus fes f om 5 u ethane ancsthet zed cats 1 wit ch both sympathenc chain had been
transeeted a1 the tevel of L4—16 and reserp pe (5 mag'kg s v} gven 5 10 10 hours bef ¢ deak
Th_er or of the methed fo_noradeenaline derermnat on calculasted on thusbass way - 73

To test the dentty of the  reserpine resstant  norad enal ne fractan the activauon and
Buorescence spectra {afier udatian and eattangement i alkal } of most mi the extra 18 ware
recorded and compared with aynthet £ yolunans of 0o adrenatwe 20d ad eoabine As showa o
Tig % the pectsa) characienatics of an extcact of a decentral 2ed muscle from a cat g en reser

pee (v mgkg v 10 hours belyre death agree fi rly welf with the synihies ¢ norad enal ne
sohution.

Results

Sympathene decentratizaton had a small but definue effect on the dusppearance of
noradrenaline from skeletal muscles after reserpine (5 mg kg1 v ) 30 the urethane aoes

hevzed s (P M In the muscles wath 2 decentratized sympathetic supply there was
a rapnd dwappearance of about B3 per cent of che sioradrenahue cantent within 3 howes

The amount of noradsenahne (abous 15 per cent of the normal coment semaming, ©
these muscles 3 hours alter reseepine dusappeared hoy eve i 3 consd rably slov ¢
e The duappearance cunve hod thus o o prnapst components Fie 9B The mais
part decreased (o 50 per cend in Tess than 2 hours while a small fract on decreased ta
50 per cont e about 10 hours The d; curve for

11 the museles
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Fig 2 Noradrenaline content
(nglg) of mnervated () and
sympatheneally  decentrahzed
( ) skeletal muscles 1n the
urethane anesthetized cat at dof
ferent intervals after reserpine
(5m /Ag1v) In AandBthe
same results are presented but in
B the noradrenaline content 1s
plotted on a loganithmie scalc
Each pont 15 the mean of det ¢

runat ons from at least six cats.

Vertical bars represent & ST

12
<
i

NORADRENALINE na/g

TIME {hours)

with an intact sympathetic supply also seemed to have two components but the slowly
di fraction was derably smaller After 10 hours there was less than 2 per
cent of the noradrenaline left in the innervated muscles The main effect of sympathetic
decentralization was thus to protect 2 small fraction of the noradrenaline content from
rapidly disappeaning after reserpine The effect of decentralzation 1 1llustrated also
Fig 1 This figure gnesa between the and fluorescence spectra
of extracts from a decentralized muscle and from the homologous mnenated muscle
from a cat gnen reserpine 10 hours before death It 1s evident that the decentralzed
muscle contams much more noradrenaline than the normally mnenated muscle

‘The data presented 1n Fig 2 were obtained wath the gastrocnems muscle Similar
results were obtuned v ith ‘hc ubialis anterior and quadriceps femons muscles of the
cat (unpubhshed data)

Essennally the same results were found in d cats 1n which
sympathetic decentralization of the muscles had been performed 24 hours before reser
pine admustration (Table 1) There 1+ as a tendency to lower values both in sympa
thetically decentralized and control muscles from these cats afier reserpine in compart
son v 1th those 1n the urcthane anesthetized ammals At 48 hours after rescrpine there
vas pracucally no noradrenaline lefi 1n either the innenated or the decentraltzed
muscles

To study the acute effect of reserpime on the slowly disappeanng noradrenaline frac
ton a second high dosc of rescrpine 15 mg/Ag v ) was gien in another scries of ant
mals 5 hours after the first ijecnon of reserpine (Table I Roughly the same smount
of noradrenaline was found in the muscles of animals that had recened two doses of
reserpine as in those treated v 1th a single dose The sccand dose of rescrpine thus had
no effect on the slowly disappearning noradrenaline fraction

The results d show that 1 perft d before reserpine adnunis-
tration protected about 15 per cent of the line from rapid dis2pp e fn
another senes of urethane anestheuzed animals decentralization s as performed 3 hours
after reserpine administration. At that time there was sull about 15 per cent |16 % 33
nglg mean 3 S E.n = 7) of the noradrenaline content left Seven hours later Ge

10 hours after reserpine admunistration) there was anlv 46 & 08nggin = 7) i the

+ 1 1
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Taste I “voradeenabne confent [N\ A) of vinerated and sympath Sy sezfetad

mescle from nonanesthenzrd cats 3t difftrens miervale ater ssserpre (3 g kg
Deoentesbszaton perlormed 74 hours before reserpane adeurateanon

o of Houry after Torervated wde Drcentratized ande
annaly reserpine NA oz g) NAfez g

1 1 13 30

3 3 11 23

4 10 15 10

3 24 0y 31

3 48 06 s

Tantz fI The effect of svmpath ue decentralizaton on the norsdreraline costent ™Y of
the sxcletal muscle of wrethane aresthetznd can sfter reserpne (Vean = SE

o of Tune for Ionrrvated wde  Decrnwma bzed Dufference
ansmals decentrahization NAlog gl sdeNA (ng g P

{4 10 bours before death 19203 To=t2 - 004
7 H) houss before death 3 =lt I3 =" ~ 004

7 7 hours before drath 2007 46 =08 < 06y

Reserpine (3 mg kg) was gven wv 10 haurs befire drath.
Reerpae (3mg kg wargnen . > and 10 hours before death.

decentealized muscles Table If This amount s ag ooh shghuly but simficanth hioher
{p < 00k than that in the correspondin~ mnervated muscles 20 =~ 07 ng g n =

It was sigmaficantfs Tower 1p < 001 than the amount present 3 hours after reserprae
Moreover 3t s a3 wrmficantly lower p < D001} chan the amount 12~ 1.2 po g
1= 10, 18 houn afur reserpine adminutration when decentrsd zataon wis performed
before reserpine The 15 pee cent fraction remasming 3 hours after reserpine was thus
enlv 12 2 srall extent protected by decentralzason.

Dscussion

Expenments made by Hertting Potter and Axelrod (1962 Wemer Perduns aod $ d
man (19%74 and Benmiloud and Fuler 11963, showed that wnpatbeue deeentratiza
uon o5 acufe yympathetsc dencrvaton stowed down (he rate of diszppearance of nor
adrealine from adrenersic persos 10 varous bsues auer resrrpine The prevens rouls
soppint thete Bindngs,

The maumn efeet of smpathenc decentratization found here was 10 prowet a small
fraction of the noradrenaline content in shelmal muscle from rapdl dissppranns af er
racrpue The disappesrance curve for porad enahine i the decentalged mincles had
two pnaapal compovents (Fiz "8 The ma n part of e noradrena ne duanpeared
rapidhy bang reduced to 30 per cent i loss thon 3 hours whde & sma | f 3c1 on disape
peared with a slower rate decreasing by 50 per cens 19 about 10 bouss Y second harh
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dose of reserpine had no effect on the slow disay of this fraction
that 1t 1s relatively resistant to the effect of reserpine In museles with an intact sympa
thetic mnervation lly all the drenaline disapy d rapudly within about
10 hours (g 2) A most important process leading to the disappearance of noradren
aline after reserpine scems o be the rapid bolism of the sut by
oudase presumably within the amine storing cell (hopn and Gordon 1962) The rapd
disappearance of the main part of the noradrenaline content of the sympathetically
decentralized muscles could reflect this process The slow disappearance of the reserpine
Tesistant fraction suggests that it 1s stored unavailable for monoamineovidase actiaty

The effect of decentralization 1s presumably due to abolition of the continuous 1m
Pulse discharge 1n the adrenergic nerves The slowly disappeanng noradrenaline frac
tion ¢an be rapdly depleted by el 1 of the de: lized ad
nenves (Sedvall and Thorson [963) Thus the major part of the noradrenaline disap
peared mdependently of the nerve impulse discharge while the rapid disappearance of
the small rescrpine resistant fracuon was lighly dependent upon nerve impulses

1t 13 now generally considered that reserpine blocks an uptake mechanism for amines
1 catecholamine-storing structurcs {Hughes and Brodse 1959 Muscholl 1960 Bertler
Hillarp and Rosengren 1961 Dengler ez al 1961 2 b Carlsson Hillarp and Waldeck
1962 1963 harshner 19622 b Euler and Lushagko 1963) The slow disappearance of
1he reserpine resistant fracuion could be explained by a small fraction of the uptake
mechanism escapine the action of reserpine A certam amount of amince could then be
taken up and retamed m the store in spite of the action of reserpine A continuous nerve
wmpulse discharge would tend to depress this amount  This hypothesis became less prob
able + hen 1t was found that the noradrenahine remaiming 1n the 1nnervated muscles
3 hours after reserpine was onlv to a small extent protected from disappearance by sub-
sequent decentrahization (Table II) Ths finding thowed that after reserpine the nor
adrenaline content could actuallv be depressed 1o a very low level withun 10 hours after

Lt without the 1 eflect of nerve impulses There 13 also the pos
stbility that the persistence of the small fraction was due to a change n the eflect of
reserpine from one of rapid release to onc of slower release (Euler and 1 sshajko 1961 by
‘The latter explanation to the present findings can not be excluded but seems unlikely in
view of the results of Rosell and Sedealt (1962) which are discussed below

The experimental data scem to be hest compatible wath the view that noradrenaline
1n skeletal muscle 1s stored n two different compartments onc larger and reserpine
sensitive and the other smaller and reserpine reuistant but from which noradreniline
can be released by nerve impulses This would explain 1 why the disappearance cune
for noradrenahine 1n the decentralized muscles had a tapid and a slow component 2
why 2 small fraction was relatively resistant to the effect of reserpmne and 3 why the
15 per cent fractian remaimng 3 hours after reserpne was only to 2 small extent protec
ted by decentralization

A recent studv of the adrencrgic innervation of skeletal muscle with a speaific hastor
chermical fiuorescence meth>d (Fuxe and Sedsall 1964) mdicated that both the reser
pinc sensitive and the rescrpme resistant noradrenaline fractions are stored i the vaso-
constrctor nenves Noradrenaline in adrenersic nerves seems to be present both n

d in the (vtoplasmuc sap (1 uler and Luhajko 1964 ) Hallarp (1960) fias
¢ stored m

grarules ani
prescnted evidence that catecholamines 1n adrenal medullary granulrs ar
two different pools The results found here could thus reflect the effect of reserpine of
such pools 1n the adrenergic nerves Dunng recent yean soveral investigaton fave sug
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gested the exstence of a reserpine resistant noradrenaline pool in adrenergic nenves
{Trendelenburg 1961 hopm and Gordon 1963) In the present study expermmental
data are presented indicating the fsucha poolin the tor ners s
“The data further mdicate that the reserpine resistant pool can be released by nerve
ampulses

The present ere d under d stmular to those of Rosell
and Sedvall (1962) The latter study ms esigated the disappearance after reserpue of
the airculatory responses in skeletal muscle to electnical vasoconstnctor nerye sumula
tion Pronounced effects could be by the aenves
to sympathetically decentralized muscles as much as 10 hours after the admumistration
of reserpme when only the small resetpine resistant fraction s left This 1s 11 accordance
with the results of Trendelenburg and Gravensten (1958) and Gaffney Chidsey and
Braunwald (1963) who found that only a small proportion of the normal neradrenaline
<ontent was necessary to produce strong pertpheral responses by the stimulaton of
adrenergic nerves Three hours after reserpine admnsstration the normally inner ated
muscles sull contawed about 15 per cent of the noradrenaline content Practically no
Tesponses 10 nerve sumulation could be elicited at that trme in stmlarly treated muscles
(Rosell and Sedsall 1962) The noradrenaline amount then remaming i the nerves
thus seems not to be available for release by nen e impulses This corroborates the sug
gestton made above that the noradrenabine 1 vasoconstnctor nerves 15 localized 1n
separate compartments

A comparison of the results obtamed here and the results of Rosell and Sedvall (1962)
seems to show that the responses to vasoconstnictor nerve stmualaton zfter reserpine
are beiter correlated to changes in the reserpine resistant noradrenaline fraction than
o changes in the noradrenabine store a3 a whole This indicates that the reserpine
resistant fraction plavs an tmportant role 1n the transmession process
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The Effect of Adrenaline on the Hezosephosphate
Content of Vascular Smooth Muscle
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Axpras Beviz and Erra Mome LuNDHOLM

Recersed 6 June 1963

Abstract

Beviz A and E Mohm Lundholm The effect f advenaline on the he osephosphate cont nt of vascular
smooth muscle Acta phys ol scand 196% 67 109—114 — In exprruments on 1solated vascular
smooth muscle adrenaline at a concentration of 10 eaused a2 to 3-Pldancre sen the content
of glucose 6-phosphate fructose-5-phosphate fructose I €-d phosphate and dihydrosyaceto ¢
phosphate dunng 1sometrc contractron 7 mun after add ton of the drug This action of adrenal

e was mamfest both under aerob ¢ and under anacrobic cond tient and 1n the presence as
well 23 1n the absence of glutcose Fructose 1.6-diphosphate showed 2 relanvely greater increase
than fructose-6-phosphate — $ nee 1n Prev ous expersm nts on vascular mus 1 1 glycogeno-
dytic eflect of adrenaline had bren detectable the poss biliey that bevasepho phates was formed
fro n some other carbohydrate metabolite 15 discussed

It has carlier been that adi

the lactc acd production
of smooth muscle probablv via a primary effect upon the muscle 3 carbohvdrate
metabolsm (Mohme Lundholm 1953 Lundholm and \ohme Lundholm 1962 a
19632) The mechanssm of thus sumulation however s yet to be clucidated In skeletal
muscle and 10 liver the y effect of the catec] on carbohydrate
metabolism has been attnbuted to mcreased glycogenolyss resulting from actation

of phosphonyla.c the enzyme which catalyzes the reacuon glycogen EhoSPhoniase
wlucose } phosphate. Phosphory Yase occurs 1t an acteve g form and tn 3 b form + huch
3 10acuve 1 the hssues Phosphorylase a can be synthesized from b 1 the presence
of ATP and the cnzyme phosphorylase & Jinase Ths enzvine too can be msolated
an active asy el as an mactive form 1ts 1nactive form can be activated by Ca sons
by changesn pH. and by tyclic 3 5+ AMP (hrebs Graves and Fuscher 1959 Formation
of the last named nucleotide 1s sumulated by adrenaline 10 the presence of ATP and
certain cell fmgments (Sutherland and Rafl 1960) Phosphonase o 13 converted 10 8
3 the ussucs by an enzyme phosphorylase phosphatase
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‘The above mentioned enzymes have been demonstrated also in smooth muscle and
cyche 3 5-AMP has been found to activate smooth muscle phosphorylase § hinase
{Mohme Lundholm 1963) Thus there 1s enzymatic evidence that adrenaline has the
same pomt of interference 1n smooth as 1n sinated muscle In certain types of smooth
muscle morcover it activates phosphorylase (Mohme Lundholm {862} 1t would
scem however that the mfluence of adrenaline upon phosphorylase 1 fess essential
for lactic acid sumulation 1n smooth musele than m steped muscle

In stniated muscle the giycogenolytie effect of adrenaline was almost twice the lactic
and 1 effect (Lundholm Mohme Lundholm and Svedmyr 1965) 1n smooth
muscle the former effect <qunlled the latter only duning adsanced substrate depletion
{Mohme Lundholm 1960) Under normal conditions and dunng relaxation of the
muscle by ad 1 gly 1 was o derably less p ed than lcuc
acid production (Lundholm and Mohme Lundholm 1957} On contraction of the
muscle by adrenaline erther the glycogenoly tic effect was quite absent or glycogenolysis
decreased while lactic acid production inereused (Lundholm and Mohme Lundholm
1963 b) Should adreniline interfere with the carbohydrate metabolism essentially
a1a ncreased glycogenolysis the intensity of glycogen breakdown would obviously
have to cqual or exceed that of lactic acid production Adrenaline did not tmulate
the phosphorylase actinity of vascular muscle contricted by adrenaline despite aug
mentation of the lactic acid production (Mohme Lundholm 1962)

Should glycogen nat be the precursor of the lactic and formed 1n smooth muscle
after adrenaline that precursor 1s probably to be sought among the intermediate
carbohvdrate metabolites It may be asked to what extent these metabolies may
gne nse to lactic aad —~ Under b d and 1n the absence
of glucose the maumum lactic acd production 1n vanous types of smooth muscle
exceeded maumum ghycogenolysis by 130—150 per cent and approximately 4 yemoles
Inctic acid per g could be formed from precursors other than glycogen (Lundholm
and Mohme Lundholm 1960)

In skeletal muscle (Cort and Coni 1931 Newsholme and Randle 1961 Lundholm
et al 1964) and i heart muscle (Williamson and Rreisberg 1963) adrenaline augments
the hexosephasphitc cantent — The question was therefore (1) whether adrenal ne
nfluenced the content of hexosephosphate 1n smooth muscle and (?) wh ther any
one of those phosphates was present 1n such a concentration that 1t could hase been a
precursor of the lactic acid ot formed from glycogen It scemed a priort hikely further
more that adrenahne acted upon 1 rate limting, reaction or reactions in the clucose
chain In a steady state the concentration of intermediate metabalites would  presuma
bly be comparatsely hugh before this enzymate botteneck but low after e Adrenalint
would cruse ashift 1 ¢ the concentration would fall pnor te the rate lumiting reaction
and then rise (¢f Krebs and hornberg 1957)

In the relevant portion of the glycoyenolytic chaim the folfowing metabolites (sl
azed) were therefore determined
Clycogen~——  glucose | phosphate — —»glucose f-phosphate—— fructose G-phos
phate. fructose 1 G-diphosphate — —  glyceraldehydephosphate — difycrog

acetonephosphate— alacuc acd

at the method outlacd here affords

“The cxpeniments reported below suggest th; o

some indication of the point at which adrenaline mterferes in the carboby drate
Lism of smooth muscle
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Tasir I Glucose 6 phosphat fructose-6 phospbate fructose 1 6. hate and dihyd
acetont phosphate contents {sm umoles per 100 g wet we ght) of wsolat d bovine
mesenteric artery Effect of adrenal ne 10 7 mun after admimstrat on  during 1so-
metric contraction of the arter al preparat o1 P = probabul tv that the effect was
due to chance n = number of tests

Glucose 6 Fructose- Fructse 16 Dibydrovyace
phosphate h diph
Aerob ¢ O glucose 11404 0601 09102 031008
Fas 1 (n=11) (n=11) (n=8)
adrenal ne 30405 13401 33105 084011
nerease 19205 07402 24404 051013
<00l P< OO P< 0001 P<ool

Anacrobic 0 glucose

bagal 09107 07401 - -~
(n=5) (n=5)

adrenaline 21405 12401 - -

inerease 12404 054017 -~ -
P<005 P 00> ~ —

Anaerobic 05 per
cent glucose

basal 1007 034006 - -
(n=5) {n=35) - -
ad cnaln 17103 08402 ~ -
mesease 0702 035015 - -
P< 002 P00 - -

Methods

Bovine mesentenic artenes were used in these experiments From each artery two segments
abour 5 em long and weighiog 04~06 g were taken opened length 1se and mounted 1
special plastic frames 40 that the tension way evenly distnbuted o er the ente ¢ speemen The
frames were then set #p n sometnc containers and the specimens subjected to a continttous
load of approv mately 10 g 1 b ch caused elongation At the end of 30 mun the tension was
adjusted to O g and 11 one of the two preparat ons was added adrenaline at 2 Concentration
of 1 10  whereby the tension increased The two muscl specin ens were taken for analyss
7 mun later before max mal tension had been reached n the one freated with adrenaline
At this juncture the Iatter specunen s lactic scid productio s was assumed 10 have misen by
about 300 per cent (Lundholm and Mohme-Lundhalm 1965} Tyrode solution with o without
03 per cent glucose was used for suspension 1n some expeniments the solut on was bubhiled
with 3 €00 mixture 1n others with n tropen

The expenments were term nated bv dipping the preparatons i Freon 12 at —80 C
Thene port ons which had been attached 1o the frames we ¢ cut away the remamder was
wwesghed then homogenized in 8 vof b per cent perchlonc acid.

Following centnfugation the perchlone acd extracts were ncutrahzed with potass um
€arbonate in order to prec p tate the excess of perehlonic acid as potass um pered forare In the
mmonth muscle experments where 1 mi extract was taken for analysts quant Lauve precip taton
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Tke above menhoned ezzvres have been dernonstrs ed 2550 m smooh masde and
ovele 3-3-AMP bos b fomd 1o actna ¢ smookh musde phosphondase b lanase
{Mohme-Lanchosm 19630 Thus there 18 cnzvmance evadence that adrenaline has the
s.oe peant of Iz £~ erence m sowth 25 m <z od roustle. I certan s of smooh
moscde movcover 1 2cmates phosphemlase (Mobme-Londbolm 1962) 1t woeuld
wcen, however 1h.t the =fuence of adrenaline upon phosphonlase ts less essvnal
for Irroe 20d sum.lanen m smoch musel~ thon m smped musde

Io wtnted modle the g cornohne offect of adrenaline was almost 1ace the tacte
20d sumalouny efect Lundbolm. Mohmo-Lurdhelm and Svedmnt 1963 1 smooth
muscle the former effect equalled the larter onh dunne advanced sabstrate deplonen
MNickme Lindhe’m 1950 Lnder normal eomdmons 2nd danng rdxauon of the
mascle b adren e of was derabh Ie< p d thun Lot
2a0d podornnn Lundholm and MohmeLundholm 1957 On contrartion of the
moscle by 2drendme enber the shvoozenolvne effert was guate absent or glveogennl s
decrrased while lachce 20d prodacton mereased (Lundhelm and \Mohme-Lindbolm
19%3 b Sheuld adrenllme m afae wih the sl mctabohism esevual
w132 mereased ghrorenorts, the m man of ghrogen breakdown would obvioush
hove 10 egad o exered that of lacne 20d producnon. Adrenalme &id not amala ~
the phosphonlase acovn of vascular mnscle contracted by adrenalime deso e 3ue-
moaum of the lactr 20d preducnon \{okme-Lundhalm 1962)

Should tiveozen not be the precursor of the lacne and formed 1 smood mustle
af er adrenaline, that precursor 1s probabh 1o be <oucht amonz the m erreduate
carbohverate mrtaboo os. It mav be akked to what exient these metabolites may
ove ns- 10 Lcor aod formunen. — Under anacobic condshions 2ad i the absence
of gluepse the mammam Leuc wod produchon m vanous tvpes of smooth rusle
excreded raxumom choorzol s by 130100 per cent, and appremmatels 4 yrroles
larnc 20d per ¢ could be formed from precurons other than ghroeen  Lundholn
aad \okme-Lindholm 190

In ied~al mascle Com and Com 1931 \cwshalme and Randie 191 Luacholm
e 197+ and mbeant muscle Will and Rrasbere 1953} lime 2a-men ed
t hexosephosphate com et — The question was, therefore. 1Y whether adrenaline
1nfuenced the com emt of hexosephosphate m smooch musde and 12 v hetter 2w
eme of thase phosha ts was present o such 3 concenmraton that it could have been 3
precursor of the Lcoe 30d net fortred from cheocen. 1t seamed & prion Bl further
moee that .dreaslme 2cted upen a ratelmiung reachen of Teachions 1 the g wEoT
chun Inas cady tzie the bolites would. presurmas
b becommaran v b b before thes eanvmone be deneck. butlow af erat. Ad-eralme
would cagse ashdt 1 ¢ the comceniranon world fall proe to the rate-lim tine TEACHET
and i nse rf horebs and Komberg 1957

In e re mzz poruom of the throzen, be chaa the followiag metabal tes ('
ozed were therefore determuned

Gleomen— = T habbor o oy arsenftls PRSP PR ]
Proeo o ofric el e s — ol veraldebvdephorpha £ et
cprreeat s g —— Wlrcnic and

The expenments remarted beiow suc-ext that the tethod cutlined here a“‘:_s
sare indieanon of the pant at wh ch adremalice mterferes in the carbahsdrate Forial
Lem of 50 b mscle



Tapte T Glucose-6 phosphate fructos -6 phosphate fructose 1.6-d phosphate and diydroxy-
acetone phosphate contents (i gmmoles per 100 g wet weight) of solated bos ne
mesentenic artery Lffect of adrenalin 10 7 min after administravon  dunng so-
metnc contraction of the artenal preparation P = probab hity that the effect was
due to chance n = number of tests

Glucose 6 Fructose-b- Fructose 16 Dibydrowvace
hosph phospl diph toner hosphate
Ac obe 0 glucose 11.£04 06201 09102 03008
Fasal (n=11) (n=11) (n=8) (n=8)
adrenaline 30105 13x01 33405 08+011
increase 19405 0702 24104 052013
P<00! P<O0 P<0001 P00}
Anacrobic 0 ghucase
basal 09402 07£01 - -
(n=5)
adrenaline 21+05 12401 - -~
ncrease 12404 054017 - -
P<00s P<00> - ~

Anzerobic 05 per
cent ghucose

basal 1ox02 031006 - -
(n=5) (n=5) -~ .
adrenaline 1703 08402 -~ -
increase 07402 052015 - -
P< 005 P-005 - -

Methods

Bovine mesentenc artenes were used n these expeniments From each arterv two segments
sbout 5 em long and we ghing 0406 g we ¢ taken opencd leagthwise and mounted 1n
specal plastc frames 0 that the tens on was cvenly distnbuted oser the entire specrmen The
frames were then set up 1 1ometric conta ners and the specimens subected to 2 contiauous
load of app oumately 10 g which caused elongauon At the end of 30 mun the tens on was
adyusted t0 0 % and 1o one of the two p epirations was added ad enaline af a concentration
of 1 10 whereby the tens on in, The two musele spec mens were taken for analvsts
7 mn later before maximal tenson h d been reached n the ane trested w th adrenal ne
At ths junctare the latter speamen s lactic acd product on was assumed fo have nsen by
about 300 per cent (Lundholm and \f hme [ undholm 1965) Tyrod solut on with or w thout
03 per cent glucose was used for suspens an In some experiments the solution was bubbled
wihaCO O mature 1n others with mirogen

The expeniments were terminated by dipping she preparatons m Frean 17 a1 —20 ©
“Those portions which had been attached 1o the frames were cut away  the rema nder was
weghed then homogenszed i 8 vol 6 per cent perchlon aad

Follow ng centnfugavion the perchione aaid extra ts were neutralized with potassium
carbonate in ord T 1o precipitate the exces of perchlonc ac d as pot ss um perchlo ate In the
amooth muscle experiments where | ml extract was taken fo analysis quantitay e pree pitavon
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Y as essential for othenwise perehilonc acid mterfered with the enzymatic rercuons For satis
factory preapitation 1t was necessary followang n utralization with patasium carbenate to
evacue the extract in tacuy for removal of CO, and then to cool 1t to 0

Clucose 1 phosphate was detertmned ad modum Bergmeyer and Rlotzsch (1967) glucose G-
phosphate and fructoe 6 phosphute ad m dum Toliorts (1962) fructose 1 6-diphosphate and
dshy froxvacerone pt osphate ad modum Bucher an ) Hoborts (1967)

Ahen the unknown amount of sut stance had been determamed 1n the extract the method
wa tested for quantitative recavery by addition of a knoy n amount of substance to the reaction.
solutwn Recovery varied Letween 9a and 110 per cent of the amount added Any experiments
whach showed 1mer recovery figures were excluded on the assumption that the perchlorate
had not been quantitatively precipitated

Y nzyme salutions and substrates were obtamed from Rochnnger (Mannheim)

T xtinction of the soluttons was tested n 40 mm quarsz cuvettes sith the use of a thermostat
<ontralled recording Beckman Dk 2 spectrop hotometer

Results

Under aerobic conditions and 1n the absence of glucose the concentration of glucose 6
phosphateaveraged 1 1 & 0 3 ptmole per 100 g wet weight{Table I} The corresponding
< of fructose 6 phosph was 06 3: 009 and of fructose 1 6 phosphate
09 3 025 pgmole prr 100 g Dihydroxyacetone phosphate on the other hand showed
a lower mean figure of 03 4 008 and mn some experiments only a trace of it was
detectable (0 | gmole per 100 ) Although glucose 1 phosphate could be dennfied
3ts content was too low {approumately 0 1 gmote per 100 g) for conclusive demonstra
tion of vanianons in concentration by the analytical method as applied here

Under anaerobie condutions the glucose 6 phosphate content was somewhat lower
than under acrobic conditions though the differcnce was not sigmificant Additio?
of glucose had no appreciable effect on the glucose 6 phosphate content

With the preparations mounted isometrically adrenaline at 1 concentration of 10 ¢
ncreased the content of al] d 2 to 3 fold s d d 7 nun after addition
of the drug The increase occurred under both acrobic 4nd anaerobic condition and
1 the latter case both in the presence and in the absence of glucose In each instance
the ncrease was statistically senfinble

1t was of 1aterest to determine whether disturbed the
by affecting the enzymatic reaction rate

bolite balance

merase
With equilibnium 1 the reaction glucose b phosphiate phowphogluco ¢ isomerase

fructase 6 phosphatc 68 per cent 15 present as glucose 6 phosphate and 32 per eent

as fructose 6 phosphate (Slein 1952) ~— For mesenteric artery speamens undet
aerobic conditions this percentual ratie was 63 37 before addimion of zdrcn:lhn’e and
67 33 frer the dulT was not I Ficant The phosphoglucose

7
1somerase reaction s unhkely therefore to be a rare hmiting, factor in the c;\rbﬂ;!ydr‘:“’

ospho
metabolim of mesenteric artery The reaction fructose 6 phosphate + ATP PhospT0.
fructokinas fctose 1 6 diphospate proceeds only towards the nght and s not an
equlibrpm reaction since fructose 1 6 phosphate 1s converted via a phosphodicsterase
to fructose 6 phosphate — Under acrobic conditions the ratio of fructose G phosphate
to fructose 1 6 phosphate was 48 52 per cent After addition of adrenaline this ra;;D
changed to 25 75 per cent the difference (226 4+ 49 per cent) was staustically

ssgmficant (P < 001)




Discussion

The glucose 6-phosph: fructose-6-phosph fructose 1-6-diphosphate and di
hydroxyacetone phosphate contents of bovine mesentene artery were wnder aerobic
conditions only one tenth to one tv entieth of those smular determuned 1 wsolated rat
diaphragm (Lundholm et al 1965) Not more than about 60 per cent of the mesenteric
artery tissue consists of smooth muscle Even 1f we assume that the bulk of the m
termediates was localized to the smooth muscle cells the concentranons of those
products 1n vascular muscle were nevertheless much lower than i skeletal muscle
The percentual increase i the rascular muscle contents of glucose 6-phasphate,
fructose-6-phosphate and fructose 1-6-phosphate 1 as equal to that noted for skeletal
muscle (Lundholm ¢ af 1965) This finding suggested that i smooth muscle
adrenaline stimulated a rate hmeting reaction m the carbobydrate metabolism that led
to an increased of I

n exp on skeletal muscle
adrenaline was observed to have glycogenolyic and phosphorylase actuvating effects
In vascular muscle no such effects 1 ere noted although the same method was used

The b that the } mcreased because of an mhibitory effect
further down the glycolytic chan may be ruled out since under the relevant expen
mental conditions the lactic acid production was elevated approamately threefold.

Smooth muscle appears to contam 1n addition to glycogen a precursor of lactic
acid with a concentration equivalent to about 4 gmol lactate per gram — In mesentersc
artery muscle h h showed a of about 003 gmole per g
and could scarcely have consututed the precursor of the lactate It seems therefore
probable that thus precursar 15 to be saught ether among certam polysacchandes of
low molecular weight that have previously been demonstrated i struted muscle
(Beloff Chain ¢f al 1955) or among the 1ntermediates of the pentose shunt

The y effect of on the h hosphate content of vascular
muscle was not secondary to the muscle contraction 1t persisted after addiron of
dthydroergatamine which blocked adrenaliae s contractle scton (Beviz ot of 1963)

Finanaal support for this mvesugat on was provided by the Medical Rescarch Council and
the ™at onal Heart and Lur g Asocration of Sweden B the Medeal Research, Counat an

References

Beeorr Cuaty A, R Catarzaxo E B Cracy I Mast F Poccrarr and C Rosst The
wnfluence of msulin on carbohvdrate metabol sm 10 the tsolated diapragm muscle of gormal
and allowan diabetic rats Proc o Soec B 1935 13 481— 503

Berguever H U and H Rtoresct D-Glucase § phosphate In Methoden de enzvmansch n
\ralyse (H U Bergmey r ed ) Verlag Chemie Ve nheim 1907 131133

Beve A L Lusonots E Mo Lesororst and N Vasios The ffect of adrenabn on
the metsbolisn of h gheenergy phosphate compounds n asculy smooth muscle  deta

anal _:_m{mll\:';{s -llm'-{ns o
Lk Ti a onorst Dibydrovyaceton phosphat D Frucrose 1.6-diphosphat und
D-Glicernaldebyd 3 phosphiat In A thicden. der enpematachen Analyse (pH it Berg
mever ed ) Lnslasy o, o, R W52,

Comt C.1 and G T Cors The mfluen € of epmephnne and insulin njections on hexo-
sephosphate content of muscle 7 bof Chem 1937 9f 581—591

Houorst H J  D-Glucosc-6-phosphate and D-Fru tose-6-phusphate In AMethoden der
:%)mnuthm Analse (H L Bagmeyer ed ) Ve lsg Chemic Wanteim 19624 134—

B64301S 4t phy o 4 Vel 6



114 ANDRAS BFVIZ AND ELLA MOHME LUNDHOLM

hreos E G D J Gravesand E H Tiscurr Tactors nﬂ'cclmg the actnaty of muscle phos
phorylise 6 kinase J brof Chem 1929 234 78G7—287:

heens H A and L Korwerre A survev of the znergy transformations 1 living matter
Ergebn I’Imw! 1907 49 212

Luwonowsr T and E Mowse Lusbuotss The effect of adrenaline on the glycogen metabohism
of smooth muscle feta physiol scand 1957 38 237—-254

Luxonots 1 and L Moirve Lunotionss The earbohydrate metabolism and tone of smooth
muscle Aeta [r/m'matﬂ( (hbh j 1960 76 374—388

Luvonoww L. and L Monse Luspiors Studies on the effects of drugs upon the lactic
acd metabolism and contraction of sascular smooth muscle fefa physiol seand 1962 2 55

3

Luspnoty L and L Monste Lunotiorst The effects of adrenaline and glucose on the content
of high-cnergy phosphate esters tn substrate-depleted vascular smooth muscle  feta phyniol
seand 1967 b 56 130—139

Luvoworst Loand L Monse Linonows I of and of
lacuic acid product on in cxperiments on smooth muscle under nnacmbl: conditions deta
phystol scand 1963 a 57 111—124

Lovonots L and Monye Lusoiory Contraction and glycogenelyss of smooth muscle

{cta physiol scand 1963 b 57 125179

Luspiory L and L Monve I uvonows The energetics of isometnc coptraction n vascular
smooth muscle 4cta physiol seand 1965 (in press)

Lyvonory L L Monwe Lunpnots and N Svepwyr  Effect of adeenaline on the carbo-
hydrate metabolism and high energy phosphate ds of 1solated rat diap!

Acta phystal seand 1965 (in press)

Monwe Lunptiotss E The mechanism of the relixing effect of adrenaline on smooth muscle
Acta physiol scand 1933 29 Supp! 108 1—63

Mouue Lunoiorst L The assocration between the relaxing and Jacuc acnd sumulating
effect of adrenaline 1n smooth muscle dcta phystol seand 1960 48 268—°7;

Monse 21.u~1>uom E Phosphorylase actnity of smooth muscle Acta phwwl scand 1967 54
200—208

Monvze Luvonots T Smooth muscle phosphorylase and enzymes affecung tts activity
Acta physiol scand 1963 59 74—81%

Newstotwe E A and I | RanoLe Regulation of glicose uptake by muscle Biockem J
1961 & 65,—662

Stew M W T 1 In Methods 1n l (eds § P Corov xx
and N O hapcan) Academic Press New York 1935 f 304306

SutueRLaxp E W and T W Ravt The relation of adenosine 3 5 phosphate and phos-
phorylise to the actians of catechol amines and other hormones Pharmacal Rer 1960 12
265—209

Wouamoy J R and R A keesmerc Metabolic eflects of epinephrine and related com
pounds in the perfused rat heart Fed Proc 1963 22 788




Acta physiol scand 1964 62 115-118

From the Department of Pharmacology Unwersty of Goteborg Sweden

The Tame Course of the Disappearance of
Noradrenaline and 5-Hydroxytryptamune mn the Spinal
Cord after Transection
By
Nis-Ermn Avpfn Jan Hacoenpat Tor Maswussow and Evarp RosENGREY

Receved 7 Eebruary 1964

Abstract

Anden N E J 17T M and E The 1 me course of the disappear

ance of norad enaline and S-hydroxstriplamne tn AII: :pml cord after Immrtlwn Acta ph w0l scand

1963 §> 115—118 — The rabbit spinst cord ¢ upper thoracc region

Below the Jes on the norad cnakne disappeared Attmost completely Between o hird and ses nth
day after the operatian The 5-hydroxytryptamune was depleted between the fifth and scventh
day The disappearince of these am nes was much siower than that of the noradrenaline in the
rabbit s after excision of the supenor ceny cal gangl oy There was no s gnificant ierease of
the monoarmine levels above the transecton of the spinaf cord

Transecuon of the spinal cord causes an almost complete disappearance of noradrena
line (\ \) and § hydrovytryptamune (5-HT) below the Jesion (VMagnusson and Rosen
gres 4963 Carlsson, \hmnmm and Rosengren 1963) This finding seemed 10 indicate
that there are d and 5-hydroxy nerve fibers i
the spinal cord Vwith the use of a fluorescence method for the hustochemieal demonstra
uon of catecholanunes and 5-HT Carlsson ef al (1964) have found monoaminergic
nerse tracts descending 1n the spinal cord wath the ccll bodies in the bran siem and
with the terminals mainly in the lateral but also in the antenor and pestenor horns
Thereare thus many data supporting the view that both NA and 5-HT serve a8 trans-
mutters in the central nenvous system In the present work we have studied the changes
of the levels of these amines abave and below a thoraaie transcction of the rabbst spinat

cond and the disappearance of the \ A i the rabbyt ins after excision of the supenor
ecrvical ganghon
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‘Tavre I The levels of ds and 5 hydroxytryptamine m the rabbit spital cord at
varous inter als after transcction m the upper thoracic region

Noradrenalne (glg) 5 Hydroxytryptamme (ug/g)
Days after Aborve Below Aborve Below
Controls 0081 0064 028 027
0097 6109 027 030
0108 0079 027 023
022 022
Afean 0032 0084 026 026
1 0073 0324 023 092
0059 0076
0110 0135
Mean 0081 0178
2 0077 0063 ~ -~
0070 0083
Aean 0074 0073
3 0158 0090 024 023
o117 002¢ 030 023
Mean 0138 6057 027 023
4 ons 0043 -
0108 0019
0030 0054
Mean 0085 0039
5 0904 a0z 037 032
0084 0009 033 020
“ean o144 0019 035 026
7 0284 0009 030 004
o111 0013 038 00
023 003
028 001
031 009
“ean 0198 001t 030 004
9 0183 0007 034 007
0076 0006
0130 0007
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Tapre 11 ‘The content of noradrenabine m the rabbst mdes at vanous nter-als after bilateral
excis on of the supersor cenvical ganghon

Hours after
ganglionectomy ~ Controls ¢ 8 16 2t 3 48
Noradrenalme 044 039 045 0014 000f 0009
(pg/2 inndes) 031 038
049 L824 070 0008
Mean o4l 033 04t 033 0011 oont 0009
Experimental

Adult rabhuts of both sexes weighing 23 kgwere used Under ether anesthesia the sp nal cord
was transetted m the upper thorac ¢ region by a pair of scissors afier a mdlue incis on - Post
operatively great care was taken to prevent hypothermia decub tus res dual urine and nfec
nions At various ntervals after the 1 nsection the anumal. were sacnficed The roots and me
nimnges were removed from the cord The NA contents of the cord sbove and below the les on
were determned according to Haggendal (1963) The 5 HT amounts were deternined s 1ch the
method deseribed by Bertler and Rosengren (1929) except that the tissue res due v 2 re-extract
ed once with the onginal volume of § 4 N perehlonc aad In the 5 HT experiments the am
mals were anesthetized with pentobarbtal sodium (Nembutal Abbott for y etermary use 20—30
mg/kg 1v) and bled to death { om a carotd artery at the same ume as they recened an in
fusion of oxygenated Ringer s solution at 37 C1nto an external jugular ven This procedure
«l munat d the contribution of the 5 HT of the blood platelets to the nervous tissue In the VA
expeniments the ansmals were sac ificed by air embolism

In other rabbits the supe 1of cervical ganghon and the adjacent sympathegic chain cranially
to the cla iele v ere remo ed on both s des in pentobarb tal sod um anesthesta After vartous
antervals the ammals v ere sacrificed by an Intravenous imection of ace The NA content of the
twourdes as det sm ned acco ding to Haggendal (1963)

Results and Discussion

“Thbe results of the spinal cord transection are presented in Table I There was no evident
reduction of the \A concentration below the lesion dunng the first 2 or 3 days There
after the ™ \level was dropping to almost insigmficant  alues nine davs aftes the opera
uon The reduction of the 2 HT level tn the spinal cord seemed to be a htsle different
from that of ¥4 There was no major change of the 5-HT concentration belov the
\esion dunng the first 5 days Tn the following 2 days the 5-HT scemed to disappear
rather suddenly 10 almost insigmificant values

As 15 well known manv different organs ate depleted of \ A after remo al of the gang
hion belonging to thete sympatheuc nerves (Eutler and Purkhold 1951 Goodall 1951)
“The ime course of this \ \ disappearance 1n peripheral organs 1s taster than that i the
spinal cord below a transection The N A of the rabbit s began to be depleted at about
16 hours after excision of the supenor cervical ganghon and had ompletelv d sappeared
at ™4 hours (Table I1) The ume cousse of this disappearance agrees Vv ell with that
found in the rat (brown fat tissue wemner Perbans and Sidman 167 submaxdllary
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gland Benmiloud and 1 uler 1963) Also wath the fluorescence method for histochemical
J of catechol. P y the same time course of the NA dis-
appearance sn the rat ins has been obscrved afier excrsion of the suprrior cervical gang
lion (Falck 1962) The sympathesically innervated tissues of the cat seem to demand 2.
somewhat longer time or about 36 hours to he depleted of NA {mctitaung membrane
Rarpekar Cenvoniand Turchgott 1962 hindleg muscles Sedvall 1963) Itisinteresung
that 1n all these investigations there has been a Jatency tiume before a gradual drop of
the NA level which also seemed 10 occur in the spimal cord

With the fluorescence method for hustechemical demonstration of monoamunes 1t has
been found that the fluorescence of the noradrenergic pathways and cell bodses above
a spinal transection become much more intense and that many nerve tracts will be seen
which are not wiuble i non-operated animafs (I'uxe personal communication) Some
of the present data sugsest an ncreased NA concentration above the lesion but there
are also several valucs in the normal range  The problem requires further snvestigation
Maybe the fluorescent pathways even if very mntense under the fluorescence microscope
do not contribute s ery much compared with the terminals to the total coneentration of
monoamines in the spinal cord

Thus work has been supported by grants from th an mal Insutute of Neur Iogical Discases
and Blndness (NB 013,90)) Umnted States 1ublic Health Service and from the Swedish
Aedical Research Grunal For skifful technical assstance we are indebted ) Miss Anne
Char! t1e Tl quist Miss Moniea §ncxaon and Mrs Birgicta Danielsson
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Abstract

Dablosom A K Fuxe ™ A Hillup nd T Malmbrs 4 erergic mechanzms w e pupil ary
hgh refes path \ca physiol sesad 1964 67 119124 — On the bans of the knwn #ffects
of teeerpire on the eye the presence of manaamuncryse mechanusms 1 the { aht-refies path of
the rat was studied wath the use of » fluorescence method for the localization of catechotamunics
and 3 hydroviryptamine at the celluter level Toe nuclews of Edmger Westphal — but not
the large-celled nucles of the oculomator camplex ~~ was £ und to recrve abundant nerve
fibres which show a mass ve of « primary ¢ 1 att prob nor

adseasbne There s hitle doubk that the nerves are adrenerg © synaphc termunals This adeen

€T svatem 150 11 Ny deved ped that 1s must be assumed to play an smportant rofe i the reg

ulat on of the actaty of the viscesomotor outflow 1o the eye Except this system and the adren
ergie neurons sevently discorered (Malmfars 1963) tn the reuns no  ther monoamin 1o
mechanisms have 10 fat bees detested with certamnty n the hight refles pady Abundant Sbres

fr g tedorsal motor nucleus of the vagur) and aiso thete nucles (¢ ¢ the sympathetic
lateral column of the spinat conds 5. ypta e o { li Pﬂ’ v
ous xymem are thus not eonfined to action upon i+ e parasympathetie and sympathetic syzeams.
resprcinely -~ Current siews on the central acteon of reserpine are ducussed on the basis of
the findugs

Bogdanski Sulser and Beodie (1961) hase analyzed the affects of reserpine on the eyr
They found

that the extreme miosis mduced by this drug 1s caused partsally by the block
ade of the adsenergic transmsson due to the depletion of the transmutor 1Carkson
stal 19 | from the svmpathetsc ners es of the ters but predamuinanty by a marked 1o
crease i parasympathetic acvity. This icrened actinisy was shown 1o be due at deast
pasihy 10 a mechamsm that operates independent of Lokt stemub and which was thaught
0 omprize & ~ poseibly direct — xtumulation of papsloconstnctor ventres Lvidence
\ asobtuned however that also anather mechamsm nmohed . anmcreased senst
ity to heht enhancement of the Light reflex It seems reasonable to assume that the

14
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two latter effects — like the blockade of the adrenergte transmussion -— are due to the
speaific action of reserpine on monoammergic mechamisms (¢f Carlsson 1964) There
1 good evidence that monoamunes in the central neroussystem are formed and stored in.
monoaminergic neurons (Carlson ef ol 1964 Dahlstrém and Fuxe 19%64) On the basis
of the findings made by Bogdanshi ¢f af {1961) 1t mav thus be predicted that such neu
rons are connected to both the afferent and efferent past of the hight reflex path This
has proved to be a good working hypothens Previously unknown adrenergic mechan
1sms have been found both i the retna (Malmfors 1963 Haggendal and Malmfors
1963) and 1n the nucleus of Cdinger Westphal

Material and methods
‘The cellular localization of moncanunes 1n the lov er bramn stem of about 125 adutt male albino
rats was exarimned 1 ith the help of a huistochemical fluorescence method (Falck ef of 1967
Talck 1967) as described w detul in another paper (Dahlstrom and Fuse 1964a) The effeets of
certain drugs on the monoarmines were also studied The drugsy ere admimstered intrapentone
all;

Reserpine 23 rats 1 or 10 mg/kg 8 and 24 hours

Nuatamude %5 rats 500 mgfkg 5 to § hours

Reserpine malimde 10 rats 10 and 500 mg/he respectinely Reserpine was gven It 10 19
hours prior to malamide and the 1mmals were killed 5 to 6 hours Inter

m Tyrosine 10 rats 3 doses of 400 mgfkg at intervls of 2 hours Tl ¢ ammals were kitled
2 hours after the Inst imection

@ Methyl m tyrosine 5 rats 400 mgtkg 24 hours

Results

A arrcumsenipt and fairly dense accumulation of fluorescent fibres was found to exist in
transverse sections through the mesencephalon rostral to the level of the emergence of
the ocutomotor nenve (F1g 1) The fibres werc localized 1o a nucleus with mamh small
nerve cells just below the cerchral aqueduct and dorso-medaally to the Jarge-celled oculo-
motor nucler Fhere scems Little doubt that the group of small cells constitute the nu
cleus of Edinger Westphal (¢f Valverde 1962 Zeman and Innes 1963) ™o or only a few
scattered fibres of the same type were present in the surroundings of this eell group or
in the oculomotor nucler which give nisc 1o the motor nerves of the extrinsic ¢y ¢ muscles
The observed fibres were fine and had abundant vancosities (mostly about 03 to
06 g thick) which showed an intense green to vellow green fluorescence They were
never seen to run for more than a very short distance and often yery inumately enclosed
the nerve cell bodies In fact they have exactly the sime appearance as the synaptic
nerve termnals which contain very high concentrations of noradrenaline and belon™
to adrenergic neurons 1n other parts of the central nerous system (see Carlsson ¢ al
1964 Dahlstrom and Fuxe 196%b) —The fuorescence reaction and the properiies of
the fl products were d ding to Dahl: and Tuxe (1964a) Th‘{“
results gave strong evidence for the view that the fluorescent termunals i the nucleus of
Edimger Westphal contam very high concentrations of a primary catecholamiac such as
renaline or dopamine
nor: l;m seattered ml;n nerve cells with a speaific green fluorescence of medium n;ncn
sity in therr cell bodies were present the nucleus of Edinger Westphal No findings
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Fig 1 Transsese secuon of rat Iower bram siom at the leved of the orulomotor tom
ples Wbandant fine vancoss nene term nals with it fluorescenes a < accuntulated w the
nudleus of Edinge Westphal below the cercbralaqueduct seen at the top of the igu © 100 x

were made which might suggest that the fuerescent ternunals arse from these cells,
On the contrary they argue against such a view A group of somew hat larger and more
abundant nerve cells also scartered within the pucleus showed a ven weak veliow
fluorescence or none at afl 1o untreated animals but a strong yellow fluorescencew
ammals treated with de or reserpine malasmde The & of theyr axons
& unknown but they wert nover ebseried to termunate withun the nuctes of the oculo~
motor complex — The green and yellow fluorescent nerve cells are an all probabiline
ds and 5 kydroxy neurons respeetnely {Dahlstrom and Fuxe
1964 Several groups of such neurons ate present i the lower brasm stem
o fingrescent teyminals could be obserned 8 and 24 howrs after adminstration of
toserpine Naalsmude treatment ded not change their appearance The fluorescence of
1he terminals thd not reappear when malamide was gnen to reserpmzed animals Tt
dsapp 4 fetely after ad of m tyrotne Onby a few weakls Buores.
<ont fibres perwisted after admmviravon of a meiyt m wrossne
Other parts of the vssual and hight reflex paths hase also been studhed So far no cer
tasn findings have been made which mght favour ihe view that moncammersc mech
anisms play an unportant role n other parts than the retna and the nucleus of Edmger
Westphal Since scattered nene terminaly of the adrenerqic bpe have been found 1
both corpus gentadaturs laterale and the antenor coll culus @ cannot be exchuded
howarver that neurons belonging to the swsuat svstem mn these regions may be adrener
& cally mfluenced
Several other cell graups 1 the fos e bran siem £ the doral motor nuclens of the
Aagus the wotor nuctes of the f3e:af and tngeminal nerves and p obabh aba the satna
oy nucka werefound to recene more or jess abundant nenve term nals of the adrener
gotvpe The vagal and tngrmmal nuel  alio showed many termunals of the S-hnvdroe
mypaminergie (vpe (see Caddssen 1o 1964 This will br described in detwl in another
mper
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Discussion

“The speaficity of the fi reaction the of the ph: i! 1ex
7 and the 1d of synaptic Is 1n the central
nervous system have been discussed at length in other papers (Carlsson 1 alck and Hil
larp 1962 Carlsson et ol Falck Dahlstrom and Fuxe 196tb Fuxe 1964) On the
basis of the findings in these and 1n the present study 3t may be concluded that the

fluorescent fibres in the nucleus of Edinger Westphal in all prob are

synaptic i very high of a primary catecholamine
almost certainly noradrenaline Thus group of small nerve cells receives such a wealth
of these Is that the ad g1¢ System d d must be assumed to play an

smportant role 1n the regulation of the actiity of the visceromotor outflow to the cye
including that of the pupillary constrictor fibres (¢f Alpern 1962 Lowenstein and Loe
wenfeld 1962) In contrast to this the large-celled oculomotor nucler and the other eell
groups surrounding the nucleus of Edinger Westphal have no or only few scattered
adrenergic terminals It 13 of interest that also other visceromotor nucler belonging to
hoth the sympatheue and parasympathetic system recene a MonEaNUNErgIC IMNCIVa
uon of varying ab Adrenergic and 5 hydroxy(ry neurons 1 the
Jower bram stem for instance give two very nich systems of terminals to the thoraco
lumbar sympathetic column (Carlsson ¢f a! 1964 Dahlstrom andFuxe 1964¢) Thelatter
of these scems to be an inhibitory system I he dorsal motor nucleus of the vagus also
shows ak synaptic s of the ad: gic type The findings that adrenergic
neurons g¢ not only 1o h but also to p nuclex and that
5 hydroxytryptaminergic neurons give innervation to sympathetic nucle: are of great
anterest not least with reference to the view that the adrenergic mechanisms are con
fined to the sympathetic division of both the peripheral and central autonomic nervous
system while 5 hyd Y h are Limited to the parasympathetic
system 1n the central nervous system It has recently been shown in this Jaboratory that
sympathetic and certain parasympathetic gangha as well receive adrenergie synaptic
terminals (Hamberger Norberg and Sjoquist 1963 Norberg 1964) All the direct ob
servations made so far thus contradict this view
It has not yet been possible to determine the onigin of the adrenergic system in the
nucleus of Edinger Westphal The terminals may however belong to one of the severat
groups of noradrenaline containing nerve cells found 1n the lower brain stem (Dahl
strom and Fuxe 1964a) This possibility is of special intercst since the nucleus 1s subject
to mhibitory influences ¢ g from the bram stem reticular formation (see Lowensten
and Loewenleld 1962
As stated 10 the introductory part 1t could be predicted that monoaminergic neurons
would prove to be connected to hoth the afferent and efferent part of the Iight reflex
path In agreement with (s 1t was recently discovered that a well defined layer of ad
renergic neurons in all ity working with doy, existn the
reuna (Malmfors 1063 Haggendal and Malmfors 1963) The neurons are very sensine
to reserpme and there 18 suggestive cvidence that the reserpine induced depleton of
their amines results 1n an enhanced light reflex (Malmfors 1964) No other monoarin
ergic mechamsm has so far been detected with certamnty in the visual path The mone
mechansm ble for the d pupillary ¢ tone which s
induced by reserpine but independent of hight sumuli must be focahzed wmcwhcr:;‘r:
or indirectly connected to the efferent path Since no monoaminergic synaptic termu
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seem to zast n the abary ganghon (Malmfors 1964) the extensive adrenergic system
1t the nucleus of Edinger W estphal ss the most likely candsdate The predicuion is thus
fully substansated
1t hos been argued espectally by Brodie and co-workers (Brodse and Shore 1937
Broche Spector and Share 1959) that reserpine due $o sts blocking of the monoamine
storace 15 the bramn produces an increase m free and actne amunes and that these
amuines cause the central eflacts of teserpne Or the basis of this wiew the increased
parayympathetic achvity ane g the pupiliary constrictor fibres 10 reserpunzed anumals
h bed n y action of d 5 hydrovytrypl exerted
on the central parasympathetic systern {Bogdanski et af 1961 Costa and Pscheidt 1961
Brodic and Costa 1962) Noradrenaline on the other hand 1 postulated to modulate
the coniral sympathenic system The findinew 1 the present aud previous papess do not
support these hnes of thought bowever The monoamwergic mechamsms m the hght
Tefiex path have 30 far heen found 10 be adrencrgic ant not 5 iy droeytry prasunergic
It has further been shown ~ as stated above ~~ that 3-hydroxytryptanine and nor
adrenaline in the central nervous system are pot confined o action upon the parasvm
pathenue and sympathenc systems  respectnely
The findings i the present paper and the effects of tserpne on the pupifary hight
reflex seem to be more adequately explained on the basis of the views of Carlsson and
co-workers {see Carlsson 1964) as regards the mechanism of reserpine seuon Since the
reserpine taduced depletion of nosad from the 3 nerves
leads to a Ioss of the adrenergic transosnon (Carhson ¢f of 1957) and the monoaminey
w1 the central servous systern are formed and stosed 111 nenrons which an all probabilty
are monoamnerme (see Carlsson of af 1964 Dahistromy and Fuxe 1964} ths school
thinks # reasanable to conclude that the depletion of the moncamines b reserpine 13
followed by blockade of transmmssion also in the centeal nervous system  Consequenthy
the adrenergie mechanisms detecied 1 the hght reflex path should cezse 16 functon —
and not be actvated — after admustration of reserpine. The only assumption sow
ntcewiany o obtn a logical explanation of all the chservations 1 that the adrenergic
Neuzons 1 the retna and the adrenergie termmals wm the nucleus of Edinger Westphal
consttute b a mhibitory systems It a3 well fnawn that tus nucdeus s sabgect o whib-
itorv anfluences and the exstence of an inhibitory mechars 1o the retna does not
seem usthkely 4 tramsmussion blockade of these two systems should resulis both i an
enhanced hight yefled and 10 an mmescase in the hight wdependent pupilleconstnctar
actnaty IF fhus tiew 1 correet it 1 vadenstandable why oo 5-Indroxy yptammergie
termunals cauld be detected an the persous paths examined unce it no loneer 1 peces-
3ary 10 postulate that the parassmpathene system of the eve wactn ated by free 5 bydro-
Xytptamune increassd through the acuon of reserpiae
Evidence of a more disect nature 1 obviousty needed 10 provide a mare sohd founda
sion for the view discussed abone Eris important fist of all to elueidate the refationship
between the pharmacological effects of reserpine and s action on the adrenerqic &%

L«m detected m the hyhtreflex path and to establih v hether these svsems are inh
tory

The motor nucleus of the facial nere v as found to recene many ad faerg © nene
termunals Thes s of interest since reserpune el tes 2 masked biepharospasm  \ccording
¢o Bogd, o &l (1961 the bley P 1s due to an enhanced hoht reflex 1w
fuite potsbic howerer that s blockade of an mh b sor system connected w the offerent
1art of the reflex path vould vesult 0 an ncreased mot  outflos

n tight sumulaon.
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‘The adrenergic system also 1n the nucleus of the facial nerve may thus have an mhib
tory function

For generous supplies of reserpine and nialanude we are indebted to the Swedish Ciba Stock
holm and the 5t edish Pfizer Stockholm respectively The tnvesuigation was supported by
sesearch grants from the United States Public Health Service {NB 02851-01) The Swedish
Medical Research Couneil and the knut and Alice Wallenberg Foundation

References

ArperN A Movements of the eyes Anatomucal aspects In The Eye B4 H Davson Aca
dermc Press New York 1962 3 2967

Bocpanwt D I' T Sutserand B B Broom: Comparative action of reserpine tetrab naz ne
and chie on central 3 actnity cffects on pupillary size and lac
nimation i rabbic and on sahvauon in dog F Pharmacol exp Ther 1961 137 176—187

Bropiz B B and £ Costa Some current views on bram monoamnes In Symposum Bel Air
1961 Monoamines et $ystéme nerveux central Georg 8 C S A Geneve 1967 13—49

Brooie B B and P A Suore A concept for a role of scrotonin and norepinephrine as chemucal
mediators m the bratn fnn Y ¥ fead Set 1957 6F 631642

Bropie B B S Seector and P A Swore I of drugs with hiene m the
bran Phermacol Rev 1959 11 548561

Carisson A Drugs which block the storage of 5 hydroxytryptamine and related amines Tn
Handb exp Pharmakol Ed N Yrspamer Sprnger Verlig Berln 1964 In press

Carssov A B Farck and N A Hizare Cellular localization of brain monoamines {efa
physl scand 1962 56 Suppl 196

Cartssor A B Farck h Foxeand N\ Hitrare Cellular localization of monoamunes mn
the spinal cord_dcta physial scand 1964 60 112—119

Carisson A E Rosevoren A Brrrirrand J Nitssos Lifect of reserpine on the metabolism
of catechol amines In Psichotroprc drugs Ed 5 Garatuniand v Ghettr Elsevier Publishing
Co Amsterdam 1957 363372

Costa £ and G R Pscirmmr Carrelations hetween active eyel d closure and depletion of
bram biogenic amunes by rescrpine Proc Soc exp Biol (N Y ) 1961 106 693—636

Damsiros A and h Fuxe Lustence of monoamine contan ng neurons in the central nerv
ous system 1 Demonstration of moncamines 1n the cell bodies of bram stem neurons ¢t
phostal scand 1964 a 62 Suppl 232

Danwstrow A and h Fuxe Celsular locanizatin of monoamunes n the lower bram stem
Experientia 1904b 20 398—399

Dausrron A and h Fuxe Esdence for the exsstence of monoamine containing Hewrons
1n the central nervons system 11 Experimentally induced changes m the intrancuronal
amne levels Acta physiol seand 1964 (m press)

Fatck B Observations on the possib lities of the cellular localization of mono mines by 2
fluorescence method Acta physial scand 1962 56 Suppl 197

Farck B N A Hittare G Tieszand A Tose Fluorescence of catocholamines and related

. wath dehyde 7 Hi tockem Gylockem 1962 10 348 —35¢

Fuxe h Evidence for the eustence of monoamine contaimsng newrons in th central neryous
system I11 D of termunals i the bramstem Z Zell
forsch 1964 (in press,

Hamercer B R A Nornero and F Sjogist Evidence for adrenergc nerve termun 1 and
synapses 1n sympathetic ganglia Int J Meuropharm 1963 2 000--001

Hacorxpar, ] and T Matsrors Evidence of doparmine contaiming neurons in
rabbuts Acta phystal scand 1963 59 295—-296

Jowenstzy O and I B LoewewrEip The pupil In The Eje Ed H Davson Ac demt
Press New York 1962 3 zg|-z7o N . e 1n the retn of ras

of adrenerg ¢ neurons with synaptic term nals 1
Massrors T Tuidence of adrenerg ¢ o e te byl seand 1063 53 99100

the ret na of

with fi
zs T To be publ 196%
i‘\l;i:::g A Adrenergic immervation of the intestinal wall studied by fluorescence micros

Aeuropharm 1964 In press
vfﬁf%miwrj Reunﬁar formation of the albmo rat s bram stem cytoarchutecture and cortical

rol 1962 129 25—51
7 C::.‘:elc\u::d]]é”?q IAN:M!: Craig ¢ sneuroanatomy of the rat Academ cPress NewYork 1963
2



Acta physiol scand 1964 62 125136

From the Iratitute of Physiology Uninerty of Lund Sweden

Identification of a Spimocerebellar Tract Activated
from Forelimb Afferents in the Cat
By
O Oscarssoy and N Uppenwpere
Reeawved 17 February 1964

Abstract

Oscarsson O snd N Uddenberg Nent f aton fa panocer b lar ract act vated ff om fo lomd [
Jorents n the eal Acta physio} scand 1964 67 125136 ~— A sp nioterebeiiar trace actnated
§ om rpsitaeral fore} mb nerves hias been identifed by anudrome actvacon from the ferebed
far coriex. Ths tract has been denoted the rastral spinocerebellar tracs (RSCT  fr ongmares
o cell bodies at or shghtly above the level of the dorsal roon supplyung exctation The
RSCT azcends m the mddle thied of the Jatesat fumculus where st has a more vant al pusitan
than the vemeral sp noce ebellar wact (VSCT) wh ch 1t partly pverlaps Abour two durds of
the RSCT enter <e eheltum together with the VSCT 1 zough the brachuum conunct vum
About one th rd of the RSCT shifis dorsally becornes conpguous to the dorsat ep mocerebeliar
1raet (DSCT) and enters cerebetiorn through the rest form body The RSCT ternunates mat
ly 1 e otey of lobe but some fbses 3o branches also 10 the py amms 2nd the s laveral
pavamedian Jobufe In e anter or lobe 1 e RSCT termunatey in bilatersl zones cons st ng of
& medua! sinp of the mtermediate cortex and a lateral stap of the vermal cortex The termina
tom s wore wnteme ipulaeraliy and the fibres reach equally often the hadimb  as the
fo emb area  — The RSCT recewves monosysaplic xc tatin fromm h gh threshold group 1
smasele afferencs and pelysynapuc exciation from the fexor reflex afierenty The fan wanal

organ ation and the characterst ¢ cezebellar tesm nation suggewt that the RSCT 15 2 forel mb
equisalent of the \SCT

The anatomy and the functional orgamzataen of the dorsal and semval spinocercbeliar
tracss {DSCT and \ SGT) are known i copssderable detad Lundberg and Oscarsson
1960 1967 Grans 196 b) Both these tracts form ard information § om the b ndhmba
but not from the forelinhs (Geant 1967b Holmgy st Oscarssan and L ddenbers, 136320

Informiation from the forehmbs + ould be repected to reach ¢ rebeBum th o gh path

ways funetonally smifar to the DACT and VSCT Recent anat mwal and electro-

22 o have & 4 that she suneore thell T wract s 3 fore

ent of the DSCT (Grane 1922 Holmgys Oscarssor a1d Rosén 1963}

The present paper desenbes a spuacseeticllar tract  hich appears to be a forelumb
equnalent of the VSCT

fimb equural
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Group I muscle afferents i hindlimb nerves activate the DSCT and VSCT but pre
sumably no other ascending tracts (Lundberg and Oscarsson 1960 1962) On the other
hand group I afferents in forelimb ncrves activate only one ascending sprnal tract This
tract differs from the DSCT 1n ansing from cell bodies rostral to Clarke s column and
m having a refatively ventral position 1n the cord 1t differs from the VSCT in being
uncrossed {(Holmquist et ol 19632)

This investigation 13 concerned with the course and termination of the group T ac
tivated forelmb tract It will be d d that ths tract 1n the cereb llar
cortex and hence constitutes a spinocerebellar tract This tract will be denoted the rostral
spinocercbellar tract (RSCT) as 1t 1s dunnet from the DSCT and VSCT and ongmates
from cell bodies n the rostral part of the cord The connections to RSCT neurones
made by group I muscle afferents and flexor reflex afferents will be reported i a forth
coming paper Some of the findings hv e been described 1n a preliminary report (Osears
son 1964)

Methods

[he expeniments were done on cats usually simmobiized with gallamme and artficially ven
tilated The body temperature was hept between 36 and 385 C The blood pressure was con
unually recorded and prevented from falling brlow 80 to 80 mm Hg

a Antdrome wentification The amimals were unanaesthetized and decerebrated Fibres be
longing to the spimocerebellar tracts + ere identified by anudromic activation from the cerebel
lar cortex as described by I undberg and Oscarsson (1960) The following n rves in the Jeft
forclimb were dissected and mounted for sumulation the nerve to th ¢ long head of tnceps the
nerve to biceps the median the deep radial and the superficial radial nerve The left dorso
lateral surface of the cord was cxposed through a small opening i the candal part of the lamuna
of the second cervical vetebra  The dura was 57! tand the cord ightly pressed agaumst the rool’
of the spinal canal by pellets of gel foara wnserted beneath the cord outside the dura This
p d and y allowing stable recording from fibres in the
lateral fumcutus v ith capillary mucroelectrodes The afferent volleys were recorded triphasically
from the dorsal funicutus at the same sepmental level (C3) The medial part of the cerebel
lum was exposed from the nfertor cothcult to the obex and covered with warm mmeral oil
The exposed area included the vermus the left and sometimes also the right paramedian lobule
and medual parts of the hem spheres Square pulses with a duration of 0 2 msec were used for
sumulation of the cerebellar cortex A movable silver ball electrode (cathode) was used for
scanning the cortex and the indbfferent electrode vas i the temporal muscle

b Localt ahon in spinal cord and peduncles The amumals were under pentobarb tone anaesth esia
The following nerves were prepared for bt the and gastroc
nemius soleus nerves in the hindhimbs as well as t} e deep radial nerve and the nerve to the
long head of triceps 1n the forelmbs The two muscle nerves in each hmb were smulated i
combination in order to produ ¢ large discharges i the ascending trcts The afferent volleys
were recorded from the dorsal roots tn the lumbar region and from the dorsal funiculus at the
Jevel of the third cervical segment }

The location of ascending tracts in the spinal cord was determned by recording from fascicles
of the cord dissected at the C3 level as described by Holmquist and Oscarsson (1963) e
location 1 the cerebellar peduncles was 1avest gated 1n decercbrate preparations after sucking
away cerebellum The dorsal funiculus was alwavs transccted at €3 1n order to abol sh the dis
charge 1n the cuneocercbellar tract (Holmgwst etal 1963b) The brachium CDI\]II“C“V“T
was explored by tracking w th a needle-clectrode mounted 1n a Horsley Clarke mstru:r:cz’ d
The sntfferent clectrode was m the temporsl muscle The resuform body was propared for
recording as described by Holmquist et al (1963b) 1t was diss cted free from undcr(ylms e
a3 far down 2 to the level of the eghth cranial nerve and mounted on record ngd: :;" pol
§estons made 1 the restiform body were controlied 1n senial sections preparcd with the freez
techmque after fixation 1 10 per cent formal o

Tostateral and contralateral refer to the side of the ascending avons
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Fg 1 Reoo ding fram RSCT trut {upper trace) and from dorsal funiculus (lower trace) at
€3 on st mulaton of the deep radial nerve {(A~C} ut siengths 1ndicated in saaluples of the
nerve threshold D—F show ant dromic potentrals evoked from the low shreshold focs ap-
praprately masked out on the dagram {G) which refers to ewmen of the antenor cerebellar
lobe {¢f Fig 2) Diag am H shows and yecording The records are
formed by superposed tesces Time marker mset.

Results

1 Aandromuc dentification
Ascending fibres were recorded fram . the lateral fumculus at the level of the tued
cervcal segment In six expenments 81 fibres were encountered that could be acuvated
antidroaucally from the cevebellar cortex

1} Thartv-eight fibres were acusated from spsilateral forelumb nenves and classified
as RSCT unsts They occurred in the middle thad of she laveral funeutus

2} Tharty five V SCT fibres were wdentified by thete sahibitory and exatatory recep-
e ficdds which meclude both hindlimbs {Osearsson 1927 Lundberg and Oscarsson
1962) They occurred interraungled wath the RSCT fbres and abso shightly more dorsal
b}

}4

3) Eight DSCT fibres weve wdenufied by therr ipsilateral hundlimb fields (Lundberg
and Oscassson 1960} They were found in the dorsomedral part of the lateral funuculus
This part was usually avoided as 1t did nat contasn any RSCT or VSCT fibres The
DSCT fibres ternunated 1 the ntermediate zone of the antenor cerebellar Jobe as
descnibed previously (Lundberg and Oscarsson 1960)

4 Types of RSCT umts ercuntered

Erghteen RSCT units were monosymaptically actated fram group ¥ muscle afferents
mpsitateral forchimb nen cx and will be denoted A RSCT units These units recened
almost always weak polysynapuc evatation from the flexor reflex afferents (FRA
& atancous afferenzs and group I and 111 muscle afferents) For example the umt
dHustrated s Fig 3 was monasynapueally actvared from grovp T muscle afferents s
the deep radsal nesve {4 B) and recened addianal excitation from group 1¥ afferents
s the same nene (C)

Qab, polysynaphc exentation from the FRA was obsersed 1 the remaimoe 2D units
which will be denoted B-RSCT wruts Presamably these units received monosvpapue
excuation from group I allersats d venes The aress of
A RSCT and B-RSCT unsus are shown on separate diagram. n Fig 2 (Band € The
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Tig 2 Termmauon of the left RSCT and V SCT as indicated by the low threshold foci for antt
dromuc activation of individual axons The diagrams refer to culmen of the antenior crrebellar
Jobe Lars 1l lobules IV and V and the commonly oceurring sulc are mdicated by honzontal
lines The curved Line shows the border o the unexposed rosteal part of the antenior lobe The
wnterrupted e mdicates the border between the hindlimb (rostral) and forslimb area The
vermus an | intermediate cortices are separated by vert: al lnes A termination of 38 RS
unus Band G termination of the 18 A RSCT and 70 B RSCT uruts shown tn separate duagrams
D termamation of 31 VSCT units E terminatson of the 13 \ SCT units with mulniple antdromic
focs_ Tnterconnected points mdicate focr belonging to the same wnit (B C and E) The few
RSCT and VSCT units actvated also from the pasterior vermss or left paramediin Tobul
are indicated by open and double contoured circles in B C and I

two groups of RSCT units were similar wath respect to location 1n the cord cerchellar
and d and latencies

Twenty units were found 1n the lateral fumculus that could be mono-ynapticall
activated from group I muscle afferents 1n 1psilateral forclimb nerves Only two of
these units could not be antidromucally activated from the exposed part of the cerebellar
cortex Presumably these neurones terminated in the unexposcd rostral part of the an
teror lobe (see below) These obs rvations suggest that all ascending fibres zcma}lltd
from group I musrle afferents m ipsilateral forelinb nerves terminate i the cerebe! ﬂ;
cortex  The situation 15 similar to that encountered 1n connection with the tract ul;!
actwvated from group I muscle afferents in hindlimb nerves which presumably all be
long ether to DSCT or VSCT (Lundberg and Oscarsson 1960 1962)
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Turthermore a companson of the data from the 1psilateral and contralateral side and
from the forelimb and hindlimb area indicates that the mode of termsnation 1s stnufar
1n these various cortical regions The spread of thresholds from ¢ 3 to 3 0 volts (Fie 3)
13 to be expected because of the deeply folded cerebellar cortex Though the foci of low

threshold antidromuc activation da nat gne more than a rough indscation of the ter

munatton sites of the mdividual fibres they can be assumed to give a reasanably good
indication of the general extent of the termination arcas of the RSCT Thus 1s suggested
by the good agreement between the tcrmination areas of the DSCT and VSCT as
determined by the antidromic method (Lundberg and Oscarsson 1960 1967 this in

vestigation) and by degencration studies (Grant 1962b)

The latencies of the antid spikes vaned considerably (Fig 4 left h
suggesung a wide range of conduction velocites The spikes evoked in the same unit
from duifferent cortical areas usually had different latencies The RSCT unit in I'ng 1
was antidromically actvated from one ipsilateral and one contralateral point (D E)
In thus umt the spike evoked from the contralateral termiation site had a tonger la
tency than the sprke evoked from the ipsilateral site In some other RSCT units the
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Fg 5 Vass discharges 1n RSCT DSCT and \ SCT recarded from the ccrebeliar peduncles
and the lateral funiculus of the cord Ipsilateral and contralateral musele nerves i the forel mb
{deep radial nerve + nene to long head of tnceps) and b ndl mb (hamsts ng nenve — nerve
to triceps surac)  ere snmutated at a strength st ghily supramaximal for group ! afferents The
sngo ng volleys { om the two nerves n each mb were synch onized and recorded monophas cat

by from the cod of the wransccted dorsal fun culis 3¢ C3 A B and trphaswcally from o e dacal
¥oots at a Iow tumb ¢ Jevel (C D) The discharges evoked by these vollevs are shown in the
corresponding lower records E—H record ng with a nedle electrode mserted 1n the darso-
Iateral surface layer of the brachim conjunctivum I—L, recording from the restform body
d ssected as descr bed bv Holmgvist ctal (1963b) M—F subsequent record ng from lateral
funicutus dissected at the C3 fevel Dots ma k sbmulus artefacts Time marker msec

reverse © as found Several RSCT units could be antdromically actnated from the
ipsifateral rostral comner of the exposed part of the antenor lobe (Fig ! pomt 3

record F) This s close to the brachum conjunctivum and the fibres were presumably
stimulated where they pass across the peduncle before entenng cerebellum The VSCT
units could more often be actnated from the same site which refates to the fact that all
the \ SCT fibres enter cerebellum through the brachium conjunctivum but only some
of the RSCT fibres (sec beloy ) The latencies of the anudromic spikes cvohed from the
rostral comer were 05 to 09 msec for the RSCT and 07 to 1 I msec for the \SCT
uruts (Fig 4 nght histograms) The time of conduction along the intracerebellar course
of the fibres s as calculated by subtracting the abos e values from those obtained on antt

dromic actnation from the cortex The conduction times thus obtained were 0 45—
135 (12 cases mean 0 83) for the RSCT and 0 20—1 30 msec (29 cases mean 0 63)
for the \ SCT fibres The latency on cortical sumulation usually decreased only lttle
when the strength was increased from shghtly supraliminal to 2—3 times threshold

suggesting that the slov conduction was not limited to a short termtnal part of the
fbres

? Locat on of RSCT 1n the cerebellar peduncles
Volleys in group I muscle afferents esoke large mass discharges 1n the spinocerebetlar
tracts from ipslatersl forchmb nerves i the RSCT from contealateral hundlimb

nenves in the A SCT and from 1ps lateral hand]l mb nerves i the DSCT These dis-
charges were wsed for tracng the tracts in the cord and cer bellsr peduncles The
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Fig 6 Locauon of RSCT and DSCT fibres m the resuform bods Sumulstion of spslatera! and
conmalateral muscle per s 1n the forelmb (deep radial nene — sene tolong head of trceps)
and kindlmb (hamstrmg nerve — perve 1o tnoeps surzel 3t a strength slightly supramanimal
for group 1 affcrents. Recordmg from disseried rosuform bods (upper traces) and recurdog
of wmgomg voleys (dower traces) as described m Fig 2 A—D obtamed before and E—H
after the lesion (black 1 di~ram made 0.2 cm rostral 1o the obex. Time marker msec

dorsal fumculus was transected at the C3 level 1n order 10 abolish the discharge w the
cuneocertbellar tract which enters cerebellum through the restiform body (o Holm
qvist et a! 1963b) In the expernment of Fig 5 recording was successn ely m.de from
the brachium conjuncinum (E—H1 the restform bodv (L) and the lateral fumc
ulus a1 C3 \—P In the peduncles thr \SCT discharge was led exclusively from
the brachwm conyunctvum H L) and the DSCT discharge exclusneh from the
rostform bods G K On the other hand the RSCT discharge was large both 1n the
brachium comunctvum (E znd 1 the resuform body (1

Sumilar observanons were made m the other experyments of this type The VSCT
reached cerebellum throuch the brachiim consunctivum and the DSCT through the
resuform body 1n zccordance with clasical conceps At most a fow per cent of the
fibres maght have taken 2 deviaunz course throuh the other peduncle Judgmng from
our five 1 which ding was made Iy app 1y two
thurds of the RSCT enter cerebellum throush the brachiam conjuncuvum and one
third throurh the restform bods \o potentials attmbutable to the spinocerchellar
tracts were observed 1 the b ponus  three exp!

Trackimg with a needle elertrode i brachmm conjunctrvum showed that the RSCT
and \ SCT discharges were opumally recorded from the dorsolateral surface laver of
the pedunele and decreased tozether wath displacement of the electrode Tts conciuded
tbat part of the RSCT accompanies the \ SCT through the brachmum conjuncuvum 10
the cercbellum.

“The location of the RSCT fibres m the resuform body was studied 1n experuments
wath secordims from that structure dissected rostral 1o the exghth cramal nenve a3 d::l
scribed by Holmquast eral 19655 The RSCT and DSCT discharges were record
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Fig 7D sthargu recorded at the third cervical scgment from tracts act: ated by sumulation
of psilateral and contralacral muscle nerves i the fore) mb (deep radial nerve — nene 1o
long head of tr ceps) and hindlimb (hamstring nerve - nerve to trceps surae) The sumulus
strength was sl ghtlv supramaximal for group I afferents The records were obtained from the
d ssected fascicles s—1v as ndicated The lower traces m A—D show the ingo ng volleys re
corded as described 1n F

g 5 The discharge i record \ was cvoked by impulses o group 11
afferents Dots mark sumulus artefacts. Tyme marker msec

before and after lesions made in the restiform body 2—3 mlfimetres rostral to the obex
(fne expeniments) A large DSCT discharge was recorded in the expenment of Fio 6
(C) tocether with a moderately large RSCT discharge (A} A lesion in the dorsal part
of the revtiform body (black 1n diagram) reduced the resting activaty as indicated by
a thunner base line (E~—¥) and almost completely abolished the DSCT and RSCT
discharges (E G) Itis concluded that the portion of the RSCT that reaches cerebetlum
through the restiform body and the DSCT are contiguous already atalov bulbartevel
There was some evidence that the RSCT fibres extended further ventrally than the
DSCT fibres (e g Fig 6) but even a superficial lesion in the dorsal part of the restiform
body produced a marked reduction of the RSCT as well as of the DSCT discharg

3 Location of RSCT tn the sp nal cord

Previous expenments sugrested that the RSCT ascends 10 the muddle thurd of the
lateral funiculus scparate from the DSCT and pantly overlapping the 1 SCT Holm
qwist ¢ a! 1963a) The observation that the RSCT at the pedunclar level 1s disided
into one part contiguous to the VSCT and one part connguous to the DSCT rased
the question whether any trace of this subdivision could be demanstrated in the spinal
cord We have therefore repeated the previous experiments with recording f om fascicles
dussected at the level of the third cervical segment

tn Fix 7 four fascicles '1-—1v) were dussected as indicated on the d agram The DSCT
discharee wax recorded excluuvely from the dorsal fasciel 1) The \SCT discharge
was large in fasacle fu) and ey smallin fasacle ) whereas the RSCT discharge
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Fig 8 The spinal cord sectors contaiming DSCT (honzontal hatching)
\SCT (suppl~d) and RSCT (vert cal hatching) at the level of ¢ ¢ third
cervical segment,

was approximately equally large in fascrcles (u; and () “o discharge evoked from
group 1 muscle afferents was recorded in the ventral fascicle ()

The results from the six experiments made during the present i estigation together
with those reported previously (Holmguist e7al 1963a) demonstrate that the DSCT
VSCT and RSCT occupy approximately the sectors shown m Fig 8 The RSCT
overlaps the \SCT to a larger extent than assumed before (Holmgyist ef ol 1963a)
but there 13 2 small arca brtween the DSCT and RSCT which only contains \ SCT
fibres 1t 1s concluded that part of the RSCT during ats further ascent 1n the cord and
medulla oblongata separates from the rest shifts domsally and yoins the DSCT fibres
10 enter the resuform body

4 Conduction velocuty of RSCT fibres
The latency drfference of the discharges recorded at the level of the peduncles and ap-
proumately 4 0 em more caudally at the C3 level was used for calculaung the <onduc
tion selocity of the fastest fibres in the tracts The mean values from five expenments
were 93 105 and 82 m sec for RSCT \SCT and DSCT respectisely The antidromic
potentials evoked e RSCT fibres by sumulation at the brachtem conjunctnum had
latrncies of 6 5—09 msec (Fig 4) VWithout correction for utilization nme or electrical
spread of sumulus these 1 alues would correspond to conduction yelocities of 90—30 m'
sec The values are approumate because of the short conduction distance but permmt
the conclusion that the RSCT fibres conduct at elocities comparable to those 1 tbe
DSCT and N\ SCT

These obsery ations suzgest thiat the RSCT firesha v large diameters ke the fibrosin DSCT
206 \SCT The total numtsr of fibres 15 presumatly of the same order in RSCT nd A SCT
The mass discharge of these tw tracts had usually 2 s mil £ 1ze when recorded from ke dis-

sected laseral funiculus (F » » M—P, Furthermore RSCT and \SCT hase a comparable
m with regard to act frm eroup 1 afferents (Oscarsson 195+ 2nd were

our expenments acu ated from nerves of s m Lar sre

Discussion

A sostral spnocerebeliar tract distnct from the pressously known donsal and \muj
spimocerebellar tracts must now be recogmzed Thas tract 15 actisated from ipuslaters
forclunb nerses and ongmates from cell bodses at, or s tly above the level of ibr
dorsal roots suppl - {Holmeuist et al 1963a) The RSCT ascends 1t
th~ smddle third of the lateral funiculus separated from the DSCT and pardy 0‘;’:
lapping the ¥ SCT Abaut two thrds of the RSCT enter cerebellum together with
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VSCT through the brach The part of the RSCT shifts
dorsally becomes contiguous to the DSCT, and enters cerebellum through the restu
form bodv The RSCT termimates marly in the anterior Iobe but some fibres send
branches also to the pyranus and the ipsilateral paramedian lobule
Why s 2 major tract hike RSCT comparable m size wath the dorsal and ventral
bellar tracts d untl now* The explananon hes 1n the
d;lﬁm!ty of separating RSCT anatonucally from the DSCT and VSCT I the spinal
cord the RSCT ascends mtermungled with the VSCT However, 1 1ts rostral course
the tract diides into one part that reaches cerebellum together with the VSCT and
another part that reaches cerebellum together with the DSCT Furthermore the RSCT
termunates not only m the somatotopically appropnate forehmb area but also to an
approvumately equal extent 1n the hindlimb area This explans why the exastence of 2
spimocerebellar tract related to the forelimb was uuscd by Grant (1962b) i hus thorough

of the d m ce 11 3)

Tesions in the spmocerebellar
tracts
Besides th DSCT and Y SCT some previous authers have desenbed a third tract connecting
the sp nal cord with the erebellum (Pellzzt 1835 Beck 1327 Anderson 19431 Ths tract
the intermeduate spinocerebellar tr ¢t 1s however not rdentical with the RSCT The nter
med ate tract 1s not related speafically to the rostral part of the cord and has vaniously been
described as reaching cersbellum through the bra hium portis {Pells 21 1895) the rest form
body (B ck 1927) and the brachium conjunctivim (Anderson 1913) Busch (1%1) described
a group of ntermed ate spwocerebellar fibres wh ch denve from the cervical enlargement
and occupy an area between the DSCT and VSCT at low bufba levels Most of these ster
n ed ate fibres move anto the rest form bodv at mo ¢ rostral Jevels than the DSCT They arc
presumably identecal with some of the RSCT fibres that enter cerebelium th ough the restiform
bods though 1t should be recalled that m.st of hese fibres have Jomed the DSCT already at
a Jevel 2 mm rostral to the obex (Fig 6)

The RSCT can be regarded as a forelimb equ: alent of the | SCT as will be elabora
ted 1n a forthcoming paper on the functional organization of the tract Both RSCT
and \ SCT are monosvnaptically actnated from high threshold group I afferents
presumably identical with tendon organ afferents (Holmqvist et of 1963a) Indradual
neurones in both tracts rectie of from svnergic
muscle groups at diffesent jomts suggesting that the tracts forward mformation con
cerning stages of movement or position of the whole imb rather than information con
cerming changes of tension 1n indwvidual muscles (Oscarsson 1960 1964 Eccles Hub-
bard and Osca 1961) Furth the of the RSCT m the cerebellar
cortex 1s siomlar to that of the VSCT but charactenstically different from the termina
uan of the DSCT and the cuncocerebellar tract (Lundberg and Oscarsson 1960 1967
Grant 196”2 b) However stshould be observed that the RSCT differs from the \ SCT
nat only anatomically but alse n some respects functionally For example n the
RSCT polysynaptic effects from the flexor reflex afferents are weak and e<cxtatons
rather than predommantly wnhibitory as in the \ SCT

This work was suppe rted by a grant from the Swedish Med cal Research Coun 1 T chn cal
asastan © s kven b Mr A Jonsson and \liss ULl Persson
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Utenne Motihty of the Estrogemized Rabbit
I R

P to Hyp: tric and Splanchnic Nerve Stimulation
By
JOHANNES SETEXLEIV

Rece ved 19 February 1964

Abstract

Seteklew J Ulerene motdity of the est og 1 ed r b5 ¢t I Resp nse to kypogast 1c and splanchnt nere
stmulaton \ ta phvsiol scand 1964 6 137149 — The ampl tude of the uterine contrac
tion €l cited by a few seconds stmulation of the hypog_stne nerve d prnds on (1) the sumulus

equency the contraction be ng maximal at 30 to 50 cps (2) the excitability of the myo-
metrum being increased 1n a period from 20 to 60 sec followsng a preced ng tmulus and (3}
the degree of uterine distens on Whe ¢as timulation for a few seconds el cits a s ngle contrac
1 n polonged st mul tion {for several m nutes) at low frequencies (5—10 cps) ¢ okesaseries
of rhythmic contract ons Prolonged stumulation at frequencies sbove 10 ¢ps causes in add tion
a transient elevat on of the min mum pressure I+ admusustrat on of corame does not poten
#iate the rexponse o hypogastne nerve st mulation whereas potentiation by cocaine 13 obtained
when the agent arc applied intra ut rnely This effect as well as th e response to adrenergic
Block ng agents ind cate the presence of adrenergic fibres n the hypogastnc nerve sepplyag
the myomet wm Evidence for cholin rgic Rbres to uterus 1n the hypogastric nerve was not
obta ned ‘The utenne response to splanchn ¢ perve sumulation d fers £ om the response to
hypogastric nerv e st mulat on by a longer latency and by a more gradual onset

Elecineal ! of the hyp nene n d rabbits elrcits a contrac
tion of the myometrum . usually followed by inhibition of the  spontancous  rhy thmic
actwity {Langley and Anderson 189> Cushny 1906 Rudolph and Ivy 1930 Scho-
field 190" These expeniments were performed either s+ sth the sotonic recordmng tech
mque or the vesponse wasstudied merely by mnspecuion Hov ever the isotome recording
techmgue has been shown to be 2 less reliable measure of myometnal contractions
than 1s the 1sometnic method (Csapo 1954 Seteklev 1964 a) In any study vhich at
tempts a quantitate analyss of the response such as for instance a determ navon of
the optimum stunutus frequency  the sometnic method should be used The clore w
the present study  the utenne response to hypogastnic nerve sumulation at sarious
frequencics has been re imvestigated using 1sometric recording i zic
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In previous studies the sumulus has been applied for a few seconds only During the
present experiments 1t was disclosed that prolonged stimulation (several min) resulted
m cven more pronounced difference 1n the uterine response to vanous frequencics
Further the utenne response 1o hypogastric nerve stimulation was found to be con
ditioned by a preceding pertod of stimulation and finally to depend upon the degree
of distension

‘The nature of the transmutter released from hypogastnic nerve fibres supplying the
uterus has been a matter of dispute The similanty between the uterine response o
hypogastnc nerve andtos v of adrenalinc or drenal
has been taken as evidence that this nerve contamns adrenergic fibres (Dale 1906
Cushny 1906 Schofield 1952 Cross 1958) Furthermore adrencrgic blocking agents
abolish the nerve mediated response (Schofield 1922) However potentiation of the
response by cocaine has not been demonstrated m tno (Labate 1941 Schofield 1952)
and atropme 1n lJarge doses has been shown to depress the response to hypogastric
nene sumulation (Reynolds and Foster 1941 Labate and Shechan 1943) It has been
argued that this atropine depression may be due to a direct < ffect on the myometrum
smce st has not been posstble to increase the respanse by choltnergic potentiating agents
m tio (Schofield 1952) However in the 1solated rabbit hypogastnic nerve -— uterus
preparation Varagic (1955) observed potentiation of the response to hypogastne nene
stimulation by eserine as well as by cocaine and depression of the response by atropine
1n low He concluded that the hyp nerve containy both adren
ergic and cholinergic excitatory fibres The effects of some autonomic arents were ¢
mvestigated in the present study using the 1sometric recording method

The uterine response to hypogastric nerve sumulation and to adrenergic transmit
ters indicates that the myometrium may be under the influence of the sympathico
adrenal system It 13 of tmportance when activating this system ether reflexly oc by
stimulation of central nervous structures to separate the direct nervous influence through

the hypogastric nerve and the hormonal discharge of the adrenal medulta With the
h hnic nenve

purpose of studying these difTe the resy to hypogastric and spl
stumulation respectively has been compared

Material and methods

The results are b sed on data gamed from a total of twenty nine rabb ts (weight ? 3—4 1 hg}
The animals were ovariectarmized and treat d wth dictv! tilbestrol {0 5 mg every second d ¥)
for at least one week before the experiment

The aperatie procedures and the technique u ed f v wsotonic and 1 ometrse ¥ cord - of 1) ¢ uterine
contractions have been described clsewher (betekles 1964 a)

Anesthesia 'The eabbats were anestheuzed with a 1 per cent solut en of hlsral se (40 mgyke)
and a 2o per cent solution of urethane (200 mg/kg) one half given 1 v and the rest1 m

Stimulation of the hypogastric and spla hnic nevies The hypogastric nerve was scrutimized on the
aorta above the bifarcation by lifting the uterus and the rectum The nerve was sectioned Just
above the aortc bifurcation The splanchnic nerves on the left s de vere sectioned just beacath
ihe draphragm through a mid] ne mess an ext nd ng as high up as to the processus mpholdsh
In some cases the left splanchnic nerves wer react ed by a retropenitoncal appreach throusg!
an about o cm snciston n the flank The peripheral end of the ncrve to be sumulated way 1hrea:
through a polycthylen tube with two circular silver _lecirodes embedded on s waner wal,
abouat 5 mm apart_The nerve was tied to the proxmal nd of the tube which was fille stk
neral ail at 39 € Lor electrical sumufation sq tare  ave pulses of [ mscc durats 1 \;ﬂd
wsuatly dehvered The sumulus could be vanied with regard to pul e duration ntentity
Jrequencs Supramavimal miensitics were al vavs employed
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Fig } Lienne response to electncal stmutat on of the hypogaste nene ar Frequenc es 1313108
from 5 10 300 cps for Ssec £ \ 1 msec) Tometnic r cording (Exp 148)
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Fig 2 Du atonof th ater ne sesponse { ontra tion ~ nhstutory perad €2 bnpogastne ner ¢
supubiuen ataTows Saamal resprive st 30 ps 15\ 1 msec
t¥sp 48

Ysoton ¢ recording
Results

I Stmud i of the By g gastric ver ¢

When the uterus had regataed is actvaty after the operanon as sndicated by the gres

ence «f stable vhythmic of the nene eheted 3

contsarhon the latency of \«hxch was wsually between 3 and 4 sec with vananons
fromn 3 0 & sec The followimg abservanony are based on data 1n 1 ean two anumals

a ‘umgiatien frequency

Shoet tast 2g cmatation The myometrial response 10 a fm sec sumulauon of the Fapo-
Kastne aesve conusted of 3 zonteactdn foliowed by a decrease or an abse e of the
thythaue act 1y When sumulanng with a constans voltage supramaamal  frequenct
3 eps and pulse duration 1 msec and wereasing penods of waudation HOptimal
response » ere gbtained 3t sumulation pends of shour 4 sec

big 1 lustrates the wienn  response 1o s pogasire ner © st Didst T at increds o,
f cquencies 3300 cpt for 5 sec  Mawmum sesponse a5 1 th ase obtained at
Trequentics abose 40 ops fu other anmals mavin wm respomses pte tra bed at fre
quencies between 103nd 50 ¢ps At stumulation frequen ws abore 100¢;  the amntstude
@rereases When agan sumufated at opumum § g on 40 ps 3 wrealer  atae
tan was choed The amphtude howeser doss 3 (5o bt peal poessiee of the

former rortraction at she same frequency sngets an esha o onof the preparation
3 ¢ repested sum daten
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Tig 3 Uterme sespomse 1o vanous fi by of the b

nerve A frequency of 5 eps et cits esther a series of contractions { §; or m addiion an increase
s mumimum pressure (5) The latter w always seen after 40 eps ({—D) Elevation of blxod
;l,;?sm dusing stimulan n (Band D) 1 Exp 110 B Exp 139 C xp {15 and D Esp

b o
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i 10 1 <0 30
Fiz 4 Potcouavon of the uterime resportse 3 hypagasts ¢ serve stimulatdn for 3 yee every
35 0 30 42and 60 scc respectively (3 30eps § msec (Eap 314,

Ssmuslar results were obianed wath the ssotonse recording trchmque when the durs
tron of the response was taken as a measure of the effect In the experiments dllusceated
w Fig 2 the amphitude of the contractions was maximal at frequencees from 20 to 50
cps Hose er of the total duration of the contrachion plus the followmg inhibitory
period 15 considered this was found 1o sary with the frequency of stimulation maximat
duration being recorded at & freguency of 30 cps

Protanged stemplation Supalatian at ! cps for sevéral mun usually gave no effect but
sometimes a shght elevation of the mira utestae pressure was encountered 1 ugers with
weak rhythmuc zctivity On the other hand m uters wi f v1g0rous spontaneous <o
tractrons a shght decrease m amphitude of the chythmuc acuvity ensued

“The response 1o stimulation at 5 cps usually consusted of a sertes of contractions with
a rather constant amplitude and Irequency and with na or only 2 shight elevation of
the mummunm pressure (Fig 3 A and B) In some ammals stmulation at % cps resulted
12 an il strong contraction fullowed by a serres of smaller contractions {Fig 34y
In these cascs the rmmum pressure tercased inntrally and then dechned to reath
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Fig > Effects of distension on the nierine response Yon
10 hypogastric perve summlaton (7 V30 cps ¥
§msee 5 sec) The uierus was distended n steps
of tml from 1108 ml The ummum pressure T

(0~ 0) smcreases at first slowly at higher degrees ] /‘
of & tems ou mere steeply {above € 1l) Theam
phtude (-~} of the response to bypogastnc g

nene umalation nAereasty up to 2 mAvmum (f

o) and then decreases Swnee the rapsd ertase

Yo nimum presvare occurs at h gherdissensonad p o
on the peak pressure {+ — +1 s prodvced (Exp
130y 34

V203 a5 & 7 oawm

nearly zero after about ¥ un The then agawny d i ampl and
2 refatncly high peak presvure was mantamed for a muute or tho The frequencs of
she contratuans decreased 1w the course of the contisuous shnnulation

On stnulation at higher frequencies (E0—(00 cps) there was akwavs an ephance
ment of the wuoumum pressure sts hesght and duration inereasing with increasine
stimudus freg The h of the was reduced giving the cotal
response a more  toruc  appearance At the hughest frequencies used  the mduced
contractsons were less sustamed In some expenments the ruteal contracuon was small
or absent ahheugh an elevat on of the rmymmum presure oceurred (Fig 30)

Pre

pagastric nene it was ord 4 od by a shght eleaton of
blood pressure (Fig 3 C and D)
These findings indicate that although sumulation st frequencies of 30—30 cps

elscss an optupal siigle response the myometnum talerates best low frequency actn
uon

{b) Repetstive sumulavion

Theresp fihe vteras to £ f the b rene with constant stenulus
parameters wire often sanable The wfluence of vanabion of the interval betneen
suceessive stmulations on the utevine response was studied i five animals o + hich
the hypogasine perve was sumulated with traws of pulses (supermaximal meemty
30cps tamsec Ssect Each trawm produced 2 wngle contraction The uren als beh een
the wrainia each senes warted fom 10 o S0 see \ fugh repention rates 18 and 15 sec
between each tramy a tetanie contraction ensued  with sncomplete relavauon aftes
cach sngle convraction and elevation of the mmmum presure Fig 41 At lower
repeunion rates (78 to 60 sex between each tram of pulses? there wsathy was a greater
o comylese redacation of the myometsum between each stimulat an Dunac the f ot
T ta G o mulations there mas 3 potentiabion of the response this \ as present wp 10
€0 sec awerals bet ten the trains and was absent at 90« nterals Aer 10 -1
sumulions the respomse geadualhy decreased s each ser es

1w influen ¢ of wense dnterwon

The degree of uterme distension greatly infucn od the wsponst 10 qui k disteasion
as well ax the chythme spontancous actsary et kin 19648 T hasalg boen
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Tig 6 4 The degree of myometnal actnvation during the early stretch vesponse compared
with the maximal myometnal contraction i response to hypogastric nerve st mulation (7 \

30 cps 1 msec) Quick distension with 2 ml Tyrode solution elicits no early stretch responss
Subrrauimal myom tnal activat on by myection of B and 12 ml complete actiyat on by 16 ml

B Effects of quick distension {6 m!) on the response to hvpogastne nere stmulauon (7

30 ¢ps | msec 5 sec) During and immediately after the early streich response the contrac
tions are small r than v hen the uterus has adapted to the new volume s spontanecus contrac

ton (Exp 143)

shown to determune the effects of hyporastric nerve stmulation In four ammals the
utenne response to such stimulation (supramasimal mtensity 30 cps 1 msec 5 sec)
was swudied dunng successine increase in the intra uterine pressure 1n steps of 1 ml
The flmd was not y1thdrawn between the injection, A representatne experument s
gnen m Fig 5 The mipunum pressure obtamned after each ijection and the peak
presure of the resporse to hvpogastric nerve simulation have been plotted asamst
the 1sntra uterme volume At higher volumes (1n thu case at 4 ml and above) the n
Jection ehented a contraction the early stretch response (Setellerv 1964 b) When the
uterus had relaxed after thus yesponse the hvpogastric nerve was sumulated Fio 5
shows that the amplitude of the contraction 1 1esponse to hypogastric nene stmula
tion increased  1th increasing volume up to 4 ml at higher volumes the amplhitude was
reduced

The wfluence of the early stretch response on the response to hypogastric nerve
stimulation was studied mn four animals During the early stretch response at was pos
sible to excite the uterus additionally by hypogastric nerve sumulation except under 2
Tigh degree of distension (Fig 6 4) In the succeeding phase corresponding to the
phase of rapid decrease 1n minimunm pressure (Setellery 1964 b) the responses to hypo-
gastnic nene stimulation were refatrvely small m the second phase of slower decreasc
m pressure, the d untl a relatn ely stable lev 1 was reached
(Fig 6B) Thus the response to hvpogastnc nerve stunulation behaves in a i 3F
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Fg 7 Efecs of 2 & 2 mg attopune (1 48 mgfkg) on blood pressure and ut nine _esponse to

hypogastnic nerve sumulation (6 A 30 cps 1 msec 5 sec) Trans tional depressive effect only 15
obtamed Sustamed blood pressure drop ‘and nearly complete aml ton of the uterme response

after iyect on of 1 mg d hydsoergotamne (037 ng kg) (Exp I11)

Fig 8 1 Potenn tion of the ut
e response to hypog st nerve g
sumul lton (6% 30 cps ! msec COCAINE
9 sce) afier mt a utenme appd ra
tion of 01 per cent ocame First
series of stimuilatson ? mun afke co- ; _.JM}\I\A,A
ca ne nstillat on thesecond 20min - 3 ol .
and the third €0 mun after nstlla
ton fie 60 min the responsesis gy ZuN omn eorn
reduced due to the local anesthets  ga
eff ct B8 Potennat onof theutenin N OSTIG NE
espon € to hypogastric nerve stim 40|
alat on and of the rhythm c actv o,
ity by v adm i tration of 01
=
E

il o,

thythmic contractsons after a quich distension (Sete

mg/kg neost gmune (Exp 137)

manner as the amplitude of the
Klew 1364 b}

The rel between maxamal of hypogastric nenve stun
ulation was more pronounced than between successne rhythmic contractions

(d) Effects of autonomic agents

dutonomic blockwt agents — Atropme was given to three arumals In the experiment
shown in Fig 7 atropiae was igected m the saphenous vesst 1n doses of 2 mg (0 74 mg/
kgi The hyp nerve was 1 for 5 sec ntensity 30 cps
1 msee) The injection of atropine resulted in a transient fall in blood pressure and a
shight mitial reductson of the amphfude of the response to hypogastnc simulation
The elfects were more marked after the second imgection of 2 mg of awropine but again

the effect 1 as transient and after 3 min the response had nearh reached s oneinal
value

Dibydroergotamne In the same ammal referred to above (Fig 7) 1 ml of Dihydro-
ergotamun” Sandoz (0 37 mgfkg) was mvena v This resulted 10 a sustmned decrease
of blood pressure and an almost complete aboliuon of the response to hypogastnc nesi e
sumulatton - Regitin™ Ciba in doses of 10 mg (3 7-—% mg k) 1 + sumilarly completels
blocked the response to hypogastne nenve stimulation (three ammals)

Litonom ¢ potmtiating ogents — Small doses of cocame {1—3 mr) sdmmstered 1 3
did not potentiate the response to hypogastne nenve sumulanon A shight decrease
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Fig 9 Blood pressure and uterine responses to splanch
o e nerve sumulation for peniods of 1 to 6 sec (81

STIM — vy VO cps I msec) (Exp 140)
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Fig 10 Latency of uterine response to hypogastric and
PLARCH splanchnic nerve stmulauon (Exp 49 and 50)

the spontancous rhythmic activity as well as 1n the response o hypogastric nerve stm
ulation was often observed To avoid the general effect cocaine was added to the intra
utenne fluid Using solutions of 0 01 per cent the response to hypogastric nenve shm
ulation as well as the hythi acuvity wmtially In the expent
ment shown i Fig 8 the response 1s mcreased 20 mun after the application of cocaine
Later on however the response decreased again probably due to the local anesthetic
effect of cocame Similar results were obtamed after intra uterine applicatron of 0 1
per cent hdocaine (Xylocain™ Astra) Potentiation of the responsc to hypogastric
nenve stimulation was also seen after higher concentrations of cocane and \ylocamt
(0 5—2 per cent} but then the local anestheuc effect appeared carlier

Acostigmine 1 v admunmistration of 0 | mg/kg neostigmne potentiated the effect of
hypogastric nerve stmulation (Fig 9) Twitches of the skeletal muscles and excessive
salivation occusrted simultaneowsly 1he pupils were dilated and the amplitude of the

p y 15 were d Later on the rhythmic activity as well as the
responsc to nene dually decreased apy ly duc to
detenoration of the preparation

2 Sumulation of the splanchne nerce
The my I response to nerve ! was studied with the pur
pose to reveal any between the © of the splanchmic
and hypogastric neres
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Fig 11 Utenne response to splanchn ¢ nerve stumulatian for 1 m n at frequencies of 1 10
20°30 50and 100 cps (8\ 1 msec) Note that the mitial strong contraction seen in the uterne
response to hypogastric nerve stunulation 1s absent At igher f cquencies mnerease i mumimum

p essure For comparison the response to 10 ; g o adrenaline adrminsstered by continuous 1 v
m ction n 1 nun 15 shown {nght) (Exp 104)

In three ammals the splanchiuc nerve vas lated for periods of dura
uon and 11th the other stmulus parameters constant (supramaamal mtensity 30 cps
1 msec) It was found that sumulation penods varymg from 4 to 10 sec were required
10 elictt a maximal wterne response

The latency Fig 10 shoy s a companson of the utenine response to hypogastric and
splanchmue nerve sumulation The latencies are about 3 and 10 see respectnehy The
Iatter value saried between 10 and 15 sec in the vartous preparations

Stmulation frequercy In the expenment shown in Fig 11 the splanchnic nenve was
mtermuitently shmulated for 1 mmn at frequenaies varying from 1 to 100 ¢ps The
response to 1 eps 1s rmmumal At 5 ¢ps t o contractions are seen the second stronver
than the first one At increasmng rates of stmulation up to 30 cps the response 1s aug
mented At frequencies above 15 cps some elevation of the punimum pressure was
encountered The latency decreased from 25 sec at 5 ops to 13 and 14 sec at 20 and 30
cps respectnely At 10 50 and 100 cps the Latency was 15 see

In order to make some estimate of the amount of the adrenal medullary discharge
10 g drenaline was ad d mto the ven by a motordnven syringe
for continuous ingection The 1njection time was the same as the sumulation period

Fmn s can be scen from Fig 11 the utenine response to splanchnic strulation at
optimal frequency exceeded the response to this dose of noradrenalne

Prolonged sumulation of the splanchme nerse at a stunulus frequency of 5 cps (sev
eral min) resulted 1n a senes of contractions At higher frequencies the mimmum pres-
sure was clevated Thus the same features with regard to the contractons and the
mmmum pressure of the uterine response appeared after splanchme as was found after
hvpogaune nenve summutation

The response to splanchmic nenve stmulation was blocked by adrenalectory

Discussion
The myometrial sesponse to hypogastnc nerre stumdation
The present has confi that electnical 1; of the hvpogasiric

nenve ehats a

of the uterus in { rabbits The long latency of
2—6 sec mav 1n part be du 10 the recording technique By the method used the whole

10643015 4 aphy 1sc 4116
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or a relatnely large part of the uterus must contract to develop a nse in the intrg
uterine pressure By inspection of the exposed uterus 1t can be seen that the steep pres
sure mcrease after hy nerve 3} 1s caused by 2 il contrac
tion of the whole uterus

‘To obtain maximal contraction 1t was necessary 10 sumulate the hyposastne nerve
at optimum frequency for at least 4 sec This duration 1s the same as that required on
direct electncal sumulation of the uterus when lated with fx
{Csapo 1954 Schofield 1954 1955)

The optimum stimulus frequency was found to be 30 to 50 cps which 1s similar to
the value of 50 cps determned by Schofield (1952) wha used 1sotonte recording How
ever 1n isotonic recordings the araphitude of the contractions may be maximal in spite
of parthal myometnal activation To get a true picture of the 1sotonic response 1t s
therefore necessary to take into account also the duration of the response

The mechamsms underlymg the varying response to different frequencies has re
cently been elucidated by Bumnstock and Holman (1961) By intracellular recording
1n another adrenergic effector organ the vas deferens of the gumea pig they found that
the rate of depol teached 1ts with spike at
about 50 cps Since the tension developed tn smaoth muscles depends on the frequency
of the spike discharge (Bulbring 1955 Holman 1958) maxsmal contraction 1s obtained
when the spike discharge 15 optimal

The potentiation of the uterme response to repeated stunulation of the hy pogastric
nerve has not been described previously In svmpathetic #angha a period of ncreased

after repetit it has been reported by several im estigators
(Larrabee and Bronk 1947 Eccles 1952) Post activation potentiation of gastric and
ntestinal contraction mn response to vagus nerve stmulation was obtaned by Blair ¢
al (1959) By direct 1 of the an increa.ed response ora post
tve stawrcase  has been obtaned after repetitive sumulation of the uterus m 1itre
(Csapo and Corner 1952) The positive staircase was found to be charactenstc of the
estrogene treated uterus while a  negative stawrcase  appeared 1n the progesterone
14d he

domrnated organ Sumilar charactersstics to the h as
been found by direct stimulation of the uterus tn trs {Schofield 1954 1955 Bengtsson
1957) It has been Jated that the 15 due to d output of trans
mitter sub caused by p hyperpol (Eccles 1957)

The increase 1n munimum pressure at high frequency stimulation (Fig 3 and 4) mav
be due 10 a tetanus with of the before 1t 15 completely relaxed

after the preceding contraction It his however alio been proposed that stnwlation
of the myometrum may actvate two different contractile systems a tomc one caused
by membrane depolarization and 2 tetamc  one due to spike acuwnty (Jung 1961)
1t 15 not possible from the result of the present study to decide whether the increased
mimmum pressure 15 due to fusion of contractions or 1o actwvation of a  tomc system
Another question 15 why the minmum pressure 18 not maintamed  but decreases rela

tively steeply dunng high i} of the hyp nene
The reason for this decline may be (1) etther a decreased output of the transmtter (1)
a change 1n the bility of the or (i) h 1 factors 1n the

myometriurn 1€ these alternatives are considered further )
{1 The content of n symp nerves is not d by o

for relawvely long peniods (Luco and Gom 1948) Brown Davies and Gillespie (15:

found that the transmtter content 1 the venous blood from the intestines 1 £a15 1
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creased to a steadv level lasung the whole penod of sympathenc sumulation {up to
100 sec) The plateau level was reached sooner at higher frequencies of sumulation

Repeated I} leads to d m output. Hor ever the trans

rutter content in the venous blood mught be regarded as an overflow dut to an un

physiological smulation frequency {Folkow 1952) and st does not tell sf suffictent con

centrations of transmutter reach the receptor site On the other hand 1 the present
study 1t was regularly found that the utenne response decreascd after repeated stmula

o especrally after hugh frequencics and prolon,ed sumulanon (Fig 1)

(1} The freq of the hes during the dechne 1 mummum
pressure This mught be taken as an indication of decreased exatabihity of the mvo-
metaum  but this decline most Iikelv 15 caused by the decrease in mimimum pressure
per se (Seteldery 1963 1)

() There was a higher degree of relaxation between successne maximal responses
to hypogastric nerve stumulation than between the submaximal rhythme contractions
(Fig 6) The contractsons influence the wiscous elements in the myometnum the
muscle cells elongate and loose tension a process posubly facilitated by the transmatter
(\\mwn 1930) “Most Iikely the decrease in mummum pressure s mainh due to these

of the my

11 this conncesion 1t should be mentioned that 1t 15 not known how the myometnum
13 affected by cireulatory changes induced by the hypogastac nenve stmulation

The mze of the respoose to hypogastnic nen e sumulation depends also on the degree
of utenine distension  VModerate degrees of distension favour the contractrons whereas
the response 15 reduced at greater distension  These varations are princspally smular
to those desenibed by the length tenston diagram of other kinds of muscles

The effect of hypogastne nerve sumulation durng the carly streich response
dicates that the same muscular cells are 1nyolved 1n the responses to distension and to
nm ous sumulation This 1s also substannated by the smilanty of the responses to

and to b nene dunng the rapid and slow phases of
decrease in mimmum pressure
_ The uterme can be dniven unch for longer penods enly at low
qr nme when the pressure 13 not mereased At b her

the rate and of the ¢contractions decrease propor
tionally with the increase 1 frequenes of simulation.

Dunng physiologreal conditions the uterus 1s probably stmulated with nenous 1m
pulses at fow freq only By recordng the n merves it has
been found that the ru-quenq seldom exceed 10—70 ¢cps (Bronk et a? 19361

The 1 ansmulter released by hypogastric nev-e stimylation

\s mentioned previous i estigators have faled to ohtai potentiation of the response
toh nene 1 by: v ad of cocame 1 rico (Labate 194]
Schofield 195%) In the present study 1t was found that1 + tmjection of cocamne rather
depressed the utenne moulity v :hgbt deprmmn was also obserned by 2dmunss
tration of small doscs of ad: Seteklen 19%%a Hawever
tntra utenne application of small concentrations of cocamne and Mwlocam potennated
mtzally the response to hypogastnic nene sumulanon until the local anesthetic effect
of these drugs damunated Therefore when the general effects of cocaine was avaided.
this agent potentiated the uterine response to hnpogastnc nerve sumulanion This
result together v 1th the fact that the adreneree blocking agents dih droergotamine
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and Regun blocked the myometnal response strongly indicates that adrenermc
fibres are present in the hyp nerves to the

Regarding the question of cholimergic fibres 1n the hypogastnc nerve 1 addtion to
the adrenergic ones atropine was found 1 the present study to depress the response
to hvpogastric nenve stimulation However the effect was transinonal and can be ex
plained as an effect directly on the myometrium The minor fall in blood pressure does
not influence the response The i of the p effect of
15 2lso difficult Acethslcholine applied intra utennely simularly 1ncreases the rhvthme
actiaty 2nd the sensivity of the uterus (Seteklen, 1964 b) The augmented response
15 therefore not Iy due to p of ch fibres i the hypog:
nenic It can be caused by an  overflow  of acetyIcholine due to the neostigmine ad
mmstration

It mayv also be due to accumulaton of local nom nervous acetylcholme {Burn
1950) However neosugmme apphed mtra utennely had only httle or no potenuating
effect.

Burm and Rand (1962) hate postulated that the release of the adrenergic transmtter
15 mitiated by acetylcholine Since the uterine response to acetylcholine differs from
the response to adrenaline it seems most likely that the potentiation obtuned after
neosngmime can be explained as reduced destruction of acetylcholine

The myometrial response to splanchnic perve stmlation
The response to splanchmc nenve stmulation differs from that to hypogastnic nene
stimulation 1n two particular ways viz with regard to Iatency and to the onset of the
response The latency on splanchmc simulation was more than 10 sec as compared
with 2 —6 sec after hvpog: In of the h !
svstem, entber reflexly or bv sumulanon of central nenous structures a latency less
than 10 sec would indicate that at least the first part of the response must be due to
stimulus medhated through the nersous supply to uterus

The pattern of onset of the response 1s more stowly and consists of several contrac
tions with phitude as pared 10 the mital strong contraction after
hvpogastnc nerve simulanon. The uterme exaitation by adrenal medullary discharge
may be regarded as more physwolog than that of hyp 1 at high
frequency Only at hypowastnic simulation at low frequency (5 ¢ps) a simlar response
as splanchnic shmulanon was obtained Swce discharge rate 1n sympathetic Rerves 38
lov (Bronk ztal 1936} the uterus most hikely 15 actvated 1n this manaer during phvs-
sological conditions

The research reported mn this communication has been sponsored m part by the A Far;
Office of Saientific Research OAR through the European Office, Aetospace Rescarch La xn!
States Arr Force (Grant AF AOAR 62 361 and in part by the Norwegian Rescarch Couns
for Soence and Humamnes
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Effect of Ethiomine on the Incorporation of Palmitic
Ac1d-1-C¥ mto Rat Serum Lipoprotems
By
E %0 harvives Oy hosenges and Marrt METTINES
Recenned 20 Februar, 1963

Abstract

haraen, E O hosimues and M. Mirtunen. Ffect of ethumne on the momporatian of palm: i
acd 1-C' s vat serum lopr tnns Aciz phosol. scand 1954 €2 1,0—155 — Ethwmoe 2d
insstrabon to fanale rats had po ngaificant effect on the radsacuvy of the srum dnko-
wacron fractim aftet ingzstion of palmitic and 14G0 On the other hap L ethionne admmus-
trznion resulied m « decrease 0 the incorporaton of patimic acd 1-0 o the scrum alburmn
plos o bpupro'en fraction and 1nto the o bpuproten frartion There was no sigmficant &
foren » 17 the actnsty of the srurs § Lpoprotrn frattun betwern the cthinime and corerol
rats. Total dver fat 298 Lor total am st of palmitic acd 14" meorporated m the ler 2t
were sigmficantly hizber in 1t e ethtmine wreated anmals tha in the saline contr s Haweser
he relatne sprosfic act 1 of the bver fut £ the eths mine treated group was Lmer than th3t
of the comurrls,

11 has bern reporied by Borgsirom et sl 1961 that rats with ethionine induced fatty
Iners remone myected chvlomucrons with a Jower rate than do normal rats Fihiomo®
admmstration has als bren shown ta mcreass the radioactvity in the ¢hy lomueron frac
10m aber & the level found 1n normal rats afier oral adminsstranon of cholestrrof-4.C**
fha~inen and Mistunen J957  Ethionne admunsstration 18 further known to lower
srrum phosph Lipids and farty 2cds as well as high and low densits hipoprotens in te
dog (Femberg etal 1933 Wangeral 1903 In the ray, ethionsne admanistratio wis
found 10 produce a marked decrease i e incorporation of radioactivity mto dylipo-
after inzetion of cholestrrol-t C'% whereas there were no sigmificant dfferences
10 the acamatirs of the g and g hipoprotewn fracti s between the ethipune and control
15 (Kars1oen ard \lettinen 1962
mln (b present paper effects of ethuomne o7 the neorporati m of ingested palmine
204 1 C* 1 0 rat soruwm 1 otn fractims are rrpunted.
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Fig 1 Fg2
Fig 1 Semiloganthmic plot of the rad oactivsues of albumin + hpoprotewn and ehylom cron
fractions 1n ethiomine and control rats after ingestion of palmitic acid 1 C

Fig 2 Scmuloganthmic plot of the radioact s tes of album n - a 1 pop otem fract on 1
ethion ne and control rats afier ingestion of palm t ¢ acid 1 G

Material and methods
Female rats of the Wistar strain we ghing 700 t0 250 g were caged indidually and given 2
sto k d et for 3 weeks ad | b tum During the exper ment the rats were fed 3 ith ent re wheat
flour and water
On the first and second ¢ per mental day the eth omine rats were given dasly three s p myec
tions of 32 mg of DL-ethion ne dissolved 11 2 ml of satine at 9 AN 3 PA[and 10 P\ On the
third and fou thday two1p wnjections of 33 mg of ethionine were g venda Iy at 9 AM and 3
P\ On the fifth day 35 mg of eth on nc were gnen 1 p at § AN
€ sal ne rats were gwen 1 p injections of 2 mi of sabine according to the same schedule
Between the ['rst and second day all rats were fasted overn ght and fed on the sccond day at
1100 hours 4 4 ¢ of palmutic acad 1 C ¢ 1 9g of entire wheat four The labeled palmitic acid
was suppl ed by the Radiochem cal Centre Amersham England Palm tc ac d
d ssolved 1 ether and poured i the drv entire-wheat flour Then the dny dict was mad toa
pasteb ddng water The rat ate the p ste 1n about 15 min
From 7 ethionne rats and 9 saline rats blood sarples of about 1 ml were taken under ether
anesthesia from the ta 13 8 18 and 98 hours after the 1ngestion of the labeled palmiue acid
From 5 ethionine rats and 6 sal ne rats the blood samples were tak n 28 32 and 76 hours after
the ingest on of the labeled palmitic acid
racun t on of the serum | poproteins was carned out accord ng to the p pe  lectrophoret ¢
methxd £ kila (1923) as modif ed and described elsewhe e (\Mictunen 1927
The electraphoresis paper was cut nto stapes contain ng album n plus  globul n plus a
| poprotein o globul n plus a I poprotemn 8 globul n plus 3 lipoprotein. and the arca around
the stari ng 1 ne cantamng chylomucrons The bp ds were extracted nd counted I rad o-
actis y as reported n the follows
T cethonneandBsalneratswerek lled 8 hours aft 1 the ngest on of the labeled palminc
acd The r livers were exc sed and mmersed n ett 1nol The samples erethenbe led w th10
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Taste I Mean radioactnities contamned in the Iipid of the serurn 1 poprotein tracuons of th
ethionime and saline rats The values are expressed 1n counts per 100 sec per 0 5 mt

of serum
Aean radioactivity
counts{100's ¢
‘Time Ethonine
{hrs) Praction walime rats rats P
n=29 n=7
8 Albumin -+ ¢ 328 JER) 00
a 135 71
8 135 101
Chylorcron 107 161
n= n=17
18 Albumin — o 144 90 002
e 136 63 00
B 132 7>
Chvlomicron 120 176
n=14 n- 10
78 Albumin + @ 184 78 0t
a 121 64 00>
8 at 68
Chvlomicron 10t 101
n==6 n =
22 Albumin + @ 122 38
o 36 21
8 39 31
Chylomcron 27 17

Tagtr 1f Rad oactivity of the {ver fat in the cthyomine and's fine rats 28 hours aft rang SR
of palmut ¢ acid 1 € (mean o stan tayd deviation)

Totat Rel tne
radicact 1ty speaific
Num  Total ] ser fat m Liver fat acuwi of
ber  (mg) counts{100 sec Iver fat
Ethsonne rats 5 1058442, 19498£4 210 201=37
Sahne rats 8 14539 699F 866 2032102
T value of difference t =227 t, =721 t 63

p <0001 P<0 002 p-o0ol
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Fig 3 Fg 4

Fg 3 Semlog rthm c plot of the radiacts ties of  Lpoprotem fraction 1n ethiomne and
control raty afier mgest on of palmit c acd 1 C'

Fig 4 plot of the of B I poprotewn fracuon 1 eth orune and
control raty afier ingest on of palmit c aced 1 O

ethanolic ROH for 2 houry The m xture was then acdified b addiog H,SO and the aaidsfied
muxture w s allowed to stand overnight Then the hp ds were taken up in priraleurn ether and
“asted wih 50 eibanol and with \ ater Samples of the Lpid  ere then plated on steel
planchets and counted The cotnts were corrected for mass absarption.

Results

In Fig 1 the total radioactivities of the chylomicron fraction at varous interval are
shown There was no significant difference in the activatv of the chylomicron fraction
between the salme controls and the ethionine group (Table 1y As 15 shown 1 Fig 1
there scems to be a constantly hugher level of radsoactvity bound mn the total hipoprotem
plus albumsn of the saline controls as compared with the erhonme treated ammals

It1s seen from Table 1 and Fig 2 that ethionmne administration to female rats led to
a deerease sn radioactivity found 1n the lipid of the alburmin plus @, hipoprotemn fraction
after gving palmitic acid | CM orally  The difference bets een eth onine and saline
rats was sigmficant 8 18 and 28 hours after palmitic aaid | C'* mgestion

It 15 evident from Table I and Fig 3 that admustration of cthion ne resulted m 2
significant decrease tn the radicacuvity of the @ lipoprote n fracuon when compared
with the saline group

1n Fig 4 the radioactsities of the J hipoprotein fracuon are shovn There  as no

sigmificant difference in the actnaty of the  ipoprotewn fraction between the cthion e
and saline ammals (Table §)
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The radicactunaty of the ber fat mn rats killed 28 hours after ingestion of labeled pal
muc acd was 1n the cduomm: group about three times as huzh a3 1 the saline group

The diffe was fi (Table IT)
‘Total Iiner fat 1n the ethionine gmup a‘mgcd 10,8 mg and 1n the saline group
145 mg The diffe was However the relative speaific actsy

sty oof lhc Iner fat of the cthionine arumals was Jower than that of the salne controls

Discussion

The present resalts shoned no sgnificant difference 1n the activity of the chylomicron
fraction betw cen the ethionme and saline rats after ingesuon of palmitic aad 1 C'* On
the other hand absorption of palmutic 2ad 1 C* from the gastromtestinal tract of
sthiotune treated rats has been found by us (hananen and Mietunen 1963) to be sig
nuficantly lower than 1n saline rats Thus it seems that the disappearance of the chylo-
macron label from the 1 13 1mp: 1n the eth treated arsmals This i
»u accordance with the finding of Borgstrom et al who injected chylomicrons label d
with palmitic anid 1 C'* and noted a decreased rate of removal of the chylomicrons i
the rats with ethionme mduced fatty livers
In the present study  the total amount of radieactivity remaiming in the liver 28 hours
after the inzestion of labeled palmitic acid was found to be sigmficantly higher in the
ethuomne treated animals than in the saline group Smnce the 1nflow of Labeled chylo-
microns into the s ers of the ethionine rats howeyer may not be hugher than in the saline
rats the hepauc accumulation of th label 1 the ethipmne ammals may be taken to
ndicate an impairment 1 the remoal of the palmitic aad from the Iner After an
njecuon of palmitic acd § €14 bound 10 albumin 1n normal and ethionine treated rats
wore of the label was recovered b Olivecrona (1962a) 1 the Iners of the ethionne
than of the normal rats He concludes that the accumulation of neutral fatty aaidsin th
byvers of the ethionine treated rats appears at least 1n part to be due to decreased trans-
port of fatty acds from the Iner 1n the form of plasma tnglycende fatty acids
1t was noted by Oh\ccmnz (1962b) that all the cla.ses of Iiqids carmied by the hipo-
protemns 1e f ds cholestero] esters free cholesterol and glycendes) were
depressed in ﬂ}uonmc treated rats Robinson and Harms (1961) have shown that ethio-
mine admunstration markedh, reducrs the tmrorporation of ¢ leucne into serum fipo-
proteins These findings suz=est that the synthes:s of srrum hpoprotens 1s depressed in
the ethionine treated rats
In 2n earher work from thus laboratory Rarvinen and Mictunen (192) have been
2ble to show that thuonine admuunmurm 10 rats results 1n a marked decrease 1n the
of o the g, bipoy fraction after in,estion of choles
terol-1 €% In the present study the moarporauon of palmmc acid 1 C2* into the alby
mn plus a;hip 10 fraction was d 10 the ethigmne treated vats
This finding mas suzzest that the synthesis of lh a,hpcpmlrm 15 drpressed under the
snfinrnce of ethsmme since in thr sahine ats the uptake of palmitc and § U1 actiity
into the albummn plus @ hipoprotein fraction seems to occur in two rather separate
wherezs i the rthionine treated animals only the first phase (albuminy 15 pres
ent (Fiv 2 20d Table I

The wcorporauon of palmitic ack
the ethioun  treated animals was founl ta be deprossed in the

41 U1 actaty tato the a lipaprotemn fracuon of
present studs Inan
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earlier 1 ork by harvinen and Meettnen (1962) on the mcorporation of cholesterol
4 CMinto the serum Lipoprotein fractions it-was noted that the mcorporation mto the
a;bpoprotemn fraction was shghtly lower m the ethiomne treated ammals but the dif
ference was not statstically sigmficant These findings seem to mdicate that the syn
thes:s of the a L 1s.d d by

On the other hand the mcorporation of palmitic acad 1 CM mto the § hpoprotein
was not sigmficantly altered 1n the ethionne treated rats This 1s 1n accordance with

our findimos (1962) on the incorporation of cholesterol 4 Gt into the f§ hipoproten
fraction

Support d by a grant { om S gnd Jusel us Foundation
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The Dastribution of Noradrenaline and Adrenaline 1n
the Fallopian Tube of the Rabbit
By
Jan Brunomy

Recewed 26 February 1964

Abstract

Brundn J The dist tbut on of noradrenaline and advenaline w1 the Fatlop:a s tube of the rabbt Acta
physiol. scand 1964 62 156—159 ~ The present study was undertaken m 2n attempt 10
explain the functional dfference betwoen the wsthmic and ampullary regrons of the oviduct n
the rabbu by a diff n the of their ad nerve supply The 1sthmus
contams amounts of line (NA) while the NA contents of the ampulla
and uterus arc low Adrenal ne (A) was found in low concentrations i all of the preparati 15
studied Some implications of the distribution of NA m the different regions re d scussed

Previous studies of the innervation of the Fallopian tube have indicated that the organ
15 supphed by sy mpathetic and p nerve fibers (Frankenh 1866 Gas
ronsky 1894 Kok 1927) However the exact distnbution of autonowuc fibers withinn
the oviduct has not been studied In the present iy estization the contents of NA and A
have been esumated 1n both the uterme and ovarian halves of the rabbit Fallopan
wbe The \NA content differs in thes two parts of the oviduct and was found to b low
m the uten examined

Materals and methods

Fi © groups of sux albing rabiis (Swedish Land race) weighing 2 6—38 kg we used in th
study It was necessars to use groups of ammals because of the low total amount of NA and
masingl oviduct The amimals wers sacrificed one group at a tme The Fallopian tubes nn;
dussectrd out, freed from the surrounding fat issue and cut trans ersely into two halves of €qul
length The twelve uterine and the 1welve ovanan halves were stored separately t— 20\ <
for 2 maxmum of 48 hours extracted with 10 tnchloracetic acid an 3 thers contents of
and A estunated aceord ng to Euler and Lustak (1961 “

The extracied NA was_dentified in an Aminco-Bowman spectrophotoftuorin eter Th %3
and A content of th e uters of some ratb ts s as also detcrm ned usng the same t cf nique
extraction 2nd esimati n

"
n
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Taste I NA content (sg/g) in the uterine halses (U) and the ovanan hal es (0 of the rabbit

oviduct

Group u 0

T 1 03
i1 043 012
m 198 ot
n 219 034
N 180 3

Results

The amount of N 1 the two portions of Fallopian tube 1o the 5 groups of rabbuts is
shown int Table I The N'A content in the uterine halves of the oviduct 1s significantly
greater than in the ovanan halves Fig 1 shows the idenufication of the extracted NA
The statstical analysis of the NA content refers 10 pair tests where the content of the
uterine halses has been compared to that of the osanan halves of the same group of
ammals (001 > p > 0002)

The content of 4 1n the Fallopian tubes studied w as too low to be estmated + 1th an
cerfanty by the method used

The \A content of the rabbit utent was determtned 1n 3 rabbus to 03¢ 042 and
053 peojg faserage 044 frgfg) The A values were 100 fow for distinct ssumation

Discussion

In the rabbat the isthmus of the Fallopian tube consists of the utenine half and the am

pultz and dibul h halfof the organ {Greems ald 1961 [fthe
N4 content of a tstie reflects the density of adrenergic nerve termumals in the ussue as
held by Euler (196) the results suggest that the adrenergic nerve supply mn the isthmus

Fig 1 Fluoracence pectrun obt ined in
Am neo-Bowman  spectrphotofiuo tmeter  Ex
Staron wasclength #95 my  \faximum fluore
eence at 575 my {uncorr; Topcurve st nd rd
N\ Middle curve sample Betiom cu ve blank
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differs from that of the ampulla 1n the Fallopian tubes The content of NA 1n the ampulla
did not exceed the values due to the presente of pernascular vaso-constrictor nerse end
ings 1n other tissues (Euler and Lishajko 1958) On the other hand the 1sthmic content
was high enough to be due to a specific adrenergic 1nnervation of that part of the Fal
lopian tubr

A histochermcal study of the distnbution of adrenergic nerves mn the rabbit oviduet
(Bruncin and Wirsén 1964} has confirmed that the isthmus and especially the tubo
uterine junction contains rather higher amounts of adrenergic nerve fibers than the
rest of the tissue These fibers intermingle wath the axrcular muscle fibers of the sthmic
region and have the same circular course On the contrary the ovarian half of the rab
bit oniduct contains only a few adrenergic fibers adjacent to the vessels

Previous data obtawned from studies on the oviducts of different species have sug
gested a functional difference between the isthmic and ampullary parts of the organ
Thus Andersson {1927) reported that ova of the sow moved mo t rapidly through the
upper third of the oviduct Burdick and Pincus (1935) described 2 postovulatory tube
JTocking mechamsm m mice and rabbits serving to retain the recently ovulated eggs n
the ampulla for three days before they were allowed to continue down to the uterus
Furthermore Alden (1942) observed a tonic contraction 1n the 1sthmus of albimo rats
which prevented the passage of ova through the 1sthmus until a certain time after ovula
tion A similar blocking mechamism has also been reported from studies on the cow
oviduct (Black and Davis 1962) Recordings of the intraluminal pressure changes i
the rabbst 1sthmus and ampulla have shown 4 difference in the pattern of thesr motihity
(G 1d 1963) The endocn of the anmmals influenced the pressure changes
obtained M ap latory ocel 1n the rabbat isthmus (Brundin
1964 b) has been mnterpreted as due partly to a functional block 1n the 3sthmo am
pullary juncnion (Brundin 1964 a)

Thus the distnbution of adrenergic nerves 1a the rabhit Fallopran tube 13 charactens-
tically associated with the different functional properties of the sthmic and ampullary
regtons It 1s mteresting that electrical stunulation of the autonomic nerves supplying
the rabbt oviduct has ventfied a neuronal influence on the motility of the organ (hok
1927

In the few uten cxammed the NA and A contents were not lngh enough to indicate
any specific adrenergic tnnervation ather than that of the blood vessels

This 1nvesugation was supported by a gv nt from Magn Bergvalls Stftelse and by Grant AF
EOAR §7—1% from the Awr Foree Office of St entific Research United States A ¢ Force
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NORMAL DEAFF

)

Fig 2 & Suang B Standing G Shing posiwon st a normal x deaffercoted and a dencrvated
cat Note the exienston of the deafferented hind L mb (DA) absent m the normal (NO) and
the denervated (D) hind lmb D Scratch reflex with the normal hind hmb (NO) and the
deafferented hind limb where the paw docs not reach the skin E Normal performance of the
cleaning reaction m a cat with a deafferented hind Limb

cles of the deaflerented leg did not differ from that of the non deafferented leg Similarly
one year after the deafferentation the difference i weight of the calf muscles on the de
afferented and the normal side 1n an mtradurally and an exsradurally operated cat did
not exceed 10 9, The cats did not groom the deafferented leg Uleerations especially
on the dorsum of the paw occurred 11 about half the animals All intradurally operated
cats had transient or persistent unnary ncontnence not seen n the extradurally de
afferented cals
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Sponfanenos actiily

The first few days after operation the deafferented hund leg was flacerd 1 the course of
3—4 weeks the hind leg assumed a position of extension quite charactenstic for the de
d hmb E: was d dunng sittng standing stepping and jump-
10g whether the roots were sectoned extra or ntradurally In the siting posttion
{Fig 2A) the deafferented hind leg was held extended forward and to the side If the
Limb happened to come in an akward position this was not corrected The cats also
often sat on the hip of the deafferented side with both legs extended to the non-deaffer
eated side In the standing position (Fig 2B) the deafferented hind leg was held extend
ed ds and 1n shight abd with thed of the paw touching the ground
the leg often slipped backwards or stdewards During stepping the flexion-extension
movements occurred mostly at the hip jomns the distal part of the leg being extended
and the ankle jownt often overextended In quick locomotion which could be as quick
a8 n normal cats the deafferented imb was dragged behind and performed padding
Like movements When the cats jumped from a table the deafferented leg was usually
held forward and extended on landing the hip girdle rotated because the deaflerented
limb shipped on the floor 1o ob erve and record spontaneous and evoked actiaty ina
standardized position the cats were trained to a body slhing with the extremuties free and
off the ground {Fig 2C) In this position the deafferented leg hung lower than the nor
mal leg which was usually sightly flexed at the three jomts Fanning of the toes never
occurred on the deafferented side Small jerky movements mostly i the prowmal
somts and symmetncal on the two sides ocowrred from time to time and were observed
repeatedly in three extradurally operated cats When the cats were excited and strug
gled with the three pormal hmbs the deafferented leg was stretched suffly backwards

Such extensor thrusts were more promunent and frequent 1o the intradurally deafferent
ed cats

Euoled actusty

Passt ¢ movements A typical supporting reaction was absent though i intradurally
operated cats some active extension could be felt varying 1z degree from moment to
moment and sndependent of the degree of support When the knee or ankle was bent
no resistance could be felt in the estradurally operated cats and the imb dropped flac
cidly as soon as 1t was released In the durally d cats was felt
and was the same at all degrees of stretch of the extensor muscles  vhen the hmb was
released 1t sprang back rapidly to the extended posttion This phenomenon was pro-
nounced 1n four of the six cats whereas only htde resistance was felt i two others
Cutaneous strmulr Pinching of the normal hind paw chicited varving degrees of move
ments on the deafferented side 1n all cats It provobed a typical crossed extensor reflex
only m intradurally operated cats whereas the extradurally deafferented cats showed
manly complex fleqon-extension movements Other stimult such as pmching the tul
or the back of the antmal chiated an extensor thrust of the mtradurally deafferented
hind legs such sumuli onls rarely provoked a movementin legs of extradurally opera
ted cats Seratching the region around the ear elicuts rarely a scratch refles 1n normal cats
this was regularly evoled in extra and meradurally deafferented cats The scrawch
reflex appeared on the deafferented side three 1o four weeks after operation and could
later be ehicited on the non-deaflerented side as well Two months after deaffe entation
the reflex v as exaggerated and could be elicited by touching the ear In the beginning
the movement consisted of a suffening of the leg followed by rhythmic flevion of the

V164015 11 phyal s 4 Lol 6
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INTRADURAL DEAFFERENTATION
e
DA

NO

see ]200
EXTRADURAL DEAFFERENTATION W Fig 3 Spontaneous activity of call muscles
DA 1n a standardized position (shing) Note the
persistent activnaty 10 the intradurally and
) the abstnce of activity in the extradurally
v No drafferented extensor On the normal side
actuvity 1s absent or occurs 1n small bursts

toes Later when the scratch reflex was fully developed the leg was flexed at all three
Joints and the thythmic movements were most pronounced 1n the lup The movement
pattern was the same on both sides but the anesthetic hind limb did not reach the body
or neck (Tig 2D) In the intial stage of barbiturate anesthesia some cats scratched

ly with the deaflc leg The cleanny, reaction conssting of lifung and
stretching of 4 hind limb 1n response. to mosstening of the enal region {Gorska ct al
1961) s dufficult to elicit ;n normal cats It was seen only 1n two extradurally operated
cats 1 whom 3t could be elictted repeatedly Iifting and stretching of the deaflerented
hind leg was effected i a normal manner (I'g 2L)

Static reactions As 1n normal cats rotation and dorst and s entroflexion of the head had
no effect on the position of the hind legs When the cats were laid on ther side or i the
supine position both hind legs were semiflexed the deaferented hind legs of mntradu
rally operated cats being slightly less flexed than the normal legs Hence the tonic neck
and labyninthine reflexes normally affecting the powtion of the fore legs more than of
the hind legs were not altered afier deaflerentation

Posttion of a chromcally den ruated fand lomb

The cat in which the night hind leg was denervated assumed a position during the dif
ferent actvities described above which could easily be distinguished from that of de
afferented hind legs The denervated hind limb was never in a stretched position but
always thightly flexed (T1g 2 A B C) No resistance could be felt on passte movements
of the denervated imb

B Llectromyography of spontaneots and evobed acturty

Spontaneous acturty

When the cats were supported i a sling with the extrermities hanging freely both intra

durally and extradurally deafferented hind legs hung lower than the normal legs This
could be due esther to active extension or to loss of normal flexion when the paw 1 frte
of the ground In fTe d ext 1 phy showed persts

tent activity greater n duration and amplitude than that of the normal side n extra

durally deaflerented imbs a3 1n normal imbs activity in the extensors was absent or

sheht and when present less p d on the deaffe d stde as I g with the
normal side (s T1g 3) Thus n the shing posinon the itradurally deafferented extrem
whereas the d hund feg was

ity wasn a state of active
flacad
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Exoked acticrty

In both intra and extradurally operated cats no action potentials were evoked in the
deaflercnied museles in response to stretch to support of the deaflerented leg or 10 head
movements  \ctnity on seratching the ear was easy to elicit on the deaflerented suide
the response was Jess pronounced and had a longer latency on the normal side
Electnical sumulation of the tibial nene at the ankle of the normal sndc pmvuked
actnaty which v as different in the durally and the d mus~
cles In exiradurally operated ¢ats at sumulauon strength up to four t mes threshold
only a burst in the anterolateral leg muscles was recorded With stronget sumuli +—8
times threshold for the flexor response) only a weak and brief burst of activ ity was obe
served 1n the extensors In the sntradurally deafferented cats acuvity was eheited in the
flexors as well as in the extensors at the same low threshold Wath stronger sumuli uy

to four tumes threshold the actvity in the extensors became sull more pronounced often
tasting for sexeral seconds (Fig, 4)
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EXTRADURALLY DEAFFERENTED  INTRADUR)
SPINAL CORO SPIADIJJA{ ?:EOAR%ERENTED

Fig 6 Macroscopic and mucr sscop © app of the y and intradurally deaffer
ented lumbar regions of spinal cords. Note the defsrmation and adhes ong present i 11 € 1ntra
durally deaffrrented cord and the hustol zgical s:gns of damage within the grey substance.

Stetprng
In cats after spinal transsection Sherrington (1910) recorded the mechancal activity
of extensors and fexors during stepping movements Duning the extension phase the
gastrocnemuus muscle contracts 2nd the antenior itnal muscle relaxes dunng the flexion
phase thr gastrocncmius relaxes and the anterior ibia) muscle contracts The electro-
phic findins pond to St n s analysis A grouped discharge m the
extensor muscie s folloned by a slent prmiod  the 2ntaomstic fiexor s actinvated when
the flexor 15 snlibued  Fig 50 ding from a deafle d muscle pair
showed that the normal seaiprocal innenation was disturbed  Although normal recip-
rocal mmnenation could be s~en, phases of simultuneous bursts in fexors and extensors
were frequetls obsered Moreover the grouped discharges imstead of beng separated
v silent pers xds occurred on a background of continuous actity (Fig ) Ihis disturb-
ance n reciprocal mnenation probably contnbuted to thr extended pusium of the
deafferented tund lrg

€ 4.atory of the deaSeren.ed spral cords

Sarroscope fnd n 3 The spmal cords of the mtradurally deaffrented cats were deformed
and showed athesions with the surrounding u suss (Fig 6, The extradurally operated
spinal cords were normal excrpt for the atrophy of th d rsal reotlets on the oprr
ated uide

Mur coty On the deaficrented eide the spinal cords of extradurally operated animals
showed drgrnerati m 1o the dureal fumeuls a3 evidenced by the smaller nize of the funic



DEAFFERENTATION RIGIDITY 167

ulus as compared with the normal side and by a cellular reaction of ghal cells The
itradurally deafferented cords had 1 addtron more or less severe damage 11 the fateral
funculus of the operated side In two cats there were large tisue defects 1 the others
smaller defects 1n the grey matter 1n evtradurally operated cats the number of neurones
was the same on the d and on the deafTe d side In the

d ip there was a significant decrease 1n cells on the operated side
“The mean number of the deafferented side was 28 4 (4—6 levels) on cach side of £ cats
and on the normal side 41 6 (4—6 levels on each side of 4 cats P < 001 %)

Discusston

Ranson (1928} who sectroned dorsal roots intradurally found overaction of extensor
muscles This ngidity was charactenzed by an extended position of the deafferented
hind Yeg 1n different posittons by an mcreased resistance to passive fleon of the b
and by an exaggerated crossed extensor reflex. I found the same effiect of wtradural
deaflerentation on motility Also m the cats subjected to extradural removal of the dor
sal gangha there was overaction of cxtensors when the cats were siting standing step
ping or jumping However when these cats were suspended 1 a shng the hund hmb
hung loselv without resistance to pasaive flexson The recording of muscle action poten

tials 1n thus position thatin durally deaffe d cats there was

activity absent in the durall; d cats the acuvaty 10 the
extensors evoked by electneal of the ! leg was more

m durally than in 1 cats In both Ly and intra

durally deafferented cats normal reciprocal mpenation dunng steppmg was often
replaced by co-contraction of an antagomistic muscle par and there was no distinct
snhibition bety een the phases of contraction Thus an overaction of extensors as v ell
as disturbed reciprocal wnervation developed within 3—4 weeks after intradural and

dural deaffe But only durally operated cats showed ngudsty charac
tenzed by increased restance to passive flesion of the hmb and by persistent electncal
actvity in extensor muscles This indicated that the motoneurenes are i a state of
hyperexaitability to exterocepuse stimuh and that n the case of intradural deafferen
tation the motoneurones tend to discharge spontaneously

According to Sprong (1929) ngiduty 1s caused by damage to the spinal cord as a result
of mtradural mampulation because ngidity assoviated s 1th disturbed bladder function
may occur alter deafferentation as well as after mtentional traumanzation of the spinal
cord. That an rscheruc lesion of the spinal cord produces a ngdity 15 well known 1Gel
fan and Tarlow 1929 and s Harreveld 196%) Io an 1 analysis of
L7 segments of dogs with sschemic und hmb ngsdity Gelfan and Tarlow 1963 found
that most of the cells destroyed 1 L7 segments of three ngvd dogs 1 ere mterneuroncs
and that motoneurones may survive when 80°, of the mterneuroncs are destroved They
suggested that the loss of interneurones might account for a state of hypersenuitivits of
the motonturones according to Cannons law (Cannon and Rosenblucth 1949
Stavraky 196)

In agreement with Ramson (1928) and Spron, (1979 1 found that the spinal cord
was damaged by the intradural operative procedure Whereas Ranson found bitateral
2lterations {degeneration in the columns of Clark) 1n my experiments damage was con
fined 1o the side of deafferentanion Itis dafficult to deaide what ibre svstems have been
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affected probably the damage comp d. d ding and pinal fib-
res i the lateral funiculus The ntradurally operated cords showed also a reduced
number of ncurones on the operated side as pared with the deafle sde

‘The absence of muscular atrophy 1s consistent with presen ed motoneurones and damage
to mterneurones
“Therefore 1t seems justified to assume that the npidity 1n intradurally deafferented
hind legs of cats 1s due to damage to the spmal cord The mechanism of how this alpha
ngdity (Granit 193) deselops s stll obscure b of the
duetoa loss of svnaptic 152 possible expl (Gelfan and Tarlow 19.9)
Although anatomical damage was absent i extradurally deafferented cats (except
degeneration of the dorsal funiculus) a certain reduction of svnaptic connections to
motoneurones 1s likelv to occur This may agam result 1n hypersensinvity of 2 partally
denerated structure and account for the overactivity of extensor muscles

T am indebted to Professor F Buchthal for helpful criuzism and prateful to Professor B Rexed
and Docent & Graat, Insutute of Anatomy Uppsala {r evaluaung the hustrlogical sccuons.
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Effect of Resection of Gastrin Releasing Regions on
Acid Response to Sham Feeding and Insulin
Hypoglycemia 1n Pavlov Pouch Dogs

By
Lags Ouse
Recewved 22 Pebruary 196%

Abstract

Otne L Effct of vesc 1 on of gast wn v least  ve, ons n auid resp n ¢ fo sham
Jeedn ond wnsilin hp ghoem @t Pa loo b ch dogs Acta physio] seand 190%
67 169~—173 ~ In 9 Pa lov pouch dogs 1 which antrum-duod num had
prev ously been exclud d from gastrointestnal continusty the antrum was re
sected Additional resect ons of the duodenalbulband distal3—4 ent_ofcorpus
we e performed n § of the dogs Followng these resections the ac d_espanse
t sh m feeding was r duced to extremely Jowvaluesin allammals The post
fesection sham Jeeding  esponse was ma kedly ncreased upon i jection of

ubd reshold amounts of vast n suggesting that physiological vagal excita
tion of the HCI gla ds by sham feeding requires the presence of gastru to
p oduce s gn ficant ac d ecretion in these preparations In contrast a sub-
stantial post Tesetiion aculd resporse 10 04—06 11 of inubn pr kg bw
was 5t 1] obtained m 6 of 7 dogs The present results show that the e fations
{ the HCI glands by sham feeding and relatively ligh doses of insulin are
incommensurabl _and suggest thar vagal activat on by th e doses of insultn
produces acid secretion independ nt of the gastrin mechansm

Optmions stll differ as to the role of gastrin 1 the mec han.m of HCI gland
cxatation dunng gastnic acid secretion 1nduced by vagal actsvanon On the one
hand the cephalic phase of gastne acid secretion has been clumed to require
the presence of at least part of the antrurn (Straaten 1933) and to be controlled
by a comhined neure humoral mechanism m whach gastnn from the antrum
plays an important role (Uvnas 1942) On the other hand vagal discharge has
been considered to actinate the HCL glands directly with gastnin release bemns,
 munor and dispensable awabary mechanism (Pevsner and Grossman 1905)

The sigmficance of even minute amounts of gastnin 1n the production of acd
secretion by vagal actwation was indicated by the fact that subthreshold
Amounts of gastrin were able to potentiate the effect of vagal exctauon of the

169«
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HCI glands by sham feeding (Olbe 1964) The purpose of the present study was
to mvestigate the importance of gastnn i the cephalic phase of gastric acid
secrenon  The acid response to vagal activation by sham feeding and insulin
hypoglycemta was studied in Paviov pouch dogs before and after resection of
gastrin releasing areas

Methods
Operatize Procedures

Mine healthy mongrel dogs were provided with esophageal fistulas (Olbe 1959) and
innervated (Pavlov) fundic pouches according to the method of Thomas (1912) Ata
second operation the antrum and duodenum were excluded from the gastrowntestinal
and a was blished At the antrum corpus separation
1—2cm(dogs B E F G I) or 3—% cm {dogs M N O) of the acid secreting mucous
membrane oral to antrum was exciscd The distal level of the actd secretung glands was
lized duning of as described by Olbe (1963) and only 1n dog L were anatom

1cal entena used for the antrum corpus separation The pylonic ring was resected in all
animals and the duodenal bulb was extirpated 1n dogs E M N O just prouimal to the
entrance of the common bile duct. The dogs had the antrum and duodenum cxcluded
for a period of 4 to 21 months before the antrum was resccted In dogs Band T additional
3 cm of the distal part of the corpus and 1n dog B the duodenal bulb were later resected

Expenimental Procedur s

Before cach experiment the dogs fasted for 18—20 hours During the expertments the
Pavlov pouch secretians were collected 1n 15 mun period starting with collections from
the fasting dogs for at least one hour The amount of acid 1n the secretions were deter
muned by titration 2gamst 001 N NaOH with Topfer s reagent and phenolphthalein as
indicators In the tables the secretion was expressed m mulliequivalents of acid titrated
with phenolphthalein as indicator Vagal activation was produced by 10 mim sham feeding
with minced fish or meat or by 1+ admunistration of 02—06 I U ansulin per kg bw
Collection of acid secretion proceeded for 3 1/, hours with the exception of insulin expts
1n dog L which proceeded for only 23/, hours Gastrin was prepared from hog antrum
according to the method of Gregory and Tracy (1961) but the punification was stopped
after stage one The gastrin preparations had an secretory activity of 42240 histaminc
unmits (Uvnas and Emas 1961) per mg gastin The histanune content of the gastrin
preparations was less than 0 1 pg free histamine base per mg gastrn During sham feed
g expts 1ndogs B & M N O zfter resection of the antrum distal part of the corpus
and duodenal bulb an 1+ infusion of a subthreshold dose of gastrin (0 087—0 614 his
tamune units per kg per min) was performed  The subthreshold doses of gastrin used were
less than ¥/, of the dose that produced aud secretion 1n these dogs as determned from 2
dose response relationship (Table IT ef Olbe 1963) The gastnn infusion was started
2t least one hour before beginming the sham feeding and was contnued for further
33/, hours Each dog recencd the same gastnn the ex !
senes

Results

Sham Feeding Response Resection of the antrum in all Pavlov pouch dogs with
id 1 of the duodenal bulb in dogs E M N O and the distal

34 cm of the corpus in dogs M N O sigmuficantly reduced (p < 0 01 accord
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Table I Mean 35 hours sham feeding response in Paclow pouch dogs before and after rsection
of antrum distal 3—+ em of corpus and duodenal bulb and with post resections v_admimstration
of subthreshold amounts of exogenous gastnn (0 296 0087 0136 0160 and 0614 histamne
unstsfkgiminsn dogs B E M N and O ¢f Table IT)

fean sham feed ng sesponse

After resection of antrum  distal corpus
and dyodenal bulb

With subthreshold
Before resect on After resection W thout exogenous  amounts of exoge
of antrum of antrum gastrn nous gastrin
No of No of No of o of
Dog mEqESE ecxp mMEQESE exp mEqiSE  exp  mEQASE  exp
B 102020 4 2074027 6 031010 6 4311015 2
E 326045 5 080016 7 0451003 8 203£014 ¢
¥ 0761013 4 020200 3
G 1302017 35 014100+ 4
1 0491007 5 0155001 4
L 0334007 4 004£00° 5
ht4 137101 % 0174003 5 1711027 4
N 128:£077 4 0204004 5 087015 4
o 0681014 5 0214008 5 6381093 *

Table I Pacloy pouch responses after resection of ontrum (all dogs) distal 3—£ em of corpus
(dogs At N 0 and duodenal bulb (dogs E Af N O tosnirasenous snfuston of rapng doses:
of gastnin expressed as the acd output duning the 4th 15 min persad of the anfunion

Dog
B d d not respond to 1018 histamune umitsfkg/min
E Dose of gastr n
(3esp)  hstaoune unsfighmn 0087 0160 049¢ 0871 1600
Acd response mEQXSE 00120 0031001 0082004 0204010 0204007
M Dose of gastnn
(Hewp)  histamme um'kghmin 0074 0136 0420 0740 1360
Acid rsponise mEQESE 00120 00140 0073007 0.0£003 0772003
N Dosc of gasttn
Wep) hstammeunskgmin 0160 0419 089 159 2814
‘ad response mEQESE 0012001 005:00° 012004 019005 0..6:005
] Dase of gastein
(lexp) hstamneunwslkgoun 0334 o¢l4 1897 334
Acid resporse mEq Q o0 (1 024
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Table I Mean 3 5 hours (2.5 hours in dog L) aced response f01 v smection of snsuln tn Pacloy
pouch dogs before and after resection of antrum distal 3—£ cm of corpus and duodenal bulb

Acd response 1o mjection of nsulin

After resection of antrum
dustal corpus and duodenal
Before resection of antrum  After resection of antrurn bulb

o 1U No TU o U
of msulin of msulint of msulin/
Dog mEqiSE  eaxp ix nEqzSE  exp kg mEQISE  exp kg
B 0772007 4 02 103200F 3 02 0lo+01l 4 02
062017 4 04
£ 1722018 4 09 026200, 4 02
0774010 4 04
G 1£32035 4 02 1622031 3 07
1 0912031 4 02 174029 3 o4
L o22=068 4 04 014100f 3 04
a8 0m=01> 4 02 0124003 5 02
1312038 4 0+
N 00017 4 02 010001 4 02
0384009 4 04
074=017 5 06
o 037208 5 04 016200 4 02
051:£0..2 5 04

ng to the Student 1 test) the acid responses to sham feeding 1n all dogs except B
(Table I+ The post resecion ham feeding responses were reduced to very low
Ievels with the exception of dogs B and E In these two ca es however subse
quent rescctions of the distal 3 cm of the corpus 1 both dogs plus the duodenal
bulb in dog B reduced the sham ferding re.ponses (p < 0001 m dog B and
P < 001 in dog E) toxen lowlevels (Table I; After these operations the re
mainmng acd sham feeding responses of all dogs were so synall that no acd deter
mined by titration using Topfer s reagent as an indicator appeared 1n 28 of 42
expts \o aad appeared 1n at least 2 expts of each dog
C 1y mjecuon of a ubthreshold dose of gastnin duning the post
setection ham ferding experiments of 5 dogs 1B E M N O) reestabliched sub-
tant:al aad responses to ham feeding (Table I,
Rnpwuzx to Insulmn Hypoglysrma  Afier resecuon of the antrum 1n all dogs with
of the duodenal bulb and the dstal 3—4 cm of the corpus
mdops B E M N O the aad responses to 1+ mjecuon of insulin in varying
dosage were determined  Before resection onlh one dose of insuln was admims-
tered to cach dog The response 10 02 1L of insulin per kg bw was substan
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tally reduced postoperatisely (dogs B B M N} wath the excepuon of dog G
{Tatle 11Y) The postresectian responses to this dose of msubnmdogs B L M
N Oweresery small and contamed no acid in 14 0f 20 expts as derermuned by
ttravon wsing Topfer s reagent as wdicater No acd appeaced n ag least
2 expts of each dog However mmjection of 04 (dog B E I L M N O)or
06 (dog N) L U of insulin per kg bw resulted w & consprcuous acd response
postoperatinely with excepton of dog L {Table [H] In the dogs tested to 04
2nd 061U of msulin per kg bw the ad responses were significantly fugher
{p < 000 according to analyms of vanance) than those to 0 2 1Y of ansubin
{dogs B E M N O)

Discussion

Partial g 5 has martedly dep d the sham feeding mduced gastne
acdity 1 dogs (Straaten 1933) and the acid sham feeding response m human
vangs {hering 191) Cocaimzauon or vagal denenanon of an antrat pouch
has reduced the sham feeding resporse m Paslos pouch dogs (Fam and \ozer
1951} supportng the concept that an antralmechanism s mvolvedan the cephabie
phase of gastrie acid secretion Uvnas {1942} has presented evdence that vagal
shmantation of the HC glands requured the concurrent acion of gastan to ehet
acid secretion The physiologseal vahidhty of Uvnas suggestion has been ques
toned on the bass that he performed acute experiments on anesthetzed an
mals with determunanen of the arid response to clectneal stsmutanion of the vagy
The present study shows that gastrin 15 required for the production of a sigmfi
cant gastne aod rspumse to phynolomeal yagat sctnation By sham feating at
least under conditions where antrum duodenal halb and disal 34 cm of cor
pus have been resected following previous exclusion of the antrum and duo-
denum from the gastromtestmal continusty

In the present study resection of the gastromtestnal areas known and suspec
ted 1o release gastnn markedly reduced the gastric acad responses to sham feed

wng w Pavlev pouch dogs the post resection acd vesponses to sham feeding
beng barel, 4 ble with the call 2

que wsed The gastnn veleasing
areas myvohve the antrum -— defined as the gastne region siuated between the
dieral end of the acud secreung glonds and the prowumal end of the duodenat
mucosa ~- and possitly partis) of the mucosa i the ummedsate naghbourhood
of the antrum  \ gasinn bke has been from the p 1
part of the duodenal mucosa {Romarov 1942 Lanas 1949) 1n some species

In the present study resecuion of the distal 34 em of the corpus and or duedenal
bull m addwion to the antrum resection prosed neeessans 1 2 dogs (o suppress
the sham feeding responses to mmunal levels The post resectian reducton of
the acid responses to sham feeding was probably caused by cimunanon of the
gastnin mechanism Thes conclusion was supported by the finding that feliowing
the resecuons mtravenous wfusion of subthreshold amaunts of gastnn re
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established a substantial acid sham feeding response (Table I} The finding
suggests that gastin even in small amounts played 2 promnent role 1n the
cephalic phase of gastric acid secretion by potentating the vagal action on the
HCI glands The small amount of acid 1 the post resection sham feeding re
sponses d the ineffi of physiol I vagal action by itself on
the HCl glands 1n the present preparattons

Despite the absence of gastrin releasing areas, vagal activation elicited by
mjection of relatively hugh doses of insulin (04—06 11U per kg b w ) produced
a definite acd response 1n 6 of 7 dogs (Table ITI) all of which produced only
a very scanty acd response to sham feeding The acid response to injection of
a lower dose of insulin (02 I'U per kg b w ) corresponded better to the sham
feeding response being very scanty m 5 of 6 dogs Others (Andersson et al 1938)
have failed to reduce regularly the acid response to 0 1-—02 I U of insulin per
kg bw by resection of the antrum i a simlar preparation possibly due to in-
complete resection of gastrm releasing areas since wn these experiments only
antrum was resected according to anatormcal cniterta The present results agree
with the findings of Pevsner and Grossman (1955) that vagal activation by m
jection of 051U of insubin per kg b w still produced significant acid secretion
after resection of the antrum and small intestine suggesting that relatively lugh
doses of msulin (04—06 I U per kg bw) produces acid secretion without
co operation of gastrin In contrast the vagal activation by sham feeding was
dependent on the gastrin mechamsm to produce sigmficant acid secretion 1
the present preparations Thus vagal activation by relatively high doses of
mnsulin can give unrehable mformation about the mechanisms mvolved 12t the
cephalic phase of gastric acid Hypogl due to these relativel
Iigh doses of insulin may posuibly induce vagal discharge of an ntensity above
the physwological range

This snvestigation was supported by research grants from
Sallskapet for Medscinsk Forskmng Svensl 1
ming and the Magnus Bergvall Foundation
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Abstract

MNARTENSSON A. P oprioceptine impulse patiens d 1 ontraction of nt snsic lagyn
geal muscles Acta physiol seand 1964 67 1/6—194 — In histological senal
ections of four different laryngeal mu cles in the dop no spindles were found
— Evidence of proprioceptn ¢ reflexes induced by displacement of laryngeal
cartilages and mediated by afferent mflow via th internal laryngeal nerve
prompted an anal sis of th propriocepte impulse discharges in this nerve
T 1tch and tetame contractions of slow and fast laryngeal muscles were used
10 induce 1eproducible movement patterns 1n the larvix. Companson with
manuallv appl d pressure st mulation indicated that the receptors actvated
during muscle contract on are located outside the muscles mainly in ligament
structures and around yoints During twitch cont action receptor activation
was observed 1n the form of an acceleration of spontaneously active umits or
an 1n tation of discharges 1n mitially ilent un ts and receptor mhibition 1
the form of 2 pause of pre-cxistent actssaty The duration of both types ol res
ponses could be related to the ume course of contraction The same types
of effect were induced by tetamic contraction Typical and atypical responses
obtained during the dynamic and stat ¢ phases of tetanic contraction of
varymg amplitude are described. Most units responded to contractions of two
or threc muscles, and some common combinations of excitatory and mmbibt
tory effects n one and the same unt are presented It 1s concluded that the
mpulse pattems of the receptors studied are differentiated enough 10 serve a
propriocept ve control mechanism

The queston whether there are receptors 1n the dog s mtrinsic laryngeal
muscles serving a proprioceptive reflex mechanism was taken up for analysis in
an earher paper 1 which also previous work 1 this field was reviewed (Mar
tensson 1963) On sumulation of mdimvidual muscle nerves and recording from
the same nerve or corresponding muscle no puc reflex resp
could be evohed, nor could any afferent :impulses be recorded from the neries to
the laryngeal muscles subjected tostretch The results obtained in the functional
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analysis were conssstent wath prehrmnary data derned from the nstologpeal ex
anunation of laryngeal muscles 13 an attempt to establish the presence of spindles
These niorphological stuches have now been followed up and as wall be reported
m the first section: of this paper have not provided any evidence of spindles in
the laryngeal muscles of the dog

The laryngeal muscles may however contan other types of stretch recep
tors the afferent fibers of which do not jan the motor fibers but run i the
internal laryngead nerve In the goat s eye muscles proprioceptis & afferents and
motor fibers have actuafly been shown to leave the muscle through separate
nerve branches (\Whitterrdge 1925 Cooper and Dansel 1926)

A proprioceptive control may also be exerted by receptors Iocated outside the
muscles Andrew {1934 b) made a functional and hustological study of the
praprioceptors located at the thyroepiglottic ymnt m the rat and found the be
hasior of these slowly adaptng receptors similar i many respects to that of
hnec jomnt receptors {(Boyd and Robests 1933 Andrew 1931a) Fromananalvsis
of the resp of these prop t to passie s ts 1t was concluded
that they could provide adequate mformation to the central neripus sistem
about the postion and movement of the eprglotts Afferent fibers from jomt
teceptors in the rat s larynx are enclosed in the mitrnal faryngeal nerve which
also contains fibers from other t)pes of stretch receptors in the organ the exact
locations of which have not yet been established (Andrew 1934 b 196}

In the course of the present senes of expenments on laryngeal functions m the
dog stretch apphied to the cricoth muscle by sep of the crnicond and
thyroid eartilages was observed fo result in a reflexly evoled sncrease of 1ts tonte
actinity although the muscle contams no spindles By nerve secuon expeniments
it <ould be established that the afferent mmpubes serving this  stretch reflex
are not medrated through the muscie nerve but via the internal laryngeal nene
From this and from simslar expeniments it was appavent that 2 manner of ap-
proaching the problem of praprocepuse mechamsms 1 the dog s lanmgeal
muscles would be ta study the afferent snflow 1n the internal Jaryngeal nenve
during moverments and changes of posiuon of laryngeal structures

In the second section of this paper an account will be given of the results of
recordings made from a large number of single units in this nenve representng
slowly adapting receptoss located outsade the muscles masnly mn centam Liga
ment structures and around Jomts The anabyas has been fumited to wmpulse
Patterns set up by moneraens produced by contraction of indinvidual laryngral
tuscles Receptor actation and inhibitton oceurnsng durmng witch and tetanic
contractions will be desenbed and examples gnen of some common combina

tions of responses obsersed m one and the same unit duning contraction of dif

ferent muscles The receptor properties thus obsened wall be compared with
thase of ty analyzed p p The 15 drawn that the
wapulse patterns of the mech ptors studied are diffe 4 enough to
Sene o proprioceptive cantrol of the mtnasic laryngeat muscles
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Abstract

MARTENSSON A Proprioceptive tmpulse patterns d rin contraction of mtrnsic lapyn
geal muscles Acta physiol 1964 67 176—194 — In hustological seral
sections of four different laryngeal muscles in the dog no spindles were found
— Evidence of proprioceptive reflexes induced by displacement of laryngeat
cartilages and m diated by afferent inflow via the internal laryngeal nerve
prompted an analysis of the proprioceptive impulse discharges in this nerve
T 1tch and tetan ¢ contract ons of slaw and fast Jaryngeal muscles were used
to wnduce reproducible movement patterns in the laryny Comparison with
manually applied pressure stmulation indicated that the receptors actwated
during muscie contraction are located outs de the muscles mainly 1n ligament
structures and around joints Durng twitch contraction receptor activation
was observed 1 the form of an acceleration of spontaneously active units or
an imuation of discharges n imitially alent umts and receptor inhibition 1n
the form of & pause of p e-ewsient actwv ity The duration of both types of res
ponses could be related to the time course of contraction The same types
of effect were induced by tetanic contract on Typical and atypical responses
obtaned during the dynamic and static phases of tetanic contraction of
vary ng amplitude are deseribed Most unts responded to contractions of tv @
or three muscles and some common combimationy of excitatoty and mhibt
tory effects in one and the same umit are presented It 13 concluded that the
impulse patterns of the receptors stucied are differentiated enough to serve @
proprioceptive control mechanism

The question whether there are rereptors 1 the dogs intrinsic laryngeal
muscles serving a prop T reflex h was taken up for analysis 11
an carlier paper i which also previous work 1 ths field was reviewed (Mar
tensson 1963) On stmulation of individual muscle nerves and recording from
the same nerve or pond muscle no ptic reflex resp
could be evoked, nor could any afferent impulses be recorded from the nerves to

the laryngeal muscles subjected tostretch The results obtamed 1n the funcuonal

174
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Results

1 Histological incestigation of the wrinnsic laryngeal muscles of the dog

Four of the dog's intrninsic laryngeal muscles the thyroarytenowd postertor
and lateral encoarytenond and cricothyroid were examned hustologicalls In
one procedure the whole larynx was dissected out of the animal and tixed for
some days 1n 10 9, neutral formalin and then the different muscles with mntact
attachments were excised by cutting the cartilages The whole muscles were em-
bedded 1n celloidin (¢f Romes 1948) and consecutne transherse sections cut
at 20 u, every ten sections or about 70—80 per muscle were mounted and
stained according to the method of Wegert v Cieson

In another procedure only the thyroarytenord was excised from its attach
ments to the carnlages For comparson a length of about 1 cm of the sterno-
hyord muscle was excised at the level of the larynx  Afier fixation 1in formalin
both muscles were embedded m paraffin and cut senally and transversely at
12 4 Every five sections or about 200 from each muscle were mounted and
stamed as pe1 above

Microscopical exammations of the sectons from the sntninsie laryngeal mus-
cles did not reveal any structures resembling muscle spiadles butn the sections
made from the stemohyoid muscle eshmated to correspond to 10 °, of the
whole length of the muscle four muscle spindles were identified which exhubited
the typical features of such endings such as connective hissue capsule lymph
space, nuclear bag and nuclear chaimn regions {(cf Barker 1948)

2 Afferent ampulse patterns wn the nternal laryngeal ner-z duving contraction of different
antnnswe layyngeal muscles

In a senes of exploratory experiments 1t was possible to demonstrate that —
2lthoush no muscle spindles are present — an increased tome actvity could be
induced 1 the cricothyroid muscle when 33 1t by 1
the thyrord and ericond cartilages from one another (Fig 1 A) That the afferent
umpulses iutiating this “stretch reflex  were not transmtted through fibers m
the motor nerve was evident since after section of the nerve a reflex discharge
could still be recorded from the central end of the nerve when the carulages
wereseparated This reflex response was howen er abolished mn nerve and muscle
after section of the 1nternal laryngeal nerve ndicanng that this nerve serves as
afferent reflex are In other types of expermmient tetamic contraction of one
Tauscle gave nse to a reflex discharge m another muscle as MustratedmnFig 1 B
howerer also this reflex discharge was abolished after sectian of the mternal
laryngeal nerve

Out of these two possibilities of evoking propriocepuve impulses 1 the wnter
nal laryngral nerve — muscle contraction or muscle stretch — the first alter
natve 71, twatch or teranic contraction has the advantage of evokang repro-
dueible movement patterns which cannot readily be obtamed by manual dise
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Fig 1 Reflex discharges n en
cothyroid muscles [ inerease in
tonsc activity induced by sepa
rating thyrod and cncoid car
tlages from omc another
B Sustained discharge mduced
by tetamic stimulation of con
tralateral cricothyroid (at 100
per sec) Solid line_stymulatin
period Time bar 200 msec

placement or muscle stretch without a previous operative fixation of the differ
ent laryngeal structures It must be taken into account however thateven the
contraction of an mdividual muscle 1mplies rather complex changes 1n the
position of the laryngeal cartilages, and these experiments are thus not suited
to give information about the position or type of receptor mvolved By compar
1son with manually applied pressure sumulation (cf below) 1t has anyhow been
posstble to make a rough localization of the receptors showing that they are
located outside the muscles and most of them probably in ligament structures
and around josnts

Seventy umts were tested the majonity of which were discharging spon
taneously 21z 1 the absence of any mduced mechanical sumulation (cf An
drew 1924 b 1956) Most of them showed steady discharge frequencies varymg
in dufferent receptors between 15 and 70 impulses per sec In the rest of the
fibers cyclic discharges varying with respiration were observed the mmpulses
being as a rule most frequent dunng the inspiratory but 1n some umts durng
the expiratory phase Also tn receptors mitally discharging at a steady ratc
cyche disch were ed 1f resp became forced
the course of the expertment under such conditions nttially silent fibers could
1 some cases be brought to discharge cychcally

A description will first be given of the afferent impulse patterns obtamed dur
mg twitch contractons while those induced by tetamic muscle contractions
wall be descnibed 1n a following section

Tuatch conlraction

Duning maximal muscle twitch two fundamentally different types of effect
were ok .74 y or inhibitory

Exatatory effects The y effects i th lves as an accelera
tion of the impulse frequency 1n spontaneously active fibers or as an itiation
of discharges 1n 1mtially silent units Although no stnct classification was pos
sible there were great sumlanties between the responses induced by contraction
of the cricothyroid and the postenior cricoarytenoid on one hand and of the
(hymnrytcnmd and the lateral cricoarytenoid muscles on the other hand
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Fig 2 Receptor actwation
during maximal tv atch contrac
tions of sl w laryngeal muscles

tenia  encoarytenoid
B cncothyrod (another recep-
tor) From top to bottom rest
ngd charge evoked response
contraction cunne  Time 50
msec

Fig 2 4 shows a typical afferent response evoked by maximal stimulation of
the posterior cricoarytenord and recorded from a spontaneously active fiber
‘The response consisted of an mtral tramn of mmpulses followed by a charac
tersstic postexaitatory pause In this case the discharge perod corresponded to
the nsing phase of the contraction curve In other cases the receptor discharges
were mamtained also dunng part of the relaxation phase The duration of the
discharges vaned between 30 and 90 msec while the peak of the contraction
curie was attamed about 35 msec after sumulation Considerable varations
1 discharge frequency were observed mn different umts tested Thus to take
an extreme example a resp from two diffe p mn both cases of a
duration of 60 msec might consist of 18 spikes m one case (maximum observed)
and of only 3 spikes in the other case The discharges 1n 1ntially silent units were
of fundamentally the same tvpe as those 1n spontaneously active fibers as ap
pears from Fig 54

Fig 2 B shows a typical response evoked by stimulation of the cricothyrord
Abo this response consnted of a tramn of 1mpulses dunng the nising phase of
contraction followed by a silent penod which was however less pronounced
than n Fig 2 4 The discharge lasted about 40 msec after stmulation {range
40-—701msec) The repetitive discharges set up by \; of the cricott
and of the postenor cricoarytenaid are thus of about the same duration as
nught be expected in view of therr similas contraction tmes (Martensson and
Stoglund 1964) The discharge frequency of different umits activated by con
traction of the cricothyroid varied the average number of inpubes 1n a dis
charge was generally lower than that found for the postcrior cricoarvtenoid the
maumum observed being 10 during a volley of 60 msec duration In single
cases the responses consisted of only one afferent spihe thus resembling those
obtamned by stimulanon of the fast larvngeal muscles

Duting contraction of the faster types of larvngeal muscles the lateral crico-
arytenord and the thyroarytenoid repeutve discharges ke those described
2bove were obtamed onls from a minonts of the umts tested Fig 3 4 shows
such a response ehated duning contractuon of the lateral cncoarytenoid The
most common type of response n imuatly tent units during contracuon of the

e I R T P )
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Fig 3 Receptor activation during maximal twitch contractions of fast Jaryngeal muscles 4 and
B “lateral encoarytenomd imtrally silent unus upper trace evoked response lower trace con
traction curve ( thyroarytenaid from top (o bottam resting discharge evoked responsc
contraction curve Time 50 m ec

fast larvngeal muscles consisted of only one spike (Fig 3 B) Inimally active
fibers the responses induced by these muscles appeared as a reduced impube
mterval either between the spihe immediately preceding and that immediately
following upon the simulus (Fig 3 C) or between the two spikes following upon
the sumulus The Jongest latency of such a facihitation was about 25 msec after
stunulation The discharge pattern and duration of the responses induced by
the two fast laryngeal muscles were similar and corresponded to the contrac

tion courses the peak of the contraction curves occurring in both cases about 20
msec after sumulation (cf Martensson and Skoglund 1964)

As shown in Fig 2 the impulse discharge induced by contraction of the slow
muscles was follawed by 2 p y inhit The d of the pause
was longer at lower resting discharge frequencies judging from recordings from
fibers 1n which the spontaneous smpulse frequency varied cycheally with respt
ration Asshownin Fig 5 B the duration of the pause also was Jonger the larger
the number of spikes in the 1mtial impulse volley Silent periods were also oc
casionally observed after repetitive discharges induced by the lateral cncoary
tenoid but 1n the more common type of response to contraction of the fast latyn
geal muscles these pauses were absent or but httle pronounced

Inhibrtory effects Inhabitory eflects of were about half as common
as y effects The mhih was g 11 ded as a pause mn the
discharges 1n spontaneously active umts but could sometimes he observed m
mtially silent umts as a single spike occurring in the relaxation phase of the
muscles As in the case of the excitatory effects also the inhibition could be re
Jated to the contraction course of the muscles Typical recovdings obtained on
maxumal sumulation of the different muscles are shown i Fig 4 The duration
of the pause calculated from the shmulus artefact was 50-—60 msec for the re
sponses induced by contraction of the slow muscles (4 B) and 30—35 msce for
those elicited from the fast muscles (C D) The duration of the inlubitory effect
evoked from the postersor ericoarytenoid vaned in different umits between 45and
80 msec and that from the cricothyroid between 35 and 70 msec These vant
ations are 1n part to be ascribed to fl 1n the resting freq the dura
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Fg 4 Receptor b ton during maxioal twitch contractions of slow and fast laryngeal mus-
cles 1 postertor yteno @ B hvrowd C lateral ¥ ¥
From top to bottom resting discharge ¢ oked response contraction cure ‘Lime 50) ms ¢

Fig 5 Receptor act -ation and nh bit on during various degrees of twitch contract ons 1 pos
terior ericoarytenoid mitially sil nt fiber B same muscle postancously active fibe € crico-
thyrod §¢ mulus strength n all reco ds success vely reduced from above downwards Botrom
record 1n Band C r sting d scharge Tiae 50 msecn 4 and C 123 msec 1 B

tion of the pause being longer the lower the resting frequency  the mnaccuracy
duced w these nis b whe varymg sprike mntenals . however

obvious

Responses to submaximal tuich contractions In a senes of experuments the laryn
geal muscles were activated by nerve stmul of varving strengths The vana
tons an the response were most apparent during contraction of the stow laryn
geal muscles Fig 5 1 shows recordings from an tmtially silent fiber on stimula
uon of the posterior ¢ricoarytenoid using successneh weaker sumuh As the
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stimulus strength was reduced the number of spikes in the volley dimintshed
and the discharge frequency slowed until at threshold only one spike resulted

A simlar series of records from a spontaneously discharging unit activated
by the same muscle 15 shown 1n Fig 5 B from which 1t also appears that the
postexcitatory pause 1s longer the larger the number of spikes in the discharges
Responses stmilar to those described were obtained also during contracuon of
the cricothyreid muscle

Fig 5 C 1llustrates variations in an nhibitory effect obtatned during suc
cessively decreasing contraction amplitude of the cricothyroid From a dustinct
pause during maximal contraction the response changes nto a transtent retar
dation 1 the case of the weakest contraction

Dewviations from these typical response patterns were occasionally obsernved
Thus a receptor responding to maxumal contraction by an acceleration of the
resting discharge followed by 2 postexcitatory patse might, when subjected to
weaker contraction respond only by 2 pause in the discharge Sumilar phenom
ena were observed also during tetanic stimulation as the amplitude was dimin
1shed (cf below)

Respronses of one and the same unmit {o twrtch contraction of different muscles Most untts
studted responded to contraction of two or three laryngeal muscles and to judge
from the seventy unuts tested practically all possible combmations of responses
may oceur the most common of which will be described 1n some detail below
(see also Table I)

The muscles most sy lly explored were the p cricoarytenoid
and the thyroarytenord which could be acuvated by both the expenmental
procedures applied (I and II of Methods) The most common combinationt
of responses induced by these muscles was receptor activation on contraction of
the posterior cricoarytenod and mhibition on contraction of the thyroarytenord
These types of response were observed 1n stxteen units Nine of them could also

Table I Some combinations of respanse types evoked tn indivrdual receptors by conlraction of different
tnuscles Full explanation tn text

Posterinr Lateral
ericoarytenod  Thyroaryt noid G cothvrod encoarytenod

- = receplor acuvation
= receptor nhibit on
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Fig 6 Dufferent types of response e oked 10 ene and the sam- vatt durmg contraction of different
muscles 4 actnation by postenior cncoaryienod £ 11h bition by cricothyroid € inbubrtion
by thyroarytenoid Time 50 msec i B and € 12> msec1n f

be stndied (procedure 11) durmg sumulation of the cnicothyroid The result was
receptor actnation (Table 1 A) i four and whibison (B) 1 five cases Re
cordings from a unut exhibtting this latter type of response are shown mn Fig 6
OfF the rematrung seven endmngs which were excited by the postenor cnecoary
tenosd and mhibited by the thvroarytenoid recordings were made fram four
dunng confraction of the lateral encoarytenosd (procedure 1) all four unmits
were activated by this muscle (Table I C)

Intuk 1n response 1o of the postersor cricoarytenord and ac
tnation on stumulatton of the thyroarytenad were observed in eleven units
Six of them were albso studied dunng contraction of the cncothyrald and an
excrtatory effect (D) was induced i four cases One wast was vninfluenced and
one mhibited

Eleven units were observed which were actvated by contraction both of the
postenor cncoarytenord and the thyroarvtenoid Four of these unuts were tested

akso on contraction of the cnicothviond and three of them were activated (E)
one bemg uninfluenced

Tetanic contraction

Lxetlatory ¢ffects Most of the umts responding to twatch contraction were also
studied during tetamic contractton of the muscles Fig 7 {—D sllustrates typical
responses obtained tn & receptor dunng tetanc muscle stmulation of dufferent
strengths In A and B discharges occur only duning the rising phase of the con
traction curve whereas in € and D discharges are maumtauned al a dunng, the
plateau phase As appears from the records the umpulse mntenval 1s shorter dur
mg the nsng phase The relation between the discharge frequency in the dy
namic and 1n the static pha ¢ of contravnon vanes in different receptors but
this relationship has not been more closely analyzed in this v xrk 1t <hould
only be noted that a high senaitnnaty to dynamuc stmulaton may be obsened in
some recepors during the platean phase in the form of a driving  pheriomenon
1 ¢ thythmmic discharges occurning sn phase wath the muscle sumulauon m the
same manner as previowsly desenbed for certam muscle endings during v
bratorn muscle sumulation (Bessou and Laporte 1962 Bianconi and san der
Meulen 1963) Such drving phenomena were especially obmens ed dunins, tetante
consraction of the thyroanytenod in wihuch the tension vanations svachr >

nously with the sumuli may amount ro 300 dines at a fré juency of 100 per sec
Mirtensson and Skoglund $964)
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Fig 7 Receptor actnauon dunng
teranic contractions A—D  enco-
thyrod wnrtially silent unit ncreas-
ingstimulus strengths maximalin D
changes 1n contraction amphiude
not proportionally recorded E pos-
tenor cncoarytenaid and F ihyro-
arytenoid spontaneously acti e unts
“Time 200 msec

When companng records € and D st appears that the frequency during the
first part of the plateau phase increases with the contraction amphtude in this
case 1t amounts to 40 per sec dunng maximal stimulation in D In £1sshowna
record from another umt dunng maximal contraction of the postenor crico-
antenoid the discharge freq 15 excep ly high 250 impulses per se¢
but a relatnvely high frequency was actually a typical feature 1n most of the re
cordings made durning contraction of this muscle The effects induced by max
mal tetame contraction may of course vary within a wide range depending on
the contractule power of the muscle and the transfer of the mechanical effect to
the receptor Thus record F shows a receptor actiation apparent 1 the shape
of onlv a moderate acceleranon of the resting discharge As appears from all
these records there 1s a slow decrease o frequency duning the plateau phase
Frequencs d 11 the 3 rates intwo receprors
are gnen m Fig 11 below

As a rule the excrtatory effects exoked by tetanie contraction of the muscles

were followed by a p y pause on of 1 {Fig 7E)
or by a transient slomng—down of the sponlzncom impulse frequency below
reting lovel £ The d of the pos: ik was longer the

more Jong lasuing the tetamc contraction and the hyghcr the amphitude of the
contraction

Inkibitory effects Fig & 4 allustrates a typical inhilatory effect during a maxi
mal tetanic contraction  As soon as the sumulus was apphed the spontancous
large spike actnvty ceased and was not resumed untl the sumulation was dis
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Fig 8 Reccpra nhubition doring
tctamc contract on 4 poster or €T
charyteno d B contipumngin C e
cothyrod during maximal contrac
won 17 contmmng 1n E same muscle
durng  submawnal  contration
Tin 700 msec

contsued ats frequency was then for a short tume shightly above resting level
Inadentally 31 tan be seen that dusing the contraction another initially sifent
wmit of small amphitude becomes activated A simular example of an whibitory
affect duning mawumal contraction 15 shown mn Fig 8 B—~C In this case the
inlubition was complete only durning the nsing phase of the contrrction cune
and durwg the plateay phase the ducharge was resumed with successinely m
crcasmg (anutm:y This bebavior x obuously 1o be ascrthed 1w adaptabson

ce gous to those 11 11t Fig 7 Duning weaker conteaction of
thc same musclc the wttial pause as well as the stowing-down of the discharge
frequency duning the plateau phase were less prosounced (Fig 8 D—E;

Atpecal responses during Wlansc confracton In some recordmgs from umits tn
wluch an exatatory effect was eherted dunng twitch contraction tetamic con
traction resulted i an aceclerated impulse frequencs aot only dunng the nstng
phase of the contraction (Fig 9 4) but akso i the refaxation phase (8

S mentoned above a smal} number of receptors were found which were
tohibited dunng submavimal and excited duning maural twitch contraction
Analogous dual effects were more often observed durng retanic contraction of
ranng amphitude and the response from such seeeptors fo hagh amplinude
tetanue contracuen consited of ap muual jnhubiton of the restng discharge
Tollowed by an acceleration when the contraction curve approached the plateau
tevel Mg 9C) \s appears from Fig 9 D the whilntion pertod can be pro-
longed by slawh increasing the sumulus from zero 1w maxemal strengsh s
wdueng a ven slow snerease in coptraction amphitude
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Fig 9 typical responses in duffcrent
receptors during tetanic contractions
4 continuing 11 8 posterior crco-
arytenoid € posterior cricoarvie
nod D thyroarytenoid Onsct of
stimulation at arrow Lower beam
m D muscl acti n pot ntials S+
text, Time 200 m ec

On cessanon of sumulation the behavior of the receptors vaned depending
on their discharge pattern duning the contraction phase of the muscle In the
cases of receptor responses consisting of 2 pause or slowing of the impulse rate
throughout the whole period of sumulation muscle relaxation may give rise to
a rebound effect 1n the form of an accelerated discharge frequency In cases of
Teceptor responses consisting of an mmal silence followed by a discharge of a
frequency hugher than the resting level of the receptor cessation of stmulation
was followed bv a postexcitatory pause (Fig 9 C) which was of longer duration
the more high frequent the previous discharge Bnief postexcitatory pauses were
also sometimes followed by 2 discharge dunng the relaxation phase of the muscle

Responses of one and the same unit duning tetame contrachion of different mustles Dur
mg tetante as well as dunng twitch contracuons many different combinauions
of effects were ob d 1n units responding to ) of two or three mus
cles As a rule the combinations of excitatory and inhibitory effects were identt
cal with those obtamned durin, twitch contracuon

Reciprocal responses mn one and the same unit duning contraction of different
muscles can profitably be studied by imultaneous sumulaten of two museles
Thus 1n Fig 10 1 a swtamned discharge has been set up in areceptor by tetan
zauon of the thyroantenod During the course of this contractisn sumulation
15 also applied to the posterior cricoarytenoid resulung in an immediate nfubi
ton of the discharge The comerse type of reciprocity 1s shown an Fig 107 4
spomzneousI) actre receptor 1s almost completely intubited by tetanic contrac
tion of the thyroarytenoid but dunng periods of activauon of the posterior
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Fig 10 Reaprocal responses of one and the same unit dung smultaneous tetanic_timulation
of two different muscles 4 and B solid kine contraction of thyroaryt nowd broken lne contrac

tion of pastertor ¢ricoarytenoid € solid Line contraction of encothyroid broken Tm  contrac

tion of posterio cricoarvtenond See text T me 700 msec

encoarytenoid the discharge rhythm 1s resumed and reaches even ngher values
than the resting disch Sull another ple of recip: 1l d m
Fig 10 € 1n which a conunuous discharge set up m a stlent unit by tetame con
traction of the encothyroid 15 mnterrupted by repeated series of tetanic stumula
ton of the postenior cricoary tenord

A systematic analvsis of the receptor discharges during tetanic contraction 1s
not included in the present study but examples of frequency diagrams from two
differently adaptng receptors each acuvated by two muscles are gnen m
Fig 11 One of the receptors showed adaptation curves { 4 and B) m which the
plateau level was reached witlhun 2—3 sewonds after the peak of actanon
This was a less common findmg Usually the adaptation rate was slower as
shown by the other example (€ and D) m which the final frequency level was
not reached within the 5 second penod of sumulation In both receptors ces
sation of stimulation resulted mn p ed hub

P Y
Atempts at receptor locals ations

Attempts at a rough locahization of receptors by mechanically applied pres
sure stmulation were made in about half the number of umits responding to con
traction of the laryngeal museles Judging from the loa extubiting the lowest
stunultus threshold for the of lses or for changes in discharge fre
fuency these receptors seemed as a rule to be located outside the muscles the
nost common sites being along the lateral anyepsglottic fold and i structures
around the cuneiform and the arytenoid cartilages A small number of receptors
seemed to be most sensttive to pressure ventral to the cunciform carulage where
?gconnccu\c ussuc band kinks this cartlage to the thyrord carulage fcf Andrew

54 b)

In a few cases the lowest threshold for pressurc actnation of a receptor was
found on the bellh of the thvroantenoid muscie Whether this sndicates thi*
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Fiz 11 Adaptauon of receptor discharge duning the plateaa phase of tetansc contraction 1n two
different veceptors cach actwated from two different muscles A thyroarytenod 8 fat ral

Y d € postertor ericoary d D lateral Abscissae  time insec
Ordinates discharge frequency See text

some receptors are located 1n the muscle belly or 1n the underlying vocal cords
cannot be decided In most of these cases an excitatory response was obtamed
duning contraction of the muscle howeser a pause 1n a pre exstent discharge
was never observed which excludes the possibihity that the receptor under study
was parallel coupled like muscle spindles (Matthews 1933)

Ttshould be stressed however that a more accurate localization of the recep
tors by means of a manually apphied probe 1s not possible i view of the manner
1 which the vanous parts of the larynx are linked together Nor 151t po sible by

N 1

manual pressure sumulation to mutate the p d by

action 1n order thus to determine the 2t 1 effect ul ly responsibl
for the receptor activation Thus eg two umits 1n which duning contraction
of a given muscle ( y and it y) effects were recorded

were both actvated when mechamcal pressure was applied at the same site
Conversely pressure apphed at two pomnts only a few millimetres apart mght
n one and the same unit induce an excitatory response from one and an inhih
story respanse from the other of these adjacent loa

Discussion
From the comparative expeniments with manually applied pressure sumula
won 1t was evident that most of the receptors studied were located outside the
smuscles, but 1t should once more be emphasized that the method used for the
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localization of the rcceptors permts only a rough estmate of therr sites Thus
for 1nstance, 1f a receptor was activated by pressure applied to the arytenod
cartilage 1t could not be decided whether it was located 1n the capsule of the
cncoarytenowd ot 1n the hgaments or the tendon attachments The fact that
m a few cases the Jowest threshold for pressure of 2 given umit was
found on the belly of the thyroarytenoid muscle and that these unrts were actt

rated during contraction may indicate that special types of mechanoreceptors
are present in the muscle {cf ¢ ¢ Rudolph 1961)

Of interest 1n this connection 1s a recent report by Gracheva (1963) descib
ing vanious types of nerve endings 1n the capsule of the cricoarytenod joint the
tendon attachments of some laryngeal muscles and to a lesser extent n thew
muscle bellies after transection of the superior laryngeal nerve in cat and dog
these endings were found to degenerate

Brancom and Molinar: (1962) described experiments on cats i which they
studied afferent impulse patterns in single umts of the recurrent laryngeal nerve
during stretch and contraction of different laryngeal muscles On contraction
of the postertor cricoarytenoid and the thyroarytenoid they observed accelera
tion as well as mhitation of pre existent actinty set up by muscle steetch In
umits inhibited duning muscle the discharge freq could be
ncreased by manually applied pressure to an appropnate area of the muscle
and these umits were therefore considered to be muscle spindles Although ab-
sentin the dog s laryngeal muscles spindles may of course be present in those
of the cat (cf Bowden et al 1960) speeies d have been d d
for mstance 1n the extrinsic eye muscles {¢f Cilumbans 1910 Cooper Daniel and
Whitteridge 1921 Cooper and Fillenz 1955}

It should be pointed out however that the resp dered by B
and Molinan to represent muscle spindle discharges were not recorded from
separate muscle nerve but from filaments in the main trunk of the recurrent
nenc after this had been cut as caudal as possible m the neck According to
Kirchner and \yke (1964) the recurrent nerve of the cat contamns afferent
fibers from laryngeal joimnt receptors and the posstbility that the afferent re
Sponses recorded by Biancom: and Molmarn are set up 1n joint proprioceptors
should also be considered In this connection 1t 15 noteworthy that attempts to
record afferent impulses from muscle spindles in the motor nerve to laryngeal
Muscles have been unsuccessful both in the rat (Andrew 1956) and the dog
(Mrtensson 1963) as also 1n some exploratory cxpeniments on cat  \artens
son unpublished result)

In the present iny the ded from umts in the internal
laryngeal nerve seemed to onginate mainly from receptors located in structures
n the cramal part of the larynx No unus could be acinated by local pressure
sumulation of structures in the caudal part such as the cncothyrod joint and
the encothvrod The possibility should be dered that the pro-
Prioceptine fibers from the caudal part of the larynx are contuned within the
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recurrent laryngeal nerve (cf 1bove) or the pararecurrent nerve (ef Lemere
1932) In some exploratory experiments performed m connection with the pres
ent serzes of experiments recordings were made from the latter nenve and 1m
pulse discharges similar to those obtained m the imnternal laryngeal nenve were
observed during contraction of different laryngeal muscles A systemaucanal
ysis of the vartous types of afferent responses that can be eliated sn units from
the recurrent and pararecurrent nerves seems pertinent as a complement to the
present study

In previous studies of the cat s knee Jont receptors (Boyd and Roberts 1923)
responses were recorded from both slowly and rapidly adapting receptors the
latter of a type resembhing Paciman corpuscles (Boyd 1904 Shoglund 1956) In
the course of the pre ent experniments no responses were obtamned from rapudly
adapting receptors This does not exclude however that there may be such
receptors 1n structures around the laryngeal joints even though Pacinin hke
corpuscles have not been histologically demonstrated In the rat rapidly adapt
ang receptors are activated by touch stimulation of the laryngeal mucosa ( An
drew 1956) and such receptors 1 the dog are likely to be snmulated when
laryngeal muscles contract their tctivity would then show up 1n recordings
from filaments of the internal laryngeal nerve However most of the umts
tested 1n the present experiments were spontancously active thus representing
a sel of slowly adaptmg P and 1t s possible that raprdly adapting
units would be found »f a larger number of mitially silent umts were tested

It seems to be of interest to compare the properties of the receptors stucsed i
this work with presious data on the slowly adapting type of joint receptors The
ability of the receptors under study to maintain discharges from about ten up
to several hundred impulses per second 18 1n accordance with previous deserip-
tions of proprioceptors n the hnee jount of the cat (Boyd and Roberts 1953 An
drew 1954 a) and 1n the thyroepiglottic joint of the rat (Andrew 1921b) 3s
mentioned above the duration of the tetanic contraction used for sustamed
stimulation of the receptors was limited to maximum 5 sec in order to exclude
muscle fatigue and long lasting adaptation processes cannot be studied within
these time hmats There are however close similarities between the adaptition
curves that can be obtained within this period of time (cf Fig 11) and some of
the curves published by ¥oyd and Roberts (1953) relating to knee joint recep
tors

There 1s a certamn resemblance between the wnpulse patterns shown
Fig 9C and D and the discharges observed in stretch receptors mn the knee
jomt (Andrew 1954 a) and 1n the thyroepiglottic joint (Andrew 195% b) Dur
ing gradually increasing stretch of the medial ligament of the knec as welf as
dunng increasing flexion of the epiglotus the 1mtial response of spomanmusl)
actnye receptors consisted of a pause but as the movement proceeded this res
ponse was substituted by an accelerated discharge The explanation nﬂ':r,cd
1mplied that the receptor passed through a stage of zero sumulation during the
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course of the movement The same interpretation may apply to the analogous
mpulse patterns in Fig 9 212 the receptor may be unloaded dunng a certain
contraction amphtude and then once more be sumulated as the tension
creases A sumilar mechanism may account for the behavior observed in some
receptors dunng the relaxation phase when there 1s a pause preceding a short
burst Whether the type of response llustrated 1in Fig 9 4 and B consisting of 2
discharge both at onset and of the tetanc can be explain
ed m terms of mechanical events or 15 an expression of some specific receptor
properties cannot be judged

As mentioned above the different parts of the larynx are innmately connec
ted and contraction of one of the muscles thus gives nse to motements 1n a
number of different parts of the organ Contraction of a gisen muscle 15 Likels
to have differential effects on different receptors depending on therr sites The
discharge frequency as well as the duration of 2 receptor response depends —
besides on the time course and amplitude of the contraction — on the efficiency of
the of the meck leffect The pred role of the mechan
1cal forces m determining the response pattern 1s obvious ¢ ¢ from expenments
in which one and the same receptor was found to respond to twitch contraction
of the posterior cricoarytenord muscle by 2 high frequent volley of ten spikes
whereas a twitch of the faster and less powerful thyroarytenord muscle resulted
m only one smke However the possible custence of receptors of different sen
stvity should also be taken into account

A great number of receptors were found which were recaprocally nfluenced
by the postenior enicoarytenoid and the thyroarytenord muscles and these end
1ngs are obviously situated 1n structures exposed to mechamcal forces of opposite
direction when these muscles are actnated Siwce the two muscles act as anta
gomsts in abductor adductor movements in the cricoarytenord jomnt a posstble
locauon would be i structures around this joint It1s of interest in this connection
that the capsule of the cricoars tenoid Joint of the cat has been shown to have a
dense innervation and that the nerve endings embedded 1n the fibrous capsule
are supplied by fibers some of which join the supenor larvngeal nerve (harch
ner and Wike 1964) s appears from Table I receptors were also found v hich
were actvated by both the posterior cricoanvtenord and the thvroarvtenoid
muscles and these must be located at sites where the two muscles exert svner
gute effects In view of the complex antagonistic svnergistic action of thein
trinsic laryngeal muscles 1t 1s not surprising that many different combinauons
of response patterns are represented in the units influenced by different muscles
1t should be justified to draw the conclusion that the impulse patterns of the
mechanoreceptors studied are differentiated enouth to serve a propriocepuze
control of the mtrinsic lary ngeal muscles

Ths oklasbeen uppe ted b grant fron Rewnat nanlgt K rolnmka nttutt
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Contraction 1n Intrafusal Muscle Fibres of Xenopus
Laevis Following Samulation of
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Abstract

Swrrn R S Contra ton tn wit afusal muscle fibres of \enopus laerr folloa n
stm fat nofther moto nerzes Acta phymiol scand 1964 67 195—708 — The
contract le beha rou of an phub an ntrafusal muscle fibres following stimula.
ton of theur motor nerves was i esugated by cmephotography of the chang
ing sarcomere length Two tvpes of intrafusal muscle fibre were distinguashed
large ndsmall Small intrafusal muscle fib eswere upphed by small diam efer
motor nerves and had a Jorge lasune contraction than the large wtrafusal
fibres wh ch were suppl ed by large diameter motor nerses Contract on t 33
propagated  ent 1n both large and small muscle fib es follow ng single nerve
stmul At hugh st mulat on frequenc es the contract on was not propagated
throu_ b the complete length of th large muscle fib cs. E. sdence wa obtain

that the large muselc fibres contained, in the region of sentor) contacts zones

wh ch were less suff than the restng stnased muscle fibre and that the small
muscle fibres did not contain_ uch zones

mobscryat ons were zbo mad on
spontaneous contract on 1n these muscle fbres

The results of carhier expennments \Smuth 1964) have led to the conclusion
that muscle spindles of Yenopus laevis contain two types of ntrafusal muscle
fibre a large diameter muscle fibre having a fast contraction and a small
dramerer muscle fibre which contracts more slowly, Thesc two tvpes of muscle
fibre are supplied by large and small diameter motor nerves respectively It
was also reported that both types of muscle fibre propagated ther electrical
wmpulse across the sensory region of the muscle spindle except on repettne
stumulation when 1f the shmulus intennal were short enough  the impulse failed
to conduct throughout the entire length of the muscle fibres These conclusions &~
Med cal Research F fluw Med al Research Counc | Canada
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are not i complete agreement with other current concepts of the function of
intrafusal muscle fibrey (Katz 1919 1 yzaguirre 1907 hoketsu and Nishi
1997 @ ) and since all the previous condusions have been based larg ely on
clectropliysiological evidence 1t was felt that ¢ was necessary to examne the
mechanical behaviour of these muscle fibres 1n greater detail
Yresented hiere are the results of einephotography of the hehaviour of mtra

fusal mu cfe sarcomeres duning, twitch nd tetame contracuons, and of the
measurement of the twitch tension an there muscle fibres Some olscrvations
on spontancous contraction of ntrafusal muscles and of therr bebaviour beneath
the sensory endin,s are al o described

Methodsy

Freparate 1 The extensor bingus dicatrun 11T IV Sf the wad Nenofus larcy was
dissected out with several centimetres of nerve attach d - The perve way drabeathed
from sts prommal en § 5 within about ane entmetr of the mu de

e dissection «f a sem olated musele spandle has bern descrth d before (F ketst
and Suhi 3057 a) but since th exprenm nt reported bere ds not i all reape Bocan
firm the work of ol ers the present techn que will b brefly describe | fh tmusle
was held by 1tx tendons 1n a hamber mlar 15 1 at alrea dy describe 1 (Saeern 1961
and th belly of the muscle was support d by a ub of Fersprs which stond on th Bxr
of the ehamber  The musl was tran sflur snatrd and ssewed with a d sectang smcro-
scope With the muscl- fibres aligned st was quate ra v 1 1 cogane th capaular repiom
of mmuscle spn fles through the ticknen { the musde Muscl i) 3 were wsally

el 10 the underide of th muscde 16 anoctation with Dod seswels WEen a st 12
e sl

muscle sy 1ndie had been s fentified cuts were made with fin - scmons 1cro [
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Fig 2 Arrangement shown schemancal
ly for photography of wntrafusal muscle
stnatons during contraction The
sected porton of the muscle spmdle 15
indicated (a) On the left it an undis
sected pa 4 of the museh (b} the wmtra
fusal muscle fibres had ther motor and
sensory innervationntact The extrafusal
muscle fibres were all sever d but had
theirr motor supply partly mtact Intra
fusal motor end plates are shown as il
led tr angles and are arbitranly mdicated
Evirafusal motor_end plates shown as
open tnangles The und ssected portion
of the muscle on the night (c) was com
pletely denervated. The neeve trunk T
(d) passed through the capllary (e)

actoss which it was sumulated Light fron a tungsten lamp passed through a heat filter (f)
th ough the phasc contrast condensor (g) the preparat an (a) and the phase contrast objec
tve (h) The prism and lens system (3) allowed the Light to pass to the eye or to the film m 2
16 mm ame camera (k)

through the extrafusal muscle fibres at a position opposite the spindle capsule After
the majonity of the extrafusal muscle fibres had been severed the rest of the muscle
fibres surrounding the muscle spindle were cut through cither wath steel needles or
tungsten s ires which had been electropolished to a fine pont Extrafusal tissues were
dussected away from the spindle capsule by cutting through connective tissue strands
bv pressing them against the Perspex support with dissecting needles

‘The preparation was ah ays immersed in Ringer s solution with the composition
(mM) NaCl 1120 RCl125 CaCl,20 NaHCO,25and withapH of 75080

Measurement of sarcomere len,th The nerve wmuscle preparation was transferred from the
dissecting chamber to a recording chamber 1 1thout stretching and without taking 1t
through a saline air nterface The recording chamber which was constructed for use
on 2 microscope stage 1s shovn m Fig 1 The muscle was held by its tendons between
two spht nylon rods (a) mn a 05 mm deep well (b) while the nere was drawn out
through a gap m the side of the v efl {¢) and through a capillary betwcen the pools (d)
and (¢} The capillany provided an external hugh remstance across which the nerve
could be sumulated at threshold to acuvate large motor fibres and supramaximally
with a distally apphed anode block to obtain selectne small motor fibre sumulation
(Smith 196%) Silicone grease or petroleurn jelly was smeared on the top of the walls
of the shallow well contarming the muscle and a cover shy prevented evaporation of

water from the solution bathing the muscle and gave a plane opucal surface to the top
of the Ringer s solution 1n the 3 elf

The complete 1 for pt of the 1 muscle
sarcomeres 18 shown schematically in Fig 2 The dragram illustrates that (1) the intra
fusal muscles were photographed at a position some distance past the term nation of
the sensory endings and at the end of the spindle capsule distant from the nervated
portion of the muscle (2) the muscle fibres were photographed throuh the spndle
caprule this often led to poor epucal conditions (3) both mtrafusal muscles and extea
Tusal muscles vere innervated on the side of the dissection close to the entry of the nerve
trunk bus the extrafusal muscles were all smvered (4) the intrafusal muscles and extra
fusal muscles v ere denervated on the side of the dis.rction far from the entsv of the
nere trunk

The chamber described above and shown i Fag | fitted onto the stage of the amm
scope with phase contrast opucs 33 \gCl electrodes were also auached to micro ore
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scope stage and could be lowered across the capillary contarming the nerve Stmulation
current was supplied by 2 rectangular pulse generator

Light from a low voltage tungsten lamp passed through a collecting lens to give Rohler
lummation and through 2 bath of 10 ©, CuSO, solution which acted as a heat filter
A 36 mm Reichert phase contrast objecuse with a numencal aperture of 065 and a
working distance of 0 52 mm was used to form an image of the preparation which could
beviewed by means of a pnsm by eye or when the prism was rotated out of the optical
path by a 16 mm cine camera

‘The camera was supported by a heavy stand and did not touch the microscope The
film transporting mechanism was calibrated photoelectrically and gave 2 stable film
speed of 37 frames‘sec. Movement of the film was at right angles to the long axis of the
muscle fibres Wiile the preparation was bung viewed by eye a dark green filter was
nterposed between the light source and the heat filter The green filter was removed
dunng photography The tempcrature of the fld 1n the muscle chamber was checked
with a thermocouple and was found to remain at room temperature which 1n thisseries
of experiments varied between 20 and 23 C

Ilford FP3 16 mm film was used and the development time was prolonged to give an
emulsion speed greater than the maaufacturers rating

To mea ure the average sarcomere length the negatn es were projected onto a ground
glass screen and the total length of the same ten sarcomeres was measured on successine
frames with vernier calipers In some cases large prints were made from the negatives
and measurements were taken {rom these

Tenston measurements To measure twitch tension developed by the intrafusal muscle
fibres the preparation was mounted mn a chamber simular to that descibed by Swrrd
¢1964) except that umn this case the muscle was vertical The lower tendon was attached
10 the floor of the chamber and the upper tendon 1o a freely pivoted lever which rested
on the anode pin of an RCA 5734 mechano-electric transducer The resonant frequency
of the lever and the anode pin together was 2 ke In order 10 averd artifacts produced
by vibrations transmitted from the floor of the burlding 2 massive elastic mounting was
used to support the apparatus The output of the transducer was amplified with 2
D C amplifier and displaved on an osalloscope In order to view the muscle and muscle
spindle while tension was beng recorded a pe was mounted b !
ly and the preparation was viewed through the Perspex wall of the chamber Duning the
experiments 11 was found that when the muscle was stretched and mounted then the
extrafusal muscles which were innervated did supply some measurable tensson on sum
ulatson of the nerve even though all the muscle fibres were cut To asoid artfacts of
this sort the extrafusal end plates were blocked with 3/ 10-% g ml d Tubocurarninc
This curanzation did not affect the activity of the intrafusal muscle fibres At the end ¢f
the expenment the disstcted portion of the muscle spindle was squeezed and a check
was made to determine whether the P of in the § muscle
fibres comaded with a disapprarance of twitch tension

Results

Durectron of umpulse mo ement Following a sumulus to the nerve the directron
of movement of the contraction wase i the intrafusal muscle fibres could easily

hen the preparation was viewed at low magnification The wave

cen w
be s ered

moved always from the end of the preparation at which the nerve trunk ent
the muscle towards that end farthest from the entry of the nenve trunk (see
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Fig 2) This observation was taken as evidence that that part of the muscle
spndle which was farthest from the entry of the nerve trunk had 1n fact been
denervated by the dissection

Re,ton of sensory contact It was noticed that 1n the region of sensory contacts
at least some of the muscle fibres contaned a zone 1 which no striation could
e seen even at high magmficaton In several cases the length of this zone
could be measured and was 70—90 z long Stinulation of the nerve with 2
threshold stimulus revealed that this zone was contained 1 the large (Smuth
1964) muscle fibres The apparently striation free zone had mechanical prop
erties which were obviou ly different from the rest of the muscle fibre This
zone clearly extended when the rest of the muscle fibre contracted The se
quence of events observed followng stimulation of the nerve and during the
subsequent contraction of the muscle fibre was that the surtation free zone ex
tended first towards the mnervated end of the muscle fibre then also toward
the denervated end of the fibre Finally the whole zone relaxed symmetrically
to 1ts original length In other words the striation free zone acted as though
1t were an elasuc structure with a stiffness less than that of the stnated part of
the muscle fibre 1n the resting state

A smation free region m ntrafusal muscle fibres has long been known mn
frog muscle spindles and has been described recently by Gray (1956) in fived
preparations Jahn (1929) described a zone of about 100 u length 1 which
no stnation could be seen an Iving muscle spindles A region the retnular
zone has been described by katz (1961) which measured from 20—100
i length and which contamned few myofibrils The extensible region seen mn
the present experiments may well correspond to the reticular zone

An extensible striation free region ws not seen 1n the small intrafusal muscle
fibres which contract alone when the nerve to the preparation 1s stimulated
supramaximally with an anodal block apphed to large nerve fibres Although
thus does not exclude the presence of such a zone 1n the small muscle fibres 1t
should be mentioned that Jahn (1959} observed that some muscle hbres could

traverse the region of sensory contacts without losing therr striation at anv
pownt

S

s 10 frog intrafusal muscle
fibres have been rcponcd by Buch!hal and Jahn (1927; In the present in
vestigation of the properties of amphibian intrafusal muscles over two hundred
muscle spindles have been observed and spontaneous contraction of the wtra
fusal muscle fibres was seen 1n approwimately 10 of the preparations It was
noheed that sp could be associated with an ageing prep
arition but that this was not always the case

The phenomenon was tmiefly investigated in the following way

a The muscle was examuned under the dissecung mucroscope while m siu
with the )¢ mtact T of the muscle was achieved by
leading, hight beneathr the muscle with a | mm thick stnp of Perspex Fien
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though blood eorpuscles could casly be seen no muscular mosement was ob-
sened

b No spontaneous contraction of intrafusal muscle fibres was seen 1n muscle
spindles observed through the intact mu cle m zutro

¢ Spontaneous contracuion of ntrafusal muscle fibres was rarely seen (see
above) in dissected preparations even though the muscle fibres would contract
1n response to 2 mngle nerve sumulus

d At short tumes after the end of fast repetitne simulauon of the nene
one or more sp of the fusal muscle fibres could be
seen

¢ The effect of modifying the caleizm and potasstum concentrations 1n the
Runger s solution on the behaviour of intrafusal muscles was studted 1n undss
sected and dissected muscle spindles 1 titro Lowenn,, the {CaCl,] from 2 0 mM
to 0 5 mM caused spontancous contracuon of the mntrafusal muscle fibres In
whole muscles these contracuons took piace 1 the complete absence of any
extrafu.al muscle contracion The contractions which started almost m
mediately on changing solutions occurred imually at a very high rate and settled
down after a minute or two 10 a steady rate of about 1--0 5/sec Sumular spon
taneous contracuons were scen when the [RC1] was raised from 25 m\! to
5 mM Both these effects were completely reversible and nesther was abolished
by the add of d Tut ma ion of 15/ 107 giml

It was concluded that pontancous contraction was not normal 1n the muscle
spindles imvestsated However it was apparent that spontaneous contractions
of intrafusal muscle fibres can occur under \anous circumstances

There are «meral pecubanues of the exatability of inirafusal muscle fibres that may
be relatrd to the phenomenon of spontanross ontraction as descnbed by Buoirmian
and Jahn (1927 Diffe d blockmz of ). brtwern antra
fusal and extrafu 2l muscle { bres by entieal curanzation has been desenbed tn Amphsbia
{hatz 1943 Evzagurre 1957 Henzixh and Schulte 19,8 Smuth 1964 On the
basis of his o'sernauons on cnucally curanzed musclea hatz (1943, suggested that
there 15 2 huzh safety factor for ncuromuscular transrnission in muscle spindles and suz
gested that this may depend on the relatne sizes of the nerve ending and the muscle
Sbre. Thus 1s no dsubt a contnibubing factor o a high safety factor however the thresh
old of intrafusal muscle fibres could be lower than that of thr extrafusal muscles 0
fact there 13 avidence to mijcat  that Uus seeond powsbilinn mas be true

The efiecct of caloum on ner e cell membranes has been analysed in dews] (Franken
haruser 1957 Frankenhaser and Hodzn 1337 While caloum hzy complex of
fects on the permeabilin mechanism of oell membranes 1t can be said that moderate
drereases in external calcrum n decrease the ! required to reach
threshsld Thus while other explanations might well hold 1t can be said that intrafusdl
rmuscle contrartion 10 the absence of extrafusal muscle contractions n fow caloum
could sndicate a dower nitial threshold sa the intrafusal muscle fibres. Thus effect as cer
ainly on th e muscls membrane staelf lm £ 1113 not altered by d Tubocuranne Ramng
the external pr will d both mntra and extrafusal muscle

fibres with lbr eonceatraton chanzes used hm- the depolanzation might have been
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Table I Diameters of snirafusal muscle fibres having Yust and slow busthes as cen by pe
throuk the phase contrast mucroscnpe The fast mo ement was alaays assocuated nt i threshold
stmulation of the nerze The Slo, fsiches tere produced by selectioely stimulatir, swall diam
cter motor asons Orly those preparations sn which the drameters of all muscle fibres could be
measured and 1n whick all muscle fibres had wntact motor wnnerration ave tncluded

Diameters fibres Diameters fibres
vath fast with slow
1 log 15p 1y
2 p g 105
3 oy I3p 104
4 154 T
5 1B 9p 8y

about 15 mV (Hodekin and Horowitz 1939) Intrafusal muscle fibres began to contract
when depolanzed tn this way while the extrafusal muscles did not This observation
could also be explarned 1f the intrafusal muscles had a low threshold

Spontaneous contractions as observed by Buchthal and Jahn (1957) could occur if
the threshold of the ntrafusal muscles were close enough to the resung membrane
potential and if the membrane potential were beng perturbed by random hberauon
of transmutter substance from the exten.ne motor end plate regions Indeed muscle
spindles which otherwise showed no spontaneous contractions did m the present in
Vestigation contract spontaneously followng the cessation of a repetitive stimulus to
their motor nerves It has been shown that n mammalian mascle the frequency of
random liberation of transmutter substance 1s greatly mereased following repetitive
sumulation of the motor nerve (Brooks 1956 Laley 1926 5 Hubbard 1959)

Muscle diameter and speed of mocement It was reported earher (Smuth 1964)
that the moveraent of the wtrafusal muscle bundle 1n response to stmulation
of small motor nerves was clearly much slower than the movement due to
sumulation of large mator fibres Other evidence enabled the conclusion to
be drawn that the slow movement was property of a small diameter muscle
fibre \icroscopc examunauon of paraffin sections and of teased fixed whole
spindles suggested the presence of two groups of mtrafusal muscle fibres with
diameters of approumately 19 g and 7 4 (Smuth 1963) In the present imestiga
tion the movements as seen by eve through the phase contrast microscope of
wndnadual intrafusal muscle fibres were classiied as slow and fast The re
sults are presented 1n Table I Only those preparations in which 1t was possible
to measure the diameter of all the muscle fibres and m which all the muscle
fibres contracted following sumulation of the nene trunk are included 1n the
table The diameters of the muscle fibres were measured 1o the nearest micron
At a pant m the palar regron of the musele spndle In each case the smallest
muscle fibre was found to be the slowlv contracting ane The dufference between
the diameters of the smallest fibre in the spindle and the smallest fibre having
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Fig 3 Poruons fenlarg d prunts riadeonalugh ¢ ntrau paper from I mmn gatsves arrang 3
1o Wlusrate arcomere ab 11 m curing contraceor Tamal) and arge it sl 11563

Small intrafusal muscle Bl re & lecine stulaticn of small metor ners s Stryps cut from
enlarted prints of succrsn frames «§ IF mm fdm taken at a speed {37 framesfsec Striatins
ard LA of the unips ar_abign d as i cat d by dots outior <fon a 4 th same stration
enth mgit fihe stnpsaloird cated Ly dots wil th vertieal straight lines ase anten | 1 only
ayapu defriheeye Th sratiminical dbyd went night hard sde ofth strps shows
amnemertUmards th | fthand 14 (¢ ddlustran o (L Larg muscl fibr & 3cn sum
et {larg ot  nerses 1 ceduse 3 d marking | { fripn 38 xplamed abo ¢ Sasc irece
rngtt §ezch musel fibre during contracti n sgl 1t d 1 Eig 4 (C Tartofa If mm n gati ¢
entarg 11 show muscle fitr diamet 75 Small muscl 6t re approamat Iy 74 m diam ter
Large 1w} fbre pprsomatel 1oy 1 diam ter Tomperatge 22  Fitres inclod 6 1n
Tabd | frep ratin'4

a fast movement may not have been marked e ¢ Table [ preparation 3)
but no parucular 1,mficance 15 attached to this obeeriation since 1t was some
tumes obserned that the fibre diameters and their differences became greater
at greater distances from the ensory regron Tarker and Cope 1962) have
reported that frog inmtrafusal muscle fibres increase 1 diameter away from the
sensory region

\fzasurement of sarcmere len,th The mam object of the expenments reported
here was as stated before to measure the time course of the change in sarco-
mere fength 1n intrafusal muscle fibres during sumulation of thewr motor nenves
The foregoing general obsenatons serve laraely as an introduction to the fol
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3044 A
303,
Eig 4 The sverage sarcomere lengthof themus 2
¢l fbres allustrated 1n Fig 3 plotied dunng con s
traction Each measurement of sarcomere length  _ 760l
was obtamed from on of the strps of Fig 3
Temp rature 22 C (3) Change m sarcomere ¢ 3
length dunng contraction of smalt muscle fibre =]
Nerve to p eparat on stmulated selectt ely jor % 7
small nerve fibres (B) Change n sarcome ¢ length
duning contract on of large muscle fbre Sumula
tion of merve to prepasation at threshold Fibres .
wcluded i Table I p eparation 4 26:
u [ @ m

lowing measurements and also indicate the funcuional state of the muscle fibres
1n these preparations

The position of the sarcomeres at equally spaced intervals of time during con
tracuon of the fibres was recorded on film as described and the length of usuat
Iv ten sarcomere umits was measured The same set of sarcomeres was used for
each measurement asillustrated in Fig 3 For the purpose of graphical presenta
tion the measurements were reduced to length per sarcomere

The length of the muscle spindle was adjusted 5o that the same set of sarco-
meres d within the ph field during a contraction the onh
exception to this berng those expeniments s olving tetamic contraction of the
muscle fibres Small movements of the preparauon were usually obtamed by
extending the muscle spindle just only unul the intrafusal muscle fibres were
straight Since the width of the photographic field was only about 50 g long:
tudinal displacement of the preparation had to be hmted to a few microns If
this precaution were not taken photography of single twitches became mpos
stble since the vewed part of the preparation meved rapdly acro s and out of
the field and usually moved out of focus at the same ume

The time courses of the change 1n sarcomere length duning simgle twitches
of the individual muscle fibres in preparations 4 and 3 of Table I arc illustrated
mFig 3 4 51 6A 7\ In Fig 3 the stnanons on the left hand side of the
ustrations are abgned as indicated by the pomts thus producing a relatve
movement of the sarcomeres at the nght hand stde of the dlustranon dunng
the contraction It 1s plain that the duration of the measurable change w sarco-
mere length 15 greater i the small muscle fibres which responded to sumula
tion of small motor nerves than in the large ibre Which responded to sumula
tion of large motor nerves The difference shown by these measurements how
ever would hardly seem to be suflicient to enable the contracuons to be clas
stfied fast and slow by mere visual obser ation

Switi (1964) reported that on repeutve sumulation the electrical impul ¢
failed to pa s through the sen ory region of the spindle in both large and small
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Fig 5 (A) Averag sarcomere length
dunng eontraction of large 1ntrafusal
muscte fibre. Surulstion of large diam-
cter motor nerves {B) Dusplacement of
sarcomeres in longitudinal axs of the
fibre during contrartion The abscissac
of (A} and (B) represent the same period
of ume Temperature 225 C. Fibre &
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muscle fibres Attempts were made in the present expeniments to detect the
mechancal result of impul ¢ blockage which should be an increase 1n sarcomere
length at sites past the block The enterion for a successful experiment was that
the sarcomere length should become greater than sts resung length when the
fibre was sumulated repetnely This effect was not detected 1n the small
muscle fibres The effect was however observed in the large muscle fibres i
several experniments In one experiment the sarcomerc length ancreased from
22 to 26 g when the fibre was stmulated v1a 1ts nerve at 50 sce These ex
penments were techmeally difficult and while 1t 13 regarded as significant that
this effect was detected 1n the large muscle fibres not much sigmficance 15 3t
tached 10 the failure to detect the effect 1 the small muscle fibres

Irtrafusal wruscle shortenng ard tension de-clopment  Eyzaguirre (1957) noted
that the intrafusal bundles secmed to horten freely when the muscle pindles
were surmulated 1n whole muscles The muscle spindles 1n the preparations
used here behaved m the same wav this 15 pos 1bly due to the fact that the
intrafusal muscle fibres yun for the greatest part of their course inside a connee
e poue tube this arrangement probably places them more effectinely 10
paralled with the extrafusal fibres wlnch are to some extent bound together by
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Fig 7 (A} A erage sarcomere
Iength during contraction of small 8
mtrafusal muscle fbre  Sumula //‘\
won of small dameter motor 3 3
nerves (B} Displacement of sar
come es m longitudmal axis of ~,
fibre during contracton The ab- .
e ol () and (B)representife 3 -
same period of time Temp rature
225 ¢ Fibre diameter 8 Fibre .
wcluded in Table 1 5 : . P
: ] £ £ ER——Y

)
Fg 8 Tracmgs of tension records obtamed 7
Tollowing sumalstion of exther Targe diam E N
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connective tissue In this case the movement of intrafusal muscle fibres can be
Tegarded as a semu motomic shortening the load bemng applied to the ends of
the fibres v1a elastic connectve tisue In these expermments the muscle spindle
was arranged so that the length of the whole preparation was just sufficient to
Lkeep the intrafusal muscle fibres straight thus the muscle fibres were hghtly
loaded Under these condiuons the shorterung of the muscle fibres caused 2
displacement of the sarcomeres 1 the longitudrnal avis of the fibre To clanfy
this point 1t should be mentioned that the spindle capsule usually sclected for
dissection was that lving most distally in the muscle hence the intrafusal muscles
were observed at a pomnt close to therr distal ends and the displacement was
alwavs towards the proumal nnenvated end of the fibre The movements as
seen by eve of the individual muscle fibres which led to the deseniption of fast
and slow movements in Table I were thus 2 combinanion of shortening of the
sarcomere length at the pomnt of obseryation and of a displacernent of the sarco-
meres in the longitudial avis of the fibre due to shortening of the whole muscle
fibre The displacement of the sarcomeres dunng the contractions llustrated 1n
Fig 5% 6\ 7A are shown in Fig 5B 6B 7B

Tracings of 1enston records obtamed as described under Methods on streched
muscles 10 which the conditions presumably were approxumately isometric are
shown in Fig 8 This particular pair of tracings was sclected since it represents
the least difference between the peak tensions developed on stumulaung the
large and the small motor nerve fibres and so probably Tepresents the contrac
tions of single larye and small intrafusal fibres
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It 1s surprising that the large muscle fibres which deliver a greater peak ten-
sion also show a shortemng or displacement as measured above which 15
less than that shown by the small muscle fibres This abservation could be ex
plained of the small muscle fibres were much longer than the large muscle fibres
on the other hand there 15 no evidence that tlns 1s the case and 1n fact there 1s
evidence to the contrary (Barker and Cope 1962) The load applied to the
ends of the fibres could also be quite different and no doubt differtng conduc
tion velocities m the two types of muscle fibres would also contribute towards
the effect It has already been pomnted out however that extensible non
straated zones were seen 1n the Jarge muscle fibres and that these regions he
haved as though they were less suff than the stnated portion of the muscle even
1 the resting state If such zones which have a low stiflness are inserted at
mtervals m the large muscle fibres then the total shortening, of the muscle fibre
during contraction will not be as great as 1 a normal fibre tnder the same
loading conditions The argument can also be used to suggest that the small
intrafusal muscle fibres contan no such extensible zone

These conclustons could be tested although the test might be complicated
by the possible unequal length of the mtrafusal muscle fibres by observing the
ncrease 10 sarcomere length in the two types of muscle fibre on passive cxten
sion of the spindle

The main conclusions reached from the evidence presented m tlus report
are that large intrafusal muscles were supplied by large motor nerves and had
a shorter lasting contraction than the small intrafusal muscle fibres which were
supplied by small diameter motor nerves The propagated impulse elicited a
contraction on both sides of the sensory region 1n both large and small muscle
fibres followine single nerve sttmul but at lugh stimulation frequencies contrac
tion was limited n the large muscle fibres to the mnnervated end of the muscle
spindle There 1s evidence that the large muscle fibres contained i the area
of sensory contacts regrons which were much less sufl than the resting, striated
muscle and thys region extended during the contraction of the rest of the hbre
The evidence was further that the small muscle fibres dtd not contamn similar

regions

Discussion

The work reported here has conftrmed in several important respects the con
clustons drawn from earlier cxperiments tSmith 1964 Intrafusal muscle fibres
having the smallest diameter were found to have a longer lastng contraction
than the larger intrafusal muscle fibres The small muscle fibres were supplied
by motor nerves having a diameter smaller than the nerves which supplied the
lar,e muscle fibres Sarcomere shorteming could be measured 1n both types of
muscle fibre at a point on that side of the capsular region distant from the motor
snnenvatton and the contraction wase could actually be scen to travel from the
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innervated to the denenvated side of the muscle spindie From these ob enva
uons 1t was concluded that a propagated mnpulse ehated a conacncn along
the complete length of both types of muscle fibre It was also shown that at
Iigh rates of sumulation the contraction i the farge mtrafusal fbres conld
become localized These conclusions had also been reached on the ba 1 of the
earlier work The objection could be rased that the small muscle fibzes mught
be supphed by motor nerves having an end plate that waverses she capsular
region of the muscle spindie and it 1s true that these expeniments dud not
distinguish between conduction m the muscle cell membrane wself and con
duction m another structure outside the muscle cell However singe motor
end plates which traverse the sensory regton have not been chserved esther by
hght microscopy (Gray 1996) or by electronmiesoscopy thatz 1961} u must
be tuded that the small fusal muscle fibres do not have the properties
described for extrafusal slow muscle fibres (hufffer and Vaughan Willams
1332 b)

Another feature of amptubian mtrafusal muscle fibres has been suggested by
the eudence presented here and by earber elecrophynotameal evidence
{Smuth 1964) The electneal cvdence d that the large intrafusal muscle
fibres contain n the regron of the sensory endings a zone of low safety factor
for candaction of the ¢lecincal smpulse  The available evidence was that the
small intrafusal muscle fibres contan no such zone in a comparable location
On the bans of these observations 1t was suggested that the zane with the low
safety factor conld be the reucular zone descubed by Katz (1961} haw
described the reucalar zene as bemg from 50100 g 15 length  the myofibrt
content of the musele fbse 15 Jow wathin this zone  Katz did not observe such
2 zone mw the smallest marafosad muscle hbres The results of the expenments
reported here have akso suggested a difference in structure between the two
types of intrafusal muscle fibres pameh that the large muscle fibres contamn
beneath the sensory endings a non swiared zone approumately 100 z ia length
with a siffness Iess than that of the restng stnated fibre and that the smai
muscle fibres contasn no such zone The differences between the two tvpes of
masscle fibres allow the speeutauon thar they may have quite chfferent roles an
the control of the sensory discharge from the spandle The extent to which an
analogy can be draws between amph and 1 fusal muscle
fibres w3 uncertamn That mammabian nuctear bag and muckeas cham ntrafusal
muscle fibres perform different roles sn controlling sensory discharge has been
strongly unphed by the work of Jansen and Matthes s 106F 12 Appel
besg (1962 wnd Grant and san der Meulen 1%2  There has been con
siderable speculats »n concerming the b al propertics of f muscle
fibres and Jansen and Matthews 196! 1962 hane selectrd one posuhie as
Tagtment in arder to £ the hvpothess thar the nuclear bag tibres mosthy
affect the phasic discharge of the sensony endings while the nuclear cham bbres
have thewr main ctfect ¢ n the static semsary discharge
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Studies on Heart Lymph
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Abstract

Arestog N H G Arturson and G Grotte Stud es on heart lymph I Kinetes f  I-albumin
o g heart un, pr pavatio s Acta phrsiol scand 1964 67 209—217 — The transpori of 1 albumn
from plasma to lymph was stud ed mn dog heart lung prepa anons Cannulauon of a lymph
vessel mamly dramning the left v ntricle was performed  After mjcction of the Jabelled substance
Plasma mixing was complete w thin a few minutes The plasma concentrat on of the tracer
was constant for 2—3 hours During this tume plasma and heart lymph samples we € collected
The increase 1n the concentration of the labelled substance 1 heart lymph showed a time
course indicating that the substance from the intra vascular compartment vas mamly distn
buted 10 a s ngle extra vascular compartment, The data could thus be fully explamed by a
twocompartm ntmodel 2 d the permeab luity constants and the s cofth e ra ascularalbu
mnsp ce dramed by the lymphat ¢ cannula could be alculited.

The present expenn ental approach th cfore allo ed a _quant tanve lymph expenment
1 e the sze of the extra vascular albumin space draned by a lmphatic canula could be
defincd and afso an 1dea of the amount of atbutmn Bltered ac oss the cap llary walls and the
rate of cmoval of albumin frota the extra sascular space via the lymphatics was obta ned

Danker and Ficld stated in 1931 that blood capillantes universally leak protein and
that this protemn 1 returned to the areulating blood via the hymphatics The extra
vasculac circalation of protein has smce then been confirmed by many sorkers (cf
Teviews by Danker and Yofley 1941 Yoffey and Courtce 1956 Maserson 1363)

Using plasma protens labelled + sth a rad o-active wotope or 1th T1824 the passage
of proteins fram plasma to iymph 1n vanous regions has been 1m estigated and these
earlier imvestigations have shown that plasma proteins slowly escape across the ca

pillary walls m x with another extra vaseular protein pool and are rerurned to the
blood via the 1 mphatics Prot in leakage seems to vary 1 different tissues, as esumated
by the varying protein concentrations n lymph from duffereat regions of the body

209
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These diffe n protein may be due to a number of factors such as
differences in permeability capillary pressure lymph fow re absorption of water ete

It1s difficult to estimate the precise magnitude of the extra yascular proten pool and
1ts turnover The size of the total extra vascular protein pool has been esumated to
be of the same order of magnitude as that of the intra vascular It has however not
been possible 1 lymph experiments ta caleulate with any degree of certamty the
magnitude of the extra vascular pool 1 any given region of the body or of any speciil
organ

From plasma disappearance of lahelled protein and measurements of transport
of protemn 1n vanous lymphatic ducts 1t seems reasonable to assume that at least 50 ®
of the curculating proteins pass through the capillary walls to the extra vascular com
partmen and back each day (cf Yoffey and Courtice 1956 Wasserman e of 1956)
‘The dynamic equiibnium of the plasma protemns of the mammal has been further
analyzed and discussed by Berson ef of (1953) Gitlin (1957) and Githn and Janewav
(1960)

Numerous studies have been performed 1n which the rate at which labelled protens
pass from plasma to lymph has bren determined The system has however usually
been too complicated for a more detatled analysis of the data and the information
obtamed has usually been limited 1o steady state concentration ratios appearance
mes and the amount of proten transported via the ymphaue ducts

In the present study a method of the kineties of alburun
1 the dog heart lung preparation 15 described

Methods
00 rate ¢ t chique
Eight young mongrel dogs weighing 15~ 25 kg and of both sexes 3 ere used Nembut1l®
anesthesa (Veter nary \embutal® Abbote 60 mgjmi) was used i all experiments For
nduction of the anesthesia 30 mgkg b w 1 as given sntravenousty

Can ulation of the heart {ymphatics

Transverse incusion over md sternum or vertical section of the sternum in the nud [ne was
used both techniques given good exposure of the base of the heart  As soon as the chest was
opened arufictal respiration was mstituted by means of a respirator The lymph ghind of
glands situated between the superior vena cava and the brach ocephabic artery were sdentified
about ? em above the base of the heart as deseribed by Drunker of af (1940) A mass higature
was tied around the soft tissues above these glands In about 90 of the cases 1t was then
possible to identfy a larger bvmphatic runming aton™ 1 fine nerve structure from the bas of the
hewt somewhat obliquely up to the lymph gl nds mentioned above Often th s lympihuc
divides 1nto © & or more trunks before enteri g the lymph gland This mam trunk was then
cannalated usng a PE 0 polycthivlene cannula After each evperment Patent Blue dye w1s
snjected 1nto the wall of the left ventricte of the he 11 to check that the cannulated lymphat €
trunk was actually drainung the 1 ft ventricle and to determine the appearance time

The Starling hea ¢ lun, p epa ation (HLP)

A mod fied dog heart Jung preparation was used The brachiocephahic trunk was cannulned
on the arteral side and th ¢ supemor vena ava on tfe venous s de Before the cnaul bon all
small vessels pas ing frory ¢ e perncardim to the med asunum 1n | thymus were Iigated to get
the HLP free from leaking blond The eryistances on the art nal and venous s fc \ ere kept
constant throughout th expenment The arter al cannuls was conected o a bg Vo
Lessel tosimulite the volume elastic ty of the larkeT artenies Arternfand right atnaf prosures
and cardiac output minus coronary blood flow were re orde | contiuously Heart rate a0y
Temperature were recorded at frequent wicrvals \ more detuled descriptin of the Ht
method Fas been publ shed clsewt erc (Areskog 1977)
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The st substance

Fresh human or dog * [ alburin with an 1mtial specific actmty of about >—10 uC per mg
album nwasused Free 1odine was less than 2 c total doses grven 1o each dog w re about
1504C The radio-actraty was detected by means of 2 well type semullation coun er and
sufficient counts were accumulated to have not more than 2 standard deviauon S D}

The protet determnation
The total serum and lymph mtrogen was measured by the Kyeldahl method and con erted
to pratem by muluplicaton by 6 73 afier correction for non protemn mtrogen (™

The constituents of the serum proteins were measured by paper electrophorests s ng a
veronal buffer of pH 8 6 and omic strength of 0 1

Theory
T
P ' E
'
RS
T >
'
\rCe\p yAECte|
Uy
Fig 1 L
Fig 1showsa model with PandE plasma and

extra vascular flud comparments According to the current concept of the transfer of protcin

across capillary membranes 1t 15 assumed that all protein filtered from P to E 1s carned away,
4 the lymphat s
Ap = total amount of alburmun 1 plasma compartment P
t  =tume
Ry = coeffictent of transfer from P to E (rate constant mn )
Cp = coucentrat on of albumn in compartment P
Ag = total amount of alburmn 1n extra vascular compartmen E,
Cr = concentrat on of albumin 1n extra vascular compartment E
+ = cocflicient of t ansfer from E to outside
Y = volume of P n heart cap tanes correspond ng to E,
VF = solume of E drained by the lymphatic cannula
et = flow of album n from P to E
Jr0 = Bow of alburmn from E
L = flow of lymph from E 1g mun )
Ct = concentrat on of albumin 1 tymph
AP =amount of trace | !burun in plasma compantment P
AE = amountoftra  * [ album n n evtra -3scular compartment E
Cr = concentravion of tra ¢r # I atbumi n P and
Ct = concentraton fta €1 lbum nE

Durng steads stae th flow { lbun nfrom plasma 10 extra vascular flurd

Jee=Kk 3p (1—n
equals the R w of Ttun {rom th extra ascular compattment dramed by the fymphat ¢
cannyla

Jro=Kk Ap

-
Kindly suppl ed b Cust \ Fonnineunst ut Stockholm,

L O O A
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Thus amount of albumin has to be transported back to the plasma ifa  steady state 1s to be
mamtained In the dymnph experument howeser Jpe = Jeo are small compared with the total
amount of crculating albummn and 2 steady of albumin 1s d for
several hours

For a system of constant compartment size we can say

Jie=Jro=hk Cp Vg (1-3)

If the concentration of alburmn 1n lymph adequately reflects that of the extra vascular fluid

1 ¢ Ce = Oy ( steady state condition) we can say

Jro=C L=k, C; Vg (1—4)
Solving for \ g we get
L
Vo=io (1--5)
Using the tracer I alburmin we bave
dag
=k AF—K, AL @1

If durng the expernnent Ap may be regarded s constant equation 2—1 becomes {cf
Solomon 1933)

R
A= Al -~ ) )
and for t = o v e get
L
AF = 2 Ap (1= o) 2--3)
AL
U\(\——“._)ﬁfh . -4y
AEx
05693
h=F7 (2—-5)
Inasystem [ con tant compartment st ¢ AL = Cr Vg and
[
\p = Cp \Pandln(l——")=fk! (2-6)
Crw
K
= ) _ ekt .
[ L ) 27
After a single 1y cuon of tracer 1 albunun 1nto the plasma compartment the nse 1 the
concentration of tracer in the lymph s deternune | n sersal samples (Tig 3) and {1 — Cr CLa)

isplotted agamst tm  (cf Fig 4} g vy thevalueof K {eq 2—6 2—5) \ risno vobtam |
from eq 1—5and N from eq 2—3
The final value whi | (L attams (f Tig 3) d pends on the ratio k /K, (cf eq 2—3 and
2.-7) but the rate at wh ch the system rea hesa teady sate (depends onlv on K ¢ the
rate of transport of albumin away from the extr vas ular spice The valuesof k. are aleulated
accord ng to eg 2 -1
In the present preparston e are it ested m the plasn a valume of th ¢ capillacies corres
ponding to the extr1 vascular space dramed by the [vmphat ¢ caonuh (Lt It s assumed ( at
of the Fewrt wesght (cf

the total vasculr sotume of the heart mu ¢l rres] nds 1
o ite

Pappenheimer 1953} The solume of the larg yessels has been esumated t Le 09
heart weght These esumites lead to a caplary s lume {1 heart equal t0 16 of it
weight Th s volume i then further reduced by th ¢ 16y £l druned cxtra vas ulor Albumin
space to the total extra vascular album nspace ftheh et Th total extra vascular album n
space was assumed 1o be equal t¢ the mannit Lepa of th dogs heart 1 ¢ 182

heart werght (Conn and Wood 19.9}

of e
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a
w

Lymph 1w in glme
o a

o

Al bod 0 «n 0 60 kel Ll 80 100 1o 1219
Time in minutes
Fig 2 Lymph flow i gfm n against time (mun) o HLP

Results

After tatrasenous wecton of ™Y albumn the tesy substance ¢ found m the heart
Jymph wathun about 5 mm A dre (Patent Blug or Evans Biue) mjected into the cemral
atea of the It ventnicle ap pears within approvumately the same ume  Mung seems

test subvtance in heart tymph (cf Fag 3)

The results of sight successful cIpenments are shown n Table 3 and Prg 2 3 and
4 The cannulation of the heart lymphati = 13 somey hat difficult ta dog heart tung
preparations and could not be performed i twa out of ten Ppreparataons

eight expenments (Table § 1 and cowld he kept QUIte constant for several hours in one
and the same expenment 1of Fig 2 The ymph flow conld be micely controlled b
changes of 1 tydrostatic pressure on he tengus side Increase of this pressure was
found to gne Up 16 s1xfold racrease of the Iymph flew

The total proten concentranan of the heart Iymph was bund t0 be guite high
2127 g 100 ml} The concentration of albumm mn I¥miph compared with that in
plasma ((y Cpi saned between 066 and 83 {Table T The disinbunon of the

Anous protemss i lymph and plasma was howeser quie sisular 1e adl plasma

The volume of the exera sasenlar albumin space drasied by th | mghat  cannala
af b otal wira vase dar
2Mbumn epa ¢ of the heant tsue Am figwre for oh wtal xera vase Lar alburun
3pace of the dog s heare has nos been found m the Do ratur Kt as b r cak slac &
*qual 1o the mannitof spaceor 182 of the heart wight of £ nnand Wad i
The eocflicrent of transfer of atbumu acrom o flood ap Har walls K an 1
Between 0010 and 0 075 whith mears that about 1~8 e 4 alburmm n ‘p
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MT Albumin-¥11 | HLP

CPM per ml x1000

B 0 50 120 150 mun
Time atter njection

Fig 3 The concentration of T albumn i plasma (Gp) and heart lymph (Ca) 1n HLP plotted
ona semlogarithrmic scale sgainist tsme The earsod sold e has bees deavn accordiog 10 67
27
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30 ) 90 EEZ L
Time atte Mjecton
T'g 4 The removal of T alburun f om the extra vascular space via the lymphate cannula
The functio (1 ~ Cg/Cew) from eq 2—6 11 plotted on a seauloganithmc scale aga nst yme
The slope of the sira oht ine drawn through the pomnts 15—k

crossed the capillary walls cach minute The coefficient of transfer of albumun (by)
away from the extra vascular space (Vg) via the Iymphatcs vaned between 00020
and 001161e 02—12 of the albumn m Vg was camried away each minute via the
lymphatics The turnover time or the axerage time the albumin melecule spent 1n the
extra vascular space (I/h ) was caleulated as 257 munutes (mean value)

Fig 3 shows that the ¢ values of the of ¥ albumn
heart lymph are m good agreement with the theoretical values obtamed from eq 2—7
Tf (I Cg/Cp) 1s plotted agamnst time after injection a straight hne 1s obtaned (Fig 4}

These results support the vahdity of the two-compartment model in the present expen
mental approach

Discussion

Some theoretical aspects and a model of lymph experiments i general have been
discussed carher by Grotie (1956) The main dusadsantages i lymph expernuments are

(1) The difficulty 1n appreciating the tissue area or sohune that the lymph cannula
1s draming

(°) The vanations of lymph flow
(3) The difficulty of an even approuimate definiion of lag me for comparison
of concentrations of a test substance 10 plasma and lymph
(1) \ review of the anatomy of the lvmphates of the dog s hieart has been given by
Drinker ¢ al (1940) He concluded that this 1s probably the onlv organ 1n which all
the lymph from one single organ could be collected when passing through one maim
lymphatic trunk at the base of the heast As shown bv Allson and Sabiston (1957)
owever there are several lymphaties dratming lymph from the dog, s heart The larger
trunk deseribed by Dninker ef af (1940) drains the maws part of the | ft ventncle These
anatormical observations by Allison and Sabiston bave been confirmed by dye wjection
0 our forty preparations further to be b
The present results also contirm the view that tuncuonally the total extra \ascular
space of the heart 15 not drained by a single lymphat ¢ By using the tracer technique
and appiying the twocompartment model we obtamed a quantitatine estimate of
the tissue volume dramed by our lymphatic cannula We belive that in the present
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the difficulty d above has been overcome and we may regard
this lymph expeniment as a quantitative study

{2) In the Starling preparations here reported it was possible to mantain quite
steady pressures on both artenal and 1 enous sides for several hours and accordingly the
flow of lymph was remarkably stcady as shown in Fig 2 In these experiments normal
artenial and venous pressures were maintained and the results reported are only valid
for the normal flow of lymph If the pressure on the venous side of the Starhing heart
lung preparation was increased the flow of lymph was also considerably increas d
‘The vanations in lymph flow however depend upon a number of factors and for a
recent review the reader 1s referred to Yoffey and Courtice (1956)

(3) The very rapid increase 1 the concentration of ¥ albumin m heart lymph
after intravenous injection mdecates that a small difference exists between  appearance
time and lag ume In the calculations of Fig 3 and 4 lag ime  was assumed to
be thesame as  app time 1 ¢ muxing in both compartments
The applicauon of the two-compartment model to the present expeniments 15 on the
other hand an over simpl where ly the of
miung 1n the two compartment model 1s not fulfilled 1n the strict sense The data
however scem to show its A asa working hyr and 1t gives a fair view
of the kinetics of albunun within the dog, s heart It gives an adea of the leakiness of the
heart capillaries as regards protein molecules and of the normal transport of those
molecules v1a the lymphatcs

According to the model illustrated 1n Fig 1 1t 1s assumed that no alburmn passces
durectly from the extra vascular space back to the plasma 1 e all albumin s transported
via the lymphatics It may very well be that some albumin also passes directly back
to the plasma and that the C; measured here only represents the net result of transport
1 both directions across the blood capillary membranes

The present results show that the blood capillary membranes of the dog s heart are
quite leaky The steady state concentration of albumin in lymph was found to be
ashighas66—83  of that of the plasma [he similar distribution of protewns i lymph
and plasma suggests that these protens cross the capillary walls by a proeess of bulk
flow rather than by diffusion which 1s 1n accordance with findings tn other 1ymph
expenments (cf Grotte 19461

“Thus study was supported by grants from the Swedish Med cal Research Counail the Swedi h
Natonal Asocuts 1 aganst Heart and Clest Disca es Stockholm and Alce and hout
Wallenberg I undan n Stockh Im Sweden The work first started at the Dept ¢f Physt 157
of the Lusers 1y of Lund Sweder The umulaung help f1r £ G Rahlun anl 1 socates
and Paron 1 G Galienkr & w gratefully ackn wl dged
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investigation the dafficulty mentioned above has been overcome and we may regard
this lymph expeniment as a quantitative study

(2) In the Starlmg preparations here reported 1t was possible to mamtan quite
steady pressures on both artersal and venous sides for several hours and accordingly the
flow of lymph was remarkably steady as shown i Tig 2 In these experiments normal
artenial and venous pressures svere mamtained and the resulls reported are only vald
for the normal flow of lymph If the pressure on the venous side of the Starling heart
lung preparation was increased the flow of lymph was also considerably increased
The vanations m lymph flow however depend upon a number of factors and for 2
recent review the reader 18 referred to Yofley and Courtice (1956)

(3) The very rapid tncrease m the concentration of %1 albumun i heart Jymph
after intravenous injection indicates that a small difference exsis between  appearance
time and lagume In the calculations of Fig 3 and 4 lag time was assumed to
be the same as app ume 1 e muxing m both compartments
The application of the two-compartment model 1o the present cxpenments 18 0n the
other hand an over smplification where especially the assumption of anstantancous
muxing 1n the two compartment model 1s not fulfilled 1 the strict sense The data
however seem to show its usefulness asa  working hypothess and 1t gives 3 faie view
of the kinetics of albumin within the dog s heart It gives an 1dea of the leakiness of the
heart capillaries as regards protein molecules and of the normal transport of those
molecules via the lymphatics

According to the model Jll d i Fig 1 it s assumed (hat no albumin passes
directly from the extra vascular space back to the plasma 1 ¢ all albuminse transported
via the Jymphatics It may very well be that some albutmin also passes direcrly back
10 the plasma and that the Cr measured here only represents the net result of transport
1 both directions across the blood capillary membranes

The present results show that the blood capllary membranes of the do” s heart are
quitc leaky The  steady state  concentration of albumn n lymph was found to be
a5 hugh 25 66— 83 9, of that of the plasma The smmlar distnibution of proteins 1n hymph
and plasma suggests that these protemns cros the capillary walls by a precess of bulk
flow rather than by dufTusion which 1 1 accordance with findings in other fymph
expentments tef Grotte 19363

Thas study was suppert 1 by grant from (1 e Swedish Medical Research Councit the Swedush

National Asscaatt n ag nst Heart and Chest Discascs Stockb Im and Alce and hnut
Wallenbers Toundation Stockhiotm Sweden Th v ark first stated at the Dept. of Physiology
of the Uriversn {1 und Swerden The sumulating help of Frof G hablirn and asocifct
and Paron T ( Gyllenkr k15 gratefully a knowledged
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Studies on Heart Lymph

Il Capillary Permeability of the Dog’s Heart,
using Dextran as a Test Substance

By
N H Areskoe G ArtuRsoN, G GRofTE and € WarLents
Recewved 4 February 1964

Abstract

Areskog N H G Arturson G Grotte and G Wallenws Studves on hea ¢ hmph 1f Cipllary
permebility of the do, s heart wsin Dextran as a t st substance Acta phvsiol scand 1963 62 218—
223 — The capiliary permeability of the normal heart has been studied i ten dogs using
dextran as a test substance The capillary permeability has been determined as the tatio of the
concentraton of dextran of various molceular weights present 1n Iymph and plasma under

steady state conditions  The results show a pattern similar 1o those of earlier investigations
where lymph from the leg and the cervieal region was collected 1¢ capillary pores {pore radu
40~60 A) and capiliary leaks (120300 A} the only difference being an tncreased. number
of leaks 1n the heart capillancs compared vith the other (o reg ons

Only a few studies have been performed on the permeability of the blood lymph barner
of the heart In 1940 Dnnker ef ol published in which a lymphatc trunk
fromn the heart of 2 dog was cannulated and various analyses of heart lymph were carned
out They concluded that cardiac lymph 15 a filtrate from the blood camllanies 1t con
tams serum alburun and globuhin and 1t clots Turthermore they shoy ed that f horse
serum was given mtravenously 1t could be detected immunologically in the heartlymph
and simitarly gum acacia was also found in this lymph after tntrayenous mnjection
It appears reasonable to believe that the lymphatics of the heart play an unportant
role in the normat and pathologic phystalogy of the heart This however 1s at present
rly d and lacks y exp evidence The mim of the pres
ent 1vestigation was to measure the capitlary permeaklity of the normal hert i dors.

using dextran 21 2 test substince
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Material and methods

Operaize techn que Ten young mongrel dogs werghtng 1525 kg and of both sexes w re used
Nembutal2 anesthes a (vetermnary Nembutal> Abbott 60 mg/ml) was used m all expert
ments For induction of the anesthesta 30 me/kg body weight was grven watravenously Small
2ddinonal doses were given \ hen requ red fo mamtan Lght anesthena Dunng the expert
ments mean artenal blood pressure pulse frequency and esp rauon were recorded The can
nulation of the heart lymphatcs bas been described m deta | clsewhere (Areskog Arturson
and Grotte 1964)

In fous of the expenments a modificd dog lung preparation was used according to Areskog
(19 ) and 1n three dogs both kidney pedicies were clamped to prevent kidney el m nation of
the tost substance In the dogs g ven the sharp [raction (3, 2 200) and the Ia ger dextran
molecules (Y7, 180 000) the kidneys were left intact

The total concentration of dextran 1n serum and vmph was determned by the anthrone
m thod (Wallenus 1924) The molecular 1 eight distrsbution of dextran in each serum and
Tymph sample was estimated by furbidim eric fatration (Wallenus 1954 Wallenwusef I 1960)

Results

The dextran concentratton curves for plasma and heart [vmph obtained after a single
intras enous injection of a furly “monodisperse  distnbution ( sharp fracuon with a
mean molecular weight of 5 200) are shown 1n Fig 1 The appearance ume for dextran
10 heart Ivmph was found to be about 3—5 min The dextran concentrauon in the
Bmph then rose rapidly and reached ten muutes after the injecuon the same value as
that 1o plasma Thereafier both curves shor ed a rap d fall wath the heart lymph cune
continuously Iying abov e that of the plasma due to the rapid clumunation from the plasma
12 the kidneys

After the injection of a dextran fraction of somes hat higher molecular weight distribu
tion (mean molecular weight of 41 000 with the range m w 10 000—90 000) 1n a dog
with oceluded renal airculation the results obtatned differ from those just described



220 N H ARESKOG ET AL

600

© Plasma
* Heart lymph

500
400

300

concentration n plasma and
heart lymph after tv njec
tion of dextran with mw
10 000—80 000 6 per centin
saline 10 mlfke bhw inadog
with occlud d renal errculy
tion

200 Fig 2 The total destran

Total dextran cone ™9/100 mi
=1
g

Time in hours

ey 10 s0
Co .
a8 3
e
°
06 ° fig 3 The lymph/ph 1
concentration rano (Ct /Cp)
X e plotted aganst mol cular
woight afier 1v any cuon of
04 dextran with mw 10 0D0—
o a 0000 6 per cent i saline
- 10 mitkg bw in four heart
02 : lung preparations (23
o ¥ (Ot and a1 ¢ dogs wth
oceluded renal rculatt )
T T ®
1 20 20 6 80

Mol we ght x 163

g 2) Asn previous studies of lymphaties draining other parts of the body (Gratte
’6) the concentration of dextranin the lymph never reached thatin the plasmy but
: coneentration rauo lymph/plasma (Cy;Cp; became constant wath ttme The de
ase of the dectran concentration 1n plasma and heart lymph 131 this case quite slow
In the assumption that the system tn iy, 2 s a steady state  the distribuuons
of the various molecular sizes are compared 1n order to get an estimation of the molr
cular sestriction of the so-called  blood lymph barnier an the heart The results of
eight such experiments arc shown in Fig 3 The ratio C1/Cp rapudly fell with increvwing
suzes of the dextran molecules From the expeniment shown i Fig | it was s en that
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CL/Cp for dextran of molecular weight 8, = 5 200 reached umty or 1 0 during steady
Sieving across the b or With sizes of the les pas
sme molecular weight from 20 000 to 60 000 an wncreasing restriction to thewr passage
was found

In two further experiments still larger dextran molecules (mean molecular weight of
180000 with the range 100 000—350 000) were injected Twenty four hours after the
1) ction the concentrations of vanous molecular sizes n heart lymph and plasma were
compared The results (Fig 4) showed that the concentration ratto (Cp /Cp) now became
quite constant and sndependent of the molecular sizes of the test substance

Duscussiont

The heart prep used 1n this seems very sutable for studies of the
blood lymph barner The tisues dramed are farly homogeneous and the area fairly
well kno 7 (Alison and Sabiston Jr 1957 Areskog et af 1964) The lymph fow 1s
steads for several hours under standard conditions ( \reshog ef af 1964)

For the Iymph sampling procedure a varying period of time will pass bet een the
actual passage of a molecule through the capillary wall and the moment at which it can
be colleeted at the end of the lymph cannula Thissampling delay ume or lag ume
€an be evaluated approximately (Teorell 1937 Ideally the peak of the concentration
€¥nc i lvmph should cross the cune of the plasma concentration  This ume differ
ence llustrates the average lag tme  and can be estimated at about ten munutes in the
Present heart lymph expenments (Fig 11 This delay time s 1ll change with the rate of
thelymph flow which ho ever in the heart preparations used was constant duning the
£Xpeniment

The final outcome of the dextran concentration ratio Gy, Cp) for the different mole
ular sizes used for determnation of the steving charactenstics  of the capillary mem
brane can be influenced not mly by changes i the delay tme but also by alterations
0 the plasma dextran coneentrauon It will be seen from [1g 2 that the decrease of the
Plasma dextran concentration from about three hours after the myection of the dextran
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preparation used and onwards 15 very slow and the system 15 1n a steady state  Deter
munation of Cp/Cp under  steady state conditions shows a pattern suntlar to those of
earlier investigations where lymph from the cervical region and the leg of the dog was
collected (cf Grotte 1956 Arturson 1961) Smaller molecules with amw of about
5000 quite rapidly equilibrate across the capillary walls The sieve cocfliczent 3¢ the
rato Cr/Cp 15 umty or 10 Tor dextran molccules of somewhat larger sizes (mw
20 00060 000) this rano rapidly decreases (Fig 3) Tor the even larger molecules of
mw 100 000—350 000 the rauo is constant at a farly Jow value (Mg 4)

The restriction found for the passage of dextran malecules of the sizes of 20 000—
60 000 may 1 accordance with the pore theory of capillary permeability be explamed
by the presence of capillary pores of at least the sizes of the passing molecules 16 pore
radn of 40—60 A

Earlier invesugations on the passage of dextran molecules across the capillary walls
of the feg of the dog werc interpreted according to the theory of restrieted diiTusions
through capillary pores by Pappenheimer (1953) (cf also Grotte 1956 Asturson 1961)
According to these investigations using widely different techniques eapillary pores
or water ways with approximate radi of 3545 A scem probable

‘The passage of molecules of higher m w (100 000—3.,0 000) independent of mo
Jecular s1ze may be explamed by the presence of larger capullary leaks with radu
of 120300 A (cf Grotte 22 al 1960) Investigations using electron microscopy also
support this assumption (Bennet ¢2 al 1959) and the present investipation tndicates the
presence of these leaks in heart capillaries Similar leaks have been found jn the
leg and the cervical region but in the heart experiments higher Cy/Cp ratio for these
larger molecules was found This may be explained erther by an inerease in the total
number of the heart capillanices or of the number of leaks of them aflecting the restric
ton curve for mulecules of the sizes of 10 000—60 000 For both reasons tlus curve (cf
Fig 3) will he shifted towards larger molecular sizes to the nght

Thus 1t 15 possible that capillary pores ate of the same sizes i the leg and cervical
regrons as in the heart the only difference being i the number of capMary 1 aks
The Cy/Cp ratio for dextran molecules of the sizes of 100 600—350 000 a3 well as for
the plasma protemns 13 quite constant for each region of the body (cf Yoffey and Cour

tce 1936 Grotte 1956)

Thus study was supported by grants from the Sweduish Medical Researe] Cunail the Sw di
Nauonal Association against Heart and Chest Diseases Stockholm and AT} Pharnact  Uppe
sala Sweden

e wish 10 express our sincere gratitude ta our faboratory engineer Mr fo chm W st ens
ky for excell nt techmical aid especially concesning the molecular weight determin 1+

dextran
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The Metabolism of Fatty Acids 1n the Rat
I Palmitrc Acrd
By
GoraN GoranssoN and TrouMAs OLIVECRONA

Recewved 20 February 1964

Abstract

Coransson G and T Olivecrona  The metabolism of falty acds 1y the rat T Palminic acrd Acta
Pphysiol scand 1964 67 224— 239 — Data on the concentration and the fatty aetd compnst

tion of neutral Lipid fatty acids and of phospholip d fatty acids in blood Iiver heart kidney

lung spleen and muscle from fasted and refed male rats are reparted Data are al 0 g ven on
the radiactvity n these tissue hipid fractions at several time mtervals afler the intr venous
myection of 9 10 H labeled palmitic acid 1 rat serum These data are itended as a refere 1ce
for further studzes on the metabolism of other long chamn fatty acids The daty are d scussed
with reference to a general picture of the metabolism of the plasma T'F A after the r removal
from the plasma After entering the tissues the FFA are oxidized converted to other long-ch un
fatty acids estenfied or transferred back to the plasma The fractions d verted into the dafferent
pathuavs depend upon the nutntional state 'The fraction oxidized 15 larger in the fasted than
1n the refed rats The divers on mto one or the other of the possible pathwaya occurs almo 1
immediately after the IFA have entered the ussue Subsequently the remawing fabeled faey

acids are metabolized at considerably lower fractional rates since they have entered larger I try
and pools than the plasma FEA poot

The plasma FFA represent the form in which fatty acids are motilized from th fat
depots and transported to other tissues (Fredrickson and Gordon jr 1958) The Lase of
the FFA after their et from the plasma has been studied mainly by means of isotopically
[abeled fatty acids (Bragdon and Gordoti jr {958 Laurcll 19592 Lauecll {9375 $eevt
and Shapiro 1959 Borgstrom and Oliveerona 1961 Havel and Goldfien 1961 Olive
crona 19622 Havel Felts and van Duyne 1962) Most of these studies have concerned
palmitic acid We mtend to carry out 2 senes of studies on the metabolism of the major
Jong-chain fatty acids after the mjection as albumen bound FFA into rats As a reference
for these studies the present study of the metabolism of palmutic acid hay been unter
taken The atm 1s to follow 1 dewail bath the mittal dustribution and the subsequent
metabolism of the fabeled fatty acds Such studics hate been carried oue both in fasted
and in refed Tats to obtan a measure of the mfluence of the nutritional state on these

224
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parameters It 1s apparent that any companson of the metabolism of different fatty
acids must invohe a consideration of the fatty acd composition of the tisue liprds
studeed as well as the concentration of these lipids duning the nutntional state studied

e have therfore also included 1n the present paper data on these parameters

Methods

“The experimental design was to give a group of rats an mstantaneous tracer dose of H labeled
palmitic acid Raty wese then sacnificed at vanous time wtervals and the radiacuvity i thar
tissue Iip ds stud ed. In other experiments the uissuc hipid contents and the fatty 2ad compos
tons of these | p ds were stud

Preparat on of the myection solution 9 10-H palmitic ac d (The Radiochemical Centre  Amers-
ham England) was punfied by reversed phase chromatography (Elovson 1964) twice and by
subsequent TLC to assure that all radicachwity was m the form of unestenfied palm nc aad.
An aliquot of the labeled acid was taken to dryness redissolved 1n a minute volume of ethanol
and an equivalent amount of KOH added to neutralize the fatty aad To this solution was
added 50 volumes of fresh rat serum the mixture was allowed to stand at room temperature
filtered and used rmmed ately On analys s more than 999 of the radioactivity was present
1n the FFA fract on.

Treatment of rats wyection of the ! beled serum ond 1ampl  The expenmental amumals were male
Sprague-Dawley rats (del vered from AB Ant aimex, Stockholm) They were reared on 2
standard pellet diet and we ghed 150—250 g at the tme of the expenments The fasted rats
receved no food for 40 hrs prio. to the experment The refed rats were fasted for 24 hrs then
gven”0  glucose m 043 NaCl ta dnnk ad 1 fuom for 14 hrs They were theng en 5 ml
of the same solution by stomach tube and 1 hour later the labeled serum was imjected

Under 1 ght ether anesthenia 0 5 ml of the serum contam ng the labeled palmutate was myec
ted 1nto the exposed nght jugular vein The myection was ompleted in about 3 sec At approp-
rate tmes the rats were exsangu nated by withdrawing as much blood as poss ble f om the
aort ¢ b furcat on. The liver the heast the k dneys the spleen the lungs and i some expen
ments also samples from adspose t ssues and from muscles from d fierent anatomzcal locat ons
were taken out All tissucs were washed in wat r and mmediately transferred to chloroform

methanal 2 1 Tie tssues were late homogen zed i the same sol ent the homogenate
allowed to stand at room som _hours pt on and then filtered
010 separat ry funncls comanng D+ volumes of > hH PO and shaken After scparation
of the phases which usually equ ed 17 hrs the chloroform phase was dned over sodmm sul
f te and filtered nto  olumetnc fasks This constituted the primarv Iipid extract from wh ch
alquots were taken fo furth analyss

In some exper ments the blood corpuscular ip ds _ere stud od In these expenments clotting
of the blood w2 p e ented by the add tian of 2 small amount of sod um citrate and the blood
wa The plasma was withd and the blood corpuscles wa hed n
Dhs N\aCl 3 imes The blood corpuscles obta ned were then handled as descrbed above for
the usues

In somc cxpenment th arcass 1 ¢ the rat m nus the organs taken out the skin or the
whol boxdy Up ds were studied The sample was then put i an E lesmener fask contan ng
100 g KO 100 mi dist led » 1er and 300 ml eth nol The nixture was then heated on a
boling wate batho rnght Thevol m wasb ought to 1 000ml w th ethanol and an al quot
taken from whch th 11t ads were then xtra ted 1nto petrcleum etheraf era d feat on

ndadd ion of wat  toth tquot Mod lexpenment bz ¢ hownthatth eco en fF 1t
acdsusing th prcedur 3 beter th n 9>

A lnse pafemd 0w wyl Inmost of the expenments the prm v bip de tra tw
tonyted ans 1 § lumns as pres ousty desenbed Ol ecrona §% a1t ¢ periments
where the partalgl  des nth | were td ed the £ llow ng p ecedure was used The
pumarvipdextrac fn awhol 1 erwasputonal0gslc and oumn npt leu  ther
Hydroca bun ¢h I lesters andtrgl endesw reclutedw th 00mi €3  d b | dler

npetroleumeth Al n oonta ingthed nimonnghcerdes th free h lest of ndthe
freeanvac lswastt n | tedwithchlonf rm b mtusfea tonth Fee 1 les 1ol was then
precplatt  th dotnde Cook 198 T remamung FFA d

frac

nd nonogt end frac
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Taste I Tissue bpid and fatty acd “The bpid are
acid compositions are expressed as percentage by ares of the determuned fatty acids
Fasted rats
Lipd
content 16 ¢ 16 1 180 (81 182 183 204
Iier NF 60 324 28 73 273 227 8 586
£43 +17 401 08 £05 117 +03 404
L 4r0 226 - 307 87 155 - 225
*12 06 +05 +05 408 +04
Muscle NF 2300 256 54 92 387 183 28 -
390 +18 09 06 +11 15 404
PL T0 297 - 21 13 256 02 13}
£ 190 +06 +21 £07 +13 +0 +035
Heart ~F 16 275 48 126 352 171 20 18
11 206 03 +£08 £10 £10 +ol 401
PL 270 145 —- 329 w03 271 04 197
+28 +09 +06 +06 +06 401 +310
Kudneys NF 217 28¢€ 28 125 296 192 25 51
14 +£06 £03 =02 212 =05 0] +05
PL 664 244 —- 241 130 126 07 250
+28 +02 +08 +03 £05 40 o0l
Lusngs ~NF 109 249 34 112 34 200 31 10
~18 $£05 £05 =08 07 £08 103 =02
L 295 390 ~ 190 188 84 - 149
+23 18 +08 106 04 + 06
Spieen NF 31 3F 41 132 321 142 19 °g
«03 <16 201 11 +13 =18 +01 08
PL 71 311 — 204 131 10 13 205
09 07 +04 =07 £0J) 201 06
Blocd (v - 59 197 174 83 - 76
=10
corpuscles =1t =07 +02 #03 03 i
FFA - 4 71 221 190 53 17 37
~ 18 =09 +15 =12 =209 _03 i
L — 333 116 160 233 10 44 -
+12 =07
E 7
PL - 392 -
Lz! +04
543
Tasma CE — i3 21 Jos
+01 =03 s
FFA N Lot
—23 z10 0
GL ~ 25 248 e
=17 0! =
L. - 361 - L2
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expressed as #Eq per whole tissue and 200 g BW and are mean & SEM of 6—9 rat, The fatty
and are mean £ SEM of 3 rats

Refed rats
Lpd
coatent 16 ¢ ;51 180 81 18 2 18 3 20 4
109 308 136 51 407 65 10 32
L83 £038 FEN +08 +12 08 +01 £ 09
393 216 53 248 144 95 - 244
=106 +02 +10 14 +14 103 =11
2900 252 49 92 380 195 30 01
+ 410 +24 +£05 £07 +13 +12 +02 +0
2100 329 - 180 97 243 - 150
+ 200 +14 +06 +08 103 04
76 269 54 12 333 174 33 24
£07 +12 +04 x10 +08 +12 £07 +£07
2%s 178 - 311 11 160 - 237
+40 +22 £33 +08 +£27 P
50 09 39 182 298 130 23 48
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Lons were separated on TLC using Silica ged G {Merck 3G Germany) and 2 s hent
o(ﬂ;u:u: acd mrhao] dienleher bepane 1 15 10 45 ’x%)» plates were q“:,:
‘L‘, m;ﬁ.:::;::f;:ﬁ 1, and the respectine spots seraped off and elured wath chloroform 1t

Jo some prelimitary expersments the phorphulipsd fractions from the wssue bpids wer

urdier 4 on TLC (Skidmore and Ent 19524, Slupsks Peterson i Barchy
1972 The spots were sdentified 25 dosented by Skidmore 2nd Enteniman (19623) Todet 5
zune the radioactivity n the phospholipsd fracuons unstaned spots were scraped off 2nd sus-
pended 18 2 wsotropse g7 prepared from oluens scntdllsung substinces and Cab-Q Sil
(Packard Instrument Compans Ine., La Grang., I, L.5.A) as descibed by Snyder and
S.cphens (1977)

Lsienficd faty scd contont 3a the hpid fractions was determned usine the methd of Sod
more a0d Lntmnman (1962 Cholestero] esters were determuned by the meth o of Y ebster
2(7}962; W;Gumme;‘m ethen 1 and utrated wath 0.02 \ NaOH 1 methan 1usirg nile

fur 25 sndicator 3ty was determuned by hgud tallan nn:
descnbed (Ol cerong 1962h) > by hguud s 9 €unung 83 prevtasly

The £11 2 compontsn of 1he tsur Ipd fracuions was determned by GLC The prmary
Lpnd extracts were separated by silicic aad chromatography 1010 2 <b lesterol ester fracwn
which was disearded, a glycende plus ¥FA fraction, and a phosphalipid fraction. The two batter
fractions were transmetinlated by refluxing 1n 2% H,SO in methan 1 overmght at 60 C
The methy] cxtess and th - free cholerstero weve extracicd 1 petrolram eth or and put on 103
sibcse acd colemn, from whach the methy esters were subsequenttv eluted with2  ctherin
prtroloum ether while the che listerol was retained on the column. In prepanng zod &t fng
the meth | esters specaal cart was taken 1o v 1d autowxidanon £t unsaturated Gty aads,
The o ethy) esters were analvzed with 2 Pye Argm Cromat.graph which was equipped with
2 foran wneavon deector Column packing conusted of 20 cthylene-g) ol su cnate on
2d washed Celite (106—1.0 moh, Th ands were identif ed by companng @ eir retention
tnnes with thse of &7 own standards, The amounts of the respertn e fatt acads were detern med.
witha Pye mtegration amplifier Thedetermined amountsof 16 0 16 1 12 0 18 1182 1P 3
2nd 20 4 were taken 2 100 and the amounts of the ndiadual fatty acds rrported a3 fr ¢
tions of this. The drugnation of the Gty 20ds gnes pumber of carbon at ms and d bl
bounds (Farquhar ef of 199

Results

Tissur lipnd concenratims and fatty and eompositims Table 1 The neutral hpsd fracuon
of the ussu~ hynds contamed mamh glycend fatts acds In addition chrlesterol axter
£ty aads and FFA were mncluded in thus fraction A separate exprrment aboned that
10 all pssues but the blood. cholestero] ester fatn acids represent less than 2¢ of the
101a] estenfied fatn acds 1 e neutral bpid™ fracton. Therefore b= chol~etcrol
sters were not separated from the neytral ipid fracusn when determinauon o the
roprentration of estenfird L2ty 3618 in this fraction was prrformed In the analvas of
the fars 20d composuon of the peutral bipid fracton haweser the cholester lestrrs
were separated and discardrd. 30 that the fatty acd comporition repe rted 15 that of th
gheoende plus free fatty ands.

4] gessues but the adipose tssue and the muscles Contanrd more pho<philiy 14 faty
acds than newtrzl bpid fatty aads It s concavable that the refatnely huzh contrnit of
pevtral bprd f2iny andsmth muscles wasdu ta the presence of intermuscila afipess
peue" The contrrt of reutral lipid Lty acds trnded to e tn most s 43 with
refredaz ths teadenes brang most marked 1n the Iner The phospholipid ¢ ntent of
1L~ trssues did ot chune with the nutnuond state fhe total body fats asd  mtent
s3] o aod 28 = Zmeqper 100 g b w nth refed and fastd catx rervctnely
Towas Soeved th siarn, with tf e same body wright eefed rat wnded 1o be | 2
shehJs husher weaeht than fasied ones 2t th time of sacenficr The diffrrences was
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‘Tasre IT Blood Lipid concentrations and radioactivity in whole blood and blood corpuscular
lipids 20 mun after the mtravenous jection of H palemiti a¢ d i rat serum  The
1 pid concentrations are expressed as 4 Eq of fatty acid per ml of blood and are
mean 4 SEM of 6 rafs The radioactn ty 13 expressed as Fercent of the mjected
radioactnaty present i the \ hole blood volume which + 28 taken as & g pev
100 g BW (Mean of 2 rats)

TFasted rats Refed rats
Blood Blood
cor cor
‘Whote blcod puscles  Whole blood Puscles
Radio  Radio- Rado Radio-
Lipid fraction Lip d cone. actvty actwity Lopdcenc actiity act ity
Cholestero! esters 0544003 0011 00007 0324003 033 0002
Free fatty acids 054002 017 0008 0194005 013 0007
Glycendes 0394003 058 002 0614007 D13 005
Pho-pholip ds 2604006 008 006 2504016 023 012

the order of 10—15 g 1n 200 g rats The ussue hipid contents + hen referred to the body
weght were therefore divided by a somewhat higher factor 1n the refed than the fasted
Tats

In a separate expeniment the partial glycendes and the FFA 1n the Iver were sepa
rated on TLC and thewr concentrations determined In the refed state these concentra
tions were dighycende fatty acds 32 4 03 monogiveende fatty ands 12 £ 02 and
TFA48111 +eq per whole hiver and 200 g b w (mean of 6 rats)

Some general tendencies with regard to the distribution of the fatty acids were found
16 0 was a major constituent m all the pid fractions making up 12—49  of the
fatty acids 1n the fractions studred 16 [ v-as present manly i the glycendes usuatly
contributing less than 10, of the fatty acids i thus fraction It showed a tendency to
n1s¢ 1 the refed state the tendency bemng most marhed m the Iner glycendes 18 0
Was present maunly 1n the phospholipids but also 1n lesser proportions n the glycer
des 18 1 was present both in the glycerides and 1 the phosphobipids but always 1
a higher proportion 1 the glycenides 18 2 was present in considerable amounts 1n
both the glycendes and n the phospholipids 18 3 was found 1 small amounts 1n
the glycendes in most tissues 20 4 was presentin high proportions in the phospholipids
i most tissues but was a very minor constituent n the glycendes In general the phos
Pholipids contained a higher proportion of unsaturated fatty acids than the glycendes
and in both fractions there wis a change to ards a bivher proportion of satured fatty
acids in the refed state

The ghycende fatty acids shor ed 2 relatively simibar composition 1 all tissues but
the phospholipid fatty acid ©€OmPpOsition was mare varable bet een the ussues On the
other hand there \ cre more marked changes i the fatty acid compontion of the glycer
1des than of the phospho! pids with the nutnuonal state
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BLOCD FFA

BLOOD GLYCERIDES

Refeom s
<

ED RADIOACTIVMTY

BLOCO CHOLESTEROL ESTERS,

ERCENT OF INJECT

% e
s 5 woes
Fig 1 Radioactvity in blood lipid fractions in rats after the intravenous njection of H palmatic
acd mn rat serum The values are given as percent of the myected rad oactivaly prescne e die
whole bload volume which was taken 2t 8 g per 100 g B W The I FA radioactivity values are
mean + 3 SEM of 9 rats the other valucs are mean - 3 SEM of 6 rats at each time

The plasma glycendes had a fatty acid composition similar to that of the hver glycer

des and the change with the nutritional state was also the same 1n both fractions Thus
1 the refed rats there was a much higher content of 16 1 in both the ner and the
plasma glycerides than there was n the fasted ratt The plasma phospholipds on the
other hand were different 1 their fatty acid composition from the liver phosphohpids
The change n fatty acid composition with the nutnitional state however showed same
sumlanties between the liver and the plasma phospholimds Thus n both fractions
there was a characteristic rise of 16 1 and a decrease of 18 2 1n the sefed rats [he
plasma chol 1 esters were by a very high content of 20 4  hereas
the blood corpuscle cholesterol esters contamed only minor amaunts of 20 4 The
plasma FFA i the fasted rats showed a fatty acid composition simlar to that of many
of the tissue glycende fractions in this state In the refed rats the pfasma {14 had
changed their fatty acid composition markedly towards a higher degree of saturation
and contatned high proportions of patmtic and stearrc acid The FFA of the Lload
ad the same fatty acid compesition 1 both nutritional states This was
¢ fatty acid composttion of the plasma IFA 1n the fasted rats

corpuscles b
simitar to th
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BLOOD TRIGLYCERIDES.

weFen 4TS
~,

Fig 2 Rad oactmity 1n the blood trglycenide frac
tin n rats after the intravenous myection of H
palm tic acid 1n 7at se um The values are expressed
as percent of the wmyected rad oactwity and are
mean of 3 rats

PERCENT OF INECTED AADIOACTIVITY

N
M UTES

Blood lipud concentration and vadwact: 1y

The lipid content of whole blood 15 shown 1n Table II The concentrations of cholesterol
ester fatty acids and of FEA were higher in the fasted than in the refed rats The con
c:mmuon of glycende fatty acids on the other hand was higher i the refed rats The
holipnd fatty acd did not change vuch with the nutotional state
The hugh holipid fatty acid were probably due to a ugh concen
tration of this lipid fraction wn the blood corpuscles
The distribution of radicactivity between the blood plasma and the blood corpuscles
20 min after the mjection of the labeled palmitic acid 1s also shown 1n Table IT There
was very little rad; 1n the blood corpuscle cholesterol esters glycendes or FFA
indicating that radioactivity in these fractions was present almost exclusteely i the
blaod plasma The blood corpuscle phospholipids on the other hand contained most
of the phospholipid radroactivaty of whole blood in the fasted rats and atmost half of
the whole blood phospholipid radioactivity m the refed rats
The radtoactvity 1n the blood lipid fractions 15 shoynan Fig 1and 2 At2 mun there
wasonly8° and3  of the mjected radeoactisity left 1n the blood ITA i the fasted
and refed rats respectively If1t1s assumed that the di appearance of the radioactivity
duning the first 2 mun followed a first order exponential then the fractional tumover
rates {Zih t 1960) for thus d can be calculated to be 1 2 and 1 3 per
mun 1 the fasted and the refed rats respectivelv The radioactivity in the blood glyc
ende fraction was low at 5 and 10 mun then rose to a maxmum as 40 n and de-
clined agun. The maximum + 25 bigher 1n the fasted than in the refed rats but the
general course of the cunve was similar 1n the v o nutnivonal states T'o study n more
detad the appearance of radioactiity i the blood tr ghycerides a separate expe 1ment
was carried out in which frequent blood samples v ere dravn from rats 5—.0 mn
after wnjection of the labeled palmitic acid The resulis ar sho n 11 Fig 7« hich
shows mean values from 3 refed and 3 fa ted rats The rad oactsan was lov up to
14 mun and then started to nsc steeply beiween 14 and 1/ mn txth in the lasted
and n the refed rats The radioact 1ty an the blood phospt olipid fracuon showed a
slow gradual nise dunng the first 160 mun and essenually sunilar values at 370 as at 160
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Tavie 11 Radiozctrsity 1 hiver lip d fractions and i careass hipids in rats after the mtra
venous njection of M palminc acid tn rat serum  The values are expressed as
percent of the myected radioactivity The upper 10 values represent dats from single
rat the Jower 7 salues are mcan £ SEN[ of 6 rats

Min Luer Carcass  Lner Carcass

after —

njec Neutral Phospho- Total Neutral Phospho- Total

tion Tipids hpds bipids Lpids pids Iipuds

1 86 56 63 134 102 -
86 65 64 155 94 ~

2 83 104 52 158 140 -
90 73 50 169 148 -

3 149 1ne 48 154 137 -
- 102 8 171 - —~

4 98 72 48 215 153 -
106 74 48 ns 173 ~

3 13 84 47 s 190 63
107 69 6 122 166 63

5 93+ 07 101403 156 £04 179403

10 89101 93+03 15505 17804

0 893 0° 134407 10804 194107

0 50x01 173203 97 L 04 17404

80 32£01 123403 65207 176+ 02

160 155008 115404 62204 133107

o 09 £ 004 70L02 50 £04 114205

Tissur radioa hrsty (g 3 and 4) The total hpd soluble radioactn ity decreased
Tapidly in the fasted rats and wasonly 63 at 5 mun In the refed rats on the other
hand more than 90 °, could be recovered at 5 min From 5 mm on the dechne of the
total lipid soluble radioactivity occurred slov er and the mean values at 320 min were
74 ,and 33 °, 1n the refed and fasted rats respectncly

Thete was intially more label 1n the Iivers of the refed rats than i the lers of the
Pasted ones and 10 both groups the radioactivity then declined to about half Hts value
at 370 mun {Fig 3) The radioactivity m the liver neutral hpid and phospholipid frac
uons 1s shown 1 Table 11T Imnally the neutral bpad fraction contaned more radio-
actiaty than the phospholipid fraction From 2 mun on the phospholipid radioactivaty
€ontnued 16 nse whereas that 1n the neutral bipsd fracuon remained unchanged so
that the phospholiy d radioactnity soon became hugher than the neutral bpid radio-
Actwaty From 10 or 20 run on the radivactivaty i the ver neatral lipid fraction de
trtased and later the radipactnaty 1n the phospholiprd fraction also dechined However
the i ery contained more phospholipid than neutral lipid so that the specific radioacuy
3 tn the two fracuons were simudar at the end of th expenment ¢ Table \I) Radio-
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Taste IV Radwactvaty m lner tn di and ) FFA and phospholipuds 1
vefed fats after the mtravenous mycetion of HY palmitic acid 1 rat serum The
valucs are expressed as percent of the mjected radioactvity

Phos
Mn after Mono pho
wecton  Trglycendes  Free fauty aeids Diglycendes  glycendes hipuds
) 1ne 032 65 021 103
3 167 010 49 035 147
3 161 015 41 032 154
8 152 - 22 - 175
20 163 o1 07 017 177
20 138 011 05 017 179

Taere v Radwactivity 1n adipose tissue and muscle fatty acids in rats after the steasonous
yection of H palmitic acud 1 rat serum The wesghts are expressed in gram anl
the radivactivity as percent o the injected radioactnaty Mean 4 SEAL of 3 rats
The adipose ussuc radioactivity 18 that of the skin hpids and the cauly d sscted
abdomunal cavity adipose tissue The muscle radioactnaty was caleulted using th
specific radioactivity of abdominal wafl or hand imb muscle and the assu 1 ption
that 45  of the body weight was moscle tissue

Fasted rats Refed vts

5 mn 320 min 9 min 320 mmn
Body weight 19,42 19041 228 &3 273+ 8
Adipose tissue fatty acds 35401 73401 47405 44303
Adipose tussue radioactivity 4203 28:0 67£04 69 07
Muscle abdomimal wall radioactivity Gry£10 67x)10 147%20  9F 00
Auscl  hind Lmb radioactvaty 12808 80110 170=25 133 7’4

actvity i the hiver triglycende diglycende monoglyceride I'T'A and phosphe lipsd
fractions at 1 3 8 and 20 mun afier the mycction of labeled palminc acid 1s shown
Table IV Most of the radioacuvity 1n the 1 utral hpd fraction v as found mn the 11
glveende fracuon whereas the monoglycende and the FI'A fractions showed fow
Yevels of radioacuvity at all umes studied  The dighycende radioactivaty was fughest
at 1 mn when 1t was about half of that in the tuglycerde fracuon The dighye nde
radioactsvity then decreased whereas thr triglycende radioactnuty rose from 1 t>3min
and then remained essenually unchanged up to 20 mun

The radioactivity 10 the heart the splecn the kidneys and the lungy 13 shown m
Fig 4 Tnthe heart the lungs and the spleen the radioactisty at § min was l\—nlnllbr
fasted rats than 1 the refed raty In the kidneys these levels of radioactin gty were sumil ;x;
In the refed Tats the radioactiviy continued 10 nse from 5 10 70 or 40 mun 10 beth i
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Tasie VI Speaific rad oactaty of fissue | pids m rats after the wmitravenous myection of H
palmitic acid in rat serum The values are expressed as percent of the mjected
radioactity per mEq of fatty aad and are mean of 3 rats

Fasted rats Refed rats
Minafter  “eutral Fhospho- Neutral Phospho-
Organ iajection Lipids Tipuds 1pids Dipsds
Liver 2 142 19 146 35
370 15 15 4 29
Mauscle 2 3 2 7 3
320 2 05 3 0>
Heat 2 23 47 197 8t
320 7 7 47 3
Radneys 2 61 12 36 18
370 9 7 5 10
Lungs 2 30 15 3 1
390 24 7 1 2
Spleen 2 20 5 3 4
329 5 6 1 7

lidneys and 1n the Iungs In the heart the radicactiity remained essentially constant
from 5 10 20 min and then dechned In the spleen there was a nise from 5 to 20 mm
then a dechne followed by a second nise to a maximum at 80 min from which the radio-
actwity then dechned In the fasted rats the radioactivity declined after 2 nun in the
heart the kidneys and the lungs but 1n the spleen it rose to a second maximum at
80mun 3 ¢ the same tme as the maximum i the spleens of the refed rats

Adrpose tissue and muscle radioactivity 1s shown tn Table \ These tissues ean not
be sampled = toto and any particular sample studied 1s not necessanly representative
for the entire organ There was considerable variation i the values for muscle radio-
actiaty obtained from different samples The values indicates that the muscle radio-
activity was higher 1n the refed than in the fasted rats both at 5 and at 320 min The
fatty acids 1n the adipose tssue sample studied represented 1/3 to 1 2 of the total fatey
acds in the rats Thus the total adipose ussue radioactivity was certamly higher than
that shown in table 5 by a factor of 1 5 or 2 In separate expertments + ¢ have studied
the speaific radicactvity 1 adipose ussue from different locations Consistently  the
retrobulbar fat tissue had the lowest specific radioacuvaty  the ep didymal fat pad was
usually Jow whereas the subcutancous and the mesenteric adipose tssue often shoy cd

derably higher specific v

In most tissues the neutral Ip ds had a higher specihic radioactran than the phospho-
hpids at 2 min (Table \ D In all fractions but the spleen phosphohipds the specific
Tadioactiuty decreased from 2 to 3°0 mun In some but not all uissues the speaific

fadioactivity . the neutral bpids and in the phosphohipids were more sumlar at 370
than at 2 min
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Discussion

The peesent study has been undertaken 1o establsh a reference for Dprojected studies
of other long chain fatty atids after 1njection as albuminbound TFA To obtamn such a
reference st has heen necessary to repeat some older work on the metabolism of nyected
palmitic acid under our conditions Thus much of the present dats serve to renforce
and extend the findings of previous studies Since the matabofism of fatty acids 15 highly
dependent upon the nutsttional state we have carried out our experiments Lung rais
m two quite different nutntional states In the fasted state the fatty acid metabolism
13 geared to provide substrate for oxidation by the tissuey and there s 2 large net flux of
FTA from the adipose tissue to other tusues In the carbohydeate fed state i ths work
the zefed rats there 1s much less net flux of FFA from the adipose tissuc to other tissues
only a small fraction of the FFA isoudized and fatty acids are synthesized from nontiprd
sources to replemsh the adipose tissue stores
It 15 well known that the plasma FI'A fracison has a high fractional tumas er rate
and that injected labeled FFA rapidly disappear from the cizculating blood (Frednck
son and Gardon [r 1958) Therr fate after entry into the cells 1s less well known 1ig 5
1 a hypothetical scheme of the pathways open to the FFA upon entry mio a tel} The
preseut data show that the labeled fatty acids were shunted mio onc or the other path
wav almost smmedsately after their entry tnto the ccll and it 1s apparent that st ts
during tus phase that « e would expect to find the most marked differences between
different fatey acids
Oxedatron In the present experiment the toral radiosctnaty recovered in hpid form

was studied at a series of ume ntervals Both i the refed and m the fasted rats this
fraction decreased v 2th me indicating euidation of the Iabeled faity acd The decrease
oecursed more rapdly 1n the fasted than in the refed rats which 18 1@ agreement with
many previous Studies that shaw that carbohydsate spases the oudanon of fatty acids
(McCalla Gates and Gordon Jr 1937 Tntz 1961) ln the fasted rats the decrease
oceurred very rapidlv dunng the first 5 oun partcularly durmg the firse 2 min This
1510 good agreement with the view that plasma FF \ are directly avartable for mud:-‘:’m{:c
In the refed rats on the other hand more than 90 %, of the radioactnaty coul
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recovered wn Lipid form at 5 mia Thus only a small fraction of the FF \ entening the
tsues i ths nutnitional state 15 odized immediately Subsequentlv there v asa con
unued decrease 1 the hpid soluble rad d d oad: The
rate of this continued oxadation was more raprd 1a the fasted than i the refed rats but
the difference 1n rate between the two groups was much less marhed than dunng the
first 5 mun. The posstbility exsts that the major difference 1n fatty acd cudation be
tween fasted and refed rats 13 that a larger fraction of the FFA comung into the tissues
15 cudized 1n the fasted rats The tusue Lipids may be drawn upon for oadation within
the tissues at more sumilar rates i the two nutntional states
In 31l tsues hut the lndney there was less radsoacumaty 5 mmn after the imjection 1n
the fasted rats than 1n the refed rats It 1s possible that this was dae to the more rapd
oudation of the FFA 1 the fasted rats I in addition ifferences exst 1n the fractions
of the plasma FFA taken up by the tndiidual tissues m the twe nutnfional states can
not be deerded from the precent data
Formation of other lon -cham futly autds Palmitic 2ad 1s not converted to other long
chamn fatty acids to any larye extent mn fasted rats, but 1n refed rats such consersion 1
extensive (Elovson paper o preparation) Thus m the refed rats considerable fractions
of the label 1n the tissue hpids will be 1 G, monounsaturated and Gy saturated and
monosaturated acids and not only 1n palmitic acid so that the data obtained in the
refed rats can not be considered strictly representati e for palmutic aci 1 metabolism
Esterfication of the FF 1 Tn all tisues studied the label was rapidly incorporated nto
both the neutral hpid and the phospholipid fraction In most tssues the specific radio-
actwaty of the neutral lyid fraction was considerably hugher than that of the phospho-
Ipid fracuon at 2 mun, indicating a more rapd fractional turnoyer rate for the neutral
hipuds According to Rennedy (1961) both the tnglycerdes and the gl hosph
ate formed from a common mtermediary the dighycendes The findin~ that the bver
diglycende radioactivity rose rapidly and then decreased rapidly agan 1 hereas both
the tnglycende and the phospholipid radioactin ity centmued to nse after the dighcende
radioactivity had started to decrrase 15 consistent with the view that the diglycendes
are intermedtates 1 the formation of the trnglycerides and of the glycerophosphatides
In addition to the glycendes and the glycerophosphatides discussed above labeled
fatty acids can also be incorporated 1nto chol esters sphungolipides and other
not glyeerol-containing lipids  Chemical studies of the tissue content of cholesterol
esters showed that they represent less than 2@ of the total neutral hpyd fasty acds In
same the rad| of the Iner chol 1 esters was studied and 1t was
found thatless than 0 1 ¢ of the myected radioactwaty was located in this fraction 20 min
after the injectian of the labeled palmitc acd Tn all tissues the cholesterol esters have
been included m the neutral ipid fraction The phospholipid fra ton was further
fractionated on TLC 1n some preluminary expertments and more than 80°  usually
wore ham 90 of the radioacuvity 1n ¥ms fraction s as Tound 1n glycerophosphaude
fracuons 2 nun after the yection of the labeled palmtic acrd Thus smost of the label
1 all tissues was asocuated  1th either glvcende or ghycerophosphatide frattions
Thr fatty acad composition of both glycendes and phosphol p ds 1n all tissues cFanges
toward a higher content of saturated fatty acuds 1n the refed star  This was true also
for the plasma FFA fraction It 1s concenable that th hang in the composition of the
Plasma FYA may have been a mayor causc of the chan=e in the ussue lipids smee the
Plasma FF\ are a major precursor of these hpids On th  other hand 1t s alsa possible
that the changes in plasma FF\ and tissu_hp d fant acid composstion are a reflection
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of the same bastc change which could be that the major source of fatty acids 12 the
refed state 15 synthesis of fatty acids from nonlipid sources and that the fatty acds syn
thetized are predominanly saturated fatty acids

Transfer of fatiy actd esters to the plasma Label rapudly appeared 1a the plasma glycendes
and to lesser extent in the plasma pho pholipids and cholesterol esters Previous studies
mdicate that the fractional turnoser rates of plasma tnglycendes are higher than for
plasma phospholipids and cholesterol esters (Bates 198) This 15 1n agreement with the
preseat results which show 2 more rapid and extensne labelling of the plasma trghye
endes than of the plasma phospholipids or cholesters esters and also 2 more rapid
decrease of the plasma tnglycende radioactwity An interesting finding was the time
lag before radioactivity appeared m the plasma tnglycendes Sucha tme lag has been
reported by several authors previously o be present m several ammal species (Laurell
1959 Stemn and Shapiro 1959 Borgstrom and Olnecrona 1961 Havel of of 1962
In these experiments we found that the radioactivity started to rise steeply between
14 and 17 min The time fag was the same i the fasted and the refed rats Since the
hver tnglycende reached their mavumal radicactivity rapidly the time lag must occur
m the transfer of the triglycende from the lner to the plasma Possibly 1t reflects the
tume neqessary for the assembly of the lipoprotemns from therr indsndual parts

Itseemns well established that 1n the fasted state plasma tngly cende and phospholipid
ongmates n the liver (Frederckson and Gorden Jr 1958 Borgstrom and Olnecrony
1961 Havel and Goldfien 1961 Fusher ¢t al 1943 Goldman ef of 190 Harper Je
Neal Jr and Hlavaceh 1923 Olson 1908) The data on the fatty acid composition of th~
Iner and the plasma tnglycende show that these were quite stmidar Furthermore i
both fractions there occurred the same charactenstic changes with the nutnitional
state These results lend additional evidence to the view that the liner s the mawer
source of endogenous plasma tnglycende The hver and the plasma phospholipids on
the other hand showed considerable differences in therr fatty acid composttton 1 the
two nutntional states However the changes with the nutntional state occurred in the
same direchions n both the liver and the plasma phospholipids v 1th a charactesistic
ncrease tn the proportions of palmutoleic and oleie acid and 2 decrease in the propor
tions of stearic and Linoleic acid

This work was supported by grants from the Medseal Faculys 1n Tund and from the LS

Public Health Serae (H 5203 MED
Aiss Irene Kalebsson vave shilful techn cal as sstance
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of the same basic change which could be that the major source of fatty acids 1 the
refed state 3s synthesis of fatty acids from nonlipd sources and that the fatty acids syn
thetized are predommantly saturated faity acids,

Transfer of fally arrd esters o the plasma Label rapudly appeared in the plasma gly cendes
and to lesser extentin the phsma phospholipids and cholesterol esters Previous studies
tndicate that the fractional tumoner rates of plasma tnglycendes are higher than for
plasma phospholipids and cholesteral esters (Bates 1958) This 1s 11 agreement with the
present results which show a more rapid and extensi ¢ labelling of the plasma tnghe
endes than of the plasma phospholipids or cholesters esters and also 2 more mapid
decrease of the plasma tnglycende radioactmaty - An anteresting finding was the hme
lag before radioactinaty appeared in the plasma tnglycendes Sucha tme lag has been
reported by several authors previously to be present in several amimal species (Laurell
19596 Stein and Shapiro 1929 Borgstrom and Olisecrona 1961 Havel et of 1962)
In these expenments we found that the radioactivaty started to rse steeply between
14 and 17 mm The time lag was the same in the fasted and the refed rats Since the
Tiver tnghcenide reached their maximal radioactivity rapidly the ume lag must occur
1n the transfer of the nglycende from the lner to the plasma Posuibly u reflects the
time necessary for the assembly of the lipoproteins from thesr individual parts

Itsecms well established that in the fasted state plasma tngly cende and phospholipid
onigmates i the Iner (Fredenckson and Gordon Jr 1958 Borgstrom and Oln ecrona
1961 Havel and Goldfien 1961 Fisher ¢f sl 143 Goldman ¢ of 1930 Harper Jr
Neal Jr and Hlavacck 1953 Olson 1958) The data on the fatty acid composition of the
Jiver and the plasma trighycende show that these were quite similar Furthermore in
both fractions there occurred the same charactenstic changes with the nutnuonal
state These results lend additional evidence to the view that the hiver 1s the major
source of endogenous plasma triglycende The liner and the plasma phosphalipids on
the other hand showed considerable differences in their fatty actd composition in the
two nutntional states However the changes wath the nutntional state occurred i the
same directions 1n both the Iiver and the plasma phospholipids with a characterisuc
increase n the proportions of palmitolesc and oleic acid and a decrease in the propor
tions of steane and hnoleic and

This work was supported by grants from the Med cal Faculty 1o Lund and from the LS

Public Health Servie (H 2703 METY
s Irene Ralebsson gave skilfu! techmical assistance
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Tonger periad of tume have been reported (Asmussen 1940 Cobb and Johnson 1963)
and there have been none dealing with the areulatory and resprratory changes dunng
non steady state exercise

A steady state 13 generally considered to be present when there are no mea ureable
changes 1 the carcul p and metabolism 1 1thin 2 defined period of ume

he usually used to d the ewstence of steady state are oxvgen
uptzke RQ ventilation respiratory rate heart rate and lactic aad roncentranion
1n artenal blood It 15 obvious that the steady state of these parameters can onlv be
mameamed for 2 certain period of time whose duration will depend on such facrors
as work load metabolic state and the degree of fitness of the subject It 1s therefore
probably better to discuss 2 relatiuely steady state and to define the penod of ume
covered and the variables included

During non steady state work we should thus expect the abovementioned parameters
1o change with the time factor and at a rate depending on the same factors as these
determiming the individuat s ability to mamtam a steady state

The present mvestigation was planned to study the cardiorespiratory changes
during exercise at a work load selected indiyidually to produce a situation where the
changes 1n esreulation, as yudged by the change 1n heart rate eccurred slowly

The aircutatory response was studied with heart catheterization techmque and the
respiratory changes were studied wath the ard of arteral blood and expired arr samples

Material

St healthy male sub ects yolonteered for the study They were all phys cally acuve but none
regarded humself as beng 1n good tnm  All were blood donors registered at and controlled
by the bospital blood bank Anthropometric data and some data concermne the dunensions
of the vascular system are g ven n Table I Praor to the iy estigation all the subjects underw ent
a chia cal examinanion eluding chest X rav FCG at test and dunng work They sho ed no
signy of disease

Methods

The elect o d rarm at rest and dunng work has been described n deta | earker (Holmgren
and St andell 1961)

P&‘0 tho tatic test Heart rate and ECG 1 cre recorded after exght minutes standing m th erect
1tion

The wo & capac t7 » as determined as th amount of ork the subject could perforsm on a
b cycle ergometer (Hol ngr n and Mattson 190} at a heart rate of 170 beats p £ m n v
(Siostrand 1947) The procedure was the sane as has boen descnibed ca ler (Holmgren
Jo 1sson and Syostrand 1960,

The 1l amount of hemc 1 b1n (THB) was determin d with the al eolar CO m thod 1Sy sstrand
1948) v 1th the mod fication 1t oduced by W klinde (196) and with a reproducib kty of
Four per cent

The blood rol me was calculated { om THb nd the hacmor] bin con entraton 1n artenal
blood i the sup ne po ton thus disregard ng the rror nt oduced th ough the assumpt on
ofa const nt hiemoglobint con entrat on w the « hole blood volume Dusing long 1 rm ex e
the blood volume was det rm nied with 1 Jabell ¢ Tbumin as the -mun I $p ce (co_ected
{_the d T reace between bods ha natocnt and larg  oss | HCT 1 1 091 w th the ad
of th sem autom uc dev ce called \ olumetron (Atomium Corp Waltham Mass LU S 4
and w th a reproduc b 1 1v of 29 per cent

he he ¢ of m wasd term ned o the pron poston  cording t the method descr bed by
Larscn and kg Iberg (1948 with a repr uc bl ty of four per cent

£ ght hea teath ter  tion was perf rmed with con ent onal techn que from the I ft arm wath a
fumnber 9 doubl 130 en catheter up The ight brach alartery was cath tenzed pereutanenusly
(Bernéus ¢t of 19.4) w th a nelon fish ng line leader and teflon catheter
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‘Taetx ! An Propornetne data in uix healtt y yours men

Y. 0B
Hb kpm/ kpm/
Cas= \p  H gt Waghe, Hen THb en Blood mn mm
no  years €11 kg vl oml g g/100rd sol | supme  mtung
2 2, 1r¢ 83 L] o 133 68 1400 100
3 20 190 I 45 £ 147 61 1200 13,08
4 m 1e € ] &m 135 29 t100 409
5 30 1o 23 740 0 134 51 9.0 €0
- 20 17 o 633 60 174 €1 1300 100
3 4 19 g E0Q 210 137 f1 1200 1,200
* W extrapr lated £t hcart rate 100 beats o

B.00d gres ¢ 2t mere trcorded mith an Elema d fTerentad transformer ransducer EA(T 490 4
un an Llema hbnik recorder Mran pressures were of ta ned afier elrctrical integratin
{urne constant 0.8 sc  The reference print was taken as the mid thogac el i th samine
porstaon and 1} e artsculat on of ¢ ¢ £ wrth aibs with ¢ - sternam in the § 1t pg position {bevegard
e 190 Dunng exercar 1 1l ¢ sriting posit o th subject was kept in a relat vely  onstant
Pt om by bread o through a f w4 meuthy ece o keep the refetrnce level ay constant as
Jrmuble f1e cardiac output was measured with 1he direct Fick mett of Te oxvgen uptake
‘was measured with the Douglas bag tec! n que. Expared air was collected at rese 7 8 min
26d dunng cxercis 7 2—3 sun ace Aduns to the extent of the ventlat n. Ancral ard mised
et A bl yod w23 samg led x o ultanesaty duning the air<collection { 1 3 penod uf en it~

Gas tofames were measuted with 2 $prometer aod guese L were analywd D1 oxygen and
carbom digmsde with 1t ¢ Haldane tect mique (Haldane and Poctly 1935

Poood gar analres Oxygen and fob were measured pects >
photometneally (H It gren and Pemow 19,3 “The uxveen-content was calculated from th
oxyzen saturation and hemes! bin concentrat on {Sunderman of el 1933 de factor
1215 wsed € 7 the OxyRencombir ng power of § emozt L A cortecu 0 £r thys callv ds
s1 ed gxywen was rade according (o Peiers and van Shike (1932 The reproducitality Jf
cardiae our,t and stivke olume determination dnng cxercise with o ¢ method descnbed
was studied 1 1 Imgven and Parnow (140 and was found to br 3.2 pry cent for the casdize
output and 68 per cent £1 the stroke olume

I way moasured wad a cre- As.qupatandard equpraent (Radwmeter Coprabagen,
Dromark) (Andenen et of 1950
was determined w1t (e Astruptechnique Andensenet /1960 with a reprduability
of 1 prr cent Ow ag 1 th sstemat ¢ difference between T determmned with b Astrup
tecLnique and with a Poo  elertrode (according ¢ Severnghaus 30 mm Hg was 2dJed to
the \strupvalue

Stzrd buarbonate was calnulated according to Andorsen and Engel 11900 All measurements
of pH mere pr 4 J» stier withdrawal and eomrecind Lr differences bermcen
0 0 temprrature and clcusde temperature Bradies Stupf | and Snenaghas i
H Ireren and Mcllroy 1973

The echonical efprmsy was ealeulared from tf & cquaton

(rotc of work, kpm mn 477100
= {omvern bptabe eatrase — okvgen uptake rest
and 1 oxvgen 15 cal ney
Barker and Summersza (1931) aod

4
ubmz%ud 49 re the factors com erung kpm

Lacii asd concentsanon was deternuncd according 10
Surom (19 9
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Procedure

Pruor to the expenments the volonteers were subjected to a plot test 1 huch acluded work
with succesawvely increasing loads up to a heart rate of 190—150 beats per run Tk subjects
then continued to wo b at this load for 1 hr

On the dav of the expenment the subjects arnved at the hospital early n the mormng
Al had had a light meal about one hour before the expenimental procedure  as started ™o
sedatron or qu mdin was given When the cath ters had been introduced cardiac otstput.bliood
volume blood gas tensions pH standard bicarbonate and pressures 1 ere measured n the
supine position  After this the subject 3 alked over to a bicycle ergometer and started ta + orh
1mmed ately at the selected work load o measurements we e attempted at rest 1n the s tung
postt on This was on account of earhier expenence of the tendency of young men to syncope
dunng sun lar expenmental condst ons (Bevegird ef al 1960} The work statted immedaately
at the load that was kno vnt to increase the hea t rate after 6 run work to 140—150 beats mn
Esery 10 mun fur | br expired a r was collected for 2—3 mun while blood samples we e vth
drawn f om the b achial and pr y artenes for the of oxygen
and content carbon-diox de tens on pH standard bicarbonate and lactate Afte 10 and 40—
50 min wok 1 labelled altbrmin was myected for blood volume determ nation  Rectal
temperature ECG heart  te brach al arterral pulmonary artenal and nght ventrrcular
P essure we e monitored contu uously The work test was contimsed for 2060 min and was
then stopped and the catheters withdrawn No complicat ons whatsocrer occurred before
dunng or after the expenment In two cases the p ocedure was stopped after 20 min work
because of falling blood p essures or faugue The volume of blood  thdrawn was of the order
©f 150—17a ml The flwd losses blood and sweat were compensat d for bv contmuous saline
admumistration to keep the body we ght constant

Results
An hropometric data are given 1 Table I

The total amount of hemoglobin (Thb) was on an average 812 g (range 680—900 g}
corresponding to 1176 g per hg b w (range 1084—1271)  hich 1s of the same
order of magnitude as that reported 1 corresponding matersals from this laboratory
{Holmgren ot al 1960 Bevegisd o of 1960) The mean salue for the hemoglobin
concentrauon v+as 1350 g per 100 mt blood (range 12 4—14 7) + huch s of the same
otder of magmitude as that reported 1n the above matenaty Onc subject had hemoglabm
concentration below 13 g per 100 m! which 15 somewhat lov and mught be explamed
by the fact that the subjects were blood donors

The total bisod rolume determined  1th the alveolar CO method 1 as on an avcrave
602 (range 51—68) or 872 ml \range 81 9—92 4 per kg bodv werght, which 15
of the samac order of magnitude as that found by Holmer netal {19601 When corrected

for body hematoent sanat on \factor 091 the mean CO blood volume amounts
w6611

The bload toline deteymuned with 1

tageed albumin was on an average 6 03
(range 52—67

After 10 m n « ork the blood volume had decreased to an a crage
of$601 a decrease of 4+ Oml After 50 mun work the average blood s olume was 5 47 1
which s not sigmficantly dfferent from the vatue afier 10 min worh The corresponding
Hasma volvmes w 373 1 at rest 332 1 after 10 mun work and 3.0 1 afier 50 min
work

The heart tolume 0 the prone postion a evaged 775 ml range 685930 « hich
1 somewhat 1z g 1 than the value pred cted from THb

The amount of ¢ 1k that could be performed at a heart rate of 1,0 beits i (W 1
(Table I and 11 was on an average 1700 kpm mun (range J>0—1400) There as no

1566015 4 phy 1 4B 16
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young men
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significant difference between W, as determined 1n the situng or the supme pos:

ton
Tle heart rate duning the preliminary work test measured 1n the 6 subjects who worked

for w0—60 mun ncreased from an average of 154 beats/min (range 143—162) after
10 mun + ork to 174 beats per min (range 165—182) Durning the expenment mcluding
heart cathetenizauon the corresponding figures were 148 beats p r min {range 144—1,2)
and 171 beats per mun (range 166—178) Thus 1s n general agreement y ith the ob
servations of Bevegard et al (1960) in simlar matenials that the heart rate response
during exereise is not signaficantly altered by the introduction of the heart catheter

To the data p d 1n Table I wdrcate that the
matenal can be considered as a moderately tramed healthy group of young men
and that the influence of the cxpenimental procedure s probably umimportant

Circulatory response during long term non steady state exerqise
‘The pertinent data are presented in Table IE Itg 1 and 3

The ovigen uptake (Vg ) at restin the supine posibon averaged + 224 per cent
(range + 53— ~ 36 3) of that predicted (Harns and Benedict 1919) Duning exercise
Vo after 10 min work corresponded to a mechanieal efficrency of 22 7 per cent (range
9052631 Dunng the prolonged work there was a slow decrease to an asverage of
208 per cent {range 18823 6) after 50 mun work which decrease was significant

Ihe beart rate ol test was on an average 71 beats per mm (range 64—78) which s
de as that 1n c ding carlier studies (Holmgren

of the same order of
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efal 1960\ During exercise it rose to an average of 148 beats per mm (range 144—152)
after 10 mm work The contnued + ork caused a slow contnuous nse 1n all subjects
Aftee 50 mun work the average heart rate tn & subjects was 171 beats per run {range
166—178) Incases2 7 and 8 who were able to continue for a whole hour the heart
rate contnued to nse further averaging 175 beats per mua (range [77—178)

The oxy,en saturation of arterial blood was normal at rest and dunng the whele work
penod an all subjects

The cordia outpat 21 res; was 75 ) mun range 58—-107) which 15 of the same order
of magmitude as that earber reported (Holmgren et af 1960 Bevegard o af 1960)
Zhmne cxerom afe catthn garput st ader i mmar ar vobvy wihuat agrees” wall
with those pred cred from the normal regression on Vo (Beveghrd o af 17601 In
case 2 the cardiac output remaned constant throughout the whole work period If
the reprodycibiliny of the cardiae output deterTnanon dunng exescnse 18 taken to be
of the order af 5 per cent (Holmgren and Permow 19%0  and usin~ confidence lumuts
of = 95 per cent the  anations during the prolonged exercts perod 1 eases 2 and §
hie within the vanat on to be exprcted from the methodolomeal errors In case 3 there

182 g cant decreass and i cases 5.and 7 almost sigficant mereases. The magmitude
of the chany,es does not esceed 11 min
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PER CENT OF
20410 HIN YALE

tig 3 Hemodynamc responses dunrg
Tong term non stea ly state excrase n
six subjectt Ipsy = brachal artennl
mean pressure Tpy = pulmonary arte
il mewn pressure ‘The other symbols
are the same as in Fig | Data are pre-
sented a3 a percentage of the values
obtamed after 10 min work

30{PER CENT OF
10 MIN VALUE

Mg 4 Respritory responses during
long term exercise Symbols as i Tig
3 Data gien n per cent of 10 mun
value

The stroke tolume at rest i supine w1 on an ayverage 106 5 ml (range 83—15%)
After 10 min exererse the volume had increased n 5 subjects and remained essentially
unchanged in case 2 In all subjects the strohe \olume decreased successively durmg
the work period from n average of 1232 ml after 10 min + orh (range 99—150) to
106 2 mi (range 89—(28) or 13 8 per cent of th 10 min value after 50 nun work
The 10 rmun value fell within the normal range of variation for the relationship between
stroke volume duning exercise in the supine position and THb heart volume and W
sitting except i case 3 who had 4 strokr volume larger than that predicted from the
heart volume (Haolmgren et al 1960 Bevegird ef af 1960) The finding that the stroke
volume duning work n the siting position fell within the normal regression between
stroke volume 1n the supine position and the above mentioned parameters may 1ndicate
that only munor ortho-tatic blood shifts had taken place 11 thus early part of the work
period (Beveghrd ef al 1960)

Intracasdiac and wntrarascular pressures The techuque used allowed the recording of
pulmonary wed,e pressures at rest an the supine posttion in all the subjects except casc £
The wedge pressure was on an average 10 2 mm Hg (range 8—13) Right ventricular
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pressure was recorded both at rest and during work as were also the pulmonary and
brachial arterial pressures

The gystolic y1 bt zentrucular pressure was at rest on an average 24 7 mm Hg (range
21--27) and rose duning exercise to an average of 40 8 mm Hg (range 38—-43} after
10 man work The mean sy stolc pressure 10 six subjects after 50 min work was 39 3 mm
Hg The end diastalic pressure in the vight ventacle at rest was on an averare 9 0 mm He
and fell after 10 mn work to an average of 26 mm Hg and after 50 mmn work to
4+ 0mm Hg

The average systolic pulmonary arterial pressure was at rest 21 3 mm Hg (range 17—22)
naing after 10 mun work t0 325 mm Hg (range 27—40) and after 50 mun work to
313 mm Hyg (range 27—35) The corresponding figures for diastolie pressure were 11 2
(tange S~15) at rest 12 5 (range 8~18) after 10 mn work and 95 mm Hg after
50 mun work (range 3--15) The pulse pressure m the lesser circulation thus increased
shightly durino the work period The average mean pressure 1n the pulmonary artery
was 156 mm Hg (ram,e 12~20) 198 mm Hy, (range 16—25) aficr 10 muw work and
177 mm Hg (range 15—22) after 50 mn

The sistolic brachsal pressure wes on an average 116 7 mm Hg (range 100—~132)
atrest 167 8 mm Hg {range 141—188) after 10 mun work and 145 3 mm H,, (range
117—165) after 50 min work The corresponding figures for diastole pressure \ cre
/08 mm Hg (range 60--87) 798 mm Hg {range 71—102) after 10 mn work and
717 mm Hg (range 60—81) after 50 min The avcrage mean pressure was at rest 88 2
mm Hg (range 77—108) 1047 mm Hg (rance 95—128) after 10 mun work and
942 mm Hg (range 76~10%) after 50 mun The pulse pressure thus increascd from 46
mm Hy at rest to 88 mm Hy, alter 10 min » ork and then decreased to 74 mm Hg
after 50 rmin work VWath a constant cardiac output the decrease in the systemuc arteral
mean pressure indrcates a decrease yn the systenue vascular resistance

The lacter werd concentration mn arterial blood at rest averaged 096 meq/! Duzring
txereise it rose to an average value of 2 b9 meqft after 10 min work and then decreased
s ghtly to 2 28 meqy!

Respuratory sesponse during long tem non steady state exercise
Tte results of the respiratary studues are summanzed in [ig 2 and 4 and the pertinent
data gt en an lable HI

The munute tentibation (V¢ } increased during exercise to an averageof 36 3 1 BTPS/mua
{range 37 668 81 after 10 mun work corresponding toa centilatory equi alent (Vef Vo )
of 7,01 BTPS 1 S1PD (range 21 3—27 3) and an aheolar senilation (V ) of 47 91BTPS
{range 32 760> Dunng the connnuauon of the work V| rose contmuously to
an average of 60 8 1 BIPS (range 44 1—81 5, afier SO min  vhile at the same ume Va
increased only shghtly (Ig 2 and )

The racrease 1n total ventlaton was effectuated by an ncrease 1 bath res; teatacy
fate and udal volume but the changes i rate could not explam the mereased dead
3pace ventilat on alone

The reips atory qu tent RQ at rest averaged D 8? (range 0 77 —0 90" \fter 10 min
work RQ). tad nsen o 091 (ringe 0820 6) and remained then approvimately
tonstan: UL dur ne tre Yt of the + otk indicating that none of 1 e subjects was
Tastyny

’n\: o teval cabndo de temson Pacor PH ant standard brcarbonate Pago, atcest
aicraged 400 wm He (range 39-—41; pH 741 (range 7397 43) and standard
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Tasrr 111 Resp ratory data at rest and duning long term exercice in s x healthy young men

Work e . M

Cue load Time Rep LBTPS) STrD1
no  kpwhmn  mn rate min o DTPS  sun rQ
2 - - 93 - 380 LE
223 10 25 09 2440 240 094
20 26 655 25% 2490 pa2
900 30 25 €13 2690 25.0 100
900 40 5 73 280 2650 100
200 50 25 709 2840 2670 100
200 60 25 727 2910 2680 099
3 rest - 15 71 470 280 077
900 10 25 614 2400 2770 09l
900 20 26 12 2350 300 090
00 30 23 618 690 23% 090
900 0 27 650 2410 2 400 089
900 50 28 681 2430 24% 08)
4 rest - 16 a6 oo 350 68
900 10 30 558 1 860 150 0
900 20 32 e 1930 2160 09’
900 30 3 187 1960 2240 090
900 10 44 720 1640 2280 089
900 50 5 750 1 560 2300 087
5 rest - 18 76 420 250 087
650 10 22 376 1720 1760 085
650 20 17 107 2400 1800 086
50 30 24 452 1880 1830 086
650 10 2 442 2010 1870 08
650 50 22 41 2010 1870 081
7 rem - 15 106 710 330 09
1200 10 2 688 2650 2520 096
1200 20 3 762 2460 2640 093
1100 30 8 752 ? 690 2670 091
1700 40 30 829 2760 2790 093
1200 50 33 845 560 )70 09
§ 200 60 6 877 2440 2770 09t
8 rent - 16 64 400 230 077
1000 10 21 536 2550 2290 087
1600 20 22 545 2180 2380 086
1000 30 22 560 2550 2 390 08¢
1000 40 23 569 2470 2430 086
1000 50 21 585 2780 2480 084
1000 60 20 585 2930 25%0 083

)
. oo, TFoo :—" when Vp mcludes the
T

RQ = respiratory quobent Fago, — Fleo
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Arteral
™ vp Recal Stand  \a
ml Yo 1BTPS; twmp  ¢H Pco,  bearb  IBTPS Y4
BTPS g min umts  mmHg meql e Qe
- - 25 376 739 39 2n 68 o5
- - - 378 - ~ - - -
413 016 s 383 "36 37 19 337 2
ta 607 5% 385 735 3t 18 619 78
274 010 78 387 736 36 19 635 29
139 806 50 388 736 3 18 659 20
163 L 51 388 736 34 18 676 32
12 027 25 370 742 40 24 46 07
204 012 113 375 738 34 19 578 31
336 o4 98 17 73" 3 19 514 30
30 D15 99 331 735 3 8 5tg 3z
467 019 136 384 735 36 8 a4 32
543 on 164 186 736 16 19 51 13
208 034 39 313 3% + "2 51 87
0 (1% 78 3771 137 3 19 480 L3
405 (311 143 180 737 3 19 416 27
45) 0°3 w2 332 733 34 13 als 36
474 029 209 3wt 739 32 20 5t 3
07 032 263 386 740 % "0 187 30
167 040 37 168 13 4 24 a9 07
182 o 49 371 731 10 » 327 22
92 017 57 327 741 38 7t 336 24
29 016 81 382 740 37 7t 3t 25
282 a4 11 385 740 37 2} 371 25
36t 018 88 188 4 37 " 353 2
79 03” 40 168 741 39 273 66 09
kit 0 83 374 738 3 20 605 33
318 015 130 379 7138 34 19 632 12
497 019 150 382 3 3 K €02 37
568 [} 183 88 - 3 6tb 33
493 o 18 387 140 33 19 €67 33
M 022 210 33 710 33 1 66 34
12 93¢ b1 4 43 10 " 18 Y3
34 o3 81 3w 4 3 3 + 73
3 Q14 8 33 43 n 23 8 13
4 018 1" 37 744 39 24 “#8 »
453 (213 14 330 743 40 »3 423 +
£ o9 Y] /1 T4 19 4 468 B
345 iy n? 383 T4 3% o1 468 s

\afve drad apace
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Urearbenate 23 meq (range 21—2G) Afer 10 un work [H ] ha
averared 738 (rnge 7377 42) This increase was & rvgult]uf 1;::::!{;?:1;: 5:;‘:‘;:;
acuds (standard bicarbonate 20 meqfl) in sprte of 3 shoht akeolar hypervenulanion
co, 304 mm Hg {range 33—40) Duniny, the contiaied + ork there 5 asno farther
incren e of fived acuds standard bicarbonate = 20 meq1 P <0, remauned constantat
360 mm Hs (ranze 33—3%) and pIY inercased shihtly The acd base status dunng
the work penod should thus be charactenzed as compensated metabolic acidosts
Lectal temperature: The rectal temperature at rest averaged 37 0 (range 36 4~376)
Dunng, the work penod the temperature rose slowly reaching 386 C after 50 muin
(ranze 38 133 8)
Verilation perfusion velationship N AJQ, The overall \ ,/Q, at rest averaged 070
{ringe 06—09) Aficr 10 nunwork \ 5/Q, had risen 0 2 72 (range 2 2--33) Dunng
the continued work at rosc shightly 10 2 88 \range 223 3)

Discussion

The expenments were designed to produce a situagon s whick the subpects could
hot matntain a steady state of arculation and respiration The changes 1 ere planned
to take place slowly 10 allow repeated measurements withun one hour The rate of
change judged by the change an beart rate (6 beats/10 min) indicates that the aim
was reasonibly well rralized The situation studted can thus be characterized as
prolonged non-steady state work
It 1s reasonable to ask whether the mtroduction of a heart catheter can have m
fluenred the hemodynamic responses Holmgren ef af 1960 and Beveghed of o 1960
found no effcet of catherization when studving the hemodynamie reacnon during
shert periods of exercise (10 nunj or when companng the heart rates dunnga prehim
mary work ftest without eatheter or duning the work test in connection with heart
catheterization The same method for the evaluation of the nfluence of procedure
was wsed in the present study  and no sigmuficant difference was observed between
the pulse response during prolonged exercise without and wath heart cathetenzation
The use of the direet Tick method for the determmation of (he cardiac output
requires a steady state of oxygen uptake and a s oxygen difference to gue valid data
\asscher and Johnson (1953) esumating the magmtude of the error induced by a
non stexdy state found that they are serious only When larye chianges take place as
for example during the transition from rest to work In the present evperumcntal
set up the changes occurred slowly and probablv did not influence the measurcments
ngmiicanily
Circulotory sesponses (Fira 3) In accordance with the design of the expcrments the
heart rate rose steadily during the exeresse peniod with a slope of the order of 20 brats
per 20 mun At the same tme the o¥ygen uptake rose on an average 10 per cert an
incrense s hich 1s probably explained by the fact that at the relatie work Joads used
the subjeets tend to move to and from on the ergometer as the tme passes The cardiac
output remamed on an as erage constant indicating that the stroke volume fll and the
a v ovygen difference sncreased {cf Cobb and Johnson 1963) There + as a continuous
decrease 1n the systesue artenal mean pressure a0 accordance + 1th the observations
of Holmgren {1926) and a shyht detreasc 1 the pulmonary arterial mean pm:su;:C
Thrse pressure changes indicate shifis n the blood essel valume relauonship or i !
vascular resistances
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The primary change m the central hemodynamics durng prolonged non steady
state exeraise 1n the siting position 15 probably a decrease of the stroke volume which
15 compensated for by an increase 1n the heart rate to keep cardiac output constant
Since the dimenstons of the heart reman unchanged the decrease 11 stroke volume
can be explamned 1n the hight of defectve filing andfor emptymg of the heart The
filling of the ventricles 13 deterrmmned by the time available for filing and the amount
of energy potentnal and kinetic present in the capacitance vessels in front of the heart
Th  filing energy has a static component (lateral pressure tunes volume of capac
aance vessels) and a kimetic component Changes m the distribution of the blood
within the capacitance vessels caused for instance by gravitation wll affect the static
component and result 1n a decrease of the stroke volume Such changes take place
when nising but are more or less corrected for when exercise is mhated 1n the upnght
position with the muscle pump In the present expenmental situation such a decrease
of the central blood pool might be caused by 1) gravitational shifts duc to a change
1n tone of the capacitance vessels 1) decrease mn the total blood v olume due to mcreased
filtration pressure n the capillanes or m) shifts due to yasoddataton caused by a
heat regulating mechamsm In the present study the cause 1s probably a change
the distnbution of the central blood volume since the total blood \olume remained
unchansed dunng exercise
Holmgren {1956) Bevegard (1963) found that mechamscal systole of the ventricles
vaned as an approamately hnear function of the heart rate The slope of the decrease
was such that a change in heart rate from 140 beats per mun to 170 beats per mi
was accompanted by a decrease 1n the mechamical systole from 24 csec to 20 csec At
the same tume the mechanical diastole + ¢ the tme avalable to fill the heart 1s short
ened from 21 csec to 16 7 csec (Bevegard 1963} A decrease in the stroke volume due
10 shifts 1n the blood distnbution would thus probably be further enhanced by an
increase 1n the heart rate of the same order of magnitude 10 the present expenimental
situation
Both these mechamsms wall affect the filling of the heart. It must be stressed hos ever
that we know but httle about factors which may affect the contracality and thus the
emptying of the heart since we have at present no valid methods to demonstrate a
decrease m my ocardial contraculity
"The sespiratory response (Fig 6) 1s charactenized by a successnely inereasing minute
! T by both an respiratory rate and tidal volume The
increased \ ¢ does not change \ 4 toanv major degree but causes mainly an increase
tn the dead-space entilauon as indrcated by the minor changes in P oo Theincrease
1\ ps effectuated both by an increase m the respiratory rate and 1n tcrease n Vi
and probably indicates a change i the regional \, 4 Q, reationshups.althou h the overall
\ A Q. changes only sbightly Such a change might be expected if the perfusion of the
uppet parts of the lungs decreased duning prolonged exercise causing an increased
alseolar dead space 1Sesennghaus and Stupfel 1957) A decrease of the perfusion of
the upper parts of the hungs might be caused by grantational shifts of blood from the
pulmonary vascular bed to the lems and 1s quite compat ble with the falling strole
volume observed This explanaton 1s alse favoured by the observatons of mcreased
alveolar dead space n the standing position and dunng gravitatonal stress (Barr
Bjuntedt and Colendge 1959 Bjurstedt et al 1972 and by the obser ation of sereased
‘entilation dunng exerase v 3th the same work load after bleeding ten per cent of the
total blood volume (Gullbring ef af 1960)
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From the Department of Thynology Unnensty of Gotrborg Sweden

The Effect of Graded Samultion of Efferent Vagal
Nerve Fibres on Gastrc Motality
™
Jan Martivson
Receined 7 March 1904

Abstract

Martison J Tk effect of graded stimulat on of effe ent ragal nere Abres on gast 12 motil ty Acta
rhvaiol scand 1964 67 756262 — ‘The gastric motor responses to efferent vagal sumulanory
of varying frequency and impulse duraton were studied 1n cats The effcrent hres both
exetatory and inhibiory exert theie massmum effect on sumulinon by an i pulse rate of
about 10 smp/sec Hagher frequencies producing little f any further effect The stinaulatim
thresholds of the excitatary and tnh btory fibres depend only an the strength and duration of
stumulation pulses and not on their frequency so that high frequency-stimulation is not
equivalent 1 hugh intennity simuhition ¢ ¢ stmulation v 1h Iong-duration pulses regarding
1ts ability to produce gastric motor inhibition The findings argue against the nhibiton abserved
being rroduced by overflowing transmutter substance from aberrant svmpathetic vasomotor
nerve fibres runmng an the vagal supply to the stomach

The autonomic nen ous control of smooth muscles and glands s generally considered
10 be exerted by a fibire discharge of relatnely Jow frequency For instance resting
sympathetic  tone  seerns to be mamtamned by 2 discharge rate of usually at most
1—2 imp/sec and hardly ever excrediny, 8~10 wmp/sec even on intense exciauon of
the centres except perhaps for the very short periods when phasic adjustments are
wnduced (For references see Rosenblueth 1950 Uvnas 1960)

As regards the vagal nfluence on gastric motiluy a faurly thorough search of the ht
erature failed to reseal any recent relevant investigations In 1925V each found gastnc
motility to increase with the rate of direct vagal sumulation up to about 1220 mmp/
secc When the rate exceeded this himt or when the strength of the sumulation pulses
was increased the responses tended to become weaker or even to change in direction
Veach ascribed these effects to Wedensky mbition and did not consider the posuibility
of difierent tvpes of nerse fibres bemg wvolved McSwiney and Wadge (1928) on lh;;‘
other hand concluded from their exprrments that the instial tone leve! of the smoot!
muscle effectors was the domunant factor 1n determming whether vagal sumulation

256
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would eause increased or inkubited gastaic mothty inhibition being found at a high
witeal tone and twce rersa Both these vies s of the functional orgamsation of he vagal
wfluence on gastne motlin seem to hase been shared by authors of modemn reviews
and text books (¢ g Garry 1957 and Nasset 1961)

In 2 recent imesugation of the effect of direct vagal sumulanion on gastri. motility
under experimental conditions allon 1ng exact gradation of pulse duranon and strength
Martnson and VMuren (1963) produced strong evidence of the exstence of owo tvpes
of eficrent vagal fibres influencing gastric motility one fibre group bang exatatory
the other one inbutatony  The sumalation threshold of the latter v 23 hizh and therely
suggested that the inhibiiory nfluence was conducted by thmner fibres Furthermore
unhike the effect of the exantation fibres the responses ehcited by miutntors fibres were
not abolished by atropine The exact mechamsm by which the inhibitors fibres exerted
their influence on the gastne smooth muscles  as thus obscure

The purpose of the prosent study was 10 ascertany whether the sumulanon frequency
#er se 13 of any crucial importapce m determining the direcvon of the gastnic motility
resporse under arcumstances where the other sumulation charactensues are n dly
controlled It was thouht that such a stud mihe belp 10 reseal 1p greater detail the
functronal organssation of tl ¢ vagal control of gastnc moslits

Material and methods

Twenty cats we ch rg between ! 5and 3 kg wer used TF nomals wer deprived A fnd f ¢
bout 4 hours After 1 tal an~sthesa w th cth 2 m srure of bl ralse and urethane 0
and Omg perkgbw respect vely was dmustered 1. A ruoberbath on capabl (1

a-
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abrrat A0 wih ait ds tenswm of 113 wall was passed & the g hogus int 1§ s.omach
where st wan 08! sed with only 3140 mi Farw thattl 1 g e prissers wnun O Fall o
coddpotemnlu ¢ th presure recorded TU Duiorm wh et it b @ o
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crmpeetd U one of the fonoral artrnies v b = mercury maner
Tte vamal i were expencd 19 the rer m of the ik and dvided T} slan £ 0 peck
veasf Aed U Comma o ugh £r 1 q.0d paraifn whoch waskep s a e §y trmprrature o precest
dryirg and caolng of e pene Do priptenl end o me nene ot 5 ume was placed 1
bplre admarsda nmm of ¢ aprment t vazaf trunks wer  duysected free belsw
the diag Lragmn and dircctdy stunatated a1 hat del TV stgulatior Sectrd w  onne v

toarurulatad b oenrg sgaare wa ¢ umpulys (Gra smod 154
In ewder 10 Lailiate 6131 bral treatmert A he data 2 fewmen sene A freguencies was

ued 00 1 24 03215psee Foreachitrguiency emf nedasrm f mpulse durstons
wasrun the  ltaz bong kemt constant @ rouzd ut O - oxpriunent. Drugs were agminustered
1% and the doss were for atr puioe 0l mor bz bw carbach 101—0. g kg bramine 0 1—

(rog k-
Results

Fiz 1 illustrates a charactermstic respons~ 10 vagal stimulation at a constant vofta~ and
the effect of stepped increases of the pube duration 2t var us sumulation frequencies
Ly gradualh mcrezainz the duration of the pulses the a2pproximate sumulation threh
old of the exotaton fibres can be asvessed from the barelv visihle elevation of 1he
tntramzstric pressure. It 13 sern from the figure that ay 2] thre frequencees used this
threstotd lese] of pulse duraton was the szme throughyut the senes Only when veny
low frequencies wercus~d brlw 1imp sec was st difbrult or impossb’ o drad with
certamts when the tonus was ugnificanidy nereased  becouse at guch low rates the
responses zrc small cven when 21l the fibres are excited. Further merea.rs m puls®
drztion above the threshold Imel produced further increments of the tonus  paricy
larh when hizher frequencies were used However irrespecine of the frequencizs used
2t a cortam durats m of thr pulse, in this exprriment 0 2 msee, the exatatory response
decreas=d 11 bright, and on further prolon-aton of the sumulatson pulses the response
wzs more or 1755 completels supp 4 In addiuon, wath such long pulses
was ofirn S0owed by drpresuon of gastuc tone for « fainly lorz ume after the sumula
non hod brea stopprd. Thr expenment allustrated 4n Fig 1 1s 10 thas very respect an
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Fig 3 Inhibrory responses after treatment v ath  RRY
atrop ne 0 1 mglkg and ca bachol 0 1 mgfkg Stm (233
ulation {equency changed according to scale
St mulacion pulses 5 volts 5 msec

exception which might depend on the imtilly Jow tene which did not permut fusther
relaxanon The after relaxation as a sign of actrvation of mhibitory vagal nerve
fibres was described by Martinson and Muren (1963)

In each experiment vanation of the frequency of the impulses was stuched for 1ts
effect on the response of both stimulatory and mbibitory fibres The strongest excitatory
responses were usually recorded at a voltage of 4—5 and a pulse duration of 0 1-—0 2
msec In each expeniment the strongest response was said to be 100 per cent and the
responses obtaned at other frequencies but wath the same voltage and pulse-duration
were expressed as percentages of the strongest response The calculated means of all
the responses expressed tn such a way are given m Fig 2 It should be noted that the
frequency at which the maximal response was recorded vaned somewhat It was
usually 8 or 16 and occasonally 32 wnpjsec This explains why none of the mean
values i Fig 2 reached the 100 per cent level The curve nevertheless clearly shows
that the strength of the response mereases rapidly with the rate of sumulation from |
10 8 impfsec at which rate the response 1s almost maumal Then the cunve flattens
out and further increases in the rate of symulation produce no significant further in
crease of the response

The frequency of sumulation and the strength of the inhibitory responses were then
studied for any correlation As long, as the low threshold excutatory fibres were free to
exert their action the inlubitory 1nfluences revealed themselves merely as a more or
less pronounced depression of the excitatory responses and their dependence of the
stimulanon rate could then hardly be deterruned It an be seen however (Fig 1)
that the suppression of the exertatory responses becomes more promunent 1 the upper
frequency range despite the then presumably mntense excitatory effects

However since atropmne will block the excitatory but not the inhibitory fibre
responses (Martinson and Muren 1963 smjection of this drug sill facihitate demon
stration of the relavonshup sf any between the stmulation frequency and strength of
the inhibitory effect On the other hand after atrop ne the tone of the

le cond

stomach s often
50 low as to create unf: b

for of the mnhibitory
effects because they v il all necessanly be small However injection of large doses of
carbachol \or semet nes histarmne) 1 addition to the atropie dose often stimulated
the actnaty of the gastne smooth muscles consuderably Dunng these conditions the
wnhibitory responses to high threshold vagal stimulation + ere correspondingly m

creased Such an expenment s illustrated 1n Iig 3 where atropine (0 | mg/kg) had

10 4t pAnt 4B 16



260 JAN MARTINSON

of
" yonte
Sitery)

Fi» 4 Frequency-rerponse duagram of
the inhibitory responses to efferent vagal
nenve sumclation. Unmterrupted lioe
lated means from & expr
Squares _frequency response dugram
wub arficully creased mimal tone
Trangles low mtal tone sec text,

blocked the exaitatory vagal responses while a large dose of carbachol {0 1 ma'ke)
had rawsed the basal acuwity of the gastne smooth muscles. ‘V agal stimulation at
sncreasing rates produced decreasing tonus when pulses of 5 msce duration and a
voltage of 5 was used It 1s clear from the tracing that the frequency response relation
ship was eswenually the same as for the exatatory fibres

Since these inhibitory responses were eliated agamnst 2 background of artaficially
raised smooth muscle actiaty 3t pught be objected that the frequency response
relauonship mght have been different if the imtal smooth muscle actvaty had not been
artificially increa.ed But thus objection can be refuted by the expenment ilfustrated i
Fiz 4 1n whch thre relauonship brtween the frequency 2ad the inhibitory response
was esumated 11 one animal (A) 1n which the :mtial smooth muscle activity was not
sncreased (maximal inbubitory response 26 em of water) and 1n one (1) 1n which,
Judging from the intragastnc pressure basal tone was increased by carbachol 30 as to
peromt a maximal mhabrtory response of 15 cm of water

Discussion

The results obtamed by \ each (1925) indieated that gastric moulity could be imhibited
by increasing exther the itensity or the of vagal He concluded
that  “The stronger the sumulation, the lower 13 the frequency requred to produce
1nhubition It should be pomted out 1n this connection that hus study was per
formed before stimulators for exact grading and charactenzation of the pulses were
available and before it was fully realized that funcuonally different fibre groups 1n 2
nenve trunk often have different sumulation thresholds The results reported by Mar
tinson and Muren {1963) confirm \ each s findings regarding high mtensity sumulanon
intofar as inhubitory resp then become It should also be mentioned
that for reasons evident from the results obtained by Martmson and Muren (1963t
1n the following discussion the term “hizh mtensity stulation 1 used a3 equvalent
10 stimulation with long-duranon pulses

The present findings do not confirm \ cach s view that an increasc m frequency
alone 1s suficrent to produce inhibition €3 en 1f the intensity 1t kept low On the contrary
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hibiion does not appear untl a certain threshold mntensity has been pased and 1t
then occurs whether the frequency 13 low or hugh These inhibitory effects show a
frequency response relationship of the same type as that for the exaitatory fibres and
all the obscrvations made in the present investigation indicate that they are broucht
about by a specific set of inhibitory fbres Nevertheless the mhibitory effects of the
present study seem to be the same as those noted by Veach at both high mt nsity and
high frequency sumulation It should be recalled that mn Veach s studs 1t was hardly
possible to grade the sumulanon parameters within such wide lumats as in the present
study and presumably many of the effects recorded by \ each were due to a smul

taneous activation of both exatatory and inhibitory fibres

A certan depression of the neurogenic influence will appear 1n ny neuroeflector
umit as long as the rate of sumulation 1s hioh enough umply because some hink 1n the
transmussion of the impulse to the effector will ultimately fail 1f the rates used exceed
the capacity of the system m this case 1t rmght not be out of place to use the old term

Wedensky imhibiion  (Rosenblueth 1950 pp 188—190) Such a phenomenon is easily
brought about also 1n sympathetic neurocffectors and Folkow (1952) suggested thatatis
at least partly due to failure of the most sensitne link in the chan the transmtter
release h Such an type of of effector responses how
ever has nothing m common with the speafic inhibition dependent on the intensity or
dutation of the simulation pulses secn in the present expeniments since that inhibition
becomes maxuimal at those rates of discharge bordenng what 1s generally considered
ta be the upper himat of the normal range of the autonomic nenous system

The present observations argue strongly for two sets of efferent vagal fibres affecung
gastric moulity one low threshold group of exaratory fibres and one high threshold
group of inhibitory fibres The full range of exaitatory and inhibitory effects can be
brought about by vanying the discharge rate between zero and ten impulses per second
Since the snhibitory responses descnibed here are not abalished by atropine (cf \far
tinson and Muren 1963) an ad ble for the in
hibiuon has been assumed This has been evidenced by Greeff Rasperat and Oss
wald (1967} and by Paton and \ ane (1963)

Concerming 1nhibiton n urogenic eflects on intestinal smooth muscles nerther actna
tion of bulbar sympathetic centres nor direct splanchmc stmulations appear to ol
any acti ation of specific mhibitors nenve fibres runming to the ntesunal wall The
inhibition then induced appears to depend largely on the blood borne cat cholamunes
from the adrenal medullh and possibly to some depree on overflow of the transmutter
¥ leased 3t the vasoconstrictor nerve endinss when the sympatheuc nenes are sumu
1 ted av suprag hvsiolog cal rates (Celander 1939 and hock 1957 Since the effects
described an 1h e g resent study are obtained at lov frequencies the concept of over
flow ng tran. witter has 10 be ruled out The short latency argues awainst mecharsms
1volving blond 1 rie catechelamines from the 2dr nal m dulla

The ph sologieal sisnit cance of the inhubition produced by eff rent vagil sumulation
1 oas L obsur  Ihe most well kno n it ibitory mechanism of th stomach s 1ts
remarkable abil 1 23 a rrsenoir organ to adjust 1ty olume and mural tens on to ats
contents In this socalled receptive relaxat on Cannon and Laeb 1911 a vagal in
b bation of stomac! motibty may paruapate Cannon and Lich noted that tie re
laxat on was abxhi hed by sagotomy 1t 13 also known that ham feeding produc ng
fastne seer 11 0w Il imhibit gastne mot bty ¢ ¢ Ofbe an! Jacobsen 1#3 Thas n

tum mav be comp ared by th results prelinunary reported b Marunson 1% ) that

T ¢ gl dE 6
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gastric scerction 1s chated by fibres with the same sumulation charactensucs as those
producing inhibition of motlity Until further expenimental data have been produced
howeier any discussion of the functional significance of the inhibitory vagal nerye

fibres maust be speculative
l’rhc present study was supported by grants from the Faculty of Mediine Unrversity of Gote
horg
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Collateral Blood Flow 1n the Myocardium of Dogs
Measured with Krypton®
By
Bogje JoranssoN Erranp Lrvper and TORSTEN SEEMAN

Recewed 3 \arch 1964

Abstract

Johaoson B E.Lnderand T Sceman € Hate al blood f 1 wn the myocord um of € s measured
uith A yptn  Acta physiol scand 196 67 263—270 — M thods have recently been de
veloped for determ nat on of cgional blood flows from wash-out curves recoded externally
after closc artenal nyect on of radioactive hrvpton (hr ) In the p csent study this techn que
has been applied to measurement of collateral cap lary blood flow n the m ocard um of dogs
during acute occlusion of coronary arteries A monoexponential fall in a tvity was found
dunng el min tion of hrypton from the normal myocard um tnd catng a homogeneous distri
but on of blood flow The wash-out urves recorded during coronary occlusions could be dis
salved 110 & o separate components There a8 a rap d phase related to the el mination of
Krypton £ om normall  petfused regions of the myocard um 2nd a slow phase due to the de
saturat n of the schem ¢ porton The magn tade of th collat ral capillary blood flo was
determined from the decay rate of the Jow omponent The relative size of the 1schemic cgion
 uld be est mated from the ero t me valurs of the fwo phases Collateral blood flow seemed
10 be £ uly homogencously distnbuted w thin the 1s hemc part of the myocard um Release of
an occlus on was followed by 2 rapid fall in cuis tvn associaton w th th  cact € hyperem a

Acute occlusion of a coronary artery wall produce a relatne rschemia in the corre
spond ng myocardial region duc 10 the fact that the myocardwm 1s supphed manly
by end artenies The ischemuc arca wall however recene some nutntonal blood flow
1a nterartetial commaucations The sunnal of the moyocardial cells wall argely
depend upon the fow capaaits of this collateral aircutation 1n relation to the actual
metabol ¢ needs Chnical and expenimental studies have shon n the extent of cell necrosts

o be less than expected from the vascular anatoms probably due to significant collateral
ood flos
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\ Tig 1 Sctemaue sllustration
Q stewing the prepiran noof the

~ - anterior  descending  coronary
artery f ¢ hnypton adm nestra
ton and occlusion Left sesro-
grade catheter m a small prox
imal side branch Right  fnc
\ poliethylene  catheter sutured
1l rougt the artenal wall

Collateral eirculation has been studied expermentalls mamly by measurement of
rewrograde flow or blood pressure 1n the artery distal to ap occlusion Nerther of these
methods can be conydered 10 pron ide direct informanon on the magnitude of the nuth
tional blood flow 1n the aschemie revion Indicator elearance techniques can at least
from the theorctical pontofsies  be expected to measure collateral capiilany blood flov
rore adequately In a comparatne study by Levy Tmpenal and Zieske (19611 the
values for coronary coflateral blood flow calulated from myocardial yptake of I b
were sismificantly fagher than those obtained by simultancous retrograde floy meas
urements

Methods hase recently heen dexeloped for determination of regional blood flov by
external recording of wash-out cunes after close arienal adminsstration of solutions
of radioactive wnert g5 (¢ g Ingyar and Lassen 1967 Herd eral 1967 Thorbura
et al 1963) Myocardial blood flow was measured with this technique n atact dogs
with implanted coronary catheters by Herd efaf (1962) using Anpton  When re
cording cxternally over the heart they found 2 monoexponential decay of actiaty
from which coronary blood flow could be calculated In the preseat umestigaton 2
similar techmgue has been used 1n an attempt to estimate collateral capillary blood
flow duning acute coronary artery occlusions in upen chest dogs

Methods

The cxperiments  cre performed on 75 mongrel dogs nesthenzed with pentobarbital intra
venoushy and aruficrally ventilited 10 an open syster aficr curanzation and mtubat on Left
thoracotomy w13 made and th  pencardium was sncised and sutured to the thora ¢ walf m
e rder 10 mupsmize the ¢f anges 1 the postian of the heare Jue to the ventifatory moy & ents
T+ o o three shart secuons of the anterior descending ¢ ronary artery or of 11s main b nches
were dissected and sl ngs of thin polycths lene cathieters were placed around th m 1o be ysed Or
occlusion A catheter Sor ntraart 12l admin stravon of ind €3t r was anserted ather a0 the
rentral end of 2 small proximal side branch or directly through the wall f the pan o on (r‘?v
artery (Tig 1) In the latter case a palycthylene cathicter (PE 601 witha side opening he t
and drawn to fit an unclosed atrsumatie vascular needle \ as sutured 1nt> the vess 1 1y hlvgn
dogs the cathrier was placed with thiy teehruque 1n a more dustal part of the art rv _whout
\ntorfering with the norma) flow  The vessel coul | then be clamped aboce the s te of R nyec!

Uateral pressure could be rerorded
:ng;;mm urpncmzmduc:d anto the left sentncle and mto one of the femoral arter e { £ pres
rd 1
mr; “\(\:ma sgcmulbnon detector with a 2 inch Nal crystal dwelled 10 cm lmldz’;%t op(l’:)ﬂg
'y lgc:n! colhmator was pos toned abave the antenor wall of the feft sentricle The ¢ r:uo
‘c’olt\mnlor opening measured 5 ¢m 1 d ameter Gamma act vity was recorded on 2 pofe
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smeter wnates (b pp M crograph or \ awan recorder) coupled ta the ratemet 1wt ch eonverted
the vutput of the photarmult pher tube {Nukleontk AB Goteborg) The Micrograps was nun
2t 3 paper speed of $ emtsmn 308 the § 2nan recorder 3t 17 o m a The tume constant of the
ratemeter was et at 3 and § see fo the two recorders smspectively’

Rrypton  gas (English Rad ochemucal Centre) was equ i brated: with sal ne m aurughe we
1nges OF this sabut on 11 5 mk was any cted 1010 the coronary artery dunng >—10 sec Mier
twa or three secord ngs of normal myocard at wash-out cun o the effect of coranary occlusion,
on the desaturation y ocess was stuthed The anterior dewend ng artery of one of 1ts branches
was instantaneosssly occtuded as soon as the Reypton myectiont was completed and e decay
of actisity had begun The urmes of onset and selease of occlusion were marked on the ecords

n same exper ments hrypron war adm nsteend after clamp ng the arerv proxunat 10 the
anjeet on cathet 1

Laft ventrscular and anenat blood pr enures were cont auously recorded w th electromanam

eters (Elema) on a direct wrst ng dchannel ssollorraph (Mmgograph Efama) Ore o no
ECG-eads were regmstered as well

Axthe end of the expesiments heaton fast green (Ciba} was mjected 1io the cosonary anen
fter sxanguwat an of the dog the heart was we shad and an zitempt was made w stenate
the suze of the myoeardal regrons subjected to arteral ooclusions

Results

The type of recordings obtawed after ingecuon of ke o the anterior descending
coronacy artery 15 sllustrated w the upper partof Fig 2 4 Asshown below the loganthmn
af the actwiry values plotted eersus ume gnes a pracucally strachs hine mcicatng that
the + ash-out of haypton from the mvocardium can be looked vpon 23 2 monoex
ponential process The smalf deviation from the straight hine seen at the end of the plot
ting hias been ascnbed to extracarchac actnaty Herd et af 19624
The of munauon of an snert gas from 2 onstands and un formiy prrfused tissue an be desenbed
B the equat on

C=Co et
P ovided that tf art a3l ancenteat ob of the gas is zero ot neg] pbly low durng the wash-out
peiod thety 183 30 tho formula C and (o epresem ussue concent atonxattmet nd )
cexpect sebs The ontantk sep mbi.(: whete f13 blood flow pr untt me 4 1 tsue salume
and s che awsu Blood part ton ocffic ent of the nert gas Athalfimeofdecavit G
b defnton} Lo and the foliowine ¢ Lt omh p w obts ned

kvo= log
Flood flow it o be calculated n mbm o 100 g of ussse fon the equat on

Fo 0833 4 w0

where <prossed nmonand withe pect we gl of the

tn the recording of Py ? A the acuvsty 1 epm 15 directly proportional to the hwue
concentratan of ke and muocardial blood floy can this be caleulatrd av above The
Ralf tme of decas 15 3 sec which @ues 2 coronany blood flow of 176 ml mua 100 g of
the peasfic we sht of the syocardium 15 st at 105 and # avumed t be 10 Hanse
tal Ta Hovd ral 1%

Th flect of oronan el 1on on the a yocard al desaturaton p ocess 1 sthustrated
Wi B ks wasingeried o the antero descendsne aresy asan A, but at the
arrow o an the orignal recarding a branch of the artery was instantaneowrly sccluded
In this case the sem locar thmee plosting grees a devas cunve wh eb shows a gradually
decveas ng steepness unwd R Frally a proaches anvmpiotcally & fraht hee For
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Er'zmz- Or gsnal recordings and som kogantt s grapt s of wash-out cufves aficr 1.2 tyection

A Nonoesponenual drcav cune duning of sunawen >f R from normalty perfused myo-
cardium

B Recordings obtamed when a main bran b of the ar tenor descending artery was sccluded
afier the ingecnion of

In the semilog graph the curve 13 shown o conust of twe components ¢ srresponding ta de
saturation of n rmal and scheruc m scardrum respect o

Further analyns of the cun e this asvimptot was extrapolated to ime zero The differences
between simultaneous ordinate \alues of the asvmptot and the curve were plotted
scparately 1n the semlog graph and resulted in anew steeper straght fine This analyss
of the desaturation curves obtained during coronary artery occlusions indicated that
they can be treated as otignating from a svstem of two parallel compartments
The actsits {A} recorded dunng chmmnation of radisacy € nert gas from such a system €28
be expresed as the sum of two monocxponential pr cesses

A M G ekt~ G ekt
Sence the branc} of it € coronars arter was not occluded untd the Rt 1) ttian was complered
sy concentsatwon 3t 1me 2cro (== onset of occluon m equal i 3l regons of the myo-
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N et}
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¥g 3 Semoganthmuc representation of
re ord ngs obtuned Surmg three conseeu
1we occlusions ar the sawe level of the — ety
antersor descend ng coronary ar o
A Clamp ng of the artery afier p axmal -
aection ¥ ¥ 1Y 14
B Clamp ag of the artery after dstaligee oo 0¥ <
toun.

<

€ Clhimp g of the artery prortodistal J e —
myecuen 5 -
The values for cofiateral bisod fow calcu e enirert
fned frum the slo componzae af A and S rome0s
from B and G are nearly the same

carbum supplied by the mawt artery and us ramufications \f means the ros of e which
1 cleared acrate & and L, the miss deaced at rate kg In these M valaes ate weluded how
e £ alofa tors rogard ng the geomelry of the detector i relston (o the ¢ » masses
The rate constants k, and k } are obtained from the 1 values of the tnostraight
bines i the serifog graph of Fig 2 B and the blood flows of the two compartments con
be caleulated to be 8 and 115 miaun 10 g capecusely The lower yalue has been
nterpreted as representing colfateral blood flow i the sschemic region and the higher
value as related w normally perfused myocardim
The iterceps of the zrrd tume ordinate and the two menoexponenual compartment
bnexia Fig 2 B repersent the contributions of each of the sayocardiad portions to the
total acunity recorded at the onset of occlusion “nce the cuncentration of the iadicator
s rqual (C, in both reyrons at this moment their relatn e ¢antnbutions fo total ac
uutv will depend upon shar relatise szex. The quotrent of the acunity values at the
wilt 0\, VM, The size of the ischemic area 1n
r«!n\mn w the s oF iIvocardiom perfided M notanall rate by ¥ne patent branches
of the anteror descending artery can thus be esumated from this quouent Ay mentined
above aflowance must be made for posuble dyfferonces 1n the geomern, ol th drtectar
wi b ovrpesi dc ¥he i reions Such dilferences are conndered 10 be soall under the
scunal expenmental cureumstances duc 1o the wide opeming of the collimaror and the
relamvely Jung distan ¢ from heart o exystal Theacinm values for the slo and the
wpd phase at ume zero dn Fig 2 B to apy s 13000 and 45 000
cymormspectiely Tis meaas dhat the ehetic romon makes wn about 0-~25  of the
mvocard a} ussue to which Re  was admunitered 1 tha ety expeniment.
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Relea.~ of a coronary artery occlusion was regularly follos ed by a raprd washeout
of hr * from the previoush 1schemic region (sce Fig 2 B) Tlus final part of the recording
can be used for studying the reactive hyy wn the rdial sascul

Fiz 3 shovs the J ey of three ¢ recordings
obtamned 1 an experiment where two different catheters were used for the admms-
travon of hrvpton With the needle technique described aboy e one catheter had been
serted into the proumal section of the antenor descending artery and another one
wnto the same vessel approxumately half way between the apex and the base of the heart
The artery s as prepared for occlusion between the two eatheters Fig 3 A shows the
sermilog graph of the cun ¢ recorded when the coronary artery was clamped after 1
Jecuon of Krvpton throuzh the proumal catheter It shows the same general charac
teristics as the curve of Fig 2 B and 1t has been analysed mn the same way The blood
flow salues calculated from the rapid and slow camponentin Fig 3 A are 130 and 7 mlf
mnf100 g respeetnely The Rrypton solution was then ingected 114 the distal catheter
and the coronary artery was dlamped afterwards at the same level asin A, The recording
now obtaned 1s represented in B Except for the mital shghtly steeper portion this
wash-out cune 1s a slowly faling monocxponenttal Its rate of decay 15 practically the
same as that of the slow component 1n A When the indicator was injected through
the distal catheter after occlusion of the artery the cune of Fig 3 G was obtained Ths
cune 1s very similar to thatun B but the fall 1n acuvity 15 somewhat sloner The blood
flow values calcutated from B and C and from the slow component of A do not differ
sigmficantly and the three decav cunves are therefore considered 1o represent :dentical
collateral blood flows in the ischem:¢ region Admunistration of Ky pton into the distal
part of a clamped artery as 1n C is possibly less adequaic since the fall in artertal con
centraton of indicator tow ards zero values might be delayed This could be a source of
error responsible for the somewhat lower k value of C as compared to Band to the slow
phase of A

The catheter mserted distal to the site of occlusion permits measurement of the
collateral pressure \\1th known values for mean arienal blood pressure for mean col
lateral pressure and for collateral blood flow 1t 15 possible to calculate scparately the
flow reustance (pressurc/flow) of the micrartenal collaterals and of the penipheral
yessels 1n the 1schermc myocardium (Johansson Linder and Seeman to be published)

The magmtude of the control blood flows 1n the myocardium has been i the range
of 55—150 ml,;mun/100 g 1 the present experiments Collateral capillary blood flov
estumated as described above has vaned between 5 and 30 mifmin, 100 g in the different
ammals and under the different expenmental conditions The latter s alues are evidently
\nfluenced by the size of the ischemic area and by the general arculatory state of the
ammal The effects on the collateral fiow of changes 1 artenal blood pressure in heart

and m the 3! 1 prog of the blood are subjected to systematic

an;lysu (Johansson, Linder and Seeman, to be published) The values for myocardial
Blood flow dunng reactive hyperemia calculated from the wash-out curies have been

1n the range of 150—300 mI‘oun/100 g

Discussion
oexponS 1 myocardsum during
o ential decay of activity recorded over the normal
Ee::sbw; of hur  tndicates that the capllary flow 1s homogeneously distributed arl:d
si:b]c. Thus 15 10 agreement wath the findings of Herd et ol {1962) Influence on the
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myocardiaf desaturauon curves of bt 1n the Jemer esrculation and 1 the akveok could
be effectively rednced by coll 1n the present
The magmtude of the myocardial blood flow has been 1 the range of 20—150 mi?
min/100 g and values of 100—120 mi have been most frequently obtatned These blood
flows are hugher than sthose found m intact wnanesthanzed dogs by Herd ool 11962)
but this can be adequately explamed by chfferences mn the curculaton suate of the
anumals
The primary atra of this v estigation was to study the eftects of coronary arten oc
clusans on the myocardial desaturation curves m an attempt to measure collatrrat
capiilary blood flow The analysts of the recordmgs obtamed after coronary occlusion
distat to the site of myection showed that most of the cunes could be disofved wta
two distmnet components of which. the slow one has bren ln!crprcltd as reprcscm:ng
flow wm the scherme Tegron. This eight be an B from the
pomnt of view  sance coflateral blood flow cannot g prient be expected to be homogene
ausly distnbuted (¢ Cutarellt and Levy 1963} Itis therefore probably more cosrect
to connder the slow component a3 conwsung of a famyly of exponentials with small
numetical differences They are evedently too similar to appear as separate components
m the desaturation curves of Big 8 B and € These curves should with the techrque
wed ongmate exclusnely from the scheme myocardm
The k value of the rapsd component has bren found to correspond closely 1o that
Obtamned from preceding recordings withonx occlusion (¢f Fig 2 A and 2 B) and can
thus be cansidered 1o represent flow m normally perfused myocardre Smermediate
blood flow ¥ates may east m the trasistonal zones between the ischesmic region and the
nomml ussue These zones seem hawever to be of refatnely biile maw since the
cunes Are $3 m: aly & ¢ by the nvo major compartments This
Vitw 3s alsa supported by the obsenvations of usuatly vers distinct borders af the ischemuc
area afier menw myecuon of dve The st shghaly siceper portion of the deeas
unes e Fig 3 B and C might correspond to eiminavon of hnypton from s small
mass ol borderhine tissue
Tor the witerpretation of the camposne wash-aut curves 1t must also be assumed that
flows reman constant n the tag p durtne the o ¢ peniod The
attenial pressure distal to the occlusion drops to a low tevel withsn | or 2 yoc and stays
practically unchanged thereafier One can further oypect that rapdhy accumlating
metabolines will induce maxunal vasodilatation  the ischemic myoardum soon after
occhmen A sufficient constancy of Bow i the b o rompariments ts thecefore hikelr to
prevailof the generil crculaton state of the saumaf s athen se unchanged
The approamatoens and assumptions discussed above  afl hardhy mualidate the
actil treatment of the + ash-out cumes The fact that coronan occlusion produces »
change ma das.ﬂumuon process which © onigenathy smon sesponenuaf makes the presens
pariment analyss less 1o then etical obj ctions The
method dncnlxd w now wsed for an expramental ana! 1 of the orculaten factars
Wwhith influ nce the caltateral blood fior of the myocardium dunng, acute coronary
artery occlusons fhe  Harerat ¢ reulat on after hicat on of 2 oronan artery could
Probabls be siudicd m chrome expramenr In et mal Fecord e, of washeout cures
afier igecuans of hrvpton throuch a dutally smplanted cathezer
o e csumat or ofthe elativr sze o the wehem ¢ ar ATom these o1 me act e
asdonemFrg B the resubis s orr well repraductbie in double determ a3t ans provided
that the umc of oty o war marked off exactiy on th tecord nge \ separate Sones.
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of expeniments has shown that the M, /M, obtained at
of the anterior descending artery or sts branches at different levels corrclated well
with what could be expected from the vascular anatomy (Johansson Linder and
Seeman to be publsshed)

This ivestigation has been supported by grants from Swedish Natonal Assocration 2gamst
Heart and Chest Diseases
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Abstract

Laurell € B and E Morgan fron x hange betu en ¢ anferrin and the placenta wn the v 1 Acta
physiol scand 1964 62 271—779 — The process of tron exchange between transf mn and
the placenta  as studied m ritro using  Fe rat serum or punfied at ransferrn labell d with

1and placental tisue_ The yolk sac placenta bound mor transfernn and took up wron more
rap dly than did the allantoic pl centa Th amount of transfernn bound increased r2p diy
fo the first 15 munutes but thereafter howed httle further inercase the amount bound increased
as the transferrin concentration was increased but was unaffceted by the degree of its saturation
with iron Iron uptake mereased stead ly durmg incubation 1 35 great ¥ when the 1ron con
centration wa  ncreased, but was unaffected by increa ing the transferrn concentrat on with
2 constant ron concentration The release of ron from placenta was slower than that of trans
fernn and was less nto a transf rr 7 free solution than into plasma The ntravenous imjection
of rat transfernn 0 amounts sufficient to approximately dowble the plasma concentration d &
not alter the subsequent transfer of Fe from maternal plas na to the fetuses The results how
that the mechan sm of wron exchange between transferrn and rat placenta s very sumular to
that between transferrin and ret culocvtes

In the non pregnant amimal most of the iron passing through the plasma s taken up by
enythropoietic tissue The mechamusm by which iwon 13 transferred from plasma trans
fernn 10 wmmatuse erythro cells has been studied 1n nitro by several workers using
punfied transfernn and reticulocytes (Jandl e al 1929 Schade 191 Jand! and Raz
1963 \forgan and Laurell 1963} Durmng the later part of pregnancy a relatively large
fraction of plasma tron turnover is directed away from maternal enythropoietic tissue
and towards the conceptus (\ osburgh and Flexner 1900 Bothwell ¢ta: 1958 Davies
etal 1959 In this process wan 1 transfeered from maternal plasma transferna ta the
Placenta and hence to foetal plasma transfernn {1 ommerenke rtal 194? \osburgh
and Flexner 1950 Boths el et af 1908; The placenta must th refore have coruiderable.
<apaaty for removing iron from transfernn The present cxpeniments were det
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10 studs both 11 10 and 17 1o some asprets of the mechantm by which rron 13 e
changed brtwern tramfernn 2nd the placenta, The 20 das preenant rat was chosen as
the exprimental 2nimal becaus- of the sery rapid tranfer of tron 10 the frtus which
oceurs dunng thelast frw davs of pregnancy n the rat (\yLnder 1903 Morgan 191 a)

Materials and methods
Ry
Your mortholdalbn mats mere mated The day of invr-1nats m was determuned by da | ex
ar naton of sagmalym anfor mennatza TH expenments were perfrmed on th ¢ mmemarth
day afier spermataz w mere obeened.

Tra- forrt
Transdermin was s lated 10 the 15 n-saturated frm from rat posna by a previsushy described
procedure Mwan 1%% 3 which m ol of ammonum sulphat | preap taton DEAE-
eellul wr chromat ~raphy <o zonc eleciropt e Eren was removed etk er by dialysis agamst
EDTA or by gel fliration Morgan 193 The purced tranfomn na ¢ ocentration {10 gm
P70 ] m grated as 2 sinzle band on paprr elmtront s Before use 1n 8¢ present ex
permens 1t was compared wih fres rat plasma trandemn Hr 13 2Bl tv to g1 € U tron L 12t
renculorytes Schade 1% ) Ouhs traadermn preparatesm wh o behased satdactor v 2
cadinzt 015 tost were used In order to be sure that the results obtasr o with punfied trans.
frmn cou3? be apnlied 10 fred plasma all o wm uptake expenments were perf rmed
unng fres by btuned rat plasna 4 w Tasw b the wolated srandemnn. In 5o exprrments
were wenf camt diferences fund briwern the two st of el

Ra? . roe ntor
fren 9 was obained £ om Abboss Ltd. North Chucag [1ln s mth fam ffrrrous sulphate
3 Lo crntainng ascorbic acd The  Fe was muxed with carner iron and bound 1 (ram-
frrri1 It tnews g w th tranderrm st ns or rat plasma Dr o) mun a 37 €. Larner free

1 was pu chased from the Radixhemcal Instutute Amenham. Ensland. e snsaturated
transfernin was labelied with this 1591pe by th  todioe menochiond meth d of McFagLane

19 t an averave cxtent af 05 ¢ ) 0 ndrie atom prr pr 1en molecule. The uander o was
wsed wittun 3 davs of Libelling

Es eromer of groce e
In order t measure transfrnn and e uptak weighed samples f shieed placental ussue
wese 1acub ted a1 37 C with Labelled trandemn or plasma f 1 dufferent ume penods and then
washrd 5 Genes with cold pb ) fogscal satin  .—4 € Rad sacti it was determioed in the
washed placenta. Becaus of known ¢ flerences o £on conter t berween allantonc and yolk s ©
placents of th sat vlandrr 19 3 wparste expenments were pafmmed us o the two 1 pos
¢ plarenta. In some exp Bt aron o of th batrg o lution o d ferent
tubes was roamtained coosters whil the wansfornn concentratin was saned In anther
srroes of exprrmmets the effest A znous cnrvre mb btors o placntal ron uptake was de
yerrzaned by moubanng (be placenta] nsur with the enz 7w nhib tor dissc! ed m 09 per ent
sodiwrn chlonde — 001 M sodiun bacarbr pate Lor 15 muin then addiog an equal volume of
plasmaa Fe 2od contmmung th sncubauon for 2 further 30 mn

In erder 1o measure the rele se of transferrin and tron from placenta tstue the shiced plzcmt;
was meubzted £ 15 oun with trandrmn. 1 Fe— — Fe wathed fi cmna;;';
en remcubeted L7 dafferent umes- pends1n 1 mal 3 olumes of witber plasma or sods.sm chl e
I aarbonzte 5 luton. At the end of te rencubation ume 10 mi cold ph welom al saboe
was added, mured sexth the contents of th ubr and centrfu~ed 21 4 € Radiact vy :;:
drtermoed 1 th supematant slunrn and i e pacenta .. In cenain exprmens U7
Fect of mosae and Ivpoxanth.oe and yanous eanTs aintubitors M 1ron n;x ’m\;‘dmg
placcn.a was stadsed b disschang ¢ ese substances m the rencubabon plasra belore a
1 10 1he Lobelied plecata e the abdmen

T2 e e, P T R et e v
a:;‘:sr;za(:rotyprxm@xv hum ckdond 001 M sodium bicarbanste and 0 7 per cent glucoe
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with the pH adjusted to 7 4 with hydrachlaric acid The place stae were quickly washed wth
this solution dried  ith filter paper sl ced by hand usng a ta or blade and samples were
transferred to weighed test tubes which were then fewe ghed and placed m an ice bath The
we ght of allarttoic placents m cach tube s as usually 07 20 0 4 g and of yolk sac placenta 0 1
10015 One ml vclumes of icecold transfernn 1 — F_ dissolved 1 the abo e solugon or
plasma — Fe were sdded to the tubes One tube from each placeata tvpe was not meubated
and wa used to obta n the 1n t al (zero minute) value for transfernm and of 1 won uptake
The other tubes were equ librated with a 93 per cent o ygen — 3 per cent carban d ox de gas
mixtuce stoppered and pliced i a shaking water bath at 37 € At measured nme ntervals

they were remo ed and the pl cental ussuc vas washed 5 imes with 10—15 mt cold physio-
logical saline

Bt evo experiment

In onc e peniment yron transf _from matern | plasma 1o the fetuses was measured on the
twent th day or pregnancy i 5 control rats and 1 5 £ats i wh ch the plasma transfernn
«concentrat on had been in Teased to approx mately twice the ontrol -alue by the v myect on
of transfertn Th  ats were anesthet g 1 ghtly with ther and we e injected by th_saphenous
yem wih 10 m phvsiolog cal sal ne (contrals o with transfernn dissolved 1n | 0 mi sal ne
Th sron had ea Ler been removed fom tF transferr n by # 1 hltrauen Fifteen nunutes after
the sal eor s nsf mn njectos 3 4 Fe (10 uc pe s~ as ferrous sulphate was wjected
slowl by th same en Exeth ! nla ther tsabdomenw  pened and th f tuses
were emoved und  ¢th _ancsthesa A sampl of m tern | blood was obtuned by heart
pun ture tthesamet me Th fetuses wer th o washed » th el ne bomogenzed naly  ng
blnderandm d upto maured lun wirt saln Th ec nlsamples of the homogen. tes
samples fthem tmlpls na ndst d rdsmat f nth npected olutionw  counted
fredoc £ 1 nrmawfre ¢ fiuses cdmat malpln 2 rntumoy w1 cal ulated
fomthes s fues £ th m wedn walsrum £ 8 oot nond from a phem
olume of »0mipe 100 gbod w ght Boni 19181 lew  umedthatd  ro  nycted s
drnet tnt il I the plasm o et n
thalyt al mthnt Serus n onitet] o bal geap 1y (TIPC wh h was used ta
meaure tr nf t ton wered tmaed b am ro- daptaten fddem dod of
Morgan ndCat  1%0 R4 <t nyw moasmred nawlinpesc tha nd ector

twosotepss 1§ I when pesent i san ¢ sam pt were d fT rent ated by a pulse
Feght analsy s
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Tanee T Transf min and sron uptake by rat allantoic and yolk sac placents when ncubated
for 30 mnutes in solutions of con tant on concentration but varying transfernn
concentration (TIRC) Purified trmsferna sy wsed 1n expeniment 1 and frech whole
plisma 1n expeniment 2

Transferrn bound Iron vptake
Iron con (pmoleslg x 10) (umoles/gx10)
centrion  TIBC
Fxp GgO0ml)  (o/100m  Aaniic  Yolhsse  Alanwowc Yolksac
1 30 760 328 606 055 130
30 250 124 236 057 137
30 40 025 032 056 133
2 140 450 - - 207 7
140 300 — -~ 206 779
140 150 - - 203 783

Tase 11 LfTct of enzyme mhibators (concentration 5 10 3 M) on 1ron uptake by allantore
and yolk sac Placenta i the rat The results are expressed as the mean of 10 ob
servanons + standard error of the mean

Iron uptake {per cent of contro] value)

Inhabitor Allantoic Yolk sac
Sodum cyanide 81458 58 4: 126
Sodwm fueride 9167 691487
Sodum arsemite 94+ 106 384131
109 + 87 59498

? 4-dimtrophenol

Results

Transferrin and won uptake by rat placenta in witro Comparison of allantors and yolk sac placenta
When placental tissue was tncubated with transfernin 11 and * Fe a progressive uptahe
of both 1sotopes occured However whereas placental uptake of transfernin was mtiafly
very rapid and then slowed down to almost a plateau level by 30 munutes iron uptake
continued tn a hinear fashton throughout the incubation period (Fig 1) The amount
of transfernn bound per g placental tissue was approximately twice as great and the
rate of ron uptake was 2—4 times as great with yolk sac placenta as with allantoi
placenta (Fig 1 Table I)

Effect of tron ‘When 1ron
:m{nmm was mamntamed constant transfernin uptake by both types of p::C:nta; ;:

atron
t whle iron uptake increased with increasing iron concen

0 , riment are shown i Fig I In

was \aned but transfernn con

ned
zaclcn 30 and 320 g per 100 ml The results of one expet
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1his expenment transfernn uptake 1 a3 the same whether the protemn was only 6 per
ctnt or was 100 per cent saturated with aron.

Effect of transfrerin concent ationt Incubation of placentalissue m selutionsof constant
tron concentration but Increasing transfernn concentrations resujted i mereased uptake
of transfernn bt no change a ran uptake (Table 1)

Effect of When Y was p d for 30 oun a1 3 C transfernm
uptake by allantoic and yolk sac placenta respectisels was 35 and 25 per cent of the
‘alurs abtained on imcubation at 37 € Stemdarte won uptake was depressed to 30 and
13 per cent respectively of the 37 C values

Effect of en _gme inpibstors Tron uptake by yolk sac placenta was depressed to 40—
78 per et of ontroh vatues by sodam cyamde soduarn fluonde odum anenie o
? +-dittrophenc! (concenvranon 3 10 M)} Hov over only sodiom eyamdas as
found 1o have 2 sigusficant effect on wron uptake by allantoie placenta

Incorpa atian of v on wifo ferritn \When placental tssue was sneubated for 30 munutes
at 37 € wuh erangfern bound  Fe the mean valses of 10 determinatons for the
percentaze of placental radsosctvans A hich »as precapuated by ant horse fernun
serum 3 eve 2 8 fstandard crror of the mean 0350 and 13> (= © 38 for allantosc and
yoik sac placenta resprctneh

Release of ttansferrn and on f m ra placema e ¢ When placental ussue which had
taken up transferna 3 — e was rencubated n ether plasma or sod um chionde
trearbonate solunion a1 3 © bash wotopes v ere pror e eby refeased T g 70 Trans-
fevan selease was more rapudand on € | ase dess rapid with volh sac than with atansore
placenia. With both ¢ pes § placenta relatnely more transferns than ron was relcased
dunnzth hme ¢ cnacubston ume The rate of releax of ¢ anslernn was almost
the sam wh n th ¢ cubauon was pedormed in plasew or 1 sodium cblor de dn
carbanate salution Howe 1 aron zeflux was def nutely gyeater imto plasma than o

the sali salune o
n ather reflux expersments the following compaunds were added 0 the semcutmtion
plasma smes 3 oneeptrauon 8@ 100 \D hypovanthine (4 10 \[} manganous
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Tasee 11 Tron transfer i 15 munutes from maternal plasma to fetuses on the & enticth dvy
of pregnaney i rits injected Intrasenously weth physiological sahine (control rats}
or v uth rat transferrin

Maternal
Maternal Plasma plasma Iron
body won con wror transler to
weight o of centraton  TIPC tumover fetuses
Rat no ® fetuses ¢g/0tm) (2g/00mD { gimm) g
Control rats
1 230 10 10, 355 058 £95
t 25 7 102 50 0Fs 161
5 27 10 87 371 068 280
7 260 7 131 3t 07 12t
1 35 8 193 357 0 223
Mean 7at 84 136 317 080 183
Translernn injected rats
2 240 10 128 729 050 1
3 240 7 107 954 045 14
6 250 8 74 681 109 14
8 220 10 136 710 086 25
9 235 7 ) 933 077 23
Mean 743 84 162 817 074 18

chlonde (8 x 10 M) 2 wmmno-+ hydroxyptendine 6 aldehyde (2 pg per ml) 24
dinitrophenol (5 < 10 M) and sodium arsemite (5 x 10 M) None of these com
pounds affected the amount of iron released dunng 15 and 30 min remncubation
Placental trangfer of sron 1n 1o Effect of plasma transfersin conepntration Table ITT shoys the
results of the experiments 1 which wron transfer from maternal plasma to the foetuses
was measured tn contral rats and 1n rats with increased plasma transfernn levels [tcan
be seen that doubling of the plasma transferrin concentration did not affect either the
amount of 1ron transferred to the foetuses or the caleulated rate of plisma iron turnover

Discussion

The passage of transfernn or f globulins from maternal to fetal plasma (Dancis and
Shafran 1958 Bangham 1960 hulangera and Schyerde 1962 Morgan 196+ a) 1s much
smaller than that of iron Hence the 1con must be remaved from maternal plasma trans
ferrin, during 1ron transfer to the foetus Bothwell etal (1958} showed that of fetuses

were remoyved but placentac were left mn position in the uterus of the rabbit the placentac
continued to take up 1ron from maternal plasma at the same rate asiron was tramsferred

to the foetuses r1 contral rabluts with the fetuses w situ Inize then the placenta stsell
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has the atality to take up sron from fe ‘The present have shown
that the shoed rat placenta 1 vitro retains this abihty  Fusthermore on a weight basis
the yolk sac placenta takes up ron mare rapidly than does the allantoie placenta Al
though transfermn atself ss bound 10 the placenta in thus process the uptake of son during
30 mn rcubation with bath types of placenta was 23 nmes as great as could be ac
<counted {or saply by binding of the transfernin scan complet
The revolts of the exp whete won was varied with constant
transfernin concentration wdicate that the rat placenta ¢ orro bunds transfernn male
<ules equally well whether or not they contain won \ arymng the transfernn concen
tration with constant won concentration showed that won uptake by placenta u mde
pendent of the transfernin concentraton or the degree of saturatzon of transferna with
tron The increased sron uptake found when the 1ton concentration of the mcubating
solution was wcreased must therefore have been the result of the change m won con
centration and not of that in per cent saturaton of tramsfernin with wan In severat
respects ion uptake by the rat placenta m ztre resembles that by rabbut reticulocytes
which have been found o take up 1ron sndep of the
and tobingd 5 qually seadidy whether or notits p wath wer (\organ
and Laurcll 1963 Schade 1964) 1t has been shown that sron uptake by rat retienlocytes
is mhibrted by lew temperature and by cnzyme mhibnors (Jandd etal 1939 Morgan
1964) suggesung that the processes required energy derved from cell metabolism
The present revults indieate that the same s probably the case with the placenta
Although all the enzyme ntbuars used caused dirmished tron uptake by the yolk
wc placents ondy sodwm eyamde sigmficantly affected that by allantow placenta
Ths difference may be related 1o the much greater rate of won uptake by jolk sac than
allantoie placenta
In the wtact anumal the placenta passcs on the iron aquired from materal plasma 10
ihe ferus In addion of the transfernn bound to the placenta 13 nexther catabolised or
transmutted 1o the fetus 1t roust be released and requrned o maternal blood plasma
‘The present expenments show that relfease of transferrn and tron do also ocour in zitro
Transfernn release vecured afmost as readily when placental tssue was remeubated in
sedwurn chlonde bicarbonate solution or m plasma fron release was however fesy
when transferrin was absent from the remnevbation medium It thecefore appears that
the refease of transfernn from the placenta does not require the presence of transfernn
waleeitts w the sartourdeng wediam bt What 1ron releass may doso
1t has been shown (W ahler 19553 that radioactne swon wyected miras enouslv inta
the pregnant rabbit 1 ancorporated wto fernun m the placenta This suggested that
the 1ron passng from masernal plasma to the fetus may be meorpertaed nto femtin
dunng 1s passage through the placenta Fernun hay been ervstallized from the rat
placenta (\ylander 1953) Howeves an the present work the fracton of placentat
radwactive ot which could be preapiiated with antiferttin serum was extremely
small “This suggests that sf sron uptade n cutro occurs by the same mechamsm a8 1o the
fving animal hitde of the yon pasnng through the placenta i incarporated inta ferntn
I ptacental won sransfer did snsolve meorporation anto ferrtin then o @ conceivable
that the mechamsm of ns release from femun before being tranaferred to fetal plasma
nvohed reduction of the wron by xanthune oudase € een and AMazur 1957 Mazur
Creen and 93ha 19381 T4 wos found hon erer that newther xanthune oudase subsirates
‘hyporanthine wnostner ar snhshitors (2 amuno-d bydro-xvptetidine.Gatdehyde and
manganous chlonder had any cffect on ron retease from the placenta mr niro




278 CARL~BERTIL LAVRELL AND EVAN MORCAN

The results of the 1 tie expennments showed that doubling of the plasma trans
fernn ¢ was not 1 by any change n ron transmission to the
fetuses This conliems the i zitro finding that 1ron uptake by the placenta was inde
pendent of the transfernin concentration Hence there 15 no evidence of competition
between the placenta and maternal plasma transfernn for 1ts 1ron  Therefore any
change in plasma transfernin concentration durng pregnancy should not smpar iron
uptake by the placenta and sron transfer to the fetuses in the rat The transfernn con
centration decreases dunng pregnancy in the rat (Morgan 1961 b} but by contrast 1t
increases markedly i humans (Laurell 1947) and rabbuts (Morgan 1961 b} If the
mechanism of iron exchange between transferrin and placenta 1s stmilar 1 humans and
rabbuts to that 1n rats the elevated transfernn level will not affect placental transfer of
aron Furthermore the results of experiments on tron uptake by reuculocy tes (Morgan
and Laurell 1963 Schade 1964) indicate that 1t will not be expected to ympatr iron up-
take by erythroporctic tissue It 1s possible that the high transferrin concentration of
late pregnancy in these two species may aid ron transfer to the placenta and erythro
poietic ussue by smpatning iron deposition 1n and facilitaung 1ts molulization from the
1ron stores

Wcare grateful to Mrs U Persson for her skilled techn cal assistance
Th s work was supported by Publ ¢ Health Service Rescarch Grant E-4703-02 from the
Natwonal Institutes of Health Bethesda USA

References

Bascitaxe D R The transmussion of homologous serum prote ns to the focrus and o the
ammotic fiwud 1n the thesus monkey J Physial (Lond ) 1960 153 265—289

Po o C F_The nature of anacmia of pregnancy of the rat Lndocrinology 1948 43 180—186

Bowett T H W F Praoira W Mrsust and C A Fisen Iron metabol sm m the
pregnant rabbit Iron transport across the placenta 4mer 7 Plyswol 1958 193 615—622

Dascis J and M SHATRAN The ongin of plasma proteins 1n the guineapig fetus J clin
7 rest 1958 37 1093—1099

Daies ] T B Lrows D Stuwart € W Temay and | Swson Transfer of radioacuve
sron via the placenta and accessory membeancs 1n the rabbit tmer J Physiol 1959 197

Green S and A Mazur Relition of uric acid metabolism to release of iron from hepauc
ferntin 7 biol Chem 1957 777 623—668

Jasor ] H J Instan R L Sismospsand D W ALLEN Transfer of ron from serum iron
binding protein to human reticulocytes J cin Jn est 19,9 38 161—184

Jasor J H and] H kamz The plasma toecell cycle of teansferrin J s Imest 1963 42
314376

A C and G A Scuyeipe Foetal synthesis and transplacental passage of homo
e “ i Aature (Lond ) 1907 145 811—812

oteins in the rabbit
s Baa tation and metabolism of 1ron 1n the body Acta physiol

Latrete G B Studies on the sranspor
d 1947 Suppt 46 1—1” )
\;’;"31 A S Gfsn and A CARLETON M of plasma ron Wt hepat
1960 735 595—603
\(E:::):m[\];uékgglmand A Sana A Carieros Mechan m of release of ferrin wron 1n 220
d fin In est §978 37 1809—1881
O o srom fom the pregnant #nd lactatig ra to focus and young
J Physol (Lond ) 19612 758 573—586
\forcas E H Plasma won and sron bin
197 471462
Lond) éyi} hPusng: of transfernn albumin and gamma globulin from matemnal plasma
“?:?::ms " the fat and rabbnt 7 Physwol (Lond ) 196% 2

ding capacity 1 t} ¢ pregnant rat and rabb t Nature



PLAGENTAL IROY EXCHANGE 279

Morcaw E H Exchange of iron and trapsferrm across endothel al surfaces in the rat and
rabbt 7 Phswol {Lond ) 1963 169 339—352

Morcay E H The mteraction between rabbit human and rat transfernn and r ticulocvtes
Brt F H ematol 1963 In press

MorcaN E H and G Carter Plasma tron and iron binding capacity levels 1n health and
dis ase wath an 1mproved method for the of plasma wron and total
won binding capacity Aust 4nn M d 1960 9 209713

Morcax E H and C B Lavrers Studies on the exchange of iron between transfernn and
reticulocytes. B it F Haematol 1963 9 471—483

\lz;l;:nmr_ A S 'Effic ent trace labelling of proteins with 1odine Mafwre (Lond ) 1928

53

NvLaxoer G On the placental transfer of ron. An expermmental study 10 the rat {eta physol
seand 1953 Suppl 107 1—107
owErenke W T P F Haroe W F Bawsand W M Batrour Transnussion of radioactive
won to the human fetus 4 ter 7 Physol 1947 137 164170
e A L Methods applicable to the study of 5 deroph lin Befnnguerk M tinlun 1901

0

ScHADE A L The phystological functioning of pative a d punfied s derophilins m 1ron
donation to erythropoietic and other tissues Proc Eaght Coll Bruges 1963 Protides of the
buological fluids Ed by H. Pecters Elsevier Publ Comp Amsterdam 1964 p 479

Vossuron G H and L B Frexwer Maternal plasma as a source of 1ron for the foetal gu nea
Pg dmer 7 Phyol 1950 f61 207—211

Wonter F ~ Zur Physiologie und Patholog e des Spe chereisens 1I Mitteilung Uber den
intermed aren Essenstoffwechsel der Plazeta Disch med Thschr 1955 80 30—32




Acta physiol scand 1964 62 280—286

From the Depirtment of Physiol gy Uniyersty of Goteborg Sweden

Reflex Influence of “Somatic Pressor and Depressor
Afferents” on Resistance and Capacitance Vessels
and en Transcapillary Fluid Exchange
By
Borjr Josesnsson Ove T uNDorREN and STEFAn MELLANDER

Recewved 7 March 1903

Abstract

Johansson B O Lundgren and § Mellinder Reffex wmfluence of  soniatic f essor and depr s r
afferents on resistance and capacitance vessels and on transcapillary flud exchinge Act ph ol scind
19+ 67 280~286 — The reflex rculttory effccts of afferent somatic nerve stimulition
were stud ed v the different consecutive  ascubr sections (a skeletal muscle \nd intestne in
shelers) muscle the  somatee pressor reflex  chicited con triction of resistance and capacitince
vessels and mereased the pre Jpostc pillary resistance raua while precapillary sphincter tone
was unchanged In the intestine there was reflex constriction of capaeitanee and precapilliry
sphincter vessels but only transient chanees 1n the resistance function In 4 situation of increased
vasoconstrictor fiber activity produced by corot 1 occlusion shmulston of somatic depressor
alfercats  eheited dilatation of resstan ¢ and capacstance vessels in both sheletal muscle snd
mtestine Carotid acclusion produced contmuous absorpt on of fluid from the extravascular
space an skeletal muscle due to 3 (il in capillary pressure 4 superimposed stimufation of'sor atc
depressnr fferents was able to restare capillary pressure t3 the control levet desp te mcomplete
restoration of total resistance and capacitanee functions A dilatation of precapillary sph ncters
occurred 1n tntestine but apparently not m sheleta) muscle dunng the somatic depressor

reflex

Peripheral somatic nerves are hnown to contun afferent fibers which make refles
connectans with vasomiotor neurones within the central nervous system An excilatory
influence 1s exerted by the non medullated C fibers while inhubitory effects arc elicited
manly by the group 111 muscle afferents {Laporte and Montastruc 1957 Laporte
Bessou and Boutsset 1960 Skoglund 1960 Johansson 1962) The circulatory response
patterns assocated with the pressor and depressor reactions produced by stimulation
of these afferents have been analvzed previously 1n terms of blood flow changes m
different  paralle) conpled  vascular circuits such as sheletal muscle skin ntestine
and kidney (Johansson 1962) It was shown that sumulation of = somatc pressor
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afferents produced a vascular responsc pattern which was differentiated vith regard
to the vartous organs and which differed from the reflex adjustments induced by
carond occlusion The “somanc depressor Teflex  was found to be associated 1th an
inhibition of the sympathetic vasoconstrictor fiber tone in all vascular region. studied
and a teflex inhibation of heart activity

To elucidate 1n more detail the functional sigmificance of these reflexes the analvsis
of their response patterns should include studies not only of the resi tance function
but also of the capacitance function and of the capillary fiud transfer 1a the vascular
beds Such mformation would be of mterest sice redistnbutions of mtrz and exira
vascular flmd volumes are of fund: 1 1 card lar h
Some prel Y 4] 1962) that a reflex dil of
mtestinal capacitance vessels was part of the circulatory response pattern in the somatc
depressor reflex The aum of the present investigation was to study m more detail the
reflex mfluence of the somatic pressor and depressor afferents on the pre and post
capillary resistance vessels on the llary sph and on the
vessels 1 skeletal muscle and intestine

Methods

Expenments w e perform d on 8 cats 1 ghtly anesthetized w th chlo alose (30 to 40 mg kg)
The reacuons of the consecut e v scular sections were stud ed i a sk letal muscle preparaton
of theh nd part of the catand na p eparation of small intestine The detasls of the expermental
techmique and the method of analvs ng the recordings are described elsewh re (Aellander
1960 Folkow Lundgren and Wallent n 1963} Blood fow was measu ed by a drop recorder
unit connected to the s n draming the regon stud ed Arte alinflow pressure was momtored
from the inferior mesenten artery By these means the reactions of the resistance vessels could
be follzwed contmuously The arteral perfusion pressure could be kept constant dunng
ar ulatery reflex engagements by adjust ng a sc ew clamp placed on the abdom nal aorta
The tissue with ntact blood supply and vasomoto fibe mnervat on was enclosed na pl thys-
mograph 10 perm t ccord ng of hanges n tissue volum  Alterations n the volume of blood
contained n the capa ttance vessels produ  d changes m tissue volume which could be dis-
tinguished £ om those caused by net m) ement of flurd across the cap llary walls (see \Mell nder
1900) The ma n pa t of the respans  n the capacitance vessels was hown to be du toact e
changes in their smooth muscle tone while a Minor part was duc to changes t transmural
Pressu e withn th's section By determinauon of the capillary filrat an cocfficsent (CFC)
changes n the s 2¢ of the cap ffary surface area ava lable for exchange could be deduced and
by this also changes in the tone of the p ccap llary sph ncters (see Cobbold ! 1963)

Somauc afferent nerve fibers 1n the brachral pl <us we € sumulated B pol r1 er clectrodes
#nd a Crass tmulato {mod 14 E) wer used The somat  depressar reflex was el ted by
stmul of 22\ mpulse duranon 1—1 5 msec and £ equency 5—10 mp sec Pressor responses
* _cevoked wth 1015\ ?—3 msec and 20—30 1mp sec

The an mals we c at first given arufi 1] ent laton to a fevel wh ch Just suppressed spon
tancous espraton and then to a od mflu n  of reflex changes in skeletal muscl tone
upon th  reulatory svitem gw ngallamn  Fla edt I—imghe v

Card o scular adjustements associated with ch nges o artenal blood p essure are to a
STeat extent o od fied tn the cffecto espon p terns b th sccon lary bufferng nflu n e
of the baro cceptor reflexes Such nfluence has been b wn to nterfer ma kedl w th the
featon of th e mnce et ls clated fon the xmat  depresso and preso aflerents
(Joh nwon 1% TI primary response pattern of the latter efieves we € more cleart
fevaaled ifth bufl  ng act on of the baro ceeptors was redu ed o el it nated This wa albo
accomplibed 5 @ ost of the present rxper ments by sects nng the agy at the cerv eal fev 1
ant Lamping the © mon carotd rteries Furth 1 these procedures raised th lovel of Gn ¢

uvitywn th svmpatt t asaconst ctor Cbersso b tih vmpart o- nh b tory act on of th
#omat ¢ dep esor afferents could be mor clearly revealed
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Tiz 1 Vascular effects sn ea1 sbelenal muscle of left panel car st occluston and <o cutation
«f somatic depressor 1ffevents and of eiglt panel smufanon of somatic presscr aflrrents
Caroud occlunon elictty canstriction of tesstance vessels (reduction n blood fow) and «f
capariance yeosels mnal steep dechire of tntue volume; and an absorption of extra aseutar
e 1o the axreutition {sfow contir wous decl ne in vafume  Supersmposed deprestor affercnt
sumtitation (sgnal) produ es 3 moderate dilatation of reuance and tapacitance vessels
(increase of blood flow and rapid inerease of volume) and a complete cessatior of Lhe prevasling
fiud atrarption (tssue sofume says constant afier imiual rapid merease) - Stra latwn f
somatic pressor atferents ehats constrction of renstance and capacitance ves efs and absorpyion

of extravasculsr fu

Resalts

The first section of Fig | diusirates the effects an Gssue volume and Ylood fon m
skeletal muscle produced by occlusion of the common carotd arteries and by stimulaton
of somane depressor affesents while the anensl snflow pressure was kept constant
It can bic seon that caratid occlusion chicits 2 pronaunced and well sustamed effect
1 the resstance vessely as yudged from the change m regional bloed Bov  Regonal
sessstance ta flaw (PRUY nereases from 17 10 35 The ussue volume 13 constant iso
volumetnc) m the control period O caratid orclusian there 1s an snstial rapid reduction
of volume foffowed by a somewhat stower but continuas dechine As tues been estsb
Jished previously (e g Afellander 1960 the first phase coordinated i i with the
phasic yesponte of the renstance sosscls represents the amount of biood expelled from
the capacitance vessels “The sccond phase reflects an absorption of fud fram the
extraymstular pace smta the cueculatory svstem and thiy Auid becomes part of the
senous outflow The absorption phenomensn s due to a fall 1n mean capsliary hydro-
static prossure secondary 1o 4 reflex ancrease of the pre to posteapllary mnscd nee
ratio (Meliandes 1060} In the expenment of Fag 1 carond occluston ;mduct'd an

dsson of about 84 wl blood per 100 § tssuc from the capacitance vessels and an
:;S:;pnon of extravascular fuid at 3 rate of 8 6 mimin 1005 € IC vas determined
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Fig * Vasrulac effects 1 skeletal
muscle after hemorthage of ¢z

rord orclusion and of sumu’a

non ol senat e pressor aflerents
(sgnal) The prossor refiex 15
assoctated with consticton of
resstance and capacitance ves

scte and 1 uth absorpt on of ex

travaseulas flud (e Frg 1)

Here the buffening capacsty of
the baroreeeprors 15 reduced by
the caropd eecdusion and pre

ceding hemorrhage and the el
feets £ it e somanic pressar rellee
are greater espe qally on the
resstance vessels

1 this experiment during anoth r penod of caroud acclusion  There sas af el
shght and 1ranvent decrerse 1a CFC but within a few minutes 1t rose 10 values shighthe
above cantral Thus indscates a temporan reflex constn ton of the precapiian
sphuncters followed Tater by a didatation (of Cobbold «f of 1963) During the steady
state period of carotid ocelusion CFG amaunted te 0 012 ml oua 100g mmHeg
From this v ahue of CFC and from the abserved rate of fuid absorpuion it can be c2t
culated that the refles fall in mean hydrostane capatiary pressure amounted o about
8 mm Hg dunng the carotid oculusion

Somatic depressor alferents were sumulated /ugnal) at the stage when the vascular
adjustements o carotid oeclusion had reached a steady state The sumolaton chated
a reflex fall s cegtonal flow sesstance from 39 to 28 PRC and simultancously 3
shicht increass 1 regional blood solume  After tus capacstance yesponse the volume
cunie became isor ofumetnic for the remaindee of the sumulation pretod This ndicates
that there was no net mosement of fiund across the capilars + alls Sinee there scemed
10 be no nignificant change tm CFC tn the somate depressor refley the findnes suggest a
teturn of mean hvérosiatic capillacs pressare (@ the bl prevail ng w the contral
Penod « c o rse of about 8 mm He The return to the sovolumetnic state which was
alnions mvarably obsened durng somatic depressor afferers  tsmulation desennes
sprcial emphans 1 siew of the face that the reswtance and the capacuance functens
WOTE not restored 1o contsol fevels

Afier cewation of the somatc depressor afferent sumulavion the effects of th caroud
eehuzon on the resmtance and the capacitance vesels were egained  There v ==
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reappearance of transcapiflary flnd absorption although at a slower rate Release of
the carolid occlusion resalted m a wirtually complete recosery of the reuistance and
capaatance functions Afier this the volume curve 1s seen to approach thesovolumetne
state Thissndieates that therc was as expected no definte nise 1n hydrostatic capillary
pressure above the control level which explains why the loss of extravascular fluid 15
not immedsately replaced

The nght pancl of Tig 1 illustrates the effects of stimulation of somatic pressor
affesents The carotid artenies were not clamped prior to this umulation Regional
artenal pressure was hept constant The vascular response pattern in skeletal muscle
1s simifar to that scen during carond occlusion in so far as there 1s a constriction of
resistance and capacitance vessels and an absorption of extravascular find but the
effects are Iess pronounced This may 1n part be due to a conconutant bufferme 1n
fluence of the mntact baroreceptors caused by the reflex increase in artenal blood
pressure of about 50 mm Hg occurnng n the man erreulanion durnng pressor afferent

stimulation
This buffering function was reduced 1n the expersment shovn m Iig 2 by bleeding
the ammal cutting the vagi in the neck and clamping bath caroud artenies The
bieeding produced a reflex constriction of the resistance and capacitance vessels and a
transcapillary absorption of flid The continucus dechine i volume thus obtained
was compensated (or by raising venous outfiow pressure and thereby capllary pressure
untl the volume cun e became isovolumetric Thisis the situation n the control perod
of g 2 Under these circumstances carotid occlusion elkited vascular responses that
were much less pronounced than those ohtamed 1n Fig ! Evidently the carotid
reflex mechanisms were already engaged to a great cxtent in the response to bleeding
Sumulavon of the somauc pressor aflerents was now able 10 preduce a clear cut
of the and the cap: e vessels and an mcrease of the pre
to posteapillary resistance ratio as judged from the contnuous absorption of extra
rascutar flind All these effects were well mamtaned during the perrod of stumalation

‘There was an especially pronounced constnction of the resistance vessels while the
de of the cap response was ly the same as in the somanc

¢ P
pressor response in Fig [ An explanation for thus may be that in the expenment of
Tig 2 the relatinely high level of sympathetic actiaty preyuling before the sumulaton
had produced a vasoconstnctor response which 4 as closer to maarsum in the capac
itance than in the resistance vessels This 15 dependent upon the different shapes
of the frequency response curves for these tv o vascular secuions (see Mellander 1960)
Stmulation of the somatic pressor afferents did not seem to Alter CFC 1n skeletal

d 1

m the p y sphunc

muscle sigruficantly suggestung that a

ter section was not obtamed
I the stestrnal s 2scular bed summlation of spmatic pressor and depressor afferents

produced reflex effects an the resistance and capacitance vessels inular to those found
1n skeletal muscle although quanttatnely less pronounced Sustamned reflex changes
in the pre 1o posteapiliacy resstance ratg regularly observed m the skeletal muscle
did not occur in the intestine This was Judged by the fact that the reflex adjustments
were mot assocsated wath net movement of flud across the mtestinal capillary wallsd
Further 1 contrast to skeletal muscle there was i the mtestine & small but susm;n
ancrease 1 CFC upon stumulation of somanc depressor afferents and couverscly a

sustamned decrease durng the somatic pressor reflex
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Discussion

The somatc pressor and depressor teflexes have been looked upon 23 ~omotor
reacuons to different kinds of nociceptu e stumult (Johansson 1962) The p r< x reflex
was dered as an of the exatatory behavioural rewpunse to
cuttaneons pan while the depressor reflex was believed to be assaciated with ¢ immo-
bilizing and nauseatng type of deep pamn It 1s passtble therefore thas shese rf <rs
become functionally sigmaficant only under certamn pathophysiological  adin os
Further as Wusirated also in the present expentments therr crrculatory eff 1l

me d only when the ! capacsty of the . dios
vasenfar buffer mechanisms 15 reduced
"The somatic pressor reflex s ch d b m the rea was

of the different parallel-coupled vascular aircuits so thar for example the resistance
Tesponse in the kidney 15 more pronounced thao i the sheletal muscle (Jehansson 1907
The pattern of response of ths reflex with regard to the various corsecutise vascular
sections was stucied 1n the present expeaments In skeleial muscle there was a clear—ur

1 the and e vessels an mcereased pre to postcapdlan
vesstance ratio but no sigmficant effect on the precapillary sphincters In the watestine
there was a constrictiop of the precapillary sphuncters and of the capatitance vessels
but only transient constactor effects were obtned m the resstance vessels and the
Pre io posteapillaty reststance ratio did not change These patterns of vascular respon.e
w skeletal muscle and imtestine are very sumilar fo those ohtawned on direct regional
\asoconstrictor fiber strmulagon (\Mellander 1960 Folbowetol 1964a b) The different
fractions an the comsecutive vascular sechions are conseguently not specific for the
sorvatic pressor reflex and do not scem to be due to 3 differenttation of the vasocon
strictor fiber discharge to the senes-coupled sections but appears ta be related 1o focal
vascular adustments (Cobbold ¢t al 1963 Folkow et al 1964 2)

s meatoned above the effects obtamed on somatic pressor reflex engagement
37¢ provounced and sustamned only when the counteracung wfluence of the baro-
Tooeptons s mummized  Such coaditions may prevast afier wauma assoctated with
blood Joss and pac The noticeptive sumulus may then reinforce reflexy the activiey
18 the sympathetc sasoconstnctor fibers thereby augmentng the penpheral resstarce
and increasng venous return The later effect  ould be due party to constnction
of capacitan e vessels and parths o absorption of extrasascular fud

The somatic depressor vefl~ 1s ted wah a of sympa
thetse yasoconstector fiber act Ity 1o the resistance vessel i vanous ussues _Johansson
1967) The present studv has shown that thus reflex adgustment includes also 3 dilatation
of the capacitance vessels i skeletal mucle and sntesune The net flu d absorpon
vhich was reflexly mnduced i sheletal musile by carotid oceluston v as campletely
cancelled by strnutation of the somauc depressor afferents This must mean that the
¥3ta of pre ta pos capillan remistance v hich was increased by the caroud acclus on
was returned to control level by the samulation Thus pec 1 adjustrment of the pre
and postcapillary resstances  th restorat 01 oI mean capillan hydrostasc pressure
MV 1120t A rather spraific differentiat or with regsrd Uy the effects on the vanious
©onsecutrse vascular secuons 1 skeletad muscie since s mubtaneoushy the total resitance
Function and the capacitance function were not returned (o control valucs The powible
exstence of wch a speafic refles mechanusm for the conrol of transcapullany flu d
exchange 1 an witerestung but complex problem whi h deservey furdher o esagation,
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It 13 apparent that the reflex effects eheited by the somatic depressor afferents ean
profoundly affect the general cardiovascular dynamies It has been pownted out pre
viously that the inhibitory action of thes reflex on the resistance yvessels and on the
heart could under certam circumstances result 1n 2 creulatory collapse smilar 1o
that scen in some conditions of deep pain (Johansson 1962) The changes in the ar
culatory blood volume produced by reflex dilatation of capacitance vessels and by
abolition of prevailing extravascular flurd absorption add to this general picture of
circulatory derangement Whether this reflex 1s of pathophysiologtcal sigmificance
only or if 1t 1s engaged 1n normal cardiovascular control remans to be res ealed

“Ths study was supported by grants from the Swedish Medical Counail from the Scool of
Acrospace Mediane ATSC through the Evropean office Acrospace Rescarch United States
Aur Force (AF EOAR 61-47) and from the U § Public Health Service (HE-0675-03)
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The Influence of Chemically Pure Secretin on
Hepatic Bile Output
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Abstract

Jonson G L Sundman and L Thulin The 1 fluence of chemucally pure secretin on hepatic bile
output Acta phys ol scand 1974 ¢ 287—290 — In awake cholecystectomized dogs with a
permanent external common duct fistula the bile output increased durne infus on of  secretin
Preparat on_contamung about 20 000 clm un t5 per mg of substance (Jorpes and Mutt 1951)
At the Targest dose about 43 clin uruts per kg b wt and hour t was about 3 times the mn ¢ al
output and even then it was smaller than the output during digestion of food with bile Th
velat an between the log of the secretn dase and the bilé output was I near

Preparations contatming from a few up to 4000 climcal umts of secretin per mg of
substance have been used 1n earher studies of the cholerenc effect of secreun (Bayliss
and Starling 1902 Agren 1934 Agren and Lager]ol' 1937 Grossman ezal 1949 “ cmcr

and Mutt 1954 Thomas 1950) Later a ch ure p
20000 chinical unts per mg of substance has been made (Jorpes and Mutt 1961 Jorp(s
Magnusson and Steele 1962) We have d the cffect of this on the

hepatc bite output

Material

Experunents w re perfamed n two male mongrel dogs They were choleevateciomized and
prov ded with a perman ni ternal common b le duct fistula of a type w th mimmal r k of
Bilary tass and ifecton ( two-part fistula  Jonson 196$a b) Th relatt ¢ stan fard devia
uon of 24 hou bule mllpul 1 about 5 per cent in such dogs with two-part fistulas at standard
umd tons Th dogs displayed no cniden 1n plasma of i ry stasis dunng the expenn entat

They tea const nt amount of standard fod at 12 o clock e ry day  the food was m x
S sl the v1 produced during the previous 24 how
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hig 1 Hepauc bile output related to secreun dose Tunal output 53 the output immediately
before secrenn infunon in each experimens  <og \ B

Procedure

All H experiments were begun at meal ime The dogs were atood 1 a Paviov [ ame where
thev alwavs 100k therr food mmmediately when given

The secrenn was admumstercd thr ugh a vein catheter ntroduced a1 feast half an hour
bcfore the experment It was dissatved i sterste saline i medutely befure the infusion and
90 m of the solution were given per hour A new solut on was made at least every hour The
secrenn dose ranged from 0 67 to 43 chnical units per kg b we and haur The infission was nter
rittent (1 expt 10 dog 4] or continuous with a tepuise doubled dose {secrenn (1 expt
dog A 410 dog B)

Each cxpenment started with 2 howrs of fast ng_dunng which the bile output was measured
It was then m 5 control experiments measured duning 8 hours of esther (1) prolonged fasung
{1 expt. weach.dog) {2) d gestiom ol oo wath b le {1 expt 1n cach dlogj or (3)d gestion of food
without bile {3 expt indog B} In 6 expernments the ouiput was measured dunng 6 h urs of
secretn nfuson and duzimg two hours afier the infls on The end of the fistuls was placed at
the tevel of the miphoid process of the dog The bile was collected from th fistulz inte a
volumetric vessel graded i tenths of a ml and was measured every half haur
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“Tantz 1 Bile output duning two-hour periods s 2 experiments of secretin infuss non dog A

Ble output

Before Cl o secreun wmts/hrilg b wt
Tnfunon secreun After
method {ml} 078 156 312 624 secreun
Interm ttent 46 09 - 14 - 07
‘Cont nuous 30 - 13 18 71 07

\Mean of 3 last half hours in each penod
Output durmg and after sccvetin 1fuus on 1s expressed i multiples of output before mfus on.

TALETT Ble output duning two-hour periods 1n 4 experiments of continuoys secrean in
fuston on dog B

Before  Clin secretin units/hr/kg BW

secretn Afer
[CUBIN Y 134 268 536 1972 24t 4298 secrenn
15 13 1 79 -~ - - - 03
10 (& 09 13 -~ ~ - 08
1 ~ - 13 18 "g - - 06

17 - - - 23 25 31 01

Output during and afier secrenn infos on 13 epressed m multiptes of output before mfimon.

M experiments w re d vided 100 two-hour penods and tn each penod th b le of the it
hall hour was o tted Thus b le output  alues during trans t omal stagrs were consistently
om tted The average output duning the mmal two-hour persod was expressed 1n ral per half
fout The a erag output dunng rach s icceed ng two-hour penod was exp essed as multuples
of the initial output n th same expenment

Results
Faitin
The mitial output was 30 and 1 3 ml per half hour in dogs A and B respectnels Due
19T 4 1 o-hour periods the output gradually decreased to 09 and 0 6 of the initial one
D gestion
The wmtial output was 33 and 1 S5mlin dows A and B respectively Dunng d gest on
of food wath bule the output iereased to 3 1—3 6 {mean 3 3) and 50— 9 (mean  5)

umes the ntialon  Dunng digmstion of faod ratho ¢ b L the output increased from the
wnitial output of ? 3 ml to | 3~1 5 tumes this value fmean 14 dog B)
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SECRETIN DOSE
Fig 1 Hepatc bile output related to secreun dose Irutial output 15 the putput immediately
before secren mfuvon in each expenment () dog A @ dog B

Procedure

All 11 expersments were b gun at meal tme The dags were stood sn 3 Pavloy frame where
they always fook ther food immediately when given

The secretin was admimistered through a vein catheter introduced 2t least half an hour
Yefore the expenment It was dusolved m stenile saline immedsately befare the infusion and
90 ml of the solution were given per hour A ne v solution was made at least every hour The
secretin dase ranged from 0 67 to 43 clinical umts per kg b wt and hour The infuston was intee
Tmitent {] expt 1w dog A} o continugus with = st pwise doubled dose of secretm (I expt
dog A 411 dog B)

Ea h expeniment started with 2 hours of fasting during which the bile output way measured
51 was then in 3 control experuments measured during 8 hours ol ecther (1) prolonged fasting
(1 expt in each dog) (2) digestion of food with bule (1 expt n each dog) of {3) d gestuon of food
sithout bile (1 expt m dog B) In 6 expersments the outy ut was measured during 6 houss of
svcretin sfuson 2 durmg two hours ajter the mfusion The end of the fistula was placed at
The level of the xiphoid process of the dog The bile was collected from the fistula snto 3
\olumetric vessel graded in tenths of a ml and way measured every half hour
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From the Department of Hustology and Climc of Ophthalmology Universiy o [ eden

Distribution of Adrenergic Nerves to Orbital Strucy res
By

Berxor Ext GeR

Knowledge of the distnbution of the adrenergic nerves 1n the ey¢ and related orbita.
structures 1 for und the of the eye not least vtk

Tepect to the bility that ad h ttught play a role in the regulation
of the homeosta.is of the cye {cf Birdny 1962 Sears & Sherk 1964) The advent of a
highly sensitive £ method for the 1d of ad

nerves {Falck 1967) has sumulated studics on the distribution of such nerves m the
y¢ and related orbital structures

Eye segments from albin rmce and rats and from randomly pigmented guinea pt vs
rabbuts and cats were treated for Auorescence microscopy according to Falck (1907
The retina was not ncluded 1n this study since 1t 13 the objeet of a current v estigation
by Malmfors (ef \falmfors 1963)

The cornea has a sparse network of adrenergic nerves The amount vartes howcser
between different anumals even within the same species The corneal epitheliam
2Ppear to be devoid of adrenergte nerves In the anterior chamber angle of guinea pig
the trabeculac have a nch supply of adrenergic varicosc fibres whereas in mouse
Tat rabbit and cat there arc few such nenes 1 this region. However at trregutar
mtervals there appear in theselatter species dense accumutations of Auorescent nerves
which are secoungly associated with the vessels The aliary body has an abundant
*uPply of adrenergic nerves mainly situated subepithelally The aliary muscle of
WA fug contains a network of very fine vancose fibres 1 the other species thu s
flot 30 conspicuous In rabb t nere fibre bundles can be found runnung equatorially
“ith branches isuung radually into the 1ns In the aliary processes adrenergic nenes
fallow the vessels in the form of a plexus In the tns the majonty of the adrenergic
PN arc concentrated to the dilatator muscle from where branches msue anteriorls
0 form 2 wide meshed nety ork. The sphincter pupillae contains remarkably many
fluorescent fibres 1n cat.

In the chonord the fluorescent nerves are maindy assoctated with the vessels but a
Fre latice chaell

y of vancose fibres runs freely 1n the stroma The sclers contams
1o adrenerme fibres exeept where vessels penetrate enclosed by the ordinary vas-
cular plexys
In the nc tating menbrane of cat the muscutar part contamns a dense n twork of
adrenergic nerve fibres The membrancous parts contamn sery few fuorescent fibres
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Infusion of secretin (Fig 1)
Indoy, A the smtal outputin 2 expts was4 6 and 30! It did not increase when 078
hn umits of secsenn per kg b wt and hour were mfused but doubled when 6.24 units
were gnen (Table 1) After the end of the infusion the output decreased to 0 7 of the
nitial output

In dog B the 1ntial bule output in 4 cxpts wasbets een 1 0and { 7 ml (mean 15ml)
When the secretin dose was stepwise daubled from 067 1o 43 chn umts per kgbnt
and hour the bile output increased from 1 3 to 3 1 tumes the mibal output (Table II)
After the end of the mfuston the output decreased 10 0 1—0 8 of the imtial one

Discussion

The results indicate tha a secren dose presumably giving a pancreatic response as
large as that of an ordinary meal gies only a moderate increase of bile output The
output scems to be equal to that alter 2 meal without hile Thus during normal diges
tion the choleretic action of sccretin scems to be small compared with that of bile acids

When the secretin dosc was tnereased ashere from one to about forty climcal units per
kg bwt and hour the bile output increased asymptomatically to three times the mtral
output There was a semiloganthmuce relation between the sceretin dose and the bile
output the output expressed as a muluple of the mtial output was directly related
to the loganthm for the dose (Ttg 1) Such a clear relauon between them has not
carlier been established
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From the Institute of Physiology Univemity of Uppsala Uppsala Swed

The Ion Flux Across Membranes During
Electro-Diffusion and Convection
By

‘ToRSTEX TEORELL

When 2 membrane contuming wide pores separates two comparoments (1) and 2,
cach containing 2 single  salt (such as NaCl} at different concentrations €, and €

the fluxes of the cation and anon are dependent on these concentrations on the 1on
mobilities v and o and on the dnving forces due to a) the concentration gradient
b) the transmembrane potential (E) gradient and c) the haear bulk flow veloaty ()
through the membrane pores ( comvection ) The first flux formulation compn ing
the forces 2) and b) 1 e “electro-diffusion flux was given already 1n 1897 by Behn
Below a formula for the cation flux will be dernved for electro-diffuston and ¢on

‘vecton 1 € the casey here all the theee forces a) b) and ¢} are present Thedemanan
will be adapted to conform v ith the of the s osallator’” p

descnibed (Teorell 19592 b) and directly gien a form that can be employed m
€speriments or 1n analog computation

Tln the o ferential form the ux equat on for the cation can be wntten [see. for instance
€0 ¢ll19a] Eg 15and Teorell 1923 Eq 5 1)

RT_d(laC } d4E
Fue= —te §2L C00C Y o p 42 1 «,
[ 3 * d.x] & 4
A steady state s assumed hence the equation s val d at any cross section & of the membrane
3"11 te thikness 8 (0~ x < 8) Ob iomly the t rm with the bracket 13 the electro-

mﬂ‘m onandthe C § term the comect ncontr but ontoth flux Rearrangnm (1)t introduce
¢ calon (ransference number  'FY (o + 1) leads to

R o—___ {RT dnC, - FIE - (t d ) )
Fr{ 4 dx
Fl<oG
oW ntegration of the numerator and denom nate can be perforired between =0 nd
=0 The 'dulP (s = ;€ u i fact th tor 1 interr ! { nomemb ane v sutince denoted

=
R becawse the FY (u ~ 11 Cx w the conducsance of the membrane  lce d  Tre sirer od
fux formuls becornes fn lly

A= ® [RT InC C) —FE—F —134) 3,
F~ & L
The terra R IyC € nd FIE E ) are rospecuvely @ hemeal and electnc work

s Tre con ecuon term $¢ ha als thed mension of wo k because the eat onmob! ¥
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u s actuallv defined 8w = u F {where 1 15 expressed in em It and F s th

constant) Henee Tq (3) can be tromembed mmordns 10N 474 1 the Tarsday

Cation 108 flux = L {€atton transference mumber) (sum of work terms) ®
(total memb ane ressstance)

An explicat solution of Rigy = f(} G, C,uz8) 1s ginen by Teorell 1959b Eq 6
Although the dernation above does not include a posable  fixed charge in the
membrane 1t 11 10 be expected that the presence of such a charge would not affect
the equations provided the pores are urds enough to make the surface cm:ldu:lance
negligable (the fived charge would however duce an el
to 1) Accordingly the equations (1) through (4) arc vahd whether the water s!rc:unmg
¥ 13 induced by an hydrostatic and/or an pressure d;
across the membrane

The integrated flux formula (3) above 1s convement to use also 1n the presence of
an externally applied electnic current flow across a membrane as for instance in the
abdve mentioned  membrane osaillator  because the quanuues C; and G (the salt
concentrations of compartment 1 and 2) (L, ,) (the transmembrane potential) ¥
(the water flow veloaity) and B, (the are all !
i an or can be lable 11 an analog (ef the
application on  voltage clamp (Teorell 1960)) Preliminary expenments scem to
ndicate that Eq (3) 18 approumately valid also for non steady states where the 1n
stantancous valucs of £ } and R were employed

Further discussion on this ron flux equation as well as some experimental tests wall

be deferred to a forthcoming pubheation

This work has been carried out uader Grants from the Natonal Inst tutes of Health (NB
03712-03) and the U 8 Aur Force the European Office Office of Aevospace Rescarch (Grant

AF EOAR 6+-33)
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From the D of 7 Universty of & Denmark

Exchange of I'** Albumin 1n Acute Inflammatory Oedema
By
FicitL Hvippere Hans LaNcGArD JENs ScroU and Laszro Szporny?
Rece ved 6 March 196+

Abstract

Hvidberg E H Langg d J Schouand L Szporny Fxcha  f1 -albumin in acute wnflammatory
oedema \cta phys ol scand 1964 62 205—303 — The sh {t of protemn between plasma and
expermentally induced inflammatary oederma has been stud ed 1n mice after ntravenous
1 jection of rad o odinated human serum albumun Calculattons were based on the d ference
between the total amounts or rad oactwnty 1n inflamed skin samples and self control samples
of equal surface areas It was demonstrated that durmg the smual 15 m 1 of the inflamma
tory process the ocdema contained Jess rad oact vity per unit we ght than the plasma Sub-
sequent to this point however the act vity merements of the nflarr ed ssue could be account
ed >r in t rms of extravasated plasmy It was furth 1 shown that buman serum albumin in
Jected intravenously to m ce duappears from the plasma according to a hinea function 10 a

1 system The d halfl ime was 99 min i cont ol animals but 32
mninm ce uhlocal ed mAammatory oedema The average plasma volume of m cew gh
1ng 23 g was | 1 ml as determined by meany of rad o od aated human serum albumin

In recent years studies of expenmentally induced inflammatory oedema have been
carried out extensively Most of the work has been centered upon the proteins of the
oedema

1t has long been known that transudation of plasma proteins across the capillary
wall 11 almest negligible in normal ussue but greatly mereased in inflamed areas (Rams-
dell 1978) This phenomenon way first studied by means of different dyes bound to
Pplasma proteins (Landis eral 1932 \Menkin 1956 Spector 1958) but no quanttatne
snformation was yickded by these methods The use of aruficral collo ds such as colloid
siler {Janscé 1961, and radioactne colld gold (Szporny and Ezer 196> Ezer and
Szporny 1967 was later appl ed for quantitative investigations on the colloid extra
sasation Réd 1 (1961 and Aschaim and Zweifach (1961 and 1967) used radioiods
nated human serum albumin for the determination of the relative mov ements of protein
and water acros the capillary wall

Research Fellow of the [ 1crnat onal Atom ¢ Energy Ageney

LLES
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Recently a method for d y 1y the yanous of the
oedema fluid duning acute inflammation was reported from this laborators {Szporny
Langg#rd and Huidberg 1964) In the present study the same procedure was apphed
to the quantiativ ¢ determunaton of the exchange of plasma proteins and water dunng
the different phases of the acute inflammatory process Tor this purpose the method was

p d with the it yection of 1% labeled huwman serum albumin

The primary purpose of this myestiganion has thus been to determme the concen
tration of albumin i the cedema fluid 2t various times of the mnflammatory process in
relation 1o the concentration 1 plasma  Ihe mtroduction of human serum albumin
bowever required the determination of the rate of the gradual dechne in the plasma
activity due to the removal of the foreign protem by the reticulo-cndothehal system of
the ammal The present paper therefore has the additional purposes of determunine
the rate of removal of human scrum albumin from the mouse plasma and of de
scnbing a method for the determination of the plasma volume of mice with use of
11 labeled human serum albumin

Methods

The white male emce used tn the expertments vere from a singl stran t erghuny, from 77 (o
28 g They were mamtaed on a standard laboratory diet with water ad hbitum

Imtial experiments were designed to deternune the rate of reme al of human serum albumim
from mouse plasma after s 1 v mjection o normal mue Fifty sJofa5 1 3lbumen solut on
contamming approamately 05 £ 1 a3 ingected by means of 2 mucrometer synnge { \gh..) into
a tulven Blood was sampl d in hepannized capillary tubes from the tailvein opposite to the
yected vein 5 and 20 eun afier the myechon and fror a neck vewn 1 hour after the inject on
After centrifugation 15 gl of plasma was pipetted and d luted with 5 ml of water The samples
were assaved 1n 1 s ell type ceystal connected with an Isotope Developments LTD scalee

1700 Afier correction for  background  the figures were plotted i a semioganthmic sysiem
as a function of the trime and the disappearance half times were read fromt the curves obta ned
hnowing the amount of actvity inyected the plasma volumes wer  caleulat d from the act vity
per umit volume at the ttme of injection as determ ned by extrapotat on bach to the ume of
imjechion

For the purpose of determ ning the radioactivity per unmit weight of the oedema flud animals
were 1y ted as described above and the sic of puncture sealed carefully To ensure uniform
distribution 5 mm were allowed to elapse before an inipial blood sample was drawn from a tal
vem The acute inflammatory pro e was induced as described 1 a previous report (Szpory
Vanggard and Hudberg 1964) Briev the proceduce 15 that the back of the amimal 1s dep lated
on the day prior ta the expenrent with a depilatery containne banum sulphnde with the
animal under [ ght flucthane(? (halothane} anacsthesta s o symmetne ar as are rmarked out
entreskn Acute nflammation 13 provoh d within the bordets of one of the azeas by apph a°
preces of flter paper mpregnated with xlene for 2 nun with the contra lateral area serving 85
2 contro) O mm 5m» 351 n of 2 hoars after the treatment a 3 cond blood sample was
{aken from the neck the an1 nal wasd caprtated and bled_and two skin samples s ath underlying
subcutaneous tssu_excised accordine to the stamping The v cight of the oede nia was deter
yruned as the weight difference between the two samples /w —w ) The shin samples wer®
hydrolyzed with 5 ml 0f 2 N potass um hydrox de and the total rad oactiviues of the ocdema m:—:
sample (cp 1 and of the control sample (cps ) determited The radioactvity pe;;ﬂ: ‘;; s’
ofoedema (cps oedema) was then calculased by the formala cps oedema =~

ties were determ ned as deseribed above
The two ;‘!4‘:“3 actwity values determined the slope of the disappearance curve afnd]lhedd::;
o Feuif e was read. d rectly fror this curve Plasma volumes \ ere calculsic
appearar ce b 2o determme by which orgars the fore gn pr i€ 1 was taken UF.
Bl G whammatory odema and control animals were klled 1 houe afe
>

1 lasma actr
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Fg 1 Radiactiaty per un t volume of plisma at three different tumes after intra cnous
amjection of 1

labeled human serum alburmn to seven control anmals {ordinate logarithm ¢
scale)

Taste T The disappe rance half tmes for human erum albumn and the plasma volurnes
of m ce w th expennmentally induced localized mflammatory oedema and of control

tmice afier mtravenos ngecton of 1 laF eled human serum album n

Dis ppearance

half ame PLsma olume
(mun) wnl)
Mean+ SE Mean £ SE
Mmimals ith localized oedema 2216 103 + 0046
n = 16)
Control an m bs 99+ 156 114+ 0068
m - N

mectonof 1 Tbumn and pecimens were excised from | ver pleen a d sp ne Radioacu 1t
of thes speoymens was ™ sured afte afhaln hydrolves and the a 1 tes per ume waght
compa ed Tle md oacth v of the tals was alo measured to asccrta o shat no
atbumin w s left 1 the 4 te of myection

To obta n furth ¢ data an the bt exchange of prote 5 n th nflammators oedema expe
ments were carried  ut wh re the ocd ma vas mduced first and the | albumin injected 15 or
10 mnlater These nmals we e kI1-d {5 mun afier the nyction Other procedures were the
same as descnbed bove
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HADD B2 smmats with oodorma
§’ 00 amimals sorthout pederma
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o Fig 2 Radwactivity perumit exght
2 of ver spleen and spine of three
3w edematous and two non-oedematons
muce kifled and exsanguinated J br
after intravenous in ection of 1
180 g hbeled  human serum .Jbumin
Factors of correction Bave been used
g% to give the sam  act vity per umt
; serght of plasma n the five anumals

Lvar Splecn Spine

counts: mn/gram oedema
plniiekoaal i at dufferent tmes of the oederna formation
counts!mm/gram plasma

Tape II The rano

counts/mm/gram oedema
Durauon of cedema formation ————~————————
counts{mm: gram plasma

Memd SE
[CR) 1 mn 034
10 5 mun 083 + 0065
(o —12) 15 mun 100 4 0077
@ =9 2 hours 119 4 0094
Results

“The values obtamed from seven mice 1 which the plasma activity was determined at
three different mtervals after mtravenous injection of T albumin are shown i Fig 1
These figures demon. trate that the foreign protemn was removed trom the plaswa ac
2 to a linear function in a semilogarithmuc system

mﬁ,’:’dﬁpmrmcc half time as read by the disappearance cusves and the ;:As::
volumes as calenlated from the actvary at the time of ijection from 16 ax:;‘n:\‘ ;‘h "
localized mflammatory oedema and 7 control ammals are shown m Tal :h o
stanstcal computations are based on the ¢ test and mean values are given mg:mmCd ”
yhe standacd eycor of the mean (SE) Fifty  of the myjected activity was e
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Fig 3 Schematic Wlustration of cedema actrty and plasma achvity i relation to the tume
i Line represents the aver ge radsoacuy ty disappearance curve of plasma The
ocdema “urve 15 drawn on basis of the plasma curve and the rat os of table 2
1n luded 15 2 thurd curve (dotted) based ot the cedema activty obtamed dur ng the Ist
2nd and 8th 1 man intervals Arb tranily this curve outhnes the rate of oedema formation
(\ote the ord nate radioact vty on an anthmetnc scale)

99 mun 1n conteol antmals hut in 32 mun 1n animals with oedema The plasoa volume
%as 11 mlin both groups or 44 of the body weight

Fig 2 shows the acuvity per umt wereht of vanous organs from 3 mice with oedema
and two control mice killed and exsanguinated 1 bour after snjection of 13! albumun
In oedematous muce the actvity was taken up by Iner spleen and bone marrow to a
Sreater extent than 1n ammals without oedema
In Table IL are shown the values summanzing the results of the expeniment 1z which
12! alburmin was iy cted 5 min before the inflammatory process was imniated and the
amimals kulied at vanous hours of the ocdemsa formation The ratso of the radicactivity
Per gram oedema 10 that of the plasma was 0 3 1 mun after the treatment 08 5 min
afier the treatment and reached 1 0 at 15 min Th o hours after the srevtment the rato
%as 12 The relationship between the oedema actisaty and the plasma actmity dunng
(he formation of the oedema 1s Wllustrated 1n Fig 3 where the actniues measured are
Pplotted 10 an anthmetne system as a function of the ume In the same figure the results
obtained on two groups of animals mjected 15 mp (rauo = 119 SE  0022) and

105 mun (rano = 0046 SE = 00010} afier mitiauon of the nflammatory process
and Lalled 15 mun later are presented

The exp arned out | mm after with xylene p d the problerr
that the oedema formanon at this time was very hmited and the mnaccuracy of
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tounts mn 'gram oedrma
T, T The —
AL IIT e yatio o P } mun after xylene appheaton 1n refation o

the siz¢ of the pedema

Suze of cedema
In® (wh) Range of the
of the rato with a
ongwmal * 2 emor
Absolute ussge Counts mun gram oedema op the orderna
No (mg) weght Coumsmun fgram plasma weight
1 9 3> 0317 042059
b3 30 120 0213 0130 0
3 a0 s 013+ 607070
3 18 28 0505 020080
5 12 38 094>
[ 10 27 0258
3 o veduma - — $8 cps. on weated sde 1216 — 146y
8 o oedema - — 58 ps on trexted side 739 — 181,
3 o oedemy - ~ 34cps oneated side  163—— 129

racthod therefore magmfied For that reason the figures of all animals studied at this
time are presented i Table 111 Only the 4 aniumnals with more than 5, of ordema
{1 £ 5%, of the ongnal tissur weight) have been wncluded in the calculatiops on v hich
Fig 3 15 based. The figures m the last column demonstrate that 2 5° error in the
deterrmnation of the wexwht of the oedema would not have affected the impression that
the relatne actinary of the oedema at this tme 15 low

It 1s noteworthy that m twelve animals on which no oedema had develo sed at the
time of killing the acuvity was always higher on the treated nde

Duscussion

Radiorodinated human serum albumn has been found by several i esuizators to serne
23 a réhable mdex of protein motements 10 ammals A.chem and Zweafach (1961 and
1962) bave gn en 3 kinetie description of the 1nstial phases of the inflammators reaction
by means of I 1zbeled human seram albumun. One tmportant a-pect howeser secms
10 have been neglected 1n some wstances Beng a foreign protein. human scrusm al
bumn mjected w0to 2n ammal may be removed from tbe plasma wath such rapidity
1hat cven short term expenments are cnueallv mfluenced by the phenomenon
Inr the present study 3t was demoonstrated that human serum albumin was removed
from 1t mouse plasma according to a linear function 0 a semilopanthmic s\sie
Fig 1 Fig 2 illustrates the fact that the actvin was taken up by organs belongin
to fbc renculosadothelial system of the amumal and that the rate of removaf was con
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siderably mereased duning the inflammatory process (see also table 1) supporting the
view that an of the loendothelial systern part of the in
fammatory response (Jancsé 1961) The rate of removal is only 1n litde extent mfluenced
by the escape of plasma nto the oedema since the plasma activity depends on the al
bumin concentration

The plasma volumes reported using the present method (Table T) were not the
mayor aim of the study They have however been included because the vatues confirm
the rehability of the technique

A second advent of the present study s the apphcation of a method to quantitating
the mtensity and progression of the inflarmmatory reaction {Szporny ¢t ¢l 1964) The
term oedema refers to the weight dfference between an iflamed skin sample and a
corresponding control sample ¢ ¢ to the plasma filtrate itself and not to the maxture
which the plasma filtrate forms with preevisting extracellular flud This concept
of the oedema allows for exact quantitatve calculations on the  genutne nedema  n tivo
and # situ (1 e vathm the connective tissue)

In the present study the ratio between counts per minute per gram gedema and
counts per munute per gram plasma has been used as a measure of the protein extra
vasation This ratio should be equal to 1 0 if the oedema 1 as due only to an extra
vascular accumulation of plasma

It was found that durnng the inttial 15 nun after xylene application the oedema
contained less radsoactivity per umt wesght than the plasma Subsequent to this phase
however the activity mcrements on the treated side could be accounted for m terms of
extravasated plasma (Table I and IT and Fig 3)

Ascheun and Zwerfach (1961 and 1962) demonstrated the existence of three distinct
phases of the early inflammatory cedema formation an immedrate reaction (0—3 smn)
where the water filtration exceeded the protemn leakage a second phase (3—8 mun)
during which the protein accumulation transiently exceeded the water filtration and a
third protracted phase when the oedema was m terms of exts ted
plasma As stated above only two phases could be demonstrated 1a the present study
The first phase cortesponded well to the imual phase described by the above menuoned
authors but lasted for 15 mun and proceeded directly into the second phase which cor

responded to their third phase  An intermedsate phase wath retention of proterns could
not be demonstrated

The discrepancy perhaps 1s due to the different techniques and the different modes
of calculation

The 1 0 ratio found 15 min after application of xylene 1s in good accordance with the
staterment of Szpornv ef af (1964) that the cedema at this stage of the nflarmatory
Proces 15 a bulk filtrate of plasma The figure indicates that dunng the 1uual phase of
the oedema formation 15 mun 15 sufficient trme for a total equilibnium of plasma pro-
teins The connective tissue ground substance may represent a barmer permufting
small molecules to move faster than the protems This 1 ould explain  the low rato
mvally even of the capllary nall were equally permeable to 21l plasma components.

1n the above cxpennment the radsoacti e albumin was circulatng before provocation
of oedema IT however the albumim was mjected 15 mun or 105 min afier the xylene
treatmentonly 20 and 4 respectively of the plasma activity was obtained by the
ocdema duning the 15 min penod following njection

In Fig 31t has been attempted to llustrate arbitranly the rate of oedema formation
on basis of these findings (dotted line}
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The results are s agreement wath a Previous report (Langesrd Szporny and Hwnd
berg 1964) carried out under the same expenmental conditsons as were used in the pre
sent study when 1t was found that 50 ®/ of the cedema was formed within the first
15 sun afier xylene application but that the volume of the cedema continued to 1n
crease for 2—3 hours

The 12 ratio two hours after apphication of xylene can be reasonably explamed if
the rate of exchange with the plasma at this time 15 exceeded by the rate of removal of
radioactinty from the plasma

The findings are also 1n agreement with the data obtained by Szporuy and Ezer
(1962) and Ezer and Szporny (1962) who after iyection of Au  Jabeled colloud gold
found that the rato between the actwity of the inflamed and the untreated paw of
rats rosc only duning the first 15 mun although the oedema contiued to develop for a
much longer penod of time

In scveral ammals (1 and 5 mim expts ) no oedema had developed at the time of
sacrificing the animals In thesc cases 5t was a constant finding that the actvity was
shightly increased on the treated side Since the same phenomenon could not be dem
onstrated after intravenous injection of C labeled glucose (unpublished data) this
nise of activity which preceeds the extravasation of plasma could not be explained by
capillary dilatation  Jancsé (1961) has shown the lormauon of fibr films with dif
ferent colloxds attached to them along the endothel of capillaries and microclots of
small vessels in the imttal phase of inflammation This phenomenon which he named

endothel actnanon  regularly preceds the oedema formation The eatly protem
accumulation found 1n the present study may be a mamfestation of this  endothel
activation

In conclusion the results abtained mdicate that from the fifteenth yun of the oedema
formation the protemns of the inflammatory oedema and the plasma are n a state of
dynarmic balance as esimated from the radioactiaty measurements  [his equilibrium
15 mawmtamned in spite of the rapid remosal of radioactivity from the plasma This 1n
turn 53 an mdication of the rapidity of the process of reabsorption of proteins from the
oedema

1t 1s generally agreed that i normal tissues collodal substances are absorbed from
the ussues wa the lymphatics A very rapid reabsorption of protemns coufd thus be
brought about by an increased lymph drainage or by the capllary wall becoming tran
siently permeable to proteins in both directions Rusznyak Foldy aud Szabo (1937}
have demonstrated a considerable nise m the lymph dramage from inflamed areas
Menkin (1956) on the other hand found an obstruction of the lymphauc endings anda
tussue fixation of collowds at the place of nflimmation Ssporny and Fzer (1961) n rat
paw oedema and Langgard (1963) m patients with thrombophlebstis found an en
hanced absorption of colloids but a dimmished absorption of crystalloids These findangs
seem to ndicate that the dynamac bafance between thie proteins of inflammatory oedemd

d by racans of the lymph

and plasma 18
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Abstract ~——ouwmn

Seteklew 1 Ltermne motitty of the estrogent.ed vablat 1V Reflex exart t n o d whibson Acta
phystol scand 1964 (7 3G4~312 ~ [he uterus can be refl xly actvated by sumglatin |
the rectum varus somatc nervey and the central and peripheral ends of the cut - agus nerve
The 1nal Uterine contraction 1s FYowed by 2 prrsod of reduced rhythme actiity Simiar
responses can be elicred by asphyxa and by dampirg of tte comsmon caroud arterics Al
t} esc respcases are due to activation of the sympatd ico-adrenal system A trandent inhubition
of the spontancous rhythmic actiaty 15 obtained by elecirical stumulatn of the depressor
nene Since it s aboluhed by sympathetic bcking agents 1t 1s most likely due to a reductn
of a xyn patl etse topuc influence The rosults indicate that although the auton my of i € myo-
gen: rhythmic uterine acniv ty s strong in i} e estrogemeed rabbut 1t can be mfuenced by
vanous reflexes It 1s sugeested (hat the sympathetic nersous system exerts a tumic influence
on the uterus in 1 o

Mot studzes on reflex exatation of the uterus have been carned out {rom about fifty
to 2 hundred years ago hurdinowsky {1907, obscrved utertne contractions in response
16 3 traul applied 1o the mamma skin stomach and intestine  Uterine contractions
have also bren recorded on sumulation of various penipheral somatic nerves {Schie
singer 1873 Falk 1913) Furthermore uterine contractions have been elicited by sum
ulatson of the perspheral end of the cut vagus nerve (halian 1851 hehrer 1867 Talk
19191 as well as of 1ts central end (kalan 1851) The latter effect could not be con
firmed by Oberner (1862, Spicyelberg (1864) and Frankenhauser (1866)
Later utenine contraciions i response to mechameal stimulation of peivic viscera
were descrabed by Ferguson (1931) who obsersed contractions of the uterus afier irnita
on of the cervix vamna and rectum. These findings were in part confirmed by Cross

(1959;

In the present st
somatic perves and the eentral

dy the reflex excitation of the uterus to sumulations of the rectum
1 and perspberal cut end of vagus have been confirmed
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Fig 1 1 Utenne response 10 mectamral it of the recrum Cu of th an

m Labolst ed the arcompanyiny abdomnal contracnons but d d ot bl ok the uteri respomac
(B) whereas spinal anestt cs1a sbol shed the reflex (C) (Fxp 69)

The effects were found to be due o an of the h drenal svsten
Further some other procedures known to activate this system such as asphy\a of oo
€lu- 100 of the carond artenes + ere f und 1o sumulate the uterus 1 a smilar way

To the author s knowledge reflex mnhubition of the usenne monbty has not been
Ppreviously reported In the present study an inhibiuon of uterine motthty « as obeated
B stinulating the depressor nerve and vanous other cramal nerves

Matenial and methods

Ihirty seven spaved. estrogenized rabb ts (weights from 2 5 10 3 3 ke) were wsed Ovanectomy
was perf rmed at least one week bef re the experiment and the anur als then treated with 0 1
Per cent § ety lsulbestrol 05 mi every second dav
© obvsaties p ocedis ¢s and e o 1ding te hrique have bren descr bed i prey ous comn un ca

P iSetklev i%4nand b The sabbus v ere anesihetized w th 2 nuxture of ¢t loralose (©
et cent) and urethane (72 per cent) 40 and 900 e by respectnely one half adm mstered

¢ and tie rest

B polar st mulat on of the n rves was taade by square wave pules (acens tes from > 081
O35 ma) 1 msec pulse durator and frequenc & from 5 10 160 cps Bl 1 ination of
abdom mi A secured onw it suce mlchol e 1Curas t
N0 ) and an fic al respiration

£ phvina was produ ed by clamping of th tra Eeaf cannuby occtust  of e carved arterie by
2 forceps w th rut ber-coated branches

Results

\ Reflex exrtatian of the uterus
b Retol snmudation. The first part of € cxperiment was conducted under ight ar esth
u30nly Some mamy ulations of the thermormeter used for read nwyof th e fy © mpery
re weee used as ar adequate mechameal sumulat n of the rectsm n theee animals
The uterne respe nse cons sted of an incressed contraction followed by an int it it m
of the spontaneous rhathane a 11 v e 1 A4 The Biteney of the respe ase was abaut
70 3c¢ and undrt 1he presen condit oy @ was accompnied by onteactions of the at
dominal muscles The an mal was ther paral zed with suceinsleholine and arufeially

entlation started Th  utenne respomse 10 tectal simulation was therety somes f g

Lonenwa fadl supnted b Syerasrd 8 G A S (N @ 1
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oAt a0 sumul (ceamotomy) (Exp 108)

4
L Fig 3 Utermne vesponse to clec
trical stemalation of the central

2 [
[ A\ end of a cutbranch of the bra
2d f\ma Ry LRI o Plexus (31 50.cps § maee)

SR (Exp 59;
BLOOD PRESSURE
;:‘E [ g ST
EL
2,
Tig 4 Utenne respomae 1o elec
4 meal stimulation of the petiph
24 eral end of the cut corvical vagus
e (5 30 eps & msec) {Exp 1)

sTey MY

veduced {Fig 1B) But afier spinal anesthesia way achicved by nsuilaven of | m)
{2 per cent) hidocamne (XylocainD Astra) sntrathecally the response to rectal sumuta
von was abolished (Fag 1 C) Thatidicates that the responsc was mediated by 2 spinal
reflex

2 Sumudeton of somatic nerves In hightly anestheiized amymals operatne procedures
such as b uterne actvaty and elevaton of blood
pressure (Fig 2) Likewse electrical strimulation of the central end of the cut scate
and femoral nerves and branches sn the brachial plexus ehated 3 uterme contracuon
within 7—10 sec (Fig 3) The contraction was followed by an intubition of the ri’\y(l\mw

& Ad)

activity and tesembled the response 10 di hne and 4
1 not alter the resporse whereas additional section of the hypogastric nerse abalitked

i

3 1agal neree stymudation In 6 out of 16 anumale electrical sumulation of the perspheral
cut end of the cervscal vagus resulted in a contraction of the uterus followed by an
fubition of 1ty thythmuc actwaty (Fag 4) The latency of 1he response was 1020 sce
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Fig 5 Mo cffect on uterine activaty by occlusion of the abdomeal aorts as md cated by the
s gnal line below Blood pressu € Fecorded from the femoral artery (Exp 60)

and the resemblance of the response to the effect on the uterus of adrenakne admin
1stration suggests an activation of the sympathico-adrenal system The effect of periph
eral vagal stmulation perssted after adrenalectomy whereas sectiomng of the hypo-
gastric nenve reduced the response and prolonged 1ts latency

The uterine response to 1 vagal was by a marked
fall sm blood pressure (Fig 4 In order to determme whether a ssmilar drop 1 blood
Pressurc per se had any nfluence on the utenne motility 2 local blood pressure fall was
produced by clamping of the abdominal aorta for up to two munutes, Th procedure
had little of no effect on the rhythoue uterine actnaty (Fig 5) A prolonged ischemia
of several munutes duration was required ta mfluence tke amplitude and frequency of
the thythmuc contractions The imtial effect of such prolonged ischemua 1 a3 a reduc
tion 1in amphitude of the shythmic
#on between each contraction

by an lete relaxa

It 1s concluded that the mfluence on utenne contractions of the stmulation of the
distal end of the cut vagus 18 not secondary to the induced blood pressure falt but
mast likely to reflex acen aton of the sympathico-adrenal svstem

Electrical sumulation of the centrat end of the cut vagus nerve produced after a la
tency of few seconds a rise in blood pressure followed by a utenne response sumelar to
that which follaws an actinaton of the hico-adrenal svsiem Thus, sn Lghtly
anestheuzed anmmals merely touching the vagus nerve with the electrode induced a
learcut response

© response could be elicited aflter removal of the hypothalamus by suction /Fig
6 A} indicanng that the reflex center s located at a lower level

4 Asphyus Closing of the tracheal cannuta resulted mn increased actmaty of the
uterus after a Jateney of 25-45 sec calculated from the onset of the clamping of the
cannula Lsually the mporwt consusted of onc or a few contractons of 1nereastny

and betnern tuccessine contractions (Fig 6 B) At
the end of the period of aphyxia the rhythmmic actnaty dimunished for 2 penod of
several m nutes The blood pressure inereased duning asphyxa Th ytenine response
10 asphyxia was newther abolss! ed by bilateral adrenalectomy nor by secuion of the hypo-
gastne nerve However the response was delayed afier the latter procedure
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2
| W end of a cutbranch of the bra
£ L,N .A_..‘A Afanle e Plexus (3 50cps 1 msec)
(Exp 59}

STM

BLOOD PRESSURE
[
40)
Zol
3
2
Fig 4 Utenne response o elec
I v trical sumulat on of the periph
ot Y eral end of the cut cenvical vagus
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teduced (Fig 1B) But after spinal anesthesia was achieved by instillation of 1 m!
(2 per cent) hdocaine (Nylocam™ Astra) intrathecallv the response to rectal sumula
tion was abolished (Fig 1 C) That ndicates that the response was medhated by a spioal

veflex
2 Stmulation of somatic nerves In hightly anesthetized amimils operatwe procedures
such as duced an d utenne actity and elevation of hlood
10n of the central end of the cut saabe

pressure (Fig 2) Lakewwse electncal sumulat;

and femoral nenes and branches 10 the bracfual plexus ehicited a uterine contraction

within 7— 10 sec (Fig 31 The contraction was followed by an mhsbition of the rhythmic
dvenahne Ad

actity 2nd resembled the response to adrenahine and
&3 not alter the response whereas additional section of the hypogastric nesve abolisied

1

3 1 agal nerve stimudation. 1n 6 out of 16 ammals electrical stmulaton of the penpharel
cut end of the cervical vagus resulted 1n 2 contraction of the uterus followed by anin
fbition of 1ts thythme acunty (Fig 4) The latency of the response was 10—20 sec
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Fig 7 4 Effect of deprossor nere stmulation (6% 50 cps [ mscc) on blood pressur and
utenine shythme acunity B Atcopine (0 5+ 7nghg) did not alier the uterine response whereas
3t was aboluhed afier © 5% me'kg of dibydroergommne (C) (Exp 90)

ar vem (ngemmal nesve) as well as by mamputation of the external audrtory canal
(tnervated by the gl Y Laerve) O ty similar but v eaker and short
lasting sabition could be ehcited by mechanical stimulation of the nostals

Discussion
N Reflex extutalion of the uterus

1 R dtal stunulation The findings of Ferguson {1941 on refiex excrauon of the uterus
by mechamical sumulation of the rectum has been confirmed and also the <pinal
medsation of the reflex (Lross 1928 ) Since high spinal transecton does not abobsh
the responses (Cross 1908) the reflex does not require the parbaipation of supraspinal
sttuctures The spnal reflex arc cor tans both a somatie and a visceral kmb In the
Present invesugation, curanzatan of the anumal abolished the abdonunal contractions
but not the utenne vesponse

Lterine contractions chiited refiexly from pelvic viscera are belisved 1o plav an
mportant role in labour {(Cross 1938) The sumulus may be movements of the foctus
or diatanon of the lower ufenine segment cenix and vaena dunng passase of the
fortus The effect of enema 1n obstetn s 10 mduce labour may parth be duc to reflex
fluice on the uterus from the rectum

2 Stimulation of somatsc nerves eliats & p-flex utenine Tesponse throush the sympathuco-
adrenal system Most Iikely thus reflex s produced by stimulation of pan fbres An m
creded adrenal medultary ducharge as presiousts been found aftes such snmulanen
{Cannon and Rapport 1921 Euler and Folkow 1953

3 Va,al nerre stimulation The utermne responsse to stnulatton of the penpheral end of
th €yt vagus resepibles the utenre response o admunistration of adrenal ne Since 1t
€21 be ehated after adrenalectomy the respotse cannot be cawsed by direct ach aton
of the adrenal medulla Most likely 1t 13 dus 10 actvat on of the svinpathetic arovous
system by the blood pressure deerease acting o the baroreceptors In favour of ths
View stand the fndings of Gernande Liliesteand and Zotterman 191> ho recorded
increassd gpike acu v 11 the splanchnic nene duning low blood pressure

The exentatory nfluence on thr uterus of the stimulation of the e af end of the cut
¥agus confirms the olwenation of halian more than a century aza 1831 [t was also
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confirmed that such stimulation produces an increased blood pressure (Neuman 1914
Cragg and Evans 1960) These observations point 10 an actvation of the sympathico~
adrenal system which 13 1n agreement wath other responses to central vagal shmutation
such as increased discharge from the adrenal medulla (Cannon and Rapport 1921
Houssay and Molinells 1927) and gastric relaxation (Cragg and Fvans 1960)

It has been suggested that the pressor response after stumulation of the central cut
cnd of the vagus 13 dur 10 a reflex release of post prtutary bormones {Chang ot of
1938) In the present study neither the pressor nor the uterne responses were abolshed
after removal of the hypothalamus Sumilar results have been obtained by Taylor and
Page (1952) with respect to the pressor response in the dog The hypothalamus is there
fore not cssential for mediation of the response The afferent smpulses most probably
exate structures in the brain stem activanung the sympathetic nervous system and there
by the uterus

4 Asphyxia results in a utenne response charactersstic of the actisation of the sym
pathico-adrenal system Induction of utenne c by asphyxa { of
respiratory movements) was already observed by Spregelberg (1864) and Schlesinger
(1873) By with resp of vanous hetie effector organs and by
measuning the adrenal medullary output asphyxa has been determned to be the most
powerful physiologieal  stimulus of the sympathico-adrenal system (for ref see Cr
lander 1954)

5 Clamping of both carofid arteries was found to nduce utenine contractions Here
again the mechanism 15 probably an actnation of the sympathico adrenal system by
means of the baroreceptors responding to the blood pressure fall and the chemoreceptors
to the reduce blood supply Carotid occluston has previously been shown to induce
sympathetic responses from other effcctor organs such as the nictttating membrane
the spleen and the intestines {Celander 19534 hock 1959)

The findings reported here have demonstrated that activation of the uterus may be
clicsted by pam asphyxia and disturbance of the carotid blood flow Thus should he
taken nto account in experiments on the uterus in the intact ammal Whether this
mechanism 1 activated duning labour pain cannot be answered 2t our present state of

knowledge
sum
1

The effects of hypogastric nerve section and of adrenalectomy suggest that the
d

ulation of the uterus 13 medsated through both P of the
svstem Because of the variability of the response 1t has not been possible to perform
a guantitative esimation of the relative role played by each of these two routes Sym
pathetic sumulation of blood vessels the michitaung membrane and the splecn has
been found to be mainly due to sumulation through its nervous supply The adrenal
medullary discharge 1s postulated to play an accessory role onty (Ctlander 1054, Or
the other hand the reflexly induced inhibstion of intestinal motility has been found to
be p 1y dependent on the 1 (hock 1953)

B Reflex thibution of the uterus
15 assumed that the aortic or depressor nerve onginates

1 Depressor perve shmulation It
frora the a0rta and the subclavian artery (Tello 1924 “onidez 1935) although the pos-
sibility thap st containg 1 addstion fibres from other thoracic structuses has been

discrssed {Douglas Rutchie and chaumann 1936) In rabbuts electrical stimulatiun

heress m cat PrEstor TESPONICY Were
thenerve produord deprestor respormes only wi
:flm cherted at certain antensities (Douglas and Schaumann 19,6}
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The present observation that the uterus can be inhibited by depressor nerve stimula
tion adds another example to the rather widespread wbibitory mfluence exerted by
thes nenve on blood pressure resprratton musculac tone and the knee jerk (FHevmans
and Netl 1938)

‘The uterine mhibition obtamed by sumulation of the depressor nerve cannot be dur
solely to the concomtant fall in blood pressure because occlusion of the abdommal
aorta for a hmmted period or sumulation of the peripheral end of the cut varus nene
does not similarly reduce the rhvthmic actiity

It has not been possible to mnhibst the uterus by sumulation of its peripheral nervous
supply Hov ever that the uterus i st 1s expased to inhubrtory mtluences was obsersed
several times after deepening the anesthesia This increased the rhythmtc achvity 1
dicatine a release of mhibition (Seteklen 1964 a) The anesthetics per s~ had only 2
depressine action on the myometnium

The vasomotor effects of depressor ners ¢ snmulation has ¢ been found to be medrated
by a medullary pathway most hkely by actnation of the inlubttory reticulo-spinal
system (Hevmans and Ned 1958) Ccmmlly induced vasodilatation may be caused
two ways either by the pinal system first d bed by Ehasson
¢tal {1921) or by lowenng of the svmpathetic fone on the vessels {Folkow Johans-
son and Oberg 1959) Since the response was found to be mediated through adrenergic
nenves 1t s probable that the inhibition of the uterine motility 15 produced by the latter
mechansm

2 Other cramial pertes The present ims estization sugeests that a reflex inhibitory 1n
fluence on the uterus can be ehcited by stimulation of other cramal nenves such as the
mgcmmal and the glossapharyngeal nerves Reflex abibition of skeleial muscles to

Lation of oliactory 3 and gl yngeal nerves bas been descnibed by
Mltn {1929) Frankenhaeuser and Lundervold {1949) and Andersen 1923) These
reflexes posubly participate in an arrest reaction to noxtous sumulier 2 plavin, dead
reacuon

Inimesbigation with estrogemized rabbit one 18 at first struck by the strong autonomy
of the myogentc chvthmic contractions However the present invesugation has shown
that this myo~ensc activity can be influenced by a number of reflexes cxatatory as
 ell asanhubnion Furthermore the sympathetic nen ous system seems to exert a tonuc
wfluence upon the uterus i situ Since this influence 13 susceptible to anesthesia 1t 15

Bikely that the ner ous control of the uterus 1s more promunent 1a the absence of westhe
ua
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Utermne Motility of the Estrogenmized Rabbit

V R to Bram 1
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Jomaxwes SerERten

Rece ved 16 March 1964

Abstract

Setekle v J Lien ot [ty of the estro ent ed rabbit ¥ Response to brawn stumulation Acta phys of

scand 1964 67 313—377 — Utenne contractions were ehated by electrical sumulation of
poimts located i the Jateral part of the medulla oblongasa whereas inhub tory responses we ¢
snduced from the mudlme medullary regon Cercbellar sumulation determined an mbab von
of the rhythmic utenine actmty followed by a rebound cffect, on eessation of the stmulation

From the hypothalamus three d flerent esponses were obtamed () excitatory effects from
the perdormeal the dorsal lateral and posterior hypothalam ¢ areas due to sympathetic ac

nVaton (1) ute e exc tation by oxywocin berauen induced from the ventromed.al part of
th bypothalamss and (m) anb bition of the utenne shythmic actvwy by sumulation of a
restncted regon n the fatesal hypothalamic 2 ca. Excitatory responses were also evoked from
the amygdala from sensonmotor cortex, and the antenor hmbic regon Inh bitory uterme

!t!rracmes 1 ere produced [ om the two cortical areas Just mentioned as well as from the o bital
surface

Influence of cerebra! siructures on the uterme motility was first reported by Budge
(8411« ho observed movements of the uterus after stioulaton of the cerebellum and
the medulla oblongatz These findings were confirmed by Railian (1848) Spiegelberg
18,8} and horner (1865
A new era regarding the influcnce of brain sumulation eon the uterus was opered by
the v estigation af Hateruss and. Eergusan, (L938) wha abtained. uteties cantaastiaes
due to Iiberation of oxytocin as a result of sumulanng the nfundibular stalk of the
hvpophyss in the post partum rabbit These findings were later confirmed by Harns
{1947} Kurowsu et al 11952) reported that sumulation of vanous regions of the hvpo-
thalamus could induce utenne contractions Cross (1908) found that the utenne re
$ponses to hvpothalamic stimulation were either medsated through the sympathetic
nenous system or by ox tocm secretion and determined the hypothalamie areas con
cerned 1n these responses
With regard to telencephalic structures Inguilla and Principe (1930) obtarned utenine
i cats by of the gvrus In dogs and rabbits hotke




314 JOMANNES SETEY LER

Fig 1 A Decrease i bl od
pressure and mPibinn of
utermne rhythmse  actinsty
£ Nowed by a rebound effect
. by e cncal sumulauon of
the errebellum (4% 0 cps
1mset) B Blud pressor
Tespomse and uterine con
e Bractizg [ e by 741
ton of tre rhvthmc con
traction Ytamed by sumu
fatn S (Ve lateral part of
medula oblingata whereas
a fall 11 bl pressure and
At o/ 4 mbateu n ofutenn actisity
_— was produced by smula
—=———————— tmnerthemdhn 15}
Z:TV Meps | morc) Lateney of
ﬁ?ﬁ exatatory respon.e 3 see of
4 nhatatsry reepenses 1 sec
w7 TExp 77

zams. Yamadaand Lswr 1994 ehiared sinular responses by stimulation of the amy w92
loid complex and Beyer Angwano and Mena 1961 desenbed uterme contractions
12 c2ts by sumulaton of the anterior cuulate Zyrus
In the present imecigauon the bramn of the estrogenized rabbst has been explored
b electrical sumulation with the purpose of localizing the various regions capahle of
wfluencairg thr uterus In addinm 1o eratatory sesponses desrnbed by previous in
et ors waub o the thvthnue utenn~ actvity was also demonstrated

Material and methods

The resu.s are based on data gamned from 41 rabuits (24—33 kg b w  The smmals were
s od and teated witt 0 m d s sulbes sl 101 per ot evens second das Dr ar Jeast

o w
The oferat © pricediacs and the cordieg techn gues were he sam a3 reporied elewbere St

Hea 19wt

Lnrth sz Th amm.s were anesibeuzed with 40 me kg chimalne (1 per cent and AKX
mg kg urethane 25 prr comt Etter 1 sriall dses f pent bark aal sad om  Newrbutal
Abbott were £33 15 22din m duning the peravse pracedure of pecessany Sprpal ancibesi
smm buzaton by succmvchrlin (Curasit” N o 2nd 2rtfirnal ropirat o were carmed
out 25 deribed previsly Seicklen 19,82

Eletrice] comulatur f the bram After crar otomy (+ ervebral and cercbellar arfuces wet
smulated thiouh baprlar elertrdes w th a dis.ance £ abr ut I— 2 mm brtweer tps Jasot
zoam s e eve was enaclested 1w order turcach tb rbual surfa # of the hemupt 1 Lucling
of the crrebral cortex was prevented by bivh room temperature and by ¢ sering Jbr swise
with warsn mmerz] if which bad 5t the s2r1 e 3 bepefral off M agana drong o
cerebral suructures were stmulssed tirough b far slertrodes 07 mom tr 'k nsolared except
$ronemmat thetp The beaf was fized 10 a Honle-Clarke frar and the electrid  meat
orormiing 10 the coordimates publisbed tn Sawyer Fveret and Green 190+ w

Sryuare prulvas of | s durann and ax froquencas { am 1 ¢ U1 ops wer empl cdo en
ot srated otherwne 3 frequency of D epswasusd. TH v teasty vaned from 1t olis
02 mAl . Yol A

scod pomtnve responss /m st nulsuon wer markes) elertre)

the yermimation of the apz:nmx the bean was remoied fixed @ 10 per oot [;x;mdfﬂl“:’:
Toe clecty o3 placeren.s rmufird 0 taonse-stained secum 20 4 thick. evens 00

stamedy Tnteriemng serons were srudied when recomars
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Fig 2 Sympathetic uterne respomse to 9
stimulation of the penforn cal area of by 3
pothalamus (2 \ 50cps 1 msec) Latency ©

3 sec (Exp 150) s 2

S

or

Results

Medulla oblongata In five antmals electneal shmulation of the lateral parts of the ex
posed dorsal surfuce of the medulfa oblongata ehicited a uterme response consisting of
a contraction followed by inhubition of the rhythoic actvity a pattern which 1s charac
tenstic of sympathetic activation (Fig 1 B) The latency was 2—4 sec sugoestng direct
nenous actination of the uterus (Setekleny 1964 b} The responses were elcted at rela
el low stumulus mtensines (1—2 V) and optimal effects were obtamed at a frequency
of about 50 cps There was a concomttant nise 1 blood pressure dunng sumulation

Stumulation of the medial portion of the floor of the fourth entncle resulted 1n an
mhibition of the rhythaue actvaty (Fig 1 C) The latency of the responsc + as about
13 3ec and the mhubition could be mamtaned 1—3 min by prolonged sumulation
Escape then occurred despite unmtesrupted sumulation The effect was abolished by
sectioning the hypogastnc nienve The utenne mhuibiton was associated wath a fall i
blood pressure a decreased muscular tone 1 the lunb muscles and inhibion of the
knee yerk

Cerebellum Stimulation of the lobus medsus med and thel d;
of the cerebellum produced 1n four rabbuts an inhibition of the rhythmic utenne con
tractions lasting {rom one to three minutes followed by a rebound effect (Fig 1 %)

Hypothal was Jated in 25 anumals Three different tvpes

e
of responses were obtained
() An minal contraction followed by mhibition of the rhythmic utennc actnaty
(Fig 2) This 1s the utenine response tvpical for sympatheuc actnation The latency
measured 2—-5 sec indicatng that 1t 1s mediated directly by a nervous pathway Fol
towing secuon of the hvpogastnc nenes the latency imereased to about [0—15 sec
and the utenne responsc was smaller When 10 add uon the adrenal glands were re
moved the uterine response to hypothalamic stmulation was abolished
Concomutantly +1th the utenne response there was a nse 1n blood pressure + idening

of the patpcbral fissure of the membrane and pupilary dilata
von

At just abor e threshold sumulatson (0 5—1 V) the most sensitiwe pownts  ere focalized
mn the penformical the dorsal lateral and postenor areas of the hypothalamus (Fig 3)
Higher smulation ntensities elionted utenne responses from mast electrode placements

1) Anmual contracton follot ed by several contractions of the same or somey hat
smaller amplitude The latency vaned from 15 to 23 sex and no inhibitory penod ¢ ©
the rhythmc actisity was scen i this type of response which had a smular pattern <
the utenne response 101 v admtmistraton of ox tocn Fi= 41 In the estrogentze
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Fig 3 Dugeam of frontal stctions through the rabbu s hypothatamus (afier Sawyer ot 2l
3954 with stimulat on points yselding cxertatory (4} whibitory (W) and no (@) responses
Large svmbols indicate the ponts of | west atenwties of sumulaion 1 ¢ Jowest threshold

Abbreviauions

AT Aaterot cammisstee — AN N ante omeduain — ARC N pernventrrculans arqustus —
AV N anmieyosentrals — € N candates — (L Corpus callosum — O\ Lentrym meda
fum — DHA Doral Lhypothatamic area — DA N dorsomedsals — DAV N dorsomedh
als hypothatame — EC External capsufe — Ff F mbs 2 of fornit ~ P\ Formx ~ GP Pal
Ldum ~— HPCG H ppocampus — HT Habenulo nterpeduncular trare — (€ Intemal
capsule -— LA N latexads antenor — LHA Lateral hypothalamic area ~ LP N Iatershs
posterior — LPO Lateral preopuc area —~ M Ma st mtermedia — MG Nedial gen culaie
body ~ ML N marmemulans taterals ~- \DI N mammliars med ah — MPO \tedu?
preoptic area —~ MT Mammillo thalamic tract —~ \C N central s ~ OCH Opt ¢ chis ma
T OT Opuc tract — FED Pass pedunculi — PHA Postenor hypothalami area —~
PAIA Premamm llary area — PUT Futamen — PV N paraventnculans ~ RET N re

ticwlans — SCH N cur —~ SVEA fary area — SN Substantia
migra_— SO N supravy — SOD A a5 diffusus — SP Septum peliucdum
T STH Subthalamus — % 4 N\ sventrals antenio pany — VEN Ventrucle — VLN ven

teaks lateral part — ANH N ventromediahs bypothalamy ~— LML N entral medaliary
A ATL N ventropostero- Laterabs — A PM X veatro-postero-medishs
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Fig 4 Ovytocn response tohy

3
pothalam ¢ stmulation  Latency ¢
%0 sec The response conssts of
several uterine contract ons and

has & sumlar pattern a3 tt ¢ utenine
response to 1v injectson of p tocn
Adrenaline geen 1 v produces 2

d flerent sesponse ‘The electrade

track and the sumulated po nt m MI‘M
Qucted o the vaset Seum Srom J k M
the ser al section {Exp 40) LJLJLA sl P

o 1E pocy

S

ar 8
TR
Fg 5 Inhibit on of uterme rhyth =g

m'c actnity by electrical sumula s
tion of the fateral hypothalamic
area just beneath the anterior com .
mssure 7 mm lateral to the md ‘E <

;

Tne (5% 50cps 1msec) (B) Stm
ulation 2 mm above (A) and 2 mm
below this po nt (C) el cited uter ne 20
contractions (Exp 23)

rabbit it was difficult to obtam typacal oxytocin responses because the sympathenc
responses tended to dorminate In one rabbit stimulated 8 hours afler parturttion the
oxvtocin response was more easﬂy recogmzed (Fxg 4) The effects were obtained by
it m the chal part of hy in the vicimty of the para

ventneutar and nucler and the sup 1 tract

() Tohibion of the rhythmie yterne activity was ‘obtamed n three rabbuts by
sumulauon of potnts localized 1 the lageral hypothalamsc or Lazcral prenpnc area
Fig 5showsthe abrupt of the uterine response when th v aslow ered
through the h hal: Theloa ble for were located about 2 mm
lateral o the mudl ne just belov the postentor border of the anterior commussure

tmygdata The amygdalord complex 13 a third remon of the bram whichi 1w hno 0 to
influence a number of autonomic actnatics In all 11 rabbsts sumulated a this region
an increase of utenine contractions ensued The responsies were wslly weak T
was a concomytant rise in blood pressure and nhiby e unal @otility
corded by a balloon in the rectum) indicating a gy scwrnwn (Flg 6)
latency of the uterine response measured from Rt 8 MeYous
at least for the 1nitial part of the effect The oull not
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urERYS
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:’o,{\_l L wk,_ <
lbtcrw ;
AAOA A A ?}?’Z/
4 NLATERALS
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Fig 6 Excitatory utesme response to amygdaloid stmulation (s \ 50 ¢

ps 1 mscc) Thelatency
(7 sec) and the concomitant mhihitory effect on reetal res; nse indicate sympathet; !
Rught Localwation of the point sumulated (Lvp 38 P ympathetic actnatos

Fig 7 Frontal scction through the amygdala 1n rabluts indicaung points y elding ex itatory
uterine responses (A) to electrical stmulation (@) Mo response

any particular subdivision of the amygdaloid complex although most of them were
found 1n 1ts central and media) poruon (Fig 7)

The cerebral cortex The cortex of the cerebral hemispheres including most of 1ts medial
and ventral aspects was explored n 21 rablits Both excitatory and mhibitory utenne
responses were obtaned The cortical sumulation points yielding excitatory responses
were grouped 1n the sensonmotor cortex I as outlined by Woolsey (1928) (Dig 8 A)
and the anterior hmbic region (Fig 8 B) Inhibuory effects were induced from these
regions as well as from the orbital gyrus (Fi, 8 C; The responsive cortical areas are
outhined n the summary diagram of Fig 9

The effects of cortical simulatuon were weak compared with the uterine reaction to
hvpothal 1 The ppeared under light hesia only and

were also obtainable solely 1 amimals 1n good condition The latency of the respon.e
varted from 5 to 25 sec The vamability and the mconstancy of the responses made it
difficult to d the penpheral paih m section Hos ever the
atubition of the mtestinal motihty which occurred simulianously suggests 1hat the
UterIne Fesg were due to trvation (Fig 8 A Al of mtestinal
motihity were found to be a more sensitive indicator of sympathetic activation than was
the utenne motility The tatestinal and blood pressure responses to cerebral sumulanon
will be dealt with in a separate commumcation (Seteklev 1964 ¢)

The genunencss of the cortical response was demonsizated by the abohon of the
response by local application of lidocame (Aylocam’™> Astra) 2 per cent to the cerebrat
cortex Curarizaton did pot ifluence the uterine response to cortical sumulatson 11
dicating that 1t1s not secondary to of Y ts or to con
(ractrons of the abdominal muscles
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A
buux :
ST
53
wrons
o
iy
Fol v \\__m\A/L,JL
STM
Fg 8 1 Exawiory utenne tesponse B o U
to electric | stumulation {5 % 50 ¢ps 4
} mace) of the sensonmotor co texand ,  pmph Jr—\
the concomutant inhibition of the rec of
wum (Exp 38) B Exafatory utenne ™ ——s
responise fo electrical stupulanon (41 My
50¢cps 1 msec) of pregenual portion
of the antenor limbic region and 10 se

hibutory respons 1o sumulanon of the
subcallosal cortex (same sun  para
meters) (Exp 15) € Decrease m blood 20, VRS
P essure and nkubton of the utenne 7>
rthythmuc acty ty by electrical st mula Qo ! ! s & 5
ton (4 50 cps 1 msec)of thearbital 2

o

3

surf ce of the { ontal jobe (Exp 147}

Fr 9 Regons of the lateral (\) and medial (B aspects of the rabbit  hemusphere from

which exatat ry { ) (vertical hatchung) and nfub tory t

uterine responses thon ontal
hatching were nduced by electnes] sumulation

Discussion
The present i\ estigation has shown that the rabbir uterus can be influenced by cere
bral sumulation in three wavs (1) exaitatin due to sympathetic actt anon {1 ) €x
etation caused by oxvtoctn secretion and ant inhubsuon of the rhythmie actnany
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(1) The sympathetic exciiatory response 1s simular (o the effects on the uterus of hvpo
gastric nenve stmulation or s v ad of ad and norad (Sete
Klery 1964b) Itss most readily elicited from the lateral parts of the medulla oblongata
and the hypothalamus This medulfary localization appears to comeide with those
regions from which other facilitatory responses have been elicited such as blood pres
sure mereases (Aleander 1946) facilitation of cortically and reflexly evoked move
ments (Magoun and Rhines 1946) and conteaction of the unmary bladder (huru
Kurat and hoyama 1959}

T‘he hypott regions d by threshold as most effective 1n
uterine resp 4 well with the findings of Cross
{1958) The location of the resp sites also ponds well with the hypothal:
regions from which other h and t 1 responses have been
produced by electnical sumulauon (Ranson and Magoun 1939 Hess 1954)
The excitatory utenne resp produced by \¢ of the dalord nuclear

complex were weak compared to those clicited from the hypothalamus The latency
and the concomitant inhibition of the testinal motility suggest a sympathetic activa

tion Sumulation of the amygdalaid complex has been shown to produce a number of
camplex beh: 1 as well as effects (for sec Ursin and kaada
1960) More recently another pelvic organ the unnary bladder has been shown to
be 1nff { by dalod 1 (Gyone 1964}

There are only few studies on the cerebral mfluence on autonomic activities 1n the
rabbit whereas a large number of such studies have been carried out i cats dogs and
monkeys (¢f haada 1961) The cercbral cortex 1n the rabhit represents a lower level
of evolution compared to that of the cat The preent study has demonstrated that
uterine through h can be evoked by stimulation of
the sensorimotor cortex and the anterior hmbic region These observations are tn agree
ment with those of Ingulla and Prineipe (19.0) and Beyer ez al (1961) 1n cats How
ever the latter authors interpreted the respon ¢ to be due to oxytocin secretion

The i fi of this i of the uterine motlity
induced by bram 18 unk Some however may b drawn
from the fact that st 15 hmited to the periods when the uterus exhibsts rhythmic actwity
2 ¢ when 1t carries on its functions of transport of sperma from vagina to the tubes or
expulsion of the utenne content durmg partus Activation of the sympathetc nerous
system during sexual excitement may play a role in the former and the association with

labour pam i the latt ¢
{51 The excitatary otocun restonse The hypothalamic regions capable of influencing
the oxytocmn secretion have been studied by Cross (1958) using the milk ¢jection 1n

lactating amimals as an mdicator In mappung, of hypothalamic regtons gwving the oxy
100 Tesponse alteration in wtetne raotility 1n the estrogenized rabbit seems to be less
suitable because the patk resp tend to di Cross (1958} found 2
constderable overlapping between the hypothalamic regions from which discharge of
oxytooin was evoked and those from which sympatheuc responses were clicsted He also
ctivation mhibited the uterine and mammary (espomses &
n of milk

found that sympathelic a
ovytorsn a phenomenon which he correlated with the emational inhibstio

ejection 1n the unanesthetized anmmal (Cross 195) ot
(m) Ta the present study an inksbttion of the rhythmuc utenine monlity has Io( ou

knowledse been demonstrated for the first ime by mean of central nervous suTuLAax“ "

The regions found to e oke such effects appear to carrespond to those previoust b



UTERINE MOTILITY % 321

10 exert mhibition on other autonomic activities ¢ ¢ the midhine structures of medulla
oblongata (Alexander 1946 Ruru etal 1959) lobus medius medianus and lobus
of the b (Moruzz: 1940 Zanchettt and Zaccohm 1904
Sawyer Hillard and Ban 1961) the hypothalamus (Folkow Johansson and Oberg
1959) and three regons m the cerebral cortex (haada 1931 1961) located m the
orbatal surface the antenor mbic regron and the sensonmotor cortex
Alexander {1946) demonstrated that the medulla oblongata exeris a tomie mfuence
on structures recewving sympathetic imnenation This tope can be hibited but 1t
15 not known where the mhibition takes place In cats Folkow ef af (1939) observed
depressor responses following sumulation of 2 restnicted aiea just behund 2nd beloy

the anterior These were unaffected by atropine ad but were
blocked by dihyd i that the mech lying the depres-
sor response 1s 2 red n h tone They d that this area

an hypothalaguc relay statwon for ¢ hibitory path: to sub 4 sym

pattetic structures It seems likely that excitauon of the same pathways is responsible
for the utenne response

With regard to cerebral mhib on the uterus an indirect evid this phenom
enon 1 as brought nearly 50 years sgo by Barbour and Copenhaver (1916} who
found that cooling of the cercbral cortex and the basal gangha mereased the utenne
thythmie activaty

The uterine mhubition produced by cerebral sumulation 1s relatively short lasting
sugaesting that the extent of nervous domuance on the myoveruc rhythmic utenne ac
ity 1s fairly imated  at least in the aresthetized arumal In spite of this the cescbral
mhibtory 1nfluence may well play a role 1 uterme physiology exther by mfluencing
the utenne motluty directly or by withdrawal of the sympathetic inhubitory influence
on oxytocin secretion

Although the uterus 1s capable of exerting several of its functions 1n complete i
dependence from the nervous system the present study has shown that the utenine
motdity can be influenced from the same regions of the central nervows svstem which
are known to influence other autononuc activities and which may also exert an mtegra
tive action on somatic behavioural and emotional activities Therefore the uterus does
not possess a unique position compared with other autonomuc organs i this respect

The research reported 0 th1s communication has beent sponso ed 1 part by the Aw Force
Office of Sc entufic Rescarch OAR through the European Office. Aerospace Research Lmited

States Air Force (Grant AF EOAR 67 36} and n part by the Norwegian Rescarch Councit
for Sc ence and Human tes
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Der Effekt plethysmografischer
Fullungsdrucke bis 20 cm H,O auf die lokale
Extremitatendurchblutung
\en
Kravs Grar und Suse Rosewt

Ewngegangen am 19 \arz 1964

Abstract

Graf f and S Rovell D r EF &t plethysmog fis her F lu ysd uche 115 20 cm H O auf dhe lokale
Ext en totend rehblutun, Acta phywiol scand 1964 67 393—33> — The local curculatory
effects of the pressure 11 fexible air filled seg nental plethysmographs appl ed to the human
fo carm and the fund leg of the cat were investigated The rate of artenal inflo v was m asu ed
th by means of a plethysmograph and by esther thermal conducuv tv recorders o a drop
zecorder The forearm blood volume ¢ pacity was measured Pressu esmn th pl thysmograph
less than 2 em H O d d not affect the airculatio In th frearm pressu es i the plethysmo-
graph of 10 and 20 cm H Ocaus d p rtial venous occlusion and thereby redu ed the local vas-
cu!zr far capacity by about 10—15 and 30—35 per cent espect ely Raising the plethvsmograph
essure from 2 to 10 em H O did not mnfluer ce the arterial nfloy rate o produ ed 2 ) ght
ncrqsc However afier decp forearm nenve blockade a decrease of artenal inflow  ate was
prod ced At pressur 5 n the plethy mograph h gher than 10 -1 m H O a reduct on of the
astenal nflow n the forearm wsuathy eerurred and  as probably fnore p onounced i the ves-
scls of the sk than these of the deeper s ues The I>cal effe 15 on artenal nflo  of plethvsmo-
graph filling pres ures h gher than 5 cm H O mav thercfore onsist of  simultancous tendency

10 techan cal obstry t i of outfiow { pass ¢ <o npencat) snd 3 cous teract ng vasodiita
1on of the resstance sessels ( whe

4
Y thinace tansange £ the increasing bl ne pressu

or

Luft oder fe Pleth o

dic am zur Nes
sung der menschhichen Extremuatendurchblutune ver andt werden arbeiten gewohn
llrh mat Fullungsdrucken bis zu ca ZD em H © (15 mm Hg und uben folel ch e nea

oder ety as

aufdie € efass des plethvimon afi
eCisser wddady chyermmdert
¢ und Dure

xrhrn by aus Der Druckd

%33 ber passin-elastischen Gefassy erhalten zu Gef
abnabime im plethysmogral'schen \Messbereich fubren musste
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Hingegen fand Walace (1958) mut wass rgefullten Pleth fen am Unteran
dass hydrostatische Druckbelastung bus zu 16 cm H,0 noch 20 gar kemer und wertere
Druckbelastung bis 7u 26 em H,O nur 2u emer genngen Durchblutungsverminderung
von 0026 mi/100 m! wun per 1 em Druckerhohung fuhrte Wallace {1958) nahm
daher an  thar there may be some compensation 1n the eirculattan for the probable
slight reduction in perfusion pressure  Ahnliche Ergebnisse hatten Halpenin #f of
(1948) und Hyman ¢t al (1963) gefunden

Tonserte Widerstandsgefasse kénnen wie gut bekannt ist, auf Vernunderung des
transmuralen Druckes mit Tonusabnahme reagieren wodusch thr Ralber gleich
bleiben oder ber itbersch der T sogar auch L kann {cf
Folkow 1962) 5o sahen Langendorf et al (1955) un den Schwimmhautgefassen des
Frosches ber Erhohung des Aussendruckes auf 10 ecm H,O eme Kapillarerwerterung
um 24° und damit verbunden enen lokalen Durchblutungsansticg  Glercharkige
Durchb k n wurden an den E von Mensch und hatze gefun
den (Tolkow 1949 Golenhofen und Hildebrandt 1957 2 und b westere Literatur 1n

Duskussion ) Daher Jag die Annahme nahe — und wurde 1n diesen Untersuchungen
bestatigt — dass auch die ublichen pleth: Tull di bs20ecm B O

halichen Dutch k fuhren konnten Die genauere henntms solcher

2u

Beewnflussungen von Grosse und lich auch R der lokalen D:

durch das plethysmografische Messverfahren selbst 1st aber fur die Bewertung okklu
| Durchbh von erh Bed

nspl

Methodik

MEssUNGEN At UNTERARM
Die Versuche erfolgten nach e ner imtialen Ruhepeniode von nundestens 30 m o an 28 ruhig
licgenden gesund a Personen (Srudenten) Storungen durch die Umgcbung od  unbegueme
Lagerung wur Jen sorgfalug vermieden Zimmertemperatur 23 G

Durchblutungsmessungen mit venoser fie erfolgten am len Teil des
rechten Unterarmes mit 5 ¢m langen Jufigefullten flexiblen Segm ntplett ysmografen nach
Doha (Einzelhesters ber Graf und Westersten 1959) Der Unterarm war i cwner Hohe von ca
5 cm uber dem Niveau des Manubnum sternt gelagert Die Staumanschette am Oberarm sass
unmyttelbar oberhalb des Ellenbogens 1—2 cm d stal vom Plethysmografen war sine Man
schette zur Blockade des venosen Ruck A et wahrend der D L
messungen angebracht Die beiden Olklus onsmanschetten wurden entweder syncheon avf’
gletchen Druck van ment 70 mm Hg gofullt oder die distale Manschett wurde berens 1 min
vor Beginn der pleth afischen D auf 70—100 mm Hg aufye
blasen (Graf 196+ 2)

es 21 Pessonen erfolgten die Messungen mit zwer der je 5 cm langen Segmentplethysmo-

fon Dhese waren am p erl des htaterer 1aader ange
Bracht und parallel gekoppelt was die Lange des plethysmografischen Messbereiches au 18 ey
verdovpelte Wurde 1n diesen Versuchen nur mit einem Plet} ysmografen gemessen (Tab I1)
dann mut dem dutalen 32 em dhstal vor dies m befund sich die d stale Qkklugionaman

chette
* Azufjcder Tullungsdruckstufe wurden 1 —2 min nach Anderung des Fullungsdruckes plethys
~8 Durchblutungswerte regutnert
ki e e it I%! sport ahlmessern (WTM) nach Hensel erfolgten — bet
konstantem distalen Okklusionsdruck von 70 bis 100 mm Hg fl ber lﬂ(g’emzon}v,n l{) ¢ W'X;ﬁrf
fischen Messbeseich am Unt rarm plaz ert (bet intereman
w\ndfn l"»n glfe"lhy:mcg“ fe c:m:r demyg Der Muskel WTM (Sonde) wurde vom

b;
% hrag 11 dee Bract 1oradiahs Fstensorenmuyskulatus
Rand des Plethysmografen aus schieag i du ey

prouralen
emgefuhrt @ r Haut-WTM (Platte) uoter die mnere I amellc des PI thys

cg sztcrung wor identisch mut der schematischen Datstellun be1 Cral 2)
Die Plazierung i h mat der schematischen D: ung in T1g 1 ber Cral (3964

The WTM Messungen erfolgten nicht
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essangen  Naheres 2us und von %
bes Golenhofen &t | (1963)

Der Haut WTA ver-eichnete ber ste genden Fullungsdrucken stets erhebl che Zunahmen
der Warmcle tzahlwerte (ber Fullungsdrucken von 4 em HO  + 14{>—93) be1 Fullungs
drucken von 10 em H G 4 32(5~50) ¢  ber Fullungsdrucken von 15 em HO + 40
(8—68) Muttelwerte und Bere che von Messungen bei 8 Personen . der ber Fullungs
druck Null gemessenen m ttleven Ausgangswerte) D ese Vwerte konnen h ngegen miche alle n
auf d e Hawdurchblutung bezogen werden we | der unter dem Segmentplethysmografen he
gende Haut WTM mut stergendem Fullungsdruck smmer starker der Hau angepresst wurde
+ as den Abstand zwischen Messort und Gefassen und die W sbed.
gungen verbessern konnte {Graf und Rosell 1958)

Mercenbl ckade Be 7 Personen wurde die Us rut 2 1
ten Segmentplethysmografen) gemessen vor sowie 30 mun na h temporarer Blockade der Nn
radiabs ulnans und medianus { deep forearm nerves ) am Oberarm Dhe Blockade erfolgte
durch intra und permervale Injektion von Carbocam® 1 (Bofors) nach der Techn k von
Barcroft und Swan (1923} Das hntenum au reichender Nervenblockade war eme nach
1530 mun praktisch komplette und dann etwa 60 m n anhaltende motonsche Unterarmlah

mung

Der Full ngsdruck der Segmentplethysmografen wurde zwischen 0 und 20 cm H O van ert
und & mit e nem Ana (Duameter 1 cm Skalen
wurde stets erst

unterte lung 2 mm H O) kontrolhert it den Durch
12 mm nach Anderungen des Fullungsdruckes begongen

Regut 1erun n Plethysmogramm und Druck n der Okllusionsmanschette am Oberarm
wurden m ¢ e nem 4 Ranal D rehtschresber (M ngograf plus_Elektromanometes 42 Lineare
Schreibbreite fur jeden hanal 6—8 em Elema Stockholm Solna) remsinert Die Warme
transportzablr gistnerungen erfolgten aul e nem 2 Rana! Dir hischretber (Fluvograph Hare
mann & B aun Frankfun) Regsterbesp elen Fig 1 und 6

MEsstnex AN pER HINTEREXTREMITAT Dar RaT2E
Be 3 Rawen wurdede A femoralss dx sm unteren Dnttel des Oberschenkels [ g ert und dic

ttenelle D 2um Unterschenk | durch emen en Tt gele
tet der enen Ordinatenschre ber steuerte Der arter elle Einst om 1n den rechten Unters hen
klwu d n tenem 5 cm langen huftg fullten Dokt chen Segmentplethysmografen gemessen
d ¢ die Wade 1n threr gesamte 1 Lange umschloss (f Grafund Rosell 1968 Fg 1) Em cm
distal vom Flethysmografen war die Durchblutune du ch eme Lig tur unterbunden Das % o-
tume 1 des plethysmografischien Messbere ches betrug m Durchschmtt 20 ml de Bere ch fur
d e Messung des arteniellen Eanst omes mit dem Tropfenzahler war um ca 32(25—$0)
grosser Die Ok ur Dy erBolgten 10 Ober
schenkelmuse 3-—5 cm prox mal vom Abgang der zum Tropfenzahler fubrenden Femo alis-
kanule Der Druck n der A carous lag zwischen 160 und 100 mm Hg Plethysmogramm
und Okklus onsdruck wurden mut derselben Apparatu wic am Unterarm regstnert (Regt
Suebespele n Fg 6F) Alle weit ren methodischen Daten d ese Versuche sind sden

tisch ut den be Graf und Rosell {1964) beschriebenen

Der plethysmografische Fullungsdruck wurde zwischen 0 und 20 cm H O aruert Aufjed ¢

ruckstufe wurden 1— m a nach der Anderung des Fullungsdru kes plethysmografisch 3—5
Durct blutungswerte regutriert

Ergebmsse

Efreate auF btz DURCHBLUTUNG (ARTERIELLER EnsTROM}

Platzhche nd des ptett fisch kes fuhrien ab ca 6 cm
H O i der Muskulatur des pleth fischen \ hes zu sofost

oft h D k d (Fig 1 Ba E des Fullungs
druckes erfolgte in den ers

ten 5—70 sec em gennger Durchblutungsabfall wonach die
rehbluting wicder bis zum Ausgangswert oder auch uber d esen hinaus anstieg
(Fig 1) U Durehbl erfolgten ber g her  erminde
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rung des Full druckes (Fig 1) 5 Endwerte (abgesehen von den ublichen
Spentanschwankungen) wurden fruhestens 20-~50 sec nach Fullungsdruckanderungen
errexcht und blicben dann wahrend Registricrungen bis zu 15 mua Dauer gewohnlch
unserandert bestehen

Die 1m Unterarm (plethysmografische Messung) in serschredenen \ epsuchsrethen

h Durchb waren recht gleich (Tab T und IT
Fig 2 4und 7) Die Durchbl stieg ab Full d von 4—6 cm H,0 im
Durchschnutt leicht an ermreichic bei Fullungsdrucken von 8 (6~—I0) em H,0 e
NMaxumum und fied ber wenterer Druckerhohung wieder allmablich ab Die Ausgangs
werte wurden meist erst ber F'ullungsdrucken von 10~15 em H O unterschniten

Plethysmografische Fullungsdrucke bis 4 em H O hatten noch keinen sicheren Effekt
auf die Unteranmdurchblutung {Tab [ und IJ ig 2) Die bes Fullungsdrucken bis
4cm HO r genngen Schwank der Jokalen Muskeld son
1 Durchschmitt &= 5°  (Fig 2) konnen wahrschemnlich noch den ubbichen spen
tanen Muskeldurchblutungsschwankungen zu~erechnet werden

Tas J Dur hblutung 1o Unterarm vnd Unterarmmuskulatur ber stegendem pleihysm g7
fischen Fullungsdruck. Werte aus densclben \ crsuchen wie 1 F g 2

Plethysmografischer Fullungsdruck em H O

0 k4 4 6 8 10 15 0
a \budd 1\ Standardabweschungen (5} und Mhtichwerte der md 1du llen Prozent
wert (Mn ¢ von 12 Mesungen an 9 Personen 100 = Unterarmdurcht lutung bei

2 cm H O Mus eldurchblurung ber 0 cm H O

U ntrraendurchidutung i - 35 %1 3’ 37 35 30 &
ml 100wl s - 09 08 09 09 08 0§ 0B
i — Jo0 100 lor 103 199 3 A
Afusheldur hblutungim 100 100 Ys 100 oy 101 7 3
Loterarm  de min s - 7 9 1 18 1 n "

Jeren \usoangywerte

9 Personen mit j wels 2 ersch edenen
1 InFig Tendd: umober o \bschout
und d ¢ unten mut A beaechr t

b) Werte der Musheldurchblutung di ber 3 dicser
Lagen dev Musceleonde 11und 11 gem s en wurd
angegebenen Werte rut @ die 1 der Mugte mit

too 100 too jor 113 1+ po 13

\fkeldurchblutung i
Coterarm ® dema It 100 100 107 8 14 9 p B
Jerea $usgangswertes i i 96 100 108 no 112 jo 100
8 100 98 9 3 EX ? -

~ s 100 1 98 nr 8

1 100 o

13 100 az 100 94 90 Py ?
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Fig 1 Ve halien der Muskel
durchblutung  (Warmeletmes
sung) 1m  plethysmograbscien
Messbereich am Unterasm bex
Anderungen des plethysmogra
fichen Fullungsdruckes  Ver
wandt wurden 2 hintereuander
angebrachte Segmentplethysmo
grafen  Rahbraton m , des
m tileren Ausgangsweries

Fig 2 Durchblutung im Unterarm M shel ue
(2 Segmentplethysmografen) und Du hblutung o
n der Muskulatur des plethysmo

grafischen Messbe aiches (Warme | 100
lesmessung Rabbravon i des

mitde e Ausgangswertes ber Full 0
ungsdruck Null) ber steigendem N
plethysmografischen  Fullungs L

druck Durchachmtt der ber jeder 5

Nersuchsperson 1—4 mun nach U eam %
Arderungen des Fullungsdruckes Dvendl v g 4 =
regutrerten E nzelwerte Plethys  mi/m0m o %
mografische und Warmeleitmes- 3 P T ——
sung. n erfolgten nicht gle chzeit g —

3

2 Mestungen an 9 Personen_ bei P

Pero on e s z By

Symbole O @ und A Werte n 1

T:b 1b) erfolgten Jeweils 2 \ess. 0 2 4 6 w0 15 20

reshen mut untersch edlichen Lagen P Ihyswogrv’ sche Full  gsdruck

der Muskelsond oH 0

Im Gegensatz zu den 1m gesamten U fisch

Dul’thblumngsrezkuoncn waren die lokal in der Unterarmmuskulatur gemessenen
rucht immer ewnh (Tab I Fig 2) Bet emigen Soaden

Iaqcn wurde em ahnliches Durchbl halten 3¢ bex der G

gefunden ber anderen Sondenlagen dagegen Mmrdc dre lokale VMuskeldurchblutung
durch steigende F drucke nur Dieser Unterschied war
besonders deutlich erkennbar bes \ersuchen an 3 Personen bei denen die Muskel
durctBlutungsreakuonen am selben Arm nachemander mut jeweiks 2 verschiedenen
Lagen der Warmelersonde registiert wurden (Tab Ib Fig 21 dabe s urde sorg
faltg geproft dass nur dfrer zur Durchbl gee gnete Sonden
fa en ven andt wurden of Graf und Roscll 1904, In allen 3 Fallen + urde bes Ful
lungsdrucken biszu 15 cm H,0 nut der emen Sondenla,e emn Dure!

registnert wahrend mut der anderen denl. en erheblich Durch
blutungranstieg (V ersuch@® oder aber nur starker zunehmende Durchblutungsseroun
derungen (% trsuche o und A mnTab [bund Fe 2 gefunden wurden Diese mit

Jeweds2s Durc erie diffenierten ber Fullungsdrucken
b5 em HOum 18—29  (Tab I b
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Tas 11 U 4 1 ber dem plett
m p Fullung drucl. Auf eder

Druckswic erfolgten 1—2 min nach Anderung des Fullungsdruckes 5~8 Einelre
grinoungen erst mut dem duula., 2 st bedets by der ange
brz\‘_l‘ll!:nJ li' h by Mo 1 an 8 Personen. Mttelwerte (M)

5. 18) und \ttel der andividuellen Py t Mm )

100 = VWetebaa2em HO

Plethysmografischer ¥ allungsdruck em H O

Unteranmdurchblutung
m1/100 ml  mmn 2 4 6 8 10 15 20
1 Segmentplethysmograf 124 2 > 2C 7r 75 7§ !
s 10 09 10 10 10 0% o9
Mine qop 49 a0t 10r 109 i 97
2 degmentplethysmografen Vv 7 7 28 28 27 2r 3
s 10 10 re 11 16 03 o8

Mes  joo a3 92 102 02 9 8

Die Grosse der U durchbl war von der Lange
des pl Messbererches at Der Dy ) bei T
lungsdruckm ron6—I0em HO und der bes hoheren Fullungsdru ken einsetzende

Il waren starker wmn mit zwer unmittelbar hunter
:mandcr brachten und parallel iten 5 am langen Segment
plethysmografen gemessen wurde (Tab 11} Die s etma doppelt so grossen Mess
bereich erhalienen Werte der Unterarmdurchblutung (1o ml/100 m! min) waren m
Durchschutt annahernd gleich gross wie die nut nur emem 5 cm langen Segment
plethysmografen erhalterien Werte (Tab 11
Ahnhchc- Durchblutunvsanderun,en wie am Unterarm wurden bex Erhohung des
Mungsdruckes bis 20 cm H,O auch am hatzenben gefund n
(F" 3) Die plethysmografisch am Unterschenkel der Katze gemessenen Durchbtu
tungsanderungen waren angedeutet grosser als die mut dem Tropfenzahler registrierten
was damit exklart werden kann dass der ca 35 grosserer Bereich fur die anienelle

E mut dem T nicht vollstandsg dem pleth fisch n

Tullunrsdruck augeseizt war
Nen enblockade (Blockade d:r sympalhschcn A asokcnsmkmrn"nm m Unterarm
des Durchb) it ber stergen

fuhste zu ener an
dem plc\hy*mmmﬁsthm Fuﬂungsdruck (Fiz 4 In \esuchen 2n 7 Personen zeimie
e L bis zu 810 em H O vor
der “er enblockade die oben beschnebene Tendenz 2u pepn em Ansper, wahrend sie
an denselben Armen nach \enenblockade mit steigendem Fullungsdruck 1n eher

bes Fullungsdruc

mebr Linearer Wewse abfief 1z 4

‘EfffETE AUF DI GEFASSKAPAZITAT
Als selatrves Nass fur dee Gefasskapazitat  diente dey Ansneg des U nterasms olumens
wahrend 1 ounutiger Okklusion am Oberarm mit Manschettendrucken tas 2 O mm
He Plethvsmorrafische 1 ullunzzsdrucke von 2 und 4 cm H,0 hatten noch kewnen ef
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Fg 3 Durchblutung (artenieller
Eunstrom) 1n der Hinterextremitat
der Ratze ber steigendem plethys-
mografischen  Fullungsdruck  am
Unterschenkel O = Tropfenmes
sung @ = plethysmografische \es-
sungimea 35  Klemcren Messbe
re ch am Usnterschenkel \ ornahme
der Messungen 1—2 mu nach An
derungen des Fullungsdruckes \it
telwerte und e nfache Standard
abweichungen aus 9 Aessreshen an
3 hawen auf yeder Druckstufe
warden 3—5  plethysmografische
Ewnzelwerte registnert

Fig 4 Untcrarmdurchblutung
(Messungen it 2 hinteremnander
ang brachten  Segmentplethysmo-
grafen) bes steigendem plethysmo-
grafischen Fullungsdruck D¢ Mes
sungen erfolten jewnls am selben
Arm vor (O) und 30—60 m nnach
(@) \erenblockade 1m Unterarm
{deep forearm nerves) Untersu
chungen an 7 Persomen Muttelwerte
und ¢ nfache Standardab eichun
gen

Fg 5 Zunahme des Lnterarm
volumens be versch cdenen Okklu
sionsdrucken am Oberarm Be ho-
heten Tullungsdru ken im Plethys
mografen (Q mHO @
m HO A =~10cmHO A
Ocm H Ol wy den dic \ olumen
ot ege gennger \J ttel erie aus )2
Messungen 18 Personen D e Mes
ungen e lgt o mt enem § @
baten  Segm nipl U vsmografen
Ablesung der Werte jeweils | mn

my b Flcohung des Okklusons
kes

329
8
T
Ourchbt tung
€ rL Enstrom} 8
mime 5, I
‘ —
) - ‘[
: 1 r
1
o
D 2 4 8 B W 15 20
Prethysmogral s he F R gsdruck
em by
8:
Durchblutung
m Unterorm 7.
w0 M o
5
T T
3
2
022681 B 20
Plethysmog of scher Fullungsdruck
H0
2 T g0
2unahme des .
Unt rormusl mens s sk
o

Oitusonseruck g

kennbaren Effekt auf dic Gefaskapanitit im Unicrarmsegm nt oder  ermind rien
d st nur munmal (Fig 51 Fullunesdrucke son 10 cm HO vermunderten die Gefass-

kapazitatum ca 10—15

T ullungsdrucke von 0 ¢m H O bereats um a 3035

4egrnuber den ber Fullunmsdrucken son 2 und 4 cm H,0Q rhaltenen W rien Fag 5
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Futlungsdruck
wm Plethysmografen 2 cmi0 6 cmHy0 10 emta0

Plethysmogromm g3,
) E 02{

{U tererm: a2
a6 DE 38 o 32 A

o
Okkdus onsdruck 1%
0

Plethysmogramm

(Untersche ket der Kotz }

mt/100ml 50 M B
Okklusmnsdmck mt m J___L

10 Sek

™ /100 mt

NS |11 S—

g 6 Okil Eanfl bew pleth
von2 6 und 10 cm H O Registricrungen aus je cmem Versuch () am Unterarin (B) am
T der hatze (M Hml) hiedl che d der
Vol buedenen Full s Unter den Emfl en Angibe

ber
der Durchblutungswerte m mi/100 ml m a

Die Veeminderung der Gefasshapazitat um 10—15 o durch Fullungsdrucke bis 10 em
H,0 verringerte noch nurht die Moglichkeit zur R ung Linearer okl
thysmografischer Einflusskurven weder bei normal grosser Durchblutung (Unterarm)
noch ber etwas erhdhter Durchblutung {Unterschenkel der katze) (Fig 6)
Plethysmografische Tullungsdrucke die zu dls(alcm Volumenanstieg fuhren mus
s n die Venenim pleth fischen M und dadurch den lokalen
venosen Stromungswiderttand erhohen Am Unterarm wurde der genngste plethysmo-
grafische Pullungsdruck der schon emen distalen Volumenanstieg bewsehte mut Hilfe
von 2 ar hmntereinand brachten 5 cm langen S
hestmmt Mit dem distalen Plethysmografen (Fullungsdruck 2 cm H;0) wurden dic
Anderungen des Unterarmyolumens regustriert wahrend im proumalen Plethysmo
grafen der Fullungsdruck i Stufen von 0 5 em H,O erhoht wurde Ein distaler Volu
menanstieg erfolgte erst ab Fullungs (Okklusions }Druckenvon 6 0 (50~95) cm H O
(Mittelwert und Bereich aus Messungen an 18 Personen) Plethvsmografische Fullungs
drucke bis § cm H O fuhbren also am Unterarm noch nicht zu emer sicheren Erhohung
des venosen Stromungswiderstandes +erengern folglich noch nicht die venosen Gefasse
und vermindern somt auch noch nicht die Gefasskapazitat was mat den i Fi, 5

gezeigten Befunden uberemstimmt

Dsskussion

Zur NATUR DER DURCHSLUTU NGSREARTIONEN

1 Anderun en des (artersellen) Gefasswiderstandes
Arteneller Druck und Blutviskositat wurden umcr den Becingungen dieser b ersuche
bl der auch Dy
t beeinflusst weshalb die D of
2::me dhe trotz des Anstieges des plethysmografischen Fullungsdruckes beobachtct
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Fig 7 Geamtdurel blutung und ©
“Muskeldurchblutung 1m Unterarm Y
(n  des Ausgangswertes bei 0 ‘:“""‘mlgg;g‘
resp 2 cm H O) 10 Abhangigkeit

druck E nze chnet sind die Werte ‘
aus folgenden Untetsuchungen O 904)
sung  Mattelwerte beider Mess
reshen) [J(Tab Ia plethysmogra 80—
melegtmessung 1 Muskel) A (F g Lo
4 unbeenflusster Arm) ~ x (nach 3

0

70+

20 emH0 30
mmHg
Plethysmograf scher Flllungsdruck

|
vom plethysmografischen Fullungs- % ’°°"¢§’§2§!
(Tab 11 plethysmografische Mes
fische Messung) B (Tab La War
Wallace 1928) + (Durchschmtts~

verie nach Hyman el 1963 Fig
)

wurde durch eme Wid dsaby {T¢ boahme der Wid dogefa
erklart werden muss Diese Widerstandsabmahme war so gress dass sie auch den durch
die glerchzeitige druckpassine v enenyerengerung erhohten venosen Gefassw derstind
komp oder ber Durchb! sogar

An hend Wid .
it deand

konnen wie gut bekannt 1st solche
durch And des len Druckes {TVMD) ausse
165t werden wober Abnahme des TAID mut emner lokalen ( myogenen ) Tonusver
munderung Zunahme des TMD dagegen mut etner Tonuserhohung beantwortet werden
kann (cf Folkow 1949) Auslosender Faktor fur die hier beobachteten Widerstands-
abnahmen konnte also der plethysmografische Fullungsdruck oder anders ausgedruckt

die durch shn bewrkte \ d des TMD der Wud d gewesen sein
An Unterarm und hatzenb dsese W 4 ber Fullungs
drucken von ca 810 e H,O ein Maximum weshalb bis dorthin dte Durchblutung
leichbl oder ber ubersc Te sogar auch konnte
(Fig 7) Betnoch e heren F warteme derartige Tx 1
fung nucht mehr moghch die artersellen Wad: fisse wurden nun hmend

druckpassiv verengt und die Durchblutung sahm ab e Reaktionsverhalten welches
auch mut den von anderen Autoren B heh uberein
stummte {Halperin et of 1948 Wallace 1908 Hyman ¢f of 1963 und 196 siche auch
Fig 1 Grossere Artenen werden im Unterarm durch Fullunesdrucke bis 20 em H,O
noch nicht messhar verengt (Graf und Rosell 1964)

Widerstandsanderungen d eser Art erfolgen i der Hauptsache an den p akap taren Wid ¢
standsgefissen (Fotko v 1967) wornogl chauch an Kap llaren und V enolen (Langendorf et a!
395 1 S cxnd ein ve bre tetes Phanomen das— mtV "
des TMD w ¢ W derstandszunatimen bex Erhohung des TMD — vor allem an den Gefisen
Yon Skeletmuskutatu und Haut (Folkow 1919 Golenhofen und Hildebrandt 1927 H'ldebrandt
190} ber auch an denen von Lunge \ cre Intesttum und Schwimmhaut des Frosches
{Folkor 1919 Wealerund S nn 193" Langendorl 1 ol 1903 und 1926 Henae and Thurau

X (als bex Erhohy

964) broba htet wurde Gle chartig R
des TMD) wurden au h an Loterarn W de Hand Finge und Fus gefunden (G een
B4 und Fatterson 1934 Coles und Greenfi 14 1906 Blaret | 19 9 Golenhofen 1962}

2 Der entiche 3 exlouf der Durchblutan, sanderungen

\uch der zewl che \ erlaul dieser Durchblutungsanderungen deutcte auf durch inde
run-endes TMD loste Wad hin die Dy
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setzten praktisch sofort ber Anderungen des TMD em, verhefen mitial aber i anderer
Ruchtung ein Durchblutungsserhalten, das als Reaktion auf Anderungen des TMD
gut bekannt 1st (Folkow 1949 Greenfield und Patterson 1924 Langendorf ¢t af 1955
Golenhofen und Hildebrandt 1957 Blair ef of 1959) Ber konstantem TMD konnen die
(nach fruhestens 20—60 sec) stationaren Durchblutungswerte wahrschermlich uber
langere Zeit beshehalten werden 1n diesen Untersuchungen huelten sie bis zy 15 mun
(langer wurde nicht gemessen) bes Langendorfetal {1955 und 1956) wahrend mehre
rer Stunden sm wesentlichen unyerandert an Sogar cue chromsche Erhohung des ar
tenellen Stromungswiderstandes 1m Arm ber Coarctatio zortae wird als eme durch
den erhobten TMD ! T der Wad, s
gefas.e aufgefasst (cf Shepherd 1963)

3 Gefasstomus

Nach Blockade der hen V. 1 en fand sich ber stergendem
Fullungsdruck eine Tendenz zu linearem Durchbl 1l (Fig 41 was
dic Ab ket der an der unb fl E hal Durchbt

reaktion von emem normalen (ausreichend grossen) Tonuszustand der Widerstands-
gefiisse unterstreicht  Blockade des Vasok fuhrt aber
ausser zu Durchblutungszunahme auch zu emner \ erminderun~ dre Durchblutunes-
R b /R, utat der Wi ds <f Barcroft und Swan 1933) Da der
Tonus der Wi auch durch e Full drucke bis ca.
8—10cm H O sermmdert werden kann mag dieses chenfalls emnen gewssen Reaoibs

htatsverlust der Widerstandsoefasse bewirken.

Der Tonus der W d kann sn versch Absch ewnes Organes
\arueren Dics konnte die auch von Golenhofen (1967 Beobachtung erkla
ren, dass ber F kerhohunwen an v dencn Stellen 1m Unterarm
sowohl g e qualitauy s erschied lokale Durchbl

(teweise Ansteg teiwesse Abnahme der Durchblutung Tab 1) zu finden waren
Dic Iokalen D erfolgten hier wahrschemlich an untersehedlich
stark tomsierten Gefassen. wobel die geringer tonusiertens Widerstandsgefasse bes Ful
lungsdrucherhohuncen eher passin verengt s urden

An der hatze hatten d ¢ direkie artenelle Einstrommessung (durch Frenetzung gefassd ba
uerender Substanzen Folkow 1957 und dic Narkose wabrschbembeh ahnf che Wirkung w
ane Nervenblockade mdem sie ebenfulls den Tonus der VWiderstandsgefusse verr nderien
fuche die relatn hohen  Ruhe Durchblutws gswerte von 10—13 m1 100 mi mm m Fig 3

Es kann + ermutet werden dass die huer bes Fullunmsdruckeshubungen tis ca 10 cm H O nus
angeden: D am fl Ratzenben grosser gewesen waren

Der ELSFLUSS PLETHYSMOCRAFISCHER FLLLUNGSDRUCKE ALF OKALUSIONSPLETHYSMO-
craricae DURCHBLUTUNGS (ESSUNGES

1 Efeks nif die Heat und Voskeld wrchblutm

PDer effekin & aussere Belastungsdruck mmmt radar ab (bis i Mitte des Unterarmseg.

(mentes um maxima) 20-—40°, of Graf und Rosell 1964) weshalb plethvsmoorafisch

Fullungsdrucke b die Hautdurch g brenfl Die beer 1

+ ersuche Lonnten michts uber das \ crhalten der Hautdurchblutung ber stervendem
plethvsmorrafischen Fullungsdeuck aussagen {weil der Haut Warmelestmesser qmmer
starker der Haut angepresst wurde siche unter Aethodik } Andere mesdﬂm\:lg
(s oben; baben aber ergebrn dass auch dic Hautgefisse aof nderuneen des T




DURCHBLUTUNGSEFFERT PLETHYSVOGRAFICHER FULLUNGSDRLCKE 333

m gleicher Wese reagieren konnen wie die Gefasse in Muskulatur und anderen Orga
nen Am Unterarm wird aber die Hautdurchblutung ab Fullungsdrucken son 5-—10
mm Hg {7—14 em H,Q) bereits sicher reduziert (Hyman et ol 1963) wobe: uster Um

standen gleschzeitig eine gernge Zunahme der D ueferer  Gelase (Mus
kel hnochen) erfolgen kann Mit Fullungsdrucken von mehr by 7—14 cm H O werden
plethysmografisch also vor allem Grose und n der Muskeldurchblutung

erfasst (siche auch Golenhofen und \itsany 1962) wobes fretlich der Fullunesdruck
besonders 1m Hinblick auf die tieferen Gefusse nicht die Hohe des ertical closng
pressure {am Unterarm 33 (10—68) mm Hg Ashton 1963) erresch n darf

2 Effekt auf die Gefasskapazitat tm Lnterarm
Ein distaler Volumenanstieg — und somit eie V und v d
des Fullungsvolumens der Gefasse im plethysmografischen Messbereich — erfolgte am
Unterarm erst ab Fullungsdrucken von 5 em HyO Werten die sicher denen des lokalen
\ hek Fur die R iy | teth
grafischer Enflussk 15t aber em h

d grosses Full ) der Lapa

2thven Gefasse erforderhich das am Unterarm mundestens 0 5—10 Vol % betra

gensoll (Graf 1964 b) Das Fullungsvolumen der kapazitiven Gefasse an Unterarm und
Unterschenkel der hatze istdazu bis zu Fullungsdrucken von 10 em H O offenbar
noch voll ansreichend auch bet erhohter Druchblutung (Fig 6) Auch ber Fullungs

drucken von 10—20 cm H O konnen dort ber normal grosser Durchblutung noch gut
auswertbare Emnflusskurven registniert 1+ erden Indes wird das Fullungsvolumen ber
emem Fullungsdruck von 20 cm H,0 schon soweit reduztert (bes 1 minutiger venoser
OkKlusion und normal grosser Durchblutung um ca 30—35 , Fig 5) dass huer ber
erhohter Durchbl, unter L den mut verk nicht mehr b hend aus

wertbaren Ewnflusskurven gerechnet v erden muss

3 Lange des Segmentplethysmografen

Der Belastungsdruck mmmt ausser in radiarer Ruchtung auch vom Plethvsmografen
rand einwarts zur begmentachse hin ab (of Graf und Rosell 1964 Der Fullunesdruck
von 8 cm langen (Hyman und Vwmsor 1960) besonders aber derjemge der meist 13—
15 cm langen wassergefullten Plethysmografen (cf Greenfild ef o/ 1963) muss folg
lich starker auf dic Gefasse des Messbereiches ems arken als der on nur 5em langen
Plesysmografen wie sie  dresen Untersuchungen sowse von Barbey und Barbey
{1963} ver andt wurden Dies mao erblaren \ arum mit 2 zusammengekoppelten
5 em lagen S leth grossere Gefasreak ab rmt
nur enem Segmentplethysmografen allewn gemessen wurden (Tab 11y

4 Unterschied =wwrschen bt und u assergefullten Plethysmografen

By ! st ¢ ne des Fullungsdruckes
aul5 cm H O schwieng Der \indestfullungs (hvdsostat chey Druck betragt gewohn
lichea 85 em H O (Halprnn e of 1948 Wallace 1958 ahnliche Werte konnen auch
fur de Modelle anderer Autoren angenommen + erdeni Da schon dieser Mindest
fultungsdruck den Zustand von G und Durch 2u ermag
vird verstandlich weshalb ber Untersuchunven uber den Effckt zunchmender hvd o
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setzten praktisch sofort bet Anderungen des TAMD e, verliefen inttial aber 1n anderer
Ruchtung emn Durchblutungsverhalten das als Reaktion auf Anderungen des TMD
gut bekannt ist (Folkow 1949 Greenfield und Patterson 1954 Langendorf et ol 1905
Golenhofen und Hildebrandt 1957 Blarr et of 1959) Be1 konstantem TMD konnen die
(nach fruhestens 20—60 see) st Durchb} te wahrschemlich uber
langere Zeit berbebalten werden 1n diesen Untersuchungen huelten sie bis zu 15 min
(langer wurde nicht gemessen) bey Langendorfetal (1955 und 1956) wahrend mehre
rer Stunden um wesenthehen unverandert an. Sogar die chronische Erkohung des ar

teriellen d des ym Arm ber aortae wird als eme durch
den erhohten len TMD ausgel Te der Wid d
gefiis e aufzefasst (¢ Shepherd 1963)

3 Gefasstonus

Nach Blockade der huschen Vasok erven fand sich ba steipendrm
Fullungsdruck cine Tendenz zu annah

d Iinearem Durch bfall (Fig 4) was
Durchbl

b E hal

die Abbangigkest der an der
reakiton von ewncm len (: ‘hend grossen) T der Wid
gefasse unterstreicht Blockade des sympathuschen Vasokonstnktortonus fuhrt aber
ausser zu Durchblutungszunahme auch zu cimer Verminderung dre Durchblutungs
R bl (R der Wads d: of Barcroft und Swan 1953) Da der
Tonus der Widerstandsgefasse auch durch plethysmografische Pullungsdrucke bis ca
8—10 cm H,0 vermundert werden kann mag dicscs ebenfalls emnen gewissen Reagiba
Itatsyerlust der W sderstandsgefisse bewirken

3

Der Tonus der Wid fhsse kann n Ab eines Organes
sarneren Dics konnte die auch von Galenhofen (1962) lite Beobachtung erkla
ren dass ba F d + an hiedenen Stellen 1m Unterarm
sawohl wie g erch Tokale Durchbl| k
(telwers= Anstiez tedweise Abnahme der Durchblutung Tab 1) zu finden waren
Die lohalen Durch exfolgten hier wahrsehemlich an hicdlich

stark tonisicrien Gefissen wober die gennger tomsicrien Widerstandsgefasse ber T'ul
lungsdruckerhohungen cher passn verengt wurden.

An der hatze hatten die direkte arteriell Emstrommessung (durch Freisctzung gefas |
tierender Substanzen. Folkow 19,2 und dic Narkose wahrschanlich ahnl che Warkung wi
cint “enenblxkade ndem se ebenfalls den Tonus der W derstandsgefasse serm ndester
{siche die relatss hohen Ruhe Durchblutungserte son 10—1 mi100ml mn n kg 3

Es Lann vermutes werden dass dic huer ber Fullungsdruckerhohungen bis ca 10em H O nur
4 Durcht amw 7 hatzenbein grosser gowesen wa N

Der EfNFLUS PLETHYSMOGRAFISCHER FULIUNGSDRLORE ALF OKRLUSIONSPIETIVSMS
GRAFISCHE DURCHBLUTUNCSMESSL MCES

1 Efekt auf de Hast und Muskeldurchblutung

Der effekin ¢ aussere Belastunzsdruck nymmt radiar ab /s in Mue des Laterarmsed
um maumal 2040 , of Graf und Rosell 1964 weshall plethysmozrafische
F drucke b t dic Hautd bl it Dichir 1
Versuche konnten michts uber das \ erhalten der Hautdurchblutung ber sicigendem
plnh)xmogmﬁschm Fullungsdruck aussagen (weil der Haut A\ armelatmesser xmmt‘:
starker der Haut angepresst wurde siche unter Aethodik  Andere meuchn_xrn‘g’r;)
(stehe oben) haben aber ergeben dass auch die Hautgefasse auf Lnderunjen des

menics
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From the D of Ph Une ty of Goteborg Sweden

Reabsorption of Inorganic Sulfate by the Renal
Tubules of the Rat
By
FREDRIK BERGLUND!
Recerved 20 March 1964

Abstract

Berglund F Reabsorphon of worganc sulfate by the renal twbules of the at Acta physiol scand 1904
67 336—343 — Reabsorption of marganic suliate by the renal tubules was i easured 1n the
rat by means of a constantinfusion 1 chmque Plasma sulfate concentration « as varied between
11and 46/ molefm! Wh n glomerular filtration rate was measured by 1nul n clearance there
seemed to be reabsorption at low sulfate levels but secretion at h gher levels When polyethylene
glycol of malecular weight 1 000 or 400 was used anstead of trnulin the calculated values for
glomerular filtration rate were almost twice as high and reabsorption of filtered sulfate exh

bited a Tm (transfer maximum) of 1 02 gmol [m! glomerular filtrate The Tm s of the same
order of magnitude as n the dog (1 65 5 mole/m glomerular filtrate) and man (0 97 ymole/ml
glomerular fltrate) Cannamide had no effect imdicating that tubutar secretion of sulf te 15
ab ent or s guficant Neither did phlonzm have any effect contrary to expectations from
earher expenments on the intact dog and on kidney cortex shices of the rat

Reabsorption of morgamic sulfate by the renal tubules has been demonstrated i the
dog (Lotspeich 1947) m man (Becker et al 1960) and in chicken (Globus Becker and
Thompson 1961) A reabsorpuon Tm {transfer maximum) was demonstrated 1n aff
three species Presumably morganic sulfate 13 also reabsorbed by the tubules of other
mammahan species although no  t1zo experiments confirm this assumption

Deyrup (1956) measured the i titro uptake of $3 Oy in renal cortical shices from sar
ous spectes Rat kidney shees were found to accumulate 3 times as much sulfate as
shees from do kidneys This finding prompted an s 15 s comparison between th 64 0
species
In the preseat study renal tubular reabsorption of mospanic sulfate was measured
n h d rats Imtial exg with 1nulin gave pecubiar results [o(yr(h‘yl
ene glycol was therefore used m the final for the gl
filirahion rate (GFR) The clearance of polyethyfene glycols of average molecu! '
weghts from 400 to 4000 are identical to GIR i the dog (Shaffer Cntchficld and

Jar

1 Present address National Institute of Public Health Stockholm t0

336
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Fizg 1 Rat 10 metal bar

prament
Superficial leg ven

Carpenter 1948) Two glycols with average molecular weghts 400 and 1000 respectne
1y (PEG 400 and 1000) were used 1 the present expenments int the rat
‘The effects of cannamide L alamne ghucose and phlonzn were tested

Methods

Clearance expeniments were done on unanesthetized black hooded raw by a technique modified
from that earl er described by Berglund (1967) The rat 1s placed i a metal bar cage (Fig
1) 1 v safuson s gnen through a polyethylene catheter (PE 10 aner diameter 028 mm
oute dumeter 061 mm) The t p of the catheter s carefully tapered by stretchung 50 as to
fit very snugly around 2 mlon fishing ine d ameter 02 or 025 mm Any supe ficial vem on
the b ndlegs may be used for the infusions The vein 18 punctured w th a sharp needle ad
the fi bing 1 ne 15 pushed nto the vein through the needle After wihdraw ng the needle the
catheter 1 st d over the nvlon lime nto the vean

10 a | rge number of exper ments the GFR was measured by the inul n clearance Inuhn
was analyzed on tnchloroa euc ad filtrates of plasma and unne ac ording to Hevrovsky
{196) and thus method was cherked v ath a resorenal method (Schre ner 1950, Tnorzan ¢
sulf te wa measured by the method of Berglund and Sorbo (1960; Cannam de p-(benzyl
“tlllgp‘};c{nam doj benzot and was  1alvzed 1n unine accord ng to Brdie Levy and Bernstemn

In the final expeniment GFR was measured by 1) € dlearance of polyeth lene ghcol w th
a molecular we ght round 1000 (PEG 1000) or 400 (PEG 400 PEG 1000 was analyzed by
the method of Hyden (1955) but on a s mplified_sulfate and protein f ee filtrate

Plsmaflt e Mix 01 mlplsma 0€mi6 TCA (tr hlooac 1c 2 1dy and 0 1 ml 12
BT HO \fier 30 min centr fue at 4000 rpm for | mn Felter

Unn fltrt Desreddlutions remid with 4 TCA ¢ ! olumeunn N volumes
4 _TCA —1iolumel? PaQ) P3O Afier30mn emnfug and flie aswith plasma

Twbdmet ¢ ralyt ToO1mlflrate add 01 ml6 B Cl HO ni0 TCA Mx
Measure fu bid ty after ex ctly 10 mn (400 my Coleman Jun or spectrophotom ter w th
ultram cro cell) Wate ssused asa blank and stani ds (01 67 nd 03 mg PEG mi 4 crun
amultancously The plasma blank cotrespor Js 1o a PEG o1t ntof 00 mzml Th plama
<oncentrat ons of PEG i the reported e pe ments aver ged 10 n ¢ ml

Foranalys s of PLG 400 the grav net 1c met} od of Shaff s C u hfield and Carpenter 1948
was mod fied fo a turb dimetr ¢ method Ths g1 es ¢ ght | ne sta1dard curves § 1 PEG 400
Ut o centsatons of 007 41mi (/) butssmarsut M f ¢ apalvsu of th sold gl cols
tmolecufa we ght > 1 0001

Plasms fltrate 07 mtp! m ~06ml6 TCA Gemt fug (Th filt tewused Iso for
Mfate analvss) To 0 ntsupermat nt ad10 mle  BCI HO 40 TCN Ceawr
fuge
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Apparent
reabsorption

15y umole/ml GF
Fig 2 Apparent pattem of reabsorption
-> secrcuon obtaned 1n 3 expts when
GFR was measured with inulin @ —@
exp 206 mannitol dmresis A—A7 exp
207 manmitol diuresis O—2) evp 187
ethanol diuresis  Each pomt represents
average of three clearance periods Thin
line represents complete reabsorption of
filtered sulfate Male rats 305—370 g
clearance of muln 0 74—09> mlmin/
100 g body weight

10
Apparent 2 3
sggreuon Plasma sulfate ymole/m{

nruw/umze 02 mlof sutably diduted usine ~ 07ml6  BaCl 2HOm40 TCA Cen
nfuge

Tu bufimetnic analyas 01 ml fltrate or standard + 0073 ml 10 silicotungstic acid  After
approvimately 70 mun read agamst H O at 400 mp Srandard solutions of PEG 400 ¢ontatned
20 TCAand3 BaCl ZH O — Plasma blank cotresponds to 0 03 ul PEG/mI Coneen
trations of PEG #00 1n the reported expersments averaged 0 4 glyml plasma

Statisucal analyuis was done by standard methods as prescnted by Snedecor (19,6

Results

Serum lecel of imorgansc sulfate in non fastin,, rats Blood (04 ml) was obtamned from 10 malc
and 10 female rats by cutting the tip of the tail and the sera were analyzed for sulfate
The mean svalue was equal in both sexes and the total average was 098 = D07
pimole/ml (mean -+ standard deviation)

Reabsorption of tnorganic sulfate In the carlier part of the i estgation snubin v as used
for the measurement of GFR In these expermments filtered sulfate was almost com
pletely reabsorbed by the tubules at low plasma levels but at hugher Jevels the reab-
sorptian seemed to reverse to secretion (Fig 2} A definute reabsorpuon ~ secretion
reversal occurred 1n 18 out of 53 expts with nulin The pattern was independent of
sex or stram of rat_type of diuresis and flnd balance Mostimportant however was the
finding that cannamide did not mhibit the apparent secretion of sulfate which orcurred
at high plasma levels

Some techmcal error was therefore suspected Analvses of 1mulin and sulfate were
checked but the posstble errors in these methods could not account for the reabsorpuon
— secreuion pattern Such a pattern could however occur if the nuhin possibly duc
to molecular size gave oo low values for GFR The clcarance of 1nubin v as actvally
found to be as low as 60 °, of the clearance of PEG 1000

WEen GFR was measured with FEG 1000 i stead of tnulin more sensible and con
wstent results were obtamed {Table T and Fig 2) At plasma levels between 1 nnd;
gmoles;ml the sulfate reabsorption was fairly constant exhibiing 2 Tm of 10
 mole m} glomerular filtrate (ml GF; There y as no sigmficant difference between

males and fermales
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Tastz T Reabsorpron of morganuc sulfate m male and female rats GFR measured with
PEG 1000 Each figure 1 columns 2 and 3 represents as crage of 3 clearance penods
The Tra values represent at erage reabsorption rate m each cxpersment

Male rats 245—387 g Femalerats 187738 g
Plasma  Reab- Plasma  Reab-
sulfate  sorprion Tm sulfate  sorpton  Tm
Gurole/  (umole!  (umole] (pratel  (pmole!  (umole!

Exp i} mlGF)  mlGF) Exp wl) mlGF)  ml GF)

254 207 136 102 29 11 082 077
319 109 2% 077
366 0.0 397 071

204 216 1359 17 281 120 0389 086
333 161 234 091
412 194 383 077

258 167 29y 10 283 116 3] 119
246 097 156 136
31 to7 361 133

27 133 102 Bt 284 150 192 109
214 105 280 116
375 124 453 083

764 139 130 130 28> 128 104 136
226 106 280 13t
384 133 397 154

265 140 12 100 286 123 08l 08>
264 06/ 258 089
371 tiz

61 13 1 130 83 140 099 077
216 118 231 061
IR 151 399 073

] 147 178 099 97 133 106 091

27 089 225 oB
300 081 37 08

n 1o 093 0o}
737 08/
360 094

Stat stieal treaurent Mean = stardard devtauon

CFR male rar 110-030ml mn 100g Tm mal rats 1 la—0 25 umel mICF

CFR femal rais 083-003n) min 100g Tm femal rats 0934022 pmole ml GF

CFR. mal ~female 1000 5mtmin 100g Tm taale~f male 1 0/ £024 mole mlGF
Tm mal s fomale P > 010
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Tazte 11 Reabsorptsm of mnorgame sulfate 1n male rats 237—315 g GFR measured with

PEG 400
Plasma sulfate Rezb.orrtm Tm
Exp (gm le/ml) {gamo! [ml GF) {gmole/ml GF)
317 123 023 106
220 093
104 13¢
318 197 1¢6 10F
259 117
329 [¥D
321 123 073 0,3
2.28 (¥
312 082
322 173 096 094
263 07>
348 1o
323 123 05F 072
224 052
300 o6f
32 133 oz 0
232 04
24> 06
2 1 108 09>
79 096
309 020

GFR 112 =023 m! mm 100 g

Tm 089 = 0I5 pmel~ ol GF
Ten. PEG 490+ PEG 1000 senes 102 = 023 ym 1= m) GF
“Tm, PEG 400 i PEG 1000 senes P 010

srnies of expenments the GFR was measured with PEG 400 Tabt 1
PEC

In anot}er
th lower than m the senes with

acd Fiv 31 The reabsorpuon Tm was sligh
1000 but the difference was not statsstreally signil The reatsorption Tm from

the PEG 409 and PEG 1000 semice avert e ml GF
4 pumber of poor expenrt the recalts brcaus of
< 100 ¢, difference betwern sin o plasma lesel of
brineen aseraze reabsorpuon v cut of 21 expts
ror ff ran

1m the mal- rats 7 out of 15 exg
exprnments with umfo n
¥
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Reabsorption
2y priotedrd GF -

Fg 3 Fanern of reabsorpuon ob-
iamed m 17 rats when GFR was
wih  PEGC 1000
— @ —@ reshsorption rate

m]cuhud from columns 2 and 3

Table I by rearranming m order
of sing plasma sulfate and pooling
nto groups of five —— — — —aver

age Tm calculated from Table 1

3 3
Plagma sulfate pmetesmt

Reabsorption
2y pmote/mt GF

¥g 4 Pastern of reabsorpionob ¢
tuned w7 rats when GER was N N -
measured with PEG 400 For
@—@—@ dxtafom Tabt {[
were pooled into groups of

—~—=~—average Tmfrom Tabl 11

3 H
Plgsma sulste pmole/ml

Effect of carnarude (Table I1T) In ts o expertments carmamude was gnent v rass
1ng the plasma level well above that s hich fully inhibuts secretion of thiosulfate in the
dog {20 segfml) (Berglund Helander and Hov ¢ 1960) No definite cffect on sulfate
reabsorption was obtaned

Eff ct of L-alamane In one expt 066 ¢ L al:mmc wasgneni v ton 318gratovera
1 hour period prod a copious b of sulfate
Qropped from 1 10 ta 0 80 pmole;ml GF

Effects of gluco ¢ anl phlors m 1n 4 expts with glucose and 10 with phlonzin (5—170

Mg v ) there vasetheramse (50 ) afall{ 25 ) or no change in sulfate
b orption

Discussion

Magmtule f T In the rat hid ey fhered sulfate 15 almont completely reabsorbed by
the tubules at low flasma denels At high r levels a reabsorption Ten is abtaned The
normal plasma s lfate 1 vel 098 gmale mD 15 close to the 1m devel (1 0% gmote ml
CF) Reabrorpt on Im therciore may be the principle determnant of t ¢ plasma tevel
1 the fat This 1 evrdenths not the case m other species with plasma Jetels cons der
ably low ¢ thas the [mleve! ¢ g i thedog | 27 gmoleyml pla ma Reed and Denis
19 jes 1m 163 prmole wl G (Berglund 1960) and 1 man 035 gmole/m) serum
{ONsaara 133 T'm D7 gmote mi CF (Becker .l 19G0)
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Thetz Il Eficct of carnamide on sulfate reabuorption. Carmarnds 11 20 mglke + 30
mglkg/hs 1n each experiment 4 control and £ drug poriods

Sulfate
Reabsorpuen
Cannamdr
Control Cay de
Plasma Urme Plasra G
Exp (pglml)  (pg/man) {mole/ml) (umole/ml GF)
2.2 26 28 lg-24 105 1e6
(071-131) (081-1")
273 30 3. 20-24 115 127
(047139 (I13-134)

Effects of L-alarne ghucose end phloriean sn dog and rat N anous amumo acids depress sul
fate reabsorption o the dog (Berglund and Lotspeich 1906) L-alanne which 1s most
cffective causes a 79 ° infubition an the dog butonly 227 ° intubition in the rat

In the dog glucose dep suliate puon by app 259, whereas
phlonzin causes a 120 ©, enhancement of sulfate reabsorpuon, presumably by ex
Auding glueose from the tbuls colls (Coken, Berglund and Lotspewch 19.6) — In the
rat, glucose 4pd phlonzin cause no consistent changes of sulfate reabsorpuon, although
thry exert definste effects on the m trs uptake of sulfate by kidney cortex shces At
37 C glucos~ depresses uptake by 30 whereas rhlonnn enhances uptake by 50
(Deyrup 1956, A10 C glucose has no effect and phlonzin causes 2 509 inhibation
{Deyrup and Davics 1961; The dual phlonzin effects e t3ro may perhaps explain the
lack of effect tn 1700 On the other hand, if sulfate reabsorption mn the rat 1s msensitive
1o endogenous glucose  then exclusion of glucose by phlonzin would not necessaridy
produce amv change

T1 should be recalled that zunno acids depress 1h reabsorption of both creauns and
phosphate 1n the dog (for ref.sec Berglund and Lotspeich 1936) Also glucose depressrs
and phlonzin cnhances reabsorpuon of both phosphat and acetoacetate in the dog
(for ref see (ohen of af 1936, Thus the cffects of ammno acds glucose and phlon
710 on sulfate reabsorption 1 the dag are rather nonspeafic 2nd the present expen
ments indicate that they are less pronounced or even absent an the rat

Thiosulfate comprtes speafically with sulfat wansport 1n the dog (Brrglund of of
1950; Unfortumately thiosulfate procipitates with PEG 1000 and could therefurs not
be trstrd 1 the £21 with the present methods.

Jrad nzs polyethyleme glycol The present results mdicate that mnulin clrarance mas
ot be 2 32Ud measure of GFR m the rar. The discrepancy between smulin and poly

ethylen- glycol 18 brng subjcted o fusther expernmental work ncluding Compaﬂ:m
brtween pohyetbviene ghools and polyfructan tnolecules of different molecular wezhts
Further duscussion on this pont dots not seem profitable at present.
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Abstract ~—eo—

Belfrage P B Ldgren and T Olvecrona The tissue distribunion and metabolism 11 e rat of
sntraenously yected labele [ fut emulsions Acta physiol scand 1961 62 344—35] — An aruficat
fat emulsion contaiming H palmitic aoxd labeled tnglycerides was imected intravenously aty
nigorously carbohydrate fed rats One group was given a small dose (0 6 mg ipd) and an
other group a large dose (136 mg bipid) Rad oactivaty 10 blood and tissuc | pids was studied 1t
a series of tune ntervals The label disappeared rapidly from the airculating blood and most ¢/
1t was taken up by the liver and the spleen The hepatic uprake of radioactinity showed an
wnverse relationship 1o dosage while the reverse was true for the splenic uptake 1n both in
stances hepatic and splenic uptake was greater than 1 previous experiments using abeled
Tt ¢ label taken up by the Liver v as first present almost exclusively in the non
fraction but sub label appeared 1n (he hiver phospholipids
In a second expenment an aruficial soybean emulsion conta ning tracer ameunts of G

glveerol H palmitic acid label d tglycendes was njected into nigerously carbohydrte fed
rats In this experiment only the ratiosC YH m the tsue Iipids were studsed e data mds 1
ted that the fat emulsion triglycende was taken up without prior hydrolysis 1nto the hiver and

chvlomicrons

splecn

Intravenous mjecuons of aruficial fat emulsions have been extenssvely used to study
the removal from the circulation and the tissue distribution of particulate fat (V3 oerner
1949 Murray and Freeman 1951 Ldgren 1960 Carlson and Hallberg [907) Like
ch ons fat rapidly d from the blood when injected into ex
penmental ammals (Mc Candless and Zilversmut 1958) The emulsions ate deposited
mamly m the Iiver and the spleen (D1 Luzio 1960 Geyer et of 1951) wheres the chyle-
mcrons are removed mamly by the hver and adipose ussue (Bragdon and Gordon
1958 BelMrage Borgstsém and Olivecrona 1963) It is nou clear if the rcllcula—(‘:ll;")-
thelial system has an important role in the uptake of fat emulsions (Murray ef al 19

Waddell e ol 1954 D1 Luzio 1960} )
fll‘b:s paper veports the results of on the tssuc and metab
d Iy labeled fat emulsions nyected intrayenously into rats

olism of

344
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Materials and methods

Prep rafon £ labeled fat emulsions Two labeled fat emulsions were p epared one contamning
G glycerol H palmstic acd habeled triglycendes and another tracer amounts of H palmitc
acd labeled des The labeled were d f om glycerol and fatty
acrd as desersbed by Borgstrom and Jordan 19,9 Tracer amounts of the labeled tnglycerides
were added to punfied soybean oil and t ansformed ta emuls on w th ege lec thin and glycerol
n 2 Logeman pressure homogenize at80 (. The labeled emuls ons conta ned 0 12 g of phos
phandes per g glyceride A 2 5 per cent glycerol solut on served as water phase

The small dose used in the first experiment was obtamed by diluting the ongwal H_tospalm
11 labeled emuls on with saline to a lipid content of 5 6 mgfml as measured by we ght The large
dose was prepared by addmg a commercial sovbean oil emuls on  up toa concentratian of 136
mgiml The doubly Jabeled emulsion used 1n the second expenment contained 37 mg hpid/m!
The emulsions were stored at + 4 € The ingected volume was 1 0 m! i all the expennments

Tte tment of rats 1 gect on S fat emuds ons and sampling Male Sprague Dav lev rats we ghing
180230 g were used 1 both experiments They were first fasted for 24 hours then allowed to
dnnk 20 (wjv) glucose n 045> NaCl for 12—16 hours They we e given 5 ml of the same
glucose solut on by stomach tube two hours before the imjecuon of the fat emulsions Under
hight cther anesthes 2 10 ral of the eranlsion 1 as inyected mto an exposed yugular ven and the
rats then allowed to regamn consciousness At appropriate mterval they agawn were anestheuzed
and as much blood as possible dra m from the abdominal aorta In the first expenment the
ver the heart the lungs the Judneys the spleen the epididym 1 fat pads and a p ece of the
abdom nal wall muscles were cut out rnsed in water blotted dry and transferred 1to hloro-
form methanol 2 I The blood and muscle samples were weighed before being transfe ted to
the solvent The Lver was homogenized immediately n a Warmg blender the ath r tissues st
later t mes The remams of each rat after the tissne samples had been removed designated the
carcass was f ozen and stored at — 20

To measure the oadat on of the fattv acids of the myected fat emulsion 1n expeniment |
indwy dual rats were killed 1mmed ately after the njection of the fat emuls on and other rats
at the longest tunes studied These rats were homogenized 1 %t immedately and treated as
Previously described (Belfrage e { 1963
zbz: the second expertment only blood the! er and the spleen were sampled and treated as

e

{nalviag performed on the samples  All tssue samples erc t eated as previously described
{Belfrage ef al 1963) except that the blood samples were now treated like the Lver because of
the larger amount of blood collected (79 ml)

n both exper ments the Iver | pids were epa ated into a non phospholip d fract on (NPL)
and a phosphol p d f action (PL) a3 previouslv described (Ol vecrona 1967a) This NPL fracuo
conta ns cholesterol esters cholesteral tr d  and mono,lycendes and f e fatty ac ds

The frozen ca casses were digested 1n 2 muxturc of 100 g ROH 300 ml of ethanul and 100 ml
of water They were heated on bo | ng waterbaths overmght diluted to 1 000 mi with cthanol
thoroughly strred and dup! cate ahquots taken nto separatory funnels The aliquots were
@lued with equal volumes of water the mixtare aadit d w th HCI and extracted three
bimey with petroleum ether To get good re ovencs n thes extractions 1t was found necessary
to allow several hours fo the phases to separate compl tely The extracts we e washed with
water ani d sed over anhvdrous sodum sulphat The fatty acids we e weighed and their
7ad oacty ty determuned @ fo the other ussue samples The weights of the fatty ac ds were
mult pled w th a factor to get the we ghts of the correspond ng amounts of hp d This factor
Vs cbtauned n the follow g way samples of the 1 p d extracts from the rats used for the de
‘:r:imrm on of ox dat on of the njected e nulsion were bvdralvzed and th facty a ds extracted
b fescnibed abo e The ratio of the we ght of the fatty ac ds to the we ght of the unhydrolyzed
. was ealculated nseveral rats \ mean ratio of 1 ? was found and used as the des ed [ ctor

@ weight of the carcass fat from each rat calculated s this way was added to the sum of the
:h"\‘:ﬁz o:eldp dfound n the tissuc samples taken from the rat and the total t pid we ght wa

Intral p d 20 manufactured by \ trum 4B Stockholm
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Abstract

Belfrage P B Edgren and T Olsecrona The ke destributoon and metadolusm « the rat of
snt avenously ngected lab led fat emulsions Acta physiol scand 1964 62 343—351 — Anartifical
fat emuls on cortaming H paloitie acd labeled triglycerides was mjected intravenowsly imio
nzorously carbohydrate frd rats One group was given 4 small dose (56 mg lipid) and an
other group 2 large dose (136 mg ip d) Radsoactvity 1n blood and tssue lipsds was stud ed 2t
a series of tine intervals [he label disappeared rapidly from the circulating blood and most nf
1t was taken up by the Liver and the spicen The hepatc uptake of radiactivity showed an
verse relationstup ta doszge while the reverse was true for the splenic uptake In both m
stances hepauc and sples ic uptake was greater than mn previous exper ments using Jabeled
chylomicrons The label taken up by the Liver was fist present almost exclusi ely m the non
P! fraction but q 1abel appeared mn the Lver phospholipds
In 2 second expertment an artificial soybean emulsion containing tracer amounts of €
glycerol H palmitic acd labeled trglycerides was injected into ngorously carbe hydrate fed
rats In this experiment only the ratiosC /H in the tissue lipids were studsed The data nd ¢
ted that the fat emulsion tnglyceride was taken up without prior hydrolyss tnto the [ ver and

pleen

Tatravenous myections of artfictal fat emulsions have been extensivelv used to study
the removal from the circulation and the ussue distnbution of particulate fat (W oerntr
1949 Murray and Freeman 1951 Edgren 1960 Carlson and Hallberg 1962) Like
¢hylomucrons fat emulsions rapidly disappear from the blood when injected into e
penmenzal ammals [V Candless and Zilversrmt 1958) The emulsions are deponted
manly 1n the bver and the spleen (I Luzio 1960 Geyer et ol 1951) whereas the chylo-
pserons are remoted mainly by the lver and adipose tussue (Bragdon and Gordon
1938 Belfrage Borgstrom and Olnecrona 1963) It is not clear of the rcu(ulovcnd?‘
¢helial system has an smportant role m the uptake of fat emulstons (Murray ¢t af 195

WWaddell 2 of 195% Di Luzo 1960; o
Thus paper reports the results of exp on the tissue and metab-
d ly labeled fat ! mjected intray enously 1nto rats

ohum of
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8

Fig 1 Radioactaty i the Lver
NPL and PL fractsons after the
imtravenous mjection of a fat
emuls on_containung HY palm tic
aad labeled melycerides Dotted
lmes 36 mg emulsion I prd per
ammal, Sohd Lnes 136 mg E
emuls on hpud pe anmal

ECt T o INEC D W RADIGAETIVITY

’

*ooe

Fg 2 Ratio C" /H 1n blood bp
ds Lver \PL and spleen I pids
afier the meravenous njection of
37 g emulsion bip d containung
C glycerl and H patmuc
acd labeled trglycendes

found 10 the exrculation at 20 mun From these dats 1t can not be decrded of the iutzal
Part of the disappearance followed a single exp 1 courss The disapp
curves then levelled off to values of 0 7—08 , 1 3th both doses.

In the second expeniment the rato CH/H? was close to umty dunag the first 10 min
At25 min, when only a small fraction of the myected radioactiity was still in the blood
tthad decreased 10 09 1t then fell rapadly to  alucs around 0 1

Lizer "The maximal uptake with the small dose was 60-—70  and v uth the large
doseabout 50 ©  The total liver radioactivaty decreased appreciably after the maximum
had been reached ‘The bver NPL and PL radioactwity 1s shown t Fig 1 The level of
tad oactvity m the NPL fraction decreased rapidly with 2 smultaneous mue in the PL
fracuon At long tumes most of the Iabel was found in the PL {raction

In expt 2 the hver Iipids were separated into \P'L and PL fractions and the ratios
CH? studied The level of CH radsoactmaty 1n the PL fractson 1:2s 100 low 1o be ac
curately determined As shown in Fig 2 the ratio C'* H? 1n the NPL fraction was close
to unity duning the first 23 nun and then decreased to about 0 3 These vatues as well
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as the ratios in the blood and spleen have not been corrected for any CY radioactivaty
m the fatty acids s described before (Olnecrona 1962 ¢)

Adipose tissue and muscles The values for adipose tissue radioactvity were obtained
by multiplying the radroactivaty 1n the samples studied wath a factor for total adipose
tissue The weight of total adipose tissue was taken as 70 % of the total lipid weight of
the rar Thus two unproven assumptions were made 1 that the speaific radoactivity
{cpm/ueight of hipid) of epsdidymal adipose tissue and total adipose tis ue were the
same and 2 that 70 ° by weight of the total kpid of the rat was adipose tissue The
values for the muscle rad y were calculated by multiplying the rad ymn
the samples studied with a factor for total muscle ‘The latter was taken as 45 9, of the
body weight of the rat The specific radioactivty of the total musele mass was thus as
sumed to be the same as that of the muscle sample studied (abdorminal wall musele)

As shown by the table the radioactivity 1n the adipose tissue showed an 1mual peak
of 3—4 9, with both doses followed by a decrease and a final slow increase Radio-
actity m the muscles followed strmlar curyes

Spleen  The spleen showed a broad peak of radioactity with a maximal uptake of
about 4 °; with the small dose and 13 ® with the large dose Subsequently the radio-
activity decreased rapsdly In the second expenment the ratio C14/H® was above or
close 1o umty durning the first 40 mun and then slowly decreased to 0 5

Other tissues Inanially the lungs took up 3—5 °¢ but the level of radiactivity rapidly
decreased to values of 1 3—20°  Only small amounts of label were taken up hy the
heart and kidneys as shown in the table

Total fatty acid radwactiity recovered These values represent the sum of the radio-
activity 1 all tissues sampled mcluding the carcasses As shown 1n table | these values
are at the longest times sumilar ta the values obtatned from the rats which were homo-
gemized and extraced n fofe (g1ven in the table as whole animals)

The sum of the rachoactvity m the liver the heart the kidneys the spleen and the
lungs and that calculated to be m the blood the adipose tissue and the muscles 1s lower
than the total recovery of radicactivity from the same ammal It 1s believed that this
difference as much as 25 ° of the mjected radioactivity 1n some instances 15 due to a
combimation of two factors

1 The factors used to calculate adipose tissue and muscle radioactivity gives an
underestimate of the true level of radioactsyaty i these tissues

2 Some radioactivity s present (n tissues not studied indnidually e g bone mar

row lymph nodes etc

Discussion

‘The data 1n the first experiment revealed that the disappearance from the crculation
and the tssue distribution of the fat emulsion was consderably different from that
of chylomucrons used 1 previous exp The rate of d was hugher
than with comparable chylomicron doses and except for the longest times studied
the sum of radioactivity in the lver and splecn was almost twice as highasmna pr;u:u:
chylomicron cxpeniment (Belfrage ef of 1963) In that cxperiment it was suggesic n-:ﬂ:r
vth Jarge fat loads the liser may be relatrvely saturated and it s posuble that 2 sl
mechanism 15 also operative with the fat emulsion The spleen took up a :omll c:ah‘ly;
higher fraction with the large dose than with the small dose 1n this npcn%m ol
chylooueron expernment the splenic uptake was small with all doses The hep:

m the
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uptabe however showed the same inverse relationship to dosage a3 was found in the
chylomicron experiment (Belfrage ¢f al 1963)

There are several pos.sble explanations for these differences between the fat emulston
and chylomuerons  As suggested by other authors (Dole and Hambn 1962) the distnt
bution pattern of late fat rmght be derabl d by the surface prop-
erties of the particles $ve have notced that the behaviour of chylomicrons which
bave been frozen and thawed repeatedly to destroy their physical chemical structure 15
similar to that of artificral fat emulsion particles 1¢ they disappear rapidly from the
arculation and are taken up to a large extent by the Iver and spleen (Belfrage and
Olvecrona unpublished observation) Thus chylomicrons treated m this way seem to
become sinular to artificial fat emulsion particles The differences mn the behaviour
of the fat emulsion particles and noymal chylomicrons may thus probably be attnbuted
to differences 1 their physical chemieal structure  Although 1t 15 impossible to deade
the mechamsm whereby the phymcal chemical structure nfiuences the behaviour of
the fat particles from the data of this expenment a possible explanation can be su>
gested Previcus workers using histological technyques have shown that wngected fat
emulsions (Woerner 1949 Murray etal 1951) but not chylomucrons (Murray ef af
1931) were rutially to a Jarge extent deposited extracellulanly ¢ g 1n the siausoids
and the capillanes of the spleen liver and lungs The hpid was deposited as large
droplets ind; an aggl and a coall of the fat particles At longer
tme imntervals after the njection of the emulsion the hpid had entered ito the cells
of the Iner and spleen while most of 1t had disappeared from the lungs probably
Aushed away by the circulating blood The large accumulations of fat m the Iver and
spleen after the myection of fat emulsion was partly attnbuted to this extracellular
deposition (Murray et al 1951) Our data are consistent with this view although they
donot give any direct evidence From the data for the small dose 1 our first expertment
it1s obvious that the increase 1n the biver and spleen radicactivity with hme was larger
than the simultaneous decrease of the blood radivactivity This can only be explained
by 4 transport of label from other tissues to the hver and spleen The lungs and the
muscles showed high 1nitial levels of radioactivity which decreased rapidly It ss pos
sible that a large fraction of the fat emulsion appearing mn these tisues was wibially
deposited everacellulanly as described above and then raprdly fushed away by the
blood + huch \ ould account for the decreased radiactmvaty of these ussues

Although the fat emulsion disappeared more rapdly from the circulation and showed
a different 1 d from chyk the fat emulsion triglycende
scemed 10 be metabol zed in the same way as the chylomicron trughcende In previous
€xperiments it has been shown that duning the disappearance from the circulation of the
Tam part of njected chylomicrons labeled with G glycerol and H? palmie 2ad
the ranos CH/H3 1n the blood and Liser are close to the rato 1 the mjected lipids

(Borgstrom and Jordan 1959 Ol ecrona 1962 ¢} Thus has been taken as evidence that
the chslomicron triglycendes were not extensnely hydrolvzed mtravasally before the
UPtake 1nto the tissues However if the tnghcends were partially hydrolvzed and the
Lower glycendes and hberated fatty acids taken up at the same rate then the rano Gt/
H' would not be much changed from that m the snjected tn,lycendes Neyertbeless,
Eulensne intravasal bpolysis 15 1mprobable for another reason After mjecuen of al
:’umm bound frec fatty acids approamately oqual amounts of label arc found s the
I“ € NPL and PL fractions {Olvecrona 1962 a) but after the injection of chylomictons
label 1s found almest exclusnely 1n the Iy er \PL feaction (Olivecrona 1962 b Belfrage
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etal 1963) Ourdata ([ig 1 and 2) show that the ratio C14/H?* during the dusappearance
peniod was close to unty in the blood Iiver NPL and spleen and that mtally label
appeared almost exclusively in the Iiver NPL fraction Thus the fat emulsion trglveer
1des were most probably taken upnto the I er and spleen without any previous extensive
ntravasal lipolysis

The ncorporation of label into the hiver PL fraction occurred at amular rat s as
those found with chylomicrons (Belfrage e£al 1963) In a previous experiment using
doubly labeled chylomicrons st was found that only fatty acids were incorporated into
the liver PL fraction (Olvecrona 1962 ¢) The G radicactivity in the liver PL of this
expenment was too low to be accurately determined However 1t was ohvious that only
a small fraction of the CM radioactivity could have been incorporated imnto the hver
PL and thus our data are consstent with the view that only small amounts of the
CM glycerol are mcorportated mnto this fraction The data on the small dose of fat
emulsion show that after 20 muin the extrahepatic tissues increased their radicactvity
Thus indicates a secondary retransport of fatty acids from the Lver to extrabepatic
tissues as hay ly been shown 1n chyl p {0l 1967 b
Belfrage e al 1963) The decreasc of the values for total recovery and the values from
the wholeanmals (gwven as tatalin the table) indicate an oxidation of the fatty acidsof at
least the same magnitude as that found 1n the chylomicron expertment (Belfrage ef al
1963)

The present data thus show thatin comparnson to stmular doses of chylomicrons an
artificral fat emulsion 1s removed more rapidly from the circulating blood and s taken
up more extenstely by the liver and spleen In view of the known preferential uptake
of foreign particles by the reticulocndothelial cells of the Iiver and spleen (Benacerral
etal 1957) 1t 1s possible that the high hepatc and splenie uptake of fat emulsion
particles and  altered chylomicrons may be related to reticulo-endothelial actvty
‘The diffe between the chyl and the fat emulsion particles are probably
due to differences 1n their physical chemical structure and seem to be himted to the rate
of removal from the blood and the tissue distribution The fat emulsion tnglycende as
the chylomicron tnglycende s taken up without extensive intravasal hydrolysis into
the liver and this 1s truc also for the uptake nto the spleen A retransport of labeled
fatty acids from the hver and spleen to other tissues especially the adipose nssue and
the muscles occurs in this expeniment A similar retransport from the hver to the same
tissucs was observed 1n a previous chyl P! The oxid of thein
Jected fatty acids 1 also of the same magmitude as that found with chylomicron fatty

acids
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etal 1963) Qurdata (Fig 1 and 2) show that the ratio C4/H® during the dusappearance
pertod was close to umty 1n the blood liver NPL and spleen and that initally label
appeared almost exclusively 1n the hver NPL fraction Thus the fat emulsion triglycer
1des were most probably taken up mto the hver and spleen without any previous exteasive
mtravasal lipolysts

The mcorporation of Iabel into the liver PL fraction occurred at simuar rates 23
those found with chylomicrons (Belfrage et al 1963) In a previous expenument using
doubly labeled chylomicrons 1t was found that only fatty acids were incorporated into
the liver PL fraction (Olivecrona 1962 ¢) The CM radioactivity in the liver PL of this
expenment was too low to be accurately determined However 1t was obvious that only
a small fraction of the CH radioactiity could have been incorporated 1ato the lnet
PL and thus our data are consistent with the view that only small amounts of the
C* glycerol are 1ncorportated mto this fraction The data on the small dosc of fat

emulston show that after 20 min the h tissues d therr
‘This 1ndicates a secondary retransport of fatty acids from the hver to extrahepatic
tissues as has 1y been shown 1n chyl {Olivecrona 196" b

Belfrage et a! 1963) The decrease of the values for total recovery and the values from
the wholeanimals {gnvenas total in the table) indicate an oxidation of thefatty acidsofat
least the same magnitude as that found 1n the chylomicron experiment (Belfrage et af
1963)

The present data thus show that 1n comparison to similar doses of chylomcrons 20
artificial fat emulsion 1s removed more rapidly from the airculating blood and 1s taken
up more extenstvely by the liver and spleen In view of the known preferential uptake
of foresgn particles by the reticuloendothehal cells of the liver and spicen (Benacerral
etal 1957) st 1s possible that the hgh hepatic and splemc uptake of fat emulsion
particles and  altered chylomicrons may be related to reticulo-endothelial activity
The differences between the chylomicrons and the fat emulsion particles are probably
due 10 differences m their physical chemscal structure and seem to be imited to the rate
of removal from the blood and the tissue distribution The fat emulsion trglycernde 23
the chylomicron tnglvcende 1s taken up without extensive intravasal hydrolysts mnto
the Iiver and this 1s true also for the uptake into the spleen A retransport of Jabl
fatty acids from the hver and spleen to other tissues especially the adipose tusue a0d
the muscles occurs 1n this cxpeniment A sumilar retransport from the liver to the same
tissues was observed 1n a previous chylomicron expenment The oxidation of them
Jected fatty acds 13 zlso of the same magwitude as that found with chylomcron faty
acuds

This work was supported by grants from the Swedish Medical Research Council and the s ted
States Public Health Service (H 5302)
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only one tissue sample however and thus give no mformation on the vanauon ben een
indmidual ammals Nesther has any systemanc study been made on the polyarmne
content 1n relaton to age

The amido black method for the d of spermudine and
spermine perrmits the analysis of relatsvely small tissue samples as deseribed previously
(Rawna 1963) The present work deals with vanation betneen the polyammne contents
1n different rat tissues of both sexes and sanation 1n a particular orgn betw een individ
ual ammals as well as with changes 1n the polyamine contents in relation to age

Metheds

The an mals used were alb o rats of the Wistar strain wh ch had been fed od lib fum w th a
standard diet {Hankkiya Qy) Analyses were made from tissues of newborn anumal  of male
ratsaged 1 3 or 9 months and of females aged 3 months

P ep valt nand homo en at on of hssues The anmals we ¢ v erghed and llled by decapuation
under ether & mesthesta Organs we ¢ dussected out on an ice cooled sheet of steel Care was
tak n to p event evaporation before homogenuzation by collecting the fissue samples und ¢
cooled glass chambers The heart and vanious parts of the gastro intests 1al tract were cut up
ansed carefully and dried gently with blotting paper After wegh g the samples were homo-
gemzed w th a1 Ultra Turrax homogenwzer (Janke & Runkel Stauffen) one part of tissue to
420 parts {w fv) of 0 1 N hydrochlonc acid except very small parenchymatous organs 1 hich
were homogenized 1n a Potter Efvelyem type homogemzer

Determ: at on of spermidine and spermine In th of the
am do black was used as the colou reagent after extractian of the amines inte # butanol and
subsequent paper electrophoretic separat on A detailed description of the method has been
published p eviously (Rama 1963) The mino modificatio ss used n the p esene stud 1 ere
asfollows 0 1\ ertrnc acud sod utn hyd oxide buffer pH 4 3 was used fo paper el ctrof horesis
nstead of the sulphosal eyl cac d bufl  because of some nstabil ty of the latte  and 2 per cent
amudo black n glac al acet ¢ acid-dist water (1 9) wh ch remams saturated longer was used
a1 the colou reagent

Results

Polyamins Contents 1n Different Tissues of Rats Aged Three Alonths
‘Table I demonstrates the polyammne contents of different tissues of male and female
rats at the age of three months In general there are considerable vaniations betwcen
different tissucs Tn both sexes the highest concentrations of spermdine 1 400 to 1 600
mmoles per g wet weight were found mn the thymus Large amounts of spertmdine
600 to 900 mymoles per g + ere further detected i the Iwer spleen lungs and different
parts of the gastro-ntestinal tract On the other hand only traces of this polyarmne
V erc found n the retroperstoneal fat As a rule no notes orthy sex differences could be
observed

In general (he organs rich 1n spermdine also contained relauyely large amounts of
spermine In addstton the kidneys contaned much spermune In most of the tssues
studied the molar concentrat on of spermidine 1 as higher than that of spermune as
indicated by the motar racio sn Table I The only exceptions to this rule were the
kidnevs heart skeletal muscle and testes The livers of male rats contamned somes hat
Irss spermune than thase of females which 1s also reRected 1n the molar ratio

The dispersion 1n the polyanine contents of a paricular organ or tissue was in most
Cases remarkably low the standard deviations bans about + 10 per cent or less On
the other hand a considerably higher dispers on was found 1n the data for the lungs
and the tissues with a low polyamine concentration ¢ g fat and skeletal muscle
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Taste 1 Spermidine and spermine cont nts of male and frmale rats aged three monthe ex
pressed as mymoles'g wet weight mean+ S D (standard deiation) Averag weights
of amimals 213 g of males and 160 g of females six ay 1mals 1n both zex groups
Spd = spermidine Sp = spermune

\Molar

rauo
Spd+SD Sp+SD (Spdisp£

Organ Sex (my moles/g) (my moles/g) $D)
Thymus - 1599246 7764120 2022012
- 13844146 77693 1782070
Liver o 892168 63964 1281012
% 839+ .8 883111 101£007
Small intestine “ 85683 487443 1762011
2 788113 4795 1634023
Spleen 3 77046 615439 1252003
¢ 78F £64 63850 123004
Lungs g 6 0166 38792 162017
2 761200 47195 16220 2
Large intestine > 630107 463252 1 3:016
¥ 72867 520438 1402012
Stomach ° 616272 541457 1142009
- £90-94 578275 120011
Bram 2 42078 283412 1702012
- 452227 26924 168_018
Fudness 3 35140 66781 053 007
¢ 404246 69034 09 oot
Heant . 23220 083 012
249026 ©77_007
Skeletal muscle % 10213 047003
1427 045-003
027

Fat retroper - 209 118
e 7917 9-15 131-027
Semunal vesicles Py 2.0 € 16024 143-031
Testes 220223 200 44 044 00%
Lerus? - 423222 300 — 310 i>7 16"

& Tuo pooled samples 3 organs in each.



SPERMIDINE AND SPERMINE IV RAT TISSUES AT DIFFERENT AGES 355

Taste IT Spermzdine and sperm e contents 1n tissues of newborn rats {both sexes) and of
male rats ged 1 3 or 9 months expressed as my moles/g 1 et we ght mean =S D
Averag weights of ammaly newborn (age group 0) 5 g at t month 61 g at
3 months 213 g and at 9 months 328 g Each alue represents a mean of at least
six samples unless otherwise indicated

Age Spd£SD SpLSD
Organ (months) (mumoles/g) (mpm cles g)
Luver 0 1976294 438143
1 1296496 66432
3 897166 69964
9 576491 68 =71
Taymus 0 1943 603
1 17954180 771=131
3 15904246 7761120
9 13824310 7231145
Splecn 10 1515 567
1 12252127 823140
3 770446 61>+39
) 7562100 735156
Radneys ° 1072454 66260
1 524£33 875438
3 3a1£40 667481
9 26013 63639
Skeletal muscle ) 616142 295459
1 188410 27629
3 109113 231430
9 10£10 9712
Brain o 579463 #1199
1 403468 514233
3 480223 783+12
9 38277 184432

Two pooled samples 10 organs 1a each

Changes 1n Polyamtine Concentrations v Relation 1o A

| 3 ooean polyamine concentrations of sux differcnt tisues of rats aged 0. (newborn)

'pk;r Dh months are presented in Table IT The ssues studied meluded Iner thymus

. dney skeletal muscle and bran Except for the newborn animals whose sex
T l:;‘ determuned the different age groups consisted merely of male rats

© Rewborn ammals cvery ussuc studied contamed more spermuding than

*Permine caleulated on a molar basis, The highest concentrations of spermudine over

Mpmoles per g were found 1n the Liver and thyrmus The values obtamed from
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Tapre 1 Spermidine and spermane contents of male and female rats aged three months ex
prossed as mumoleslg wet weight meantS D (standard deviation) Aserage weights
of animals 213 g of males and 160 g of females six 21 1mals 1 both sex groups
Spd = spermudine Sp = spermine

Molar

ratio
Spd+S5D SpLSD (Spd/Sp+

Organ Sex (mpmoles/g) (mpmolesig) sD)
Thymus 3 1590246 7764120 20,3012
Q 13844146 776498 178020
Laver 3 §32:+ 66 699164 128+012
Q 889+58 883411 1014067
Small mtestine 3 856483 487443 1762011
Q 7884113 479455 1654023
Spleen. 3 770+ 46 615439 1255003
¢ 78664 6384 50 1234004
Lungs ° 6304166 387492 101017
2 7614200 471495 1622025
Large intestine E] 630107 46552 1331016
? 72867 520438 1404012
Stomach s 6164 62 541457 1145009
P 6904 9¢ 578475 1202011
Bram 5 480228 283412 170£012
¢ 452427 269424 168018
Kadneys ¢ 3512 40 667481 053007
] 402446 69034 0592004
Heart 3 232420 27819 083x012
2 249426 325423 0774007
Skeletal muscle B 109413 231430 047:£003
2 114227 20943 0354008
Fat retroper 3 8049 6816 11510:7
- 79417 5915 134077
Seminal vesicles ° 230426 160424 143208
Testes o 220 423 500244 0442004
Uterus® . 483522 306-310 15716

Two pooled samples 3 organs 1n each
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show munor changes duning erowth agree farrly well whereas the spermidine contents
reparted by Rosenthal and Tabor are for many t sues igher than those presented
here

The tugh concentration of spermudine 1 the newborn animals and subsequent
decrease with 2ge was a uniforme feature In contrast the spermune content which in
the thymus Iimer spleen and kidneys was appreciably Iower at birth compared with
spermudime  showed some increase dunng the first month of hfe Thereafter spermune
also fell gradually with aging Indirect evidence obtained 1n 1sotope expertments with
chuck embrvos (Rama 1963) and with young rats (Rama to be published) supports the
assumption that spermidine acts as a precursor 1a sperrmne synthesis Further — 1f
one assumes this hypothesis to be correct ~— 1t seems obvious that the turnover of
spermidine to spermune 1s rather slow at least m chick embryos and wn young rats As
shown above 1n newhorn rats spermudine constitutes the major fracuon of the poly
2mines 1n the six tissues studied and also 1o the v hole animal (Rosenthal and Tabor
1956) In general a high spermudmefspermine rato would be evpected i rapudly
growmg orgamsm In agreement with this there are some other findings e g a high
molyr ratio varying from 3 to 7 m some experumental tumours of mouse meluding
lymphoma sarcoma and hepatoma (Rosenthal and Tabor 1956) Unfortunately ery
Little 1s known at present time about the vanous factors affecting this ratio ¢ g the con

of the and enzymes m the b hesis of the polya

mines as well as the mode and rapidity with which they are ehmimated by ammal ts
sues All 1n all further evidence 1s needed to evaluate the significance of the spermudine/
spermne ratio

In sprte of the fact that polyarmnes ate widely distnbuted 1 ammat tssues and in
microorgam ms the possible physiological role of these substances 15 difficult to evaluate
at present Vanous stabihzing effects which they exert on nucleic acids and ribosomes
(¢ g Tabor 1962 Cohenand L 1960) their m (Cohen
and Lichtenstern 1960) their ability to sumulate amino acid wmcorporation mio rbo-
nucleoprotesn particles (e g Hershko Amoz and Mager 1961) seem to suggest a rela
tion to nuclesc acid and protein synthesis Further it has been noted that n the chick
embryo nbenucleic acid and the poly 2rmnes show sumilar changes dunng development
(Ramna 1963) If the changes m the DNA and RNA concentratiohs of various rat
tissues in relation to age (Fupt and hoyama 1962 Oliver ef af 1962 Devief af 1963)
are compared v 1th those found mn the polyamumnes such a correlanen 1s not so clear
but a certam paraltelism with the changes in nuclec acids especially m the case of sper
midine can be seen : e 2 decrease v ith increasing age of the ammals Our present
knowledge of the metabolism of the polyamnes 15 too scanty to allow any defimte
conclusion 1o be drawn from ths corvelanon
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Effect of Tyramune, Reserpine and Cocaine on the
Noradrenahine Release and Uptake of the
Perfused Rabbit Kxdney
By
A Inownne and T Tanaxa
Recerved 24 March 1964

Abstract

Inouye \ and I Tanaka Effect of tyramme reserpine and co e on the norad enaline sel ase and
uptake of the perfus d kudngy Acta physial. scand 1964 62 359—363 Pexfusion of ssolated rabbit
kdn ysfor 170—150 mun vith Tyrode solution containng 0 02 per cent spromaz de caused no
change of the normzl noradrmalme (NA) content_Addition of NA to the prl‘fusmn fluid caused
an upt ke of PP to the NA majo part of the
A r:l‘amcd vas emoved by subsequent perfuson v th NA f ee T)'mdc olubon’ Perfusion
with tyramne 10 ¢ M removed a large part of the renal NA even mn the presence of NA 1 the
perfus on flud Reserpne 4 < 10 M did not sigmficantly elease N\ or alt  the renal VA
Tonteat but dimimshed the NA uptake from a solunon confamung NA Cocaine caused a
moderate relrase of NA and p rually p evented the N'A uptake wh le ¢ hardly caused any loss
1 the renal NA content suggest ng some NA resynthesis

The 1nfluence of vanious drugs on the uptake and release of neradrenaline 1n organs has
been studied n later years ;n ammals i vivo (Hertting Axelrod and Whitby 1961)
m wsolated perfused organs {(Muscholl 1960 a b} i organ shces (Brode et al 1960}
and i 1solated storage granules (Euler and Lishajko 1961 1962)

Ia the present study the 1solated perfused rabbit kidney was used and the uptake of
noradrenaline (NA) under vanious condiions measured In addition the effects of tyra
mne reserpne and cocawme on the amounts of ™ A released o the perfusion flu d and
on the amounts of N \ remauung in the organs were studied

Experimental

In the perfusion expe menss th nght kidney was removed from rabb ts under u ethane
anesthesa (1 0—15 g Llg) w ghed cut nto peces and homogen zed with a Turrax hom -
Eenzerm I0p < ntir tlorac uc od safuton The N\ and adrenaln (A} content of the
exiract was d t rm ned accord ng to Fuler and Lish jko (1901} After 1 gat on of the renal
artery the Jeft k dney was also taken out we ghed and perfused at 38 C w th Tyr e slution
contaiming 005 per cent prona ide i ord T 1o snh bt the act on of menoam ne o
Perfusion was made through a polyethylene tub ng placed m the enal arerry

B ¢ pp 1 2V 1S
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Taste I Noradrenaline (NA) and adrenaline {A) content of night and left rabbut kidney
Mean and § } M 8 expertments

Right kudney Left fadney Per cent
diff 1 NA
Weight  NA A Waght NA A (parred
(8) ngle)  (wglg} () (vgle)  Ugle)  compan o)
Mean 765 028 oo0ts 799 028 0017 226
SENM + 0037 0032 +0093

Tastz 1T Gain or loss 1n NA content of perfused (Ieft) kedney and s perfusate after perfusion
with spromuande —~ Tyrode solution contaiming tyramime reserpine or cotme
compared with unperfused control

Drug DA Mean net
Num  added to Perfusion Renal NA content (ng/g) perfisate  gawnorloss
ber of perfusion time —_—— —— (sgle (ug/g
expts  flud (min)  Control  Perf Dt kidacy)  hednev)
4 — 20— 033 03 <005 <002 <003
150 (018—~ (019
043) 044)
3 Tyrammne 120 035 018 017 015 <002
10 40t (623~ (016— (O[3~ (012~
052) 031) 021) 017)
3 Peserpine 00— 028 025 <005  <00> ~002
4x10 M 180 (027—  (019—
035) 032)
3 Cocamne 120 024 024 <005 007 ¢o7
10 2L (019— (020 (003 (005~
030) 029) 010) ol

After the perfusion was started the perfusate through the vemn and other routes s coll cted
every 20--30 nun and 1ts volume measured NA in vanous concentranons tyrammne (40 ¢ A\l
resrrpine (& # (0 A) or cocame (10 4 A1) were added to the perfusion fluid as indicated

The flow rate of perfusion Aurd was adjusted to 5—12 mijmmn by a clamp on the tub pg frors
the reservor I‘

To the effluent 1/20—1/10 volume of 10 tnchloracet ¢ acid solution was added Afier
filteaton if necessary the catecholamines were determined m 20100 m! of the rruru

‘Afier perfusion_the kadney was blotted dry with a filter paper tc chminate a1y .dA g
“A-contaning solution weighed and extracted with 10 trichlosacenc acd The ™. d‘ﬂlt
centration 1 the perfusing fwd was determined on samples taken in the beginning n; o
end of perfusion ther average taken as the fective VA concentration NA values of the ki |
vy are gnen as the base {uncorvected for about 20 per cent loss) and reler

wipght before perfusion
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The Tyrode solution used contaned 1 1 Ire NaCGl8g KCl2og CaCl 25g MeCl
6HO25g NaHCO 25g NaH PO H O 122 g dextrose 10 g and 1pronazide 65 g It
was aerated with 6 CO + 94 O givmga final pH valur of 69—7 1

‘Three types of perfusion exprrments were performed 1n one sencs the total amount of NA
12 the collected effluent and the changes in NA content of the perfused kidney were estimated
after perfusion for 100-~180 muin with drugs n the second seres the kidney was perfused
with Tysode contamng NA and drugs and i the third series this perfusion was followed by

A [ ce Tyrode solution for about one hour and the 3 content of the perfused kidney deter
mined

Paired comparison of catecholamtne content of rabbut kudngys

In 8 rabbits the NA and A content was determumed separately n the nght and left
kidney (Table I) In no case did the difference exceed 14©  its mean and standard
deviation being 2 3 + 25 ° (S D) when compared m pars Differences i N A content
between control and after perfusion beyond 15, were considered stausucally sigmfi
cant in the experiments with drugs added to the Tyrode solutton

Effect of perfuston wath spromazide Tyrode solution on the catecholamume content of rabbut s kidngy
The noymal NA content of 53 rabbit kidneys used as controls fell withm the range of
017052 pglg their average beng 030 £ 003 ug/g (M 2 SEM) which 13 m
g00d agreement with previous reports (Rehn 198) In 4 perfusion expts the NA con

tent was measured 1 the unperfused control {rrght kidney) and i the left kidney
after perfusion for 120—150 mn with ipromazde Tyrode solution As shown m

Table I1 the mean difference m the NA content of the two kidneys was less than
005 uglg fadney

Pe fuston wnth sproma de Tyvode solution contarting tyramne seserpine or cocane
While perfusion with ipronzazide Tyrode solution for 120—150 mun left the NA content
unchanged addition of tyramine 10~ M caused a strong N A depletion (Table II} and
also a marked increase of NA i the perfu.ate IT the presence of promazide mn the
Tyrode solutron has snterfered with the release of NA from the organ {Axelrod Hertting
and Patnick 1961) 1t clearly did not prevent the depleting effect of tyramune

The change 1n NA content of the kudney as well as the N 4 output 1nto the effluent
was insignificant dursng perfusion with Tyrode solution to which reserpme had been
added Cocame (10 M) caused a moderate NA increase 1 the perfusate while the

renal NA content remamed unaliered under the effect of this drug suggesting some
repletion of renal \A duning the perfusion

Pefusion with A 4-contaming Tyrade solution with and without drugs

After perfuston with N A-containing solutions for 90—120 mun an merease m renal NA
content was found (Fig 1) Asscen in the figure the highest uptake of a given concentra
110m of NA 1n the perfusion fluid occurs with NA alone while it 15 ¢ onsiderably less i
the presence of the drugs studied and particularly so for tyramne

Pefunon with \ tcontain ng Tyrode solution sith and « thout drug followed by Tyrode
petfusion

When perfusion with \ A-contarung solution for 90 min was followed by 60 min
perfusion with Tyrode solution the greatest part of the ™ A accumulated 1 the tissues
1s washed out However assho nin Fig 2 concentrations of NA beyond 0 10 prg/mt
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Fig 1 Tsolated rabbie ldney perfused

90120 mun with Tyrode sotution gnum

tng 002 per cent spromande and varying

- . concentrations of NA Influence of tyram
e 1 e seserpine and cocane added 1o the
4 cotemt 0 petfusion Buud on the uptake of NA m the

- — kdaey
YT Ly

o7

02 CHANE 3 KIVEY NA
AFTER PERFUSIN

01 02 o
NALgim IN PERFUTION FLUD

< Eig 2 Isolated sabbit kadoey perfused for
[ %0 mm as m Fig 1 followed by 60 min
perfusion with Tyrode + ipronisaide

® A FESERPINE 4 10%M
© WA COCANE 10%n

tn the perfusion fluid resulted 1n a net wcrease 1n NA content of 0 08—0 12 ug/g in the
ladney probably represenung a true uptake When NA was perfused together with
reserpine (4 ¥ 10 ¢ M) or cocame (10 * M) no definite permanent uptake was ob
sersed, the change 1n NA content being (with one exception) withun the range of + 005
pglg even after perfusion wath concentrations of 0 20—0 25 yg/ml of NA Tyramune
howeser was found to diminish the renal NA content strongly (0 14—027 yig/g 1n 3
expts )

The mean uptake of NA found 1n tlus series after washing suggests that the NA
taken up 15 bound to tissues 1 such a form that 1t 13 readily removed by washing with
Tyrode solution. Also 1t appears that reserpine and cocanc inhibited this uptake
‘Whether tyraoune inhibits the uptake 1p addition to sts NA-depleting action cannot be
deaided by the present experiments

Discussion

In our experiments perfusion of the kidney with NA«containing Tyrode solution followed
by washing with \A free solution caused a small but defimte increase 10 she renal NA
content while NA together with reserpine or cocame caused practically no change 1n
the argan content after washing As shown by W egmann and hako (1961) a farge part
of N A mjected to the dog 15 recovered in the soluble fraction of the heart ussue while
the amount fouad 10 the particulate bound fraction was small Since most of the NA
1aken up after perfision with NA can be washed out with Tyrode solution in contrast
1o the normally occurnng NA 1t 15 assumed that the Jatter occurs 1n a bound form
presymably 1o part mn particulate clements The rematnng wnerease in N A content
afier perfusion with VA and subsequent perfusion with Tyrode may therefore represent
“ form
a frue aptake a3 beund ndy 0 <130 (Syarne 1961) and in the perfused

1ne releases NA from organs not o
or:a’:‘(mlmdmzr and Muscholl 1961 Angelakos and Torchiana 1963) but also from
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ssolated storage granules (Schumann 1960 Exler and Lishajko 1960) as well as from
the particles i the intact cells {Iversen and Whitby 1963) Our results support the
concept that tyramune displaces noradrenaline from the stores 1n the organ and alo

show that the end; NA 15 not d durmg the perfusion penod
with Tyrode solution
In the present reserpine in th used had no direct releasig

action on the endogenous NA 1 the kidney This 15 1n agreement with the observations
of Euler and Lshagko (1961) that only high concentrations of reserpine had a direct
releasing effect while lower concentrations mnhibited the amune release from isolated
storage granules The preventmg action of reserpire on amine uptake by the tissues
(Brodie ¢f ol 1960 Muscholl 1960 b) especially by the particles m the ntact cells
of the beart (Campos and Shideman 1962) 15 n agreement with the Jowered M A uptake
found The ntubitory action of cocainc on the uptake of NA 15 i harmony + 1th the
findings of Muscholl (1960 a) on the perfused heart

Thus work has been supported bv grant AF EOAR 62 14 from the A r Foree Office of S¢ entiic
Research, OAR through the European Offic _ Aerospace Research Umited States A Force
Wea e mdebted 10 Mr F Luhako Mr N A Persson and Mrs 1 Pettersson for their und
belp n our expersments
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Abstract

Jansen J K S and Rudjord T On the silent period and Golge tendon organs of the soleus nuscle of
the cat Acta physiol scand 1964 62 364—379 The silent period 1n the soleus during twitch
contractions has been studied i wmitercolhicularly decercbrated cats The duration of the slent
period was independent of the imitial tension 1n the muscle and remained constant in spite of
large vanatons m the twitch tension with springs of varying compliances mnserted 1 senies
with the muscle. The responses of 42 tendon organs of the soleus 10 twitch contractions passive
} stretch and fused tetanic contractions have been determined m Nembutal anaestfietized cats
" The majority of the tendon organs had lower halds to active
than to passive stretch of the muscle They were all excited by 1sometnic twitches developing
less than 160 g tension There 1 a5 an approvsmately Imear relationshup between the d scharge
frequency of the tendon organs and the tension in the muscle during sometric graded fused
tetanic contractions of the muscle The slope of this relationship varied between 2 and 18 1mp/
sec/100g It 15 concluded that the duration of the silent period in the decerebrate cat 18
primanly determined by the pause m the d scharge of the primary eadings of the muscle
spindle during the twitch

The mterruption of the electrical activity of a muscle with intact nnervaton dunng
a supertmpased twitch or tendon jerk (the silent period) has been imvestigated exten
swely since its discovery by Hoffmann (1919} (for a review sec Grame 1955) The
ohect of these in has been to clucidate the reflex effects of the afferent
impulscs from the various sense organs i the muscle and certan functional properties
of the motoneurones involved It s generally agreed that three different spinal mecha
nusms will contribute to a varying degree 1o the silenr period

1 The hib of | acuvity by means of the recurrent
collaterals and Renshaw cells (Renshaw 1946 Fecles Fatt and Koketsu 1924) The
silent period ascnbed ta synchromzed actwity of slowly discharging momnmronr:
{Hofl et al 1934) 1s presumably partly due to recurrent shbitton The tme counl
cates that the effect of such mhibition 13 most pronounced duning the casly part
Fatt and hoketsu 195¢ Merton 1951)

ndu
of the silent penod (Eccles

364
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2 'The pause 1n exatatory Ta afferent impulses from the muscle during its contrac
tion (Fultort and P1 Stiner 1928 Matthews 1933 Merton 1951)

2 'The whibition due to activation of the Golg: tendon organs

Tt was emphasized by Merton {1931) that the duration of the slent period 15 of
particular importance from the potnt of view of the control of movement From vanous
observations on the silent persod 1 adductor polhas muscle duning steady voluntary
activity Merton concluded that the re-exaitation of the musele spindle receptors by
therr extension during the falling phase of the twatch contraction was the man factor
causmg resumption of finng m the motoneurones after the sdent period However
recently the silent peniod during voluntary activity has been re-examned by Huf
schmidt (1960) By companng silent perrods in the biceps muscle with and without
stmultaneous shorterung Hufschmudt reached the conclusion that the silent penod
15 due to autogenetnc mhibition by afferent impulses from the Golg tendon organs

This discrepancy prompted the present re investizations of the silent period int the
decerebrate cat Tt was felt that a companson of the silent period during 1sometnc
and wsotenic twitches would differentiate bety een the effects of the spindle pause and
the tendon organ mhibition In addition 1t appeared desirable to study the behaviour
of the Golg: tendon organs under comparable conditions These sense organs have

receved comparatively little attention since their functional identification by Matthews
(1933

Methods

The experunents on the s lent period wete performed on four cats decercbrased by wtercoll
cul v sect on after I gation of the carotid artemics These cats all had sustained stretch reflexes
10 the soleus The hind leg was partly denervated by scction of the lateral and medial popliteal
meres cxcept for the branch to the lateral head of gastrocnemuus and soleus This nerve was
dissected through the lateral gastrocnemums and ali s de brinches to this muscle were cut
The sofeus tendon was wolated from the rest of the Achulles tendon Thus titial dissection
and the subs dq W ed under cth r The cat was then
placed sn 3 ng d frame and the hund leg 1m nob Lu.ed by pins 1 the shac crests 3nd the p oumal
and distal ends of the ubia The soleus tendon was connected to an tso netrc myograph with
22 RCA 5734 valve as transduc ng element, hea by xotonic condations were obta ned by the
msertion of 2 weak spring between the musel and the myograph. Stretch eflexes could then
be el cited by vanous degrees of extens on of the muscle The tension on the muscle was dis-
played on one beam of a Tetronix 50. esalloscope The electromyogram of the soleus was
recorded bets oen two unisolated needles one 1 the muscle belly and the oth 1 i tendon
and displayed on the second beam of the osc Hoscope

Twitches 1n the musele were el cited every second by 3 nele shock sumulation of the nerve
of @ ma umal antens 1y This produced silent penods 1n the strerch nduced electneal back
ground actiwity of the muscle The oscilloscope sweep was svnchronzed with the stimulus
an1 usually each frame of the lm w.s exposed by five superimposed sweeps The sweep speed
was 50 msec/ m and the durat on of th 5 lent perod was measured from the beginmng of the
drect electneal response of the muscle to the first act ity appeanng afic the taitch The

dm;uqn of (he silent period could then be measured on the film with an accuracy of about
23 msee

The Golg tendon o gans were stud od 11 s x cats kept | ghtly anacsthetized by mtravenous
jecuons of “embutal The hnd leg was denervated except for the nerve to foleus and the
soleus tendon 133 ssolated After a tumbar lam nectoy th dorsal and entral roots L VIT
and § 1 were cut p oumally The dorsal roots were d vided into finc filaments unul only
ON acti un t was present This was identified as a Golg tendon organ in soleus by 11y be
bavioyr dunng_somctne twitch contractions of the muscle and by the conduction velocity
of th afferent fibre determimed by electrical sumulation of the nerve nea the muscle (F g 3)
While scarch ng fo tendon organs, the muscle was kept tw rchung at onc se¢ ntervals. The
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A B c
I i ‘
2 NS 700g
S —
100 msec

Fig 1 Sient pertods at various titial tensions Each frame consists of five superimposed sweeps
Electromyogram above tension record below a maximal twitches to sumalation of muscle
nerve every 2 sec i all instances Irutal tenston 1n A 120 g B470g € 1000 g

nerve umpulses recorded from the dorsal root flaments were fed through a preamplifier (Tectro-
nux 122) and dusplayed on the osailloscope Accord ng to the requirements of the experiment
the time base of display was provided exther by the horizontal sweep of the oscilloscope or by
the movement of the film The speed of the film was then 10 em/sec

The duscharge pattern of the tendon organs was studied during fiear extension of the muscle
up to a posttion corresponding to full physiological extension The puller consisted of a hydrau
Lic system with a moving piston that was connected to the musclc through the ssometrtc myo-
graph The movement of the puller was controlled by clectromagnetic valves and could be
stapped at any degree of extension The rate of movement of the piston was kept at 18 mm/sec
m all experiments Twitch contractions of the muscle were elicited by single shock stmulation
of the muscle nerve Fused tetamic contractions were produced by stimulation of the penipteral
ends of ventral roots L V1 and § I at a frequency of 40/scc and intensities bets een threshold
and @ maumal Usually tetan of 2 sec duration were ehicited every 10 sec

Durnng the expeniment the rectal temperature was kept between 37 and 33 C Al the
exposed nerves and muscles were kept covered by heated and O, equilibrated muneral ol tn
pools produced by the skin flaps

The frequency of tendon organ discharge was determined by counting the number of im
pulses duning a 0 1 sec period In the present steady state experiments the duscl arges of
the tendon organs were usually remarkably regular The only exceptions to this was obseryed
when a strong ventral root tctani produced early discharges 1n the afferent nerve fibre
Such observations have been excluded from the matenal

Results

A The silent pertod

In the decercbrate cats the duration of the silent period duning a twitch contraction
varied considerably 1n different preparations (80—200 msec) However in any one
preparation, the duration of the silent period as a rule remaimed fauly constant In
one cat 2 spontancous reduction 1 the duraton of the sient peniod from 170 to
100 msee was observed This was accompamied by a marked increasc in the strerch
reflex of the soleus and was probably due to additional cercbral damage at the sie
of decerebration On the whole howeser the duration of the silent period remained
constant as long as the ammal remained n a stable condition Therefore the duration
of the silent peniod 1 the decerebrate cat provides a stable index of the changes in
actmaty of spinal motoneurones and can be used expenmentally to deduce the cause
of such changes as indeed has been donc by a number of investigators panged
12l tension. The duration of the silent penod was not apprecably chang

1 of e
c‘f{:y{;rge yanations s the 1mtial tenston A typical expenment 15 shownin Fig !
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Fig 2 S lent penods with vanous deerees of muscle shorterung 4 isometnc twitches et al
tenson 700-8x0 g B spring of 0025 mm/g complance m senes with the muscle Tt 3l
tenson 700 g C spring of 0 18 mm/g comphance m senes with the muscle Tnmitial temsion
350 g & maxumal tw tches to muscle nerve smulation 1n all instances Each reco d consists
of five supernposed sweeps All from the same experment Myograph sensii 1ty changed
30 that verucal calibrat on b 1 of A corresponds to 700 g n A4 170gm Band 35gm C

In the first records (A) the imial tension was as lo v as 120 g and only a few moto-
neurones were finng In Band C the mtial tension v as mcreased to 360 and 870 g
respectinely and an number of were recruited The shock
10 the soleus nerve was 1dentical 1n all three mstances and of ¢ maxmal ntensity
In spite of considerable 1ncrease 1n resting tension and the corresponding ncrease
excitation of the soleus motoncurones the duration of the silent peniod was sery much
the same  approvimately 150 msec

Considening now the three reflex of 1mpo for the d
of the duration of the silent period the first namely the recurrent infubition following
the antdromic volley appears an unlikely cxplanation of the obseriation recorded
i Fig 1 Fustly a silent peniod of 150 msec 15 considerably longer than the usual
duration of recurrent inhibition (Eccles ef af 1954) The anudrormuc volley of Fig 1
was the same i all instances Taking the temporal decav of recurrent inhibihon
{Eccles et af 1954) nto account one would expect a shorter silent penod 1 tth the
more powerful cxcitation of the motoncurones at increasing extensions Thus 1s also
mn harmony with the obsenations made on silent periods in deafferented muscles
{Hofl ¢t ol 1934 Holmaren and \ferton 1954)

Without knowledge of the exact behaviour of the primarv endings of the muscle
spindles and the Golgs tendon organs the obsenvations sho 1 m Fig 1 do not provide
entical information as to whether the spindle pause duning the twitch or the autorenenc
tendon organ intwbition are mainby responsible for the observed sifent penod 1€ the
inhib tory effect of the Golat tendon organ impulses  as the most 1mportant factor
1t would have to be very accurately matched with the increastne exc tation to secure
the obseried constancy of the duration of the silent penod

Comparison of asotontc and e metnic tastches The companson of the s lent penods dunng
1sometnce twitches and twitches with appreaiable shortening provides addittonal evi
dence on the mechanism of the silent penod Records from such an expeniment are
shown in Fig 2 The ssometric silent penod had & duraton of 100 msec Fig 24)
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and the umtial tension varied between 650 and 830 g Under these conditions the
maximal shock to the motor nerve caused a twitch contraction of about 400 g addinonal
teaston In Fig 2B a spring with a compliance of 0 025 mm/g was inserted between
the myograph and the muscle The trunal tension was 1n thus case about 700 g and
now an @ mauimal twitch caused an increase in tension of 40 g only In Fig 2C a
weak spring with a compliance of 0 18 mm/g was nserted in senes with the muscle
The il tension was 350 g and the @ maimal twitch now caused only 14 g of addt
tional tension The striking observation of Fig 2 1s that the duration of the silent period
remarned practically unchanged at 100 msec n spute of the large reduction 1 twitch
tension from 400 g under 1sometric to 14 g under practically 1sotonie conditions
Comparable observations were made in all four cats
An additional observation of nterest can be made from the records mn Fig 2 Con

sidering the of firing of the after the sifent persod there are
marked differences between the jsometric (A) and the sotome (B and C) conditions
InA the start finng at app: y the same level as before the silent

period whereas in B and C m which there was considerable shortening of the muscle
dunng the twitch 2 marked overshoot 1n the electrical actwity ensued immedhately
after the silent pertod With the weakest spring (Fig 2C) this caused a second shorten
1ng of the muscle with an accompanying silence 1 the electromyogram A moderate
amount of overshoot certamly may occur even under isometnc conditions but a more
marked overshoot has been a constant feature 1n our expeniments when shortening
takes place dunng the twitch

Considering this obscrvation from the point of view of the neural mechamsms of
the silent period 1t 1s clear that the antidromuc volley following the @ maximal shock
1 Fig 2 will be the same whether the muscle 1s allowed to shorten during the twitch
or not The considerable difference 11 the finng pattern in the two situations must
therefore be due to afferent umpulses from muscle receptors changing the finng pattern
of the As the hoot 1n the after the 1sotontc twitch
occurs at approximately the same time as the resumption of firing after the 1sometnic
twitch 1t appears less likely that the \ under these exp f
condittons 1s of primary importance for determuning the duration of the silent penod

Since the work of Matthews (1933) the Gole: tendon organs are generally regarded
as slowly adapting receptors sienalling the degree of tension 1n the muscle On thss
background the observations of Fig 2 have some bearing on the relativc importance
of the afferent impulses from Golg: tendon organs and the spindle pause for the dura
tton of the sitent penod The constancy of the duration of the silent period 1n spite
of the large chanees 1 the tension developed duning the twitch makes 1t unlikely
that the inhibition from the Golg: tendon organs 1 an important lactor 1 thus respect

On the other hand the pause in discharges from the pnmary endings of the muscle
spimdles 13 determined by the time caurse of the twiteh contractuon and this 13 not
markedly different 1n 1sometric and sotonic twitches Itis known however and appears
from the records of Fig 2 that the peak time of ssotonic twitches (80 msec) is fonget
than that of ;sometric twitches (70 msec) Wath the constant duration of the s;llt"‘
period this must mean that the motoneurones resume finng carlier on the £l u;:’
phase of sotonic twitches This 1s indeed apparent i Tig 2 This obsery au:n ca:x "
related to the considerable dynamic sensitivity of the pnmary receptors of ic![: et
(Matthews 1933 Cooper 1961) The rate of recvtension of the mus At
er following an 1sotoruc twitch and accordingly 1t wall evoke a more v

spindles
be great
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Fig 3 Ident fication of a Golo tendon organ 1 Action potential m dorsal root filament to
stonulanon of the nerve near the muscle B Discharge f om the tendon organ durin o max
mal sometnc twitches Intal tensonn L 1s 0 g 02 M40 3395 andm $640g

discharge from the primary endings (Gramt and van der Meulen 1962) Thus the
conclusion 15 reached that under the present expenmental condtions the pause 1
discharges from the pnimary endings of the muscle spindle dunng a & 1tch 1 the most
important factor determmng the duration of the concomitant sience in the electro-
myogram

B Properties of the Golgs tendon or, ans
Our onginal intension was siaply to study the behaviour of the Gole tendon argans
under condittons comparable to those used 1a the study of the suent perrod. But the
unexpected observation of the large difference in threshold for active contraction
and passive stretch seemed to make a more extensise study desirable

The method of 1d, and certam ch of the discharges of Golgt
tendon organs appear from Fie 3 The conduction velocity of their affeent fibres
V as always within the group I range (Fig 3A) The 42 tendon organs of the present
study had afferent fibres with conduction veloctties of 79—116 m sec in agreement
¥th the obsersations of Hunt (1924) The typical discharge pattern of a Golg tendon
organ dunng an 1sometnc twitch appears from Fig 3B Charactensucally the fre
quency of firino 1s greatest on the nsing phase of the tarch and the maximum 18
Teached before the peak tension This apphes to all of our observations on Golg tendon
organs and indicates that they respond to the rate of merease i tension as well as
tension atsell The same observation can be made during passe extension of the
muscle (see below) and in the records published by Hunt and Ruffler (19511 A further
Pont can be seen in Fig 3B With increasmg mnal tension there s an appreciable
IRcrease i response only as long as the actne twatch tenuon increases with muscle
xtension In spute of the considerable inunal tension w1 the last record (Fio 3B 4
th e was no discharge before the actne contraction Thus there appears to be a
marked difference bets een the responsneness of Golgy tendon organs to acuve con
fraction and ta passie extension This pomnt wall be further elaborated below

Posiesteteh As descnbed by Matthews (1933) the discharge frequency of most
Golga tendon organs increases with 1ncrease m tens on duning passtve estension of the
muscle \fatthews also ponted out that there 1s a considerable difference m threshold
between dufferent Golgi tendon organs This appeass  the records of Fig 4 which
dusplay the discharge pattern of two different Gol 1 tendon organs dunng a Linear
Wretch of 18 munfsec up to full physiological extenston of the muscle The tendon
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Fig 4 Discharges of two dif
ferent Golgi tendon organs
A (4and B)n the same muscle
to passive linear stretch Ten

son record above action

potentials below  Duration
m of dynamic stretch indicated
———— by the hne below cach re

B Iem cord The muscle was kept at
‘/ the terminal length which
10sec P

mm/sec

ﬂ full physiological extension
1Lt N | Veloaty of stretch about I8
—_—

. Fig 5 Scatter dagram [
abservations of threshold 1)
passive stretch (at saiwa) and
sometne twitch contrictron
{ordinate) Each p it rep-
resents the observations of
one umt The open circles o
the nght idicate umits that
* . did not discharge during the
passive stretch Straight hine
o o - =x drawn to mdicaic
difference in scales on ab-

hdand . sce sa and ordinate

Twitch threshold g
8 g
K
.
.

3

0 oo

Pass ve extens on th eshold g

organ of Thg 44 started to discharge at a tension of 30 ¢ Charactenstically thedis
charge frequency was greater at the end of the dynamic stretch than dunng the fol
lowing mamtained stretch This 1s usually 50 even if the tension overshoot due 10
muscular viscosity 15 dusregarded and the dynanuc and stauc finng frequencies are
compared at comparable tensions As pointed out above ths suggesix that the Golt
tendon organs respond to the rate of chan~c in tension as well as to tf e tension 1tsell
Dunng the d the of the sense organ 15 very slow Ths
has been measured for the 10 tendon organs observed 1n the fast two cats of the present
senes These 21l showed a finng pattern similar to that of Fiv 44 and the average
decrease 1 frequency dunng the period from 05 to 15 sce of 2 mamtain d stretch
at full extension was 129 ¢, (range 299 w214°)
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In the record of Fig 4A one may madently notie a charactersstic difference 1o the finng
pattern of 2 Golgs tendon organ and that described for prmary receptors tn the muscle spindle
dunng a suntla stretch The primary ending shows typically a prolonsed discharge wmterval
between the dynamic and static phases of the stretch (Jansen and Matthes s 19671 Such a
pause has never been observed 1n the discharge of the Golgt tendon organs One 1s tempted
10 ask whether this may be due to the existence of two different receptor areas for the primary
ending one on the nuclear bag and one on the nuclear chain 1trafusal fibres ea h perhaps
respons ble for th dynam ¢ and stauc discharge sespectively of the primary ending (cf
Jansen and Matthey s 1967)

‘The tendon organ of Fig 4B had a much higher threshold for passive extension
than thatof Fig 4A and 1n addstion 1t did not discharge duning the mamtained stretch
cven though this »as at full physiological extension of the muscle Such behaviour
was frequently encountered m tendon organs with high threshold to passive stretch
and indeed the same 1s regularly observed 1 lo v threshold tendon organs at smaller
degrees of extension As appears from Fig 5 some tendon organs with even higher
thresholds than that of Fig 4B were found n the present series Of the 42 tendon
organs studied 12 did not gve 2 at full 1 extenston
of the muscle the corresponding tension being 600—700 g A few of these were found
to discharge tomcally on an additronal 1—3 mm stretch But six tendon organs were
found that did not fire at all during or after passi¢ stretch up to about 1 100 g tension
On account of the possible deleterious effect of overstretch such extensions were tried
only occasionally at the end of the expeniments

Comparison of tuntch and passize extension thresholds From records of passive extensions
Bke those of Fig 44 2nd B the amount of muscular tension at the moment of the first
discharge from the sense organ was measured for the whole sertes of Golg: tendon
organs studied i this way For the same tendon organs the peak tension of the smallest
sometne twitch that would cause a discharge from the receptor was determined
The result of these measurements 1s shown 1n the scatter diagram of Fig 5 m which
each pownt represents the observations on one tendon organ The threshold value
for pasve extension has been plotted along abscssa and that of the twitch along the
ordwate It should be noted that the scales of the abscissa and ordmate differ by a
factor of five It appears from g 5 that none of the tendon organs studied had a
szaificantly bugher threshold for twitch contraction than for passive extension The
majority had an appreciable lower threshold for twitches Furthermore there is no
obvious relation between the t o thresholds Some of the receptors that did not fire
2t all duang passive extensions had a fairly low threshold for twitch contractions
The thresholds for passive extension sanged from 20 g to more than 1000 g The

thresholds for twatch contractions were all between 6 g and 160 g (mean value 44 &)

The fact that the Golg: tendon organs respond to the rate of change of tension as
“ellas o the absolute level of tension makes 1t clear that the values of twitch threshold
and passive extension threshold presented above may not be strctly comparable as
the time course of the exanng force 1s probably very different m the two cases Even
% 1t 15 hoped that the companison mav be helpful in pownaing out the miarked differ
e 1R the respanse of Golg tendon organs (o passtie extension and to active contrac
ton of the muscle
; The responce to tetame confractions Tt 15 concevable that ngh threshold to passne

tretch and refusal o fire dunng mamtamed extension mught be duc to a more rapid
;‘“ of adaptation of certatn of the Golg tendon organs However ther bebaviour
unng mamtaned actn e contractions e oked by tetamic sumulauon of the appropriate
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Fig 8 4 Comparison of tension frequency slopes to passive stretch {ordinate) and to tetanic
contractions (abscissa) Each pomt represents one tendon organ I ne drawn y = x to faciliate
companison & Histogram of slopes to passive static extension C Histogram of slopes to fused
tetanic contractions

behaviour 15 shown by all the tendon organs of Fig 7 Furthermore with mital ten
sions of more than 300 g a similar increase 1n extrapolated thresholds was found 1n 17
of the 18 tendon organs for which such observations have been made On the other
hand a convincng change 1n slope has never been observed wath increase m niual
tension

A lrss frequent feature of tendon organ behaviour appears from Fig 7B To passne
extension this tendon organ had a sty of apy Iy 3 /100 g
(mierrupted cunve; On the other hand to tctanic contractions sts sensitivaty was
more than four umes as great. Charactenstically the sensitnaty was notinfluenced
by the 1mtial tenston The threshold however was progressively increased In the
present serics of tendon organs the small difference in threshold to static extenston
and tetamic contraction shown m Fig 7B was somewhat exceptional Its dynamic ex
tension threshold was 90 g and that of the twitch contraction 30 g {sce above)

As mentioned, the change mn slope shown in Fig 7B was not 2 very frequent obser
vation 1n the present matenal Straight lines has ¢ been fitted by eye to the obsenvations
of all the 17 tendon organs for which this companson can be made The slopes of
these straight lines are presented in the scatter diagram of Fig 84 Each pont repre
sents onr tendon organ. lts sensiisity to tetanic contractions 1s plotted along the ab-
scissa and that (o static extension along the ordimate It appears from Fig 84 that
none of th= Golzn tendon organs had a greater sensitvity to passine than to actie
tension. The majonty of them were nearly equally sensitne to both kinds of load
Uafortunately 100 much rehance cannot be put on these slopes unce some of the
obserauons do not fit straight hines as nucely as those of Fig 7B Cand D However
a change of slope by more than a factor of two was definmt Iy real and thus at least four
of the 17 tendon orzans of Fig 8A had a greater sensitivaty to zctne contraction than

to passne extension.
Somne of the tendon organs
and the response to tetanuc contraclions was not examun
Accordingls these umts are not represented 10 Fiz 84 The values of the vml;
the 19 tendon organs of the present material appear from Fig &

did not discharge dunng the pasne extensions apphed
ed 1n two of those that did

extension slopes of
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Fig 9 Localizat on 1n soleus of 20 tendon organs of the last two cats Tendon
organs with a mainta ned discharge to full physiological stat ¢ extension (O}
tendon o gans without discharge to full static extens on (@)

The mean value of the obsersations 15 5 smpulses/sec/100 g (SD 28) All tocether
the tension response curve of 25 tendon organs to tetanic contraction was determined
1 the present study The slopes of these curves are shown i the histogram of Fig 8C
The mean value of these slopes 1s 8 2 :mpulsesfsec/100 g (SD 3 0)

As mentioned above some of the Golg: tendon organs did not discharge during
Ppassive extension up to full physiological extension However their responses to tetamic
contractions were mdistinginshable from all the other Golgt tendon organs studied
The tendon organ of Fig 7C provides an example It did not discharge at all duning
extension up to 600 g of passive tension Its slope to tetame contractions was about
18 impulses/sec/100 g This was the highest sensitnity of any tendon organ of the pre
sent senies With 170 g of imnal tension the response curve was typrcally shified to
the nght The sensitniry of seven other tendon organs that did not respond tomcally
10 passive extension ranged from 9 to 2 8 mmpulses/sec’100 g + hich agrees with the
range of the rest of the materal

Tt was regularly observed (Fig 7) that the total tension response curies were shifted
10 the night when the contraction took place under a certam amount of mutial tension
In general ths shuft to the nght corresponded approxumately to the amount of snitial
tension (Fig 7B) so that if only actine tension 1nstead of total tension had been plotted
against the response the obsenations would all fall on the same straight hne Ths
simifies that the tendon organs to some extent signal active tension only and disregards
that due to passive extension However thisis not alvaysso With small and moderate
ttal tensions there 15 usually not a defimite shift to the nght suggesting that the
tendon organs signal the sum of active and passt € tension  \n example of this 1 pro-
vided 1n Fig 7D The response to unloaded tetanic contractions and those to tetanic
contractions at an imtal tension of 170 g do all fall on nearly the sante stra ght line
On the other hand with an smitial tension of 350 g the curve 1s definitelv shifted to
the nght. It should be noted that the tendon organ of Fig 7B was exceptional i shoy
ing a definite terease in oxtrapolated threshold with enly 80 ¢ of imtial tensian Usu
ally an 1nitial tension of about 300 g was required to demonstrate the shuft

Localia nof Colgt tendon organs The s mplest explanation of the difference 1 re-
sponse of the tendon organs 10 active contraction and to passive stretch of the muscle
s that differently located tendon organs will be differently affected by the exatng
force an the two instances Therefore 1n the last two expenments, the locahzation
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wathin the muscle of the 20 tendon organs studied was deternuned This can be done
farrly accurately by application of pressure to the muscle Employing the posnted end
of 2 pencil 1t was always possible to determine an area of Jess than 4 mm diameter
from which a given tendon organ was most casily excited by pressure All the tendon
organs gave a mamntamed response to such a sumulus In Fig 9 the approumate
localization of these 20 tendon organs 1s indicated As pointed out by Swett and Eldred
{196G) the tendon organs are located throughout the enure length of the muscle
Each tendon organ was studied by passive stretch of the muscle up to full physiological
and oth d d as shown in Fig 3 The seven tendon organs of

this senes that did not give a mantained discharge to passive stretch are shown by
filled circles those that did bv open circles It appears that the uruts not exaited by
passive stretch were all localized 1 the prowimal part of the muscle

Comparuson of tendom organ discharges during ssometriz and vsotomc fwilches Returnng
finally to the onginal problem of the tendon organ discharges dunng the isometric
and wsotoruc twitches employed 1 the study of the stlent period some characteristic
records are shown u Fig 10 The upper two records (Fig 10A) sllustrate the behassour
of a tendon organ that was activated by passive extension. The first record (1} shons
ats discharge pattern duning an g maxmal sometne twitch The behaviour of the
sense organ dunng an @ maximal twitch with the weak spring of 0 18 mm/g compliance
1m series with the muscle appears from the second record Corresponding records from
2 tendon organ not excited by passive extension are shown below (Fig 10B) It appears
that both tenden organs do fire « number of impulses cven though the increase 1N
tension during the isotontc twitch was only 22 g On the other hand the number of
mpulses fired dunng the twitch was far greater under sometnic conditions Such ob-
semvations have been made for 17 tendon organs of the present scries All but one of
them fired some impulses duning maximal twitches with the weak spring in senes
with the muscle and all of them fired a1 least twicr as many 1mpuises during an 1o+
metne twitch On the average the 17 tendon organs fired 2 8 umes as many smpulses
dunng ssametnc as dunng otonc maximal twitches Thuy 1n view of the constant
duzaaon of the silent penod m nometne and 1sotomc twitches 0 the d«rrchmle[
cat it appears less hikely that the afferent impulses from the (tmljnn crgaon; :rem(:!
pnmary smportance for the determunation of the duration of the silent peniod in
preparation
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Discussion

As pomted out in the introduction three spmal mechamisms will contnibute to the
occurrence of a silent period durmng a twitch contraction Presumably the relatse
importance of each of these will varv under different expenmental conditions The
obsenvations of the present studv suggest that in the soleus of the deceiebrate cat
the duration of the silence of stretch mnduced electcal activaty 1 a muscle duning
a twitch contraction 1 mamly determined by the pause in exatatory Iaympulbses Con
sudenng the d of Eccles and Lundberg (1939) of a tomc depresson of
group Ib reflex effects in the decerebrate cat the present result appears qute reasonable
and should not uncntically be apphed to obsersations from different experimental
sttuations This may explam the enticely d:fferent concl the mech

of the silent persod reached by Hufschmudt (1960)

It should be pomnted out however that the depression of Ib reflex effects 1n decere
brate (Eccles and Lundberg 1929) p larl d the Ib effects
of flexor digttorum longus to the other ankle extensors and 1t was found to a much
smaller extent between the other extensor muscles It remams for further expenuments
to decide whether the apparent lack of autogenetic Ib effects in the present experiments
15 due to d d hib of Ib or whether the wmhibitory effect
of Golg: tendon organ afferents plays a mmor part only 1n the determmnation of the
duration of the silent period under more physiological conditions as well

Be thus us 1t may the present expenments provide 2n example of siretch reflex
behaviour sn the decerebrate cat that may be described formally as a length servo
employing the musalignement signal from the pnmary endings as the negatne feed
back In such terms Merton {1951} mterpreted tus abserations on the silent penod
dunng steady voluntary effort In these terms the osallations following the sotontc
stent perods of Fig 2C can be ascribed to mstability on account of loop delay in the
System In such systems a high degree of veloaty feedback will reduce the stabihty
For the appropriate control of the system the possibility of independent changes of
the dynamsc and static sensitwaty of the receptors (Jansen and Matthews 1962) may
be of Indeed 1n the veloaty feedback 1n the system
may pardy explam the considesable vanation m the duration of the slent period n
the different o cats Appelberg (1963) has published a record showing a
large reduction 1n the duration of the pause of the ducharges from a primary ending
duning a twitch on  dvnamic fusimotor actnanon

Certain problems ¢ the ation and 1 role of the Golgi tendon
©rgans are alo raised by the present studsy It was a stnibing observation that the tendon
OT2ans 1 ere much more responst€ 10 acave contraction than 1o passive cxtens on
of th e muscle Thus 1s most easily explained on the basts of a difference 1n the distribu
ton of the exaiting force  thun the muscle i the two cases Particularl 1n a bipen
hant muscle like the soleus this is furly casily visuahized In such a muscle the distn
bution of forces must be rather different acco ding to whether the tension 13 caused
by passne extension or active contraction of the muscle Certainly the observauon
of the locat on f the majonty of the tendon organs 1 1th a high threshold to passye
extension in the provimal part of the muscle favours this explanation

But the fact rema ns that all the tendon orgam had a low threshold o act ve con
tractions They were 1l exc ted by 1sometnc twitches dex loping less than 160 g of
tens on and the major tv  as exaited by less than 60 g tatches 60 g 15 less than 10
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of the force of 2 maximal 1sometric twitch in the soleus This rasses the question of the
possible reflex function of the signal from the Golg: tendon organs For extensor muscles
this has been shown to be autogenetic inhibition (Gramt 1950 Gramt and Strom
1951, Laporte and Lloyd 1952 Hunt 1922) The present observation of the low and
moderate threshold of the tendon organs to active contractions suggests that the tendon

organ during provides about the degree of
active contraction in the muscle Such nformation presumably finds an extensie
ppl m k Other authors have made suggestions along the
same hnes (Eccles and Lundberg 1959 Cruz and Hufschomdt 1962 Matthews 1964)
In addition the present d of the diffe 1n threshold of the tendon
organs to stretch and provides an expl. for certain observations on

adequate activition of spinal reflexes In such experiments 1t 1s regularly found that
the alleged Golgt tendon organ effect 13 appreaiably more pronounced during active
contraction than dunng passie stretch of the muscles (Cooper and Creed 1927
Gramt 1950 Hagbarth and Nacss 1950)

Thus work has been supported by grants from the Norwegian Research Gounail for Science
and the Humamnes and from Anders Jahres Foundation The valuable help of Mr Jan
Rausanzaksel with the expenments and of electroengimeer Arne Jensen with (he apparatus
15 gratefully acknowledged
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Abstract

Lund-ren O J Lundwall and § Mellander Ran e of smpathet ¢ dischar e and reflex vascular
adyustments wn skeletal muscle during kemorrhs 1 hypotension Acta phys ol scand 1964 62 330—390
— Hemorrhage 15 associated with an mcrease i the sympathenc vasoc snstuctor fber di-
charge to skeletal muscle ranging from values below 1 smp sec up to about 7 imp sec the
rate of discharge beng related to the extent of bleeding Tke reflex increase in sympath tc
acuvity 15 as a rule fauly well during prok h hage N rmally this
ehaits a reflex constriction of resistance and capacitance v essels and an increase in the pre post
cap Ylarv resistance ratio leadine ( decreased capillary pressure and absorption of extravascular
fuid The constricuon of the capaciiance vessefs and the fiud absorpt on both tend o com
pensate for the reduct n f intravascular fu d volume 1n the early phase of hem rrhag
However there 13 a gra fual decline i the reflex vascular tespeuse despite mawmntained vaso-
constnctor £her discharg e dently due to compent ve actn of locally produced dilater
factors This decline 1 more_pronounced the more severe the reduction 1n muscle blnd flow
ecompanying hemorrhage The decline 13 more pron unced 1n the precap lary vessels than
n postcapillary vess Is Theref re mn the later stages of hemorrhage the pre ‘posiap llary
resistance ratio mav d crease ¢ such an extent that flurd escapes from the arculat n by
filtration leading 1+ further derangement of card nascular funcy n

1t bas been shown that 1n cat skeletal muscle the vascular reacunaty to regional sympa
thetic vasoconstnctor nenve stumulation 15 decreased when the nutninonal blood flow
10 the tissue 1s reduced by partial occlunion of the artenal inflow (Lewss and Mellander
1962) and when the anmal 15 exposed to h haic hy (Mellander and
Lews 1963) The dechine 1 reactnaty was shown to be faster and more pronounced
10 precapillary than i postcapillary sessels The declimng reactnity to  asoconstrictor
fiber sumulation was considered to be dur to 2 compeutive dilator influence rxrm-d]by
Jocally produced “metabolites It was suzeested that the manner 1n which uxub;r
reactvity was changed could a1d 1n undesstanding some of the features i reversible

a5 well as m arescrabl shock.

380
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It scems to be generally agreed that dunng hemorrhage there is a reflex merease
10 the activity of the sympathetic nervous system  but there is no quantitatn e evatuaton
of the extent to which the sympathetic ducharge rate 13 raised during variows levels
of hemorrhage and for how long periods of time this actvity will be mantained The
above mentioned mvestigations made 1t clear that due to a locally mduced declinng
vascular reactnvity an estimation of the sympathetic activity cannot directly be judged
from studies of the penipheral vascular effector response This may hoy ever be done
if a cross circulation techmque 1s utihzed which ehmmates other mfluences than
neural on the vascular smooth muscle cells

The aim of the present 1mestigation was to study the reflex vascular effects
skeletal muscle dunng vamous levels of hemorthagic hypatension The responses
of the pre and Y sessels the pillary and the
capacitance vessels as well as changes in transcapillary flud movement were recorded
in the nght calf muscle perfused from the ammal itself Smmultaneously the responses
of the resistance vessels were folloned in the Ieft calf muscle which was cross-circulated
at constant flow from a donor cat The reflex resistance effects 1 the cross-crculated
hmb duning hemorrhage v ere compared with the effects obtaned m the same himb
on graded stimulation of the regional fibers after
of the shed blood This permtted 2 quantitatne evaluation of the changes n sympa
thetic discharge rate during v arous stages of hemorrhage

Methods

Hemorrhage cxpe ments « efe performed o 18 cats In 1o of these experiments a cross
cwrculat on technique w 5 unlized with donor cats of approvimately the same wer ht as the
experimental ammal Both the recipient and donor cat were anesthetzed with chloralose
{10 mgfkg) and urethan (no more than 70 mg/ig)

An solat d calf muscle preparat on was do € on each hind lmb of the recip ent cat leaving
the mnenvat on 1nt et (for detalls see Kyellmer 1964 Mellander Oberg and Odelram 1964)
The left calf muscle was uppl ed with blood from a donor cat For this purpose the femoral
arterv of the donor cat was onnected by a sil conized polyethylenc tubmg to the distal end
of the severed left popl teal artery of the reapient This tubing was placed m a Sigmamotor
pump (Model TN 11) The venous outflow of blood from the left poplitcal vewns w s my

¥ @ drop-recorder unst and the blood returned to the femoral vein of the dono cat Blood
flow throuch the left calf muscle vas adjusted to the fov level at rest by the S gmamotor
Ppump and then at ths level hout the Artenal perfusion pressure
was monitored from a T tube distal to the Sigmamotor pump The nght poplteal artery was

lcﬁaman s that the 1ght calf muscle was uppl ed withth  ecip ent s own bl
outflo

The venous
of blood from the ght popl teal vem was measured with a drop-recorder umt By
enclosing the ¢ ght calf musile preparat on i a water filled temperature regulated plethys
Mograph 1t \ as poss ble to ecord pha ¢ changes n both egional blood  olume and in
regonal extrmvascula fnd olume ( ee Melland  1960) In some expe mments changes o
remonal blood olume w e ecorded multaneowsly us ng a radioa © e 1s0tope mortonng
technqu (Ablad nd M land  1963)

The tnal pessure n th capent and the donor cat w
caticrers nth left axll ry a tery Th blood pressure of th donor cat was kept constant
thre ghout th  xpc n nt If pressure t nded to decline small amounts of Dextran Tyrode s
solution were g ven to the donor to mumz reflex changes in ts adrenal medullary secre

on

reco ded from ndwell ng

H morthag ¢ hvpot nson was p odu ed 4 the recip nt by rapid w 1 drawal of artenal
Blwd it 3 yrng  The magnitude of the hemorrhage was varied n diffe ent experiments
between 10 pe cent and 40 per cent of 1l ¢ cat 1 total blood volume The total bload volume

ofth cat an ounts to 7 to 8 per cent of the body we ght (Haml n and Gregersen 1939 Mellander
unput1 hed
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To rummize red cell aggregation that may occur to a considerable extent especially 1n
long term cxpeniments small amounts of dextran with low molecutar weight (Rbcomacrodex)
swere given to the ammals (Eliasson and Samelus Broberg 1963) This was considered umportant
to avord passive changes in regional resistance due to blood cell sludging which could be

as an active of the resistance vesscls
In some D; was ad d1 a to the region studied (1—3 mg/kg)
m order to block the action of the h during the h

Graded supramaximal electrical simulation of the severed sympathetic chains at the level
of the 4th lumbar ganglion wa performed in the recipient cat towards the end of the expertment
when the shed blood was returned and the vascular functions were restored to normal The
vascular responses in the cross-circulated imb obtamed at known frequencies of stumulation
were compared with those reflexly produced during hemorrhagic hypotension to evatuate
the rate of the sympathetic discharge occurring during hemorrhage

With the techmque used 10 the present experiments 1t was possible to follow continuously
changes 1n the resistance function (pressure flow) 1n the capacitance function {change of
blood volume) as well 25 net movernents of flud across the capillary walls (change of tissue
volume minus change of regional blood volume) In addition by determumung the capillary
filtravon coefficsent CFC {mi fud filtered)m n > 00g X mm H pressure geaduent) information
could be gained on changes in the size of the capillary surface arca available for evchange
(sec Cobbold et al 1963)

Results

The first part of this chapter gives a descripnion of the constricior responses of the
resistance vessels in a cross circulated muscle vascular bed induced by hemorrhage
and by stimulation of the regional vasoconstnctor fibers These data were used for an
Juation of the d ratein the fibers during hemor
thage Thesecond part gives a detailed analysis of the pattern of response in the yanous
consecutive  vascular sections occurnng duning hemorrhagic hypotension 1n a muscle
preparation perfused from the ammal itself Experiments were performed at theee
levels of hemorrhage In one group 10 per cent of the cats total blood volume was
withdrawn (below called small bleeding) m a second 15 to 20 per cent ( moderate
bleeding) and 1n a thurd 30 to 40 per cent { large bleeding) Since the bulk of data
was obtained during moderate bleeding the results of these experiments will be
described first and comparison then made to the effects observed at the other lesels of
hemorrhage
Dunng ds blood flow d d kedly i the
lmb The decrease was most pronounced tn the early stage when flow amounted to
only about 1/4 to 1/5 of restng flow In the cross circulated imb flow was kept
constant at the restng ‘alue th h the Tig 1 the
reactions of the resistance vessels occurring in the cross cireulated and the autoper
fused hmb duning  moderate  hemorrhage The changes in regional resistance are
expressed m per cent of the resistance prevailing 1n the control period In the cross
lated kb d imtiatly to about 120 to 140 per cent above con
trol Afier this transtent peak resistance stabilized at a level of about 100 per cent
increase and the resistance response showed then only a slight gradual dcclmcdurmlg
the rematmng period of bleeding When the shed blood was returncd to the aumal
the resustance rapidly returned to or shightly below the control level The reswtance
ncrease duning hemorrhage was shown to be due to an increasc 1n the l)'mpnlhcll(li
discharge smce the response was completely abolished by sectioming the regiona
sympathetic vasoconstnctor fibers or by the admunustration of Dibenzy line

fused
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Fig 1 Effect on the resstance
vessels o moderate  bleeding
1 a cross-circulated and m an
autoperfused calf muscle prepa
raton Responses expressed as g ™ o
percentage of the control value
at rest Shaded areas ndicate 3 oo "
range of 8 cxpenments  Blood
flow decreased dunng hem
orthage to about 14 of
control flow n the autoper
fused 1 mb but was kept at nor
mal level 1n the eross crculated
lmb In both kmbs hemorrhage
13 assocated vath an sl
pronoun ed reflex mcrease 1
resistance After thus the resist
ance response of the autoper
fused | mb rapidly dechines wiule
1t1s well maintaned in the cross
orculated limb The change n §
the discharge rate in the sym
pathetic vasocanstrictor fibers to
skletal musle s ndicated -
along the nght o dinate of the b %
upper d agram

Mmoo o
]
[E—

In an attempt to evaluate quantitatively the change n the rate of discharge i the
sympathetic nenous system durng h the reflex
effects 1n the resistance vessels aboye-descnbed were compared with the resistance
responses obtained by graded supramaximal sumulanon of the lumbar vasoconstrictor
fibers to the same hmb The results of such cypenments expressed as means
arc indicated by the ordinate on the nght hand side of Fig 1 It can be seen
that the discharge at rest amounted to approamately 05 ympfsec During the
mtal phase of the moderate bleeding the discharge rose to 3 to 4 tmp sec and at
the more steads phase 1t amounted to 2 to 3 ump;sec slowly dechming wath ume
Evidence was that the discharge of the could be d
constantly at about 3 1mpjsec for a considerable length of time (at least for 2 hours)
Af the decrease of the mntravascular volume was kept at a constant level dunng the
whole penod of hemorrhage This implied as will be desenibed below  that the magnt
tude of changes in intravascular volume produced by the response of the capacitance
vessels in terms of redistribution of their blood depot and by transcaptllary movement
of flud was known and that such were for 1

In the autoperfused limb which was expased ta the spontaneous changes 1n flow
that oecur during hemorrhage as a rule 2 reduction to 1/4 to 1/> of normal flow there
WS an yartial peak resistance response of about the same magratude as 1o the cross-
arculated onc (Fig 1 lower panel) Fairly soon however the resistance response
declined and resistance reached the cantrol level afier 20 to 60 tun and later on
the alues obtained were cven below control  Mier transfuston of the shed blood there
s a slight further difatanen of the vesustance vessels This pattern of dechining re
sistance response dunng bleed ng 15 similar to that found dunne hemorrhagic hvpo~
tension when the regional were lated directly (Mellander and Lews
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Resules

‘The fint part of this chag trr gavet 3 desenipion of the contactor responses of the
seastance seavels an a cromearculated muscle vaseular bed induced by hemonta
nd by stinulation of ¢ ¢ regional vasnconstnct i fibers These dita were used for an
evaluation of the dischar ¢ rate 1n the synpatl etic vasoconstrictor fibers dunng hemor
shage Fhesecond §an gnesa detailed anatysis of the pattern of eesponse it vanous
“comecutne vascular secti ms occurnng dunng hemorrha~ic by potension i a muscl
preparation perfused from the antmal il Lxpenments were performed at theee
Jevels of hemorrhage 1n one group 10 per cent of the cats total Llood volum was
withdrawn {below callrd small  blreding, 1n asecond 1310 20 per cent mderate
blerding) and 1n a third J0 to 40 per eent ( faree bleeding  Since the bulk of dats
was obtaned dunng  soderate  tleeding the results of these experiments will be
described first and companisr n then made 1o the effects observed at the oth v levels of
hemarthagr
Dunng “moderate hemorthag blood flow decreased markedly in the auteprrfused
limb The decrease was most pronounced i the early stage when flow amounted 0
only about 1/4 to 1/ of “resung  flow In the crosearculated himb flow was kept
constant at the resung  value throughout the expennment Fig 1 llustrates the
reactsons of the resistance vessels occurring 1n the crosscirculated and the autope?
fusd himb dunng  moderate  hemonha~e The changes in reonal resitance are
expressed 1 per cent of the reustance prevaling sn the control penod In the crosw
airculated limb seastance increased tutaally 10 about 120 to 140 per cent above con
trol After this transient peak reststance stabilized at a level of about 100 prs cent
sncrease and the resutance response showed then only a shght gradual decline durm,z
the remaimng peniod of bleeding VWhen the shed biod was returned to the arumal
the resutance rapidly returned to or shigluly below the er ntrod level  Thr restance
icrease dunng hemorthage was shown 10 be dur to an mcreasc i th \mr”"'"‘?
duscharge unce the response was completely abolohed by sectionmg the regona
sympathetic yasoconstrictor fibers o by the adminitration of Dibenzyline
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In Fig 2 {lower panel) the changes m CFC during the hemorrhage are indscated
In the control period CFC amounted to 0 015 which 15 withn the normal range for
resting  cat skeletal muscle A few rmnutes after the commencement of the bleedmg
CFC amounted to 0 011, but soon ncreased agam After 6 1o 7 mun 1t reached 0025
and did not change significantly during the remamnmg period of bleeding This sug
gests that i the earliest phase there 1s some nervous constrictor mfluence on the
precapillary sphincters reducing the perfused capulary surface area (cf Tolkow and
Mellander 1960 Cobbold st al 1963) Very soon however this constricuion is reversed
to 2 dilation above the control level to judge from the nise in CFC presumably due
to the action of accumulated metabolites  (Lewss and Mellander 1962)

The lower curve of Fig 2 sllustrates the yate and direction of net flwd movement
acros the capillary walls dunng hemorrhage The bleeding was assocrated with an
of exts lar fluid nto the lar compartment which imtially
amounted to almost 0 09 ml/minx 100g muscle With time the rate of absorption
decreased and after about 25 min of hypatension and relative ischaerma capillary
exchange was reversed to a filtration of flud from the circulatory system nto the extra
\ascular space at a Tate which approached 0 04 mifminx 100 g muscle This shows
that fairly large volumes of fluid can be absorbed from the tissues and added to the
senous return durng the early stages of hemorrhage G ly the

plasma volume seems to dimmish by outward filtration nto the tissues 1n the later
stages of hemorrhage

Absorption of extrasascular fimd 1nto the circulatory system 1s part of the normal

re ponse 1n skeletal muscle to actnation of the v fibers (Mellander 1960)
This effect is due to a relatnvely more d increase 1n the llary than
m the postcapiflary resistance producing a decrease of mean hydrostatic capillary
pressure The present indicates mn with Oberg s observations

(1964) that this effect can also be produced by reflex actwatton during hemorrhage
Thisresponse1s howesver reversed toan outy ard fltration in later stages of hemorrhage
presumably due to a decrease below control of the precapillary to postcapillary re
sustance ratio leading to an increase of mean capillary pressure above control It
should be noted that the outward filtration appears at the stage when the resistance
response (mainly precapillary) 1s virtually abolished while the capacrtance response
{mamly postcapillany) 15 sull well mantamed The expenmental evidence suggests
that the phmummon of outward filtration 1s the result of a changed reactivaty v sthin
the pre and vessels to tor fiber influence (cf Lewis and
Mellander 1362 \ellander and Lewss 1963) Further support for this interpretation
23 provided by the following findings If the sympathetics were blocked by Dibenzy line
duning the phase of outy ard filtration further loss of fu d from the circulatory system
‘v as prevented Furthermore sf duning the phase of outsard filtration the reciprent
ansmal w2s Tvpestd 1o an addiworal Bierd ig winch ancrewtd the sympathene &

charge (as judged by a increased i the cross-air

culated imb) there s as 1n the limb at least

a shght incrcase m total resstance and a disappearance of the outs ard filtration
phenomenon It therefore seems as af an increase in the sympatl et di charge at this
stace sull can affect the precapillan resistance sessels so that the pre tG

resistance mauo returns tosards normal Conversely Dibenzyline scemed

to restore th pre to postcapillary resistance ratio towards normal
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blocking the remainine svmpathetic influence namely on the posteapillars resistance
vessels and the eapacitance vessels

The extent to which mean capillars hydrowtane pressure was chan-ed dunng
hemorthaze can be calculated when brih the rate of net capillary flud exchan ¢ and
CYC are hnown  As indicated 1n iz 2 mean capillan fressure (Po) fell 10 values
conuderably belos control in the eatlier stages of 3 moderate  Bleeding Comersely
3t tose to values above control in the later stages of hemorrhage

When the shed blood was returned to the reapient animal there was as a nule a
bnef penod dunng which 1he smooth muscles of the different sascular sections seemed
10 be relaxed beyond the control level Within 10 to 20 min there was 1n almost all
expeniments a complete recoveny of the vascular functions

Io the present imestiganon the reflex response patierns were also followed when
the reapient cat was bled 10 per cent ¢ small  bleeding; and 30 to 40 per ¢ent of 185
blood volume ( large bleeding) Dunng the small  bleeding nutntional blood
flow of the calf muscle was reduced mutiafly ta about 1 2 of control and to about I/
to 1;8dunng the large bleeding Table | summanzes the results obtatned expressed
23 mean values of 5 expertments in cach group 1t can be seen that the general patterns
of response were simlar 1o that durning moderate  bleeding The differences between
the three senes of cxperiments are maindy quanttatne In some respects however
the patterns differed from that described above Dunng the small  bleeding 1he
resutance resporse 1n the autoperfused Lmb hardly eer dechned to or fell below the
resstance in the control penod, and the phenomenon of extrasascular flusd absorpuon
was perer reversed 16 an outward fittrauon Further at this level of bleeding the

o it 3
compensatory echamsms of the organusm often scemed 10 be sufficient 1o perm
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spontaneous return of the vascular functions to normal semettmes m less than an
hour When very large amounts of blood were withdrawn and the artenal blood
pressure fell to levels below 30 to 40 mm Hg 2 gradual but eventually pronounced fall
in the resstance response of the d hmb was observed If
however 1n such situations small amounts of blood were gnen back to the reciprent
so that blood pressure rose above 50 mm Hg there was often an abrupt and sustamed
ncrease of resistance These data suggest a temporary msufficiency of central sympa
thetic structures as will be discussed below In some of the expenments with large
bleeding there was not a complete recovery of the vascular functions upon transfuston
of the shed blood

Discussion

The piresent 1m estigation has shown that the discharge rate 1n the sympathetic vaso
constrictor fiber system to sheletal musele 1s mncreased from a “resting  value below
I 1mpfsec to about 6 to 7 ump with large bleedings (30 to 40 per cent of the cats
blood volume) The discharge rate 15 roughly propornional to the extent of the hemor
thage at small bleeding (10 per cent)2 to3smplsec at moderate bleeding (15 to
20 per cent) 5 to 5 1mpjsec These values are v ell within the  physiological discharge
range {up to about 8 tmpfsec) (Folkow 1952) Since an exact evaluation of the sympa
theuc discharge 10 a penpheral vascular sectson can hardlv be done with a direct
electrophvsiologcal techmique due to the great difficulty of 1solating a single and at
the same time representatne postgangliome nerve fiber for spike potential recording
the 1ndirect method of correlating the reflex effector response with that obtamed on
direct supramaximal sumulation of the regional yasoconstrictor fibers was used
It may not be taken for granted that tn zrro there 1s always an engagement of all sympa
thetie Sbers sumultaneausly but there are reasons 1o bebeve that this method will gne
approimately correct values (see Folkow 1952)

The refles increase in the actmty of the sympathetic nen ous sytem was characterized

by an mual transtent peak during hemorrhaze After this there was a shight gradual
decline in the discharge rate The expenmental evidence suggests that two different
mechamusms may explam at least 1n part this gradual dechne First there 1s an ab
sorption of extravascular flud which tends to restore the intravascular solame Thu
absorption of flud was someumes so large that an almost complete replacement of
the shed blood volume occurred Such a sufficient compensation was espeaialls noted
durng  small bleedings and then the discharge 1n the svmpathene system returned
towards the resting level Second in some exceptional cases there was an indication
of a central insufficiency of the sympatheuc nervous svstem This was noted in a few
expeniments with  large  bleeding when artenal blood pressure fell below 30 o
40 mm Hg (of Rothe Schwendenmann and Selhurt 1963) It scemed that m such
situations the nutntional blood flow to the central aervous svsterm was madequate
or matntaining an undsturbed actiaty It was farly easy to difflerentiate between
these two situations of dechining discharge smce transfusmon of small amounts of blood
to the ammal 1 the first case produced a further dersase of the penpheral resistance
i the cross-airculated [ mb s hile in the latter case transfusion led to an increased
fesistance

The present study ind cates that i most casey hemorthag s associated with a
farly pronounced and sustained increase in the acuvity of the sympathetic vaso-
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conutnctor fher saatem Thas influence roults however sn very different constrictor
effrcts within e vanous convrutive seenons of th autoperfined skeletal muscle
sascular bed These 1 a peneral ten Iency Dor vaseular reactivity 16 dechine with ume
but th drchine v much mnre pronounced an the jrecapilany section (precapiliany
Frs 3 anee vewels and precapnilany sph nctens) than in the psteapllan seetion (post
capillans romtance sewels and mam eaaatance vowels, This pattern of chanmin,
rreactnity p very smilar to that seen duning d rect stmutation of the regional ympa
thee vaseconstctor fibers o skelctal musele when its nutniuonal blid flow was
mecharseally reduced Lewis and Mellander 1%7) or when the animal was expased 10
hemcrthame bypotenwn Mellander and Lewts 193 These two previons stud e
made 1t clrar 1t at the dechinming reactivity was due mainhs to 3 compentve effect
upem the constnctor fiber influence exerted by dilat r “metabolits  accumlatae 1
thr ticue when nutntional thod flow was reduced Since 3 substanually reduced
nutnt mal blaad flow 10 skelrtal muscle 1 a dominant feature al o 1n the present senes
«f expriments gt s grasonable to bel e that a simdar change 1n Incal chemueal
emvaronment 1 it e man factor reponnble for of ¢ dechmnz sascular reactnan Fhe
gresent { reparation was clonver 10 pormal  t an those wed an 1t € abm esated studies.
sunce i this study th a3 lrenal dull the ¥ tic ehchnersic d
fiber system and b gastrantestnal tract were left mtact It mumht be arcued that
pesul le relrase «f medullars catechol amines adrenalinel engarement of the sympa
thetic vasodilator ¢ 3tem or posstle abwrpunn of d letenous matenals from the
gastrointotnal tract coutd be factors that would contnbute to the declimn~ sascular
reactinity Since however a veny simalar general pattern of response 1as obtuncd
m all thr e stuies even quanttatinel 1 may be concluded that such extnnsic factors
did not modift 1 ans reater extent the pattern f vascular reacuvity seen an the
skeleta) museley a1 least netin the short tortn expeniment

I'hic j rovent study 9d rates, 10 agreement with Oberg (1963 9G4 that the adequate
cumpensaton mechan: m for hemorrhase a restoration of the circulatine intras ascular
rolume 1312 part accomplihed by the reflex adjustments 3n the muscle vascular bed.
By a susained constnnon <f e capacuance vessels, thar blood “depot 1s made
available for the central arculatien and by a reflex increase of the pre  to postcapiliany
reustanee ratio extrasascular fuid 1 absorbed mnte the creulatory svitem I the
guantitatn e dats on the capacitance response and on the transcapllany flud sbrarption
found 10 the call muscle are representatne for all eat skeletal muscle 1t can b cal
culated that dunng moderate  hemorrt age 1n a medium-sized cat A fotal of about
510 10 ml of tHood would be mobilized by the reflex constncuon of the capaatance
srction Further dunng the imtial 20 min penod some 10 to 15 mi of flind would
br absorbed from the extravascular space of skeletal muscle That gan corresponds
1o about half of the blood volume shed Dunn a small  blerding these compensatory
effects are shghtly less pronounced but mas on the other hand be mamtaned for 3
Ton~er period of ume Therefore there may often be an almost complete restoration
of the intravascular volume by these means and with this as mentioned above also 3
return of the rascular reactnaty and the sympatheuc discharge level ton 2rds norm.d
Fer a full discussion of these problems the reader 13 referred to the recent studs by

063 1964)
Oth;i ,’.:ﬁn (-(lm tnictor responses of the precapllary resistance veascls and the pre
emorthage are tempered 1o 2 great extent by locally

mng reactiaty may be adiantageous for the tssue

h
capillary phincters dunng the
pr:duccd “metabolites  Thus dech
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since 1ts nutnuonal blood supply will not be too senously interfered with provided
cardiac performance 1s adequate Further by opening of the precapillary sphincters
the avaulable blood will be spread out over 2 greater capillary network favounng cap
lary filtration and diffusion exchange and tissue nutnuon One aspect of thus s iltus
trated m Fig 2 By an mereasc 10 CFC duning hemorrhage the rate of flud absorpton
could be mamntained at a fairly constant level for considerable length of time despite
the fact that the reductson in mean hydrostabc capillary piessure was especally
pronounced only duning the first few minutes of hemorrhage

Inlater stages of moderate and large bleedings 1t appears that the reflex engage
ment of the sympathetics v 1th regard to skeletal muscle arculation may act 1 a
d y manner The of the p: pallary response
1 the face of a markedly declined precap response will so change
the pre to posteapillan resistance ratro that flurd 15 filtere 1 from the arculation fo the
extravascular space In thss way 5 to 10 ml of flud may be lost from the airculation
10 a 20 min penod 3n a medm sized cat If such a dramnage of flud continues for a
conaderable length of ime 1t may so serously interfere with the circulatory homeostasss
that the orgarusm may not sarvive Blockade of the sympatheucs by Dibennlne
was shown to prevent further flind loss in ths stage It 1s possible that this finding c.n
help to explain the beneficil effect of hicol 1n shock (see Nl 1963)
Such treatment may prevent further of the h I but
does 1 ot seem to be able to contrbute actively to reco ery More adequate treatment
15 of course accomplished by transfusion and the present studv demonstr.tes that
fawly prompt restitution of vascular reactr ity towards normal may then be obtamned
even in the sta,e of outward filtration or fatlare m the certral s .somotor system This
imphes that the decompensatory effects of the reflex engagement will be reversed
upon transfusion so that the pattern of corrpensatorv vascular efects 1s agamn called
wntoplay ardinga restitution tov ards normal Duninz prol d and sexere
there may not be complete recovery of the vascular functions vath transfusion and in
such situatrons an wrreversible shock might develop Obviously there are stll other

factors that myght be responsible for the arreversibility of shoch such as myocardial
wsufficiency etc

'Sﬂns study was supported by grants from the S\ edish Medical Counail S cden from the
{chaol of Acrospace Med cme AFSC through the European offi ¢ Ae ospace Rescarch
o;;?fo ;)u!cs Asr Force (AF EOAR 61 47) 2 1d from the U S Public Health Service (HE
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The Effect of Parathyroid Hormone and Vitamin D on
Serum Calcium 1n Rats
By
Svery Urnent Toverup
Recerved 10 Apnl 1964

Abstract

To crud & U The effct of parathsrotd hormone and estamn D on serum calewm wa rais Acta physiol
cand. 1961 67 391—40b — Conflicung enid nce ewsts rega ding the hypothesss that
naDises ntal for the calc um mob lizing action of p vathyroid hormane A re sovestigation
Aas undectiken by feeding weanling vitim o D-defictent rats 3 \itamua D free d et contatng
)7° calcumand 06  phosphorus (diet D ) for 3 eeks Stday ! when th mean serum
cale um level was 71 mg/100 ml the d ¢ was replaced by 10 glucose 1n saline Diffe ent
zroups recewved e ther A} 1001 U vitam n D on day 2_B) njections of 200 and 100 units pasa
tyro d extract (PTE) on days 4 and 5 respectively C) a comb nation of treatments A and B
or D) sahe inyections The Serum calcwm levels determuned 6 hours after the Lust PTE myec
tion permztted calculation of mean ind ndual inctease expressed n mgf100 wl \) + 104
B) +08 C) =258 D) —057

Continuous ferding w th d et D or one contaiming less p ote n resulted abo 1 a sigmficant
response 10 PTE Parathyroidectomy but n t ham operation resulted 1n a substanual fall 1n
serum calerum 14 rats fed dict D

The conclus ons are 1) The calc um mobilizing action of p rathyrord hormone in the rat
1 exther independent of or requires only mmnute amounts of tammn D 2 At the one dos
level invest gated noe idence for inte act on between the effects of vitamun D and parath Toid
estract was found wh n mtestial cale ym  beorption was munymal

Vitamin D s now regarded as one of the two mayor factors which mamtamn a normal
Plasma caloum level (McLean 1960) the other factor being the classc parathyrod
hormone This concept 1s partly based on experments i vitaman D-deficient rats shoy

1ng that vitamun D can bring about an wncrease 1 the serum caleium lexel which s
Partly independent of the effect of the vitamun on mtesunal caletum absorption (Carls

501 1952 \icolaysen and Eeg Larsen 1956) Recently 1t has been clamed that utamin
D has the addwuonal role 1 calcium of the h d hormone
10 induce 1ts action upon the bone and possibly also other target organs (Rasmussen
and Reifenstein 19F2) This postulate 1s partly founded upon experuments by Harmsan
Harnson and Park (1958 showing that mjections of parathyroid extract into vitamin
D-deficient young rats dsd not rasse the serum calcium level unless the rats were pre
trested with vitamun D Sumilar resulis have been obtained by Marnay and Raoul {1959)

aq1
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Taner I Componut on of siamun D free d etyt

Hegt Low
protein proten 3 Stock diet?
() () (3]

Dextrne - 236 -
Cormuarch - 95 ~
Cround whole wheat rye oatvani cum - - 6
Wheat germ - 3
Wheat fhur (70 4 extraction) 08 - ~
Cawin and precip tated 20 17 -
Eggall min crwtaltine 5 - -
Dried shimmed mutk - - 24
Arachs o)) 10 75 5
Hrewer s yeast - 47 5
Besitanun micture 0y -
Salt nasture 47 -~
Saltamixture 1€ and P free)* >0 -
Choline ¢t londe 005 -
Calaw o carbomte 145 - 3
Potass utn d phisok 1e 13 - -
Sodium ehlonde - - 5
¥roten 3 18 16
Calowm e0-073 66! (4
Yhosphc rus *054-059 067 054

Contaiming no kn wn  urees of suamin D
* Asdescribed by Harmson et al 11958
Suprlements are desemibed 10 the text
A devmbed by Cran (1 #03)
* At descnibed by Wesson (1932
* Range of 6 batches 1 samples of ca b

and Marnav (19617 \Most recently Rasmussen et al (1963) reported results that were
confirmatory with regard (o low and moderate doses of parathyroid extract However
treatment with massive doses of the punfied hormone resulted 1n a response also 1n
vitamn D-deficient rats Other workers have demonstrated that sitamin D deficency
does not prevent the calaum mobilizing action of moderate doses of parathy roid cxtract
1 adult rats (Toverud 1963) muce (\ichols Schartum and \ aes 1963} and hens (Her

(elendy and Taylor 1960;

The relationship between vitamin D and parathyreid hormone has also been studied
on the level of cell mutochondria fram rats It has been demonastrated that parathyrord
e a vitamin D-dependent release of calaium from hidney mitochondna
{DcLuca Enastrom and Rasmussen 1362) and a vtamm D independent uptake of
snorgame phosphate by lver mitochondna (Saths Deluca and Rasmussen 1963}

Peeause of the discrepancy i resulis [fom experiments i twe and because of ;hc ‘:ﬂ;
portante of this type of mformation for the understanding of the mechamsm of actior
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of vitanun D and parathyrod horrone 1t was desirable to fe mvestigate the separate
and combined effects of the two agents on the serum calaum level in mature and voung
witamm D-deficent rats In addivon young rats suffennag from vitarun D deficiency
vere subjected to h ds or a sham

A preliminary account has been given at the 6th Internananal Congress of \utrition
Ednbwgh Sug 9—15 1963 (Toverud 1964

Materrals and methods
Ras.

All rats came from the same colony of mterbred strams of hooded and albina rats « hich has
been mainta ned at tus mstatute for ver 30 years without additons rom other cotones. Diets
contamudg mmimal amounts of vitarmn D have been given to the stock rats for the Lsst -0 years
Th rats were weaned when app oxmately 24 days old Afiera p ¢ sreatment penod of 20 davs
or nger rats of both sexes were div ded mto treatment groups by fosmal randomization. In
the experment with adalt rats only females were used and the pre treatment perind started at
the age of 6 m nths

Diets

The composttion of the diets 15 given 1n Table I The mothers of the experimental rats were fed
dunng pregnancy and lactanon the stock dier supplement-d with whole milk ad kb turm and
weekly rations of bread_boiled meat and casrots or spmach In general, shimmed milk + as
substituted for whole mulk during the Iast half of the lactation penod. From tme of weanine and
throughout the expenimental penod the rats were fed one of the two tamm Difree punfied
dets cxcept in one expenment (37) m which this diet was replaced by a cal non free cqme
cansisting of a solution of 10 per cent ghicose and 09 per ceat NaClun de tomized water (later
veferred 10 as glu ose 12 salme d ex) durmg the pertxd of admmustration of vitamun D and para
thyro d extract. All 1 ts reenved supplements of 150 1 U + tamun A-acetare every two davs
except the rats 1n exp 37 while they rece ved the glucose in salme d et

Cnteria for 1 min D d ficsency

The preenant and lactating mothers of the expenmental rats were fed the same d et as mothers
of rats used regularly 1 this laboratorv fa_vitamin D assay (2 powt factonal dose radiograph ¢
curative assay as deseribed by Bliss and Gyorgy 1931) After consuming a rachitogen ¢ (hrgh
cala, low phosphorus) diet for 10—17 days from the tme of weaning these rats develap
severe nekets as evidenced by lack of roentgenolmically visible ep phvseal ealcfication of
the proumal end of the nba A substsntial healing response 15 frequenthy obtamed with as
3 tile as 0 4 unsts of vieamin D dailv for 12 davs and regularly w th 08 unns wdicaung that
the rats contar 2 only traces of vitanun D priot o ass1y § nce the assay rats and the present
rats had dentical maternal and dictary backgrounds unt ! t me of weabng since the subse
quent d ets for the present rats contamed no kno vn source of vitamt D and since the two
Broups were equally exposed to daylight t was assumed ¢hat the present rats had abous the
same deeree of vitamun D deficiency as the rachitic asay rany

Perathyr u ctomy

Parathvro dectomy was carnied out by means of hot wire cautery as descnibed n deta ] by
Hirsch Gauth er and Munson (1963)

BI ding

115 ml samples of blood were taken from the ta ) while the rats wrre bghtly apesthenzed
with ether In general blood samples were taken mmediagel befo  and after parathyro dec

tomy or the penods of treatment with parathyro dextr cior samn D espectnely Th ume
of the Lagt 1 sample will be referred 10 as the second blreding

Para krrotd extract a 4 cutamn D

The parath o ¢ extract was assayed by El Lollv Co to contam 375 wnits per wL Th extra ¢
wassto ed t7 Cfor |2 vears prior 1o use and may not ha e refa ned 1s fall potency When
parathvro d extra 1 wa given the arumals received by subcuraneous njecuon 00 and 100
units 4+ and 68 hours, respectry Iy before the second bleed ng assums ng full potency of t »
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Taser 1T Preces g of ealom d teprinato 4 exproiwed as the standsrd desuaten of 2 3 agle
¢ trmapaten (ST Eq 1)

Serum
Number caloum range sD
fsamples (g 169101 (rrg /105 mi
7 35-41 009
20 43-c7 oo
5 > 104 00,

extract Comparable snyectony into control rats contatned 3n equal velume of physial sical
sl ne » Tut m. $n the experiment with adult rate 0 73 ml patat® ro 4 extract (780 unps was
npected

viamn 0 (Mchyfral D — 2000 Phol g — Dunbiar, was adm mustered 10 arachs od
by dropper p prite 3 days bef re tireding T1: and s m lar preparations are rout nely stand
amdzedinth s amstate b the above 1 entioned - pe ot biawas

Calc am evlrses
Cataum ansbws were eamed mtin danbicate n 0 nlal quots Lserumfrom fees 1y ¢ ected
Hood acenrdng to the mett 1 of Mumon et al 19 5 wit the fullowing movd featons
al Into the curetie were pipetied 6 ml de tnued wates nd 0.2 mi of an aquenas sofution
{1 mg ml) «f ammoniom purpurate i additon o serum > Srops of 9 N NaC and | drepof
octyl ale 1<l b Wath the cuvette placed in a Colenan Jumar Speetrophotorm ter 01 ml
encrements of a sclun nof FDTA (01851 wer  dded

The accuracy b mrt 1 wa tsted o2 reenen axpenment Tle adit on of 10 s2
caleum t each (13 srum samplas ermtarnin~ from 138t 0) pz caloum sesulied 03
mean rec aen (101 iz [he standard deviation of this senes wai 0 4 gz comrapon ling o2
concentratim of 0.2 mg 100 m! In Tabl 11 the preas on of the method 1 ata n indicated by
the standard devtayon based m the differencas between the 2 determ nations of each samp ¢
(Fg |

fiRe— o te that Wik and Kang /1% 3 10 compann= several calaum mcro-
procedures found anly me precedure that  Munson et al (1952 o be preose! 10 0.2 8
106 m? calerum.
Pho s cnalyser
Phosp! orus 1n the d ¢13 was determined by, th e method of } ske and SubbaRow 119791 mod {ed
0 a3 to ensur  complete $vdrofvis of amy paroph osph ate present afies i eston fehedet
with mitric and perd! lonc acids
Stat sts of treatment
1 Precis mof ¢ levam determs fom The prec s m was d fined as tf ¢ sandard devaton $P)
of s ngle leterm astan ¢ loulated as full my

sD IS % ox, ox Eq B
VoSS
where subecnp! ¢ refery to tnd vidual scrum 12 nples subscnpr 7 refers to e first o mt’;‘d
determmat nof tie thsample and  refers to tf ¢ number of samples in each series ™ 2Qor ™2
2 Testforadd tuaty of sepa aeeffcts fthele me ts m expovnent 3¢ An has of vanance 2 w2
QamiBravon with interacuan Asumptis A o crection (oM may possibly be added 1o the sum
of the wparate effects. Vull-brpotiens The correcuon term fmiesact on betneen the mait
Uiects, 15 cqual 10 zers S nee the Aumber of obseriauons differed from onc ecll to th_otber,
Che formulas for the case of umequal numbers cf olsersations were used fr caleulsting the
\alye (sarance rati;) as described by Scheffe (1959,
fe whrat

recis defined as the maxtmum deviation between th values for €ach samp

‘nx;xugx:g;:mmnuom “were carmed out on several 0 7 ml serum samples (W Ik 1963)
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‘Tasrelll Effect of vitamin D andfor parathyro d extract on the serum calaum  of para
thyroidectomized vitamn D deficent adult female rats

Mean -+ standard error of 7 rats 1 each group The 24 n onth-old rats had been
fed for 18 months the vitamm D free stock dict with weekly supplements of carrots
orspmach Thedoses of stamsn D (D) and parathyro d extract (PTE) were 250U
and 270 umts respect: cly Range of body weight 189—256 ¢

Serum calawum (mg/100 ml)

Dy Groupl Group 11 Group IIT

alter

X Level Ruse Level Rise Lexel Rue
3 4464023 — 5204026 — 4624018 -
10 - — D D D D
12 PTE PTE - - PTE PTE
13 667 2704023 716 1961031 888 4751024
20 552 - 633 — 641 -
20 PTE PTE PTE PIE - -
21 680 128£017 815 1874019 — -
22 515 - 652 - - -

Analyzed 12 single 0 3 ml samples of serum accordmng 1o the method of Vlunson et 2! (1955)
without the noted modifications
Parathyrodectomy
Indwidual rise gbove the previous lesel
* Grats

3 Tust for the eff ct of sex on the responst t0 pa athyrerd extract A test for addit vity of separate
efleets of parathyroid extract and sex was based on results from rats eating 2 different d ets
lexpts 37 and 41) Analysis of vartance 3 way clasification with nteractions the 3 factors
baing parathyrowd ext act sex and diet 4suomplion A correction term may poss bly be added
to the sum of the ? first separate effects Vull Avpothens The correction term ( nicracnon be
t cen the 2 fiest separate cffects) 15 equal to zero The ysual analysis of anance test for thus
Purpose was used fo calculauing the F value (vanance ratio) (Scheffe 1929)
1 Ftest After the analysis of vamance 1 the form of a 2 way class fication  as carried out
(exp 37) the standard dev ation within cells was used as the basis fo a t test (3] degrees of
Ireedom) with the purpose of tesung the s gnificance of the mean inds dual change m serun
calc um n cells (groups) I and 11
t=%SD/n (Eq 7)
where 13 the number of observations n the !l and S (standard dev ation within cells)
3068 (\ =55 df = 51)

Results
Adult rats

In the first expenyment 24 month-old female rats were parathyrordectornized after
ha ing consumed the vitamsn D-free stock daet for 18 months Sre davs after the opera
tion the serum calcium level was uniformly low thus ndicating complete removal of
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Tty IV Han of the expers nent on the effect of parathyrod extract {PTE) and 'or vitamin
Donth s-rum calerum of vjeamin Dedef cient yommner rats

On the diy of the £nt bleed ng six week e8] zats having been fed the high

proten di 1 for 20 days were given a solution of 10 per cent gl icosr and 09 per
cent NaClun de onuzed water instead of sols 1 P and tap water

finc
bl re

rnd Croup 1 Croup 1t Croup 111 Croup 1\
eeding  Control I A \at D4 PTF
4w FintHeedirg  Fint beeding Fint Heeding Fint bleedirg
3 - ‘u b \u D

24 kn 09 NaCl PTF 2004 PIT %00 u
(—Bhn 09 NaUl PrI 100 u PTE 100 6
0hn Second tleel1g  Seconitleedng  Second Heedng  Scoond Heeding

1100 L 0 Dat [ FYIR]

the ghinds (see Table [T} On the 10th day rats in groups 11 and I recened 250 TU
vitimin D and 2 days later the rats in groups I and 111 recen ed an injection of approx
imately ?P0 units parathyrord extract Blood samples taken next day shoy ed that there
a3 3 mean rse 1 the serum calcrum of approumatel, 2 me/100 m) in groups Tand 11
and a pise 1 1ce as high in group 11 A subsequent return towards the base (6th dav)
Ievel was indicated by the 201h day values These results strongly suggest that utamin
D-deficient parithyroidectomized rats can respond to treatment with vitarin D or
parathyroid extract or both by 2 measurable nise i the serum calaum level However
the exact magntude of the nse cannot be equated with response 10 treatment since
results from an untreated control group are lacking The increase in serum calcum 16
sroups I and 11 one day after another injection of parathyrod extract and the return
to the basc (?0th day) level within 5 davs pros ides further evidence for the canclusion
that vitamin D deficiency need not prevent parathyroid extract from rasing the serum
calcum level 1n adult female vats

Respouse to parathyrord extract and or itamun D in young rots
In order to compare properly the effect of parathyroid extract obtained in the presence
of vitanun D with that obtamed m the absence of the vitamin 1t was necessary 1o clim
1nate or at least minimize the powerfal effect of vitamin D on intestinal calcium absorp+
tion by feeding all rats a caloim free diet Increased absorption could lead to increased
deposstson of bone salt available for moblization According to \unson Hursch .-m«:’
Tashpan (1963) a distinction bety cen the calcium mobilizing and the other effects 0!
itamin D 1s indicated ) v

The plan for exp 37 1s outlined in Table
the l"[;h protewn  cet for approuimately 3 weeks were gien the glucose in saline
diet at the tume of the first bleeding Three days before the second bleeding the rats 1
groups 111 and IV recened 100 1U sitamun D 24 hours before the sccond bleeding

Six week old rats which had been fed
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Tame\ Effect of parathyraid extract (PTE) and/for vitamin D on the serum calcum of
v tarmn D defictent young rats (expenment 37)

The treatment plan 1 given in Table IV The mean and standard emror (§ E } of
serum calexam »s given 2s mg/100 ml

Group IV
Group 1 Group Il Growp Il p 4
Control PTE it D PTE
First Mean 742 689 741 683
bleeding SE +o018 +026 + 026 L0721
No 16 11 1> 13
Sccond Mean 682 787 845 927
Bleeding SE +£020 +£021 £012 017
No 16 15 15 16
Indwidual Mean — 057 + 086 +104 +258
increase SE +013 +025 +017 +015
No 16 u 15 13

Number of ob enatons

the rats m groups 1T and 1V recen ed injections of 200 umts of parathyreid extract The
same rats received another wyection of 100 unuts of the extract 6-—8 hours before the
second bleeding The rats 1 group I recened control mjections of saline on the same
w0 occastons

From Table V 1t can be seen that the mittal serum calcium levels (first bleeding) were
clearly below normal thus showing that vitamun D deficiency had been achieved Both
the mean final calcium level (second bleeding) and the mean individual mcrease for
¢ach group from first to second bleeding illustrate the effects of the 4 treatments but
only the indindual increase vl be used 1n the follos ing discussion A stabistically sig
nuficant (P < 0 01) decrease was observed for the control group Undoubtedly this 1s
because there was a neghgible amount of calerum 1n the diet,

In group II the parathyroid extract treatment had resulted m an increase mn serum
calerm of almost 09 mg/100 ml significant by t test at P < 0001 This result agrees
% tth the observations 1n the adult rat descnibed above but not with those of Harrison
ctal (1955} The vesponse to vitarun D m group IT1 was approxunately 1 mg/100 ml
which means that 2 calaium [ree regune docs not prevent a nise m serum calaum after
witamin D admnstration

The vitamun D- extract n group IV resulted as
expected 1n a much greater it € m serum calcium than did the other treatments The
serum calcium respone 1n this group 1s very nearly equal to the algebraic sum of the
corresponding values for the three first groups thus suggesting that the effects of vitarun
D and parathyroid extract gisen together are additne In order 1o test the hypothesis
of additnary an analvsis of vananee was carned out i the form of a tho-way classifica
ton with interaction The design of the test 1s indicated i Table VI where the mean
indmidual increase in serum calcium for each group (Table V) has been written an 1ts
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Arte VT Devgn of tost £ £ ad hivuy of ina n effects of e vtz
T parathyroid ex ITE
L 1 " 1d extract {IFTF) and vt

x refers 1o of £ mean indinidual snerease 1n serum claum (Table \)

o PTF PTE
SoeD | Groupl x= -057 Group Il X = 086
o] Croup I X +104 Croup IV 5 = +258

Taste VIL Body v c ght befire and we she lots after feeding rats a 10 per cent glacose 1n
saline sofution (expeniment 37)
The rats were re-weighed after 3 or $ dayy feeding The fgures are mean stand
ard error {§ E.) and number ¢ [ olsen anions (\a )

Doy Weight Jos (g)
weight Period
Sex (g ways}  Croupl Group It Group 11l Group I\
o+ 9 Mean - 3 147 135 - -
o+ ? Mean - 4 192 145 133 151
SE - 10 00 ERR +09
o Nem 1059 4 215 145 141 163
o 28 8 L 7 7
SE +19
Mean 894 4 166 144 176 137
No 6 7 5 B 6
Sk x135

appropnate ccll The null hypothesis 1o be tested was that the interaction between the
separate effects of vitamin D and parathyroid extract is equal to zero (absence of inter
action 13 equnvalent to additivity) The standard deviation (8 D ) wathin cells (N = 53
df = 51) 15 068 mg/100 ml and the F value (vanance ratio) 15 009 with 1 and 51
degrees of freedom Since the criical F value for the 5 per cent uigmficance level 53
403 and thus far greater one cannot reject the null hypothesis of the mteraction bemng
equal to zero It must therefore be concluded that the present data give no evidence
aganst the hypothesis that the effects of vitamm ) and parathyroid extract on the
serum ealcum level are additive and 1t would appear that the two treatments do not

potentiate each other

a Dffect of weight loss

After the change i diet fro

m sohd food to glucose m saline solution the rats consistently
Tost weight (sce Table VII) The mean losses for the fist 3 days. before cont

of and
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Taste VIIT Effc ¢ of parathyroid extract (PTE) on the serum calenum of vatamun D-deficient
rats conswming different diets

Mezn & standard error Age and weight \ ere recorded 1 2 or 3 davs before
the first amjecuon The rats re ened the experiment 1 diets ( hugh proten n
experiment 38 and low protemn 1n expeniment 41) from ume of weamrg and
hy the period of The 1 rats were g1 €0 Injecuons.
af 200 and 100 units par thyroid extract approuimately 24 and 6 hours respec
1t ely before hleeding The control rats recerved comparable njections of phys
ological salne solution Rats 10 expertrnent 41 were also bled 1 day brfore the
frst injection was given

Se~um ealcwm (mg/100 ml)

Exp and Age  Weght No Before After

group {days) () rats treatment. treatment D ference
3 PTE 4 10244 17 - 8774027  —

38 Control 4 10143 18 - 7394079  —

41 PIE 47 8142 4 5654019 7334020 110-015
41 Control 47 782 13 5804017 6293016  042:010

Parathvroid extract injections were given were essentially the same for groups I and IT

Unfortunately rats 1n Group I1Y and TV were only weighed at the end of 4 days Itis
seen that the high 4-day figure for Group I 1s almost entirely due to heavy werght loss
12 the males during the fast day The reason for this deviahon 1s unknown but the 1m

portance of 1t 15 doubtful since males and females did not differ much in the other groups

Although weight loss was an undesirable effect of the hqu:d dset these figures tndicate
that 1t was a faurly constant factor It was consequently assumed that the  eight loss
did not matenally affect the relatis e response of the serum calcium level to the different
treatments descnibed above

b Effect of diet

Confirmanon of the positive response to parathyroid extract in the absence of vitam D
a3 sought under different conditions 1n exp 38 The rats were fed the high protein
diet throughout the expeniment and they were bled only at the end of the extract treat
ment (see Table VIII) The age weight dietary pre treatment and the expenimental
Pprocedure were otherwise cssentially the same as for groups I and 1T in exp 37 Table
VIII shows that there was a 1 ficant (P . 001) diffe of approv
mately 14 mg/100 ml in the serum calciem level bet een canteol and parathvrod ex
tract ijected rats Consequently under thesc conditions as well parathyrord extract
brought about a rise 1n the serum calem of Vitamun D-deficient rats

In an attempt to resolve the difference 1n response to parathyroid extract i rats be
tveen the present 1m estigation and that of Harnson et al (1958) the same diet | low
Protein ) as that used by these workers was fed to rats from time of weamng 1n exp 41
The mothers of these rats had been piven skemmed nutk instead of whole mulk from the
7th day of lactation as an added precaution agatnst the transfer of een mnute amounts
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Tarte IN LiTe t of para fy=oid ctomny (1N} and sham opemation ($him) on the trum
calcsum of v tamin D-deficient Young rats

Mean L oatin fand oo Age and we gt were recorded 1 2 or 3 dave bef re
tume cf the opesaty 1 The operated rats terosent that fracson of a larger group
(3 rats in both €3 €4} which had the Liwe t 5 num €slagm levele The hgh
poten diet wss fed 10 111 rats throughout th expeniment The calerum content
of the diet 1n experisy ent 38 wan red sced 10 0 570 20 days before the operation

Serun ealcum (mg 100 mf)

Be re aperanion
Expaal  Ye Weght N6 e g\ Indniduzl
group fdav) (g) B Mda 2 days cperann d ference
39 Sham 48 6 6 — 81807  78) 103> -038:024

39 PTN 48 1527 - B03~028 457 _039 -247403%
38 PN +6 151:6 7 623 070 G 03 383.0C6

-

5 haurs afie the yperauin
7 Fourn after the operatian

of vitumin D through the mothers milk At the end of 3 wecks pre treatment the rats
were bled treated with parathvrord extract or saline and bled agam as in exp 37

Table VIIT shows that the 1mtial scrum caloum level for both groups v as fay lower
than i the earlier expeniments  The scrum calcsum nise after parathyrond treatment
was lughly sigmificant (P < 0001) and was more than 4 times as high as the rise after
control treatnient the latter rise being of questionable sigmficance Whether or not the
Tov 1nitial serum calerum level 1s the result of a hugher degree of vitamin D deficiency

these results show that parathyroid extract may be active also i the face of severe hypo-

ealcemia

© Effect of sex

Since rats of both sexes were used 1n all experiments ¢ was possible to test statistcally
the influence of sex on the scrum calaum response 10 parathyroid extract The results
from groups T and IT (contro! and PTE) from exp 37 and 41 were used 10 an analy »
of vatnee of a 3 way classification wath interactions The null hypothesis was 1nter

action between parathyrod extract and sex 13 equal to zcro (Additwaty 13 equivalent
10 zevo imteraction ) ‘The caleulated T (vanance ratso) value with | and 32 degrees of
frcedom was 020 while the entiRal value at the 5% level 1s 4 13 Consequently the
present data v € 1o reason to belies ¢ that males and females respond dufferently to par

athyrod extract

Response to parathirordectomy

In gonera) results obtained aficr injection of an impure extract of an endocrine ghnd
wation than obsen ations made after the removal of the same

refore carned out with rats before and after

{Table I\ the rats having the fowest serunt

Yequire more cautious eeal
gland Additronal expestments were the
hyrod In both exp

P
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calerum levels were sefected so as to gve added assurance of a high degree of vitamn DD
deficiency Inexp 39 7 week-old rats were bled both 2 days before and 5 hours after
ora ble sham The results showed a bighly sig

nificant (P < 0001) decrease of almost 2 5 mg/100 ml in the serum calcum i the
parathyroidectomized ammals while there was essentially no change m the control rats

Inexp 38 all 7 rats were bled on 3 occasions 29 and 2 days before and 7 hours after
parathyroidectomy The initial serum calcium levels were remarkably constant in spite
of the caleumcontent of the diet having accidentally been d from app:
v 07 10 05 per cent 20 days before the operation The reason for the dhfference 1 the
mutial serum caletum levels between the 2 expermments 1s not known As soon as 7 hours
after the removal of the p ds very severe \! was found the decrease
1n serum calaem bemng almost 3 mgf/100 ml This decrease 1s sigmficant by t test at
P <0001 A very sumlar response was obtawed m adult rats by Gran (1960 b} In
view of the marked and rapid nature of the decrease it serum calcrum and m view of
the sigmificant decrease ebsersed 1n the control group 11 exp 39 1t seems hughly prob-
able that the decrease was indeed due to the removal of the parathyrod glands even
though sham operated controls were not included 1n the experument Siace removal of
the source of parathyroid hormone resulted i a promp fall in serum calcmum the hor
moxe previgusly secreted by the mtact glands must have been responsible for mamtainmng
the higher serum calcrum level

After this work was carried out Hirsch Gauthter and Munson (1963) published a
teport showmng that the fall in serum calcrum subsequent to parathyroidectomy by
cautery 15 not entirely due to the removal of the parathyrord hormone source but appar
ently also to the acuon of a hypocalcemc substance released from the thyroid gland
Among the parathyroidectomzed rats in esp 39 the occurrence of tetany 1n 5 rats and
death of 3 rats the day after the operation ind:cates that there was a long lasting serum
caleim depression which probably could only be ascribed to removal of the calaum
mabilizing hormone Thus further evidence has been obtamed for the hvpothesss that
parathsrord hormone 15 active also 1 rats with 2 high degree of vitamin D defictency

Discussion

Porathyrard action durn, titamin D deficrency
Evdence for an effect of parathyroid hormone on the serum calcum level has been
obtained in vitamin D-defi rats by them to of
€xtract or parathhrowdectomy n several different expenments Since the rats were prac
tically free from vitamin D this evidence could be interpreted to mean that exther the
action of the hormone 13 completely or parually ndependent of vitamun D or the action
Tequures only traces of the vatasmn IF the Jatter were true one would expect the present
7ats 10 be less vitamn D deficaent than the rats used by investigators s ho failed to obtain
3 respanse from moderate doses of parathvroid extract An appraisal of the critenia for
“otattan D deficiency  used by & fierent authors v il be wstrumental 1n shedding light
on the question of the relauve vitamin D status of the present rats

In one report (Harmson ct al 1938) the evidence for vitamun D deficiency was re
duced concentrations of citrate i bone and serum normal serum phosphorus levels and
hypocalcemia Of these only the last was e present and 1t
+ as found 1o be of the same seventy when the low protein  d et was used 1n bath
mvestigations (exp 41 Table VIIT) The dietary caloum and phosphorus contents in
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thas expenment were by anabysis 061 and 067 per eent respectnely as agansg 07
and 036 per cent respectively s reported bn Harnson et al (198) Thes difference
o1 dictary componition 1s probabfy of neghgible impaortance for the serum cal wm level
tSteenbock and Herung 1930) It thus seems reatonable to sssume that 1 these two
cues equal degrees of hypocalcemry indicate equal devrees of mitamin D deficsency

n addstion the present rats could be asumed to contain no more vuamn D than do
rachitic Faty prior 1o their being avayed for vitamia D by a curative bno-assay method
(see Criteria Oor sttamin I deficseney)  The only possble sources of vitamun D n the
diet of the stock rats (the mothers of the present rats and of the bio-assay rats) are 3—-4 g
portiens of cow 3 [iver twice a month unts) nme of deln ery and whole malk ad bieum
duning the 2 it wecks of Ixctruon onls Sipee all experments were carried out duning
the winter months  the mothers vitamin D supply from the milk (approvimately 02
1L daly) was undoubtedly too low to provide the offsprin,, with more than traces of
the sseamun The bady content of sitamun 1D woudd be further seduced dunng the sub-
sequent 3 week period of rapid growth

Raymussen et al (1963) reporc that they employed young raes obtamned commercially
from colotes d on dirt contaung, mimmal of vitamin
The specific criterion for sitamin D deficiency was a lack of growth when the voung rats
consumed a vitamun D free punfied dict When the diet contained 0 47 per cent cal
«cium and 0 3 per cent phosphotus the serwm calcrum levels s ere 6 9and 5 2 mg 100 ml
respeetinely 1n two groups at the end of 3weeks thus indicating the existence of approx
smately the same degree of hypocalcemia as was found by Harrison et a) (1928} and
1n the present study (Table V and V1Y)

It shoutd be apparent from thus discussion that the methods used by the present
author sansfy the requirementy emphasized by Rasmussen et 4] (1963) for procunng
vinamun Dedeficient rats namely maintaiming rats for generations on dicts contamning,
mintmal amounts of vitamin D and employing standardized punfied diets

The fact that Rasmussen et al (1963) were able (o rane the serum calaum in vitamin
D-deficient rats by injecung massive doses (2 000 units) of patathyrod exteace s ac
cording to the present author indicatine of the 1dea that vitanun D 1s not essential for
the calesum mobilizing action of parathvroid hormone in rats Hov ever thisadea s
apparently not supported bv other results obtained by Rasmussen et al (19631 They
showed that only 002 1U itanun D daly for 6 davs was sufficient to mawntaimn the
scrum caloum at appromimately 74 me/100 ml unul parathvrodectomy  within
45 hours brought the Jevel down to 46 mg/100 ml In the vitanun D-deficient rats
on the other hand the terum calcium level of 4 9 mg/100 ml was unaffected by the same

operation
Since differences between i estrgations 1n the degree of vitamun D deficiency prob-

ably were negligible other explanations must be sought for the discrepancy between
the present results and those of Rasmussen et al {1963) and Harison et al (1958) The
Tatter group of investigators used only male rats as against rats of both sexes in the pres

cntwork However sex was pot found to have any effect on the response to parathyroid

n Fually there was a difference n the siran of rats

extract in the present investigauos =
c

used and since there was no opportunity for testing ather straihs i this laboratory
posstbility remans that rat strains differ with regard to degree of parathy roud depend

ence on vitamn D
“The present data v
Ddeficient rats in this

« 10 agreement with those from previous work with adult vitamin
faboratory (Toverud 19631 Itwas shown (hat the serum calcrom
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lesel 6 and 12 days after parathyrowdectomy by cautery was approamately 5 mg/100 ml
while the pre operative level was approvimately 9 mg/100 ml A clear return of the
serum calcium to and beovnd the pre operative level was subsequently obtaned with
treatment with parathyroid extract

Although the conclus;on reached by Marnay and Raoul (1959) znd Marmay (1961)
13 the same as that of Harrson et al (1958) the results obtamed by Marnav (1961) m
one experiment (a serum calcium increase of 0 54 - 0 05 mg/100 ml) may hsve s
cated the presence of a small response to parathyroid extract in vitamin D-deficient par
athyroidectomized rats

Nichols Schartum and Vaes (1963) were able to illustrate parathyroid action with
vitamuin D-deficient mice in two ways After imjecting parathyrod extract these authors
found an increase n the serum levels of calewum and phosphorus as v ell as an increase
n passiv ¢ (thermodynarmc) solubihity of hone mineral the latter observation stemmng

fom with d and heat d bone samples bated  nitro
The present results seem to warrant the general conclusion that in the special stramn
of rats at this y the calcium action of p. d hor

mone 18 exther independent of the presence of vitammn D or dependent on such minute
a2mounts of the vitamn as may be present in severely rachinic rats

Fffect of witamun D on the serum caleum
The present results strongly mdicate that vitamm D admunustered 1n a moderate dose
(100—170 I U per 100 g body weight) can stmulate a nse m the serum calcnm of
rats deprived of either the parathyrowd glands or of the dictary supply of calaum In
the former case (Table ITI) the rise was probably due to the mtestinal action of vitamn
D a5 well as 1t calcium mobilezing action

Carlsson and Lindquist (1955) observed that n 46-day-old rats the intestinal effect
of yitamm D was masimal after 2 single dose of only 10 11U while at least 100 1L
were required for maximum effect on the serum calcwum level Both m their study and
0 that of Harnson et al (1928) the mncrease m serum calcium 3—5 days after the ad
munstration of 100 I U sitamin D was 2—3 times greater than that observed in the
Present exp 37 (Table V) The reason for this difference 15 not readily apparent al
though differences 1n the state of the bone nuneral may be important In the case of the
wark of Harrison et al (1958) st could be argued that the effect was partly due to the
intestinal action of vitamin D since the rats continued ingesting moderate amounts of
ealaum

According to Nicolavsen (1937) the increased net absorpuen of calcium obtaned by
Vitamin D treatment of vitamun D-deficient young rats varied between 1 and 2 mg
daily whether the calaum intake was 2 4 mg or as low a5 02 mg Howeser for the
Jowest intakes net absorption was negatwe also after the vitamn D treatmens In the
Present exp 37 the calcium intake from the glucose solution ¢ as presumably within
this range or lower At such low intakes treatment +1th vitamin D v ill mainly affect
the re absorption of digestne gwice calaum If the secretion of these juices was fow
because of the non sumulatng nature of the protemn free and hquid dict and if the cal
Clum concentration of the juices was low because of hypocalcerma (Gran 1960 a) the
Increase in net absorption due to vitamin D would probably have been even loy er than
Nicolaysen s finding of 1—2 mg Swce calcium absorption probably was mumemal i nat
negligible 1t seems reasonable to assume that the serum caleum rise was entirely due
ta the action of vitamin D on bone or another non mtestinal end-organ It should be
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remembered that the purpose of employ ing the glucose in-saline thet was not to clim
nate absorption of calaium enurely but ta prevent the deposition of signuficant amounts
of bone mneral under the influence of sitamm 1 (see below Parathyrod sitamin D
nteractian}

The mrchanism of the caloum motafizing cffeet of vitamn D remarns obscure How
ever Nichols et 2l (1963) have made the interesting obsenvation that witamm D ad
minstered to vitamin D-deficient mice 3 days before sacnifice mncreased the wolubility
of bane xamples sncubated s risro. The effect war partly duc to inceeased passise sl
tahity and was therefore similar to that of parathyroid hormone

Farathyrord vitamin £3 mtera tion
These are two posuble equally plausible explanatons for the failure to find evidence
for non additnvaty (mutual potentiation) of the effects of parathyroid extract and via
nua D 1) There was same degree of potentsation but st was too small (o be detected in
the present expenment 2) The effects were additive 1tas entirely possible that a poten
tating effect of vitamun D could have bren demonstrated 1f the parathyrod exiract
had been given in a lower dose 5o that the final serum calowm level afier the combined
rertment would be lower than it was in this expenment The reason for this suggestion
us that when the serum calcium approaches the normal level or passes it as happened
i several ratsin € roup IV (Table \ } homeostatic mechanisms aimed at lowering the
serum calcium would presumably come anto play and impede the nsc sumulated by the
treatment

A senes of exy with different comt of doscs and umes of admtnistra
tion of the hormone and the vtamin would be needed to clanfy the problem of ther

interaclion

The most likelv mechanism by which vitamin D could render a dose of parathyroid
extract more cffective 1s probably that of the and d of
wncreased amounts of calerum of dictary ortgin Long teym witanun D treatment walf
undoubtedly increase the amount of stable bone salt available for motulization by para
thyroid hormone If tn addition the solubility of this bone salt 1s increased through an
action of vitamin D (ser aboves one would expeet parathyroid hormone to appear
wmore effective 1n motalizing ealerum than o would 1n the vitamn D-deficient rat But
even a single dose of vitamin D may bave a simlar effect when given prior to the bor
mone provided paraths roid hormone in the rapudly growing ansmal can mobslize bone
depouted withn the fast 24 hours as suggested by Bronner (1961) Thus type of inter
acuon the ymportance of which remains unknown was at any rate avorded in the pres-
ent expenment The purpose of the glucose i saline dict was (o ensure that the amount
of calcum absorbed and depossted in the skeleton mn response to the vitamn ID treat
ment would be minute and neghgble compared to the total skeletal content of calaium
available for mobilization

The possibility of an interaction of the effects of the two factors on the renal handlmg
of calcium and 1ts importance for the serum calaum fevel can nather be ruled out nor
discussed 1 the ight of present knowledge

1n conclusion it may be sard that the present results are conuistent with the hypothens
1hat the effects of parathyroid extract and vitarin D on the serum caleium are additne
but the results are nadequate to rule out the possibility of an interaction between the

effects
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Parathyrord action wn rachstic ehaldren
Nesther Jonxis (1961) nor Steendyk (1964) v ere able to significantly raise the serum
calcium level 1n severely rachitc children by wjecting parathyroid extract Only after
prolonged treatment with vitamin D was a response obtamned i one patient after ad
minsstration of 700 umts parathyrod extract {Eh Lally Co } over 5 days (Steendyk 1964)
However there 1s also evidence to the contrary namely that the hormone 1s actne
nickets 1) The serum calcium level 1 prmary vitamn D deficient nichets 15 usually
normal or shghtly subnormal 2) In cases of nckct: and osteomalacia (L et al 1941}
vath shght ¢ and marked h: vitarmn D results
monly a xlow and delayed return of the serum calcium level but a rapid retum of
phosphate to the normal level (Steendyk 1962} 3) Stalder et al (1962) have shavm
that a rachitic child could respond to vitammn D treatment while on a calcium free
dict by an immediate drop 1n unmary phosphate excretion and an wncrease i renal
tubular phosphate reabsorption {1 per cent of filtered phosphate) 1n spite of a steadily
nsing serum phusphat: level If one of the effects of vitamum D 1n thus case had been the
bl; of 10 d hormone the well-estab-
Ished phosphatune cffect of this )xormane would ha\ccounttrac!:d the observed un
nary changes Relatne and I do not fit the con
cept of parathyroid hormone inactivity m the absence ofvitamun D and these phosphate
abnormalities may actually be partly explamed by assuming the existence of a hyper
Pparathyrod state secondary to nickets (Rasmussen and Rexfenstern 1962)

The discrepancy between these findings may possibly be explained by assutmg that
the small amount of bone salt present i the severely rachitic child and perhaps also the
lower solubility {see above Effect of vitamun D on the serum calcum) of the bone make
1t necessary to mject a very high dose of parathvrord extract to obtain 2 measurable
effect on the serum calcrum

The author wishes to express hus gratitude to D Paul L. Munson for advice on the design of
expenments toA\r Dan Wo en fo advice an stanstical treatment, and to Miss U M Rnistof
fersen for valuable technical assistance The autho greatly app eciates the gift of parathvro d
extract from the Eb Lafly Co through the courtesy of Dr Otto K. Behrens
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Abstract

Hallberg D Studies on the e mination f exoenous 1 puds f om the blo d stream D term n_tion and
b w1 of the plasma try lyceredes after st le mjection f a fat mulsion tnman Acta phys ol scand
1964 6° 407—421 — Single myection of a fat emuls on mea the blood stream n man resulted
10to a complex elim when total tnighycend: 1n pla ma was
Hllowed The complex ty of the curve was studhed by separation of the plasma TG e ther by
centnfugation or by a density gradient method with polyvinyIpyrrol done (PVP) Centnt
Tugation of plasma a1 48 6 x 10 G munutes d d not solve the complex curves The PV P m thod
gave three TG fractions fat emulsion n the top frachion and endogenous plasma TG m the
botton and muddle fraction Elim nation curves obtained with the P\ Pmethod + ere compos
site The TG concentration in the top fract on wh ch was zero in fasting plasma  ncreased
after injection of the emuls on and then dec cased Ths decrease could be resolved nie a
Lncar phase at high TG and an phase at lower The
curve for the bottom £ a yon showed a slo_ly tncreasing concentration and that for the
mddic facton shoved a r pid tncrease followed by a decreas The complex appearance
of the cune without fract onat on of the TG depends on these two latt  bpid fractions which
change in conce 1tration during the elum nation  The duf culies n interpretmg the el minanon
curvesobtamned by th__entrifugat on method was w th the gradient shown to depend on heter
ogene ty in the tap TG feact on obta ned by centmfusat an

Interest has been devoted to hpid emulsions for intrayenous use because of advantages

m chinical practice This interest has among other things been focused on the metabolism
of infused iprds

TGS At phy ! 4B T 6
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Carlson and Hallberg (1963) deseribed the cunve for the elimination of a fat emulsion
(Intralipid ¥jfrom the blood stream in fasting dogs Ths cun ¢ was found to be complex
Howerver 1t was posible to resolie st 1nto two phases of cimination one hnear
elimnation {zero order kinctics) at high TCt concentration (above ! mmol of TGA
blood) and one exponenual chmination (first order kineties) at Jower concentrations

“The cunve for the chiminition of 1his fat emulsion 1n man was found to be still more
complex than in dogs This complevty has here been studied by separating plasma TG
1nto feacuions by centnfugation and by a denugy gradient method

1n 19" Gordis descnibed a denuty gradient method with polyvinylpyrrolidone (P\ P}
and demonstrated two kinds of particulate fat in alimentary blood This method has
here been tested Jor we i the separauon of plasma TG for determunation of the
elimmation of the fat emulsion from the blood 1n man

Material and methods

Procedures

Ir tico sudies Afier an overmight fast heatthy indinaduals between 20 and 40 years old were
snjected 15 with 03 g fag/kg b w as IntralipdB 20 (20 per cent sova bean ol 12 per
cent leaithin and 2 5 per cent glycerol Schubert and Wretlind 191) The mjection time was
below two minutes Blood samples were drawn at differentintenvals fram a permanent needle
n an arm sein The blood was taken into chilled heparinized tubes and stored 1 1ce wa

tee not ] nger than 4 hours befre extraction This interval did 0t influence the results Afier
the test all samples were centrifuged to scparate off plasma at 400 C mun (according to Dole
and Hamlin 187) {Doctor cemrifuge A B Wifug Stockholm Sweden)

Centrifugal separats n
Plasma samples were centnfuged for 30 min m the 403 rotor <f a Spinco Model L ultra
centnfuge The plastic tubes were cut 1n_the middle with a Spinco tube shicer and samples
from th bottom fracuon were extracted for determination of TG concentration

PP grad ent separation
A density gradient with PAP ( Plasdone  average mw 40000 obtaned from General
Anlineand Film Co New York LS \) was madc as described by Gordus (19¢2) by displscing
flud of ¢ PP from a mrung bottle into the bottom of &
plastic test tube By uung tubes smaller than recommended the gradient will be  steeper
and the expenence 1as that the different layers will be more distinct 1n 10 ml tubes (Spinco
3/8 —21/2 ) than 10 20 ml tubcs
2 ol of plasma was nuxed s 1th 0 5mi 25 PAPsolunonn 10 NaClwith001  EDTA
(ethylene diam ne tetraacetate) and 200 mg powdercd NaCl was added 1 ml of this mexture
was extracted for determination of TG concentraton and 1 ml layered with a syringe and a
11 1 needle i the battom of a tubc contasng the gracient The TG were allowed ta separate
Thrsat37 C
(or\al?;u:hlu h‘“mt there were three layess in the gradient The tubes were shced with 2 tube
shicer about 1 5 cm from the top and the top fraction was harvested Then the whole bottom
Fraction was quanttatively aspirated with a thin needle pierced through the bottom of the
tube The same TG concentration was found in the bottom fraction when only 0§ mif was
irated as when the wholc fraction (I ml) was asp rated The rest {rmddle fract on} was
ected ly TG were p d on the three fractions
O ekbod was tested 1n 1 ciro studies desigued to separate (at emulsion TG from fust rig
plasma TG and in tn eivo stuches

Jycersde(s) PV P = Poly
pplied by A B \atrum Stockholm Sweden

1 Abbrevistions TG = T2
+ The emulsion was kindly 5o
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Taste [ TG concentration (mmolefl} 1n vitro n fasting plasma with and withoat fat emul
sion (Intralipid’ ®) befo e and after centnfugation at differeat G mia Each value
15 the mean of a double extraction
Pl—plasma Ern = fat emulsion

TG conc  I'G conc in the bottom fracuon after centrifuganon

before
centr 54x10¢  215x10 48610 860x10 344¥10
No Sample fuganon G mn Gmn Gmn Cmn G
1 Emtsabne 1600 08> 028 020 016 006
2 P 064 064 066 066 060 -
3 M 09 094 080 06 - -
4 B 051 - 045 047 041 -
Pl+Em 250 - 060 048 043 -
3 m 0.6 078 078 071 068 050
PI+Em 1048 153 106 092 079 056
§ ¥ 064 057 055 050 043 041
Pl4Em 1640 122 088 067 067 052
7w 138 135 141 128 - -
Pl+Em 540 200 159 140 — -
8 p 104 - 100 10¢ - -
Pl+Em 790 - 123 110 — -
Pl+Em 790 - 112 103 - -
9 P 138 - - 127 - -
Pl4+Em 715 - - 140 - -
10 Bl 132 - - — - 102
Pl+km 424 — — - — 09
nop 142 - - — - 113
Pl4Em 800 - — - - 109
LA ) 152 - - 132 137 -
Pl+Em 830 — - 155 151 136

Analvtical meth ds

AIITG determinations were done according to Carlson s (1963) method The mean of tnple

determ nations on cach extract are g ven The blank values of the method were not affected

by PV P material or by the d fierent fract ons i the grad ent or by analyses on different

amounts of the chioroform extract

nalytical erro s

The errors of the analys were calculated from duplicate determinations accord ng to the

formula § = | /I
Zn

(d = d flerence b tween two dupl cates and n = number of duplicates)

The presence of p rual gly endes was tested by thin Layer chromotography After th add
ton of methanol to 5 th chloroform extract was passed th cugh a colum  of il ¢
;t @ After con emrat on th s mples anda m xturc of efer nce substa ces conssting of mano-

and trigly endes we ¢ put on the plates o detectable partal gly  ides were found n
the samples tested



410 DAG HALLBFRG

P A, (21NN
ot 1ol ploene
e Cnaunt o piovma  d flaeren) omount of et mleon
EL’I B sermeton
24 ack om w fhe grotent
A Mddig o e
P Boltom s = — -
. et puston
I - —re *
~
N

T . 7,
CTCT N L M

Fig 1 Toglycende concentravon (mm Jeil jof 1t emulsion and pla ma before an! after
separatu n with FA P gradient into three fractions (top midd] an} bott:m) and ther sum
ljxp \ Scpanation of a constant amount cf £ t emulsion ad Jed with d fletent amounts of
plama

Fxp B Separauion of a constant amount of playma o ided with d erent Amounts of (3t emul
sicn

‘Tte error f1r a 5 ngle determination of plasma TG was 4 00> mmol /L (n = 750)

T £ exvor for a ungle determunation of plasma TC i the botte m fracton after centeifigation

way -+ 002 mmole/L (n = 100,

The crror for a single determumaticn of plasma TC separated 1n the 11 P gradient was
005 mmolefL { r the 101 fraction (n = 77}

~ 009 mrole L for tt ¢ middle fractim (n = 31)

-+ 008 mmele L for the botton fraction n = 31

The m an vecorerv of TG afier grad nt separaton in 1tro and 1n vive was 103

standard desatioa of 11 i = 146

-

©

wit a

-

Calculations
After centnfugation the amount of TG 1n the wp fracton was caleulated as the difference
between the precentnfurauon value and the amount of TG 1n the bottom fraction

After separavion of plasma mto 3 fracuons in 1t ¢ P P gradient the secotery was _alculated
and expressed ax a pereentage of the amount of TG present i the unseparated plasma

The statistical methods used were according to Snedecor 119:7)

Results

In nutro studies
Centrfugation The results from the centnfugal scparavon of fastng plasma with and
without addinon of Intralipid® at different G mmn (Dole and Hamhn 1962) are
presented 1n Table T

It was found that the TG concentration 1n the bortors fraction of fasung plasma
\athout added emulsion decreased shghthy 1 7th mcreasne Gomin

The TG of emulsion added 10 saline was found 10 have almost disappeared from
the bottom fraction at 486 ¥ 10* G mun When plasma vath added emulsion was
centnfuged at 486 x 10 G min the ‘TG concentranton found m the botiom fraction
was close o the concentration of the fasung plasma. However in plasma alone
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Tasex II TG (mmolcfl} 1n the duffc {r fier PVP gradient
of plasma with and without adding fat emulsion 1 sitro

Pl=plasma Em = fat emulsion

TG conc. after separation Recor
TG cone ery
before  Top Middle  Bottom m
No Sample separation fraction fracton fraction =z
1 P 114 [ 053 067 131 115
Em 199 177 017 006 200 100
Pl4+Em 322 170 055 067 292 91
2 ] 068 016 030 037 083 121
Em 218 216 019 009 244 12
PI+Em 275 203 041 041 283 103
3 Pl 087 009 048 03¢ 091 104
Em 370 367 002 000 36¢ 98
Pl4+Em 464 333 05 040 428 92
4 il 073 000 041 045 086 18
Pl +Em 47 102 059 053 514 120
3 Pl 062 008 015 041 064 103
PI+Em 242 201 019 044 264 110
6 Pl 075 006 007 057 070 94
PI+Em 250 177 e10 056 243 97
7 Pl 069 003 018 051 072 104
PI+Em 403 343 020 056 424 102
8 Pl 064 018 000 057 070 109
PI+Em 614 539 eo7 061 607 99
9 n 048 003 017 062 08? 10>
Pl+Em 205 126 020 061 207 100
o p 086 031 027 08 081 94
PI+Em 490 329 093 042 39¢ %
Mean Pi(1) 078 e 025 047 083 1067
1-10 PI+Em (2) 367 283 031 052 366 1011
A @—m 289 27 006 005 283 -

centnfuged under dentical conditions the concentration of TG of the bottora fracuon
had 1n some wnstances decreased shghtty The 486 10 G-mun was considered to be
the conditton that least affected plasma TG concentration and most completely
separated added fat emulsion TG from the bottom layer and was thevefore used for the
™ o expeniments

PLP method
Two different v pes of expeniments Aand B 3 ere performed

\ Increasing amounts of fasting human plasma were added to constant amounts of
diluted fat cmulsion (about 1)
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TYPE |

L
o —;

o

—

% Py 3 LT
Fg 2 Trglycende (TC) concentrati n (mmole/l) i plasma in 7 subjects dunng el nation
of 3 v amjecied fus emulsion (9 3 g fartkg (Type ) curver)
a. Total TG n plasma on 3 semib scale
b Total TG concentrat on yinus fasting TG concentration an a sem loganthmic scale
. TG concentranon m the bettom fraction after centnfugation (48 6> 10 G min) on a inear

d Total TG concentration aunus bottom TG concentrst on afier centnfugation on & semt
loganthmc scale

B Increasing amounts of emulsion were added to constant amounts of plasma

“The solumes were equilibrated by adding saline Data from a typical expenment
are gnen m Fig 1

In A the fat cmulsion was quantitatn ey recovered in the top fraction after gradient
separation. The addition of plasma did not nfluence the recovery 1n the top fraction

Yn B the mamn part of plasma TG was found n the bottom and middle fraction after
gradient separation The addstion of ncreasing amounts of hpid emulsion did not
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TYPE I and I

EY T2 Vet E] eIy

| E—

E] e E L

Fig 3 Tnglycende (TG) concentration (mmolefl) m plasma i 5 subjects during ehmination

oft v umjected fat emuls on (0 3 g fatfkg) (Type IT and 11T curves)

3. Total TG concentration i plasma on a sermiloganthmuc scate

b Total TG concentration munus fasung TG concentration on a semuloganthmuc scale.

¢ 'm‘ concentranion in bottom fraction afier centrifugaton ($86 104 G-mun) on a hnear
scale

d Total TG concentrat an minus bottom TG concentration after centrifugation on & semt
loganthm c scale

aker the TG concentrauon in the bottom and muddle fraction to any considerable
degree

The P\P gradient separation was apphed on fastng human plasma with and
without addition of fat emutsion The results arc given 1n Table IT

Fasting plasma separated into three fractions the mamn part of TG was found
i the bottom and middle fraction and only 14 i the top Added fat emulsion wa_
mainly found in the top fraction and there was a shght mcrease 1n TG concentration
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Tyee I

Tig 4 Calculated top fraction TG concentra
\ o {mmolet) afier centnfugation (186 » 104
G minj of playma from 3 subjects during ehm
nation of intravenously nyected fat emulsin
(03g fat/kgjona I near scal (1ame data asType
- UlinFic 3q)

1n the bottorn (047 —» 0 52 mmole/lt and muddle {025 +~ 0 30 mmolefl) fraction
This increase was statstically significant

In rro studies

Centrifugation The curves obtained 1 man alter jection of the fat emulsion were
clasufied 1nto 3 types according to the appearance 11 semilogantmic plot of the cune
for the concentration of total plasma TG munus the fasting s alue (Carlson and Hallberg
1963)

Type I The curve was mostly concave upwards

Type I An almost hnear cune

Type I The curve was mostly convex upwards

‘The elimunation curves for 12 mmdmduals are compiled 1n Fig 2 and 3 7 of these
cunes were classified as Type 1 (Fig 2) 2 a3 Type 1T and 3 as Type 111 (Fig 3)

Fig 2 and 3 gne the total TG ¢ (a) total TG munus the
fasting TG {b) the TG i the bottom fracuon after
centnfugation (c) and total TG concentration minus the bottom TG concentration
(= the calculated top fraction after centnfugaton) (d)

The cunes for total TG concentration (Fig 2a and 3a) are all complex and do not
alfow sumple mathemaucal mterpretanon The cunves for total TG concentration musus
the fasting TG concentration arc complex for Type I (Fig 2b) seem to be exponentaal
10 Type 11 according to the definttion (Fig 3b) and 10 Type 111 composiic of a linear
phase at lugh concentration and perhaps an exponenual phase at lower concentration
(Fig 3b and 4)

The cun es for the TG concentration in the bottom fraction show with time mostly
values 1n Type I (Fig 2c) and vanable concentrations n Type I and 1T

nereasing
curies {Fig 3t)
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F
Fg 5and 6 a_ Elmnat on from the blood stream of inyected € 1 emulsion (03 g fatikg)
n 2 subjects The tnglycende concentrat ons are g en for plasma before and after separat on

10 the P\ P gradicnt snta 3 fract ons

The same data as na but on a sem loganthm c scale.
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Tantz HI TC concentrat 01 fmmole/l) an the tom fraction of plasma taken at mtervals after
the injection of fat emulsion (0 3 g (3kg) 1 v 1nto one suby ct. Plasma was «pd
rated by eentnfugaton (486 104 C min) and by PVP gradient

Time!minutes
o 5 10 20 40 60 70 80 90 100 1o 120

te o 415 322 19 107 051 037 027 018 005 007 00>
tg 015 365 246 122 019 612 Ol 007 00F 004 O 0
ey O 050 0% ©0f5 0B3 039 026 020 €12 00l 007 005

tc = TC concentration in top fraction after centnfugation of plasma {caleulated  see under
Methods)

1g = I'C concentration 1n the top fraction of plasma separated by the PV P gradint.

te 1g = The difference between the two top fractions (Centnfugation gradient)

Taste A TC concentration (mmole/l) i plasma at intervals after injection of fat emulsion
{436x10 G mn) and by the PVP grad ent (See Methods)

Subject |

Time/minutes

[ 5 to 20 30 40
t 00, 489 465 412 235 237
@ [ 514 47 405 270 248
be 085 091 08> 090 087 09
be 042 083 077 078 076 06
mg 4 0 (] 019 - [
g 00> —02 ~007 007 ~015 —o15

Subject 11

Time minutes

0 6 10 20 30 40
te 003 322 190 144 100 057
g - 310 17 074 051 043
be 055 056 056 053 05. 062
bg - 050 057 0a> 049 055
g - 018 014 068 055 021
g - 012 015 070 049 o

tc = top fraction after cenmfugation
tg = gradient top fracuon
1ng = ealculated m ddie faction i the gradient
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Taste I\ TG concentrat on (mmolefl) in plasma at mtervals after 1nject on of fat emulsion
(03gfat/kg) v 1m onesabject The top fraction after centnfugation (48 6 10
& mn) was wolated and layered 1a the bottom of the dens ty gradient tube

Time/mmnutes

0 4 10 17 2% 35 4> 65 80 90 100 110 12¢

TG 137 636 48 456 366 337 328 250 220 212 230 192 193

te 016 513 — 320 230 203 190 100 066 061 07> 03 038
tg 010 445 411 261 230 141 2% 037 023 016 012 00> 006
tetg 0C6 068 — 059 0 062 06! 063 043 045 060 027 032

TG = Total TG concentration 1n plasma

Caleulated TG concentration 1a the top fmcnon after centrifugation of plasma

g =TG onin the top fracty gr of the 1solated 1
top fraction

{03gfaykg) 1v in 2 subjects Plasma was separated mto fractions by centmfugaton

st 60 70 80 90 100 14 123 135
216 19¢ 146 143 139 114 098 063 045
195 185 125 08> 074 058 044 025 024
09> 093 094 096 094 099 107 099 118
690 097 086 078 102 084 08s 087 096
023 00> 029 076 057 on 068 050 043

021 009 0 058 0f6 056 054 038 21

50 60 70 80 90 100 1o 120 130
(323 035 - - 016 on 002 013 007
0.23 012 011 008 004 o 004 006 o

&5 Q66 o7t - 076 83 a7 078 arr
060 059 066 074 07 073 074 054 060
023 30 - - 01 01 006 030 02¢
o8 023 - - 012 011 001 007 607

be = bottom fracuion after centnf gaton
bg = bottom fr ctien i th grad ent
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Middt frochon A the Grad.ent
Ce Hrifugot dop  oction «
g odee b top frachon

) o
asj // \\\Q c3 /\\
) P~
9‘_/‘&/: '/ S ufi Y;/:\"/\\\»//'-;

Fig 7 The difference an tnighcende concentraion between the two top fract ons after centrs
fuzation (486> 10 G min) and srparation in the P\ P gradient respectinelv compared with
the middle fraction of the grad ent Plasma samples taken at intervals during ehmination of
073 g fat/kx fat ermuls on mjected s v Data from 2 sul jects are grven

The curves for the top {raction are for Type I (Fig 2d) still complex and for Type 1T
(Fig 3d) sull seom 1o be exponenual For Type 111 (Fig 3d} the cunves are of the
same natuse asin the plot munus the fasung TG concentration (Fig 3%) but the phases
are steeper These Tvpe 111 cunes scem to be hinear at the begmming when plotted
on a hnear scale (Fig 41

PP method

Results with the P\ P method arc sllustrated by cunes from two subjects who both
belonged to Type 1 (sce above) (Fig 5 and 6) The cunes for total TG concen
tration arc complex  The curves for the top fracton (emulsion fraction) however
can be resolved 1nto a lincar part at high lipid concentration and an exponental
part at lower conceniranons The cunves for the bottom fraction show a slowly m
creasing TG concentration The curses for the middle fraction show arapidly mereasing
concentration followed by a decrease

Comparison of the centsifugal and the P P gradunt method 1n ruio
Three different studies A B and C were made on plasma taken at intervals from sub-
Jects who had got 0 3 g fat/kg 25 a single inyecuion

4 Ilasma from onc subject was analvsed by both methods and the sizes of the top
fractions were compared (Table 111, The centnfugal top fraction contained more TG
than did the gradient 1op fracuon The difference saned with nume and was most
pronounced 40 minutes after the ijection

B Plasma {rom another subject was fractionated wath the centnfuge The top
fraction was collected and lasered i the bottom of the P\ P gradient After separauon
he gradient top fraction was analvsed for TG (Table IV, There was a difference
between the calculated centnifugation top and the gradicnt top fracuon the fater
berng smaller This indicates heterogenenty of the TG 1n the centnfugation top fracuon

C. Plasma from two subjects was analysed by both methods and the dufferent
fractions were compared (Table V) The bottom fractions were of the same sice The
centrfugal top fraction was greater than the gradient top fracuon. The difference
was of th samw order as the gradsent middle fractin (Fig 7)
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Discussion

“The disappearance of {fat } particles from circulation has proven easier to measure
than to mterpret {ait. Dole and Hamhn 1962)

This statement can characterize our present knowledge on the elimnation of exo-
genous* Lipids from the blood stream 1 man The scope of this nvestigation was to

find a math delfor th process inman When studied by following
the plasma TG concentration this process was more complex than m the dog To get
datafor 3 tofind a technique of glycendes

of exogenous and endogenous ongm !

T+ 0 methods have been used here centrfugal and density gradient separation of
lprds

The results with the centnfugation method indicates that the conditrons for separating
the TG of the Intralipid™ emulsion from plasma TG must be chosen arbitranh
because there are TG 1n fasting plasma which flotate under the centnifugal condition
needed to remos e the fat emulsion from the bottom fraction It was judged that 48 6 X
10 G nun was the condition of those studied which least affected the plasma TG and
at the same tune most completely flotated the fat emulston to the top

The observed change in fasung TG concentration may belong to the heavy
chylomicron fraction  descrsbed by Albnnk (1961) or to the sccondary
particle fraction  of Gordis (1962) At the moment there 15 no nformaton on the
diurnal change 1 concentration of these kunds of Lipoproteins The degree of observed
chang 1n concentration was vanable i plasma from different subjects In the 1z viio
€xperuments 1t was realized that this uncontrollable centrifugal change of fasting
Pla;ma TG concentration was an error making the method not 1deal for ehmination
studies

The PVP gradient method separated fasting plasma into fractions 1 here the main
Part of the plasma TG was located 1m the two lower fractions The addition of Intra
Upd® caused a very small increase in these two plasma fractions Added fat emulsion
% as found in the top fraction The mean recovery was 103 ®  after separation. The
mean difference between fractions of 10 different plasmas 1 the gradient before and
after adding fat emulsion was within the error of gradients analysed 1n duplicate

With the PVP gradient 1t was sho m that the top fraction after centnfugation of
Plasma from subjects gwen 2 vas m and
that the difference between the centnfugal and the gradient top fraction concentration
changed during the cmination. This difference was of the same magnitude as and
changed 1n parallel 1 ath the concentration in the gradsent middle fraction.

There v-as 2 good agreement betwern the TG concentraton m the bottom fraction
of the gradient and that 1n the d that most arc i the
bottom of the gradient

By exogenous Liptds 1s here ment chylomicron from the thoracic duct and fat emulsions
Ornce they h e left the blood stream and if thev reappear th v are onsd red to be
endogenous ipids Th f t emulson w s usedasan cas | a -ailable chylomicron model There
are reasons whi h jusufy the companson of chylomicrons and Intralip d% as a b ological
material They have the same rates of Lmination from the blood stream 1 dogs (Carlson and
H Hberg 1963) The rate constants were about the same when the were compared as substrates
' 1 poprotein L pase react ons (Boberg and Carlsan 1963 The parn e size 1 the eleciron
™ eToscope was about the same (Hallberg and Wersall 1964
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The small anerewse n I'C concentration 1n the gradient plasma fractions obser
ved 10 vitro after adding fat emulsion 1s probably of minor importance in the method
because duniny, ehmination there was a decrease in the fat emuluon fraction while the
conceniration in these plasma fractionssncrrased This fact argucs agamst a concentra
tion dependent ersor 1n the method

All in v1s0 expeoments showed that after a sin,le ingeetion of the fat emulston the
elimination curve for total TC concentration had a complex appearance

Assuming that the ehmination 15 a contentration dependent procest which can
be desenbed in mathemaucal terms then the observed compleuty would depend
on disturbing ipids  that appear in the plasma after the initial process of chmina
non

In spite of fractionation of plasma TG 1 the centnfuge only a few cunves could be
interpreted with the same model as carhier descnibed for dogs If the assumption
made above 1 correet then there arc a few possibilities to explan the complex curies
If the disturbing hpid fraction  ancreases 1n during the el
process then the cunve will belong to Type 1 (concas e upwards in semiloganthmc plot)
If the endo,enous TG fractions do not change 1n concentration then the cune will
be Type 1E (hnearona 1 ploty I the end, TC concentration
decreases the  Iype 111 curse wall appear There may of course also be more than
one disturbing I'G fraction which would further complicate the interpretation of the
cunve for total TG These d sustified the typing of the
centrifugal curves The results v ath the ceninfugal method showed that there s as a

disturbing hpid 10 the bottom fraction which mostly increased n concentration
dunng the elimination

However the centnifugation top fraction considered to be the emultion fracton
proved to be heterogencous tn the 1\ P gradient The part of the centnfygal top that
could not be found in the gradient 1op was found in the gradient middle fraction

“Two curves for the elimination of the fat emulsion from the blood stream are presented
after analyscs-of plasma by the PV gradient method. The curve for the top fraction.
that represents the fat emulnon in plasma hay an appearance which scems to be
1dentical with that found in the dog (Carlson and Hallberg) This means that the climina

can be cxp n mathematical terms as described previously a linear
phase at high TG concentration and an exponential phase at lower ' concentra
tons
‘The complexity of the elimination curve has been shown to depend on two  dis
turbing  Iipd fractions that are recovered 1n the bottom and middle fractions in the
PVP gradient These two fracuons vary in concentration during the ehmmation
With this cxplanation of the complexity there are two things requinng an an

mer
Firstly how to explam the found lincar phase 1n the Type 111 cunves” (Fig 4) The

ymddle fraction TG may be masked withia the lincar phase Secondlv why was the
clsmination cunve i the dog found without separation of Iipids ito different fractions?
“The answer 1o this can be that  disturbing hipid fractions 11 the dog have only a
ge 1n concentration or do 5ot €ast and consequently are not observed
Gordis Bierman and Hamlin (1962) have demonstrated that the sccondary particles
(gradient puddle fracuon TG) dunng alimentary bpermia probably recene matenal
from the primary particles {chylomicrons m the gradient top fraction) Teas pass:bl:‘:
that the same kind of process takes place dunng climination of intravenous Iy

small chan
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emulsions and that the observed increase 1n the middle fraction consists of TG first
taken up 1n some organ and then recirculated to the plasma in 2 new form

Thus study was supported by grants fi kh d and from the Lmted Stax
Publ ¢ Health Service (grant H 7088)
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The Disappearance of Acetic Aaid and Acetate from
the Cat’s Stomach and 1ts Influence on the
Permeability for Hydrochloric Acid
By
G FreustrOM B Fronaee and b J Osrive
Recer ed 1€ Apr119F¢

Abstract

Flemstrom G B Frenmingand h J Obnink The d sof pearance f acetic acud and acetate from the
cat + stomack and 1t5 & fuence on the permeabality for hzd ochionic arid Acta phys oL scand 1954 62
472478 — were perfi on cats 1o study (¢ e d flusion of aceuc
actd out of a nomscereung stomach and 1ts ffect on the gastc permeab 1 1y for hydrochlonc
aad A ruc acid diffuses more rapidly than | ydrochlonc acid out of the stomach The d flusion
of hndrochlonic acid 15 increased by an msllauon of acenc acid The acidity of the msulled
hydroct lone eid decreases more rap dly and react cs lower end values There s also a targer
inmsal dip m chlonde concentrat n A mixture of sodium a ctate and hydroct lone acid was
found 1o have a smilar effect on the permeab 1 ty for hydrochlonic ac d

Since the work of Teorell (1933) on the permeatnhity of the pastric mucosa much
evidence has appeared that the regulation of the gastric juice acidity 13 duc 10 a great
extent 10 of hvd sodium p and chloride 1ons For a review
of these aspects the reader 15 referred to Heinz and Obrnink (1924) In 1939 Teorell
2lso analvzed the permeaulity properuies of a non secreting stomach for several other
acids as well as for some other substances It should be noted that m his work on weak
aads he showed that permeability coeflicients were higher for the weaker acids

Interest 1n the penetration of weak acids and bases has occurred repratedly in the
Titerature The studies on secretion of dyes and drugs are noteworthy (see for mstance
Hogben ¢t of 1957 Schanker et al 1957)

T+ has been observed that weak bases are accumulated 1n the gastric juice whereas
weak acds do not enter In the pancreatic jutce the opposite seems to take place This
has been expluncd due to penetration of these weak bases or acids m undissociated

422
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forms Diffusion 15 thought to take place not only between the cells but also through
the ipid layers

Babkin and his school paid special attention to the effect of acenc acid on the stomach
(Babkin Hebb and Rrueger 1941 Bablan 1920) They showed that this aad could
be 3 powerful stmulant for gastic mucus (Grant 1942) The rapid neutralizaton
of acetic acrd m the stomach could therefore be expected to be a result both of 2 lugh
permeability coefficient and of the effect of the increased mucus secreton

The effect of acenc acd may however be much more complicated Gorbunova
Lebedinskaia and Savich (1933 cted from Babkin ef of 1941) imtroduced acetic
aaid 1nto the mam stomach of Pavlov pouch dogs and obseried a decrease m the
sccretory response from the pouch after a test meal Babkn of al (1941) repeated
these expenments and found that the dimunution of the hydrochlonic acid response
cccurred also after histarmine stmulation They could even obtam a persistent effect
of the acetic acid treatment

All the above make 1t especaall to study in more detail the
permeability properties of the gastnic mucosa towards the acetic acid and acetate as
well as the possible nfluence of these sub on the p bility coeffi for

hydrochlonic acid
The expenments to be reported are a prelimnary work on these topics

Methods
E perimental @ mals

< on cats urethane 110 v ) that
had bren fast d for at least 17 hours Aft r a mudline 1cision, ligatures were tied a qund the
cardia and pylorus care be ng taken not to u terrupt the blood supply to the stomach A glass
€cannula  as mtroduced mto the pylonc port on Through this cannula a rubber tube could be
mserted for filling or emptying the stomach After completion of the surgscal operation the
€a1s were left for one two or more bours durmg which tme t could be tested wh ther the
Stomachs were at ecretory arrest A test solution was then troduced and remamed w the
stomach for a given length of tume After this period the volume was completely removed
measured and r mtroduced after a small sample had been taken for analyss
mng; stomach was £ nsed with the flud 1o be introduced before every new expermment was

i

Analstic 1 p ocedures

Aadity determination 01 rul sample was put mto 4 ml of distlled water and ttrated with
001 M'NaOH_using bromthymol blue as an indicator That means that only total acidity’
was determined as this imdicator changes 1is colour between pH 6 0 and 76

Chloride dterminatio was made ele trom trcally with a 1 er chionde cle trode on the same
samples as used fos the a tdity determunation For titranon 000> M AgN\O, was used

Osmol iy determination \-2s made from freczing powt depress on measurement w th the
osmometer of \dvanced Instruments e Newton H ghlands Mass U § A

Three tspes of experiments were per rmed

A Introduct on of 110 m\ (337 mOsm) HCl followed by introduction of 170 mM (163 mO m)
Hic in the same aat
Consecutive expenments on the same cat with a1 170 m3 HCI b) 170 mM HAc and
€) 170 m\{ HCY

c t ve experiments on the same cat with a) 170 mVM HCI b) 170 m\M HCl to which
was added 170 m moles per 1 ter solut on of sod um acetate i powder form (183 mOsm)
and ¢} 1,0 m\{ HCl

In all types of expermments 6 mi of the test solution were mtroduced
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Taste 1 Instllation of 6 m) bydrochlone ac d and scene arid respects ehy in a car s stomach
and an eepeniment with a model where 12 mi of the test solution were allowed to
diffuse agamst 60 ml of 170 m\l sodiwm chlor de through a cellophane membran

k = ke permerbility coclfficient for hvdrogen was (ml mun ¥ 4\ ml s the
change 1n solume per 60 mun  1H (m\! = (the decrease i total ac dity n the
first €0 ymn

Exp no ke kizy N N My 1Hys

1 ol 234 + 05 —13 nz 160

2 Qo6 a8 +03 —106 83 166

3 009 032 +01 —-18 107 158

4 008 017 a —15 B2 18

Mean value oes 07 +0? —16 10! 161

Model exp 005 00 - - 40 17

Results

A Comparsson of the p rmeabibity propesties for Wydrochloric acid and acetic and wn the same
stomach
Si¢ ml of 170 mM HC) were mtroduced mnto the stomach and samples 1ahen every
15 ;un The resulting concentration of the hydrogen tonisseenin Fig 14 A conse utne
troduction of 6 ml 170 mM HAc mto the same stomach showed a simular dsap-
lso be scen 1 Fig 1B The disappearance rate of acenc acwd was
that of hydrochlone acsd See Table I This table also summanzes
ormed in a model where hydrochlonc acd and acenc acid
170 mM NaCl through a ccllophane membrane It

peatance as can al
aluays greater than
sumilar expenments pel
were allowed to diffusc agamnst



Fig 2 An expenment with two
wstllations of hydrochloric acid
on the same cat mterspaced by
an nstillation of acetic acd A

& ml of 170 m™M hydrochlonic
acid before 170 mM acenc acd

B 6 ml of 170 m\M hydrochloric
acd after 170 m\{ aceuc acd

G The hydrogen on concentra

tons plotted on a  semilog

anthme scale
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Taste I1 Permeability coeffictents {ml min !} and maximal chlonde 1on concentraton de-
crease mM m mstillations of hydrochlonc acid m a cat s stomach before and after
an msullation of acetc and The chlonde jon conceatrat on decrease 13 measured
as the difference between the onginal concentration and the lowest onc Expenment
no 5 15 an expenment with 170 mM HCl to which was added sod um acetate n
powder form to a final concentraton of 170 nM inst=ad of 170 mM Hig

Permeabd ty coefficient (ml  min 1)

Chlonde decrease (mM)

Exp no Befo e HAc  After HAc  Differen e Before HAc  After Hac
2 006 ol 83 15 32
3 009 022 144 25 3¢
4 066 009 50 21 37
Meanvalue 007 014 100 20 3
3 009 013 44 % 30

<can be shown that 1n such cxpertments the dusappearance rate of acetic ac d is less
than that for hydrochlone acd whereas in the cat s stomach the reverse 15 true Notc
that the olume decreased 1 the acetic ac d instillation expenments because of the

hypotonieity of the solut ont

B Influence of acetic ac d on sabsequent wnst lation of kydrochlonic aerd
Simlar experiments as deseribed above were performed 1 three consccutive steps
Turst 170 m\{ HCI was ntroduced and allowed to remain 1o diffuse for one hour
(samples taken every 15m n) See Fig 24 In step tr o the same procedure was per
formed with 170 m\{ HAc and m a third step another 170 mM HC! was instilled
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See 11z 2B It was shown that in the second insullation of hydrochlonie acid there
was a higher {Ti for hyd, rons than 1n the first instillation
That thus wss not the case when the two instillations were not separated by an instlly
tion of acetic aoid was shown in cxpenments where two consccutine hydrochlonc
tnaullations were analysed In this casc no increase in the permeabulity coeflicient
could be obtained On the contrary most of the experiments showed a decrease
the permeability coefficient for the sccond instillation The results are illustrated 10
fig 2 and Table Il The ) i had 1 on an average by
about 100 per cent At the same time there appeared a sigmificanily lager dip in the
chlonide concentration cunve after the treatment with acetic aad i should also be
noted that dunng the instiltation of acetic acid the stomach volume decreased markedly
as1t did to a lesser extent in the second hydrochlornic aad instillation
Macroscopically no apperent merease of mucus formation was obtamed

€ [ffect of @ muxture of hydrochlonc actd and of sodwm acetate on the permeabilsty properttes fr
hydrochloric acid
1f sodium acetate 13 dissolved 1n hydrochloric acid the reaction

NaAc + HCl - NaCl + HAc
takes place The pH of the solution increases because the pha of acetic acid 15 higher
than that of hydrochloric acid The situauion for this solution will thus be sumilar
to that reported under B Accordingly a persistent increase of the permeability for
hydrochlonc acd was obtained An example of such an experiment is grven in Table H
as expenment no 5 and in Fig 3 In this expenment hypertonicity obtained because
sodium acetate was added to a final solution of 170 mM caused a volume increase

Discussion
machs 1t was shown that the acidity decreased more rapidly
oduced than when hydrochlonic acid was introduced This
(1939) Such an mereased disappearance ate could

In non secreting cat stol
shen acetic acid was ntr
confirms earher results of Teorell
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be due to a possible increase 1n vasculansation but may also be explamed by a rapid
permeation of the undissocated weak acid not enly through the water phase but
also through hipid membranes {Teorell 199 Hogben ez al 1957 Schanker et al 1957)
This explanation has been apphed to acetic acid as well as to many other weak acids
and weak bases (Bilskr and Obrmk 1959 Hogben ef of 1957 Milne Scrbner and
Crawford 1958 Schanker e of 1957)

In this paper 1t could however be shown that a second mstillation of hydrochlonc
acid made after treatment with acetic acid resulted 1n a hugher permeability coefficient
for hydrogen 1ons than did the first msullation The ntroduction of acetic acd thus
had a persistent effect on the permeability properties of the gastnc mucosa This may
be compared wath the observations of Babkin and his group on the persistent effect
on the secretory capabilities of the gastnc mucosa after treatment with acetic acid

Dunng the expenments with acetic acid the  total acdity usually decreased from
170 m\ to an average of 10 mM In this region the degree of dissociation for acetic
acd vanes between 001 and 004 Thus most of the aad was undissociated durmg
the whole experiment In the mucosal cells as well as outside of the stomach the pH
15 much higher (pH around 7) Under these conditions the concentration of the un
dissociated acetic acid 15 probably not mare than 1 per cent dissoctation coefficient
¢quals 099 The concentration of the undissocrated form of acetic acid on the serosal

side of the b can be dered as beng zero The

gradient for d acenc acid over the mucosal membrane will
thus be directly prop to the total of acetic acid withmn the gastric
contents

InFg landF g 2 the concentration of the hydrogen 1ons s plotted also on a semulnga  thm ¢
scale show ng a straight hne disappearance rate for the hydrogen sons Thus the disappearance
€an be treated as a diffus on follo ving the formula
H=He kyp
Where H = the actual hydrogen 10n concentration or concentration of ac d at t me t
Ho=Hatumet =0
k = the permeab { ty coefficient (mlfmn)

t = time 1n nunutes

P == the introduced volume (ml)

This formula was shown to be valid for hydrochloric ac d by Teo ¢ll (1933 1947) a d Obrink
(1918) Tt 15 5ppl cable if the actual con entration of the molecules outside the sto nach 1s so
small that 1t can be cons de ed a3 being zero The diffus on 1 looked upon as a molecular

Our results suggest that the acenc acid al o disappears at a rate directly proportional
10 its concentration within the stomach

The coupling between the probable b of the acctate as d above
and the observed changes in the permeability properues of the gastnc mucosa and
s decreased secretory capabilities 1s however not yet understood Gne should however
consider the probable accumulation of acetate within the mucosal cells in confirmation
of Martin (1963) A concomitant secretion 1n a diffusion expenment would gt ¢ a
falsely low permeability coefficient according to Obnnk and Waller (19641 In the
related expenments of type B there was a mean volume mcrease of 0 1 ml before but a
rean decrease of 0 3 mol after the introduction of acetic aad Thus difference in volume
changes could possibly be explained if a hypertonicity develops i the mucosal cells due
to mtracellular accumulation of acetate A small secret on at the start of the experiment
cannot be excluded hov ever and part of the effect of acctic acd could then be 1o
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inhubit that seerction The permeability cocfficient for Iydrochlone aad would con
sequently be estimated as somewhat 100 fow 10 the fisst part of the expenment due to
the presence of hydrochlone aeid secretion

10 the dmappearance rate for (H ) increases more than docs the corresponding
permeability for sodum son influx then chlonde has to make a larger dip an the
concentration curve than wsual because of (he requitements for clectroneutrality This
did actunlly bappen as can be seen in Fig, 2

This work was supporte ! Ty the Swed sh Medical Research Counesl and  Magn Berg
sally suftelse For mmalntle h I cur thanks are due to \Irs Margareta Watler
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Renal Vasoconstriction and the ‘Defense Reaction’
By
Eric FeroL! BOrJE JouanssoN and Birger Lorving

Recewved 16 April 196+

Abstract

Fegl E B Johanssonand B Lofving Renal vasoc nstrictio and the def nse reaction Acta physiol
scnd 196¢ 62 429—435 — Using the Horsley Clarke techmque n cats diencephalic
structures were explored with simulating electrodes V nous outflows from the renal and
kel tal muscle vascular beds were measured Intense renal vasoconstricton was nduced by
bypothalam ¢ stmulation n areas where sympathetic vasodilator hibres were activated It s

suggested that enal vasoconstrict on 1s an integral compa ent of the vascular adjustments
which occur 1n the defense react on

It1s generally agreed that the renal vessel are nchly supplied with sympathetic nenve
fibres Direct penipheral stimulation of these fibres can tnduce a drastic decrease i
kidney blood flow The sympathetc nerve frequency response curve for the renal
vessel, 15 somewhat less steep than that for the muscle vessels at lower inpulse rates
The flow response 1 the kudney 15 otherwise sumilar to that obtamned mn skeletal muscle
when the vasoconstrictor fibres of the two tissues are stmulated at corresponding
frequencies (Celander 1924 Rhajutun 1962) There 1s evidence however that duting
normal resting condibions the tonic vasoconstnctor fibre mfluence on the renal blood
flow 15 3 eak or even neghgible (Smuth 1951 pp 411—419) “Morcover + hen the
actmaty of the bulbar tor centre 15 d by d d and/or
mnereased chemoreceptor 1nfluence the renal vessels are usually htte engaged i the
responsc (¢ g H: Orskov and Rein 1937) They differ i that
Tespeet from intestinal and skeletal muscle vessels (Lofviag 1961 2 and b halbp 1963)
It seems therefore that the vasoconstrictor fibres to the kidneys are not greatly act
vated from the bulbar vasomotor centre in 1ts homeostanc receptor controfled activity
except under intense exatation The difference between the renal and the skeletal
muscle vasoconstrictor fibres & probably more quantiative than qualtative It has
been suggested that the central neuron pools vhuch control the renal vessels exhibit a

Present ddress Department of Physiology \fedical School Univers ty of Penasvlvani
Philadelpha Penn U S A
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relatnely high  threshold o exatatory influences from cardiosascular homeostatic
reflexes (Folkow  Johansson and Lofving 1961) The question anses whether there
are patterns of increwed svmpathetic actnity where the renal vessels are more exten
snely engaged

Loang (1961 b) obsenved that hypothalamic stmulation could produce renal
vasoconstrictions that were very powerful as compared with the weak or often nsigny
ficant cffects induced r1a caroud stnus reflexes Renal vasoconstriction 1n response to
hypothalamic sumulation was also reported by Takeuch f ! (1%0 and 1967) It
was thus conuidered 1o be of interest to explore the diencephalon systemats ally in
expenments with sunultancous blood flow recordings in kidney and other vascular
beds Tt will be reported here that stimulation of diencephalic structures from which
the sympathetic vasodilator fibres to the muscles are actnated also produces dramatic
renal vasoconstriction The  muscle g1 area of the phalon 1s thought
1o be an ntegration centre for the over all defense reaction (Abrahams Hilton and

Zbrozyna 1960)

Methods

Thurty-one cats were used After induction with cther the anestt esia was adjusted to 2 super
fcial plane by the intras enous myection of small deses of chloralose (30—.0 mefkg b w | The
skull was opened with a dental dnll and the head placed in & Horsley Clarke stereotaxic
apparatus wiich was used to postion the 1 des  After the the
bram was removed and fixed 1n formaline sabine solation Sumulation points were confirmed
by tracing the electrode track 1 fixed sectisns
Steel monopolar atimulation clectrodes were used which were electrolytically sharpenrd
and covered with electrical insulating varnish except at the very tp They were b Laterally
d for of ding areas of the bran on both sides of the mdhne
‘The indifferent electrode was inserted 1nto the muscles of the frreimb Rectangular cathodal
stmulation pulses were delisered from a Grass model S 4A stmulator The usual sumulation
charactersucs were a puls  durauon of 2 msec between 2 and 3\ to the electrodes in parall 1,
and a frequency of 70 1mp sec though ofien the frequency was vanied between 5--100 imp scc.
The abdomen was opened and the large and small intestines were extirpated To €] nunate
the ds effects of 1y released catechol amines both adrenal glands
were excluded from the crculation by ] gating all adrenal veins Care was taken not to damage
the sympathenc supply to the kidney Hydrocortsone (5 mg) was given 1+ m te compensate
for the Joss of corticord secretion
Hepanne was given as an antucoagulant Bload pressure was measured with 2 mercury
manometer connected to a femoral artery Muscle blood flow way measured as the enous
outflow from the decp femnoral ven the airculation below the ankle being elimmated by 2
wght hgature This preparation gave a blood flow wh ch was predominantly from the skef tal
muscles of the bind bmb The tenal yemn was cannulated and the venous outflow measured
The venous outflow from the two regions was directed to transparent drop chambers filled
with sihicone o1l and retumed 10 the ammal 12 suitable veins (Lindgren 1958) The drops were
counted with a photocell drop counter wh ch actated ordinate writers + here the height of
the ordinates was proportional to the peniod between drops (Clementz and Ryberg 1949) The
hesght of the ordsnate snseribed was thus inyersely proportional to the rate of fiow Recording
aph.
‘”‘,’,"Z“ ;.O:naniy;:\jvgr o studied together with renal and muscle blood flow A shore poly
cter was mnserted nto the lumen of one of the wreters and the drops of unne
ere recorded. To insure a relatively high control diurcsis these animals were
water by stomach tube about two hours beforedlhe sva:;l of the expeniments
an;l 3 conunuous nfusion of T)("r:rzozodluhon (02—0 5( ‘m:’!::.z unng the experim b:;mmg
o most
ihe experyment by cutting both cervical vag: and both carot d swus
:'“'f:"‘gﬁ",‘;f s r;:g‘;[anuonl::was ‘possible to study the effects of central nervous syster

ethylene cath
comzng out W
gwven 100 ml of
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Fig 1 Cat26 kg Chloralose Sumulation of the hypothalamic defense a ea at 60mpisec
2msec and 3 V 1o panels 1 1o 3 In panel 4 the electrodes were 1o vered sla ly through the
sympatho-mhubito ¥ region of the hypothalamus reaching the defense area at arrov The
vasodlatation obta ned 1n skeletal muscle in panel 1 1s markedly reduced by atropine (panel 2
and abolished after subsequent elmunation of the buffer reflexes (panel 3) The latter p ocedure
augments the renal vaso induced by and a susta ned
reduct on m renal blood flow follows the peak response wn panel 3 The vascular changes i
the kudney are associated with marked antdiuresis hadney weight 85 g

stimulation with and without secondary baro cceptor reflexes which mught be evoked by
changes 1n the pulse or mean blood pressure

To avord changes 1 muscle blood flo v due to alterations n skeletal muscle activity resulting
from brain stimulation most of the an mals were curanzed wth Flaxedi] (5 mg/kg b w)
Artifial respiration was then ma ntamed by 2 pump prev ously adjusted to barely suppress
Fpontaneous respiration

Results

Fig 1 shows a recordine of artenal blood pressure muscle and renal blood flovs
and urine flow from a representative experiment mn which the  defense reaction area
of the anteror hypothalamus s as sumulated The ammal was curanzed with Flaxeds!
The vagal and caroud simus nerves were mtact in the first part of the expenment
In the first section of Fig 1 hypothalamic sumulation gave a isc in blood pressure
Pronounced increase 1n muscle blood flow and a renal vasoconstriction accompanted
by a reduced unne flow The flow resistanee 1n the skeletal muscle region was reduced
0 about 15 per ¢ent of control duning the tmtial part of the stunulation period At the
same tume renal flow resistance increased some 300 per cent at the peak of the response
The muscle vasodilation was shown to be due to acti ation of the chohnergic vasodilator
fibres simce 1t was markedly reduced afier close artenal admunistration of atropine
10 the skeletal muscle region {second panel of Fig 1)

After atropine tnuscle flow resistance decreased to about 65 per cent of control a
marked reduction 1n the extent of vasodilation as compared to the first secnon of the
figure The induced transient increase in renal flow resstance was of the same order
of magmitude as before atropine {note that the rise in blood pressure was greater in
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FBig 2 Cat24 kg Ch! ralwe Beth adrenals bizated A seriey of sumulations at a pontmtte
ssoditator arca ¢ the hypw thalimus us ng 1l ¢ same + Itage and pulse duration but saryng
the frequency  Ord nate height inversely proport nal to bisod flow,

the second part of the figurc) The moderate decrease in muscle flow resistance obtamed
after atropimization wdicates an intubition of sasoconstrictor fibre actnaty to the
sheletal muscles dunng the hypothalamic sumulation Such an inhibition might be
ainduced either directly from the  defense reaction area  or 1t could be a secondary
effect of increased baroreceptor discharge iny association with the rise i blood pressure
Qo differentiate between these two possibilities the vagal nen es were cut and the carotd
sinus regrons were  dencnvated by wnfiltration with a local anesthetic (2 \ylocain)
The tinrd section of Fiz 1 shows the response to hypothalamic sumulation with the
same stimulation parameters as before but without the bufler reflexes The musele vaso-
difatation was then totally aboluhed muscle flow resistance remaiming essentially
unchanged while the renal yasoconstrictor response was greatly augmented

Renal blood flow resstance was ncreased smutially to approumately 8 times 1its
presumulatory salue and renal blood flow was reduced from about 4 ml/g of tissue/min
to about 07 ml/g of tissuc/mn The intense renal vasoconstniction subsided + sthin 2
minute in spite of continued sumulation and then leseled out at a renal flow resistance
some 70 per cent above control This level of increased resistance was mamntamned
dunng the rematnder of the sttmulation period

The last section of the recording i Iig 1 was obtamed when the clectrodes were
slowly maved down through the diencept during ) There
was first a fall 1n blood pressure associated with a moderate increase 1n muscle blood
flow a 10—!15 per cent reduction in heart rate and no apparent change in venous
outflow from the kidney This response and the position of the electrodes indicated

of the hyr tho inhibatory area (Folkow Johansson and

Gberg 1959) When the clectrodes were lowered slowly and reached the defense
reaction area {arrow) the blood pressure increased and a renal vasoconstriction
was obtained Thus fatter effect was more gradual 1n onset due to the more gradual
engagement of the defense area in the stmulatton of panel 4 as compared to panel 3
The wntense peak response was thercfore not seen ‘The extent of sustaned renal vaso-

cver largely the same in the two cases and there was simultane
flow

constriction was  how
ously a pronounced antidiuresis Urine flow was reduced more than renal blood

and started agam immedately after stmulation
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Fig 2 illustrates a frequency response analysis of renal vasoconstriction during
sumulation 1 the area of the hy Voltage and pulse duration
were hept constant The figure shows that an essentially maximal response was obtained
ata sumulation frequency of 70 imp/sec and that further increase did not enhance the
response The frequency response characterstics for eheitmg renal vasoconstriction
from the hypothalamuc vasodilator area appear to be the same as for eliciting active
vasodilatation in the muscle The maumal responses were usuallv obtained with a
stimulation frequency of 70 imp/sec and a pulse duration of 2 msec It was not possible
10 scparate the renal and muscle by I at different

The relative magmtudes of the two responses were equal as sttmulation frequency was
varied

Discussion

The diencephalon and those portions of the rostral mesencephalon which can be
reached through the anterior cranial fossa were explored Whereser 1t was possible to
L ¢ chol 1n the muscles a concomitant renal vasoconstric
tion was found The most powerful effects were seen upon activation of the hypo
thalamuc area considered to be the micgrauon centre for the defense reaction
(Abrahams Hilton and Zbrozyna 1960) At optimal stunutation frequencies for activa
tion of this area about 70 smp/sec renal blood flow resistance was often increased
some 6--8 times during the peak of the response ‘This corresponds roughly to the
extent of renal vasoconstriction obtaned with direct stmulanon of the total renal
vasoconstrictor fibre supply at about 10 smpfsec {cf Celander 1954) It should be
remembered that the discharge rate of the peripheral sympatheuc fibres is far lower
than the frequencies used to  drive structures ct lling the pathi
ticfbres ofien with a reduction factor of 1/10—1/5 (Pitts Larrabee and Bronk 1941)
At lower rates of hypothalaric sumulation the extent of the renal vasoconstriction
“as seen to parallel the muscle blood flow increase and the blood pressure change
This 15 10 agreement with the 1dea that the renal vasoonstriction may be part of the
same pattern of sympathetic discharge which engages the sympatheuc vasodilater

The marked renal resulting from n this
study 18 1 strong contrast with the slight or almost insigmificant renal vasoconstnctions
usually observed when baro or chemoreceptor reflexes are ehated (Lfving 1961 a
Rallip 1963) V asoconstriction 10 the intestine and skin with actvation of the muscle
vasodslator fibres has been reported to occur upen stuntulation of the antenior hypo-
thalamic area (Ehasson ¢ o 193] Lindgren 1925 Abrahams Hilton and Zbrozyna
1960 Uvnas 1960 Cobbold ef af 1964) The present expenments indscate that renal
‘vasoconstriction forms an important part of the pattern considered to constitute the

defense reaction  If this reaction serves the purpose of prepanng the animal for

fight or flight which will require great muscular exertion it 1s reasonable that
k dney blood flow will be decreased the more so as renal flow may take as much as
20 per cent of the cardiac output at rest If sudden intense muscular actvity 1 to be
supported by the cardiovascular system a shortlasting restniction of kidney blood
flow 13 consistent vith the over all economy of the organism 1n an emergency sitution

It appears reasonable that the steadily operating homeostat ¢ reflex control of the
baro- and chemoreceptors does not interfere sigmificantly \ ith the bload supgly to the
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ori, in mainly respansible for the muntenance of the milicu 1nteneune €xeept in emer
gency situtions like severe blood loss ctc The contrast betwern the dominatig hypo-
thilamic influence and the relatnely weak reflex renal sasoconstrictions induced by
unloading the barercceptors or sumulating the chemoreceptors thus appears to be
funcuonally purposeful At the syme ime 1t should be stressed that & powerful baro-
receptor activauion scems 1o be cffective in curtuhng the hypothalamcally induced
renal constriction as ydged from panels I-—3 of Iig 1 The intense peak \asoconstric
tion submdes however cven after chmmation of the baroreceptors This type of adjust

ment i3 also scen wath dicect 1 of the renaly fibres and hat
resembles the  autoregulatory escape  of the mtestmal resistance vessels (Cobbold
et al 1961)

Cholinergic muscle vasodilatation assocsated s ith a general defense reaction has
bren reflexly induced by sumulanon of superfiernl pain fibres 1n experiments on
unanesthetized tigh decerebrated cats (Abrahams Hilton and Zbrozyna 1960) In
anesthetized ammals simulation of such afferents was shown to evoke potentials i the
hypothalanuc  d fensc reaction aren  (Abrahams Hilton and \alecolm 1962) These
studies 1nd the present indings of renal vasocanstiiction 1 respons- to the diencephalic
stumulation suggest that the reflex constriction of renal vessels which occurs on sumula
tion of fugh threshold somanc afferents may be partly mediated through the hypo
thalaraus (Johansson 1962)

The reduction 1 unnc flow which 1 the renal vas
probably due to the circulatory changes 1 the hidney The fact that the diuresis was
restored to control immediately after ceseation of the hy pothalamue stmulation indicates
that hormonal factors were probably not involved 1n this response On the other hand
there did not seem to be any direct relationship between the changes in urine flow
and the total renal blood flow Unine flow was often reduced much more than venous
outflow This suggests that actntion of the renal vasoconstrctor fibres from the
hypothalamus produces not only a reduction of total renal blood flow but perhaps
also a change tn the mtrarenal distribution of flow This possibility will be subjected

to further study

“Thss study was supported by a U § Public Health Sery ce Postdoctoral Fellos ship (HF 10 627)
by the School of Acrospace Medicine AFSC through the Furopean Office of crospace
Rescarch Unted States Aw Force by U § Deparment of Health Educaton and Welfare
H 5675 (Cl) and by the Swedish Medical Rescarch Council
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The In Vivo Effect of Angiotensin on the Proximal
Tubular Reabsorption of Salt in Rat Kidneys
By
PAuL P LExssac
Recenved 17 April 1961

Abstract

Leyssac P P The tn o affect of ongiotensin on the provimal tubular eabsorptson of salt 1n rap kidney
Acta physiol scand 196+ 67 436—448 — The purpose of the mvesngation presented m
this report was to study the effect of angwotensin on the rate of proximal tubular reabsorption
of filtrate 1n mammahan kidneys as evaluated from registration of the occlusion time which
18 the time required from abruption of tt € renal circulation unul the proximal tubuleshave
completed reabsorption of the lummnal filtrate  \ dircet momentary and rapidly reversible

s the depressed prowmal reabsorp-
uon fate corresponding 10 the lowest rate observed in sp vanations of the gl
filtration  The resulis indicate that a further depression of the glomerular filtration rate
below that 1w the effect of 18 caused by a r duct on

in the number of nephrons participating 1 urine formaton Tt 1s concluded that angsotens n
besides s vasoconstrictive cffect has a ditect tubular shitatory action thus providing the
two primary effects requ red for a hormonal regulator of renal blood flow prowimal rexbsorp-
uon rate and thereby of glomerular filtration rate

In a previous paper (Leyssac 1963) direct expenmental evidence was presented sup-
porung the suggestion of Bojesen (195%) that the proumal reabsorption of sodum
1s 2 T max process (1 e independent of the filtered load) which 1s the mam imwng
factor to the rate of g tar filtranon Consequently In the gl 1
filtration rate are merely reflections of pnmary vanations 1n the rate of provumal
reabsorption of sodum or the sodium T max

The fasrly close parallelnm between renal plasma flow and sodwm reabsorpuon
{and hence glomerular filtration rate) observed under a great vanety of experimental
conditions led to the sugeestion by Bojesen that some unknown humeral substance
present in the plasma exerung a sumulaung cfiect on the cellular transporting capacity
of sodium limuts the rate of reabsorption of proxamal tubular flud
dneys of the pressor enzyme remn ongmally demonstrated
(1898) and the locafization of remn to the Juxtaglomerular

“The presence tn normal ks
by Tigerstedt and Bergman

436
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apparatus (Bing ef af 1958 1929 1960 1962 Cook and Pickenng 1959 Hartoft and
Edelman 1961) has renewed the mterest in the sull unanss ered question whether any
phymologreal role can be attnibuted to the remn angiotensin system (Gross 1962)

It 15 well established that sodium and rmmeralocorticords mfluence the amount
of renm tn the renal cortex and the granulanty of the juxtaglomerular cells (Tobian
1960) and increasing evidence 15 accumulaung that the renmn angiotensin system
playsa role 1n the l; of ald secretson (Genest et al 1960
Laragh 1960 Davis 1961 Mulrow Ganong and Boryczka 1963 Brown et ol 1963)

The selationship between the renw angiotensin system sodium and aldosterone

e effect of and the if of remn to the juxtaglome
rular made 1t an att 1dea that mght be ble for
the relationslup between renal blood flow and proumal sodium reabsorption

The purpose of the present paper was therefore to study the effect of angiotensin on
the prowmal tubular reabsorption 1n vivo by a direct method and 1t was demonstrated
that has an diate dep effect on the proumal sodmm T mat
by which thus rate may be reduced to a certain rummum

Methods

A le albuno rats we ghing 250 g were used The anmals were allowed free access to £20d and
tap water unul the onset of the expenment at + hich time they were anesthenzed with sodmum
2mytal 25mgfo the first 200gb w and 2 5 n g for cach addiional 10 g of b w adminsstered
' P and supplemented if necessary dunng the course of the expenment As a routme proceduse
101015 ml 1sotonic salme was admnistered slowly 3 v bef> € prumng with mubn to isure
2 reasonable urme flow

The general techn que fo measurement of acclusion tmes sampl ng of ureteral unne and
blood, and the admmstration of nulin has been outlined 1 a p evious paper (Leyssac 1963)
B fly the left kidney was exposed illuminated and observed th ough a dissectng m croscope
(Rewchert) as for micropuncture A pruming dose of 13 mg of mubn -asg: en 1 v followed by
A contnuous imfuston of 0 15 mg min Twao or three speumens of urme were callected by means
of a cathete in the left u eter for clearance determmations blood samples f om an dwelling
catheter m the nght carot d artery being collected before the first urine samplmg and mmed
atcly after the measur ment of the occlus on time Fifty it un ts of hepann % ¢ given n
01 ml sal nc at the ume of prming with mulin 1n ord r to p event clotung in the catheter
for Blood sampling

The occlus on time vas measured by observation of the superficial tubular lumina on the
k dney surface afte interrupuo 1 of the renal blood circulauocn and represents the time merval
from airculatory arrest unnl no luming wer left e untl aft tubular fluid was reabsorbed-

¢ results of measured occlusion times are expressed 0 rec p >al terms under the p esent
experimental cond t ons these cpresent a b trary umits of the fate of proamal flu d reabsorp-
£on The val d ry of this statement has been discussed 1 d tar) (Levssac 1963) A sl ghtmod
fieation 1n cutung off th renal circulation has been mirodu ed n the later p 1t of this m
vetigauon In stead of ligatng the renal artery an open kamp was ficed round the 2orta
Proumal to th renal artenes Mus Jamp was closed and released with munimal disturban ¢
1o the observed k dney and enal ped ¢l Furthermore this modification left the renal art ry
frec fo_other purposes ¢ g partial clamping and enabled a measusement of occlusion time
and subsequent reestablishment of rensl circulit on ta be pe formed w thin 30 to 40 sec

For testng the flect of angiotensin 25 ng (0 1 ;g kg) of syntet ¢ af S-angot as n Il am de
{CIBS) wasgwven asan v mnject on mmedaately after the last collecting period for clearance
determinations At th ery moment when angiotensin reached the kidney that 1t as the
kidney began 10 pale th aorta was totally clamped and the occlusion time was noted In
one expenment shown th tubules w  allowed to ¢fill by opeming the champ and » 103 mn
after the first occlus on the aoria was clamped agan and the occluson trme noted without
g1 ng any mo ¢ ang oten i In anather expertment the occlus on tme was regstered m
meduately afie the last unne collecting period wathout prev ous adm mistrator of angiotens n
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Fig 1 Effect of syntetie angiotensin
on the reerprocal ocelus on tir e at
(X spontanecus vanations in GFR rez
sstered ymmeduat Iv before the ad
- min stragon of angioters n Hon
zontal hines represent the mean
value and range of reciprocal
occlusion tmes Oblique regression
P

Ine gie the relatianship between
the two parameters without the

admunstration of angrotersn
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The tybules were then allowed ta refill angiotensin was given and the occlusion time was
regastered agaen

The effect of partial clamping of the renal artery was tested 0 a group of an mals with a
rather tight partal siver clamp (020 mm placed atround the renal artery dusccted free
from the renal vew. Usually the immediate effect of partal clamp ng was blanch ng of the
kidney occlusion of all the (ubular lumina and anuria but in 2 to 3 mim the pentubular
capillary blood flow was cestored and afier 16 to 30 mun all chr lumina were refilied and ap.
peared well dstended Lnin flow howeser did not begin untl 30 to 60 mun aficr clamp g
the renal artery and was not steady until ? to 3 hours later Then kidney function was generally
stable for a further ? to 3 hours as indicated by constant clearances of mubin When urine
flow reached a stable rate collections fur ¢lcarance determimation were started and aficr the
last collecting peniod the ocelus an tme was measured,

In a paraliel group af ansmals with partally clsmped renal artenes urme and plasma was
collected for determmanon of osmolality when the urme flow remaimed stable below a flow
rate of } plimun Lsually o unne collections were taken {rom cach animal dunng the course
of the experiment at two different flow rates After the last collecting period occlus on time
was mesured Those amimals were not g1 €n inulin si0ee 12 was obeened that the concentration
1n the unine from clamped kidnevs could feach a vatue of 5 to 10 g tnulin/100 mt unne and
would thus nosceably influence the unne vsmolality

1n another senes of expenments mstead of clamping the aorty for determmation of occl 1sion
tune the kidneys were snap-frozen either tn a freezng mixsure of acetonr and sol @ carbor
dioxide at — €5 €. or 1n tbe later experiments 1 sopentane cooled to — 160 C with higud
mitrogen In the control group kidneys were snap-frozen immediately after the last collectng
penod for clearance determinauions m the angiotentin treated group 22 ng of synthetic
angmotensin was njected and the kidneys wap-frozen the instant when argiotensin reached
the kudneys parually clamped kidneys Were snap-frosen when the unne fiow was stable
below 1 ulfmn Snap-frozen lssues were transferred to absolute ethanol at — 20 C and Jeft
at thus temperature for 6 to 12 davs (freeze subsutution) After freeze substitution  Hssues
were imbedded 10 paraffin secti ned and staned as desenbed previously (Leyssac 1963)
Internal diameters of proximal tubules were measured 1n 50 trapsyernally cut, arcular super
final, proximal tubules 1 each kidney bv means of 2 mucrometer ocular

Toilns analyses were performed by the method of Bojesen {19,2) modified for mucro-
analyns

t depresston of plasaa and urme was determaned mucrocryoscop cally by the
m:{}’;to:,ﬁ(gg‘:u;}:nd Bmwnp(IQJS) using samples 1 « 10 101 v 10 mlun volune
eollecied 1 micropipettes (Pyrex) under mmeral aif Determnations werc vounded of‘r\’ 10
Searcst 001 C. The mstrumeat was cabbrated with known molal solutions of sodmm’cd -
nde uung data from the Tnternauonal Cnucal Tables (1978) and results are express
terms of ommolality
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Fig 2 R cprocal occlusion tume
atvaryng GFR n partrally clamp-
ed ludneys Obhique regression hne 4
represents the  relatonship  1m -
po \aneous varations of the two
parameters Horzontal hmes give
the mean value and the range of
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adoimsstration of angiotens o
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Results

Fig 1 shows the mmumeduate effect of 25 ng of cmgmau: angrotensin on the occlusion

time at spontaneously different rates of filtration
before the mjecuon of angiotensin Regardless of the imtial occlusion time as expected
from the measured glomerular filtration rate before the myection (oblique regression
line Leyssac 1963) the effect of 15 an of the rate
of disappearance of proumal flud to 2 mummum correspondmg to an occluston
tme of about 25 sec This effect 1s rapidly reversible In one expeniment (nght un
filled cirele) the occlusion tume of 17 sec before the adrumstration of angiotensia 15
m the area expected from the measured rate of filtration (I 36 mymnfg kW) A
subsequent 1njection of angiotensin a few minutes after reestablishment of the crrcula
ton changed the ouclusion time down to 27 sec (arfow pomnting dowm ards) In
another expenment 1n v hich a filtration rate of 127 ml’mm/g KW was observed an
occlusion time of 22 sec was b of
Vhich 15 sigruficantly different from that expected wlthoul gwing angiotenan A few
munutes after reestablishment of the circulation and refilling of the tubular lumina
~— without giving more angiotensin — the occlusion tme had returned to 17 sec
{arrow 1o the left) a value to be expected from the filtration rate measured before the
administration of angiotensin

Since there arc reasons to assume that a kidney wath 1ts renal artery partially clamped
has a release of endogenous angiotensin exceeding that of normal kidneys 1 was tempt
10g to cxamine whether such artenally clamped kidneys would show the same maxmal
inhybition of the rate of proumal as that after
angiotensin

Fig 2 shows occlusion times at different rates of glomerular filtration 1n partially
clamped kudneys Below a filtration rate of about 08 ml/mmn/g AW the ocelusion
time has reached a maximum only sl ghtly above that obtained with synthetic angio-
tensin Filtration rates are depressed far more than can be explaned on the baus of the
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Fiz 3 Duwress at varing GI R from control and partially clamped kidneys Note that b fo
a GFR of 0 7fmlfmin’g KW the diurcsis falls m incar proport on to GER @ Cont ol b dnev

A Climped Rdney

depressed rate of reabsorption which ¢an be responsible only for a depression of the
glomenular filtration rate to a magnutude of 0 G to 0 7 m)fmn/g KW

In Fig 3 the diuresis 15 plotted as a function of the glomerular filtration rate Above
a Giltration rate of 0 7 ml;mun/g AW no comrelation exists between the tho parameters
but below a filtration rate of 0 7 ml/min/g K the rate of urine flow falls from a value
of 1 plfminfg KW proportionally to the reduction m the filtration rate a fact which
15 interpreted to indicate that reductions 1n the rate of filtration below a value of
07 mlmmfg KW are duc to a decreasing number of tubules taking part n urine
formation

‘The histological picture of a rat kidney m which a spontaneous glomerular filtranon
rate of 1 65 mljminff RV was regustered immedsately before the kidney was snap
{rozen s shown in Fig 4 All the tubules are found to be wide open and circular 1n the
functioning state and they were so throughout the enuire secuion

‘The histological picture of a rat kidney m which the spontaneous filtration rat
found to be 05 m)/! KW n the coll penod befor P
ing 1s shownin Fig 5 1t 13 seen that among the open functioning tubules one may
find single or groups of prouimal tubules occluded This 15 the hustological evidence
frr the statement that below a plomerular filtration rate of 0 7 mifmin/g K\ a further
fall 1n fltration rate 1s due to a decreasing number of nephrons taking part in urine
formation when the occlusion progresses to an increasing part of the nephron popula

e was
£

tiont
Thus unne flow fates below 1 pl/min/g KW from rats under the present expert
mental conditions indicate that the glomerular filtration rates are reduced below 07
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ml'munfg KW due to the occlusion of major or munor parts of the nephrons population

The osmolality of plasma and urine from partially clamped kidnevs was measured
2t vanous unne flow rates below 1 gl/mmn/g A\ (Fig 6)

Occlusion tmes 10 this group of anumals 1 ere equal to those obtamed 1n partaally
clamped kidneys having filtration rates below 0 7 to 0 8 ml minfg KW (Fig 2) Lnne
osmolalty decreases with d flow rates approach L o
that the concentrating capacity 15 reduced + hen the renal function 1 50 much
Pawed that a decrease w glomerular filtration rate 1s caused by a decrease in the
umber of funetioning tubules The decrease m unne osmolality with decreasing urine
flow rates helow 1 #limin’s KW shows that changes 1n the secreno? of anudiretic
hormone cannot have been responsible for the reduction in water cxcretion,
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13
7 Distnbution of internal diameters of proximal tubules at spontancous variations of
g!;g'l{ {cantral groups) after angiotensin and m parsally clamped ludneys The number 1
brackets give the nurber of kidneys examined m cach group The duameter of 50 provimal
tubules were measured 1 each kidney Note the skew to the left 10 the lower three groups

Since the volume of flud present n the functioning proximal tubules would
fluence the occlusion time and since 1t could not be cV(dudad)lhmt a difference mlgl"n
exist m the different groups of kidneys d the mternal of t =
cut arcular proumal tubules from the outer cortex were measured i each a; ; °
groups avesugated The distnbutian of these mternal diameters 15 shown in the ul:
grams of Fig 7 Although the mean diameter in the control group with filtration raf

Y
four
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ahove 0 75 mifmun/g BW 15 somewhat greater than in the other three groups there
duced mean diameters 1n these groups are seen to bedue toa skew distribution leaving
the major part of the nephron population with diameters equal m all four groups
In such cases a greater scatter i the occlusion times of the tubules 1s to be expected
However the measured occlusion time was always that of the major part of the tubules
(completing the occlusion within a penod of 1—2 sec) consequently dafferences m the
wternal diameters did not affect the measured occlusion tmes

Discussion

The fundamental concept outlned by the school of Hormer Sauth (Sauthk 1931) that
glomerular filtration rate 15 determined by the filtration pressure { glomerular factors )
only with the tdea of a load-di dent proamal was based upon the
Presumption of a constant pressure in the space of Bowman s capsule

Direct measurements 1 recent years do not however fit easily into this general
interpretation The demonstration by Wirz (1955 1956) and by Gottschalk and Mylle
(1956) that the prowmal ntratubular hydrostatic pressure (and hence the pressure
1n the space of Bowman) 1s not constant infer that changes in the mtrarenal pressure
must sigmficantly influence the rate of fltration (Wirz 1956) It was not realzed
except by Brandt Rehberg (1929) and by Bojesen (1954 1957) that this mught also be
true for such changes mn the pressure which mght be caused by primary changes
the rate of reabsorption

Direct measurements on proximal tubular fluid (Walker ef a/ 1941 Windhager and
Guebisch 1961) have d that a gradient for sodium across
the proamal tubular walt does not normally exist and thus can not e<plawn the load
dependency of the proumal reabsorption as postulated by Smuth (Smuth 1951 p
396398)

To explam the so-called glomerulo-tubular balance without this claim of a rate
lumting concentration gradient but suil satisfying the conventonal 1dea of a load
dependent provimal reabsorption Gertz (1963) makes the assumption m a micro-
Puncture study 1n rats on the transtubular sodium chlonde flux that dunng reductions
of the proumal luminal diameter the flux keeps constant per umit surface area which
area xs supposed to dirmumsh Thus any reducton in the filtranon rate would cause 2
Teduced Jummal diameter and therevith reduce the proumal rate of reabsorption
However I (Leyssac 1963) have shovn that the proximal reabsorption confinued at
an unaltered rate with decreasing mnternal diameter until all the luminal flnd was
reabsorbed followmng Ligation of the renal artery and the present demonstration of
unchanged internal diameters of the major part of the nephron populat on within a
Breat range of filtrauon rates 15 incompatble s 1th the idea of changes 1n the lumimal
diameter as a function of filtration rate Also the demonstration of unchanged hydro-
static pressures 1n these proumal tubules of clamped kidneys with reduced filtration
Pressure and very low filtration rates (Leyssac 1964) speaks aganst this idea This
does not of course invalidate the 1dea of a constant fux per umt surface area since
¢hanges in the luminal diameter should by no means affect the cnormous area of the
brush border surface of the proximal tubules The relevance of this physical fact was
rejected by Gertz only because it would imply according to the tradiuonal way of
thinking that at reduced filtration rates the lumen would be emptied which actually
5 not the case 1n the low range of filtratan rates obsers ed spontaneoush
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Ditect experimental evidence has finally bren presented (Leyssac 1963) that the
praumal reabsorption of salt 18 2 T max process which alwavs operates at the T max
s ¢ andependent of the “filtered load  and 1s the himiting factor i the rate of glome
rular filtration As a consequence it must be stated a3 emphazised by Bojesen (1924)
that 1t a3 imposuble from clearance studies to answer the question whether observed
chan,es in the rate of excretion of water and predominant electrolytes are caused
™ chanres 1 the filtration pressure (glomerular factors) or by tubular factors since
the rate of excretion which 1s withn the error of the clearance method s determuned
not only by the effectne filtration pressure and the overall rate of reabsorption bat
alio by the distnbuticn between proumal and distal reabsorpion and by the hydro-
dynamic ressstances to flow through the nephron (1 ¢ the luminal diameter)

Tins smphes that none of provious investigations using indirect methods could
possbly establish any tubnlar effect of angiotensin nor could such an effect be excluded
It was therefore necessary to approach the question of a primary effect of angiotensin
on the proumal reatsorpuion of sodsum by a more direct method This was first tried
by Leyssac Lassen and Thaysen (1961) using the kidney cortex shice techmique of
Lassen and Thaysen (1961

Further investizaion with this method using thin slices were negative but several
1 pes of evidence were presented substantiaung the view that at Jeast the major frac
t16n of the sodium 5 lost from the incubated shices exclusnely by diffusion (Bojesen
and Leyssac 1n prep ) Comsequently 2nv effect of angiotensin using this crude
techruque could not be expected, A more refined analvsis using a more well-defined
geometry of the tssue did however disclose a small fraction of the sodium pool fabout
16—20 ) which 1s not 1n diffusion equilibrium with that of the medsum and mav
be subject to active transport (Bojesen Leyssac and Svejgaard Nielsen in prep

Gentz {1962, tried the cffect of angiotensin on sodiam flux by micromnjections of
angiotensin into the Jumen of rat proumal tubules An mhibition of about 30 was
obsers ed with concentrations not less than 10 N fequal to about 10 mg per 100 ml}
However it does srem more Likely that angiotensin should act {rom the pentubular
surface (blood side) in a simalar v av as vasopressin another octapepude seems 10 do
on the water flux 1n the duistal part of the nephron

A direct demonstrauon of a tubular effcet of angiotensin independent of the bnown
vascular effect by an admunstration 1nto systemic or renal carculation with persistant
renal blood flow (fowing system) was a prion mmpossibde since any tubular effect
would not be kikely to mamfest 1tself before a reduction in the renat blood flow caused
by the svasoconsticine effect. Since furthermore reductions in the filtranon pressure
seem to be 2 stimulus to the release of endogenous angiotensin somehow isee Leyssac
1964) st should be predicied that mn a flowing system any pressor substance causing
reduced renal blood flow would cause a reduction in the rate of proximal reabsorp-
tion mot by a direct tubufar effect, but via the release of endogenous angiotensin.

4 direct approach using the occlusion ume method seemed possible since a sudden

of the renal arcul and filtration, upon which the method 15 based

does not mfuence the rate of reabsorpuon co ipso Therefore the immediate vascular

effect of exogenous angiotensin, M prinaple cqual to the nterruption of aircufation

does mot stsclf exert an effect on the rate of reabsorption and recent expenments have

hown that noradrenalinie 10 werght doses 25 tmes that of angiotensn (600 ng) hasno

direct effect at 21l on the occlusion tme (Leyssac anprep ) If l:;“mr r;!tﬂ;;ma:
of occlusion times are to gn e any information about changes it the rate of reabsorpty
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from one expenment or group of expeniments to the other all other factors deterrmming
the rate of disappearance of proximal luminal flud must be kept constant This
seems to hold true for the present experiments since the composition of the ultra
filtrate has been kept constant and since 1t 1s excluded that differences in the internal
diameters m the groups 1nvestigated have mfluenced the absenved occlusion time

A dingly the d d effect of on the occlusion tme under the
present conditions means that the effect of 52
Primary inhibition of the prowimal reabsorption rate to a muumum alue giving 2
flteation rate of about 0 7 mijminfg W This was evactly the mummum glorerular

tration rate found 1n spontaneous variations in the control group (Leyssac 1963)
Tt 1s emphazised that an effect of 15 only ble with
hugh rates of filtration stnce at the low filtration rates the rate of reabsorption 1 already
nhibited to 1ts mmmmum most probably due to the effect of endogenous angrotensin
as idicated by the conclusions drawn from the present mvestigation

These experiments therefore show that with a given filtration pressure the filtration
rate may show varanions from about 22 to 07 ml/mun/g KW exclusively due to
‘anation 1n proxamal tubular reabsorption of find (or T max of salt) and this physio-
logical vanation may be explained solely by vanation 1n the release of angatensin

This of course does not mply that changes in the filtration pressure does not 1n
fluence the rate of filtration at all It only means that the predomnant determumnant
s the rate of reabsorption which determmes whether the filtration 1s mantamed at a
rate of 07 10 or 20 ml/mmm/g KW Alterations 1n the filtration pressure when they
occur may change this rate moderately e g m dilution drurests and other mechamcal
duwress Although thus change except under extreme expenmental conditions 18
within the error of the clearance method it may sigmficantly wfluence the rate of
Water and electrolyte excretion (Bojesen 1954)

The finding of a close relationshup between glomerular filtration rate and the length
of the proximal tubules (Hanssen 1961) are consistent with both the previous and the
Present findings At a certain salt T max determined most hlely by the rate of release
of angiotensin the total volume reabsorbed per mm m a long provimal convelution
will be greater than 1 2 short one As a secondary consequence the rate of filtration
will be greater 1n the nephron with a longer proximal tubule

In partially clamped kidneys the occlusion tune has reached a maximum only
shghtly above that obtained with synthetic angiotensin no matter how much the rate
of filration was reduced Thus depression of the rate of provimal reabsorption 1
clamped ladneys would only depress the fileration rate to a value of about 0 7 ml/mmn/g
KW The further reduction observed in the rate of filtration 15 smply explamed by
the decrease in filtration pressure caused by the artenal clamp No matter how much
Angiatensin 1s released the rate of reabsorption cannot be mhibited any more Conse
quently any reduction in filtration pressure will permt less fud to be filtered but the
same volume as before will necessanly be reabsorbed per mun due 1 the T max char
acter of the prowtmal reabsorption Accordingly a smaller fraction of the filtered
volume will reach the distal part of the nephron the urine flow decreases and vath
sull further reductions n filtration pressure less can be filtered than can be reab-
sorbed The proimal tubule therelore occludes The decreasing number of functiomng

Whules v 1l consequently reduce the measured rate of overall filtration The demon
strauon of a linear correlat on between the diuresis and glomendar filtration rate
belaw 07 ml;min g KW and the histologacal evidence of occluded proumal tubules
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below this rate of filtration strongly support this interpretation which 18 furthermore

pportcd by the d i rabbuts (kruhoffer 1950) that glucose T max wat
reduced wath reductions in the filtraton rate below about 10 mi/mn whereas no
changes in glucose T max were observed above this level

As a consequence 1o the praximal reabsorption of an inercasing fraction of the
filtered volume the concentration of inulin 1n the late proximal flmd will increase
considerably This 1s 1n accordance with the observation of very hugh concentrations
of inulin 1n the final unne from these parnally clamped kidnevs 1n which the concen
trating capacity 18 shown 10 be reduced This finding 1s well known chinically 1n cases
of stenoss of the renal artery  Oceclusion times n the same range of values in equally
elamped Lidneys not having inulin indicates that a possible osmouc effect of 1nulin
has played an insignuficant role only Even a slight osmotie effect of wulin docs not,
however mvalidate the conclusion that the rate of reabsorption 1n parually clamped
adnevs is depressed to a certam minsmum since the occlusion time show ed no tendency
to a further increase no matter how much fiftration rates were reduced I the release
of angistenan from such clamped kidneys can be shown directly to be actually in
creased 10 values equal to or surpassing that which would effect the maximum tuby
lar mhibion  this would account for the depression of the rate of reabsorption ob-
scrved 1 the present experiments

The reduced concentrating capacity observed with decreasing filtraton rates 1
partially clamped kidnevs may be caused by several factors concerning which the
present data do not permut 2 differential analysis

The v: effect of A renal blood flow and this
study demonstrates 10 additon a direct action on proximal tubylar function which
changes the rate of reabsorption within the physiological range of vanations Theana
tomical localization of the remin angiotensin system at the vascular pole of the glo-
merulus and the demonstrated tubular effcet strongly suggests that angotensin exerts
ats vascular acuon also 1n the same anatomical area thereby justifying the conclusion
that the reun system 15 2 physiol 1 yegulator of renal blood flow
proximal reabsorption and thereby of the glomerular filtration rate

The fina) proof that these paramerers really do vary as a conseguence to vana
tions in the release of angiotensin awaits as analysis which would make 1t possible
10 measure such mnute physiol 1 vanations of m the renal venous
or capillary blood

‘The data presented 11 the previons {Leyssac 1963) and the present paper leave no
room for the gencrally accepted interpretation of renal function based upon the funda
mental 1deas of the school of Homer Smith The acceptance of a rapidly changeable
regulated proumal salt T max determuning the rate of filiration 1n contrast to the
theory of a constam pressure 1 the space of Bowman s capsule which was thought
ot 10 anfluence the filtration rate scems to gne a more acceptable clue to the under
standing of kidney function, predommnantly 1 respect to the mportant problems of
regulanon of salt and water exeretion and the actions of mineralo-corticord hormones
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From the Umversity Institute for expenmental mediome Copenhagen Denmark

The Effect of Partial Clamping of the Renal Artery on
Pressures in the Proximal and Distal Tubules and
Peritubular Capillaries of the Rat Kidney
By
Pavr P Levssac

Receved 17 Apnl 1964

Abstract

Leysac P P The eff et f part ol clampin, of th enal stery on pre sures wn the proxemal and distal
tubules and perstubular cap llaries f th rat kid oy Acta physiol scand 1964 67 449456 —

¢ purpose of this study sas fo measure the mtratubular and perttubular capillary hydro-
statc p essures m acute experiments of partial clamp ng of the renal artery to such a degree
that a sign ficant reduct on of the filtration pressure was ascertaned The renal artery of
rats weigh ng about 750 grans were cl pped with 2 020 mm sileer lamp whch educed
the unne flow and the glomerula filtrat:>n rate to below the ange of spontancous varano 3
and caused ocelus on of munor of majo parts of the nephron population Intratubular and
Pe xubula capillary pressures were measured dire tly by the m cropuncture technique The
results d that prowiral as well as pr cap lla ¥ pressures i
partually clamped kidn ys were not measurably different from those of normal — ontral kidneys
(1213 mm Hg) wherea distal mmatubular p essures w re s gnificantly redu ed (fon
67 rom Hg 1n normal to 39 mm Hg) m lamped kedneys The results a e discussed 1n relation
10 previous and recent findings and nterpr ¢ tons Th hypothesss a proposed that the ph
swlomcal function of the juxtaglomerular apparatus Is to erve as a feed back mechan n
wher by changes be ng a fun ton of the proumal  tratubular p essu e via the release of
g otens n adjusts the proximal eabsorpton nd the mtrarcnal ascular esistance m such
a way that promal ntratubular hid ostatic p es u e are ma ntamed

It has been generally accepted that the promal mntratubular hydrostatic pressure
normally 1s by the or capillary pressure i ac
cordance with the ideas of Homer Smuth (Smuth 1951) The micropuncture studics
of these pressures in rat kidneys by Wirz (1926) and by Gottschalk and Mylle (1926
1937) appear to fit these 1deas s nee it has been well establshed that the provmal
imtratubular and the pentubular capillan pressures were always identcal under
normal candetions as 1 ell as during cond tions of osmotic dwuress elevated urcteral
and renal venous prossure and of antidiuresss These findines further evidenced that
an wduced increase 1n the luminal pressure would be transferred to the intersutial
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space and vice vesa but did not disclose which one of these pressuses determined the
other under phymiolotical conditions

In the preceding study (Leyssac 1964) 5t was observed 1 kidneys with renal ar
trries parually elamped to such a degree as to sugmificantly reduce the glomerular
capillary pressures that the proumal fumina looked well distended and the renal
capsule appeared normally tense or at least nearly so Furthermore 1t was demonstrated
that the mtemal diameters of the major part of the proximal tubules were cqual to
those of normal kidneys These obserianions which suzgested that the mtratubular
hydrostatic pressure was not senously decreased were unexpected 1n view of the
convenuonal anterpretation The purpose of the study presented 1n this report 1 as
therefore to measure the pressures dircctly 1n parually clamped lidneys using the
mcropuncture techmique

Methods

VMale albino rats weighing 750 g were wsed The antmals were allowed free access to food
and tap water until the start of the exper ment at which ttme they were anesthet zed with
sodium amytal 25 mg for the first 200g b w with 25 mg for cach add tional 10 g of b w
admunstered 1p and supplemented during the course of t ¢ expeniment when necessary
One 10 15 ml uotonuc sal ne was slowly admnste cd 1v 60 to 90 min before th measure
raents in order to secure reasonable unn flow
The general sct up and technique for micropuncture and ntrabular pressure recording
as described by Gottschalk and Mytle (1956) has been folloned Briefly the left kidney was
cxposed immohilized and a portion on the surface bathed 1 Ringer s solution or tsotonic
saline was illununated with a Rnsscly quarts cod apparatus A heat ng flter was interposed
between the Light source and the rod The left ureter was cannulated 0 s upper one third
wath 4 polyethylenc catheter the trp of which was placed 1nto or very close to the renaf pel s
To measure mtratubular or pertubular e2pillary pressures a Pyrex micro pipette (6—10 st
outer diameter at ity upr was filled with a concentrated aqueous solution of migrosin  The
pipette clamped in a d Tonbrune lator recicver was ted by arr filled
polvethy lene tubing to an adjustable mercury leveling bufb and the manometer Tte microtip
was manipulated 1nto the flud on the ludney surface using & Bmnocular stercomicroscope
{Rerchert) at 100—150 » and ats capstl was d d an: b 1
checked before each measurement The pipette was man pulated into Uf e lumen of a surface
tubutle or capiflany and the pressure was determined as the pressure which had to be apphed
1o the pspetic m order to keep dye from leaving 1} ¢ pipettc and tubufar fusd from entenng
3t mmus the capllanity of the pipette At least two successive pressures were determ ned
cach lumen and the readings were discarded if the pressures diflered by more than two mm
Hg The manometer was a Tybjerg Hansen condenser manometer connected to a high fre
quency transducer device and output ampl fier (Rasser) (Tybyerg Hansen 1949
Preasuses were measured 1n 9 control ammals and 1n 13 animals with a rather tight part al
silver clamp {0 20 mm;) placed round the renal artery which was dissected free from the renal
\ein Pressures from clamped kidneys were usually recorded 2 or 3 hours after clamping
when urine flow rates had reached a stable deve) below | uifmm Ina fow cases the diuresss
tacreased during the punctures
hs of 60 were wzken through the one ocular which was
connected 1o a Robot eamera {automatic transport) A Braun electronuc flash device attached
o 2 comcal ezt rod coated w th alupunium fo secured sufficient 1 ght for exposures in
ccession The length of the Jucite rod was 300 mm the onc pofished end had a d 3
50 mm and the diameter of the other end 1n contact With the kidney surface was
r film was used and exposures wer taken at 1;230 seu
drop exists throughout the proxsmal tubules {Gotschatk and
puncture from the glomerutus was not determuned i
proumal convolution was 25~
g distal tubul
kidneys)

rapid su
meter of
3 mm An AGFA negatve colo
Since no measurable pressure
Afylle 1976) the distance of the sue of
the proxmal tubules That the pipette 1 p was Jocalized m a
certatned ether from the appearance of ingected rugros n n the correspond n
at later ume (within 60 sec in normal kidneys and w thin 90—180 sec m clamped
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TasLe T Pressure recordimgs by Gotts halk and Mylle from normal kidneys from the present
cortrol groap and from kidneys with a partial obsteuction of the renal a tery

Pressures are grven as mean valuezstardard deviation Murater n brackets give the
number of puncture

Semall
Proumal pentubular Distal
tubules capillanies tubule D uresis
(mm Hg) {mm Hg) (mm Hg) (il erun)
Gottschalk & Mylle 135+24 40 - -
1956 Range 721
(193)
Cottschalk & Mylle 125122 - 67416 03-73
1957 Range 920 Range 40120
(50) [
Controls 129423 129£35 - 06100
Range8~185  Range 95215
(46) {13)
Clamped kidnevs 127419 126£27 39412 0t-18
Range 8182  Range82—1/5 Rangc25-63
(40) (20) (10)

oF if 5o dye appeared by mucroduscction The s te of puncture 1n distal tubules were deter
mned by me odissection The local zat on of the puncture site by microdissection wav carried
out as described by Gottschalk and Myle (1956) mod fied only n that the kidneys were
macerated 1n concentrated hydrochloric acid d luted 6 10 for 90 mn at 37 C

Results

From the table 1t 15 seen that the pressures recorded in the present control group are
1dentical with those registered by Gottschalk under sumilar expenimental conditions
In the parually clamped kidneys pressures in the proximal tubules and 1n the pen
tubular capilaries are equal to those 1 the control group but the pressures in the
distal tubules are ngmficantly reduced (t = 3 5) from average 6 7 mm Hg 1n normal
kidneys to average 39 mm Hg 1n the clamped kidneys

When a proumal tubule 1n a control kidney was punctured and a micromnfusion of
nigroun coloured saline was started the black stain became visible very quickly in the
whole prowimal convolation dustal to the mite of puncture (Fig la, 40—50 sec from
the start of the mfusion into the proximal tubule the stamed flwd appeared 10 the
distal comyolution at the kidney surface (Fig | b) In the following picture (1ig 1¢)
the mucroprpette was removed The dye was washed away from the prouimal con
volution leaving only the distal tubule coloured * It 13 emphazised that tt e luminal

The present expenments we e not des gned for a quant tave et m ton of 1 m nal flow

Tates as ha  been performed by others uing a smlar t | qu  mestrecently by S n
hausen {1973
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a b 3
Tig_1 Microphotographs from a control k doey surface during m cropuncture
2) Shows the provimal tubule during microinf sion b) Shows the appearance of the duts)
comyolution at the surfac sec after the start of ynfusion ¢) She
1 the distat tubule afier removal of the m croprpente ) P PETAnce of color

Fig 2 M crophotographs
from a clamped k dncy sur
face dunng micropuncture
2) shows the proxsmal tabule
during micromfission

b) shows the appearance of
the distal convolution at the
surface 60 scc afier thestart
of the snfusion ote the rc
duced caliber of the distal
comvalution

a b

diameter of the distal tubule does not appear sigmficantly different from the proximal
lumunal diameter However a shghtly smaller distal diameter was observed 1n many

nephrons of control kidneys
YWhen a of dye was performed into a prowimal tubule of a partially

<lamped kidney the proximal diameter did not appear different from that of the control
kidney as shown by the microphotographs m Fig 2 a However not untl 60—80
sec after the initiation of the infusion and often much later did the dye 1n the distat
tubule appear at the surface 1ndicating a much reduced luminal flow rate 1 the
clamped kidneys (Fig 2b) From ths figure 1t 15 quite cvadent that the Jumnal dia
meter of the distal comvolution 1s considerably reduced 1n companson with that in
the control hidney Simular reductions in luminal diameters were never obsened

control kidneys

Discussion

“The relatne constancy of the proximal intratubular hydrostatic pressure equal to the
mtersntial pressure obsens ed under dafferent rates of filtration and unne flow apparently
has been a main argument both 1 favour of the concept that the lurminal pressure 1s
deterrined by the mtersutial pressure (Wirz 1956) and of the general concept that
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filtration rate 15 insigmuficantly mfluenced by such mnor changes in the pressure
which rmight be nduced by changes 1n the rate of proximal reabsorption This argu
mentation seemingly supported the 1dea of 2 load dependent  prowumal reabsorption
of sodium an 1dea aganst which rather sigmficant evidence ha been presented (Leys
sac 1063)

In 2 discussion of the 1dea that the 1 pressure the
pressure Swann claimed that the functional distension of the ladney ongmates
from the vascular blood and a large mntersuual space (Svann et af 1958) Swapm
beheved that the swas ballooned out by plasma and reabsorb-
ate at the wstant of clamping the renal pedicle This concept has been sertously cn
tized by Hanssen (Hanssen 1960)

The present data allow serious doubt to be raised to the general concept of a deter
nunant role of the intersutial pressure to the pressure inside the proumal tubules
under normal conditions and would scem quite incompatible vath the hypothesis of
Lhe kiducy a3 an milatable balloon ~ proposed by Swann (1960 1961) Prowided

1 pressure d the proxunal luminal pressure it
\muld be c(pcctcd that the penitubular capillary pressure and hence the proximal
wntratubular pressure v ould be sigmificantly lower than normal after clamping the
renal artery to such a degree that the filtration pressure 1s significantly lowered Such
reduction m filtration pressure was mdicated m the present clipped hidneys by occlu
sion of groups of the proumal tubules and filtration rates below 07 ml min g Kw
(Leyssac 1964) The present data would indicate that the proumal mtratubular
and the interstinial pressures m such clipped kidneys are adentical 1 1th the pressures
m control kidneys

It may be argued that the interstitial pressure 1s maintamed due to an mncreased
Tesistance to venous outflow under this condinon Hov ever any compression of the
tun walled arcuate yeins 1s a most unlikely consequence of a partial arterral obstruction
A senous constrict on ehcited by angiatensin 1s not likely exther since 3t has been

1 by Folkow and \ellander (1961) that 15 a typrcal
artenolar or plain muscle cell constrictor with no or sigrficant effect on the post
arteriolar section of the vascular system and since the sinusoidal cushions  desenbed
by Swann and co-workers (see Swann 1960) near the juncuon of the arcuate and
mterlobular vens almost completely lack smooth muscle cells A sigmficant pressure
drop was found across thes effluent constniction which was thought to mamtam the

venous pressure perpheral to the constriction equal to or shghtly above the mtersutial
Pressure

The opposite view that the mterstual pressure 1s a passice reflection of the proxumal
Tumwmal pressure 1s apparently more hikely i the Light of the present expenments The
fact that 1n snap-fr kidneys the space appears as extremely thin
walled pentubul the helium of which 1s like a mere cvtoplasmatic
film located 1n more or less narrow angles between the tubules (Levssac 1963 Fig 4)
support this interpretation

e of proymal bular pressures in kadneys partally
clamped to such a degree that filtravon pressure 15 significantly reduced seem to
ind cate that the pressure 1s mamtaned by a very ¢ffcient regulatory mechanism
Provided that paruially clamped kidaneys have an mcreased release of angiotensn
consistent + 1th the observed low rates of reabsorpuion in such kidneys (Leyssac 1964)
this increased release might ebviously be involved in such a regulation
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‘The remin angiotensin system 13 localized to the Jjuxtaglomerular apparatus (Bing
::iu I;\aarznm;eraak 1962} ;»hl]c: 15 the specialized group of cells at the glm‘nt(rulaf
h pole COY\:mmg of cells from the distal tubule (“macula densa ) from the

erent arteniol- (“juxtaglomerular cells ) and of a group of cells pamed Goormagh
"éh s cells Thr Goormaghugh cell-group 1s wedged at the vaseular pole between the

;‘hrrml arteriole the efferent antenole and the maculz densa {Faarup 1964 1n press)

c macula densa of the dutal tubule usually yoint and adheres dlosely ta the sery
last part of s affiliated afferent artenole 1mmediately before the asteriole splits into
the glomerular eapillary tufts At this point the artenole has lost sts muscular medsa,
the plan muscle cells being replaced by the eprthelod eells (“juxtaglomerular cells )

It seems exident that the first point of achion of angiotensin 1n the kidney 1s distal
to the afferent artenole It s hardly Likely that recsreulated angiotensin ~— after dilu
tion by blood from other arcas and cxposure to plasma angiotensinase ~— should be
able to excrt a comparable effect on the affcrent artenoles

Then angiotensin mught affect the glomerular capillanes and/or the efferent artenole
Thesc two possibilities would have direct opposing effects on the filtration pressure a
capillary constriction would reduce filtrauon pressure whereas an effect solely on the
effevent artenol- would merease the pressure Although evidencs has been presented
as d p ly that 15 2 typrcal plain musele cell constrictor with
no or inmgnificant eflect on the post artentolar vascular section and therefore a prion,
probably not includes any effect on the gl il 1t might be pastulated
that thes~ capillanes are speciahized and different from other capillanes The posst
bility of an effect ncluding the glomerutar tufts may however seem less hkely from
the following argumentauon.

Evidence has been presented (Leyssac 1964) that the filtration pressure 15 sigm
ficantly reduced 1n the glomerular capillanes of partially clamped kidneys Thbe
pressure at the very end of the aferent arteriole therefore 1 hardly unchanged tut
more likely somewhat lowered If angiotensin had caused a constricuion of the glome
rular capillanes and the filtration pressure had consequently been further reduced
the mamntenance of an unchanged proumal intratubular pressure 18 hardly under
standable even though the proximal P rate was fi dey d If
however the vascular effect of angiotensin 15 mainlv or exclusively on the efferent
artepole this fact would tend to keep up filtrauon pressure thereby supporting the
nhibtion of the proumal reabr m an h d bul
pressure. The latter possibility obviously seem to be the most reasonable interpretation
of the exptnmental data considered bere

The present data thus support the dea that the physiological actions of angiotensin
senve the regulation of the proamal intratubular hydrostate pressure Honeser the
adequate sumulus 1o the releasc of angiotensin 1s 50 far unknown 1n spate of the great
1nterest 1n thit question, which was evoked by the evidence of a possible role of the
yenin system an the of renal hyp and m the regufa
won of aldosterone seeretion. The evidence presented of a physiological function 1t
regutanng renal blood flow and proximal rate of reabsorption has furthermote focused
the interest on the mechanusm by which the release of angiotensin 1s medated.

In previous hypothesis the natu ¢ of the stionlus to the release of angiotensin has
been fuggested as exther mechancal (pressure) (¢ g Seliwood and Vemey 195403
Tobian 1960 Schrmd 1962) or chemical (osmouc presture or sodium concentration)

(0. g Mawnsbach and Latta 1962 Stamey 1963 Thurau 1963)
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These differing previous concepts have the one feature 1n common that the ade-
quate stimulus o the release of angiotensin 1s provoked under conditions of changes
10 the filtration pressure Evidence for angiotensia release under such conditions has
quite recently been given by Skinner McCubbin and Page (1963} by partial obstruc
tion of the renal circulation They demonstrated an mcrease 1n the renal venous blood
of a pressor polypeptide most Lkely being angiotensin only 5 nun after minor reduc
fions in mean arterial pressure Obstructions giving equal reductions 1n pulse pressure
2nd renal blood flow but with less mfluence on mean artenal pressure did not increase
the release of pressor matenal

In view of the above reasoning and m accordance with other available data previous
and present results may be interpreted by the followmng hypothetical sequence of
cvents Amy reduction m filtration pressure (e g reflex spasm of the afferent artenole
obstruction of the renal artery etc.} or any reduchion m proamal intratubular pressure
induced by a pnimary wncrease i the rate of reabsorption will mcrease the release
of angiotensin by some chemical mechanical or electrical change at the site of the
macula densa resulting from the minor decrease m proumal mtratubular pressure
Consequently the rate of prouimal reabsorption 1s depressed and thereby lowers the
glometurar filtration rate The constriction of the efferent arteriole and the depressed
Tate of reabsorption tend to mamtan h d the proxumal (bular pressure
Wath farther reduction m the filtration pressure the release of angiotensm increases until
2 maximum infubitton of the proumal salt T max 1s reached Even if much more
angiotensin 15 released v ath still further drop n the filtration pressure no further
depression of the rate of reabsorption will occur Thus relatively more of the filtrate 1s
reabsorbed tn the proumal tubules and Jess will reach the distal convolutions The
distal ntratubular pressure therefore d as m
Partially elamped kidneys The reduced internal diameter of the distal tubules in
this state of function represents an mcreased resistance to the luminal flow which
readidv explains how the prowumal intratubular pressure can be mawtamed 1 spite
of decreased flow rates m the prosimal as well as in the distal tubules If the filtrauon
Pressure drops further less flid will filter than can be reabsorbed and the tubules
occlude

An efficient regul of the prowmal pressure by a factor which acts
ott the proximal rate of flmd reabsorption (and postglomerular vascular tonus) and
thus on the glomerular filtration rate would explan why considerable changes n the
latter may occur +1thout s gn ficant alterations 1n the electrolyte excretion rates even
though a major fraction (normally about 80 ) of the filtered volume 1s reabsorbed
Proumally by a T max type of process The reason s that the capacity of this process
1 regulated 1n 2 say that tends to ma nta n constant the proumal hydrostauc pres-
sures This s ould imply a farly constant supply of salt to the distal part of the nephron
idependent of tons 10 gl lar filtration rate unrelated to the electrolyte
balance + hether these vanations were mduced primandy by metabolic changes 1n
the tubular transport capacity or by vascular changes in filtration pressure

According to the proposed hypothesis the physislogical function of the Juxtaglome
rular appacatus 1 to serve a5 a feed back mechanism whereby a change being a fune
ton of the prosimal intratubular peessure (1 e the out put of the regulated system)
at the site of macula denss and 12 the release of angiotensin changes the proximal
salt reabsorption and adjusts the 1ntrarenal vascular resistanees 1n such a way that the
prowimal intratubular hvdrostat ¢ pressure 18 ma ntaned

"-63015 ¢ phyrt 4



456 PALL P LLYSSAC

These wvestigains s cre supported by grants from Statens almnmndels
and Novofonden for which the author whishes to cxpress his gm;::;: 15¢ \sdenskabefond
‘Thanks are due to Prof Carl Gottschalk for his kand help and valuable guidance in the
micropuncture techn que
Thanks are also due 1o phiotograph r Ulla Eberth for her skilfu! assstance and adsice with

the microphotugraphy 1n yno

References

Lixc | and ) haznaerezan, Renin content in different parts of the juxtaglomerul
ratys 4 Locahizat on of renin in the kidney Acta path Tt ol s ¢ 100 5 sty
Fouxow B B Joravsox and § \Mrttasvez The comparauy effects of angiotensn and
noradrenal ne on consecutve vascuolar sections  deta physiol seand 1961 53 99104
Faarve P On the ! of the fcta anar (Basel) 1964

In press

Gorrsais C. W and M Mbue Micropunctute study of pressures i proumal wbules
and pentubular capillaries of the rat kidney and therr relation to urcteral and renal yenous
prosuret Amer 7 Plonl 19,6 18> 430439

Gornciatk, C W and M Myite Micrapuncture studv of pressures in proximal and distal
1ubules and pentubular capillanes of the rat kidn y during osmouc diresis mer J Phs |
1947 189 313—38

Hassex A TyBJERG Pressure measyrements in the human organusm Copenhagen Teknisk Forlag
1949 pp 230 Thess “ pernas *

Hass ex O E. Early post mortem renal changes studied sn mice w th one kidney extenorzed.
2 The funciional and the early post mortem morphology of the kidnes  Acta path mucrobicl
scand 1960 49 29730

Larra H and \ B AL The as studied electron micro-
scopically 7 Ult astract Res 1962 6 >47——561

Levsac, PP dence of glomerular filtration rate on prowmal tubular reabsorption
of salt Acta phys ol scand 1963 58 236—243

Levssac. P P The i vi o effect of angiotensin on the proximal tubular reabsorption of salt
n st kdneys Acta physel scand 1964 67 436—418

Sanup E. jx. Renin a physiological regulator of renal hemodynamies Circulat Res 1962
41 185—190

Serewoop RV and E- B VErsev The effect of water and of isotoruc sal ne adminstra
110 on the renal plasma and glomerular filirato  flowsm it € d g with incidental observa
130n5 of the effects of these flows of comp ession of the carotid and renal artery Ph! Trans

B 19>4—55 238 3F1- 3%
SxivvEr S L) W McCusewvand 1 H Pace Renal barocepter control of remun secretion

Seience 1963 141 814816
Swrmt Hoser W The kidner “ew York. Oxford L Press 19 1 pp 1049
Sravey Ti A fmorasula dyperiension Balumore The Wilham & Wikins Ca 1963 pp 237
Sremiacses M. Eine Methode zur Differenzierung prox maler und distaler Tubul der
serenrinde von Ratten mn vi o und thre A dung zur
geschwindighewren Bfugers Arch ges Pivwol 1963 7 2315
S H G The functional dustent on of the kidacy A review Tex Rep Bul M d 1960
18 566493
Swaxy H G A new theory concerming the primary sumulus 10 renal hypertens n dmer
7 Cadut 1951 8 839—90>
Sinss H G A A Orsssy J B Detasiaw and W W Tuare Relavon of lymph 1o
hetendmg fusds of the kidney Froc So exp Bl NY 1928 97 517322
a 1 I it Co gr Mephrology Praque 1963

e 1n Tenal blood
Fiongh hup of electrolytes celis' and hyperiens on Phrsol
80312
Reo 1960 40 2803 med Wicks 1056 86 377

Yz, H D e Druckverhaltnsse i der normalen Niere Schwer



Acta physiol scand 1964 62 457—463

From the Department of Phywology Umnerstcy of Goteborg and the Department of Plastic
Surgery Unisersity of Uppsala § eden

Acute Changes 1 Capillary Filtration and Diffusion
1n Experimental Burn Injury
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Gasra ARTURsON and STEFan \ELLANDER
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Abstract

Afturson G and S Mellander Acute chan 5 o1 cap Hary fltratiors ard d Juswon n expernmental bure
vy Acta physol scand 1964 67 427—4$b3 —The effects of second degree burns on the
restance yessels on the net transcapillary fluid movement and on the capillary filtration
cocflieient (CFC) were studied m the paw of the cat In the acute phase of burn myury there
was a pronounced dilataton of the resistance essels 3 very rapid loss of mirsvascular flud
10 the injured nissue (edema formation) but only a moderate ncrease of the capidlary filtrat on
coefi sent (refiecting capillary permeability) These findings mdicate that the ederna formstion
 the €2 hest phase of bumn rury must be attmbuted mamly to some other factor than 1

creased capillary permeability and the consequent leakage of plasma p oteins mto the tssue

Plasma csmolaly g

found 10 be mcreased s gmificantly abo ¢ the control levels duning the ea fy phase of bum
wyury Thus seems to 1ndicate that dunng burning a temporary transcap Tlafy osmotic pressure
grad ent 15 established and that the ea Iy edema forman>n 1s mamiv dependent upon a diffus on
Process wh ch rap dly causes flud to escape £ om the blood stream mto the extrasascula space
of the burned tissue

The most important sign 1n the acute phase of second degree burns 15 the marked
cdema formanon 1 the injured tissue The pathogenens of this burn edema has there
fore been subjected to untense research. Stace the edema 15 produced by an abnormal
Tocal accumutation of flaid lost from the \é S$Em 1S that
interest has been focused around problems concerning the anatomical barner beiween
blood and tssue 1 ¢ the capillary membrane Such imvesugaton has led to the con
clusion that there 15 a considerable inerease of capillar, permeablt 1n bumed tssue
because of this an increased leakag- of plasma protewns to the mjured tisue would
ofcur which n tum would offset the normalls exutin., Starl ng equilbnum
across the cap lany wall Such a disturbance has therefore been considered as the
main factor respons ble for the edema formanon in busns
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Most earlier studies of the changes n capillary permeabslity in burns have been
performed by measuring the disappearance from the blood stream andfor the occur
rence in lymph or mtenshinal flid of different 1est molecules which have been added
to the blood stream such as labelled proteins Fyvans blue dextran et (Netsky and
Leiter 1943 Cope ef ol 1944 1948 1949 Sevit 1958 Arturson 1961) From these
iy estigations it s howerer difficult to get any quanutatine esumate of the rate of
transcapillary fluid transfer i burned tssue For a more complete understanding of
the pathogenests of burn edema 1t scems necessary to know not only the extent of
capillary damage but also what this means 1n terms of net fluid transfer across the
capillary walls This problem may be appraached by studying smultanecusly the
capuliary permeabuity and the rate at which fluid 1s accumulated 1n the tissuc n the
acute phase of 2 burn

In the present nvestigation an attempt was made to study quantitatisely the acute
arrculatory changes occurning in second degree burns in cats A techmque was utilized
which permitted continuous recording of the reactions within the reustance vessels and
the changes in transeapillary net flud m t Turther by di of the
capillary filtranion cocflicrent (CFC) changes of capillary permeatility could be de

duced
A prelmnary repart on this study has been published previousty (Mellander 19631

Methods

Observations were made on 20 cats ranging o wesght from 29 to 45 kg anesthetzed 1v
with a mixture of choralosc (.0 mgfkg) and urethane (100 mgfkg) The effects of burning
were studied in the skan of the hind paw The mamn princeples of the experimental techmque
(previously used for skeletal musclej and the method of analyss of the recordings arc described
i detas] elsewhere (Mellander 1960
The hind paw was enclosed in a water flled regulated p
permit continuous recording of tissue volume Blood flow was measused by a drop recorder
un t connected to the great saphenous vein at the Ievel of the ankle Other veins and the lymph
vess Is were ligated at the ankle Artenal inflow pressure and venous outflow pressure of the
region were recorded and could be kept constant if desired The cap llary filtration coeffi
cient CFC (m! fluid fltered 1 1 mun and 100 g tssue per mm Hg transcapillary pressure
gratient) was determmned by increas ng the venous outflow pressure (Pappenheumer and
Soto-Ruvera 1938 Mellander 1960} to levels well above ussue pressure (see Ryellmer 1964)
For details concerming the calculation of CFC sec Cobbold e2 af 1963 In 5 of the experiments
the vasomotor nerves to the paw were left intact 1m the oth rs they were cut prior to the burn
A second degree burn was produced by expos ng tte paw enclosed in the plethysmograph
10 water of 75 C.for 20 sec This was done by a temparary exchange of the water n the plethys
mograph The temperature of the water o the plethysmograph was kept at 31 C both betore
and after the burn The burned ussue was examned by histological t chmgue at the end of the

h to

nments
“Eood:prcssure blood flow and volume of the paw were first recorded under normal eir
cumstances and repeated of CFC were d After this a burn was
ding of blood pressure and blood flow The volume recording

produced maimtaintog the recor
had to be stopped for about 1 min
butned hund paw were then followed fo

CFC be region
f the osmolahty m plasma and ussue flud drained from the reg:
e o b £ y bebre duringand sfe burmn; For i purpos epesied
blood were withdrawn during the expeniment  Crude samples of - tissus
smples o B el b Ustiss by squeeamg th Gssue between & P of

ylinders

durng this procedure The crrculatory respanses 1 the
r 1 to 2 bours including repeated determinations of the
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Fig 1 The effects of second degree
burns on resistance vessels (PRU)
on capillary filtration coeficient
{CFC} and on met transcap lary
fud movement (edema) 1 cat
bind paw Solid Lnes rep esent
means of 5 experments shaded
ateas range of individual expen
ments There 15 2 pronounced dd
aation of resistance vesscls and a
very rapid ed ma formation es-
pectally i the early phase after
g A moderate mcrease of
CEG occurs but this 15 much less
than cxpected from the rap d
transcapullary flud movement

Results

The diagram of Fig 1 allustrates the vascular effects of a second degree bumn in the cat
Iind paw The effects on the resstance vessels expressed as changes in regional re
Sstance (PRU) on the capullary filtration coefficient (CFC) and on the transcapillary
ud movement expressed as ml of edema flwd accumulating per 100 g of skin tissue
are fallowed for a period of 1 hr after burming The sobid curves represent the mean
talues of 5 expts and the shaded arcas mdicate the range of individual observations
The solid hnes happen to describe almost exactly the results obtamed m one of the
5 expts and arc therefore representative also for the vascular effects observed 1 onc
2nd the same amimal In this group of experuments the vasomotor nerves to the paw
were left intact In other experments where the paw was denervated essentially the
fame results were obtawned except that the tone of the resistance vessels was higher
PRot 1o the burn

It can be seen that the bumn was d with an and
Teduction of regional resistance to flow The dilatation of the remstance vessels was
Virtually maamal as judged from the fact that a large dosc of acetylcholine n this
phasc was unable ta mcrease blood flow sigmificantly With time there was a gradual
Teturn of resistance towards control levels

CFQ amounted to about 6035 1 the control period After burmng there was a
rapid 1ncrease of CFC Mawumal values (100 to 300 per cent increase) were obtained
Within 5 1o 10 mmn and then there was a slow gradual dechne towards the control
levet

Despite this moderate ncrease of CFC burning was associated with a very rapid
transcap llary mos ement of flnd 1nto the extravascular space noted as a progressively
thereasing edema formation (see F 2 1) The rate of fluid accumulation was highest
0 the carly phase a few smun after the burn ameunting to 2040 ml‘mn/100 g tsue
{for techmcal reasons tissue volume could not be recorded during the first mun) With
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I

—L the daa on CFC and the rate of edema

formation given n Fig 1 (see text) Mean
values and range of mdividual expen
ments  ndicated  Upper  diagram.
Change above control level of plasma
owmotic pressure 1n venous blood dramed
from tumed wssue Mean valuesof 10
. expenments and range of inds tdual ob-
I
il
v

servations indicated  The results suggest

that the main { ctor responsible for burn

j w edema in the earlv phase 1 a temporary
R wncrease of extravascular osmotic acty ty

% m, R a W

.

i |

li(

i; v bl

i |
E { 1ig 2 Lower diapram The magmitude
p . £ ihe transcapillary drvng force for

flud transfer 10 burn as calculated from

i

L

z

time there was a gradual decline but yet 1n less than 20 mun the ts ue had doubled
sts onginal weight duce to this flud transfer

When the magmitude of the filtrauon cocffictent and the rate of transcapillary net
movement of fluid are known data are avalable to pernut an approximate caleulation
of the magnitude of the force (expressed tn mm Hg) that would be required for this
flud exchange Such deduced values of the drving force based on the data 1 Fig |
are shown 1n the lower histogram of Fig 2 which also ndicates the range m the
indiidual experiments Dunng the imtial penod after the burn the effecune drvine
force requred to explain the flurd loss to the burned tssue would amouat to 250 —
300 mm Hg 1t then rapidly decreases to approach values around 20 mm Hg within
an hour after the burn

In 10 cats the osmolality 1 plasma of the venous blood drasned from the burned
tissue was determined Tn all expeniments there was a clearcut inerease of plasma
asmolality abore control levels (up to 24 mOsm/hg H,0) during the first 5 to 10 min
after burming and then a fandy rapid retum to pre burn control values The results
of these expenments arc shown m the upper histogram of Fig 2 where mean values
and the range of mdividual ok 1t are 1nd; ¢ The data are here converted
from mOsm 1o osmotic pressure 1n mm Hg Tt can be seen that the changes in plasma
osmolality observed dunag the first 10 min after the bum corsesponded to osmatc
forces up 1o 250—-300 mm Hz being in the same ranve as the drving force mdirectly
calculated above Admuttedly the range of mdnidual observauons is great but the

eneral tendency for mncrease 1o plasma osmotic pressure 13 evident The implication

of these results will be discussed below
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In 2 cats osmolality was determined i tissue flud  squeezed out from burned
2nd normal skin. There was an mcreasc of the osmolality m the flind from the burned
fissue compared to that from normal hssue corresponding to an osmotic force of 37+
mm Hg and 476 mm Hyg respectnyely

Discussion

The present mvestigation has demonstrated that an acute second degree burn 1 asso
ciated with a very rap:d transfer of fluid from the wmtravascular to the extrayascular
space of the mmjured tissue 1 spite of a rather moderate concomutant mcrease of the
capillary filtration coefficient This finding deserves emphasis since 1t may elucdate
1o some extent the pathogenesis of burn edema

In bumed tisue a disturbance of the normally eusting Starlng equilibrium
across the capilary membrane may occur Firstly owing to a decrease i the ratio
of pre to postcapillary resistance associated with the mduced regional vasodiataton
mean hydrostatic capillary pressure and thereby effect: ¢ filtration pressure can be
expected to mnerease shghtly (¢f Mellander 1960) Secondly effective plasma protein
collod osmonc pressure would decrease to some extent due to an increased leakage
of plasma protetns mto the mjured tisswe (Netsky and Leiter 1943 Arturson 1961)
Hon ever from th dies 1t can be d that the Ilary pressure gradient
establuhed by these factors must be small and 1t could mn the present expeniments
hardly exceed 1520 mm Hg Wth a pressure gradzeat of this magmtude the rapid
transcapillary movement of flud observed i the present study could be explamed
oaly 1f there was simultaneously a very pronounced icrease of regional capillary
Permeability Such an increase should have been reflected m the present nvestigation
28 a2 marked augmentation of the filtration coefficient If a transcapillary pressure
gradient of 20 mm Hg 1s assumed CFC should have increased fiom the contral value
©f 0035 up to at least 05 in the imtial phase of burn or by about 1500 In face
it only increased 100 to 300  Therefore a transcapillary pressure gradient of at
least 200 to 300 mm Hg must be assumed to exist m the carly phase of a bum as
ndheated 1n Fig 2 lower panel Since as mentioned the chanees m effective filtration
and plasma colloid osmotic pressures can hardly account for more than 1/10 of ths
value 1t 15 therefore d that lity i the burned tissue 1z
Increased by some mechamsm If so fd would rapidly be lost from the crculation
by diffusion untl isotorucity was re-established across the capilary membranes
Since 11 18 known that small molecules such as H,O diffuse across the capillary walls
at rates very much higher than those at which plasma moves with the blood stream
along the capillary channels {Pappenhermer 1953) one mught expect an approumate
esmonc equilibrium to be cstablished between tissite flu d and plasma after a single
passage of blood through the capillary bed. If this occurs the osmolality 1n plasma
“:'l:lmed from the burned regon might approach the lesel of extravascular osmo-

ity

The data presented 1n Fig 2 seem to strongly support the hypothess of mereased
extravascular osmolality in burn Plasma osmotic pressure was found to be raised
sigraficantly (upper panel) and roughly to such lesels that were predicted by cal
culaung the transcapillary dnving force from the data on CFC and the rate of edema
formation (lower panel) Further support for this hvpothesis 1s lent by the findings
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that the osmolality of “tissue flind  was considerably higher 1n bumned than 1 normal
tissue Tt should be noted that 2 sudden increase 1 the osmolality of the 1ntersutial
flind from the normal level of about 300 mOsm to say 315 mOsm creates a temporary
transcapillary pressure gradient of as much as 255 mm Hgz It 11 evident that the
changes i fluid transfer across the capuffary membrane deseribed above can be
explained by alterations of extravascular osmotic pressure that in relation to total
owmotic pressure are comparatnelv small

From the results desenbed it seems jusufied to conelude that the edema formation
1 the acute phase of a second degree burn is dependent manly upon a diffusion
process due to a transcapillary osmotic pressure gradient ercated by the thermme
Jesion No doubt there 15 some increase of capillary permeability yn burn as suggested
also 1n the present mvestigation by the augmentation of CFC Part of this wmerease
of CFC may however be ascobed to a dil of lary sph which
by the number of capillanes open to flow increases the size of the capillary
surface area available for capillary exchange (sec Cobbold ¢f al 1963) The present
results thus seem to 1ndicate that an increased capillary permeabslity fer se and the
direct effects of thus as outlined 1n the introduction are factors of minor importanee
for the extremely rapid edema formation seen in the early phase of a burn Itis however
probable that such factors play a more significant role 1n the slower edema formation
that occurs 1n later stages of burn injury and 10 2 great extent account for the leakage
of plasma proteins into bumed ussues

It 1s beyond the scope of the present my 1o analysc the respon
sible for the wncreased extravascular osmotic pressure in burns It may however be
suggested that tastead of slectnely & the capillary b as has often
been assumed the bum mught to a great extent affect the cellular membranes per
mtting release of lecules 1nto the 1 Aud Such agents may
dircctly or after d poranily raise 1 L
It 1s known thar there 15 a derable meyease of proteolylic and other enrymes
1n the ussue after burn trauma {\Menkin 1956 Ungar 1960 Rotha e Siha et of 1960}
Further 1t 13 possible that complex compounds from the ntracellular space may
become dissoczated when released into the mterstital fid  Such factors may all
contnbute 1o increase the osmotic actvity 1n the interstitial flnd duning burn o
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Eecles and Shernagton (1931} confirmed and extended  « lrer obser 2000, on the
prolonged penod of depressim of 2 flexor reflex when 512 2 rndioned by a uncle
velley w 2 contralateral cutancous nenve Atshortmtenalsit >~ Long depresson
 tomplicated by the presence of posts naptic effects evoked F o ralareral cutzneous
alfezents Perl (1927) showed that actvity 1 low threshold cutar 1 afiereats produced
faclbiauon m convalateral ankle and knte flevor motoncur nes and ac the same
trme could depress extensor H e an mcrease @
swdus strength gave prolonged mhibition of fexor motone ¢ es ater an munal
peod of Gaelitation The eardy component of these actons w rr  eneealls shors
fabous 25 msec) {also Holmquist 1961) but the late actions « or  presenc t ¢ 100 msee
{Perl 1957} Tt will be shown below that these prok by are b
10 presinapue inhubition.

Methods

uThe 3t used throughout tha mvest gauon were hzhtly anesthewzed aither w th ner-f wal
whan -chloralose S nce no difference was detected n the rewults from enbe F po & aamet

;gﬁ;‘;‘“ Pposterior tibial (PT) were dasected in both hmdimbs A lam neer m a3 made
Tht“lg‘nr one to humbar seven level and the cord was transected at Jumbar one
e x;;elhod: of mast gaton have already been descnbed wn detal m publ avoas
Eccler oo OO0 00 ips lateral presynapt c mhibit on (Eccles Maow and W s 196
ofa dmg“:‘)\lk 2nd Schaudt 1962 2 b Eccleset ol 1963a;  recordune Grom the central end
COutne oF sy Famen dhie depolanzauans elcctronicallv s eadung from the wmirameduliars
5 filament 3 ¢ the DRP recard ng presynapt ¢ depolarzaton mtracedhadarty
3V NGl weroclectrodes from prinary afferent fib s primary afferens
) secording changes n excuability of primasy aferens Gbzes m the spinal
the effect of canditionin vollevs on the flevor reflexes rec rded n the cut
oy ventrat roots and nally recordine mtracellutarhy from motanorones o
2 < empla :3 A the effects reported on flexor reflexes n s ngle cells Here the same methods
commatan '} § o text the effecuseness of contratateral cutanecus vollevs and . anather paper
with vt Muscle volleys (Eceles Holmgquist and \oorborve 1961 and sontrast them
valleys an the ipmbateral neney
dm’kdabbznurm emploved for the skis nenves are gwen abo € The psilateral ural 1

depalanzanion PAD)
ord myeyy Raung
eitral ends of the

o

o ':h:;:al Suralase Sur Due to the depresion of p esynaptic inh binon at bugh f equencies
€0 tang o s 2012 aed By the superpos ¢ on of several records at -7 per e The 1 me
Constans of | S:zfnﬁi::!’umnﬂv 0.5 5¢¢, but when zecord no dorsal roor perenr ats 2 ume

Results

10 1pirla eral and cont alateral cwaneous mer-es
of the central termmnals of afferent bbres mav
along the dorsal roots L small dorsal root
3 or lower fumbar s x oot 18 walaced from the
then bfted omo clecuwodes one ben- on the
mm ta the cord zawn Barron and Matthews
by purely cutancous or muscle afferent
Vuortes 1952  Ecches and Rnpevse 1929
Tes Magws and Wallis 1962 Eceles ot of
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Afferent Fibres
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Abstract

Eceles R M B Holmquistand P E \ oorhoeve Presgnoplic whibition from contralateral eytaneous
afferent fib es Acta physiol scand 1974 62 464~473 —~ Depolanization of the cutanrous
nerve termunals by vollevs 1n any contralateral cutancous nerve has been shown by three

I spread ¢f the depefanzation along th d rsal root
fibres by imtracellular recording from primary cutancous afferents and by excitability changes
at the fibre These crossed hib were usually less powerful
than thase frotm the spsiateral cutancous sierves and had a fonger latency 6 msec instead
of 3 and a maximal effect at w0—o0 msec instead of at 1520 msec Like in the 1psitateral
cutan ous nerves maximum effects wath cond tioning volleys 1n cutaneous fibres were obtained
with rollevs of about four times threshold

Many tvpes of pi p hiby have been ted 1n the cat spinal cord
smuscle afferents onto muscle afferents (Frank and Fuortes 1927 Frank 1959 Eccles
Ercles and Magm 1962 Eccles Schmidt and Willis 19632 b and ¢) cutancous onto
cutaneons {Eccles hostvuk and Schmidt 19624 b and Lecles Schmidt and Walhs
19630\ muscle afferents onto cutaneous and cutaneous onto muscle afferents (Lecles
# o2l 19634} AN of these ployiny d by afferent valleys
1nto the spina) cord have beca restncted to ipsilateral actions Thuy present mvestigauion
has been concerned with the cffects of conditioning volleys on the contralateral side
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Eccles and Shernngton (1931) confirmed and extended carber observations on the
prolonged period of depression of a flexor veflex when 1t wa» condstioned by a single
\alley 1y a contralaterat cutarieous nen e At short mtervals this long lasune depression
1s complicated by the presence of postsynaptic effects o ohed by contralateral cutaneous

Suced

afferents Pert (1937) shoned thatactaity miow 1d afferents p

ficilitanon s contralateral ankle and knee flexor motoneurones aud at the same
tme could depress extensor Hot ever an sacrease
stunulus strength gase prolonged b of flexor after an ansual

peniod of Gaditanon The early component of these actions were generally short
{about 22 msec) {alse Holmauist 1961) but the late actions were present for 300 msec
{Pest 1927) Tt will be shown below that these prolonged are bl
to presynaptic mhibation

Methods

The cats ased: o this 1 ere hightly anmtheuzed exther » wh pembual or
ureihane~chloralose Sueenod ference s a3 detected in the results from ewther type of andesthe
na ol the resulis 1 ere pooled together The pure skin nervea mral (SURY superfc ai peroneal
{SP) oecas anallv the saphenous {Saph) and the perve with an scmixture of muscle and skin
affc ents postersor tbial (PT} were dissccted tn both hndimbs A Lawunectoms 1 a1 made
from lumbar one to lumhar seen teved and the cord was tansecied at umbar one
The fye mehods of nvestgation have already been descnbed o detul i publ cat ons
from thus bbovatory on pelateral p esvoapsc wh bion (Eccies Magni and W lls 196
Eceles Buoetyuk and Schrudt 19622 b Excles fof 196331 recording from the centrat end
f a dorsal root flament the depolanzat ons clectron cally spreadang £ o the mrsmedalta 5
cune of th filament 5 e the DRP record ng presvmapuc depolanzation intraccliula 1y
With high res stance 3% RCH microclectrodes from primary afferent fbres (pramary afferent
depotarizanion, PAD) recording changes » excuab [ 1y of pnmorv afferent Gbres i the pual
wnnest gat ng the effect of cand tomng volleys on the flevor reflexes recorded n the cut

e employed to test fh ¢ el ¢ ness of contralateral cutancous vollevs and m anoth | papee
tontralateral muscle  olievs (Eccles Holmgust and Voothosre 1961; and contrast them
3tk salieys o the sps fateral nenes

abbreviat ons emploved for the ki nenes a ¢ guven abore Th  pslateral suml s
denotedas Su and 41 fevaas 4 Sur Cowralat il nerves are nd cated by asmall ¢ 1 ¢

e ohtas od by ft¢ superpos 1 on of severat e ards 21 I—. per sec The ume
constant of the ampl  wa usually 03 sec but whep recording dorsal root pat atials a fime
congeant of 10 sec was emplo cd

Results

Do sal oot pote st als er ked by 2 liniio ps Jateral and ont ala eral cutancou nere §

A measuremens of the dopolanzat ons of the central termanals of afferent fibres man
Be obtamed from the clectrotome spread along the dorsal roots A smalt dorsal root
flament m enher upper lumba _scren oF lower lumbar six oot i wolated from the
fost of the oot cut penpheraliy and then Lified onto clectrades one bewng on the
penipheral cut end the other as clase as 1 m to the cord entry Barvop and Matthews
1938) The dersal root po! 1s g ed by pusch oy musele aflerent
volleys have been examined by Brooks and Fuories 192 Eeeles and bungevec 1959
Ercles fostouk and Schaudt 1%7 b Eccles Mo and Weths 196 Eccles of of
1932,
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¥Fig 1 Dorsal root potentials recorded in the central end of a filament of L7 dorsal oot to
single (A T M Ryand $volleys (G L S \} Theeffect of contralateral SUR (M %} 1scompared
to ipsilateral SUR {A L) “umbers on cach record indicate strength of sumulus The same
yollage scale (05 m\ ) and time scale (100 msec) apphies to all reco,

In Fig 1 10 the same L7 dorsal root flament the dorsal root potentials (DRPs)
were evoked by single or repetiive volleys applied to the 1psilateral SUR nerve (first
two rows) or the contralateral SUR nerve (lower two rows) It 1s observed that 1ps:
lateral SUR 15 an effect € depolanzer 2t quite low sttmulus strengths (Fig 1B 132T)
whereas stronger stmult arc required for the contralateral SUR (Fig IN 31 T)
Ipsilateral SUR shows the same cl s as tn other 1 ¢ 1nthe
first row 1t 11 seen vartually to reach 2 maximum at 29 T there brng lide addition
with a volley of 29 times threshold (F) In the third row contralateral SUR does not
reach a maximum at 4 2 times threshold {P) A maximal DRP was obtamed with a
stimulus strength of 5T (not lustrated) A sumulus of 12T (Q) evokes a DRP which
15 the same as that when the stimulus strength s doubled (1 ¢ 23 8T R) Counsequent
1y 4 umes threshold may be considered maximal for single volleys inipsilateral cutanegus
nenes though a stronger stmulus may have to be applied to contralateral skin nerves
to evoke maximal effects

The DRPs from 1 Sur are slightly larger than those evaked by cSur but also have a
shorter latency & steeper rate of rise to an earlier sumnut and appear with weaker
sumul: {Fig 1A at 1 18T and Fig }1M at 2 85T) Dorsal root reflexes (DRR s) are
supenmposed on the DRPs from 1Sur at high strengths of sumutauon (Fig 1E F K
and L} It is mteresting to note that four volley (at 400/ ec) to 2 cutaneous nerve are
more effective than a single sumulus (cf Fig 1D wath ] or P with V) The increase
for the ipsilateral nerve 15 unusually large as a rule the increase is less than 20 , On
the other hand there are always large increases with repetitive sumulation of contra
Tateral cutaneous nerves Since DRPs only indicate that some contralateral pnmary
afferents are depolanzed by cutaneous afferents it 15 necessary to define the modakey

of the afferent fibres depolarized This requires the more precuse measurements of
bility testng which will be described in the next

Nular ding and

sections

Intracellular secording from cutaneous afferent fib o5

dy been described (Eccles ef ol 1963d) velleys 1n 1psilateral cutancous
e (m fibres bel to the same or another

nerve fibres evoke dep
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Fig 2 The upper records (A J L-O) were obta ned from a mucroelectrode mside an SP
afferent fibre (identfied in K) The lower traces are recorded by an electrode making contact
wath the L6 dorsal root as it enters the spunal cord negati 1ty being signalled upwards A E
are records of the pnmary afferent depolanzation induced by single volleys m contralateral SP
onicreasing the st ength from 2 5 to 20 times threshold F J are the depolarizat ons produc
by cSur From L-O are the records for ipmlateral Sur The 10 msec ime and mV potental
scale apply only to the primary afferent depolarizat ons In certam records (D 1 N) a third
reco d (in between intracellular and entering volley records) 12 shown to ind cate the size of the
fields pust extracellular to the fibre
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Fg 3 Intracellular records (upper traces) fron a PT fibre (ident ed n R to show the effect
of ingle (\ E} compa ed to 4 olleys (F J) appl ed to the contralateral Sural nerve Strengths
of st mul ¢ on are ndzcated on each reco d Re ords abtamned just outside the fibre are illastr
ted in the lowest ccord of B G and I Potential scale (mV. ) appl e only to the pnmarv aff rent
depol n avons 10 mse tm scale for A J and msec tme scale for

cutanecous nerve In this present series the cffects of contralateral and ipsilateral cutane

ous vollevs 1+ cre compared In Fig 2 single vollevs in the contralateral SP ( \ E) and
SUR necves (F ) evobed prolonged depolacezasions of & fibre identiied as an SP fibre
in h Gradual increase 10 sumulus streagths caused these pnmary afferent depolanza

tans (PADs) to become larger untl a maximum was obtained usually between 4—6
times threshold (Fig ’D and I) for contralateral nerves and 4 times threshold for
wpalateral (Fig 2\ and N} The ipsilateral SP nere contaned the fibre under ob-
senvation 50 after potentials following its action potential were supenmpoted on the
synaptically induced d pelanzation., which was therefore not illustrated The muddle
record of the extracellular potental (Fig ?D I and \) just outside the fibre mndicates



468 ROSAMOND M FCCLEX BT AL

SR R SN
ﬁmjjﬁJJwJI
o o J\ T R

*

me

® ot PlaT)=s,
ou PTUN =5

Y
N3G s

Fig 4 Alow tesistance (1 M £} mucroclectrode filled with 4\ N\ €l scJution was inserted into
the ecrd t a depth of 17 mm from the cord dosum Recording from the microelertrode
(5t Mustrated) showed the ipto) ¢ n t} ¢ neighbourhood of the area wh re the kywest thresh old
cutancous afferent fibres tenminate on iterneurones Single pulses (0 2 msec in duration) from
the Grass surrulator with an isclaton umsit activated nearby dorsal afferent fibres These
1mpulses were transmiticd antidrom cally @ ng 1t e fibres to the hind hmb where they were
tzrorded m the SUR nerve Condits mng with singl voflevs (4 umes threshold) in exher the
contralateral (B-G} or the psilatera () \) PT nere increased the excitability so that larger
acton potentials were recorded (cf € and A or  and H) The numbers on cach record give
the interval between conditioning and test volley in msec_The calibrason senies (O ) vhows
th sze of the impulse evoked Ty th voltages indicated Tt full ume courses of these effects
are shown m detanl {Fig 4T) where tf ¢ x-abscussac gives th 1 me in msee between condstioning
2nd st v lley and the ordinat the percemag  increase of the reCorded potential compared
wath the conirol respense to S0V Details of 13 echn que have already bren given (Eccles

Aagm an ) Willis 1962

that the potentials observed 1n the upper records of Iz 2D [and N have only a very

mall ficdd potenual hence they are virtually all due to a membrane potennal chan=e
of the fibre 1 ¢ toa PAD

InFig 3 the effects of single and

: were
ni0n increased contralateral effecis ¢ g DRPs (see above) The difference between
nerve 1s less (Eccles ef al

t t t d since summa

of an 1

ingle and rep
1963d)

Testing exciiability of nerre fibres

A more indirect method of 1m estivating depolarization of the afferent fibres 1s provided
by tests of their ctc-tab:hly This method deeloped by Vall (1958) has the advantage
of m the bility of specsfic tvpes of aflerent fibres

without requinng lhc &fficult and tedious ntracellular techmques This method
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Fg 5 With the same recording
as Fig 4 fixed mtervakk were
chosen for the condibon ng_ ol
leys {17 msec for psifateral PT
and 4% msec for contralateral
PT) Tre strength of st mulus
2ppl ed tothe cond tomng nerve
wasalic ed over the range 1 0 to
35 tumes threshold and the re
sults ar plotted 10 Fg 5 the
upper curve for ¢PT and the
Tower for \PT

gives a statiscal evaluation of excitability chanves of afferent fibres and has been
extensincly employed for vanous types of large afferent fibres on the ipsilateral side
(Wall 1958 Eccles Magna and Willss 1962 Eeclesetal 1963a d) In Fig 4 the mcreases
o bility d by a cond volley i ¢ PT (A G) were less
than those evoked bv spulateral PT {H \) where the maxumum at 17 msec 0 ¢ I}
was 73° The percentage was esumated by companng the spike size with those
£yohed by different known oltages Thus s called the calibration curse and is shown
m Fig 4 from OS Therefore cond by the 1 volleys
caused an increase m excitability of the pnimary cutaneous afferent fibres 1n the spinal
cord which 1n general resembled that produced 1ps fateralls but was smaller and
slower For example m Fig 4T the full nme courses are shown for conditomng vollevs
wm cl'T and 1PT of hich a few responses  cre ilfustrated 1n Fig $4C and H \
The contralateral PT nerve was less effecune than the psilateral the latency was
about 5 msec longer the maximal effect reached later at about 40 msec compared to
about 15 msec from the ipsilateral mde and the total duraton of both was about
150 msec

TIn order 10 test the relat onstup bety een strength of suimulation of the conditionine
nerve and the ncreased excitability of pnman afferent fibres optumal test intenals
were selected 117 0 msee for the tpsilateral and 4 msec for the contralateral In
iz 21t can be seen that 90 of the effect wa achuimved 1n both contralateral and
ipsilateral nerves by single ollevs at  strength of 3 threshold \lso 1n Fig 5 conds
toning by an psilateral olles caused a change in excitabil ty farger than that produced
contralateralls 60  as aganst 23

Fig 6 lustrates another vest Lat on on the effectn eness of conditioning olleys
11p$ lateral and contralateral e 3 at the ¢ piimal test ntervals. The results employing
cithera nuleor ¢ olieys at 200 se¢ are summarnyed graph call 1n J where it mav be
obeened that the contralateral nerves ieSur €SP cPT  produced smaller increases
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com wo s
o f e
¥1g b The effect on excability

Ares £

< of sural affer nt fibres was altered

5P 9_/\\‘ [# \\. (7AW by one or four conditiomng vol

For AL P 5P leys i the ipsilateral and con

W s '_/\&“’,V trafateral cutancous fibres The

w0l T, most effective intervals were
. chosen 1 ¢ 17 maee for ipsilat

eral nerves and 44 msec for con
) tralateral The maxima for the
T three contralateral nerves (cSur
» St ¢PT) whether employimg
single {hatched) or 4 volleys

(unhatched) are much less (Fip.

6]) than for the 1SP or PT
SUR 5P Eal nerves even though sumulus
strengths were greater 9 1 forsSP

and 1PT and 192 (66 208 for

cSur cSP and cPT respectively

Specimen records abave J show

m AC the eflect of 15P com

pated to ¢SP DF G larecah

brat on records for semes Al re

cords at the same potentiaf and

ume scales

4

B

3

mn bility than the spond! \? 1 nerves (1SP and 1#T) Examples of
the responses used 1n construcung J are given above 1n A F where a single volley (B)
and four volleys (G) m 1psilateral ST were compared 1o the mereased spike sizes evoked
by the increase mn voltages from 40V to 50V (H) and 60V (I) 1 e the calibration
serier The increase 13 also given for the control 40V (D) by 1 or 4 impulses at 16 6
times threshold 1n ¢SP (E and F respectively)

In order to imestigate the type of fibre which 1s stunulated by the extracellular
nucroelectrode 1 these excitability tests a secand pair of electrodes was placed under
the sural nerve (inset in Fig 7) so 2s to apply the collmon techmque that has been
used 1n separating the Ia and Tb responses (Eccles et ol 1963a) In Fig 7B or H the
response to a pulse of 40V applied to the mucroelectrode 1n the dorsal horn evoked a
spike discharge which was recorded m the sural nerve m the periphery either as the
upper traces m each of the two components of Fig 7B and H or the mtegrated rerords
{the fower traces) Conditonng with eiths ¢ contralaterat (G I} or spsdaterat (f L)
SP volleys mcreased the spike discharge (the upper record or upper imtegrated records
inFig 7B or H) If however a shmulus was appliced to the second pair of clectrodes
on the sural nerve the mterval could be so atranged that impulses in the fibres travelling
orthodromcally 1nto the spinal cord colided wath the antidromic ampulses mitrated
by the pulse through the microelectrode 1n the dorsal hom (see mset Fig 1) Fig 7B
and H may be taken as of the i d an L d
Ynerease an the steength of stimulus evoking the colliding volley from 108T to 10T
dimumshed the spike discharges (Fig 7F and L) The full courses for the factitated
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fig 7 A sccond parr of S
electrodes have been R i
glacd under the sl >
tere so that one pair %0 St
tuay be used torecord the S s
mpulses transrtted from

the spmal cord following
acuvation of the dorsal
fibres and the otberpar

may be used 1o sumulate

the sursl nerve just before kS

the anudrom cally con

ducted impulses from the o b b
cord reach the recording : "
electrodes {see mset) The

stumulator was kept con

5
\ohage from the Grass
{ Hoo ! o of N
pan I SV ) S
G

vals between the cond e
toming volleys and the

pulse were constantabout ]
17 macc for cSP_and 4%
msec for 50 the only
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Quns it »50

Potenual scale applies to

the upper traces B-F M
HL the ume scale toall
records The senes B-F s 9
plotted 1 \ and the ser
wHLnG

e e

and unfacihtated discharges are plotted n Frg 73 for contralateral SP and 1n Fig
G for 1psilateral SP as condiuoning sumulus Therefore the collon techuique shows
that both the unfacibtated and faoinared mmpulses wravel i the lowest threshotd
Fibres which accords with the results abtained more directl (Fie 6 whete the faalita
ton tas been 1nestigated 1 the fast conducung fibyes

Contralateral effects on matoneutones

Aotoncuropal actinity was cd cuher by 1lal ding Fig 8 or by
the fiexor reflexes recorded 1n the ¥ atrel roots notillustrated Ina PRST motone iron

4 valievs 1 contralateral PT (35T) w Fig 8B reduced the polvvnapt ¢ EPSP (4

exoled by ps tateral sursl alone at an menval of 37 msce Sumttarly  olleys n €SP
(12T) 1 ¢ Fig 8D reduced the control EPSE G though ¢SP alone Fig 80 44
not cvohC any PoSLSYRIPHT porential on it e motoneurone sslf as th  ntersal chosen
4cPT rrvoked o posBYNApHe patcausl on the majoneurone at all (Fig BE There
are t o pos bhues the cantralateral cutancous  olievs could make th ipelateral
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Tig 8 In a PBST motoneutene the TPSPs duced by an sps dat ral sural volley (3 €1 re
condroned by ¢ <PT (B) at 3o umes theesh Id 5 by £ ¢57 (Dym 7 7 anres thresh Ad The
smterval between solleys 13 stawn by the arrows an L and G médicating, the interval wficr the
condiuomng volley aty Fich i & testing volley wa tried (note 10 msec 1 ne scale ond t G
The msee seale under D applies 1o records A B Cand D E F G show the darstl swelace
potenual on the upper beam und on the Jower the intracellular pr teauals tr 4 <PT (€
$aSur (F) 4cSE (G) The2m\ potential scale appl es £ all mracellutar reco ds

sural less effectine esther by alteriag the mcoming vollev (pri Js hib, 1 or by
of some ) pathway It thust rentembered that

some mierneurones are common 10 both the cutaneous and the & 1 and 111 pathways
0 ¢ FRA} 1o the motoneurones at Irast an the ipsifateral side /F uno and Fer! 1 %0
and rould be common to afferent d: evoked by L of e lateral
G IT and 1 or cutaneous fibres

Discussion

The observations on presymapuic inhibitory effeuts from contralateral cutaneous
afferent fibres show that the from I 1 onto 1p: ! cutaneous
15 not unhke that exerted by apsilateral fibres onto themselves (Eccles Schaudt and
WYallis 1963d) The mhibutons s measured by pruvary aflerent depalanizations
(PADs) dorsal root | 1s (DR1sj or L are not as pas erlul
as those vecorded on conditoming with spsilateral skin nenes However thewr time
courses are sumtir thouh the ume for maximal effect 13 usually 25 msec or so longer
Inaprel v the 1 path involhved m this
mhtbitory pathway from crossed skin afferents hase been studied No matier how
close the mucroelectrode was to the mudline no interneurone was found {out of thrty
five cells) tn the base of the dorsal hom that could be sumulated by low threshold
contralateral cutancous volleys though interneurones have been observed that are
stumulated by high threshold cutancous hbres However mince presynaptic mbsbatory
effects may he obtamed with valleys of 13 ttmes threshold for contralateral nerves
such interneuroncs cannot belong to a pathway actnated by low threshold cutaneous
ampulses whereas they could cancenably be mmohed in the pathways conneuting
tugh threshold presynapuic effects across the cord Imterncuronal discharges 10 an
1pstlateral cutaneous volley were usuaily reduced &y 2 valley wt any of the contralateral
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cutaneous nerves This could be due to presynapue mhlbluon on the afferent fibres

or to post-sy ib on the Further s orks required
bel'orc the ac(ual 1 chain can be und: d
The physiol and the 1 control of presynaptic mnhibitory

Ppathways are filly discussed 1n the next paper (Eccles et al 1964)
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Presynaptic Depolanization of Cutaneous Afferents by
Volleys in Contralateral Muscle Afferents
By
Rosamovp M Eccres Birorrra Howsovist? and P E Voorsopve:
Recened 20 Apnl 1964

Abstract

Fecles, .\ B Holmq wstand P E. \oorhoeve Presmapluc depolar watin f cutanesus offerents
bv rolleys 1 ¢ niralateral muscle afermts Acta physil scand. 1964 62 474—184 — Depols 22

t1om of cutancous nerse termunals by all contralateral muscle volleys has been demonstrated
Bv s eral procedures by mntracellular recording from the cutencous fibres by electrotonic
spread to d rsat root filaments 30 gang the doral roct potentials (DRP  and by throshold
chanzes in the fibre termunals. Groups 11 and 111 muscle afferonts depolanzed cutanes us
fibre termnals on both sides of e spmal cord while the 1b olleys werr effecuve only pst

lateralls The exossed .ctions of group 11 and III vollrys were weaker than th  ipsilat ral
acuons and had a longer latency (10—20 msec and « later sumemt (50—80 msec  This
depolanzation of the central termunals Jf the cutancous fibres by affcrent valleys f m ¢ nira

Lateral museles resubted 1n 2 depress on of synapuc actvity of these cutancous fibres s evidenced
by the flcxor refies the cutancous dorsal root pr temtal «nd the affercnt cutaneous tract dis-
charge 1 the spmal cord

Recent mecstigations on the spinal cord have demonstrated that afferent vollevs
hase a depressant acuon upon the efficacy of the svmaptc transmussion of prnimary
afferent fibres on the ipsilateral side and that this dep sductoa
of the primary afferent fibres with a w the p phic spike
potential  hence the term presynaptic mhubiton (Eccles Eccles and \Magnt 1961
Eccles, hostyuk and Schrmudr 1962c, Eccles \agm and Willis 1962) The present
concerns the p inhibitory action that contralateral muscle
impulses exert upon cutaneous nerves An attempt was made to determune wlich
afferent fibres were responsible for these effects thatis whetber Group Ia Ib flor I
fibre groups of extensor or flexor muscles are moled.

Supported by grants from Swedish Medical Rescarch Council and Internatonal Federaun 3
of :Jnn.cml)b)\\mncn. Present address Insuture of Phyvst Joov Un sersity of Lund Lund
{ Pare

Sweden
for the
ent of Physology Lmnemty of Ladm,
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Lewden the N therlands
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Fiz 1 Dorsal root potentials (DRPs) recorded 1n an Sl dorsal root hla  u hered ra
snlevolley (AE Af P) or a train of 4 volleys (220 scc) (G-K R V) wasapplielt th pu
lte 2l and contralateral HS GS nerves as mdicated. by column head 1 The p tent al
srales of 2\ for each row are displayed at the end of records £ R Pand\ b 1d L ar
BeDRPs cvoked by 1 or 4 volleys 1 1SP and @ W are the DRPS to  or 4 fles n St
Each record (F L Q W) has1ts 0  potential seale Stimuhus strengths exp esed | rialuples

of threshold for the nerves are gien between each Ppar of records The 100 msec tme s 2l
applies to all records

Methods

Th Cxperiments were performed on cats | ghly anesthetized  ith nembutal The spinal co d
s transected at the upper lumbar level The ventral roots > sy er cuton thes de used
Trtesting The expenimental procedure resembles those pres ously eporied in comparable
iuons from this laboratory (Eccles Rostyuk and Schm dr 1967b Eceles \aon: and
Uills 195%) For repetitive stumlation 1 was found ehat 3 volleys ot 00350 sec owually
“ed maximal effects on the contralateral side a4 1 ¢ll 25 on the p lateral de
' cxossed actions were tested on two cutancous nerves sural (Su } and superficial peroaeal
15P) and on the pastenor t bral (PT) which 1s predom nantly cutancous but w th an adme ture
S muscle afferents For cond t omng the follov ng nerves we e bilaterally dussected and w 11
o referred 10 by the followtng abb eviations postenior b ceps and emitendinosus {PBST
rametimes with the addit on of semimembranosus and anterio b ceps as th  hamsirng
L;‘e (HS) * gastrocnemus-soleus (GS) plantans (P)) flexo d gitorum lonous and flevo
43 longus (FDHL)  extensor chgtorum longus plus ub aha ant or (DP) quadeceps Q
2nd the nerve to the knee jo ne (J)

Results
Dorsal voot potengiat
The sumplest meth,
18 16 record 4t 4 d,
afferent neny o tes

od of demonstrating the depolanzaton of pnmary afferent fibres
orsal zoat flaments after electrotonuc spread from the depolanized
rminals (Barron and Matthews 1935 1938 Bremer and Bonnet 1042

d and Melntyre 1949 Bernhard 1957 1053 hokets 1996 Eccles Rostvuk and
Schmude 1962, Fectes Magm and Wills 1962) Fig 1 demonstrates dorsal root
Polentals (DRPS) recorded when a single and a tram of 4 vollevs at 200 sec + ere
Tued to contralateral HS and GS nerves It was found that these contralateral
REs (lower two sets of records M P K \) have similar ume courses though they
¥ much smaller than thowe by « \olleys in 1 HY
1 S nerves (upper two sets of records \ E G k) (cf Eccles Schm dt and Wilbs
%3b) For comparison the DRPs exoked by vofleys 1n cutancous ipsilatersl SP nerves
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Fig 2 Inteacellulsr recording of premary afferent depolarzation sn an SP fibre
A ] consuat of 2 records the upper 1s the sntracellular record (he lower s}fm?f 1;1‘:“?3;:11?5
volley recorded from the surfice of the cord at the dorsal 1ot entry zone All records are evokea
by the apphicstion of fous volleys and have *e same poatertul and time seales A E are the
respanses evoked by the ipmbateral nerves as adicated by column headings and F [ for the
contralateral Snmulus strengthy expressed as mult Ples of threshold Foe the netve are given
undefneath each mtraceflular record

(F LY and contralateral Sur {Q W) are gnen Since ! » contralateral actions from
muscle nenes were consiaerably smaller temporal facduavon proved o be moce
amportant and lfour muscle volleys were found o br more cffectnie than a single
The sizes of the DRPs when one stumulus was apphed to the ipsilatectt HS and &>
necves were uswally Iarger tian shen a tratn of anpulses of sumitar serengeh was apphed
¢o the contralateral nerves (¢f records A E with R 1 but E 1 smaller than V. Due
o an mability to sumulate aither <SP or 18ur the actions of 15P are compared with
Sur The DRE: Grom sSF /F L) weve farge than those of ¢Sur (Q W} wath a shorser
Jateney and an carly maxtmum similar to those Wustrated in Fig | of Cccles Holmeus t
and Voorhoese (1904) Vollevs in 7 P1 TDHL and DF nenves were found to evoke
sumlar contralateral DRPs Such DRPs demonstrate the exsience of depolanzation
of cantralateral fibres but &n¢ no tndication of the typ s of afferent fibres that are
depolavized The tdentficatron of affe rent fibre ty pe s possible by testing the excrabilny
changes and by meracellular recordin., from afferent nerse fibres Walt 1958 Wall
o @l 1956 Lccles Nagm and Woths 1962,

Intracellulat recording from cutaneous afferent pbres
Intracellular recordings can be obiamed from primary afferer Gbses ¥ th bbres are
wapal d near their entpance o the spnal cord dorsum (Leches and Fomevsé 1900
The fibres are sdentified by the sptke patenual that s recorded by sumulating the
appropriate afferent nerve Fig 2 diustrates ntrafitire recording from @ P §h
+ Tuch 1s orthodronucatly actis xt~d by 4 vollevs at 4 tmes threshold {E)

As has afrady Geen described sumulavon of ipstlaterat high theeshold muscle and
stan nenes produces a depolanzation (a primary afferent depolanzation — PADy
sn the cutaneous nerye wermnals (Eecles of of {96361 (n [ig 7 vecords A J rilustrate
acization produced by a tsam of 4 volleys at 250%cc It was found that volleys

1he depol
apphed © the contratateral PBST and GS serves evoked similar depolarzauons
(Dig 2FandGito (hose cvohed by ipstiateral PBST A and €S (B) The depolapzatrion
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Fig 3 Tesung ke mtraspinal changes n excitabul ty of the sural afferent nerve termmals
A m croelectrode was inserted 1to the dorsal horn where the Sural afferents term nate and a
test pulse of 40\ (02 m ec duration) was appl ed th ough the microelectrod and an nd ff ent
€arth the evoked act on potential being recorded antd mically m the Sur n tve m the
Periphery By the standard procedu es ex tab ity hanges 1a the sural nerve were determ ned
under the various experimental cond tons and a € plotted a3 percentages of the control
Inth upper graphs A and B the ncrese n exatability of the Sural fibres by 4 condst on ny
volleys m HS nerve {ord nate) 1s plotted with the nterval between condst on ng and test
sumul as absciss At an nterval g ving optimal a tion (32 ms c for 1ps lat ral and 20 msec
or¢ ntralateral nenves) the curves of Cand D wer  plotted to relate the increase in exc tab 1 ty
of the Sur nerve (ord nate) w th the strengths of st mulation rela e to th eshold of tle HS
nene ( bscissae)

evoked from contralateral nenve sumulation was usually smaller than the ipsitateral
€ g that produced by contralateral GS1s only a fraction of that exoked by ipsilateral
GS Sumulanon of the nerves from th knee joint (G and H) shov larger PADs from
psilateral (C) than contralateral (H) On the other hand the PADs from the two
surals (D and I) are of ssimlar magrutude and both are larger than those from muscle
and joint

The close parallelism of the PAD produced by ipsi and contralateral volleys stronely
suggests that they have a sumalar mechanism of action The configuration and ume
course of the (rossed depotarizat on 1n Fig 2 also resembles the DRP in Fig | and
1t has therefore been conclud d that the DRP cvoked by ielleys in contralateral
muscle neres 1 partly duc to electraton ¢ spread 1n depolanzed sk n afferents Crossed
PADs as described above ha e been recorded mtracetlularly also from fibres in the
Sur and PT nenves

“The ady antage with the intrafibre recording 18 that 1t reveals directly the pressnaptic
depolanzat on of the nerve fibre which can b identifed The random samphing of
actions are of course 2 hmitat on of the techmque but the greatest disad antage 1s the
difficulty 10 keep recording conditions sufficenthy constant for further analysis Henee
1t 1s ot suitable for detmled study and quanuiative companson
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Tig 4 Increasein excitability of
® 4K 79M-esoveesux  the Sural Bbres by atrunof4
4 nspsieaoy = s Volleys in the spstiateral (0 @)

and contralateral ([] M) HS
nerves Procedure as described in
Tig 3 The sumulus strengths
were chosen 1o be shightly sub-
manmal and shightly supramax
mat for group 1 HS fibres as
determined by the incoming vol
» Pt ° ley wn the dorsal root entry zone
when tested with the conven

tiomal double volley technugue

Txestabrlity changes wn the central w rie termmals

Ihe method most suitable for investigating the pattern of orgamization of the presynaptic
actions 15 the measurement of excitability changes in the primarv afferent fibres For
this purpose the spinal afferent nerve terminals were stmulated by current pulses
through the microelectrode (Eccles Magnt and Wills 1962) For any afferent nerve
the number of primary afferent fibres excited 1s given approxumately by the size of the
spike potential recorded antidromically i that penpheral nerve and when the
threshold 1s lowered as a consequence of depolarization of these afferent fibres there
s an increased size of this anudromec spike potential (Wall 1958 Eccles Magm and
Willis 1962)

In Fig 3 a square pulse of 40V was apphed throush a micraclectrade at the depth
where conditioning volleys 1n a contralateral nerve gave the largest inerease in ex
ctability The antdromic spike was recorded 1n Sur nerve As deseribed by ¥ecles
Magni and Willis (1952) 1t 15 possible by means of a control calibration curve to
determine the average increase i excitability that was responsble for any given in
crease 1n the anndromuc spike potential In Fig 3\ and B the changes of excitability
1 the Sur fibres were tested at vanous tntervals after conditioning stimuli had been
applied to the \l 1 {A) and the (B) HS nepves The tme course
of the excitability changes closely parallelled the depolarization obtained by intra

cellular recording (Fir 2)
duced by lateral volleys were less than wth

‘The 1ncreases 1n bilaty
the corresponding 1psilateral volleys and the summuts were later An increase mn the

excitability of the Sur fibres 1n Tig 3A was detected about 20 msec afier the first
condrtioning volley Crossed actions from muscle volleys have never had latent periods
bricfer than 10 msec These high values for latency indicate a transmission over several
snterneurones When volleys 1n contralateral nerves evoked larger depolanzanons
the maximum tended to shift forward and appeared shghily earhier though it was
always later than the maumal actions evohed from the 1psilateral side

In the graphs 1n Fig 3A the tme course for the contralateral actions from HS was

t two condittoning sumulus strengths The weaker sumutus strength at 5 umes
ost of group I fibres were

plotted a
threshold for the nerve was chosen so that group I and m¢
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Fig 5 Increase i exaitability of the sural aflerent fibres by conditioning volleys i ips

lateral (0 @) and contralateral (Ml [1) PL-EDHL nerves Procedure as i Fg 3 In graphs
10 the left the time course 15 plotted fo the ncrease of exaitability at fixed condition ng sumulus
strengths as ind cated 1 the figure In graphs to the nght the testing interval is fixed at the
optmal values given (47 and 30 msec respect vely) and the effects of mcreasing sumulus

strengths 1a the PL-EDHL nerve (abscissac) are plotted agamst the changes i excitability
{ord nate)

activated (Eccles and Lundberg 1959) At this strength the crossed effect was small
and more powerful crossed presynaptic actions were usually not obtained unl group 1L
fibres + ere activated In Fig 3C and D the increases i exciabibity of the Sur fibres
are plotted as a function of conditioning strmulus strength The action was tested at
the interval giving optimal action (50 msec and 32 msee respectnely) 4s ean be seen
m Fig 3C there was no noticeable action at a sumulus strength of 2 times threshold
for the contralateral HS nenve This strength + as shehtly supramaumal for group I
fibres 1n thus experiment The maximal group T strength vas esumated by the size
of the 1ncoming volleys i the dorsal root entry zone when the conventional double
stmulus fechnique was applied to the first and someumes also the fourth volley 1n the
train of conditioning volleys (Bradley and Eccles 1953 Eccles Eceles and Lundbery
1927 Laporte and Bessou 1957) ot until the sumulus strength was rased so that
group II fibres were excited at about 2 5—3 umes threshold did the excitabil tv
Crease There was a further addition when group 111 fibres were included e g ata
sumulus strength abose 5 umes threshold (cf Fig 3C D) (Eecles and Lundberg
1959

Trze method of correlating the evoked actions of different fibre groups by means of
different stmulus strengths at a fixed test interval has the imatat on that maximal
actions produced by vanous fibre groups mught appear at different mtervals In order
to check the group T effects from musele the full ume course was plotted at two stimulus
Strengths one sl ghtly submavamal (1 79 umes threshold) and one shehtly supramaximal
{1 95 umes threshold) for group I (Fig 4) Even under these aircumstances no crossed
actions were disclsed  As a control the ipsilateral group Tb acuons onto cutaneous

St-sumis 41 phn t 4106
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Fig G Inhibitition of the flexor reflex by a train of 4 voll ys in contralateral HS (A Bj and
GS (C D) nerves The flexor reflex was evoked by sumulating Sural nerve and the integrated
flexar reflex was recorded s the ventral St root In the graphs to the Jeft (A C} the fuil ume
course 15 plotted for conditioning at two different stimulus strengths as mdecated In tFe graphs
to the right (B D) (he flexor reflex was recorded at the intervals indicated and the d crease
of the flexor reflex 1s grven as 4 function of stmulus strength expres ed as muluples of threshold
for the HS (B) and GS (D) netves respectively

afferents at 1 82 and at 2 times threshold caused a derable increase in
(cf Eccles ¢ al 1963b) It has b en regularly observed that group I aflerent volleys
have no action on contralateral cutaneous fibres

Fig 5 was from the same cxperiment as Figs 3and 4 but for the mteractions between
the ankle and toe cxtensors PL-TDHL and the contralateral Sur nerve The results
Closely resemble those when conditioning of HS was employed as i Figs 3 and 4 or
when conditioning by vollcys 1n 2 pure flexor nerve the knee flevor PBST or arkle
fexor DP was used The vanation in the night hand graph (Fig 5) indicating a de
crease at low threshold 1s within the error of measurement Thus only volleys 1n group
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DRP

Fg 7 I]nleracuon of dotsal root A s < o €
potentials recorded from  the
o it et B 0 A A AN AN N
shows the test DRP alone evoked
byas ngle volley in the spsilateral
Sur nerve Records A D show
the DRPs evoked by the ipsifat
¢ral Sur volleys superimposed on
:he DRPs evoked by the cond
loning contralateral Sur volleys
€ tme course for the decrease § e
of the contralateral Sur DRPs s
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Iland 111 muscle afferents were effective 1n increasing the exeitability of the contra

lateral cutaneous afferents The increase in excitability appeared to depend only on the
number of high threshold nerve fibres actvated and was mdependent of the func

tional role of the muscle whether flexor or extensor

Inhubition of transmusst n v ~utaneous pathu ays

It has heen established that the 1 of the ipsilateral p ptic afferent
termunals 1s matched by a correspondmg depression of reflex responses evoked by
mpulses 1n the fibers beng depolanzed {Eccles hostyuk and Schoude 1962b) On
stumulation of the sur ! nerve the flexor reflex discharge was recorded in the S1 ventral
root The integrate | 1 1 of this flexor reflex was measured at various intervals after
conditioning volleys were apphed to the contralateral HS nenve (Fig 63) At a conds
tiomng stimulus strength activating group I and most of group IT fibres (at 4 2 times
threshold) there was an early mcrease in the reflex discharges matching the post
Synaplic excitation exerted on the motoncurones This fac htation passed into a small
deprestion of the flexor reflex discharge of about 10 The depression increased to
25° when the group III fibres v ere actnated at 10 5 times threshold ([J) and to
50 at 20 umes threshold (Fig 61 B) Dependine on the stimulus strength used the
optimal effect appeared at 35-—70 msec there being a progressive delay of the mavimum
as the sumulus was strengthened Therefore for examining the depression produced
by a gradually mcreasng conditioming stmulus strength two fixed intervals were
chosen one at 39 msec for dusclosing threshold action and one at 58 msec for better
campanison of th action added by actmaty mn higher threshold fibres as illustrated
1 Fig 6B \ olleys 1n contralateral group 1 muscle afferents did not e

€iable act on Group IT and II1 vollevs have been found 1o cvoke o

IPSPs an flexor motoncurones but the duration of thrse postsy

never found ta excerd 50 msec (Holmavast and Taundhere nn. *
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It 15 not known how much of this depression illustrated 1n Fig 6 15 exerted on the
mnterneuroncs of the test reflex pathway

Simfarly Iig 6C D ilustrates the action of volleys 1n the ankle extensor €S onto
the contralateral flexor reflex evoked by stimulation of the Sur nerve In general good
agreement was found between the depression of the flexor discharge whether produced
by d volleys in . muscle nerves or m skin nerves The latter
tended to be shghtly more cffective but evoked much less depression than volleys m
spsilateral skin or muscle nerves (Eccles Rostyuk and Schoudt 1962b) These quants
tauve differences tn the flevor reflex depression produced by ipsilateral and contra
lateral nerve volleys are greater than the descrepancies hetween corresponding 1pst

and contralateral IADs However m this 1t should be d that
1 \\ 8 volleys th Ives evoke marked flevor reflex discharge and
ly cause of neurones wnvolved m the testing pathway On

the other hand contralateral volleys evoke only very small ventral root discharges
The DRP evoked by & cutancous volley (ipuilateral Sur at 1 5T records F J Fig 7)
was used to test the depression evoked by one volley in the contralateral PBST nerve
and s platted as crosses n Fig 7 The depression lasts for about 200 msec This depres
s10n to 50 % of the control 1s of the same order of magmitude as that evoked by a
stmulus (55 times threshold) applied to the contralateral Sur nerve (Fig 7A D)
The maximal depression was probably due to two factors interneuronal depression as
well as b 1 e dumnished 1mpulse m the
nerve terminaly due to depolarization

Discussion

The results reported here are a link m a senes of previous papers on the pattern of
of pi p (Fccles Fceles and Magm 1961 Eccles
hostyuk and Schoudt 19622 Eccles Magm and Willis 1962 Eccles e o 1963a b)

The DRPs evoked by volleys 1n the contralateral muscle nerves reflect the combined
action onto all filaments 1 the rootlet recorded from Consequently a demonstration
of crossed DRPs onlv supports the results obtamed with other methods where the
depalanization onto cutancous fibres could be specifically tested However the DRPs
matched the mtracellularly recorded PADs and the increased intraspinal excitability
of the cutancous fibres Therefore 1t 13 permssible to conclude that the DRPs evoked
by contralateral muscle volleys at least partly conssted of depolanzanon. of the
central terminals of cutaneous fibres (c¢f Eccles Magm and Wills 1962)

Ag the depolarization of nerve terminals has been regarded as the primary cause
for presynaptic inhibition 1t would be expected that th obscrved depolanzation of
the cutaneous fibres 1 a simular way depresses cutaneous reflexes This has been tested
on three cutaneous pathways 1) the flexor reflex drscharge recorded m the ventral
root 2) the DRP and 3) ding spmal p Contralateral muscle volleys
depressed the flexor reflex discharge and the DRP with a time course rorresponding

to the observed depolarzation of the pnmary skin afferents There arc also other
dep could be exerted Volleys in contralateral muscle

P wn which the
nerves have evoked crossed mhibitorv 23 well as excitatory postsynaptic potentials
1 flexor but these p I: Is were small and were never

al postsynaptic achion occurred at about 20 msec

X r than 50 msec The optum
‘::f:cas the presynaptic inhibitory action had a maximum at about 50—~80 msec and
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a duration of 150 msec Finally the observed depression of the two pathways could
also have been caused earher 1n the 1mtermneuronal chain In order to overcome ths
complicating factor the effect was tested on the monosvnaplic transmission from
cutancous afferents to ipmlateral tract fibres located m the dorsolateral fumculus
(Lundberg and Oscarsson 1960 1961) Sumulation of contralateral high threshold
muscle afferents depressed shightly (only 5 °4) the ascendine manosynaptic duscharge
though the depression had a long duration of about 100 msec This value seems very
low but the effect has been tested on 2 pathway with a poy erful synaptic linkage and 2
Iugh safety factor for transmussion In view of the generally weak contralateral presynap-
¢ actions the observed small depression does not seem out of proportion with the
25—30 /4, depression found when 4 ipsilateral muscle volleys were used for conds
tiomng {Eccles Rostyuk and Schimdt 1962b)

In general the features displayed by volleys 1 contralateral muscle nerves onto
cutancous afferents resembled those evoked from the ipsilateral side (Eccles et af
1963b cf also Barron and Matthews 1935 1938 Lloyd and Mclntyre 1949) Hov ever
there are both and itaty The 1 effects
ate always much weaker and their latency 1s longer ‘This discrepancy can be explaned
€ither by transousston over longer int rneuronal chains or by weaker synaptic inkage
hence more extensive temporal and spatal swmmaton 13 required for the crossed
Presynaptic actions

The other important dlscrepancv between the actions from the two sides conccmx
the pattern of fibres are depol by volleys 1n 1
group Ib II and TII aﬂ'ermls from muscles (Eccles ¢t a! 1963b) whale only group 11
and 11T velleys from contralateral muscles evoked any presynaptic depolanzauon

In the spinal animal the crossed presynaptic effects from muscle nen es onto cutaneous
Pathways are weak and their physiological sigmficance 1s difficult to estimate However
notless than three supraspinal eentres arc supposed to mfluence the PADs in groups Ib
I and 11 muscle afferents and cutancous afferents namely (1) dorsal mudhnc
structures in the brain stem (Carpenter Encberg and Lundberg 1962) (2) ventral
more widespread regions of the bram stem (Carpenter of ol 1962) (3) and finally
from sensonmotor cortex fAndersen Eccles and Sears 1964 Carpenter Lundberg
and Norrsell 1963) It 1s of special nterest that the Jatter pathway evoked bitateral
athions also after transection of the corpus callosum (Andersen ef of 1964) or after
hemsection of the spinal cord (Carpenter et al 1963) thus indicating crossed con
nechions at the spinal level There s cvidence that the supraspinal influences are
exerted anto d local spinal reflec actions Therefore
1t 13 possible that crossed presynaptic actions could be enhanced by supraspinal systems

References

Axorrsex P J C Eccizs and T\ Szaws Corncally t\oked d(pohn aton of pnmary
alferent fibers n the spnal cord J Neurophy ol 1961 77 €3

Barrox D H aniB H C A\ TriEws Intermuntent condu tonin lhc pnalcor] J Phynat
{Lond ) 1935 85 73—103

Bakaos D H nd D H C Marnmws Th interp ctat on of patental changes i 1t s nal
cord J Phesiol (hmd) 1933 9 277371

Bexwtako € G The cord dorum potentaals in rel ton t penpteral wou e fallr 1
stmutaton Cold Sp Harb Smp qua 1 Bul 192 17 21— 3



484 ROSAMOAD M ECCLTS ET AL

Bersiaro € G The spinal cord potentials in leads from the cord dorsum in relation to
gcnphcml source of afferent sumulation Acta physiol scand 1943 7 Suppl 106 1—

Branrey K and J © Eccees Analyss of the fast afferent tses [y thy
Phystol {Lond ) 1953 127 469—473 e om thigh muscles J

Breser F and v Bosser Contributions 2 1 étude de La physiols 1!
nerveux I Lanh biton reflexe drch it Physiol 1942 52PI§‘J‘?—?§-: Benerale des centees

Carpexter D 1 Encoerc and A Luspnerc Iresynaptc inhibition 1n the lumbar cord
evoked from the brain stem Fipe wntia (Basel) 1962 18 420

CarpesteR D A Lixpetrc and ¥ Norserr Primary aff rent depolanization eyoked from
the sensorumotor cortex deta physiol scand 1963 59 176—(47

Tecies J € R M Fecesand A Lunpsere Synaptic actions on motoneurone i relation
n; ;hc 5‘4“60 componcnts of the Group I muscle afferent volley J Plysiol (Lond ) 1957 136
27—

Lecres ] C R M Ecciesand F Macst Central butory action to
depalanization produced by muscle afferent volleys J Phymol (Lond ) 1961 759 147—

66

Lcctes ] C P G Rostvuxand R F Scusmor Gentral path vays respons ble for depolariza
ton of primaty afferent fibres 7 Physiol (Lond ) 19¢7a 161 237307

Eccixs J C P G hosvukand R F Scusuor J resynaptic mhibition of the central actions
of flexor reflex afferents 7 Physil (Lond ) 1967b 161 256281

Teouws § C 7 G hosriu and R F Sciomr The e of clectnc polnaaton of the
spinal cord on central afferent fibres on their excitatory s tic acton J Physiol (Lond
1967 162 133—1,0 Y synap 7 Pl (Lond)

Eccres ] € and h hawevic Potential changes recorded mside prmary afferent fibres
\ 1thin the spinal cord J Physiol (Lond ) 1929 14 20273
ctes J C F Maowand W D Wiwcs Depolarizaton of central termunals of group [
afferent fibres from muscle J Phrsiol (Lond ) 1962 160 6293

Ecctes J C R F Scioupr and W D Wirus Depolarization of central nerve termunals
of group 1b afferent fibers of musele J Aewoplysiol 1963a 26 1— 7

Ecces J C R F Scisunt and W D Wirus Depolanzat on of the central terrunals of
cutancous afferent Bbers J Neurophysiol 1963b 26 646~661

Lceues R M B Housqustand P E V P smhabstion from
cutaneous afferent fibres lcta bhy 1ol scand 196+ 67 464473

Lecies R M and A Lovbserc Synaplic actions in motoneurones by afferents which may
evoke the fexor reflex Arch ttal Bol 1929 97 199221

honersy K Intracellutar potential changes of primary afferent nerve fibers wn spinal cords
of cats J Metirophysiol 1956 19 375392

Lavorrs X “and P Besou Etudes des sous groupes lentes et rapides du groupe I (fibres
aflerentes d ongine musculaire d grand dmetre) chez le chat 7 Physl (Paris) 1907 49

102 —1037
Liovo D P C and A K Melvtvre On the onigins of dorsal root patentials ¥ gen Physiol

1940 32 409443

Lunpzerc A and O Oscanssox Functonal orgam ation of the dossal spino~cercbellar
tract m the cat V11 Adta physiol scand 1960 50 356374

LunoBeRG A. and O Oscarsson Three ascend ng spimal pathways in the dorsal part of the
lateral fumculus Asta physw! scand 1961 51 116

Wait P D Exatability changes m afferent fibre terminations and their relation to slow
potenuials J Physol (Tond ) 1928 747 1—21

Whit P D W § McCurrocr J Y Lerwveiand W H Prrvs The termmal 2 borization
f the cats pyramidal tract determuned by a new techmque Yale J Bl Med 1956 23

457—46%




Acta physiol scand 1962 62 485486

Erom the Department of Histology Rarolinska Institutet Stockholm Sweden

Ascending Systems of Catecholamine Neurons from
the Lower Brain Stem
By

Asnica Dantstrov Rjein }oxe Lars Ouson and Ursan UnGERSTEDT

With the h Ip of the hustochemical fluorescence method developed by Falck and
Hullarp 1t has been possible to demonstrate and map out 3 systems of specific neusons
which form and store d (D) drenatine (NA) and 5-hydroytryp

(5 HT) respectively one migro neostriatal DA system (Anden ¢t of 1964 a and b) and
two bulbo spinal NA and 5 HT svstems (Carlsson et al 1964 Dahlstrom and Fuxe
1964) These neurons have low concentrations of the amines i their cell bodics and
extremely high concentrations m their synaptic termunals  There 1s good reason to
believe that the specific monoamine newrons in the bran act by releasing the amines
from therr termmals (Andén ef af 1964 ¢ Dahlstrom and Fuxe 196%) Abundant
catecholamine (CA) terminals however exist i many regions of the brawn especially
these belonging to the hmbic system (Fuxe 196+ a) and the hypothalamus (Carlsson
etal 1962, Since practically all the cell bodies of the CA neurons seem to be localized
© the lov er bram stem 1t 15 probable that the termmals m the forcbram arise from
fibre systems ascending from these eelt groups Such systems have in fact been found
© g 1n the med al forebram bundle (Dahlstrom and Fuxe 1964) In the present paper
direct experimental evidence 18 gnven for this view

In about 30 male alb o rats (body wt 130 1o 200 g) large electolyue les ons (see H larp
1947) \ e mad umlat rally o the ventral balf of the cranial part of the mesencephalon in
order to dest oy all the CA eells n this region The nimals wer klled 810 12davs fier opera
Von togeth r w th 10 normal 1 mals s b ch served 43 controls The meduylla oblongata pons-
sesencephalon d en ephalon nd the feft and nght b 1fof the telencephalon up 1o a transverse
Plane § asing through the most ant nior portion of the neoytr atum were dissected ut, freeze
Rl wreated fodemonstr ton of prmary CA and embedded m paraffin as descr bed 1n
Geta 1p e ousty (Dahlstro n and Fux 1965) Transverse s=nal sect ons (8 to 10 4 th ck) were
pre; fed for fiy rescen € m €roscopy

\ost of the CA aenve cells n the lov er brain stem are locahzed to 3 large groups
A8 to Al 1n the mesencephalon Dahlstram and Fuxe (19641 In 10 of the operated
anssaals theve groups were practically compledey destroyed undaterally white the eells
on the other s de scemed to be for the most part unaffected The CA term nals wathin

the brain rostrally — but not caudally (ncluding the spinal cord) — ta the lesion
showed on the operated sude a large decrease in number 1 many remons, espectally
the area preopuica the nuc hyy the nue p ulans the

485
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amygdaloid cortex and the hippocampal formation In some areas they had practically
d: d i If: nuc \ Some areas

Py ‘e

however showed Jess red {nuc 7 uc striae
or no obvious decrease (the external layer of the median eminence nuc peniventn
culans rotundocellularss) In the anumals with less completr destruction of the cell
groups a much less marked decrease was observed 1n the number of CA termmals The
termmals on the contralateral side may hase been reduced to some evtent but no
marhed decrease was secn

Of the 3 mesencephalic groups the A9 cells present n the substantia migra belong to
the nigro-neostriatal DA system It therefore seems that the CA cells withm the rets
cular formation of the mesencephalon and 1n the basal medhal pare surrounding the
nuc nterpedunculans (AB and A10 respectively) give mse to most of the ascending
axons from which the CA termmals 1n the forebram are denived These ascending
fibre systems also secm 10 a large extent to be uncrosstd It 1s posstble however that
some of the fibres cross over to the other side at the site of the lesion — The fact that
the very abundant C.A terminals around the primary plexus of the hypophyseal portal
system in the median emunence appeared unaffected supports the view that they belong
to tuberosnfundibular CA neurons (Fuxe 1964 b)
This work has been supported by a Public Health Service Grant (NB 09854 04) from the
National Institute of Neurological Diseases and Blndness and by a grant form the Swedish
Medical Research Counait
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From the Departments of Physiology and Medical Physics harolinska Insticutet Stockholm
Sweden

Some Morphological Features of Catecholamine
Storing Nerve Vesicles
By

U S von Eurer and G SwanpECh

Subeellular particles rich 1n noradrenaline have been obtaned from homogenized
bowine splenic nerves (Euler and Hillarp 1956 Schumann 1958) Prelimunary electron
mucroscopic studies (Bahr and Euler 1947 Bloom and Fuler 1957 unpublshed ob-
servations) indicated that the particles were stainable with osmium and had a diameter

ranging from 003 10 02 ¢ In many wnstances a notch  on the sphenc particle was
noted

Using the technique of negative staming with acid (final
ton I per cent of the sodium salt) 1t was possible to venfy the eustence of a population
of granules with diameters 003—0 | # andafew larger ones m the sed:

from a suspension of particles from the press jmce of bovine splemc nerves [he particles
appeared as nngs (Fig 1) some of them vesicle hike and filled wath the contrast medium
while others appeared as sohd bodies A charactensuc feature possibly of sigruficance
for the intraaxonal arrangement of the particles 1s the oceurrence of the previousty ob-
seryed notches which with the negative stainung techmque were much more obsicus On
many occastons the notches were extended to handle shaped or tail like structures
mostly extending from opposite ends of the granules Frequently the vesicles occurred
1 pairs and sometimes even m short chawns (Fig 1c)

The appearance of the vesicles in chain like or pearl sting Like structures is suggestine
of a svstem sumilar to that described for the occurrence and formation of granulesn the
Golgr apparatus (Scharrer and Brown 1961) This m ght mean that the granules are
arranged n a kind of net v ork or latuce 1n the axon and presumably in the termunals
The adrencrpic nene endings shown 1a Fig 10 and 13 1n Richardsan s paper (19%.2)
show a somewhat simiar aoangement of the ves cles 1n sequences co ered by a
kind of tubular membranc

A full account of the results wall appear elsewhere
Th s wo & has been supparted by grant AF EOAR 64 31 from the 4 r Force Off ce of Sc entif ¢
Research O\R through the Furopean Office Acrospace Resear h Un ted States ¢ Foree
and by Public H alth Sen ce Rescarch Grant NB OH3 -0 from th “National Insturutes of
Health
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Fig_1 lsolated transmitter vesicles from press yuice of bovine splemic nerves in phosphate
buffer pH 7 scdumented at 0000 # g and resuspended 1a 0 07 M phosphate buffer and
1 per cent sodium phosphotungetate pH 7 5 Inscried mark = 01
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The Effect of Asphyxia on Indeced Cortical
Activity 1n Fetal Sheep
By

Bjorn A MEevErsov

In earlier studies on the development of the electrocerticogram (ECG) 1n fetal sheep
1t was found that the spontaneous cortical activity appears at a gestational age of abaut
65 days (full term about 150 days) and consists of trains of spindle shaped w ayes of
frequency of —12 cfsco (Bernhard.ef ol 1959) Dunng asphyvia iduced by clarapung
the umbitical cord the fetal ECC: 35 blocked afier about 2 mun and in this respect the
fetus does not difer from the adult ammal (Bernhard and Rolmodin 1967) T contyass
the corueal positive steady potential (5P recorded bets een the ntact cortical surface
and nactive tissue) 15 remarkably resistant 1o asphyxia 1 the smmature brain whey

in adult animals under the influence of asphywa th ress

e SP decreases and 2
athin a few minutes The ratio between the fetal SP. WS negat e

change ca

that of the adult ammal 15 about 15 (Exdelberg ot of 194 o) “;;i‘gcfpmflw: aud

Thas been observed as early as at a gestation age of 30 days (weight 19 at :l e 8|

that 1t represents a relatvely puminive function The above obser, g)l mdicates

conclusion that at least dunng asphywa this pnmtve f; 2tion led to the

anaerobic energy sources in contrast to functions re; resented by

1n fetuses seem to depend manly on the supply of o“;gm ed by tte ECG which also
In the present iy estigation the study of the effect of asph;

extended to elecincal sgms of actity which hike the EG 3/ peer i :h: feral b‘ram was

more ducctly than the SP. T4 0 such cortieal functions have pepn (pe e )

d ect cortical response (DCR) and the franscaflosat wesponse (TCRY which, ::‘:(:;;End

ered by cesarean section In the unancsthetzeq £
left intact The older fetuses were immobilszeq {Flax raneous
breathung\sphywa was induced by clamping the yongy “ffldm; ct:lrdpra ent spon

While the TCR tn fetuses was readily affccred ang gagans blocked w th 22U
12 min the DCR was found 10 be far m resistent 1o sz hyvaa and £z D7° :{
arculation In the ounsest Fetuses stud o 95 days) the DOR. :;uld 7 1 be 0Bt e
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after 12—~14 min of cord clamping 1 ¢ at a time when the heart actiity was greatly
reduced In somewhat older fetuses (about 115 days) the reponse disappeared after
8—10 min and in thoe near term after about 6 muin In control experiments on adul
sheep the DCR disappearcd even after 2—3 min of asphyxia {¢f Chang 1951) It
should be mentioned that the configuration of the DCR 1s the same 1n the fetus as m
the adult sheep These preliminary expertments indicate that the resistance to asphyva
decreases with increasing fetal age No constant changes of the response were observed
but towards the end of the period of asphyxia the stimulus threshold tended to in
crease

The resistance of the immature sheep brain to asphyvia as evpressed by the behasiour
of the DCR may be a charactenstic which to a certan extent 1s bound to intra uterine
Iife and not only to the stage of functional and morphol 1 This view
may be fayoured by the fact that also at the end of the gestation period the fetal DCR
13 significantly more resistant to asphyxia than 15 this response mn the adult anima)
although the bram of the full term sheep 1s relauvely mature both anatomcally and

functionally
The results of the present investigation indicate that the fetal direct cortical response

— which can be regarded as a more direct manifestation of the cortical excitabilty
than the steady potenttal — can be mamtained also by encrgy generated by anaerobic
metabolism The fact finally that 1n the immature bran the direct cortical response
18 far mare resistant to asphyxia than the transcallosal response — which m all pro

bability 1s of postsynaptic ongin (sec ¢ ¢ Grafstein 1929) ~— should be taken mto
account i the d: the fi 1 b: of these responses

These investigations were supparted by grants from th Assoctat on for the Aid of Crippled
Chldren Sufielsen Gustaf och Tyra Svenssons Mipn and by a personal grant from Karolinska
Instit stet {Reservationsanslaget)
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From the D: of Hustology and Zoology Untversity of Lund Sy eden

On the Presence of a Second Specific Cell System 1n
Mammalian Thyroid Gland
By

Benet Farck Benet Larson CLaks v MECGKLENBURG EvaLp ROSENGREN
and hras SveNaEus

Tt has recently been found that monoaminergic mechanisms play a role m the function of
the endocrine cells in the pancreas {Falck and Hellman 1963 1964 Cegrell e af 1964)
This ptedan on other nne organs and in this paper some pre
1 munary results from studies on the thyroid gland are reported

Sheep cat rablnt gnea pig rat and mouse were used in these expeniments The
direct cellular focahzation of the monoammes was performed by exposing freeze-dried
tissue to formaldehyde gas according to Falck (1962) The content of monoamunes in the
thyroid gland was d d 1o Bertler ef al
(1928) and Bertler and Rosengren (1953}

In the sheep thyrod the formaldehyde treatment developed the intense green fluo-
rescence charactenstic for pnmary catecholamines 1n some nerve fibers and in a rela
tvely small number of granular cells Lsing the Astra bluc stamning (Bloom and helly
1960) the latter were identified as mast cells vhich 1n ruminants are known to carry
dopamine (Falck et al 1964) Most of the nerve fibers had the typical appearance of ter
minal ssmpathetic fibers (¢f Falck 1962) and seemed 10 be related 1o theyessels Asyel
lov of certam trypf denvatives descloped in a large
number of cells which either appeared i clusters between the follicles or were located
in the follicular epithchum The latter showed no fluorescence cxeept for a weak orange
autofluorescence m a granular matenal posited 1 the apical part of the cells as reported
previously (Sostrand 1944) In agreement s ath the fluorescence micrascope findings the
i d d the presence of small amounts of dopamine
(0 13 pes’g) and a hugh content of 5 HT (1 7 ug/z) whereas nerther noradrenaline nor
adremaline was detected The yellow fluorescent cells had a markedly uneven dustn
bution tn the gland being very sparsc or almost absent in some areas espeaially i those
contatming the largest fothcles The fluorescent matenal was found onlv 1a the cytoplasm
and scemed fo be confined to very fine granules which 1 ere smaller than the green
fluorescent granules in the mast cells Many of the cells were provided w th processes
+ hach 1 most cases seemed 10 run cont guous 1o the base of the follicular epithel um
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No fluorescent cells except the 5 HT containing mast cells in rat and mouse were
detected 1n the thyroid gland of the other species Howeser experiments 1n progress
have disclosed a cell system 1n rat and mouse similar to that i the sheep thyroid This
cell system i contrast 1o the follicular epithelium proper 18 able to take up and fora
hmited tme store inyected catecholamines and 5 HT further it may contan both mono-
amine oudase and the decarbosylaung envyme for DOPA and o hydroxytryptophan
These cells Lave mostly a parafollicular localtzation but often lie in the epithelial hning
of the follicles In rat they were found unevenly distributed over the gland but in the
mouse they haye a peculiar localization being 1ccumulated 1n the dorso-medial part
from approumately the lescl of the first tracheal ning up to the lower border of the
cricord cartilage

The results thus demonstrate that the so-called parafollicular (interfollicular nter
sitral) cells or at least thewr main part daffer in major respeets from the follicular cells
and thus mMight constitute a second specific cell system mn the thyrod gland The work of
Wisug (1962) supports strongly this assumption He found electron mucroscopically a
fine structure of parafollicular cells that differ considerably from the follicular cells chief
ly because the parafollicular cells have a rich content of small spherical sesicles He
concluded that these cells are not related 1o follicular cells but are probably a second

dependent class of end hel

This work was sponsored by the Swed sh Med cal Research Counail
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Depletion of the Amine Stores 1 Brain Catecholamne
Termunals on Amygdaloid Stimulation
By

Kject Fuxe and Lars M Gunne

Intermsttens stmulation for 3 hrs wathin the amygdaloid nucler m unrestramed cats

which produces repeated outbursts of sham  rage (¢f Hilton and Zbrozyna 1963)

has been found to result 1 lowered bran levels of noradrenalme (NA) but not of
dopamine (DA) {Gunne and Reis 1963) There 1s htile doubt that these ammes are
present within specific DA and NA neurons (¢f Dahlstrom and Fuxe 1964) The fine
synaptic terminals of these neurons show small enl

which store DA and NA in very high concentrat ons (Carl son Falch and Hillarp
1962 Fuxe 1969)

In the present paper it 15 sho vn by the histochemical fluorescence method of Falck
and Hillarp that the am ne stores m many systerns of catecholarnine (GA) terminals
are depleted on dal 1 especrally 1f of the amunes 15 1n
hibited  The 1nbubition was produced by admmstranon of H 22/3% (a propyl
3 4 dihydroxvphenylacetamud) a potent mhubitor of the first step m the CA synthe
s1s (Carlsson Corrodi and Waldeck 1963)

Twehe adult cats (bwt 20—10 kg} were uscd Stamless steel needle clectrades
were implanted into the region of the lowd nucleus
stmulation was performed as deseribed by Guane and Rns (1963) In 4 cats CA
synthesis inhib tor H 22/54 100 to 700 mg/g was adminstered 1p 15 min before
the start of \ In 3 cats of this drug (200 mg/kg) was made
+ 1thout subsequent sumulation and 1n 2 cats dal was pr
without inhibition of the CA synthes s The rest of the cats  ere used as controls

The hvpothalamus the preopuc area the septal area the amygdaloid cortes the
nuec caudatus putamen tie ventral part of the mesencephalon and the ventnicular
part of the medulla oblongata « ere d ssected out freczedned treated wath formal
dehnde mas for | hr cmbedded sectioned and mounted as desenibed previously (Dahl
strom and Tuxe 1764)

The €\ terminals m practically al regions of the forcbrain (for instance i the nuc

dialis vy the mc ulans the median emmence  the
retrochigsmalic ar€a MUE AFCUAMS nuc preopheus suprachiasmaticus nuc pre
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opticus medialis and the ventral part of the nuc intershtialis striac termunahs) showed
2 marked to very marked C.A depletion of amygdalord stimulation was combined with
synthesis tnbition especially with the fugher dose The cell bodies of the CA neurons
sn the mesencephalon however showed no obvious decrease in their anune contents
and the CA termmals in the lower brain stem e g in the dorsal motor nuc of the
vagus showed much less marked depletion The depletion was only observed 1n the
sancosties which often became very weakly fluorescent with intensity levels approach
1ng those of the thin fibre segments betwen them The vancosities belonging to any

g en terminal seemed 1o react umformly Amygdalod it 1n cats which were
not pretreated with H22/54 resulted 1n much less marked changes When H22/54 was
d d without 1 there were no changes in the regions

amvestigated except for a fairly marked reduction of the fluorescence intensity within
the nuc caudatus putamen Such a reduction within the DA terminals of this nucleus
following synthesis inhibition alone probably indicates a rapid turn over of DA m
this region

The present report is the first direct demonstration of adrenergie activity at synaptic
Ievels within the central nervous system The depletion of the CA termumnals usually
became evident by h 1 fl h only when the CA synthesis
had been inhubited This indicates that resynthesis 13 of high importance i the man
tenance of the catecholamine levels at synaptic sites

The insestigation was supported by a Public Health Scrvice Grant (NB 02844—04) from
the Nanonal Insutute of Neurological Diseases and Bhndness and by a grantfrom the Swedish
Medical Rescarch Counail Fer 3 generous supply of H 22134 we arc mdebted to Pr H
Corrods Hassle Ltd_ Goteborg
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