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Trom the D1 of Climcal P . harohnsha Sjukhuset Stockholm, and the
University of Umed Sweden

A Method for Determination of Low Carbon Monoxide
Concentration in Blood
By
H Livoerroryw, T Sjostranp and B SobERSTROM

Recened 19 February 196

Abstract

\ost of the earhier described methods for the determination of carbon monoude

congentration 1 blood are not sited for the of very low
Thus 1s true particularly of spectrophotometne methods (Harinde 1922, Klendshoy
Tod . oo Aeeem AR 3 el c PR S

Syostrand 1951, Carlsten e af 1954) or the mfrared CO meter (Lawther and Apthorp
1955, Gacnsler et ol 1957) Recently Coburn et al (1964) described an mproved tech-
mque using theinfrared CO meter, but this method 100, has a comparatn ely large error

1n the range of normal CO content in blood (coefficient of vanation about 6 per cent at
a CO content of 0 1 mt CO/100 ml bload)

163003 dcta phynol icerd Vol 65 1—7
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W LINDERHOLM ET AL,

112 1 The modified van Slyke apparatus,
a1 U tube with gas flowinz to the CO meter
{ b ¢ andf stop-cocks. df permanent mag

net e elrcine motor g) gasrecap ent b ex-
O 1raction chamber with tept bncaated mag-

nrt For further cxplanation see text

In this paper a mrthod 15 descnbed which allows the measurement of alow CO cor-
tent of the blood uu=g the techmqur for determination of CO in small gas samples wath
an improved hopcalite CO meter dacribed by Linderholm and Sjistrand (1936) and
alw a med fied technique for extraction of CO from blood In our hands thy method
ser13 to bave 3 higt et precision 1o the low range of blond CO content than earhier
drenbed mettor's Vanous reazents and procedures for relrase of CO from the blond
were tes £d

Method
LR RSN SUNTE S Y (O} femb oi
\ovx! fed va s S vie aptarat way evd {1 e eutraction of (O from blaod the 1 Tte
ex ractym charrbor had oy lune £ 100 ml Strnng was perf rmed with 2 amall mognet
rasted wi et oo whick wan rtased by poeans of 2 magmet ¢ catade e chamber and an
electncal ret ¢ £ owd ard rrager 3 were a fminted Grough 0 cup and e eock ¢ Py
herghoenag the meroun leve’ rg bu b extracted gas (nould be evcted through the v opeocks
13 2ewabier 30 160 rert ¢ muth ane b er merenn bmel g buth and 1) e wade U tube o
rough whach gas T mr b e (O oty

Retpevi
1) Octile slerdvd 2 1 pwy cort papee 2 wlution 3 d Terent reagents vaed £ relase of (O
frem the bragh ben natwh

2 RJFeD ] Mg naidauhedinds miwater tmabe 10 mivdutem Areww lut n
waspregurslevery das  rl e Ry Fe 0N (0 sten waruwd Or up 1 28 d bleod ard
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PP . . fre e v en

period

For 1—2 ml of blood 10 m}, for 35 ml bload 15m! and for 6—10 m1 of blood 20 ml of the
RH{JO,), solation were used With this reagent the procedure for cleaming the van Slyke
apparatus was easy Some batches of KH(JO,), gase high blank values and had to be discarded

Analytical procedure
The van Slyke apparatus {Fig 1) was filled with mercury A few drops of octylic alcohol were
placed i the cup and drawn 1nto the bore of the cock ¢ 5 ml of the sapomia solution were added
(0 the cup Blood 1n an Ostwald pipette 0 3—10 ml of volume, was drawn under the sapotun
solution down into the extraction chamber, followed by 4 ml of the saponin solution The
Ostwald pipette was then immediately removed The stopcock was closed and the rest of the
saponun solution was sucked away A reagent for the relaese of CO from the blood was added to
the cup By lowerng the leveling bulb the mercury was drawn down to the Jower part of the
extraction chamber Magnetic stiring was done during 1 min By gentle opemung of the
$opcock ¢ @ defined amount of the CO refrasing reagent 1a the cup was surked down into the
Tn some analyses euraction and weasurement of the released CO was done several tmes in
succession Ten minutes stmng penods were then used When extractions were made in the
presence of other gases (Ns, CO frte air or O,), about 20 ml of these were added through the
©

up
The van Slyke pipette was cleaned with water, and now and then with a 30 per cent solution
of ROH or NaOH followed by a 10 per cent HNO, solution and distilled water

CO Aralysis

Detesmuinaton of the amount of CO m the gas extracted from the blood was done withy the
£ s o e @1 1 AR 2L €U Svs e P

B - -

van Slyke apparatus in as far as possible the same way a8 n the analvsis of the blond samples,
te CO was added together with O, air, N, or 1n a very small gas volume

“The hopealite CO meter 13 not quite specific to CO Other gases which may be present i
small amounts in blood such as acetone ethanol and ammonia may mfluence the CO meter
by oudation or adsorphion on the bapralite These factors may, however be ellmmated by
using a water filter berween the U tube of the van Slyke apparatus and the CO meter The CO
meter 1 less sensiuve to methane than to CO

Some of the results were checked by the method for analysis of O 1 blood using palladium
molvbdenum test tubes {Landerholm 1965)
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Tarrr I Comparson brtween dufferent reagents for the relcase of (O from binod

Blood sump'e

CO cont-nt
range, b
S olume w0 100m mICONo0
Reagents compared n ml blood Bloxd
RILOO, . RN 8 t 007-031 0005
KHJO = Ko b 0N 15 2 POI-03% 00121
RHJOg, K, F O\ 8 031 170-198 —02)
RH (JOO, 1,50, 8 t 007-034 0005
K1 1o, , K50, 10 2 007-034 0 onar
KH (jo,, NS0, 6 031 170-198 o018

D18 te mean d forence brtween the (O cont=nt ¢f pairs of blood samples Fach ¢f thess
sarples w2s analyzed with oo of tso differen) seagerss for eomrparon

' P00y

. P oot

£ e nun bes of blaod sample pases

Results

Comp'eteress of extra tion of CO from blond
Bloodsamplesof0 3 2mlcontaming07 1981 O were analvzed unng Ky[Fe €\l
H,NO, ant KH JO, 10 release CO from the hemoglobin Fxtraction and suming were
done during successine 10-minute periodsan sacuum’ 1 with no other gas in the
extraction chamber than that onginating frem the blood and reagent solutions Fhe
amount «f () obtained i the srcond extraction period was |1 03 5 per cent (on an
averaze about 2 per cent of the totat amount of (O extracted from the blond sample
After a thied extraction no traces of CQ were found  There was no significant difference
betwern the differert reacents i this respect

Analvis «f the pay o lected from tao extractions of 7 and 5 min  the standard
proceduse  resulted an the same amount of GO as the sum of the amounts of CO found
aftrr the fint and second 10-min extraction periods

The effret of the solun ¢ of the blond an the completeness of extraction of €O with
1} rvanous reazents was exammed by anahzing | 2 and 5 ml from one Llood specimen
Identical roufts were obtamned weth | and 2 mi sampley and also with 5 ml samples and
KH JO, , With Smiand R,[Fe O\ ) the (0O concentration was only stent 95 per cent
a+d with H,S0, only 6 per cent of the concentration expeeted from tf ¢ analvis of 1 mt
aamplas Mier extraction of e Larirr bl xord camples sith KyfEe CN () or HSO,
the madifrd san Shie ajparasasy way difficult 10 ddesn due to mawes of denatured
proten o7 the slass walls

\Sith the Lmitatens mentmed the deflection of the €0 meter 13 prartcally pro-
portionate tothe sclar e At wrd gt asar w proportionate tn the volume of a standard
g
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“Taete 11 The effect of the Q, tension in the extraction chamber during the release of CO
from blood 2 ml of blood were analyzed

CO content of the

Blood samples

Range )
Conditions compared for the i COJ100 mi ml CO/100 ral
release of CO from blood n blood blood
KH (JO}s
Ac—Vacuum 14 01-05 00083*
AN, 1 0104 00061
O,—Vacuum 8 01-06 00086*
Proevacuations acuum 9 01-06 —00044
K, [Fe, (CNY))
Air—Vacuum 9 01-03 001912
Aw—N, 8 01-03 000421
O,—Vacuum 8 01-03 00153*
H,S0,
Awr—Vacuum > 02-03 00123
Precvacuation vacuum 5 02-06 ~00039

B 15 the mean difference bemween the CO concentrations of pamred blood samples extracted
at two diflerent O, tensions Other symbols as 1 Table T

Compartson betu.cen the different reagents

Blood samples of 1 or 2 ml with 0 07—0 34 ml CO/I00 ml blood were analyzed with
R,(Fe(CN),), H,50, and KH(JO,), With hH(JO,), slightly higher CO concentra-
tion was obtawned than with H,50, and by[Fe(C\),] (Table I, while there was no
difference between the results with H,SO, and Ky{Fe(CN),] When 03 mt blood
samples saturated with CO were analyzed with the different reagents the results did not
daffer statisucally (Table 1)

Some expeniments were made which pomnt to some passible errors with the different
reagents due to chenucal agents that may be used for cleaning of the extraction
apparatus With K;[Fe(CN),] an extra amaunt of 6—7 gl COfmi blood was obtained
when 10 ml of a 10 per cent solution of NaOH was added to the blood reagent mixtyre
With KH(JO,), only about 0 3 4l CO was obtained However, about 1 5—21CO was
also formed when the NaOH solution was added to 5 ml of the K,[Fe(CN),} reagent
solution stself Using 5 m! of a solution containing 2 per cent H.SO, and 5 per cent
K,Cr 0, instead of a standard reagent solution resulted i an extra formation of about
1015 pil CO/ml blood Similar results were obtamed with the palladium malybdenum
mdicator tube method
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Tarer 1§ Compar wn between the method of Horvath and Ro gl ton an | tt e present one
D pleate anal ves were made by thet ometiods on tlesa e Hood sample

Il The present method wi D ference
T Method of Horva hand Rough 01 RI(JO,} ant Imiblondsa jle  (I—11)
COccnent 1 1CO 100mlblood €O conent ml CO 100mI tomd i

€O 100a ]
n e n s Mean SO . Blod
8 043 o3 14 048 ~0 004 04 ~0Ca
10 Ca 0033 105 o +~00> 28 013
8 13 001 4o 13f 003 "3y 001
[ 3 co4 1 " 30 001 264 007

R N\ nberofd pleate anal ses

SO Santard noaten calculaed fro d plcate anal ses
Corfl en fiaraton per cont

1 rexplanat n foher svymbal sce lable I

g3 sanples  ere saccesuaely transferred to the gas recsp ent Farhy lo Oy parnal

Jres 1 ey ere of 1aned wil the standard groce Lire see Metlods and by Mrgtle

extraction cf an ber w th (O free Ny gas H ¢} part al reswures of O, v ere ot ta ne by

flingtte ctractonclantervith COfee aror O, ITeres yste char vithall

the seagents 2 10ty larger amo nt of CO was ol ta ned « L en extract on v asdonen

an at mplere farorOgpthans lenatyasdonen ™, in sacum or o s1c1 0
)ﬂryllrr\nnulnn Tatle I8

Star! 1f nceloeand pec  nof the method

I1rata e froced re for analys s of CO concentraton on the bass (f the abo ¢
net neders Miwast vsrt ovacu mextractonsof 7and 5n n for low concentra
tom 0O nHood Ryfke CN ] or H,SO, was used 10 release CO from th e Hoo
K JO, v asol en ssed at concentrat onst gt er tbanabo st 0 o1 1CO 100 ml Hhod
Tteclea n (1 cextraction ol amber of the mxd Fed van Slyke ag [ rat i was mucl
eaverafter KH JO, ;and nt} sconcentration range tt ere was nos 0 feantd flerence
betweenthe res 13 1 RH JO, ;and wit K, [Fe O\ ] or H,50,

Tiesrsr v fete COneter st uld allow tl e determ nat on of CO contents ¢f
about 000> 1 CO 100 ml tlood Tte Jonest €O concentration obsersed n blod
treated w tt Oy was 00 ml CO 100 m! Several ser mof d 71 cate analysmy cn bix
1anjle will atoalam nt 10O 0 the tlood sample between U7 an1 Dt (O
have st wndde e to be f2 I proport nal to e anovnt of €O praent i ate
analyzrd Hoed sanple The ¢ o ent of vanat on of a s ngle deterin naton was be
tween 0 °—3 per cent n o fferent senes

In the ranze of n rmal blood (O ¢ meentrat 0 about 01 o CO 01 LEod
woga2mluangle trsantard error of a5 ngle determ nat on was abeut 0007 n 1
CO 100 r1 blo! andin measuremenn of tte CO capaaty of thod wsng 03 mt
sanples about 05 08 m) CO 100 ml Hond [Ye error waref it e same nagn tale
wath e rea ents Kyfie €N ] HS0, and RHJO, ,
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Comparson betucen the method of Horvath and Roughton and the present one

Compansons between the method of Horvath and Roughton (1942) and the present
one, usng KH{JO,), as reagent were made on blood samples 1 two sernes (see Table
I1I) In the lowest range in which the method desenibed by Horvath and Roughton
could be used 1t gare somewhat lower values than tt method Th

1cal error of Honvath and h s method as calcul from dupl e

tions was Jarge n this range while at a higher CO content the error decreased below
that of the present method

Discussion

The method described allows determmnation of the low CQ content 1n blood of nosmal
subjects (COHb concentration about 0 5 per cent) and less with goed reproducibility
(about 3 per cent errer} It also allows measurements of the lugh CO content of blood
saturated with CO In this case the error of the method 1s larger than for mstance, that
of the method deseribed by Honvath and Roughton (1942) The present method has
been used by ses eral investigators sice 1t was first reported (Linderholm Sjostrand and
Soderstrom 1957) and similar methodological errors have been found (Holmgren 1962
Bjure 1965)

An important question the possibility of d tow COHb con
centrations m blood 15 not related to the sensitnvaty of the analyhcal method but to lhz
fact that CO may be formed m the breakd of b m vitro

(1951 1952 and 1953) thus found CO to be formed rapidly 1 blood at high temperature
(38 C) and at low pH in the presence of such agents asascorbicacid hydrogen peroude
and Na\, If CO 1s formed 1n the blood duning the procedure of releasing CO from the
hemoglobin with 1 anous chermical agents this may constitute an error in the determna
tton of a low CO content of blood by such methods This question has been thoroughly
analyzed by Cobum «f al (1964) According to their results no CO production was
10 be expected during the release of CO from the blood by the present method ustng
RyfFe(CN),] If this supposition 1s correct our results would indicate that na CO 1s
formed with H SO, ether

The different results with vanous reagents and with various O, partial pressures i the
extraction chamber show that shght changes in the conditions for the release of CQ from
the blood may be important Small amounts of CO were formed when O, of high
partial pressure was present dunng the extraction procedure These amounts were so
small however that they should only gust be detectable by the method described by
Coburn et af who did not find any difference if the CO was washed out by O, or by He
€O production duc to the presence of O should be of significance for the measure
ment of the CO content of blood only 1n the very low range of CO concentration and
should be practically elinunated if extraction in sacuum or with N, 18 used

A slightly larger amount of CO was extracted on analyns with KH(JO,); than with
R, [Fe(G)),] and H,SO, Probably KH(JO,), causes cxtra CO production dunng the
release of CO from blood due to an oedation process that 1s enhanced by the stronger
oudizing power of KH(JO,); than K, [Fe(CN),} A high partial pressure of O, seems to
bave a sumlar effect

The small extra amount of CO obtamed with KH(JO,), does not scem to cause a

1

| error at higher than about 05 m! CO,100 m!
blood KH(JO, ; can therefore be used an this panee st smme ndmnraos for he
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release (£ CO frem Hood I1e seluton of KHIJO,), 1 quite stable and it was eayy to
clean th» extracuon ap parat s when this rea ent was used  Blank amalyin mast e
ctecked howrer

H,50, and Kyfhe €N ] serms 10 be equally wseful for the release of €O from th
Flord 1 th e case of a [ow GO content Ry[Ee €N ] 18 not atabile and GO may be
seleased from ths reagent with alkal Togrther with Hood an§ alkali a conuderalle
atnqunt of extra CO was [ rmed 21 has alio been olnened by Coburn et ol (1964)
1,50, has th+ afianta rofbean, stable aninotraces [ C O Bve been obtamned with
this rea entan Hank analyns 17 resulis show however, that it s important to nnse
the apparatus thorm bly after elrann, with chemucal agents sueh 3 NaOH and
A0,
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The Effect of Glucose Availability and Utilization on
Chylomicron Metabolism in the Rat
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Davip F Broww and TrovAs OLIVECRONA

Recewved 9 March 1965

Abstract

Brown D F and T Olnecrona The effict of glucose acarlabihity and utils.ation on chylomicron
metabolism . the rat Acta physiol scand 1966 66 9—18 — Followmg v adminstration
Caa o ML P LT gy admipei!

uptake of triglycende fatty acsd might be related to the availability of o glycerophosphate for
esterification 1t 13 equally possihle that adipose tissue lipoprotein hipase content may be a regufat
mg factor Hepann as oppased to safine admumistration prior to chyle myection produced
marked acceleraton n the rate of removal of chyle from the blood of treated and untreated
duabetic aimats The accelerated removal was related to accelerated uptake of acuvity by the
Tiver and could be attnbuted m part 1o mtravascular lipolvsis of chyvle triglyceride The effect

of heparin on the degree and the naqure of hepatic uptake was no different in treated and untrent
el diabetic amimals

Abnormal lipid levels 1n man mught be related to abnormal glucose metabolism
Elevated serum triglycende levels have been reported in diabetes mellitus (New of af
198R), and, Dakues. 2 sud. te Sk prdnnnged abmentany Y, e = T mesh
(Berkowitz 1962)

Albrink (1957) bas demonstrated that the degree of ahmentary lipenua after a fat
meal 15 less if the same amount of fat 15 Ted with glucose and has suggested that the
mailability of glucose may accelerate the uptake of trglycenide by adipose tissue
This hypothesis bears some support from evperrmental studies It has been shown that
the triglyceride molecule does not cnter adipose bissue intact but that the fatty acd

component enters only after lipolysis of the iriglycende has occurred (Shapiro, Chowers
and Rose 1957)
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Althouch ghcert! 15 produced by hipolysis of adipose tisue triglycende this s Largel
or completely unavailable for re-estenfication due to lack of glycerol kinase (\ aughan
19G1) \n alternatisc source of glycerol 15 thus required to allow fatty aad entenng
ad pore tissue 10 be estenficd and stored as tnglycende There 1s ample evidence that
this estenfication 13 dependent on an adequate supply of I a Llycerophosphate dernved
from glucene [t 13 not unexpecied therefore that the sncorporation of tnglyceride fatey
aad and free fatty aad into adipose tnigheende should be dependent on glucose
avalabiity

In sivo studies (Bragdon and Gordon 1958) (Havel Ielts and Van Duyne 1962)
and 1n itro studies (Bezman Telts and Havel 1962) have shown that tnglyceridde Fatry
ac1] incorporation nto ad pose roue 15 greater 1n refed than i fasted animals \o
nfrmation ts availat le en the metabolism m o of chylomicrons in dinbetes mell tus
nor on the effcct in s1no of insubin on chylomicron metabolism This study was carned
out to provide this by measuring the tissue d of H' palmitic
acid labelled ehylomucrons 1n Alloxan-dibetse rats A companson wat made of the
effect of modifying glucose avarlability by fasting and refeeding wath that produced by
insubin with dranal or administrauon in diabetes mellitus

As triighycende uptake by adipase tisue 13 dependent on prior hpolysis: presumably
s hipoprotein lipase and as th s enzyme 15 fow 1n concentration in adipese tissue from
fastrd (Cherkes and Gordon 1929) and frot diabetic rats (Schn1tz and Walhams 1963)
the effect of hepanin hberated hipoprotein hipase on chylomicron metaboltsm alio was
studied in treated and unireated diabetic rats

Methods
3I/mm o of Chrtomicrems

ZraC {910H qulntcas § tnC o wasneutral zed with ethan Lo potas um badrou fe
ar | waked up masmall peceof tread After cvape ratng e aleof el the tresiwarfed tra
nale Sprague Dawley rat cn which a tf srac € duct cannulsti n Fad been perf rmed 12 24 hrs
frev asdy Appe % uately 3 g of butter were fed with imn ed el after e st pe 11ert
watall wedtocentrucdrsh ngasolut neontamng €45 «f NaCTan 104 ¢ KCT )i water
fntc + nencedf 1 wingttettnraac duct cannslat n Ctyle waseddlectedana dey Brlenn ver
flaek at rom ten perature and all wed to b ¢ The fhnn was rem ved with a gl rod 1l e
etvdemasat refat s Cantuved with n2EEneNitse Hecu nafter Crt beipg all wed et
T m 1o perature

Dependng nmacts 0510 10m! cfchyle © 8 10° cpy war ingected 1nto the
exponed © 11 quguar vem o an malsstud nd Wath e e exeept nof exper ment B oin which
Flng £ Iwavs ected theam uriof mectedbp Ssarelfe m18 I ng Separau nef
ciyle tp ds by b o Laver obr v atraphy ant mewarer ent of vvd oact vity sn th e elated
fract 13 Bewnand [ bns ¢ 1% 2 caealed itatm redan @9, cF e actn ty waddaated
margheer fer M ocetiand  of bood rad sactinay was prewntan the or ghyeer de fracn n
exceptanan ub treated w b Fepar

Trertim of (31 e enthrcer fom To v

Armals were ot arestbetied wih ether gror O ddyle ingeet m oumd ten allmed tr
fega n Nt Neven nnutes Liter they were rear et et zed and 10 non afier ol e
Imyrctin were evargy ated via tte s rta TFe blod was tranderret ints prewe gt ed centn

fugrtibere ntarrgafen &1 pn Alepit 1 edantwegled Tnlwarilentrarsderral s
Hagel m tube cmtanng o | £ ¢ ethan | After mivng caeth 10 nlof etln frrymas
alirdand £ bmed s medaeh tn 1 0 Laalre [Te tube wavall weltostanln the 1!
rernghtandn e m mog Bl dobeobd o f yplase emened Carlwn 183 Fracth
1nbticmtanngblimadlewtsfrm O lnlblesd watakennt sscntllatr nanlant caperat

ed prortrtteat i A1 ml dclene manrgIg2 difend qar teant 0 pe
THE ed (Sprembarnl b perepert ee Blerad ucts ty wasthen measured i a fackard



GLUCOSE ON CHYLOMICRON METABOLISY 1

sodusm sulphate, fltcred 1nto 2 220 = Latamerne sk and made wp o volyme with ehloro-
form After mixsng hly, 10 m fatron v1al, the evap-
orated and the fipid activity e

After removng the lver the rat was skined The skin and carcass were scparately digested in
100 and 500 m! of alcobiolic potassium hvdrowde respectreely (20 g ROH, 20 ml warer 80 mi
200 and 300 mi of 7 ks 2 RN H

radsoactvity counted

Tlu-se proctdurm permmed lhc ralzuhuon of mdlozcnvuy . Iner skin earcass and blood
10 subcutaneous adzpose tssue was measured directly, as 1t s relatnely homogenous and forms
the major part of total adipose tissue 1t was decrded that 1t would serve as the best index of
adipose nssue actinty under the condition of this study

c amount of blood remaiung in the carcass was calculated by subtractng from total

blood volume the amount of blood withdrawn from the aorta The calculated blood radio-
activity 1n the carcass was then subtracted from the total acuvity i the cascass digest and the
resuttng figure ukm as the true carcass actaty

Inecach e - N N ' ”
60 ml of 2
cquibbrating
and made u .
actntv counted 1o yicld duphcate values for the amount of radioactisity myected. The total
actiaty i blood and tissues 13 cxpressed as percent of injected actvity Male Sprague Dawley

rats were used throughout Blood sugar levels were measured using the method of Cersotn
11963)

Experiment 1 Chylomicron VMetabolism in Fasted and in Refed Rat:
Tl(!e tissue dumbunon ar rhvlomlcmn hnv and was s(udned mn hezllhv (;uled and healthy

Experiment B The Acute Effect of Glycose on Chy lonucmn Metabolum
The effect of short term a  of glcose on ch
- - P

was studied after

. I

s . .

Blood glucose levcls were determined at death.
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Tarts T The tosae dis nbution of Iabel an 8 fasted and 10 9 refed rats 10 mmun after the oy
smvection of chalomacrons Iabelled wath H* pal natie 2ad Vatues expreased as per-
cent of impected rat cactan

Waght iz Blood Lier Skin Carcass
Fasted 15612234 336-77 3908 134255
Ref-d 18362186  229:125 62=17 233100
Pale \ss ~60; -00t ~002

After a's xan m ectin the razs mere alowed free 2ccess fa fod 13 davs Later gheosna nas
deected in the maporsts of anseials and fasting b wd sugan were elevated

o expenirent U 3 dabetic animalt were used 1 week after duabrtes became evident Thev
rreened o tmsul ~

Thee 3 disbrtic rats and 6 heslths rats were fasted £r 24 by allmed free access 10 202,
tluronr in half # sength saline for 24 hrs and 1t en inyected with chyle 2 hrs and agun 3 min
bef e chyde anpretion 3 of the health v 2numals were myen 6 and 4 umts respecin ely of erptatline
et n by 1y in ection AT arimah were hilied 10 mun aftey chyle iyectin and processed in th ¢
wual faskim

Fueerimeet £) Chsl nicron Metabol smoin Insulin Treated and Iasul n Deprned Al ran.
1) abetse Ran

When at brearme apparent tat the dabruc ra mdly 3ot wereht and had a high moraliny
r3te af e futng 1t was drraded 1) treat them with protamine zine inswhin (771 In this wav st
was pras Lle £/ 120 2 dabeic ool my andefinitely and ths proved meee comement [ 1
s ure exprrimerts The smenty of the diabetes could be vaned accord ng ¢ length of e
sl 0 was witth el 8 inaulin mamained dabetic ran matched £r weght were semoved
from the cnony but atomed free aceen 10 [wed and water Insu! nwasdneontinued in 4 animals.
Dt later thes were inpected with o vie and the e distnbution measured In the other 4
an =u's 1t e usaal dose of b unita P71 sul nwasgnen 24 b after thewr semona from t e o lony
Onttef ) ming day FZ1 mas w1 Rhehf and 6 uruts of enstaline snsulin gnen s¢ 4 s and
agan | 2ty pooe o ek leamectnmat A bny fneal 0 trested and sl o deprved an mals were
tecterd with e2ale al ermatels and then handled in th e erual falien

Frrevmert £ The Effect «f Hepann on CEsbomieron Mexbe ismaa Tnsul n Treated and tnsu® 2
Deprivmg Daatete Ran
20 ¢t am Talt mere remened from the evlomy ard 10 deprived of insul n G 36 11 On
theqver 1 ttat riale was inwrted the other 10 arumals recetsed 6 units of ertall nensul n
se 2hnbef el mvvtw s AP am of that momang 1 ar wnsl d ae of P71 was replaced
In 2t er doar of 4 ur v Al airal bad free secess 9 od and water
2ed thr ey treated 2o maly werr gen 0 5 mlsalins and 3 were gnen 20mg b epanin kx
tray tmmcton [yn nbef e et e smerts n The mutin deprived anmals were trested o e
s ramher

Results

fegerrmert 4 (Islrmierom Meaboton an Fasted andan Refe ] Ran

pssss dmntre moof inpeeted ohnde dmacnaty o faved and m reded rats o
shown 1 Tab'e b The mean value £ the amount of actnaty eemagming 10 bhod way
s ificanth bogher defay rdan mate Vs znsficanthy creater amnant of radinactasny
warland 17 e 2 fvae i se and carcas of ref-3 amimals T o diffrreace was fand
when the actiy war —,rried extt o1 as a gercens of the inptted d ne 230 Tatle !
or av a percert (f e ¢ tal actun dleared from trord Althouch the piran level { £
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“Taste 1l ‘The tissue distribution of chylomicron palmutic acd (H? labelled) 1 11 fasted rats
90 mun after intrapenitoneal myection of 2 ml sahne of 2 ml 30°, glucose

Peccent  Percent  Percent  Per cent
Weight Blood sugar  actiniy acuvity actvity activaty
&) mg °, wm blood 1 Iner 1 skin in carcass

Gluc * 1733426 13323146 4331128 194478 4108 152442
Sal* 1790411 4 818+79 275419 197409 44+07 163439
Plalue NSS P<0001 P 0025 ASS NSS N\SS

Gluc * = Glucase
Sal* = Saline

“Tase IIT The t ssue d stribution of chilomicron palmutic acd (H2 labelled) 1n 10 fasted
rats after a 1 he 1 infusion with 2 m) sahwe or 2 mt 36%, glucose

Per cent Per cent Per cent
Blood sugar  actvity acuvity acumty
Weght (g) mg ¢ 1 blood m lver n skin

Glucose 1850+61 35031670 410+105 1rox27 3840
Sal ne 1844480 86069 390488 136423 37£03
P Value NSs P< 0001 NSS NSsS NSS

hepatic radioactivity was higher mn the refed than in the fasted ammal the difference
was not statistically sigmificant The total amount of radicactivaty recorvered was less
in the fasted than i the refed animals In the fasted group a mean of 31 %5 and 1n the
refed 23 °a of injected activity was not recovered and is thought 1o represent facty acid

oxuidation These findings are consistent wath the sparing of fatty acid oudation by
glucose

Fetorm e B Tha e aTma  re0

thought to represent the sparing of fatty acid odation by glucose

Although the 1 v glucose produced marked elevation of blood sugar levels no dif
ference m the tissue distnbunon of radioactmaty was found between glucose and saline
safused antmals (Table I11)

When the amount of lipid mjected in these two expenments was calculated after
completion of the experiment 1t was found that 62 mg of Iipid was inected as compared
with 18 mg in exp A This larger dose might account for the large amount of activity
remaintng 1n the blood of these animals
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Tastz IV A comparison of the tissue distribution of chylomicron palmitic acid (H* labelled)
m alloxan diabetic refed rats normal refed rats and normal refed rats treated
with insulin

Chmical Waght Blood sugar
state Rat # ®) mg °, Rlood Lner Skin
Dab tes 169 145 466 220 337 25
170 160 485 175 300 21
171 135 478 249 410 25
Mean 1467 4763 205 319 24
Normal 184 235 170 224 268 33
185 255 160 245 456 38
186 240 162 272 439 31
\ean 2433 1640 247 388 34
Isubnam 173 249 47 252 2690 47
normat 174 250 66 178 304 76
rats 175 230 65 310 98 81
Mean 2100 593 247 254 69

N\ Tase\ The mean tssue distnbution of chylom cron palmine acid (H? labelled) 1n 4 1nsubin

-

treated (A) and 4 nsulin deprrved (B) alloxan-d abetc rats

)
Speaific
Rlood Per cent Percent  Percent  Percent  acuity
sugar acuvity actraty acusity acuvity skin hipid
Ve ght (g) mg % mblood nbver  mcarcass  nskin cpm[mg
A~2038 144 778_ 1302 330+ 196 97% 2070+
251 26 49 66 31 393
B~—1825+73 3938 _ 171 373+ 157 19% 560+
178 26 68 48 03 129
Plalue\SS P 0001 \SS \§S§ NSS P<0005 P 0001

Expersment C A Companson of Chylomicron Metabolism 1n the Healthy Refed Rat

in the Healthy Refed Rat Treated With Insulin and 1n the Insulin Deficient Rat
“Table IV lists the blood sugar levels and tissue distnbunon of radicactivity 1n ammals
descnbed in exp € The diabeuc ammals exhubited severe hvperglycenma and a con

sistently low uptake of activity into skan Insulin a* to normal animals
produced considerably lower blood sugar levels t nomunsulin treated
controls, The adipose tissue actiy — of ar than that of the
diabetie amimals and was greate € ymals

4

y
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Tarte IV A of the tissue distrib of chyl palmutic acid (119 labelled)
1n alloxan~diabetsc refed raty, normal refed rats and normal refed rats treated
with snsulin

Chmeal Weaght Blood sugar

state Rat # (8) mg % Blood Liver Skin

Diabetes 169 145 466 220 337 25

170 160 485 175 300 21
171 135 478 249 410 25
\Mean 1467 4763 215 349 24
Normal 184 23> 170 224 268 33
185 255 160 245 456 38
186 240 162 272 439 .31
Mean 2433 1640 247 388 34

Insubnin 173 240 47 252 260 47

normal 174 250 66 178 304 76

rats 175 230 65 310 98 83

Mean 2400 593 247 254 69

Taste ¥ The mean nssue distribution of chylomucron palmitic acid (H? labelled) 1n 4 1nsulin
treated (A) and 4 ansulin-depnved (B) alloxan diabetic rats

Speafic
Blood Per cent  Per cent Percent  Percent  actiuty
sugar actvity actity actvity actvity skin Ipd

Waght (g) mg % mblood inlver s carcass inskin cpmjmg.

A—-2088_144 778z 130+ 330+ 196 974 2070’3:
25) 26 49 66 31 393

B—1823=223 3938~ 171+ 373+ 157+ 194 560L

178 26 68 48 03 129

Plalue\SS P 000l N\NSS NSS NSS P< 0005 P=0001

Expenment C A Companson of Chylomicron Mctabolism in the Healthy Refed Rat,

1n the Healthy Refed Rat Treated Wath Insulin and in the Insulin Deficient Rat
Table IV Dists the blood sugar levels and ussue distribution of radioactivity n animals
descibed tn exp € The diabeuc apimals exhibited severe hyperglycemia and a con-
sstently low uptake of actnity mto skin Insulin adminsstration to normal ammals
produced considerably lower blood sugar levels than were found tn nomnsulin treated
controls The adipose tissue actiity of normal amimals was greater than that of the
chabetic ammals and was greater in msulin treated than in nontreated normal anmals
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after cessation of msulin njections to alk diabetic rats The belity must be
considercd therefore that adipose tissue Iipoprotein hipase levels rather than glucose
availability might be the pnmary mechamsm regulatng the entry of tngly cende fates
acrd nto thus tissue and that theavailability of glucose 1s fortwtous This would recene
some support from the finding that although adipase tissue uptake of inglveende faty
acd 18 fluenced by the nutritonal state the uptake of albumin bound fatty acid 15
1ot (Bezman, Felts and Havel 1962) It 1s passible that the falure of mtrapentoneal or
antrayenoys glucose administration to fasted animals to mfluence the incorporatron of
trigh cende fatty acid 1nto 2dipose ussues mght be related to the length of ume required
2o replete adipose tissue lipoproten ipase levels In thus study 1t was evident that even
1n the presence of diabetes, hepann was able to produce accelerated cleanng of tro
glycende Holl (1960) has d that n siarvation, heart hpoprotain
lipasc 13 increased while adspose tissue level 1s decreased Tt s probable thas tissues other
than adipose were ble for the Lib of lipase by hepann m
the diabetse rats of thus studv It was noteworthy that htpﬂllc uptake of triglycende
activity was sigmificantly higher and adipose nssue uptake lower in hepana treated
thanin saline treated ammals Vorres and French (1938) have shown that premcubaton
of chylomucrons with cleanng factor produces accelerated hepanc uptake

“More recent work from ths laboratory suggests that the greater hepatc uprake of
activity e the hepann treated anmals can be related to the fact that while the entny
of mtact tnglycende occurs at the same rate as 1n sahine treated controls 1t 15 also ac-
companied by the simultaneous uptake of free fatsy and produced i the blood from
the effect of hepann hiberated ipoprotetn lipase on the injected chyle

“This work was carned out dunng tenure of a fellowship to D F Brown from the \ational
Heart Insttute HSP 16 647 He expresses his gratirude to Professor B. Borgstrom for providing
laboratory space and facilities to carry out this work
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An Evoked Potential Study of Different Pathways
from the Hindlimb to the Somatosensory
Areas in the Cat
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Abstract ~———

The dorsal columns ard the medial leraniscus have for 3 logy . |

to be past of onc of the major routes for samatosensory pulses o4y ¢ been ¢omlered

areas Howerer, short latency evoked potentials can be elcueg o, "hfrn-):mlm civmg

toscnsory areas after transeetion of the dorsal columns (G, dnr‘r '; (;nr:;rnl n;m: 2
ddad 1923, Monn 1955, Catalano a) and Noer 199,

Gardacr f".fi f‘a W 4% b w1080 a_ao, % Lamarche Jog7 Vaey |

- . . . . .

spindle afferents from the forehob (Oscarsson and Rosén gy ™ treshold musc ¢
* Present address \I\DB Navonal Instueutes of Heall, Bebragy gy
ay
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The Jarge | Is evoked by lation of nerves after of
the dorsal columns are conducted via a pathway in the dorsal part of the lateral fumculus
which crosses over to the contralateral ventral funicle at the C,—C, level presumably
after a relay n the lateral cenical nucleus (Monn 1955, Busch 1961, Norrsell and
Voorhoeve 1962) The pathway responsible for the conducion to the upper cervical
segments 13 the spinocervical tract (Norrsell and Voorhoeve 1962, Lundberg 1964)
‘The cell bodies of this tract are located n the dorsal horn 1n monosynaptic contact
with ipsilateral pnimary afferents directly as they enter and the avons ascend n the
dorsomedial part of the lateral funicle and terminate 1n the upper cenical regon
(Lundberg and Oscarsson 1961, Lundberg 1964)

Howerer, the spinal pathuways responsible for the cortical potentsals evohed from other
somantc afferents, ¢ g the high threshold muscle and joint afferents, are still htle
known Thus in the present investigation dufferent types of peripheral nerves of the
cat’s hindimb were stmulated el 1ly and evoked potenttals recorded i the
contralateral somatosensory areas before and after vanous discrete lesions of the spinal
cord

Methods

The expeniments were peformed on adult cats with b (Veten
nary butal Abbott) and lyzed with gall: dide (Flaxedil May &
Baker Ltd) The amimals were shghtly hyperventilated with 8%, O, and 6°, CO,
When necessary low molecular dextrane (Rheo-Macrodex Pharmacia) was given by slow 11
snfus on

A one sided cran ectomy was made and the dura removed over an area large enough to gve
casy access to the posterior stgmoid gyrus and the antersor ectosylvian gyrus of that side I'he
spmnal cord was exposed in the lower tharacic segments 1n order to make the lesions and m
segments L —S51 for recording the incoming nerve volley at the dorsal root entry zone Nerves
of the hindlimb opposite 1o the craniectomy were dissected and their distal ends cut The dassect
edneneswere the hamstiing nerve (n m biceps n d
sus) n surabs n peroneus superficialis (deprived of n m. peroncus longus and nm peroneus
tertius) nm gastrocnemus soleus the posterior joint nerve and the nerve to the interosseous
membrane (branching off the n tibizlis together with the branches to the flexor longus digt
torum muscle and dissected free from these) All other nenves of both hindlimbs were cut
All exposed ussues were covered with rneral o1l kept at 38° C

At the beginning of cach experiment the cortical surface was explored with the record ng
clectrode to determine the pomts of maximum response for the various nerves The locations
corresponded well to the hindlimb projection areas 10 Sy and S1 described by Woalsey (1947)
The threshold at which a corucal potential could be evoked from a partieular nerve was deter

a e — L . - : Poroa e

formed and the procedure repeated for the thied time — Since the results could be obscured
by dorsal root reflexes we were alwavs careful to keep the body temperature of the experimental
anmalsar 38 € throughout the experiments For control we recorded from each of the dissected
peripheral nerves tooking for dorsal root reflexes while recordimg the evoked potentials simul
taneously In nionstance were we able to attribute an cvoked potential to a dorsal root reflex

Ag AgCl electrodes were used and the cortical electrode was springmounted and with a
ball end The stmuh consisted of condenser discharges with 2 45 psec half tme decay delncred
at 1 sec nternals. The sumulus intensity was graded 1n multsples of the threshold stmulus
strength for the nerve The evoked potentials were recorded with one electrode on the cortieal
surface agatnst a refesence electrode 1 the temporal muscle The lesions were made with £ne
warchmaker s forceps under a bmocular dissecting mucroscope and special care was always
{aken to avoid damaging blood vessels After cach expenment the lesioned part of the spinal
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Fig 1 Supenmposed records of cortical potentials, upper traces, elicted before and afte
wansection of the dorsal columns The records to the left 1 cach double row were obtamed
before and those to the nght aftef the lesion was made The left double sow depicts potennals
eheited in the contralateral Sy and the nght double row depicts potentals elicated 1n the contra-

Tatorsl € v Tha lne e tmme ab om0

cortical records situated to the left of it and 2bove

cord was removed and fixed 10 10 per cent formahn It was then mounted 1n parafiin and
cxanned unstamed 1 50 j sections.

DLF denotes the dorsal part of the lateral funiculus G-S the gastrocnenuus-soleus nerve and

SF the superficial peroneal nerve The expressions ipsilateral and contralateral refer to the
sumulated nerves in all cases where o speafic reference has been gnen

Results
Eroked potentials recorded uth the spinal cord sniact
The rosults of recording evoked potentials n cats with the spinal cord sntact are sum-
manzed in Tables I (S1) and IT (Sg)
Cutaneous nerves The largest and most regularly evoked cortical potentals were those
from cutancous nerves The average latencies were smular for the potenuals from both

nerves used even though the conduction distance from the SP nerve averaged 50 mm
longer The de of the evoked

ls did not show am conststent
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The large p Is exvoked by it of nenes after of
the dorsal columns are conducted v1a a pathway in the dorsal part of the latera! funiculus
which crosses over to the contralateral ventral funicle at the C,—C; level presumably
after a relay m the lateral cenvical nucleus (Monn 1955, Busch 1961, Norrsell and
Voorhoeve 1962) The pathway responsible for the conducion to the upper cervical
segments 15 the spinocersical tract (Norrsell and Voorhoeve 1962, Lundberg 1964)
The cell bodies of this tract are located in the dorsal horn in monosynapuc contact
with spsifateral primary afferents directly as they enter and the axons ascend 1n the
dorsomedial part of the lateral fumicle and terminate 1n the upper cervical region
{Lundberg and Oscarsson 1961, Lundberg 1964)

However, the spinal pathwavs responsible for the cortical potentials esohed from other
somatic afferents, ¢ g the hizh threshold muscle and joint afferents are stll Tittle
known Thus in the present mestigaton different types of peripheral nerves of the
cats fundlimb were lated el lly and evoked potentials recorded in the
contralateral somatosenisory arcas before and after vanous discrete lesions of the spinal
(=2

Methods
The experiments were peformed on adult cat hetized with { um (\ eters
nany N\embutal Abbott) and p with gall d (Flaxedil \May &
Baler Lid) The ammals were sighty hypervenulated with 94, O, and 6°, CO,

When nocessary fow molecular destrane (Rheo-Macrodex, Pharmacia) was gien by alow 13
fusion,

f - \ .
' . .
edneneswere the hamstring nierve (n m biceps n m. d n.m
sus) n surahs n. peroneus superficiabs deprived of n m. peroneus longus and n.m peroneus
tertiss) nom. gastrocnemsus-soleus the posterior joint nerve and the nenve to the interosseous
membrane (branching off the n tibials together with the branches to the flexor longus digt
torum muscle and dissected free from these  All other nerves of both hindlimbs were cut.
Al cxposed ussues were cos ered with mmeral ol hept at 38

At the beginning of each experiment the corucal surface was explored with the recording
clectrode to determine the points of maxumum response for the sarious nenves The locations
corresponded well 1o the hind] mb projection atcas i Sf and Sgr described by Woolsey (1947
“The threshold at which a corucal potential could be evoked from a particular nene was deter
rmancd ar the same time as the mapping was performed Lesions were then made Fither the
dorsal columns or the dorsal part of the lateral fumculus (DLF sec drawing Fig 3) were
transetted at the low thoracic level The mapping and the threshold determmations were then
repeated After this the one of the two above menuoned lesions not made previously was per
formed and the procedure reprated for the third ume — Since the results could be ohscured
by donsal root reflexes we were abwavs careful o keep the body temperature of the expersmental

rumals at (9 the For control we recorded from each of the dissected
peripheral nerves Inoking for dorsal root reflexes while recording the evoked potentials simul
tanconsly In no instance were we able 10 attribute an evoked potential to a dorsal root. reflex.

Ag AeCl dlectrodes were used and the cortical clectrode was springmounted and with 3
ball end. The sumuh connsted of condenser discharges with a 43 gsechalf ime decay delinered
at 1 sec intenvals. The sumulus intensity was graded m multples of the threshold sumulus
strength for the nene The evoked potentals were recorded with one electrode on th corucal
surface agamnst a reference clectrode 1n the temporal muscle The lesions were made with Mne
watchmaker s forceps under a binocular dissecting microscope and special care was always
taken to asoid damaging hlood vessels Afier each expentment the Jenoned part of the sp nal
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tials recorded 1n Sy with the spinal cord 1ntact

23

evohed poten

Latency from Response

the shock ar Noofcxpens  fromnerve

tefact to the  Threshold m  ments from  obtained

onset of the  muluples of  whichaver 1 9, of

wmual post  nene thresh  ageswere  expenn  Hllustrated i
Nerve taty msee old calculated  ments figure
Sural 92108 1-2 18 59 1A
Superficial
peroneal 95412 1-2 14 8 4aA
Posterior Jont 168230 25-8 G 40 2Aand4 C
Hamstring® 102 Cand
‘early® group 116415 13-8 8 47 3A

late  group 260433 10 3 18

Gastrocne-
rmus-soleus 191404 9 5 29 1 Gand3 C
Interoweovs 15934 2-4 5 31 1 Cand 4 E

1 Qne potential evohed from the hamstring nen e at a strength 15 umes the threshold <trength
for the nerve and with a latency of 13 3 msec has not been included in the calculations

Tanie 1T Average latencies (with standard deviations) and thresholds of all evoked potent
tials recorded m Syp with the spinal cord mtact

Latency from Response
the shock ar Noof expers  from nerve
tefact tothe  Threshold in ments from obtained
onset of the muluples of  which aver m % of
itial poss  nene thresh  ages were expert Illustrated 1n
Nene Wity msec old caleulated ments figure
Sural 108424 -2 13 76
Superficial
peroneal 98£13 1-2 16 94 2Eand 4 G
Pasterior joint 16728 25-8 6 3 2Gand3 E
Hamstring
easls. epary 1A3%29 -5 4 2, 2Tt &
late group 22844 8 5 29
Gastrocne
‘mins-soleus
carly group 120108 2-3 3 18
late group 222436 9 1 6> 2 LandS 1
Interosseous 12017 2 1 94 1 Tand 4 1
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Fig 3 Potentials evoked 1 the hindlimb regrons of the night somatosensory areas from left
hindlimb nerves before and after transection of the left DL} Arrangement and symbols as in
Fig 1

of the interasseous nerve In that expertment an interosycous evoked potential could be
clicited in Sy at the usual strength 1¢ less than twice the threshold of the nenve

The jont nerce Evoked potentials from the posterior joint nerve were recorded 1n
both S; and Syp in 5 expts out of 15 In 2 more expts they were found n esther area
but 60 per cent of the experiments gave negative results The latencies of these potentials
vaned conaderably between different experiments in cither area as evinced from the
standard deviations given in tables The joint evoked porentials recorded 1n S (Fig
2, Aand 4 C) were always of small amphitude whercas these recorded in Sy (I'g 2, G
and 3, L) 1nsomenstances attained an )f ble to that of the
evoked potentials  The joint evoked potentials were nevcr scen to develop simultaneously
with the two first components of the afferent neurogram (cf Skoglund 1956) but
appeared at sumulus intensities 2 5-~8 umes the threshold of the nerve

Muscle neres Sumuls to either of the two muscle nerves gave rise to evoked potentials,
i both somatosensory areas (see Table | and II} These potentials, howcver, formed
two groups with different characteristics One group labelled  early’” in the tables
was ehicsted at lower sumulus intensity and had shorter fatency whereas the potentials
labelled lTate” in the tables were chaited at higher strmulation intensity and had longer
latency

The *carly” muscle evoked potentials recorded 1n Sy were 1n all instances chicited
from the hamstring nerve (Tg 1 F, Fig 2, G and Fig 3, A) The threshold of these
varted from 1 38 umes the threshold of the nerve Thus in two expersments the ham
stnng * casly” evoked potential was scen todes elop brfore the group I spike had attained
s but in all the exp 1t had started to develop before group 111
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Taste Il Latencies and differences from pre-lesion latencies of all eoked potentials record-
ed 1n both somatoscasory arcas aficr transection of the dorsal columnst

Recorded in §;

Recorded 1n Sgg

Z Z
z £
2 g 2 ¢
= g = Ey
g E0 g & H
EE ef g E ey Z
) ] [ 4
g dz 3 £ &% H
Nene z A% = 3 at
Sural 1 95 L L,B 115 0
2 - 125 —-05
3 100 +15 115 =20
4 L1 L} —
Superfical peroneal 1 100 0 100 0
2 100 +05 105 405
3 105 +15 mo 0 2F
4 90 0 110 0
Postenior joint 1 180 +10 190 +10
2 120 0 -
3 200 0 2B 190 =+15 2,H
Hamstring carly group 1 150 <10 1 F
2 130 25
3 140 +20 2D 140 0 2, k
late group - 185 4+t5
2 gone gone
3 gone -
Gastrocnemus soleus
late group 1 200 +03 1 H 220 -10
2 gone gone
3 200 +15 200 +05 2\
Interesscous 1 220 +65 1 D gone 1 K
2 - gone
3 185 05 gone
150 ot recorded
previausly
4 — gone

* In the case of a potential not being producible after the Jesion 1t 15 histed in the table as
gone i the case of a potential appeaning under circumstances where prior o the lesion
10 potenmial was seen the annotation  mot Tecorded previousty  has been made 10 the

column for latency differences
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Fig 3 Potentials evoked in the himdhmb regions of the nght somatosensory areas from left
hindlimb nerves before and after transectron of the left DLF Arrangement and symbols as it
Fig 1

of the interosseous nerve In that expeniment an mterosseous cvaked potential could be
ehated 1in Spp at the usual strength 1¢ less than twice the threshold of the nene

The joint nerte Evoked potentials from the postenior joint nerve were recorded in
both Sy and 81y 1n 3 expts out of 15 In 2 more expts they were found in either arca
but 60 per cent of the expenments gave negative results The latencies of these potentrals
vaned considerably between different expeniments in either arca as evinced from the
standard deviations given in tables The jomnt evoked potentrals recorded n Sp (Fig
2, Aand 4, C) were always of small amphiude whereas those recorded in Sy (Fig 2, G
and 3,E) 1nsome attained an )t iparable to that of the cutaneous
evoked potentials The joint evoked potentials were never seen to develop simultaneously
with the two first components of the afferent neurogram (cf Skoglund 1956) but
appeared at stimulus intensities 2 5—8 tumes the threshold of the nerve

Muscle neries Stimult to either of the two muscle nerves gave rise to evoked potentials
1n both somatosensory arcas (scc Table | and II) These potentials, however, formed
two groups with different charactenisucs One group labelled  early’ in the tables
was eltested at lower stimulus intensity and had shorter latency whereas the potentials
labelled late™ 1n the tables were chated at higher sumulation intensity and had longer
latency

The carly’ muscle evoked potentials recorded in S; were 1n 2ll instances elicited
from the hamstring nerve (Fig 1, E, Fig 2, C and Fig 3, A) The thresheld of these
vaned from § 3—8 nmes the threshold of the nenve Thus in two experiments the ham-
string early" evoked potental was seen todevelop before the group I spike had attaned
its but in all the st had started to develop before group 111




SPINAL PATHW AYS TO THE SOMATOSENSORY AREAS 27

S Sy
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Fig 4 Potentials esoked in the hindimb regions of the nght somatosensory areas from left
Tundhimb nerves before and after transection of the left DLF The extent of the lesion was
roughly simlar to that shown 11 the deawmg 1n Fig 3 Arrangement and svmbols as m Fig

of the cutaneous evoked potentals afier the lesion should be compared o the amphitude
of the interosscous nene potential which remamned unaltered (records I and K

In the commumcations by \ark and Stemer (1938) and Norrsell and Voorhoese
{1962) 1t 18 stated that the Jatency of cortical potentials evoked from cutancous nerves,
whereas unaffected by lesions m the dorsal columns, 1s mcreased by about 2 msec by
lesions 1n the DLF The differences in latency of the vanous evoled potenuals before
and after the lesions have been listed in separate columns i Table HI and IV Whereas
the latencies were almost unaltered following dorsal column transectuions they showed a
marked increase for some of the groups after transections of the DLF Thus the cutaneous
evoked potennals showed the expected increase m both areas The latencies of the
rauscle late” evoked potentials and the potentials evoked from the postenior joint nere
wcreased as well (see Table IIT and IVt The latency of the potentials from the 1nter-
osseous nerve did not vary sigmificantly as a result of erther leson The data on the group
of muscle carly” evoked potentials are somewhat incomplete In 2 expts where such
potentals were recorded m Syp the potenuals could not be evoked after lesions 1n the
DLF Thelatency of one carly” potential recorded 1n Syy after a dorsal column transec-
tion had not changed nor had the latency of one recorded 1n S; after a DLF leston
The only consistent finding with muscle early” potentials was made wath the group
recorded 1n S; after darsal column transections where an aerage mcrease was found

(Table III}

In 2 expts lesions of the spinal cord had been made at a low thoracic level prior to
recording In the cxpenment of Fig 5 the whole of the spinal cord had been transected
except the dorsal columns (see drawing) In the experiment of Fig 6 the lesion (sce
drawing) sparcd only the spsilateral DLF After erther leston muscle evoked potentrals
of the late’ tvpe could be recorded In addition cutaneous and interosseous evoked
potentials were recorded with the dorsal columns intact and eutaneous and joint evoked
potentials with the DLF intact
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‘Tasie 1V Latencies an i differences from pre-leston latencies of all evoled potentials recorded

in both Y areas after of the
Recorded w §; Recorded w Spy
§ H
L L
£ 2 £ 4
e K ~ 2
g & £ &
= 3 & g 4 2 €
: B P 2 Ty =
£ g £y E I £y H
] €2 E 3 €2 E]
Nene 203 8% = a2 8¢ =
Sural 5 95 120 90  +10
6~ 130 +50
7125 25 s +15
8 140 +35 200 +30
9 125 425 180 +50
Superfical peroneal 6 — 100 +15
7 N5 05 ns  +15
8 140 445 155 +30
8 120 415 4B 130 +25 4,H
Posterior joint 5 - gone
7250 460 235 465 3. F
9 195 +10 +D  gone
Hamstning ¢ early 7 135 +05 3B gone
group 9 gone
late group 6 - 250 485
7 - 220 notrecorucd 3 H
previeusly
8 260  wotrecorded 310 445
previously
9 - 270 +75
Gastrocnermus soleus
carly * group 50— gone
“late group 5 - gone
6 - gone
7250 +60 3D 290 +70 3N
8 370 +90
9 - 310 +90
Interossecous 5 - 100 [
6 120 0
7 gone 90 -05
8 - 140 +10
v 130 v 1Y 1O -39 (RN

b Note see table 1T
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Tig 7 Supenimposed records

of potentialy, upper traces,

cvoked 1n the hundlmb ree

gon of the contralateral S

A B c from the SP nerve In record
A the spinal cord of the prep-

oy S “ aration was intact. Record B

was taken afier transcction

, , of the sputateral DIT Re-
M —— T cord C was taken afier the
100w Jewon had been extended 1o

include the donal colunins

The drawing 1n the left hand

b lower comer refers to record

D taken when the whole of

' the dorsal calamns, the 1psi
“ M lateral spinal half and part
of the contralateral ventral

f’\_ ] sow fumiculus had been tran-

sected  Other arrangement

omaee and symbols as in Lig 6

‘The actimaty that could be exoked after transection of the dorsal columns and the
DLF always conusted of mmitially negatne potenuals 1n both somatosensory areas
‘The amphitude was maximal at those points where the imually positss ¢ ex oked potentials
of maximal amplitude could be recorded 1n preparations with the dorsally located
pathways intact

A few experiments were performed to try to locate the pathway responsible for this
transmasston The actruty that could sull be chiated after the two dorsally located
ipsilateral pathwavs had been interrupted was unchanged unless the lesions were
extended 1o include the ventral quadrant of the spinal cord contralateral 1o the sumulat-
ed nerves With ths part of the cord intact imually negatine potentials could be chicsted

S

A P 508 B Hamerng 22 C 6.5 20

Sy .
D 002 E  Homting 22 F G5 20 .

L oy A

20mses

Fig & Supenmposed records of cortical potentials upper traces cvoked i a preparanem
shere all of the spinal cord except for the comratateral vemral quadrant and part of the
splateral ventral funsculus had bern transected  The upper row depicts potentialt elicuted 1n
the hindlimb region of the contralateral S5 and the lower row deprets potentials elicated an e
hundl mb regaon of the contralateral Sty Other arrangements and symbols as n Fig 6
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n both y areas by 1! nerves at strengths less than
twrce the threshold and muscle nerves at strengths more than 10 times the threshold as

shown i Fig 8

Discussion

‘The imtially positne potentials ehicited under Nembutal anesthesia 1o the cortical

y areas {rom the A L hundlimb depend on two pathways 1 the
spinal cord On 1s the well known dorsal column pathway and the other 1s one located
1n the 1psilateral DLF (Monin 1955) It has now been found that not only the effects
from the cutaneous afferents (Mark and Stewner 1958, Norrsell and \ oorhoere 1962}
but also those from high threshold muscle and jomnt afferents can be mediated equally
well v1a etther pathway

The cutancous activation of 8y via Morn's pathway 1s transmitted in the spmal cord
\1a the spmocervical tract (Norrsell and | oarhoey ¢ 1962) This tract comprises tw o groups
of axons activated from 1psitateral afferents which are located in the DLF and which
termunate in the upper cervical segments (Lundberg 1964) One group 1s monosvnapti-
cally actvated from small cutancous fields and the other Iikewise monosynaptcally
from larger cutancous fields and in addition, though probably polysynaptically,
from igh threshold muscle afferents (Lundberg and Oscarsson 1961) It 1s suggested
that the non cutaneous effects that m the present imestigation were shown to be
transmitted 1 the DLF utilized the latter group of axons of the spinocervical tract
This view 15 sustancd by the work of Andersson (1962) and the same suggestion
has previously been made on the basis of results obtained when recording from umty
of Monn's pathway at the lateral cervical nucleus relay (Gordon and Jukes 1963)
There 15 so far np evidence 1 favour of the view (Monn et al 1963) that \Monns
pathway 13 supphed at the lateral cervical nucleus by collaterals of the dorsal
spinocerebellar tract (¢f Lundberg 1964 for full discussion)

Cutaneous impulses are conducted to the somatosensory areas via the spunocervical
tract more fapudly than wia the dorsal columns (Mark and Stewner 1958 Norsell and
Voorhoeve 1962, Table IV) There s a ¢ but more
between conduction n the two pathways from high threshold muscle and joint afferents
(Table IV) This 15 probably due to the hgh conduction velocity 1n the spmocervical
tract that will counterbalance the delay of extra synapses in Morin'’s pathway

It has been confirmed that intially positine potentrals can be evoked in the somata-
sensory areas from group 1IT muscle afferents (Mountcastle Covian and Harrison
1952) as well as from muscle afferents of larger diameter (\McIntyre 1953, 1962a)
The eardy’ muscle potennals were exoked at intensities varying from 13 to 8 tumes
threshold but although the responsible fibres were thus within the diameter range of
muscle and tendon stretch receptor afferents (Eccles and Lundberg 1959) our findings
(ef above) suggest that the afierents were of non proprioceptne ongin The late®

,\. ERNS — [ oy —

the large muscle afferents that produce cortical evoked potentials 1s more obscure
It has been suggested that they mav yerve Paciman corpuscles or yomnt receptors {Mc~
Intyre 1962a) Since the effects from these afferents remained afier transection of the
dorsal columns these suggesions do not appear to be likeh  However, since some
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afferents from the pressure sensiive receptors of muscles have been found to conduct
at velocities of 70—~90 m/sec (Paintal 1960) an alternatn e possibility could be that alt
hindlimb muscle afferents that project to the cortical somarosensory areas are activated
by pressure sumuli That transmussion of the muscle effects could occur via either of
the two above mentioned pathways was best shown m 2 expts where mtially positive
potentials were evoked from muscle nerves 1n one case after transection of the entire
spinal cord except for the dorsal columns (see Fig 5) and 1n the other after having spared
only the ipsilateral DLF (sce Fig 6) Inaddition the expenment of Fig 5indicates that
group IIl muscle afferents can ascend the length of the dorsal columns which has been
disputed (cf Wall 1961, MelIntyre 1962a)

The finding of McIntyre (1962b) that fibres from the hindlimb interosseous nenve
actnvated at sumulus strengths just above the threshold project to Syp via the dorsal
columns has been confirmed These afferents are presumably connected to vibration
sensitnne Paciman corpuscles (McIntyre 1962b) In agreement wath Melntyre it was
found that Sy was actnated from the interosseous nerve erther at the same intensity
that gave the Jarge §y1 potenval or at hugher intensities implying smaller diameter fibres
as the source The high threshold activity remained after the dorsal columns had been
transccted and could then also be fo nd in S;p Whether the hugh threshold fibres
of the interosscous nene project to the somatosensory areas via the dorsal columns
has not been mvestigated

Intially positive potentials were evoked from the joint nerve tn both Sy and Sy
from hgh hold aflerents foll of exther the dorsal columns or the
DLF but not both indicating projection via pathways in crther location No cortical
effects were obtamed at that d enly the speaific afferents
1¢ those signalling jomt position and movement On the other hand Skoglund (1956)
found that potentials could be evoked in the contralateral Sg and Sy and the ipsilateral
Sy from the spealfic afferents of the hindimb medial and posterior jornt nerves via the
dorsal columns He found the cflects to be more ¢asily obtaned with chloralose as

to Nembuial h which since we have used Nembutal anesthesia
throughout could explain our fatlure mn this respect However the available evidence
on the centtal projection of the hindimb specific joint afferents 1s conflicting Thus
there 1s evidence that they ascend the length of the dorsal columns (Gardner, Lattmer
and Sulwell 1949 Vinter 1965) as well as evidence of unit acusation from joints i
S; (Mountcastle 1957) Yet i contrast to Skoglund s (1956} findmng the only umt
actination from jomnts described 1n Syy has been attnbuted to non speaific small di
ameter fibres Andersson 1962 Carreras and Andersson 1963)

It has been confirmed that acuvity may be elicited 1n the somatosensory areas via
contralateral spinal pathways {(Gardner and Noer 1952 Gardner and Haddad 1923}
The pegatine potentials encountered 1 the present mtestigation after a combined
transection of the dorsal cofumns and the DLF (see Fig 7) may 1n spite of the polarity
sigrufy true proj~ction since thev apptartd with topographtcal mauma 1n the somato-
sensory areas The site of the ding pathway 18 1nd: d by the i'ndmg

from the hindlimbs beginming low 1n the spinal cord and projecting to the ventrobasal
complex of the thalamus as well as the postersor group of thalamic nucle: has pressously
been described 1 the cat (\hitlo k and Perl 1959
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The Effect of Metabolic and Jon Transport Inhibitors
on the Impulse Activity and Oxygen Uptake of an
Isolated Crustacean Neurone
By
Ezio Giacoent

Recened 1 Apnl 1963

Abstract

Guacobim E The effct of metabolic and son Iransport wihcbitors on the impulse actievty and oxyeen

uttate of an tselated crustacean newrone Acta physiol scand 1966 €6 33—48 — The cffect of
19 mﬂzboht and son mmpon snhibitors acting at sanious enzyinave levels wathin mml
. PR . P

. L e

suppists a coupling of and impul v 1nthe nenccell The marked
“iTocr of the #hcolynic wminbors and of warmalonsic strongls suzRestsa hnk between glycolyss
and hrebs cvele from onc side and mantenance of impulse actey 1ty from the nther This view
15 also supponied by the effect of glucose restoring actnaty afier the block caused by s eval
whibston. Ouabain and digoxin mhsbit both impulse acusity and oxygen uptake In general
raxpiration scems 1o be les sensitne 10 tnhibitors than the smpulse actruty, mdicating the
prevence of a safity factor for sepiraton processes

A definste rfationship betncen ox) gen uptake and impulse actiaty has been established
10 1solated preparations of the slowly adaptng cell of the stretch receptor organ of the
cravfish Gracobmt Handelman and Terzuolo 1963, 1965, Gracobine 1964)

Thus finding poses the quesuon of how the respirators energy 1s ehicited and utilized
. the V,vwmdz.n “mrm., r.':quyn." mrchanism. -u:. wugphird . the fprm, of. engny. oeh.

or argnne p ) or from indndual steps of
l:.\lermcdlz!cs of resprraion or ghoolisais?

One of the umplat approaches which could grne some indication of the selecuve
patbways or steps mmohved, is to imvestigate the action of several metabolic nhubitors
on the smpulse actnin and o | now readily ble at
the ecllular Invel Gracobimi ef ¢! 1953

A prelirunan eoport of the rosults feported m dus paper was communicated at the N1 Scand,
Phvasl Congress 1n Copeshaern 1963

P
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‘There are no reports 1n the literature of an extensnve and systermanc study of the
action of metabolic inhibitors on 1solated nerve cells The iy estigation on 1solated axons
previously reported have, in general been imited to only a few compounds

“The aim of this myvestigation was to use a seizes of inhibitors acting at vanous enzy-
matic levels within each of several parts of the metabolic pathway and to compare therr
effect on the functioning of the nerve cell as judged by ats impulse actmaty, and 1ts
tmetabolism, as expressed by oxygen uptake Altogether 19 inhibitors were selected,
acting on the respiratory chain, ovidative phosphorylation, citric acid cycle, glycolysis,
-SH groups of enzymes, 1on transport and finally on proten and nbonucleic acid
synthesis {Toscht and Guacobins 1965) Each mhibitor was tnied at vanous concentra-
tions and pH values

Materials and methods

etal 1963) on an oscil and quency and fotal number of impulses
were recorded by a digital counter (\ caner e 6 34)

Solutons of mhibutors were added 1n small volurmes (I—10 1) by means of a constriction

T1st of the inl 1bstors used with their source

ntern ‘

Results

Amyral at a concentrauon of 1 mM increased resprration whereas a concentration of
10 m\ was completely wmibatory (Table I) The concentration needed to suppress
tmpulse activty was somewhat hugher than that which actnated resprration Glucose
1 3—2 m\) restored the electrical actiaty after the Amyvtal mmhibition
Na-cramide at a concentration of 10 m\ caused complete mhibition of resparation

Howerer a concentration of 1—2 m\M gave 60 ° intubition without affecung smpulse
actiaty This fact could indicate a safety factor of about 40 °, for the correlation of
xmpulsc actinity 1o onygen uptake

\ara of 0 025 m\L blacked the impulse actnty
bm a much higher concentration was needed fo block respiratary actnty (Table 1)

* The gencrous guft of most of the listed inhibitors 1s gratcfully acknowledged
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“Tante 1T The effect of uncoupling ageats on the electrical activity and the oxygen consump-
tion of the slowly adapting neurone The changes in spike height mpulse frequen
¢y and oxygen consumption are compared with the witial values before the adds
tion of the inhsbitor The mean concentration of the inhibitor 10 at lease 10 e<pe-
riments 15 reported together with=$ E

Cone Spike Impulse O, uptake
Inhib tor 11 MmN PH  heght  frequemey x sl Recovery
2—14 02 68 - - 2003
Dutrophenol
-4 0751018 68 1505 12 - Glucose
Dimtrophenol v N 03—13m\
0 o PEP
25—50m\
2—4 2 7 - - 37=09
Dinitrophegiol
Na Arsenate 3 7 - - 0903
Na \rsenate 2129 7 12075 13 -
¥ v
0 0
Na Arsenaie 30 7 - - 09:£02
N\a Arsenare 60 75 - - 37+0¢
Dicoumarol i 7 - - 20401
D coumarol 00110065 78 1 »065 1->4 - Glucose
v v 28—30mM
° 4

and giucose 6 phosphate (GEP) showed no restoring effect (Table 1I) A concentration
of 2 mM 2—4 D\P increased the oxygen uptake to almost 4 umes the normal level

Sodium arscnate at concentrauon betscen 3 and 30 m\I had a very shight inhibitory
effect on the respiration while 60 m\L produced an almost 4 fold sumulation (Table

1) The required for of impulse actvity was 21 m\f
Dicoumarol incre  * e .
mpufse activty . . .

ton The threc u -
inhuibitory ¢ffects of varving degree on the action potential, 2-+-D\P being the most
actne Also the ampulse frequency was increased by all 3 uncouphng agents before
causing a block

Both the ghveolvtuc inhubitors studied showed matked effects on the mpulse activity
and resprration (Table 11 2-deoxy-d glucose increased the respiration at 1 m\f and
suppressed it at 10 m\f Sodwsm iodoacctate at concentranons between 2 and 10 m\M
mhibited the resting by 409, Ct of 2 mM or abov
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Tante 11 The effect of glycolytic and cutric aed cyele intibrtors on the electescal actnity
and the oxygen consumption of the slowly adapting neurone The changes in spike
height, impulse frequency and oxygen consumption are compared with the il
values before the additon of the inhibitor  The mean concentration of the inh,
bitior m at least 10 cxperiments 15 reparted together with £ S I

Cone Spike Impulse O, uptake
Intbrtor 1n mAf pH height frequency % stial  Recovery
2 Deoxy d 1 7 - - 161057
Glucose
2 Deoxy-d 203026 7 1,05 1 »5 -~ Giucose
Glucose v v ZmM
0 0
2 Deoxy<d 0 7 - - ¢
Glucose
Na Todoacetate 2 7 - - 06018
Na Iodoacetate 504045 7 1 075 j s b -
M ¥
] [
Na Jodoacetate 10 7 06+011
Na Malonate 0240009 7 1 »075 1 »7 Glucese
v v 3w
o o

the effect of the stretch sttmulauon The spike height was reduced to 0 510 the course of
the experiment with 2 deoxy d glucose and to 0 75 of the instial with sodiam jodoacetate
The impulse frequency was markedly increased before block by both intnbitors 2 mM
glucose restored the impulse actiity after 2 deoxy d glucose

Na malonate in concentrations of 02 mM first inhibited the spike height by 25 %
and ncreased the impulse frequency sevenfold and then finally blocked the mmpulse
activity Glucose 3 mM could completely restore the impulse acuvity in the presence
of the inhibttor  ( Table 111)

Using sodm azide the unpulse actvity was not aflected until 2 concentration of
5mM (pH 7—75) wisacheved and at 25 m\L the inhibition was complete (Table
IV} It should be noted that a 10 m\M concentration increased respiration by a lactor
of 1 7 whercas a 20 m\ concentration decreased 1t 1o 0 75 of the control

I'he other inhibitors of oudative phosphorylation oligomyein and atractylate alo
produced a marked stimulation of respiration n the resting neurone  Oligomycin
suppressed the ympulse activaty at 2,10 * mM and suppress~d the respiranion at
3> 10 3 m\M Glucose ! 3—5 m\M restored smpulse actvity inhtbsted by elisomyain

Two inhibutors of oxidatn e phosphorylation atractylate and oligomycin had a more
marked effect on the spike height sodium azide having very httle effect Comversely
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Tabte IV The effect of mhibitors of oxidative phospborylaton on the electrical activiey and
the o<ygen consumption of the slowly adapung neurone The changes in spibe
height 1mpulse frequency and oxsgen consumption are compared with the smnat
vatues before the addition of the miubitor The mean concentration of the bt
brtor in at least 10 expenments 1s reported together with £S E

Conc. Spike Impulse O, uptake
Inkibritar wml pH  haght  frequency > amual  Recorery
Na Aznde 10 75 - - 17207
Na Azde 20 7 -~ - 0732002
Na Aznde 2514 75 11 155 —
v v
¢ 0
Amacnlate 5 7 ~ ~ 25204
Atractylate 71 7 105 132 -
Y v
[ 0
Atractylate 10 7 — ~ 17404
Oligomyan 15 7 - -~ 3003
20 )
Oligomyein 18 7 -~ 131002
(1)
Ol gomyein 21108 7 ty02 1 Glucase
4D N v 13—-50m\
0 [
Ol gomvain 30 7 - - o

o\

sodim azide had the greatest effect by progressivelv increasing the impulse frequency
up 10 5 umes the nmutial before cauwng a block

Quabain and digoun rapidly blocked impulse actmty at concentrations of about
0010 15 mM (Table \ } Comparing the effect of ouabain 11 concentrations betweeen
001 m\ and 015 m\I and controls 1n physiological solution 1t was found that the
former preparations were able to fire on axerageabout {1 x 10*1mpulsesin total whereas
the latter fired 360 % 10% If glucose was added (06 m\ the impulse actrsaty recosered
and the ccll could fire an average of 1 3 % 10* mmpulses (scc Table V1 ATP had no
restoring effcet The resprration was more sensimv e than the 1mpulse actinaty 10 ousbam
a concentratton of ouabarn of @ 01 mM inhibiting the resprration of the sesting cell by a
(actor between 80 and 30°, T has been found that the cffect on respiraton was

dependent (Cracobum of af 1963) low below 0@t m\
ncreasing resprration
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Tasiz V. The effect of cuabam on the electnical acuvity of the slowly adapting reurone

Number of Ouabam cont. Duraton of the
expts mmif Number of impulscs @pt. n min
15 001015 M=10,900 =146
(4,500 —350,000) (40—290)
10 Controls 1n phystol. A =1360,000 =410
solution (170,000—1,100 000) (240-720)
13 00502 N =1,300,000 “M=1,360

glucose? 06 mM

(950,000 —1,750,000)

(1,100—1,700)

* Gluzoss was added afier the block of the umpulse actity due to ouzban In 6 cxpt. ATP
was added wathout any resalt. The mean M 15 seported togethier with the spread

Tapte V1 The effect of mercapuide forming agents and ethanol on the electrical actnty
and the oxvgen consumption of the slowly adapting neurone. The changes in spike

herght, arpulse f7

are

and oxygen

pared with the sl

values before the addition of the mhsbitor The mean concentration of the mhi-
butor 1 at lcast 10 expeniments is reported together with £S5 E.

pHsdroxs
Mercunbenzoate

pHudrox
Mercunbmnzoate

p-Hidron
Meaambmzoate

p-Hydrom
Marcunbenzoate

Ethn b Alcohol

Ethv] Alcohd
EthsJ-Alcoho}
Ednl Alcohol

0

025-001

’”

1722037

24
&

72

75

T2

v »
i 0
18 153
« v
0 0

095=02

080=001

060004

- Glucose 15—
10 mM short
recoveny

251003

414003

39003

One of the most commoniy used mercapude reagent, p-hydroxymercunbenzoate
1pH 7.5, was tned The impulse 2ctvin was ey sensitn€ to this compound and at 3
concentrauon 25 low as 025 mM 1t was completely abolished An almost 10 umes
higher concentrauon was pecessan to mhihit respration by 40 °, (Table V} Both
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spihe haight and frequency were nfluenced during the experiments with 0.25 mM
p-hydroxymercunbenzoate

Ethy] alcohol was tned at increasing concentrations from 21 to 65 m\M wath the
constant cffect of increasing the oxygen uptake of the cell up to fourfold the imual
(Table V) At amuch lower concentration than abose (1 75 m\) the ccll was no longer
able to tespond to stretch sumulation 15 mVM glucose could restore the electncal
actinaty of the cell for short periods of tme only (5—15 mun)

\s demonstrated by Toschi and Guacobint (1965), puromyan at concentrations
of 125—250 prg/ml and actimormycin at concentrations of 1—2 5 g/ml did not have
any cfect exther on the respiration or the electrical activity of the isolated neurone of the
crayfish

Discussion
Inkubstors of electron transfer

Rotenone, belicved to bloct electron transport at the flavoprotemn level (Ernster,
Dallner 2nd Azzone 1963) was found to be the most effectine inhibitor of mmpulse
actity, actung at of 10° m\{ Ant A, acting between ¢y tochrome
b and ¢, n mitochondnal preparations (Chanee 1932) alsa showed a pronounced
inhibitory effect both on resprration and electnical actiity It 1s possible that such
a relatively lugh concentration of anamycm could exert some uncoupling cffect m the
upper part of the respiratory chain  Furthermore an mhibitory effect on the oadation
of the Krebs cycle and on the succtnooxidase system by antimyan A has been reported
(Potter and Reif 1952) To our knowledge the effect on 1solated axon or nene cell
preparations of these mhibitors had not been previously descnibed Cyamde however
has been extensiwely used in neurophymological investigations on single nere fiber
preparations {Schoepfle and Bloom 1939, Schoepfle 1963, Brady, Spyropoulus and
Tasaki 1958, heynes 1959, Hodgkin and Reynes 1955, Caldwell 1925)

Schoepfle and Bloom (1959) and Schoepfle (1963) showed that exposure of frog
single nerve fibers 1o cyamde (2—10 m\) resulted i a dechne 1a spike height and
Schoepfle (1963) pointed out that cyamde should block a chain of reactions at a Iink
remote from the step durectly d with the of sodium
A concentration as high as 400 m\I had no immediate effect upon the action potential
when mucromnected intraaxonally in the giant axon (Brady, Spvropoulus and Tasaky
1958) According to Reynes (1959) 2 m\I cvarude at pH below 7 had no marked
effect on the ability of the 1solated squid axon to conduct clectrical mmpulses even 5 hry
and more after exposure to the mhibitor

The abot e obsery ations suggested that the lmmedla(e sousce of energ) for the produc
tion of 2 nerve impulse 15 largel In our cxperis
ments at pH 7 5 a concentration of 6 5 mA qzrud: was needed to suppress impulse
actiny Amobarbital, which s belissed 0 3nhubit botk electron transport and energy
transfer (Eenster ef af 1963) had a y effect on at low
uons {1 m\f) and a marked inhibrtory effect at higher eoncentranons (10 m\{
thus differing from 1ts action on cell fracuons and tissue shices. The sumulatory effect
could be due to ling of oidatne phosphorylation as described by Brody and
Bain (1951) It can be concluded that the effect of antimyvcin A and rotenone which have
been found to be firmly bound to hondna and to act on

sec Froster and Lee 1964) supports a correlation betw een electron transport mechanum
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Tasre VII C

EZIO GIACOBING

of 19 b inhibitors

impulse activity and jn

lubiting or actiyating oxygen uptake together with the concentrat on of substrates
restoring 1mpulse activity

Conc of Cone of Cone 10
ihibtt sup-  substr e hibiting or
pressing imp  stonng mmp  activating
Type of activity mm actty O, uptake ta % mhbreion
inhibitor Inhilntor m\[ m\[ mM of O, uptake
Inhibitors of  Amytal 132004 Glucose 13 2 10 100
electron Na-cyamde 65418 — 10 100
transfer Anumyem A 002510001 Glucose
no effect 02 100
Rotenone 003520002 Glucose
[7339] no effect - -
Uncoupling ~ 2—4 D\P 07540018 Glucose 02-2 Activation
agents 03—13
PEP 255
ATP G6P
no effect
Na arsenate 210+29 — 30 10
Dicoumarol 00140006 Glucose28 3 1 Actisation
Glycolyhe 2-deoxs d
tnhubitors glucose 201026 Glucose 2 10 100
Na
sodoacetate 50045 - 2-10 40
Citnc acid ¢y Na malonate 00240009 Glucose 3 -
cle inhibitors
Inhibitors of  Na ande 2244 — 20 25
oudatine Oligomyein 2108 Glucose 13 5 3 (u\)) 100
phosphoryla ()
tion Atractylate 74 — 5 10 Activation
Inhibitors of  Quabam 01240008 Glucosc 06 001 20 70
100 transport ATP no eff
Digovin 00940002 Glucose 50 001 30—70
ATP no eff
Mercaptide p hvdroa 025001 - 2 40
forming agents mercurt
benzoate
Alcohols Ethvl ale 1754037  Glucose 15 21-65 Actvation
(shight eff )
nhibitors of  Puromyam 125 2a0g ml — 125250 “o effect
protem and no effect ng/ml
RN \Asynthess Actnomyen | 2opugml  — 1-25 No effect
no effect nglml
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and impulse activity The effect of these wnhtbators on the resprration of the solated
neurone suggests that only a small part of 1t may be connected to the impulse generating
mechanism as concentration of whibitor blocking impulse actwaty n general only
partially whibits respration (Table VII}

b) Uneoupling agents
According to Hodghin and heynes (1955) 0.2 mM D\P had no effect on the conduc-
tion of 1solated squid axons They reported that although there were large changes in
the resting sodium effllux, the sodium movements during the spike appeared to be
unaltered when D\P was applied Shanes (1951, b) working with 1solated squid axons
had p 1y d failure of after NP Straub (1956) found only
slight changes 1n resting and action potentials of frog ners e fibres after 30 mun treatment
with 02 m\ DNP Dettbarn and Stxmpflt (1957), using the sucrose gap techmque
on de-sheated nerve fibres of frogs and rats found that D\P at pH 6—7 8 reduced the
brane potental and depol Inour & the needed
to block impulse actinity was 3 times ugher than that used by the above authors
We confirmed the results of Hodgkin and Reynes by showing that 02 m\l D\NP
(pH 6 8) did not excrt any cffect on the impulse actinity The inhibutory effect of D\NP
could be restored very quickly by glucose or PEP whereas ATP and G6P had no
effect As reported 1n expeniments on particulate material, DNP increased the resting
respirauon several fold (Table VII)

Ma arsenate ac inhibitor of phosph and di ! beheved to cause
b of high energy d affected the impulse activaty at concentrations
of 21 m M and 0 01 mM respectivel etal (1928) that 20 mM\

Na arsenate gave a 50 %, inhibition of ATPase activity in rat Iner mitochondna The
shght eflect of Na arsenate 1s m agreement with the well known properties of this com-
pound as a weak uncoupler

©) Glycolytic snhibutors

The by of the b potential and di 15 indirect
evidence for the tmplication of glycolysis in the electrical processes of the nen e (Ronzom
1931 Lorente de No 1947) Chang and Gerard (1933) observed thatiodoacenc acid
(IAA) depressed the oxygen uptake and at a concentration of 5 m\{ onc third of the
creatine phosphate content of the nerve was lost In their early work Shanes and
Brown (1942) found that soaking sciatic neres of {rog 1n IAA reduced the resung
potential  this effect of TAA bemy counteracted by lactate and pyruvate Later,
Shanes (1951 a) showed that addition of glucose could delay the anovic change of
1onic content
Electncal sumulation of IAA (1 5—10 mM) treated shices of electric organ (Maitra
etal 1964) gave high levels of fructose 1 6-diphosphate and triose phosphate In the
presace of 5 m\M Na IAA our crustacean preparation was no longer able to respond
tis to note that a twofold higher concentra
tonof Na TAA inhibited only 40°, of the total oxy gen resting consumption {Table \ 1T}

d) Ciric acid excle intermediates

In studies connected with CAC in pertpheral nernves two inhibitors methyl Auoro-
acetate and sodwm fluorsacetate have been commonly used According to Bovarsky
et al (1949) methyl fluoroacetate 1 —5 m\M) intubited the rate of oxvgen uptake and
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ultumately blocked conduction of mmpulses Both succinate and fumarate prevented
this acuon if 23ded before the iohtbitor From these studies 1t was suggested that the
tncarboxyhic acd cveds uulizinz pyvruvate was probabh actne mn the peripheral
nerve The literature reveals no comparable study on 1solated peurone preparations

In our exp sodiun mal gave supp: n of the smpulse actiaty at
60” mM 2 concentration lower than that required to affect respiration of corte~
stices {Quastel 1958 WWallgren 1960) or mutochondnal preparations (Brerlev ef af
1963

©) Irh bitors of oxydrce thosphorylation
I our prep aznde at above 5 mM affected the impulse actvity
but a complete block was not obtamned unal 2 concentranon of 25 m\I was reached
Hodokan and hevnes (1923) and Hurlbut (1953—1963) demonstrated marked reduc
uon of Na efflux with smlar concentrations (3—5 mVM) of \a azide in giant axons and
frog nenves respecuveh At a concentration of 5 mM\ Sickewitz ¢f of (1928) found an
almost 90 °, mhibitson of the ATP2se actvaty in rat Iiver mitochondna

It 15 1interesting to note thatat concentrations of 10 m\{ at pH 7 5 the oxvgen uptake
was d byt at that bt impulse activitv (23 m\1) respirz
ton was also ihibited (Table IV) This 15 1 agreement with the established fact
that this snhabntor 1s less actne 1 vno than in vitre and sumulates respiravon at pH
7 or above (see Hewttt and Nicholas in Hochster and Quastel 1963} Doty and Gerard

1850 showed that this compound can suppress the mcrease m oxygen consumpuon

without affecting the abihity of the axon to conduct impul.es Ths finding 1s obviously
ot 1 agreement with our results

Olizomyan which pres ents the formation of an energy rich iniermedate of oxuidatise
phosphonylation  Lardy  Johnson and \McMurray 1958, affected respiration at about
the same concentrauon as that acting on nutochondnial preparations (Lardy of of
1958 Wadhlins and Lehninger 1963 Atractilate which 15 believed 10 have an acuon
different from ohzomian and to mterfere with the termnal phase of energy transfer
reacions  Santt 1964 required 2 rather hizh concentrauon to mhibit ampulse activity.
and at this level exhibited an exaitatory acuon on resp ration Table \ IT)

§ Intibitors of son transtort

In previous papers Giacobiu 1964 Gracobim ef of 1965 the effect of ouabain on
th~ ox: zen uprake has been examined and a biphasic cffect has been desenbed, vz Tow
concentratons 10 *—10 *\{ bemng whlst bigher fabove
10 * M whibi j: As n Table \ some effect on
the mpulss activaty was nouceable even at a conceatration of | » 10 *\f Howerver
to suppress the impulse acuvity completels  a concentration of 10 ¢ M was necessany

At this conceatranon 1n the presence of 3 5mM h ATPase acuwty should alio be
suppressed  Palmer 1964 Resprranon however was nhibited by a tenfold fower
roncentration.

g) Meresp ide form ng agents

P hydroxy mercunbenzoate PHMB  the most commonly used of the mercapude
formung a~caty, was shown to act on different sulphvdn! enzvmes at much higher
conceatrations than thoss acung on the smpulss acuvity of the crustacean neurone
{for ref s¢ \Madsn m Hochster and Quastrl 1963 This could su~eest that the inhibr
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tory mechansm operatng on this cell 1s of a differeat nature At this concenteation
{02 m\1) ATPase may be totally iohubited as was demonstrated by Sickewitz ¢f af
{1958} for rat lner mnachundna The fact that this intubetor 1s knowr to act on glycer

ldehyd and phosphonslase (for 1ol st Madsen in
R PRI

1) Erpl aleokol

The crustacean nene cell was found to be more sensitn ¢ to ethy! alcohol then nerve
sissue shees mncreasing the oxygen consumption two—jfourfald In tissue shices 4080
m\{ concentrations increased the ox gen consumption by only 109, (Wallgren and
Hulenen 1960 Quastel 1959)

High concentrations of ethy] alcohal were found ta produce depolanzation of the
frog nenve membrane (Bishop 1937) and an mbibutary effect of the frog skin potential
with imparrment of the Na transport at concentrations of 40-~300 mM has been
reported (Iscael and Aalant 1963)

The effect of alcohols on Na and K permesbilisy of nene fibres bas recently been
confirmed bv Armstrong and Binstock (1863-—1964) m the squid grant axon and by
\oore Ulbncht and 1alata {1964) on the same materal with 2 voltage clamp tech
nique

33 Ink butors of proten and RN 1 gyntlusts

The action of these mhibiors on the electrical actrvity and the respiration of the
crustatean nenve cell has been the subject of a detailed report {Toschrand Gracobiny
1965 Here 1t 15 perunent to menton only that in acute experiments lasung $—12
hours the complete inhubition of protein and R\ A synthests did not affect ether the
yespiration or the impulse actnaty of the cell These results 2gree with those reported
by Grampp and Edstrom (1963 on the lobster stretch receptor cell where generation

and conduction of about 1@ {0 sptkes dunsn, several hours chd not ajter the totat
amount of RN A

General conclusions

Qur studs of the effect of mhib tors on 2 huing ¢clf preparation suffers from some
hmitauons Firstly the well defined action of these mhibiors m atre (e g onnutochond
nia) preparations] may ot resemble that on sngle ssolated cells where there 15 a more
complex metabolic system This diseicpaney bas been described on several accasions
both for resprrators anhibutors and whibitors of cudatne phospharylation (for a com
plete review of tus argument see Hewstt and “vicholas m Hochsterand Quaste! 1963
P 434 vol 1) It 1s evident that these eucumstances may affect the interprewation of
our datx for cample whew we obnerve that wexde or oyamde doss aot inbibit oxygen
uptake as much as might be expected from expenments i vitro Gansersely 18 15 hoped
that our studv of the actton of metabolic nhibitors on 1solated cells mas gwe more
direct informatian 2bout the physsologmeal mech actng 1 viva

There are ather factors to be considered when mterpretag our results It i essentiat
to bnow whether cach whibutor reaches the senstne pont i the cell ftis knovm thay
pH miluences the rate of pe v of certam b bath
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and uncoupling agents seem to be examples (For a discussion see Hewitt and Nicholas
1 Hochster and Quastel, 1963, p 414—420, vol II) A further point to be constdered
13 the specificity of the mhsbitor Some of the inhubitors which we have been using have
been assumed to be absolutely specific for 2 certam system, e g for the electron transfer
chan or for oxidatise phosphorylaton However, asit has been pointed out by Green
et al (1963), all the classical inhibutors of oudatne horylation and
agent can also inhbit other enzyme systems

Beaning in mund these Limutations 1t 1s possible to make only tentative suggestions
about the selective metabolic pathways involved The effect of the respiratory inhibitors
espeaially rotenone and antimyain A, as previously commented suggests a coupling of
respiration and impulse activity 1n the crustacean nerve cell This 13 also in agreement
with the reported presence and activity of respiratory enzymes and cytochromes
(Munro 1955) 1n crustacea, and with the findings of Terzuolo ef al (1961) and Bonewell
and Giacobn, that the acuvity of ovidative enzymes 1sincreased during impulse actvity
It has also been suggested that glycolysss, tricarboxylic acid cycle and the electron
transfer system are the major metabolic pathways for crustacea (fot a complete revien
see \ olvckamp and Waterman in Waterman 1960, vol I chapter 2, Puyear, Wang and
Pritchard 1964)

It can be seen from the results summarszed in Table \ IT, that respiration in general
1s less sensitine to antubitors than is the ympulse actity Thie could indicate a safety
mechanism for respiratory processes, probably nceded for other mechanisirs in addition
o 1mpulse propagation The only exception to this 18 the effect of the inhibitors of 1on
transport but 1t should be noted that these ds not only affect but
arc also pov erful inhibrtors of ATPase activity

The marked effect of the glycolytic inhibitors and of \a malonate strongly suggests
a link between glycolysis and Krebs cycle from one side and mamtenance of impulse
actvity from the other This view 15 also supported by the effect of glucose restoring
actiaty after the blocks caused by several inhibitors as reported in Table \ 1T

If we are to decide whether the inhibitory acuon 1s related to active transport
nrocesses 1t will be neceszary to determme Na and K n cells treated with dafferent
nhibitors This 15 1 progress by means of a modified microflamephotometer which
makes possible the «wimultancous measurement of K \a and Ca (Giacobun 1963)
We must recognize that the final answer to our guestions cannot be given by an
inhibrtory study alone but must be P by the d of actual
intermediates involved in the speafic metabohic systems Thus can possibly be achieved
by followtng the level of each substrate tn different condittons at rest and dunng
phystologtcal stimulation see Grasso and (acobim 1965 ths journal)

This i estigation has been supported by grants from the U'$ Public Health Service ational
Institute of Health \B 03,6101 and N1 045€1-02 and by grants from the Swedish Medical
Rescarch Counall project No L380 WI104 and 12X 24601 Prof 5 Runstrom and Peof
G Svirdson of the Swedish State Freshwater Laboratory Drottningholm who provided faci]
itics for obtaiming crayfish and keepimg them m the aquanum arc hearnly thanked Mss
Ulla Holmgren s skalful technical ass stance 15 acknowledged
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Variations of Glycolytic Intermediates, Phosphate
Compounds and Pyridine Nucleotides after
Prolonged Stimulation of an Isolated
Crustacean Neurone
Bv
Ez10 Giacosnnt and ALFONso Grasso

Recened 1 Apnl 1965

Abstract

Giacobint E and A Grasso ¥ arations of glycolytc wntermeduates phospiate compounds and prridine

decrease dunng prolonged stimulation while ADP 2nd Pi showed opposite patterns  After
stimulation the ratio TPNJTPNH fell by more than 20 per cent, This was due toa decrease of
TP\ Sumilarly the DPN/DP\H rauo fell by 50 per cent but in thus case 1t was duc to 2
decrease of DPN and a stmultancous ncrease of DP\NH The results strongly suggest the
mvolvement of glycolysis m the mechamsm maintaimng mpulse actwty In this neurone
Impulse actity m the erustacean nerve eell 1 linked 10 an energy requinng sysiem This
energy 1s furnished by ATP sphitung and gly uzgh th phosp
step supporung the ATP resynthests

Probably the earhest dircct evidence for an mvolvment of ghycolvtic processes 1
1solated nerves was produced by Gerard and \Meyerhof (1927, who showed the utiliza
tion of glucose and the formation of lactate 1n anovie frog nerves This was later confirm
ed tn sumilar studies with rabbit and bullfrog nene (Gerard 1932) Schmutt and Con
(1933) demonstrated the oxidative removal of the anovically formed lactate However
there was no evidence from these studtes that the conduction of tmpulses mcreased the
rate of production of lactate
The followng sbbrev.ations were used in the test. GEP = glucose-6-phosphatc Pi = smorgame
phosphate ~
adenos ne 3

triphosphc .
d phosphate .
prrusate

4—E6303 drta phy of cand Tol 65 17 19
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Fig 1 Sch description of the dure (see text)

Sodwsm 1odoacttate, a glycolytic inhubitor was Iater shown to have a depressor effect
upon the membrane potential (Shanes and Brown 1942 and Shanes 1949) and conduction
{Ronzont 1931, Lorente de No 1947) Thus glycolysss was linked to the maintenance of
potenuals in the nene

Estimation of glycogen, “free carbohydrate” and lactic acd 1n erustacean nerve
tissue was performed firstly by Holmes (1929), who demonstrated that the peripheral
nerves and ganglia of these inyertebrates are extremely rich 1n glycogen and that, in

this 1s hydrolysed to form lactic acid In the presence of oxygen
there was less breakdown of glycogen and no lactic actd was formed

Qur previous study (Giacobint 1965), with metabolic inhibitors indicated glycolysis
as a probable source of substrates for oxidative processes hinked to impulse actvity 1
the slowly adapting receptor cell of crayfish For this reason we decided to investigate
the Jevel of several glycolytic diates with a newly described b 1 tech-
nique which allows the estimation of these substrates at the cellularlevel {Lowry etal
1964) Phosphate compounds and pyndine nuclcotides were also determined 1n the
isolated cell preparation, both at rest and after prolonged phystologieal sumulation,
using the same method

Methods

The slowly adapting streich receptor organs used in ths mvestigation were dissected from
abdomunal segments of crayfish (Oreoncetes cintis) Only young specsmens were used, measurng
about 58 cm n ot body lengeh_The ammials were cof dueing speng and autumn

e - b

s . .
were perfrmed at 17—18° C
Preparation of eclls

A wngle receptor cell (slowly adapting cell_was wolased and suspended in a small petrs dulh
contning 2 ml van Harreveld solution The muscle bundle was maunted on a mechanical
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Tasee T Analytical conditions The condiions reported in the table are approumately those
described by Lowry et al (1964) For glycogen and morgame phosphate a direct
method with 1 ml volume was used Far glucose GGP, lactate ATP and ADP the
indirect procedure of the cyching system was used The eyeling conditions for both
the pyidine nucleotides were those reported by Lowry (1963) The measurement
of pyndine nucleotde was done by means of the cveling procedure The expen

mental conditions were those reported by Lowry ctal (1961) All reagents con

taned 0 01 % BSA
=
H =
- E
Sub-~ Other o Reaction <
stance Buffert Enzyme additions E  volumes 2
Glu  Tns100mM HK 2 y/ml ATPOImM 20 24lHCIO03N\ 58
cose pHTS veast TPN 003 m\ 54 glacose rea
GEPDH 05 /ml MgCl, 5 m\ gent
east 2£1NaOHO 07\
100 4l eyching
(TPNH) system
G6P  Trs100m™M GEPDHO2>  TPNOOIm\{ 10 24 HCI003N 18
pHB0 iml yeast 5l G6P reagent
5;1NaOHO 02N
100d eveling
(TPNH) system
Lac  Carbonate  LDH 5 /fml DPNOSmM 15 14HCI003N 26
tate  200m\{ pig heart Hydrazine > ullactate rea
pH97 Hadrate 50 mM gent
541 \aOHO 02N
504 evching
(DPXH) svstem
Gly  Imidazole  PHRL-a30 /ml MgCl, 2mM 20 34 HCIO03N\ g2
cogen 20 mM rabbit muscle TP\ 004 m\ 10 gly cogen rea
pH 70 PGM3z/ml  AMP 02 m\{ gent
rabbitmuscle P 10 m\ 1041\aOHO 02
GEPDHO 5y ml 200,41 \aOH 7%
‘east H,0,03°,
ad 10004l H,O
P Imidazole  PHRL230 /ml MgCl, 2mM 20 54 HCI003N 20
20m\ rabbit muscle  TPN 004 m\ 151 P reagent
pHTO PGM3 ml  AMP 02 m\{ 1541Na0H0 02\
rabbtmuscle  Glycogen 5 mA\{ 20041 NaOH 7%
GEPDH 05, /m} H,0,03%,
east ad 1000 xl H,0
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Table 1. Cont

c
Ze ¢
Sub- Other 5 5 Reaction k]
stance  Buffer® Enzyme additions 2 E volumes S
ATP  Tris 100 mM HK 1y/ml MgCL 2mM 10 1, NaOHOIN 22
PH73 yeast TPN 003 mM 1dHCG OIN
G6PDH 0 253/ml Glucose 1 mM 5l ATP reagent
yeast 5 NaOH 2 N

100 4 eycling
(TPNH) system

ADP?' Phosphate PR OS5 y/ml MgCl, 2mM 10 2 HCIOO03N 18

50 mAM rabbat muscle  PEP 0 5mM 51 ADP reagent
pH70 LDH 025;/ml ATP 05mM 5ul HCI02N
prg heart DPNHO 150 M 100 1 eychng

DPN reagent

+ The orgamc buffers have been charcoal treated in order to decreasc the natural fluorescence
* This method will also grve values for GDP, 1DP, UDP (Strominger 1955)
HK = hexokinase GEPDH =glucose 6-phosp ase, LDH=lactic dehyd

ase, PHRL phosphorylase BSA =bovine serum albumtn.

stretcher 5o that different degrees of stretch conld be apphied 10 the muscle Impuise actiity
was recorded by means of a 30 4 thin wire_electrode and displayed on an osnillascope and
sudiomonitored (Fig §) The total number of impulses as well as the impulse frequency, was
recorded on a digital counter (Venner Llectronics TS A3331) A thin layer of mineral oil
covered the surface of the solution to prevent evaporation (Fig 1) After a number of impulses
the cell was trimmed 10 the standard dimensions whlst in the mechanical stretcher, and quickly
transferred by means of a thin glass fiber to a precooled Lowry-holder (I owry 1903) (Fig 1)
Cells allowed to stand 1 the saline medium for the same period of time without mechanical
sumulation were congidered as control preparations 1 resting conditions

W hen it was possible the control and the were dissected
from the same anmmal and often from the same abdominal segment

The final preparayon cansisted of the standard specimen having the mummal dimensions
sull compauble with function (cell body of the neurone of the slowly adapting stretch receptor
organ a segment of axon approvimately 600 u long and a 400 p portion of the muscle bundle
where the dendrites are imbedded) as described by Gizcobsn Handelman and Terzuolo

1963,
¢ The holder contaming the standard cell preparation was quickly immersed n 3 quw:

e - A o Jair i e 1

'

inspection the samples appeared to be dried perfectly s ter
spection, ; H R A et

wer weight)
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Analytical methods
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Results

Variations of ghycolstic substrates and phosphate compounds

The results reported n Fig 2 are based on the analysis of 244 cells The glycogen level
shows a linear decrease from the resting values of 5,040 + 940 gmoles/kg ww to
2,740 + 420 gmolesfkg ww after 22 x 104 rmpulses Conversely lactate showed an
mcrease from 3,200 & 600 pmoles/kg ww to 6804 x 513 pmoles/kg ww aftes
16 x 10 imp A ding to these results app: 2 les of Jactate were
obtamed for each one molecule of glycogen broken down These vanations represent,
1n terms of vesung values, a 67 per cent decrease for glycogen and 115 per cent increase
for lactate (Fig 3)

‘The resting glucose level (1,931 + 280 u /kg w w ) wasnot altered
afier 16 x 1091mp (2,470 + 278 molesfhg w w ) As can be seen from the slope of the
first part of the cunc in Fig 2, there 1s a tendency to increase after further sumula-
tion, that 1s after 16 X 107 imp It should however be pomnted out that the level of
glucose after total hydrolysis (N HCI 12 hrs at 120° C), not reported 1n Fig 2, shows
a significant decrease from the resting values of 8,319 & 430 pmolesfig ww to
7,370 + 560 pmoles/kg after 10 x 104 imp

As the lactate mcreases there 15 a similar increase 1n GEP from 79 & 15 gmolesfkg
ww at gest to 205 & 29 gmoles/kg ww after 17 < 10 imp This sanation of the
GEP level 1s better seen when expressed n per cent values asn Fig 3

Alter sumulation ATP and ADP show vanatons of their respective levels in opposite
directions ATP diminishes from 2,480 % 565 ymoles/kg w w 1n resting conditions to
1,210 + 13% pmolesfkg ww afier 18 X 10* imp while ADP increases from 650 + 240
nmoles kg w w at rest to 1,540 £+ 354 umoles/kg w w after 11 x 100 1mp

After this, (Fig 2) ADP shows a tendency to decrease and when the cell has fired
16 % 10* ymp 1t decreases to 1,144 & 185 gmoles/hg w w In resung conditions the
ratio ATP/ADP 13 8, but after T1 x 10¢smp this ratio approaches unity and the curves
of phosphate compounds show a sumiar pattern

Inorgamc phosphate increases from 8,410 -+ 850 gmoles/kg w w at rest to 12,700 =

650 simoles/kg w w after 15 X 10t imp Tlus represents a percentage mcrease of 51 per
cent as shown 1n Fig 3
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Fig 2 Fig 3
Fiz 2 \anauons of metabchites 1n the slowh adapting streich receptor cell at rest and afier
prolanged phvsiological strolation \ ertical bers represent - S E

Fig 3 Percentaze changes 1o smven constituents of the slowly adapung streich receptor cell afier
8 10%and It 10* impulss The fisure 1s based on averages values calculated from Fig 2

Yenz ons of pynid re vrucleo 2des

The oudized ard reduced forms of the prnidine nucleotides were studsed m 104 eells.
“The mean values at rest and after 12 10° 1mp are reported m Table 11 The wble
shows that after sumulanion the rato TP\ TP\H fell by more than 50 per cent. Tis
was due 10 a decrease of TPN Sumilarh the DPN DP\H rato fell by 50 per eent
but s this case 11 was due to a decrease of DP\ and a ssmultancoas increase of DPNVH



GLYCOLYSIS IN ISOLATED CRUSTACEAN NELRONES 55

Taste IT \ aniauons of pvndine nuckotides i the slowly adaptng stretch receptor cell at
rest and after profonged physiclogical stmulation

umoles per kg wet weight At rest After 12X 10% smpulses
TN 10723 46+32
TP\H 154214 14606
TPN o a
TPNH 068 0
DPN 22544 180336
DP\H 581+6 903148

P
DN 4 )
DPNH

Discussion

The dynamic vanations in the substrate levels after actvity can best be seenin Fig 3
where the per cent vananons from the resting state are reported It appears that the
ghycogen decreases consistently with the lactate increase The rane between the
glycogen consumed and the lactate formed 15 0 5 after 12 x 10* imp These vanations
seem 10 suggest an increased glycolysis in the firing cell as compared with the control
cell at rest Since the only expenmental condition differing between the two groups of
cells examuned 1s the presence of impulse activity, 1t seems reasonable to assume that
glycolysss 15 mvolved 1n some way with mechanism leading to mmpulse actsaty Ths
assumption suffers from the obvious disadvantage that 1t b the 1 of
levels excl 1y to the mvohved in the impulse activaty within
the neuronal components of the preparation Making the same assumption about the
involvement of glycolyss the vanaton in the DPN\/DPNH ratio during impulse actmty
and the sigmficant increase in DPNH can be attnbuted to the higher actvty of glycer
aldehyde 3 phosphate dehydrogenase
In view of the role played by glucose 1n mammahian neryous system 1t 1s more difft
cult 10 explain the almost constant level after stimulatuon However if the crustacean
nervous system follows the established patiern of ghcolytic metabolsm (Puvear
Wang and Pritchard 1965) the almost steady level of glucose can be seen as a conse
quence of glycob tic control at the phosphonylase step ‘Thus suggesuon s supparted by
the significant increase of GEP 1 fact the lughest per cent change of the products

measured (Fig 3 An actiated gluconcogeness could also be a very important factor
m such a mechanism

Tn siew of these results the role played by pyrusate becomes of hugh interest both for
the implications on the hebs cvele and on the gluconeogenic processes (W helan and
Cameron 1964}

The conunuous \TP decrease dunng prolonged

that this ¢ d 15 a fund,

7 source of energy for transport systems
myolved 1n the smpulse mechanism of this cell (Guacobini 1964}

stimulauon justifies the presious
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While the ATP values are with the t of ADP the fis
of the increase of Ps cannot be profitably d 1 before the ¢ d
of AMP and argimine phosphate have been established Thus 1s now under 1t estigation
It should however be noted that the per cent vaniation of P11s not partcularly high in
companson with other metabolites (Fig 3), but on a molar basis our values appear to be
relatively high

Summanziag our resulis 1t appears that they emphasize the importance of glycogen
as a source of energy 1 the crustacean nerve cell whrch is in agreement with the
earher finding of Shanes and Brown (1942} 1n crab nerves The functional importance
of glycogen for the impulse activity of the stretch receptor organ is also suggested by the
fact that 1ts concentration 1s higher 1n the fast adapting ccll (8,439 -+ 1,400 gmolesfkg
ww) as compared ta the slowly adapting cell (5,040 -+ 940 gmoles/kg ww) Work
15 i progress to imveshigate the mgmificance of glycogen 1n fast adapting actwity

At the same time as the progress of our investigation optical studies of biochermcal
events in the clectric organ of Electrophorus have been carned out by other investigators
{Aubert Chance and heynes 1964}, and transients 1n glycolytic metabolsm following
clectnical activity in the same organ have been studied by Maitra et al (1964)

The vanations of glucose, G6P, lactate, ATP and ADP in the crustacean nenve cell
after short lasting stmulation are similar to the pattern in the electric organ (Maitea
etal 1964) Prhoweser first duminishes after 28 sec stimulation and increases following
4—>5 sec recovery Large increases of fructose-!, 6-diphosphate, glyceraldehyde 3-
phosphate 3 phosphoglycenc acid are found to occur at the time of the maxsmum fluo-
rescence emission of the shices The fluorescence mncrease 15 1dentificd with the DPY

reduction at gl dehyde-3 phosph dehyd, These authors conclude by
suggesting that the activation of glycolysis may be duc to a concerted effect of increased
ADP and d ATP upon ph 1,3 diphosph

1 kinase and gl 1 3 ph dehyd

8

Our results are 1 many aspects similar to the above and suggest that the impulse
arctmty in the crustacean nerve cell s hinked to an energy requinng systern This entrgy
18 furmished by ATP splittaing and glycolysis directly, or through the usual step of argimne
phosphate supporting the ATP resynthesis The precise ime relationship of these events
can unfortunately not yet be eluaidated by our expeniments
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The Action of Tricarboxylic Acid Cycle Intermediates
and Glutamate on the Impulse Activity and
Respiration of the Crayfish Stretch
Receptor Neurone
Be
Ez10 Giacosrst and Pier Carro Marcrusio

Recened 1 Apnlt 1965

Abstract

ketoglutarate (4 fold) succinate (2 8 fold) and malate (3 fold) Tumarate pyruvate and glt
tamate did not haye any cffect on the respiratory actiity  The only substrate showing an 1
hibutory effect on oxygen uptake was oxaloacetate Glucose tested for comparison alo showed
sumulatory effect (24 fold} on resprration The authors are nclined to bel eve that the cffect
on the ympusle activiey and resy exerted by these 13 confined to the nere cell
membrane The oppnsite modes of action of malate and oxaloacetate on respiration which
did not affect impulse activity are however more dufficult o explain in teems of 2 pure membrane
mechamsm

“This paper 15 a report of part of a project in which we intend $oinvestigate the physio-
logical significance of the tricarboxylic acid cycle (TCA) m the erustacean stretch
receptor neurone Thus cell can be readily 1solated and maintained in apparently nor
mal conditions for several hours Its electrical activaty 1s casily recorded under direct
1nspection and 1ts ens ironment changed and controlled No other vertebrate or inverte
brate nenve cell preparation iwhnown which will satsfy these requirements {t constitutes
therefore a umigue model for combined T and bioch Istudies

In fact many substances have already been tested on this neurone, masnly in connec
won with the problem of GAB\ mhibition  among these succime and @ ketoglutarc
acids (Edwards and Ruffler 1959

58
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DIGITAL COUNTER
cru.cs:op: mLc

)

Fig 1 Sumulaton techque, recordmg
procedure and addstion of known amounts
of substrates to the isolated stretch receptor
neurone

The tricarboxylic acid cycle 1s probably one of the major metabolic pathwaysin the
crustacean neryous system, 25 it1s 10 veriebrates {for ref see W ohvekamp and Waterman
1960, vo! 1 and Puyear, Wang and Prichard 1965). Carbohydrate metabohsm seems
1o be a source of energy that 1s hnked with the generation and propagation of nerve
impulses m this neurone (Gracobint 1965, Grasso and Gracobin: 1965)

It was for these reasons that we studied the eflect of several intermediates of the TCA
<ycle on the impulse activity and respiration of the isolated crustacean neurone prepara-
tion Glutamate which 15 behieved to mteract with the same pathway (Haslam and
Krebs 1963) was included n this study

Methods

Slowly adspting stretch receptor neuroncs from the first three abdomumal segments of the
—en i i

of
a .
To1oa

83331 (hig 1) Areha hen on an oF o

10 genera
minmal 2 .
about 30 . . ) . .
¢ach ceft . .
to 50 #) depending on lhe etiectrvencss of the subs(r.\le,

the stretch rec

e trimmed to the standard
dlmcnsmns o previoily reported by Giacobut ¢ ol (1803) and thew Tuncnonal acvm
tested The standard prepsraton was introduced 1nto a cattesian di er and the ovygen uptake
measured at rest and after addition of the substrate, according 10 the procedure descnbed
by Guacobint ¢t af (1963) The concentratons of substrates for each h group of expenments were
<chosen after taking into account results of the stimulation €xperme

The substrate solutions were all prepared 1n van Harreveld Trom b h:ghlv punified mmmermt
sources and when necessary catefully adjusted to pH 7 All of the expeniments were petform
at 18—21° C The data here reportted are obtuined from expenments on more than 120 :eHx
“The substrates. used with their source are listed below
Sodum citrate (Bansh Drug Houses Lid
Sodm ssocitrate sadwm ¢ ketoglutarate sodium fumarate and sodsum malate (Dr Theodor

P
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From the D¢ of P logy, Karolinska Instuutet kh Sweden

The Action of Tricarboxylic Acid Cyclg Intermediates
and Glutamate on the Impulse Activity and
Respiration of the Crayfish Stretch
Receptor Neurone
Bv
Ez10 Gracopivt and Pier Carro Marcuisio

Recened 1 Apnl 1965

Abstract

Giacobimi E and P C Marchisio The action of trucarboxrlic actd ¢ycle intermeduates and glutamate
on the impusle actizity and tespiration of the erasfish stretch receplor nevrone Acta physiol scand 1960
46 58—66 — The cffect of seven intermediates of the TCA cycle of pyruvate and glutamate
was studied on the impulse activity and oxygen uptake of the slowlyadapting cell of the stretch
receptor organ of crayfish Cutrate, 1socitrate, a ketoglutarate and succinate showed a strong
cxcrtatory action fumarate malate oxaloacetate and pyruvate had no action while glutamate
had aninhibitory action on the impulse activity The most effective substrate tested wascitrate
which also mcreased respiration sevenfold Isocitrate showed a lower cifect (2 2 fold) asd d

kesoglutarate (4 fold suecinate (2 8 fold) and malate (3 fold) Fumarate, pyrusate and glhu

tamate did not have any effect on the resprratory actinity The anly substrate showsng an 10

hibitory cffect on oxygen uptake was oxaloacetate Glucose tested for comparison al<o showed
sumulatory effect 2 4 fold) on respiration The authors are inclined to believc that the effect
on the impusle actvity and respiration exerted by these compounds 1s confined to the nerve cell
membrane The opposite modes of action of malate and oxaloacetate on respiration which
did not affect smpulse acus ety are however more difficult to explain m terms of a pure membeane
mechanism

“This paper 1$ a report of part of a project :n which wentend to investigate the physio
logical significance of the tricarboxyhc acid cycle (TGA) in the crustacean strewh
receptor neurone This cell can be readily 1solated and matntained m apparently nof
mal conditions for seseral hours Its electncal actnity 1s canly recorded under direct
1nspection and 1ts envarenment changed and controlled No other sertebrate o imertcs
bratenerve cell preparation ssknown which wall satisfy these requirements Jtconstitute
therefore a unique mode! for combined neuropharmacological and biochemical studies

In fact, mans substances have already been tested on this neurone, marnly 1n connee
tton with the problem of GABA inhibition among these succinic and @ ketoglutatic
acds (Edwards and Rufller 1959
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Fig 4 Flg 5
Ftg 4 The effect of trieasboxylie aad eycle on the spike height

nd gl
of the suezch receptor neusone Each bar represents the mean of at Teast 10 expenments
(2 CL 9%,

Fig > A typical expenment showing the effect of glutamate on the impulse frequency of the
streteh receptor neurone The glutamate block s reversed by glucase and by washmg

to the tunal value (Fig 3) The cffective concentrations of citrate ranged from 18 o
50 m™M EDT A (18 m\1j rumicked, almost perfectly, the effect of citrate The height of
the spike was not changed significanthy by arate (Fig 4)

Fsocttrate this substrate increased mmpulse actnaty by a factor of 127 (Fig 2), the
maxitum frequency recorded bemng about 100 imp sec Isocrtrate sumulation showed
features similar to the aitrate effect the impulse frequeney deereasngven quickly after
having reached 2 mavimum aod finally becomes a block There then folloned a
period of aliernating recovery and block, the tatenal between the bursts beconung
progresnely longer and longer and the duration of the burst shorter until a permanent
block of activaty was produced This period lasted from a few rnutes up to 3 hrs
and was generally reversible by washing wrth fresh physiolegical solution

‘There was no nottceable cffect on the heighe of the spike after application of soaitrate
Fig 4

a-ketoglutarate this substrate showed the least effect amone the excrtatan, substrates
{Fig 2) increasing the ympulse activity to about twice the tnittal rate This hugh frequeney
tevel was maintauned for several hours The effect reported was obsen ed with concentra-



62 EZI0 GIACOEINI AXD PIER CARLO MARCHISIO

u
£s
i
g oR
£ 9
2 g
=t
z7d —~ EE 8
£ 5,
< /| == - ATE 35 W
H L S (r1acT ca )
= J A g 74
-
£ | . £
k3 o
2L g 2 5 I 6
4 €3 22 == =
- R e T e
Ly 1 b o 5
g H i
24 <! - B < 44
A‘ z x
1 PR = 1 3
075 s LI
[s3:4 s o
F A 24 35V
= b 5 CITRATE 35
=Tz e Einaees can
N o
=N t
Fie 6 Fig T
Fig & The o1 of tcarbonlic acd evel glrnate zad locow on the

respTztm of the ereich receptor neurone. Each bar regrosents the rmean of the rauos (= CL

9 *  brtween the cxvern uprzke m the presence of the substrzte and the comtol retRE

reprznon.

nz 7 Thr actm of 35 =M awate oo et eells zad o mechamcalh damared cells. Each
bar represes e mean of the rznos — CL 95 ¢, beween the oxvem uptake 1o the preseore

of - subszrz - 20d the contro resung respraton.

voes rznmng brtween 5 20d 25 mAL The sorke herht was nrmGezmh decrezsed b 35
preozt Bz 4

Swerwste smerezsd the fnng frogaraes by more than 15 tuses the gminal 25 repored
m Fiz 2 Thr maomal freqaenn reached was 2bout 100 impilses per sreond. The
sam- Borlng eS-ct 2lvady deenbed for amare and moqirate, was cbsencd
Wasdos resiored the izl actan In thess expenmoests the spike haghtwas vartaly
unchaneed for smveral bown Fir 4

Fumzgte malte oxeserize erd pizce did por thow am et em the orpele
:—fvnmurpu'-dib—.anunvzyulm’um-ﬂapwdmmgmfr
nees §x preaods vp 10 8 by Fiz 2 Frmarere 204 malate ; post exprime=h
Crreavd the botdr of G rpke mionScasth Fzo 4



TCA INTERMEDIATES ONX CRUSTACEAN \EURONES , 63
Glutamate L-glutamate was the only substrate showmng a constant and powerful
inhibutory effect on the impulse acuvity, black occurnng immediately after the addi-
tion of this substrate (Fig 5) Our recording technique was unable to detect an excit-
atory phase preceding this mhibitory effect After L-glutamate inhibition there was no
spontaneous recovery of impulse actiity, but the apphication of glucose (1 mdM) or
washing 1nstantaneously restored the mitial actviy There was a great degree of
ndinidual vamaton among these cells, the slubiting concentration varying ssmuch
as tenfold between different cells No marked effect was noticed on spike height (Fig 4)
hefore the blocking concentration was reached

YY) Expertments on the respuatory acticity

The expenments 1 which the oxygen uptake of the crustacean neurone was measured
before and after adding the substrate are summanzed 1n Fig 6 This figure shows the
ratios of ovygen uptake in the presence of each substrate compared to control resting
respiration Each bar represents the mean of several expenments The most effectve
substrate tested was citrate which increased respiration 7-fold Isocitrate showed z lower
effect (22 fold) as did a ketoglutarate (4 fold), sucemate (2 8 fold) and malate (3 fold)
Fumarate, pyruvate and glitamate did not hasve any effect on the respiratory activity
The only substrate showmg an mbubitory effect was oxaloacetate which decreased
the oxygen uptake to 73 °, of the mmml

Glucose, tested for comp showed latory effect (2 4 fold) at a concen-
tration of 056 mM which has bcen shown to restore impulse activity after metabolic
nhebiton (Gacobin 1965)

A final series of experiments was carried out with normal cells and with cells mechani-
cally injured by gently crushing thesr axon hillocks with fine forceps The latter cells,
because of the localized membrane damage, were no longer capable of finng impulses
As shown m Fig 7 atrate (35 m\I) sumulated the respiranion of intact cells but bad no.
effect on the injured cells

Discussion
The effect of naturally occurning substrates added to the environment of nerve cells
canbeanterpreted asa  pharmacological * effect at the level of the nery e cell membrane,
or asa metabolic* effect due to a direct interaction of these substances with the cell
metabolista generatly or specifically with energy processes linked to impulse activaty
The  pharmacological * interpretation 15 supported by the works of those authors
who m\angau-d the effects ol‘ mnmphorcumlly apphed substrates on smgle CNS
.

mhibitory transmiter

L-glutamic acid has been found to be strongly excitatory for spinal neurone actvity
(Curtis Philhs and Watkins 1959 1960, Curtis and Watkins 1960, 1963} A soular
effect had been earlier reported by Hayashi (1954) and by Purpura et of (1959
Krojoace and Phillis (1961 1963) found that Leglutarmue acid first excites cortcal neu-
fones but afier prolonged adminstration produced an overdepolanzation with a
subsequent cathodal block

In crustacea Elliot and Florey {19361 were unable to detect any effect of L-glutamate
on the stretch receptor neurone It 15 however well established that glutamate exaites
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crustacean muscles (Robbins 1959, van Harreveld and Mendclson 1959) More
recently Takeuch and Takeuch: (1964) found that inotophoretically applied glutamate
acts on muscle receptor sites which can be identified as neuroreceptors Qur results
do not suggest 2n excitatory action for glutamate since we observed anummediateand
complete block of the impulse activity, but this effect could be due to a mechansm
of cathodal block simiar to that observed by Krmyevic and Phulls (1963} Another
explanation could be a direct :nhibition simular to that rgported by Gerschenfeld and
Lasansky {1964) on snail central neurones Unfortuntately as our recording technique
15 rather simple, 1t does nat allow us to analyse in greater detar! the mechamsm of acon
of this substance N

Whateser the explanation may be, the action of glutamate seems to be confined to the
cell membrane Glutamate in fact is not hikely to modsfy the tmpulse actiaty through
the cell bol as lularly ingected gl 13 without eflect {Coombs,
Eecles 2nd Fatt 1933, Araki ¢ al 1961, Takeuch: and Takeuchs 1964) However, 1t
should be noted that glutamate increases the intracellular K* (Hillman and Mcllwam
1961) although this fact 1s not casily corselated with our findings so far

Citrate, a ketogl and the 4 TCA d:
«d to affect smpulse acuvity could act by a branal h 1 a ketogh
and succtnate had previously been shown to increase 1mpulse actsaty 1a the crayfish
atretch receptor (Edwards and Ruffler 1959) It 1s noteworthy that these substratrs
have the eapactty of forming weakly dissociated calaum salts and that dimsmution of
the Ca will elicst sp dusch: (Bnnk 1954)
“The hvpothesis that a diminution of calcium 10ns 1s i ol ed, 1s supported by the obsena
tion that EDTA mimics citrate action and that ctrate block 15 suppressed by adding
caletum sons or by replacing the bathing medium with fresh van Harrexeld solution
The same results are obsery éd with the other three intcrmediates Corniol Joanny and
Millet 1964 descnibe 2 sumilar action of Ca free solutions or of added EDTA 1
cerebral cortex shices

The metabolic mterpretation suffers from the tncertainty that stas not known
whether the ploved p the cell i In fact we have 1o
evidence that they are freely permeable and can reach the metabohic locs imside the ecll
If the changes have a metabolic ongin 1t would perhaps be less likely to exhibit an
smmediate recaven after washing We are therefore inchined to beleve that the effect
on the impulse actinity exerted by these compounds s confined to the membrane

The same consid: applv to the T but 1n thus case there
13 strong evidence for a metabolic action of several mtermediates Different nernous
uissue preparauons have been used varying from brain mitochondnial fractions of Brody
and Ban 1952 1o the cortex shces of Lisingstone ef o (1962) and Haslam and hrebs
{1963 The action of some TCA cycle ntermediates on the respirauon of snele
Deters cells has been imvestiated by Hamberger (1961) but no work has previoush
been carmed out with nerve cells whch are wolated and physiologically capable of
responding to stumulauon  There 1s therefore the difficulty of correlating resufts from
experiments on these vasth different preparations It 13 possible that the inerease 0
ovgen consumption supported by the additon of aitfate 1soatrate a ketoglutarst
and succmate 13 due to ther effect on the impulse acuvity If this s the case st confirms
the previous data indeating a relanonship between o%ygen consumption and impulse
acumty (Gracobim et af 1963 196> Gracoluny 1964

Taking mto account the La binding, effect of some of the substrates, the fact that
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Terve tissue may be lated by the red of lar calcium
wathout the presence of spontancousty wutiated wmpulse actwty (Brink of af 1946,
Brink 1924) 1s not supported by our results In fact the oxygen uptake of the crustacean
merve cell m Ca * free salutions has been found to be markedly dimtmshed (Giacobiny
1964 Giacobum ¢t af 1965) All of the TCA cycle substrates have been found tosupport
the respiration of bram mitochondna (Brodv and Bain 1922) especially pyruvate and
malate Lavingstone ef al (1962) clam that pyruvate oxaloacetate and a ketoglutarate
support the respiration of rat bram shces at the same rate as glucose, while malate
fumarate and citrate are less effectine than glucose In our expenments only malate
stmulated the respiration more than glucose, \nh:rm fumarate, pyrnunate and glulamace
<id not mncrease the resting resps 1y The fact that gl does not
mntrease the oxygen uptake of the rrustacean neurone contrasis with the results o1
solated vertebrate nene tvells (Hamberger 1961) In our study oxaloacctate was
the only substrate shown to cause a sigmificant decrease i resung respiration

The respiratory sumulation by substrates actn ating impulse actimity can be explained
1n terms of an augmented need for energy supplied through ovidatine processes The
modes of action of malate and oxaloacetate which do not affect impulse activity are
more difficult to explain m terms of a pure membrane mechamsm  If malate and oxalo-
acetate are to be supposed to act through a2 metabolic® mechanism mvolving the
TCA cycle of the crustacean neurone onc needs to postulate opposing effects for these
substrates Brody and Bam (1952) found that malate associated to pyrurate supports
the highest oxygen uptake n brain mitochondna The importance of the different
steps of the TCA cycle in connection with the gencmuon and propagation of the
mpulse can be better analysed by the of the sub-
strate levels after phyvsiological sumulatton For thus reason we are now determuming the
levels of the substrates which have been subject of this study using the microchemucal
methods described 1n Lowry's laboratory (1964)
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Lactate Elimination and Oxidation in Thyroidectomized,
Untreated and Thyroxine-treated Rabbits
By
NiLs SvEDMYR

Recened 27 April 1963

Abstract

Svedmyr, N Lactate elimination ond oxidation wn thyraidectomi.ed, unireated and thyrovine-treated
vabbuts deta physial scand 1966 €6 61—71 — On the mfusion of 11.5 mg L(~-)lactate per
kg per mn for 60 min in the rabbit the mcrease 1n the lactate concentration in the blood was
smaller 1 thyrouncetreated than m untreated and thyroidectomized anmals This was
considered 10 be due 10 an wicrease in lhc mclabohc rate of Iactate after thvroune The regres-
sion coelficient for the betw of oxygen and the
icrease in the lacuc acid content of the blood was hxgher i thyroemetreated thap m untreated
and thy roidectomized animals

The increase of the lactic acid content of the blood dunng infusion of adrenaline was
decreased an the dog (Brewster ef al 1936), and in the rabbut (Svedmyr 1965) after
thyroidectomy and ncreased after thyrovine treatment  The reason for the mcrease
wn the adrenaline effect after thyroane may have been that the rate of lactic aaad pro-
duction in the ussues was increased and/or that the ehrnation and oudation of lactic

acid were decreased In an attempt to between these alternatis es expen-
ments were performed m which L(+\lactatc was wmfused 1n a constant dose mto
thy and th d rabbits, and 1t was studied how

this infusion affected the lactic acd content of the blood and the oxvgen consurmption
The naturally occurnng lactate 1somer was used snce L{+)lactate 1s metabolised
approvimately 4 umes more rapid than D{—)lactare (Lundholm 1958)

Method

In prnciple the experiments were petformed as described previously (Ssedmyr 195) The
ammals had undergone thyroudectomy at least 6 weeks before the cxpenment The anmals i
the thvrounc-treated group were gnen | mg Lothyroune (Levaain®, Nygaard) per day
subcutaneoushs for 7 days prior to the expenment The “untreated ' anumals were myected with
the solution medium alone Before the experiment the ammal were starved for 18 hrs. A

67
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Fig 1 The effect of infusion of 1 5 mg L{ + Hlactate as sodiumsalt, on the oxygen consumptio
and on the lactic acid content of the bleod in untreated thyroidectomized and thyroxnt
treated rabbus Mcan increase over basal value of 5 expertments

canaula was ntroduced mto the central artery of one ear, nnder local anesthesia for the wik
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Tarre I The effect of intravenons mnfusion of 11 5 mg L (-1) lactate per kg per mn for 60
soan on the lactic aad content of the blood Test on untreated, thyroidectomized and
thyroxinetreated rabbuts

P=probability that the effecs was dite to chance  n=number of tests

-
) -
]
2 FE  Increase afier adrenaline mg per cent
g
-
Sy Af 22 0 60 50 120
Untreated 283 48+ 239+ 320 394k 89% 25+
n=$ 09 34 39 35 6 1o
Thyremdectomzed 331 59 251+ 372 416:  BlL 103
n=% 1 47 42 69 25 17
Thyrounctreated 275 48+ 114%  227& 254 78%  30%
n—8 [H 33 36 24 36 [
Difference between
Thyreo dectomized 1>k 52k 223 —08% ~—15%
- untreated 29 57 76 30 16
Untreated — thyrox 1223 93k 140% 10£ —05L
anetreated 49 43 42 25 12

P<005 P<0! P<002

of the mfusion. and the oxygen consumpion was also recorded at the same ume The lactic aad
content was determinedon 1 5ml blood as according to Friedemann and Gracser (1933) The
lactic acid excretion i the urine was insigmf cant. which agreed with the results of D etrich and
Zeyen (1932)

Results

The effects of lactate infuston on the content of lactic acid 1n the blood 1n untreated,
thyroidectormzed and thyrowune treated ammals are shown i Fig 1 and Table I

The lacuc acid content of the blood reached a maximum after 60 min infusion and after
120 min had reached the ongmal value The increase n the lactic acid content duning
the infusion period was somewhat higher i the d than 1n the

ammals but the i was ot y sigmficant (Table I) In the thyroane

treated ammals the increase in the lactic acid content dunng the infusion was consider

ably smaller than in the untreated animals and these differences were statistically
sigmficant The summed mean difference afier 20 40 and 60 min was 118 + 260
(P < 0001)

These results mdicated that the arumals treated with thyroxine were able to metab-
olise the infused lactate more rapidly than the untreated amumals Part of the Jactare
admimistered (about one sixth) probably became oudized while the rest sas metab-
ohzed wm other ways {Lundholm 1993} i was therefore of interest to determine
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“TasLe 11 The influence of L (+) lactate infusion on the axygen consumption of untreated
1 d and th d rabbits Incrcase sn oxygen consumption
was measured 0—b0 min after the start of the infusion n=number of tests

Increase :n O, consump~

Basal oxygen tion sn mifkg/mm over
consumption basal values during m
h kg frm fosion of L {4) laciate
Untreated n 8561024 134017
Thyreardectomized n 720£011 1244015
Thyroxinetreated n=5 11004027 1594041
Difference between
Untreated — thyroidectomized 1344026 0104022
P< 0005
Thyroxinetreated — untreated 2444036 0254045
P< 0001

Taere I Correlaion between increase in oxygen consumption in mlfhg/mun (1) over the
basal value and increase 1n Jactic acid content (X) of the blood in mg per éent
P=probability that the effect was due to chance n=number of tests

Regression equation Coeflicient of correlation
Untreated 1 0029 X+062 076
n 36 P< 0001
Thyrordectomzed Y =0026 X+043 0703
n 30 P< 0001
Thyroune treated Y —-0045 X+ 043 0510
a 36 P< 0003

whether the increase 1n O, consumption dunng the lactate snfusion saned 1 the
different experimental groups The eflects on the O, consumption are shown m Fig 1
and Table 11 The sncrease 1n the O, consumption was about 20 °, larger dunng (¢
infusion peniod in the thytoxne treated than in the untreated ammals but the difference
was not staustically sigmficant

A more quanutatn e comparson of the increase 1n the lactate content and th
in O, consumption was made however 1n the different groups The sncrease of the O
consumption above the basal value in mlkg/min dunng the 10 mun peniod 10 which
the blood tample was taken has been correlated in Table TII wath the increasc 40 the
Lactic aaid content of the blood abose the basal value As may be scen this correfation
was statistically n all of the { groups but the value of the regf&”

& increast
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sion coefficient 1n the group of thy treated animals was derably higher than
1 the untreated and thyroidectomized amimals This may sndicate that with an equal
increase m the lactic acid content 1n the blood, the O. consumption had mereased more
1n the thyroxine treated ammals than in the other groups

Discussion

The cxpeniments described above showed that the ehmination of mfused lactate was
more rapid 1 thyroxine treated than in untreated and thyrodectomuzed ammals
In the cases in which the lactic 2ad content after adrenaline infusion was ncreased
after thyroune treatment (Svedmyr 1962), this was probably due to an increased
d and not a d d of lactate This applies at least to more
degrees of thy The mcreased el of Iactate may be
due at least in part to more rapid lactic acid oud , since the
betwcen the increase in O, consumption and the increasc in the lactate content of the
blood was larger after thyrounc treatment

The work was supported by the Medical Faculty of Goteborg and the Swedish Society for
Medical Rescarch Stockholm For technical asststence I am indepted to Mr Theodor Dzedin
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Peripheral Autonomic Influence on the Motility of the
Urinary Bladder in the Cat
1L ‘Tone’
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Ragvar Gyone
Recerved 28 Apnil 1965

Abstract

Gyone, R Penspheral autonomu influence on the motslity of the urinary bladder i the eat I *Tone'. Act2
phywol scand 1966 66 72—80 ~— Parasympathetc and sympathetic mfluence on the

tofie * of the bladder was revealed through alterations in the slope of the pressure-volume 1e-
cords (cystometrograms) following partial and complete section of the autonomic nerve supplics
1o the vesical wall When all bladder nerves but the efferent parasympathetic fibres were cot
bilaterally a marked elevation of vesical tone was noted By additional section of the efferent
parasympathetic supply (total extninsic denervaton) this inercase in the fone of the bladder
was completely abolished A moderate decrease i veical tone primanly cnsued by section
of the parasympathetic supply alone, lcaving the sympatheusc innervation intact After addi-
tonal svmpatheuc denervation, therebyy depriving the bladder of all exteinsic nerves vesicll
tone again mereased close up 10 normal levels Thus, the fone of the urinary bladder wasshown
10 be under mfluence of excitatory and mhibatory thetic effects

Theterm  tone ” of the uninary bladder has been widely used i the past to charactenze
the slope of the intrasesical pressure-volume curve duning bladder distenston Alrcads
Mosso and Pellacan: ¢ 1882), who introduced I 1 determnation®
(cystometry) in bladder studies, analysed the curves obtained in terms of vesical fone
In order to maintain renal excreuon the intravestcal pressure remans low duning urne
accumul up to the hireshold This property of the normal bladder also
appears from the ¢ which are produced by filling the
bladder step by step After cach volume mcrement an ininal sharp elevauen of the
sntravesical pressure 1s noted followed by a gradual decline towatds the pre-fifling
pressure Jevel The Iatter phase of the pressure rexponse has been referred toas  adapta-
non”, whereby a nervous regulation of vewical tone 15 suggested  Thus, Shernngton

72
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(1915) regarded the tone of the bladder as a reflex phenomenon comparable to the
myotatic reflexes of skeletal muscles According to the view most widely accepted in the
past, bladder tone 18 subordinated nervous influence from the supraspinal level Inhibi-
tory effects from the cergbral cortex and the d halon are assumed to
excrtatory  centers” withm the brain stem and the spmal cord (Stewart 1900, Eifiott
1907, Holmes 1933, Muaro 1935, Evans 1936, Langworthy, Kolb and Lews 1940,
Prathes 1953, Koltberz and Petersén 1963) Followng transectian of the spinal cord
these investigators recorded bladder  atoma™, which durmg the next weeks or months
was replaced by a hypertonic state The temporary loss of bladder tone was considered
due to ‘spmal shock”, whereas the inereased tonus observed later was expluned as 2
release p ch d by Iib of exuitatory cffects medrated from a
sacral autoﬂom)c ‘ center™ Denny-Brown and Robertson (1933) found that intray esical
pressure adaptation was present also 1 pauents with lesions of the cauda equina Based
on systematic studies of the late stages of such cases they concluded that the tone of the.
bladder 1s regulated by exatatory and shubitory nervous effects, exerted from autono-
rue gangla lying 1n the vesical wall

None of these mvestigators have obtained any evidence which dsfferentiates para-
sympathetic effects from those exerted by the sympathene supply In general, the
sympathetic nerves were assumed fo play at most a subordtnate role in the regulation of
bladder tone

In contrast to the traditional concepts cited aboye, more recent workers (Nestat of af
1947, Nestit and Lapides 1948, Carpenter and Root 1951, Langley and Whiteside
1951, Tang and Ruch 1955 and Ruch 1960) have advanced the opinion that the tone
of the bladder 15 non-neurogenic in natuse, reflecting the physical state of the vesical
wall only This conclusion was based mainty upon the results of cystometnc exarmna-
tions in the spinal or dererebrate state as comparet wath those obtained in the intact
animal

In a preceding study (Gyone 1965) the rhythmue bladder activity was shown to be
modulated by an exaitatory parasympathetic and an inhibitory sympathetic infiuence
The present investigatton was performed in order to clanfy whether a simitar dual
nervaus mechanism is regulating the tone of the bladder as well The sfluence exerted
through the p and hways wat analysed I by
cystometne examinations under step-wise mierrupnon of these autonomic nerves In
particular, the demonstration of inhibitory sympatheuc effects on bladder tone was
aimed at

Material and methods

R romeel [ eretnmnateaaramewsreahta nad m 26 4edult cars maley and famale wmohe 108
- . .
teved of anesthesia
. . - - R N R - e

the pressure transducer was ordunarly shut dunng wpecvon of fud then smmediarely
apened for recording the pressure responses 1o each addional volume inerement The fasd
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introduced was warmed 50 as to accord with the ammal’s body temperature Sheht changes
(= 2° C) n the temperature of the saline solution did not interfere with the results obtan
1nasmuch as even temperature variatons from 10 to 45° C did not (according to a single set
of observations in a control experiment) induce any cssential effects on the pressure responses
to gradual bladder distension

P puon of the nerve supply to the bladder, was achieved by the
operative procedures described 1n a preceding communication (Gjone 1965

Four amimals were kept alne for a period of 10—14 days after 1nserting the catheter in the
veriex region At mitenals of 3—4 dava cystometric exarmnations were carnied out, whereby
alterations in tone during the development of a cystitis could be observed

Results

Having established a conunuous sntrasesical pressure recording, cystometrograms
sere obtamned 1n all ansmals prior 10 any interference with the seucal nene supply
‘The initial eystometrograms in the 26 cats studicd revealed yarations in the mictunition
threshold ranging from 10 to 70 m) With respect to the intrasesical pressore Jovel
recorded at equal volumes differences occurred, but to a minor extent, and a stnking
conformity was found ta charactenze the slope of the pressure-yolume diagram (' the
tonus cune™  provided the exp ! were 1ly the same from cat
10 cat A represcntatne prosure curve 1s shown in Fig 1, from which the following
typical features appear 1 An iniual pressure elevation caused by each volume -
erement, succeeded by (i) a gradual dechine toward a resung prossure level () BY
plotting the prefilling pressure lesels (in cm water) against bladder volumes (i ml)
a graphic reg of the tlume curve 13 obtained (Fig | B), showng
that the resting pressure remarns relatively constant up to a entical degree of bladder
filling (“the mictuntion threshold  Then a steep nise of the antray esical pressure indi-
cates the of W) Sup d on the slope of the pressurt:
volume record (cystometrogram  rhsthmuc pressure fluctuations appear, which also
remarn fairly constant in amplitude 5— 10 cm water) as well as in frequency (3—4 P<7
min) up to the pomt of mictuniion This 13 preceded by a rapid inerease of the sprn-
1ancous bladder contractiuns pasticularly with respect to therr frequency
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Tig 2 A Cystometrograms ob-
tamed from cat with intact blad
derinnervation I Tube connec 8
ting the ves cal cavity with trans- A
ducer shut durng imjection {10
ml at arrows) then opened for
pressure yecording 1T Tube to
the transducer open also dunng
mjection (10 ml at arrows)
B Graph ¢ reproduction of the
two cystometrograms I Resting
pressure levels and post fllng
pressure peaks plotted agawnst
volume II Resung pressure ley
ls and the second pressure peak
followng each myection ploteed
agamst volume The first peak
15 caused by the injection pres-
sure (Cat 91)

8
B

€M WATER
CM WATER

@

CM WATER

CM WATER

o

In Fig 2 two cystometrograms are shown, which enable a more detailed analysis of
the tnttial pressure peak occurring subsequent to each volume increment Firstly, step-
wase bladder filling was performed 1n the ordinary way {I) 1 ¢, the tube connecting
the bladder to the transducer was closed dunng the injection then immedhately opened
for mtravesical pressure recording Then another cystometrogram was obtamed 1n the
same ammmal with the connecting tube open duning injection (I1) Here two pressure
peaks are seen to follow each volume increment, the first of which 1s merely reflecting
the mjection pressure The second nse in the intrazesical pressure level appeanng after
a latency of 2—3 sec represents the dynemic or early response to stretch as seen from
the graphic of these (g 2B)

mmnations were performed A higher bladder tone assoctated with 2 lower mictuntion
threshold was found in all under 1 h thaa after the
addiuonal myections of nembutal (Fig 3 \ and B

Effects of inflammatory changes 1n the resical uoll Changes m esical tone were demon
strated by the cystometrograms obtained at different stages of a dexeloping cystis 1n
4 cats The ammals were given the same type of ancsthesa and in equal doses before
cach which was perfc d at intervals of several days The
records resulting from the first pressure volume determimation (2 hrs after imtiating
anesthesia) were compared A gradual nise in bladder tone associated wath decrease of
muctuntion threshold therchy cnsued asillustrated in Fig 4 Aand B

The presence of a cystiis was verified at autopsy whereby marked inRammatonry
changes associated with a thickening of the v esical wall were found

Effects of nerve sect oning

In 18 anumals bilateral section of the autonomic bladder nerves was carned out step
by step

| Imtil section of the parasympathetic nerces was performed in 6 cats Apart from a
marked reducuon of the rhvthmic bladder contractons (Gjone 196 this procedure
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Jig $ Alteratim in the slope of the pressure volumse record durng a dos clnping cystitis caused
by an ndwelling catt cter see text { Cystometrograms obtamned on the day of operation (1)

five (11} and ten davs Later 11 respectinely \olun € mcrements of 5 mi ind cated by arrows
B Grapl ic representation of the ¥ ree ¢ ystometrograma by plotting the pre filling presiure levet
{1n em of water) against the oc rrespond ng intravencal volume (i mf) {Cat 22}

was followed by the abolitron of the micturstion reflex and by a shight lowernng of the
ranus curse Afier addinonal secuon of the sympathetic vesical supply the slope of the
cystometrogram was &,ain changed s0 s to ceflect acarly normal Yladder tonr (Fig 5
2 Interruption of the yympathelic nestes § ammals) smantaining the parasympathetic
\omen ationntact, caused a prompt and profound reduction sn the mucturition threshold
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M WATER

Bladdes aguin ncressed although complete normalization 1 not scen The mcton reflcs

sl absent. B Graphic he three
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Fig 6 1 Effects of bladder d

M, regular

As a rule muctuntion was induced alreadv by the first 2—4 ml injected 1nto the bladder
Hence, with the direct approach to the vesical cavity, leaving the emptying funcuon

ntact cy suitable for comp tonus changes could not
be obtained In order to meet this thed wasimtiated

1n 4 cats by cutting the afferent sacral nenves thereby abohshmg the mictuntion reflex.
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L Fig 7 Three succesve cvsio-
metrograms fter secuon of alt
extnnsic bhdder nenves Y olume
sncrements of 5 mlindicited by
arrows Farst {1} second (IT}ant

n thurd (111) records obtamned at
N ntervals of 3 nun Bladder filled
L unnl leakage of fnd (1) from
25 thevesrcal cavity Nonterference
LA with bladder tone 1s caused by
the repetitne flling procedures

{Cat H)

M WATER
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The expertmental situation thus provided still offered the opportumty o test sympathe-
t1c sersus efferent parasympathetic influence on bladder tone

The cystometric cuncs showed 1denucal effects 1 all the 4 ammals The results are
lustrated 1n Fig 6
(1) Firstly, the pressure volume cunve of the ntact bladder was determined (Nig 61
() Next the afferent components of the sacral bladder mnenation were tnterrupted
on both sides The evstometrogram (Fig 6 1) now revealed a profound reduction of
the spontancous rhythmic actnary loss of mictuntion reflex and furthermore a lower
bladder tone as compared with the slope of the imual pressure volume diagrim (m)
Bulateral secuon of the sympathetsc chams was then performed leaving the efferent
parasympathetic innernation alone intact Pressure adaptation to angresing stretch
then became highly defectne ndicating a raised tonus  particularhy at the Jarxer
degrees of bladder filing (Fig 6 JII (1) When finally also the pamsympathetie
efferent nenve supply was sectioned  the slope of the cystometrogram agam changed 5o
as to reflect nearh the same stretch behavior as that of the ntact badder (Tig 6 1V)

3 Repetitive eystometric exanunations of the denertoted blafder Vath Al extnnsic nenves
bilaterally sectioned the resulting abolition of the micturition reflex imphes the danger
tat the vesical wall might be unducly stretched unless special measures are 1aken
agunst uncontrolled distension  In the present expeniments this requurement wat
fulfilled by interrupting the filling procedure at the first asrqn of fluid leakace from the
external urethral onfice When performed in this way repeutive eystometne examnl
tions did not affeet the tone of the denennated  bladder (Fig 7)

Discussion

It appears from the Introduction that opunsons differ widely sith respect to the i
fluence of the vesical nenves on bladder tane despite the fact that essenually the same
technecal approach has heen employed 1n previous insestigations concesning ths
problem Thus chinical and expenimental work has been based on intrasesical pressure
determinations by means of a closed  recording svstem  as ntroduced by Mowo and
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Pellacan: (1882) By the use of this method there 1s a considerable danger that the
vesical wall might be unduly distended, whereby the stretch behavior 15 likely to be
interfered with Langley and Whiteside (1951) and Tang and Ruch (1955) demonstra
ted such effect of overstretching the vesical wall 1n repetitive cystometrc exanunations
A gradual reduction 1n vestcal tone was shown subsequent 1o each filling procedure
when performed m rapid succession and exceeding the mictuntion threshold From
thus absenvation the conclusion was drawn that the vesical * atony™ following injurtes.
to the spimal cord or section of the pelvic nerves 1s not a true atonic state, but a mani-
festation of bladder overdistension due to the abolitron of the mictunipion reflex

In the present expenments, vesical tone was analysed from pressure-solume records

obtamed by cannulation of the bladder directly through the abdomnal sall, whereas
the urethral outlet was left intact (for further desenption of the method, see Murphy
and Schoenberg 1960, Gone and Sctcklewv 1963 and Gone 1965) With the open
outlet, o erdistension of the vesical wall could be avorded by mterrupting the bladder
filling at the ructuntion threshold or, 1n the absence of reflex mictunition due to section
of the vesical nerve supply, as soon as urethral leakage of flud was noted The cysto-
metrograms thus obtained, showcd that repetitive bladder distension did not affect the
slope of the pressure-volume records

The cystometnc findings during a developing cystiis yield support to the view that
bladder tone 1s closely dependent on the mherent propertes of the vesical wall as
particularly emphasized by Tang and Ruch (1955} Such dependency was further
indicated by the stnking simulanty characterizing the slope of the pressure volume
records from the bladder 1a the mtact state and after section of 1ts extrinsic nerve supply
In agreement with numerous pres10us workers (see Introduction) the optnion 1s advan
ced that the tone of the bladder 1s primanly reflecting an autonomous funtion of the
vesical wall This conclusion docs not, however exclude the possibibiy that the vesical
tone 1s modul bya On the contrary a subordsma
tion to 2 tonic nervous wnfluence 18 very hikely since alxerauom m vesical tone have been
produced 1n Tesponse to . of 1 structures (for
see Langworthv and Rolb 1933, Perctts 1951 and hoikegam et af 1927,

The eustence of a nervous mechanism mfluencing bladder tone through the para-
svmpatheuc and sympathetic u-sncal nenves was established by the cystometne findings
during pro to bilateral section of the para-

nenve supply a red 1n vesical tone was demonstrated This effect
vielded support to the traditional concept that the tone of the bladder depends mainly
on excitatory mfluence from a sacral ¢ center (see Introduction® Following addstional
sympathetc denenvation the slope of the pressure-volume curve increased to the
level of a nearly normal bladder tone Thus evidence was obtained that the relaxaton
following parasympathetic denervauon could not be ascribed to an “atomc” state nor
to bladder overdstension, but was the result of an hibitory influence from the sym
pathene vesicat supply

Definite evidence of such antagomstic whbitory effect sppears from the cystometro-

b d after prmary: hetic bladder d wath bilateral
section of the afferent vesical fibres to the sacral cord L'nd:r mfluence of the efferent
parasvmpathetic innervation alone the bladder now became markedly hvpertomc
The exaitatory reaction, released by deprving the bladder of the sympathetic pathnays
disappeared following additional section of the remaining extrinsic nerve supphy, ¢ e
by cutung also the efferent parasympathete fibres
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L Fig 7 Three successve ovsto-
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The experimental situation thus provided, stll offered the opportunity to test sympathe-
tic versus efferent parasympathetic influence on bladder tone

The cystometnc cun es showed 1dentical effects 1n all the 4 anumals The results are
lustrated 10 Fig 6
(1) Firstly, the pressure volume cunve of the intact bladder was determned (Fig 61)
(1) Next the afferent components of the sacral bladder inpen aton were interrupted
on both sides The cvstometrogram (F1g 6 11) now revealed a profound reduction of
the spontaneous, rhythmic actinty, loss of mictuntion reflex and, furthermore 2 lower
bladder tone as compared with the slope of the mtral pressure-olume diagram {ur)
Bilateral section of the sympathetic chams was then performed, Jeaving the efferent
parasympathetic innenation alone intact Pressure adaptauon to increasing stretch
then became highly defectne indicating a raised tonus, parucularly at the larger
degrees of bladder filling (Fig 6 III) (1) When, finally, also the parasympathenc
efferent nerve supplh was sectioned, the slope of the ¢ystometrogram agam changed o
as 10 reflect nearly the same stretch behavior as that of the intact bladder (Fig 6 IV)

3 Repetitre gystometnic examinations of the denercated bladder With all extrninsic nerves
bilaterally sectroned the resulting abolitton of the micturition reflex tmplies the danger
that the vesical wall might be unduely stretched, unless specaal measures arc taken
agamnst uncontrolled distension In the present expenments this requirement was
fulfilled by interrupting the filling procedure at the fiest sign of flud leakage from the
external urethral onifice When performed i this way, repetitn e cystometric exaguna-
tions did not affect the tone of the denenvated * bladder (Fig 7)

Discussion

It appears from the Introduction that opimions differ widely wath respect to the =
fluence of the vesical nerves on bladder tone despite the fact that essenually the same
techmcal approach has been employed 1n previous im estigations concermng this
problem Thus, chinical and expenimental work has been based on ntray esical prmux;
determinations by means of 2 closed * recording system, as introduced by \losso an
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Peltacam (1882) By the use of this method there 13 a consderable danger that the
vesical wall might be unduly distended, whereby the stretch behavior 1s likely to be
imterfered with Langley and Whateside {191} and Tang and Ruch {1935) demonstra-
ted such effect of overstretching the vesscal wall in repetitive evstometnc examinations
A gradual reduction 1n vesical tone was shown subsequent 1o each filing procedure
when p d in rapid and ding the threshold  From
thus observation the conclusion was drawn that the vesical “atony * following injunes
to the spinal cord or section of the pelyic nerves 1s not 3 true atonsc state, but a mam
festation of bladder overdistension duc to the abolition of the mictunuon reflex

In the present expenments esical tone was analysed from pressure-volume records
obtamed by cannulation of the bladder durectly through the abdomnal wall, whereas
the urethral outlet was left intact (for further description of the method, sce Murphy
and Schoenberg 1960, Gone and Sctcklen 1963 and Gjone 1963) With the open

. [T o

metrograms thus obtamed, showcd that repetitn ¢ bladder distension did not aflect the
slope of the pressure-volume records

The cystometnic findings during a developing eystitis y1eld support to the view that
bladder tone 13 closely dependent on the inherent propernes of the vesical wall, as
parucularly emphasized by Tang and Ruch (1935) Such dependency was further
indicated by the stnking similanty characterizing the slope of the pressure solume
records from the bladder in the intact state and afier section of 1ts extninsic nenve supply
In agreement with numerous previous workers (see Introduction) the opinion 15 advan

. - PR

sympathetic and Sympathetic vesical NEN s Was eslauiisiied by the cystometne indings
dunng prog denenvation
hetic nerve supply a red

to bilateral sechon of the para
1 vesical tone was demonstrated This effecy
vielded support to the traditional concept that the tone of the bladder depends maunly
on excitatory influence from a sacral center (see Introduction) Following additional
sympathetic denervation the slope of the pri
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Thus, an excitatory parasympathctic and an inhubitory sympatheue nfluence
previously shown 1o modulate the rhythmic vesical contractions (Gjone 1965) has
been found 1o modulate the * sonc * of the bladder as well
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Peripheral Autonomic Influence on the Motility of the
Urinary Bladder in the Cat

I Micturition
By
Racvar GJONE
Receved 28 Apnl 196>

Abstract

The function of the urmary bladder serves a dual purpose, 1z, the temporary storage
and the perodical expulsion of urine Dunng the storage phase the acty 1ty of the vesical
wall 13 ch d by rhythmic and by ad of the

tension 1n order to maintain a low intray esical pressure el (“tone *) Both these changes
1 bladder motility are reflected by the pressure responses to a gradual increase of the
ntravesical volume (cystometrogram) The results of several recent investigations show
that vesical storage function 15 pnimanly autonomous n nature (for references sec

© 63003 4 ta phy of and Vol & 1 81
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Gjone 1965 a, b) This conclusion 1s based upon the similar stretch behavior recorded
by cystometric exammation of the intact bladder and after section of its extnnsic
nerve supply However, by partial, parasympathetic or sympathetic, bladder denerva
tion evidence was provided, indicating that the rhythmic contractions as well as the
adaptation of vesical * tone™ were mfl d by effects (Gjone
1965a, b}

When a certain degree of bladder filling 15 reached, a critical tension develops in the
bladder wall causing a steep and marked risc of the intravesical pressure lesel followed
by the onect of micturition Thus, distenston of the vesical wall up to an indidual
limut, the mctuntion threshold, appears to be an ad stmulus for the el
of the mictunition reflex At the same hime, howsever, the jtation of micturition 1s

1 pendent on nen ous \} diated through the autonomtc supply to
the vesical wall Thes clearly appears from the frequent observanion by clinscal workers
that injurtes to the pelvic rerves or to the corresponding level of the spinal cord are
nvarnably followed by bladder dueto rfe wiath tk reflex
(For systematic reviews of the 1 see F des 1917, L h 1931, Holmes
1933, Denny-Brown and Robertson 1933, Munro 1935, Langworthy, Kolb and Lews
1940, Kuntz 1953, Prather 1953 and Plum 1962) From these chinical data general
agreement was reached that the snfluence conducted by the y esteal
nerves as of ¢ 1n the el of a regular micturttion act
Definite evidence 1n support of such cxcitatory heuc effects on
was provided 1n experimental studics, mnasmuch as abolition of normal reflex mictun-
tion was always demonstrated subsequent to ilateral section of the pelvic nerves (for
references sce Elliott 1907, Barnngton 1915, Denming 1926 Langworthy ¢f af 1940,
Mellanby and Prats 1940 Runtz and Saccomanna 1944, Ruch 1960 and Plum 1962)

Further e 1 data ¢ pheral nervous I of
hase been deduced from mtravesical pressure changes raused by sectron and stimula
tion of the extrinsic vesical nenves As the trad: I “closed™ d ystem was
employed 1n all previous investigations, the mnfluence of the different bladder nenes
on the mictantion act could not be directly demonstrated Intravesical pressure

P were howeverob d, re gch m i esical motility during thestorage
function These results were generally reported in terms of contraction or relaxation of
the bladder wall, whereby an cxcitatory or wnlnbrtory effect was indicated also with
respect to the act of urine expulston Thus, Elliot {1907) found that the parasympathetic
nerves cause detrusor and of the internal sph whereasthe
sympathetic nenves mediate impulses resulting in detrusor relaxation and contraction
of the nternal sphincter This classical theory was later supported by Learmonth
(1931), Holmes (1933), Mellanby and Pratt (1940) Prather (1953), Kollberg and
Petersén (1963)

Detrusor contractions although stualler in amplitude and of shorter duration, have
been obtaned by sumulatron also of the sympathetic vesical supply (MacDonald and
AfcCrea 1930, Wang and Harnson 1939 Kuntz and Saccomanno 1944, Girade and
Campbell 1959, Ingersoll Jones and Hegre 1961)

Other workers, also employing the closed recording techmque, observed nhibitory
effects on the detrusor c by of the p hetic as well 85
the sympathetic nerves to the bladder (Wang and Harison 1939, Hegre and Ingersoll
1949, Edge 1955) Such inhubitory effects most ly occurred by p: het
stimulation
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Inhibitory effectson the acthase ped d b tion d
to the fact that bladder emptying was prolubtted by the “closed’ recording methods
lutherto employod for studies of bladder mothty In order to clanfy the peripheral
nervous regulation of a technical modifi 1s required, wherchy inhibi-
tory as well as excrtatory effects can be demonstrated This requirement was fulfilled
by the direct method of bladder cannulation described 1n preceding communications
(Gjone and Seteklerv 1963, Gione 1963a, b} Intravesical pressure recording was
established throygh an ordmary cystostomy, whereas the bladder outlet was lefc un
touched Because the emptying function of the bladder remained intact, a regular
mictuntion act appeared mn response to bladder distension The bladder contractions
during mictuntion were reflected n the mtravesical pressure record The parasym-
pathetic and b nfluence on was tigated by observing the
effects following section and stimulation of each of these nerve supplies alternatn ely
Since escitatory parasympathetic and ihibitory sympathene effects have previously
been shown to modulate the rhythmic actinity and the tonc of the bladder, similar
nenous effects on mictuntion were scarched for

In addition, the activity of the socalled internal sphincter was observed 1n the intact
bladder during peripheral h or h )’ and after sec-
tioning one or the other of these nerve supplies The smooth muscle activity 1n the

sphincter region™ was studied 1n each of these situations by cystoscopic examination
and/or Jocal pressure recording

Matersal and methods
. on v an roaL . B

\

previously (Gyone and Seteklery 1963) In 3 cats 2 double-barrelled cystoscope was introduced
through the cvstestomy for combined travesical mspection and pressure recording

The blood pressure in the femoral artery and the respiratory movements were recorded
sumultaneously 1n 12 and 10 anmmals. respectively

The svmpathenc and or the parasympathetic nerves to the bladder sere then exposed by the
operatine techmique described previovsly (Gjone 1963a)

momiorng oscilloscope

Results

The operatn e insertion of the recording catheter obviously caused some narrow mng of
the vesscal canity and moderate local traumatization of the bladder wall Y et mictun-
tion thresholds ranging from 10 to 70 mi were found after cannvlanon of the bladder,
and by tncreasmg the travesical volume up to this indnadual bt a regular nuctune
tion act always ehsued

By gradual fillng of the bladder ch htaned,

were
mna curve ’,1ll dinFig 1 A The powerful bladder con-
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Fig 1 Complete vouding act
d " intuated by volume increments
of 10m) at arrows A, before and
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g 2 4 Parasympathruc sup-
ply to the bladder mierrupted
by sectioning the sacral nenes
bilaterally Inteavesical volume
8 30 ml A regular nucturniyon act

o expulsion of fuid from the
- bladder during the suual pres-
St She sure efevation (Cat 70)

40 A was intuated by '“mub"ngol:;

perrpheral end of the sec
304 mN sacral nerve (4 volts 0.32m4
& 2 msec, and 50 eps) B Sym-
’q‘zo patheye chainy ako seetontd.
= “}‘ mtravesical solume 5 ml Pe
= nipheral end of the sympathetic
G 10 nenve trunk sumulated with 4
solts (032 mA), 5 musec, 30 cps

o pa—

tractions mohed 1 the evacuation act are seen to build up from the spontancous
rhythmic actvity which rapidly nereases i frequency and amplitude Expulsion of
fluid was mitiated after a sudden nise in pressure, and from this moment on the soiding
was accomplished with httle reduction in the rate of flow until the bladder was empty

As presiously shown (Gyone 1963b) a considerably lower macturition threshold ensued
under chloral h than under 1 h whereas the mictynuon
act aself was fulfilled 1n the same manner

N\ether changes in the mictuntion threshold nor mn the “mcturition cune’ were
obsenved after paral the strated lature try (g b

Paraggmpathetic mnercation
The perspheral parassmpathetc fibres pass m the ventral sacral roots to reach the
bladder through the pelvic nenves The later also contan afferent nerve fibres from
the vesical wall These jorn the sacral cord through the dorsal roots Thus, by wolatng
the ventral sacral roots from the dorsal roots, the efferent (parasympathetci and the
afferent sacral nenve supply can beinterrupted and stmulated ndnadually without
sith the other comy (Ggone 19632,

A Section experniments

The effects of bilateral parasympathetic denervation of the hladder, withoyt interfensg
with the sympathetic pathways were obsernved m 16 animals The influence of the
efferent and afferent sacral innen atron was studied separately by section of aither the
ventrzl nene roots (6 expts) or the dorsal roots (4 expts  Essenuially the same results
entued bvisolated efferent or afferent root sectroning as those following nterruption o
the spinal nenves From cystometrograms oftained smmediately after sych denena-
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tion lhe mlctunuon reflex “as found to be absent. Atintravesical volumes exceeding
the holds a dnbbl: leakage of fluid occurred, closely
bling the “parad, " which 1s more appropnately charactenzed

as overflow

B Effects of shudation

Foll, sacral pery the peripheral ends of the ventral roots were sumulated
mné whereas th 1 neneswer Jated in 12 ammals In either case
aregular micturition act was induced, as mnFig 2A Asharpelevat fthe

intravesical pressure level 1s here seen to follow sumulation This imitial pressure peak
was found to appear after a short latency, as a rule not exceeding 2 sec After a further
latency peniod of 2 to 5 sec expulsion of flurd was observed from the external urcthral
onfice Thereafter mictuntion continued despite termination of sumulation until evacua-
tion of the bladder contents was complete
\fictuntion was produced by simulating am of the three sacral nenves in the cat

‘The most powerful effects were obtamned from S,, although complete evacuation of the
bladder contents as a rule also resulted from sumulanion of S; whereas S, yrelded more
inconstant responses For the elicitauon of an ordinany nucturttion act intensities of
153 volts (0 12024 mA) were required Frequency studies covenng a range of
01—100 cps showed mavimal effects at a rate of 40—60 cps at pulse lengths of 1—5
msec

Sympathetic neries

In the cat the vesical suppls from the dision of the system
onginates from Th,, and L,—L; The nenes from each side, through which both
efferent and afferent mpulses are conveved unite fo form the hypogastric plesus, or
presacral nerve, before entenng the bladder wall o attempt was made to separate
the efferent and afferent pathwavs when the sympathenc nerves were interrupted As
deseribed previously (Gjone 1965a) the sympathetic nen es were reached for sectioning
and sumulaton tr bilateral dissection of the paravertebral chains just above the upper
branch to the hvpogastnic plesus

1 Sympathetic denersation

In 18 animals the svmpathetic supply was divided bilaterally under maintenance of an
intact parasvmpathetic innenation  \ profound reduction of the mictunuon threshold
constantly and momentanh occurred (Fig 3 A—B} Thus effect could 1n fact be used
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Fig 4 Al cxtningie nenestode
blidder intact  but sympatheuc
chams dissected free 1n the lumbar
region  Mictuniion threshold at 30
ml \ ouding 1nttrated by rapid flud
mection at arrow Interrupt on of
ructunition induced by simulat on
nf‘lhc mtact l)mpﬂheu:‘ trunk (4

yohs 4 msecand 30eps) Mictunton
. 5 resumed nd completed on termina

MIN 30mi von of stimulation (Cat 68)

£y
o

€M WATER
3

to venly that the proper nerves had been cut As a rule as little as 4—5 ml sufficed to
nuate the mictunition reflex Bladder emptying was then rapdly completed

B Sumulation experiments

T'flects on the mictunition act

The penipheral sympathetic supply to the bladder was left sntact in these expenments
{8 cats) because a preceding ccction of the same nenves was followed by such 1 marked
shortcning of the emptying phase that an appropriate background actaty could not be
mamtained duning stimulation A regular mictuntion act was induced by ripid filling
of the bladder A few scconds after the imtration of mictuntion a stimulus of about I mus
duration was applied to the sympathetic trunks or to the presacral nerve As demonstra
ted m g 4 micturition was arrested during the entire period of stimulation The
arrest was accompanied by a marked lowenng of the intravesical pressure and by
aboliuon of the thythmic bladder contractions On termination of stmulation bladder
cracuation was resumed and complete emptying was eflected Such inhubutory stimula
tion effects closely resembled those previously obtained by cerebral stumulatien (Gjone
and Seteklenn 1963)

Effects on the storage phase
Stimulation of the peripheral ends of the cut sympathetic chains produced constant
and marked effects on the rhythmic bladder actiity a8 shown in Iig 2 B The regular
vesical contractions were suspended dunng the entire period of sumulation and re-
placed by a diphasic response [irst there was an immediate and sharp nise of the mntra
vesical pressure followed by a fall below the pre sumulatory level which was then
gradually reached The short lasting wittsal pressure eleration was never accompanted by any
expulsion of flund from the tesical catty It should further be noted that this effect always
subsided quickly despite continued stimulation

The inlubitory response to sympathetic sumylation was studied under
frequency varations from 0 1—100 cpt Maumal effects ensued within the range of
1530 eps At these optimal parameters mtensittes of 2—4 volts (0 16—032 mi)
were required to obtain sigmficant responses

3 stematic

The denervated bladder”
In 12 of the expenments desenbed abos e both the parasy mpathetic and the sympathetic
nerve supphes were sectioned at termination of the expeniment As it appears f’"m]“';
cystometrogram 1n Fig 3 € the mictuniuion reflex was abolished W hen the level o
overdistension was reached the characterisuc dribbling leahage of fluid (onerfion) w3t
observed
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Durect stmulation of the bladder wall was performed m 2 of these expeniments through
ball tipped electrodes fixed 8 mm apart to the dorsal surface near the base of the bladder
{Fig 5) Evacuation of the \esical contents was constantly induced by stumuli (5 volts
5 msec 50 cps) apphed to this site but contrary to the effects obtained from the para

sympath nenves ceased on stopping the direct sumulatuon
of the bladder musculature

The nternal sphuncter®

The internal urethral onfice 15 surrounded by crosstng bundles of smooth muscle
fibres They are continuous with the smoath muscle of the vesical wall although
renforced by increased thickness mamly of those bundles which are derned from
the muddle aircular or oblique layers This more or less nng-shaped extension of
vesical smooth muscle at the base of the bladder 18 generally referred to as the internal
sphuncter  Furth Uly 1t has been largely independent of the
bladder globe In view of the expenimental data obtaned 1n the present work particulac
problers thereby anse Therefore the functional role of the internal sphncter was
made the subject of the following study

By P durnng of the cut chains the
mternal urethral enfice was seen to close slowly within a penod of 5—10 sec No con
tracuion of the detrusor muscle was seen to accompany this response The Irieonal
regron on the other hand was clearly reacung to sympatheuc stimulation by local
contractions extending upwards bevond the ureteral onfices

Turther eluctdauon of the closure function of the snternal sphincter  was aimed at
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118 7 Muscular ring composing the
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through simultancous recording of the sympathetic sumulation cffects on the intralu
minary pressure in the provumal part of the urethra and in the bladder casity, respec
tively (2 cats) For thus purpose a ballon was used at the former site The results obtained
appear from I'tg 6 The two records are seen to reflect essentially the same pressure
response to stmulation ndicating a relasation also of the socalled sphincter muscle
Addittonat evidence 1n support if the view that closure of the bladder outlet 13 effected
by relaxation and not by contraction, was obtained by dividing the muscular tissue sur
rounding the internal ortfice and the pro<imal part of the urethra (2 cats) A verncal
retropubnc inaision of 15 mm length was made, whereby the serosal and muscular
layers of the bladder neck were split leaving only the mucous membrane mtact The
urmary bladder remained continent subsequent to this procedure, as appears from the
dmn Tig 7 A Turthermore interruption of mictun!
ton occurted i response to stmulation of the sympathetic chams (Dig 7 B) With
respect to the emptying function of this bladder a ugnificant rmpatrment was noted,
asarf and vouding act ensued

Diuscussion

In accordance with the reports of numerous earlier workers (see antroductory part,
the parasympathetic bladder supply was found by sectioning and stimulation to exer'
excitatory effects on micturition As mentioned in the introduction some earlicr worker!
advanced the opinion that the ¢ nerves are also d nhibitors
eflects on micturition No evidence was provided m support of this concept

With respect to the ibiation of mictunition 1t 15 of particular interest that the refley
15 completely abolished when the denervation 15 confined to the sacral afferent fibres
In other words the efferent parasympathetic pathway does not convey tmpulses cxciting
the bladder emptying mechanism unless linked together with afferent signals from the
vesical wall It seems near at hand to correlate these observations to the electric 1
pulses which have been recorded in afferent nerves from the bladder to the sacral cord
(Talaat 1937 Iggo 1955 and Plum 1902) Bursts of impulses were found to accompany
the rsing phase of each rhythmic intravesical pressure vanation, whereafter the £
of finng momentarily decreased A nunumal impalse ac*ivity was then recorded during
the whole interval p ding the T wave of

A dual fiuence on the act was established by the fact that
\atnhitory effects were shown to be mediated by the sympathetic pathway to the
bladder Firstly, such mhibitory tnfluence was indrcated by the profe nd reduction
of the hreshold denervation This finding has been
reported also by carher investigators as Learmonth (1931), Bucy, Huggtns and Bucha
nan (1937) and huntz and Saccomanno (1944) Definite evidence of the mhubitory




PERIPHERAL NER\OUS INFLLENCE O\ MICTURITION 89

h of the fl was provided by the mnduction of “mictuntion
arrest” in response to of the intact h nerve trunks This response
has to our knowledge not been observed p 1y By ! of the periph:

cutt end of the sympatheuc chain a diphasic effect on the intravesical pressure was noted,
closely resembling the respanse reported by previous workers using the traditional
recording method (Langworthy ef af 1940 huntz and Saccomanno 1944, Hegre and
Ingersoll 1949, Edge 1955) Based on the pressure peak, mtiatng this diphasic re-
sponse, the view was widely adopted (see Introduction) tha: excitatory as Mc]l as
mhibitory effects on the reflex are d through the sy

pathway Duc to the modified recording techmque employed 1n the present expen-
ments 1t could be shown, however that the mmitial pressure peak 1s not accompaned
by any expulsion of fnd from the vesical cavity Hence, this change in the intra-
vesical pressure cannot be d 1o an of the reflex

According to the cystoscopic exammation, 1t 1s most Iikely due to contraction of the
tnigonal muscle and the distal part of the ureters, as has previously been observed by
Learmonth (1931) and Langworthy ef al (1940)

The nternal sphun ter * The dual autonomue influence on the mictantion act does not
wnply the acceptance of the tradiional subdivision of the bladder in two separate fune-
uonal components, 1 ¢, detrusor* and the nternal sphuncter” From an anatomical
pomnt of view the separation of the bladder globe from a sphincter muscle 1 merely
theoretical as already stated in 1883 by F Le Gros Clark Based on menculous hustolo-
gical studies he concluded that there 1s ne es1dence of such boundancs at the base of the
bladder The same concept has been advanced by recent workers (Clegg 1957, Allert
and Buscher 1964), who found that the vesical smooth muscle could be traced as a
continuum down below the neck of the unnary bladder In accordance with these
anatormical data, the opemng of the bladder outlet dunng micturiion was explamed by
Lapides (1928) and Plum (1962) as the result of a shortening and widening of the
urethra effected by contraction of the smooth muscle at the base of the bladder Ttwas
assumed that the outlet was closed by an elongaton of the urethra due to muscular
relaxation Thus the socalled iternal sphincter™ muscle was supposed to act m phase
with and as part of the detrusor muscle and relaxing simul Ty with
thus This theory 1s strongly supported by observatons made 1n the present expeniments

t Complete evacuation of the vesical contents resulted fmm parasympathetic stmula-

uon alone, (u} bladder rek resulung from was
with pressure reduction also in the outlet region (i) no contraction was seen 1n the
socalled sphincter b c m the latter

Qv the bladder remartned continent and mlcrrupuon of mictuntion was obtained 1n
Tesponse to sympathenc simulanon after division of the * internal sphuncter™
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From the Neurophys ological Laboratory at the Anatormeal Instuute Ussvers ty of Oslo
Norway

Excitatory and Inhibitory Bladder Responses to
Stimulation of ‘Limbic’, Diencephalic and Mesencephalic
Structures 1n the Cat
By
Racvar Gjoxe

Recewved 78 \prl 1963

Abstract

Gyone R Exc tatory and tnh b tory bladder responses to stmulat onof Imb ¢ d encephalic and mesen
cephal ¢ structu e in the cat Acta phys ol scand 1966 66 91—102 — By means of intraves cal

find ngs are reported W th n the amygdalo d nucltear complex and the pynform cortex cxata

tory bladder responses were obta ned on sumulat on of the basolateral d vis on nd inhsb t on
on st mulat on of the cort comedial area_By hypothalamc st mulat on a dorsolateral exestators
and a ventromed al mh b tory field was found Inh b tory bladder responses were demonstrated
from the pos cr or cingulate gyrus and from the retcular formation of the upper bram stem

Predom nantly excitatory responses were produced by st mutat on of the super or coll cule
and from the grey substance ¥ responses from all these reg ons were
abol shed by secton of the parasympathetic bladder supply but rema ned unaltered by
svmpathet ¢ denervaton Inh b tory responses were abol shed when the sympathet ¢ bladder
supply 1 as cut Thus exc tatory effects of st mulat on were identafied as parasympathet ¢ and

nh b tory effects as svmpathet ¢ in nature

Suprasp nal influence on \es cal function was at first demonstrated by operat ve expo-
sure of the unnary bladder Thus contractions of the bladder the mntesunal canal and
the uterus were seen 1n response to mechanical or electneal irntation of the medulta
oblongata (for references see Schunberg 1864) In 1876 Bochefontaine demonstrated
contractions of the exposed bladder by faradic st mulat on of the pericruciate cortex
somatic sensory motor area 1 n dogs

\lost later data were obtained bv mtravesical pressure recording Stace alterations
n the mural tension are mediated to the flwd contents of the bladder exc tatory or 1n
h bitors effects on yesical motl ty are reflected by a nse or a fall in the Alud pressure

9 ey,
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respectively Sy pressure 1ol d were obtained from the unnary
bladder by means of a permanent catheter, mnserted through the urethra or directly
through the vestcal wall In erther case the bladder outlet was occluded if necessary by
aligature, whereby a ‘closed ding system was established Bladder was
thereby mamifested through a pressure elevation indicating the ehicitation of powerful
detrusor * contractions like these imolved 1n the mictunition act, whereas mhibiory
effects of sup 1 1 were ref d bv a lowening of the intrasesical
pressure ( tone ) and by a reduction or abolition of the rhythmic vesical actiaty
1 ¢ by motihity changes durng the vesical storage phase only This technical approach
has remarmed essentially the same since the end of the past century

The storage actities {Gjone 1965 a, b} as well as the mictuntion act {Gyone 1965 ¢)
were shown to be modulated through exatatory parasympathetic and inhibitory
svmpathetic mnfluence It should be noted however, that the reservoir activaties arc
P 1 i ch: and only to a mmor extent influenced from the
nervous system The mictunttion reflex on the other hand s primanly dependent on
neryous regulation {Gjone 1963 ¢) With respect to previous experimental data con
cernung supraspinal influence on the unnary bladderitseems hkely thatinhibitory effects
of sumulation were Lable to escape obsery ation 1nasmuch as only excitatory effectson the
muc,unition reflex were mdicated by the tradstional recording techmque In accordance
with these considerations predominantly excuatory arcas have previously been identified
at the encephalic fevel whereas bladder ihibitton only occasionally has been reported

In a preceding i estigation (Gjone and Scteklen 1963) bladder responses to stimula
tion of the cerebral cortex werc studied by mtravestcal pressure recordimg without
mterfenng with the vesical emptying funcuon By this modification of the recording
method excitatory eflects were represented by the ehetation of a regular mictungion
act whereas inhib was d by the mn erruy of micturinon  The topo-
graphical distnbution of corucal ponts yiclding excitatory or inhubitory bladder rc
sponses to clectnical sumulation was thereby further clanfied Fve zones were out
hned from which the following patterns of bladder influence ensued

In agreement with previous obscrianons both cxatatory and nhibitory bladder
responses were eherted from the somauc sensory motor area I In addition sumilar
effects were obtained from the somatic sensory motor area II (the anterior ectosyhran
and the antenior sylvian gyr) Further, exclunvely exeitatory responses were mduced
from the supracallosal part of the antenor cingulate gyrus whereas inhibitory bladder
responses only could be produced from the subcallosal part of the emgulate cortex and
the orbital gy rus

The present work rep; a of the p d) m concerning
bladder resy to 1 of arcas By latton of
Imbic  d halic and m. hal points yieldmg excitation or mbt
brtion of the reflex were explored by means of the modified
reeording technique which leaves the vesical emptying function itact In additon

the role of the and 5 hetic bladder mnervation in
mediating the centrally evoked effects were studred 1 nen e secioning expermment

Mater:al and methods

33 cats of both seves (we ght 1 93 7 kg were used They were anesthetized by 1 p m;ec:om
of pentobarb tal sod um (Nembutalh Abbot) As a rule one s ngle dosc of 40 mg kg 4 v
was sufficient o perform the edas welfas refatrvely steady 2nesthet
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bladder with 30 ml at arrow (Cat 2)

Jevel durmg the Erst bours ef sumnlaton Addiional doses of 6 me kg nembutal were given if
necessary according o the critena wentiened clsenbere (Gyone 1963 2)

Records of the mtras esical presure respiratory movements (25 cats) and blood pressure (23
cats) were obtamned on a Model » C Grass poivgraph by the methods previousty described
{Gyone 2nd Sercklerv 19631 .

e nd sy RS S .

. .o
section heing stained according to the st method

A square wave sumulator with 2 for output control was used Pulse
duratons of 0 L—10 msec were emploved at sumulis intensities rangig from 0.5 to 10 vol s
{about 0.04 to 0.8 mA! The frequency vanied from ] to 100 cps A pubse duration of 2 msec
and a frequency of 50 cps were mast commonly used Wuh these parameters an wtensity of
2+ volts were 1n most mstances found to be just above the threshold value A munimum
merval of 3 min was allowed between each stumulus

Bilateral scction of the svmpathetic or garasvmpathetic nerves to the bladder was performed
las desenbed previously (Gyone 192 a

Results

In the following exaiatory eflects of cerebral sumulation refer to the cliatation of a
regutar mictunhon act whibetion refers w interruption of reflex micturtuon mm:fed by
rapid blsdder fithng Fig ik the ercater ¢ which may be
10 the fatter response as compared with the reducuon i rhytbmac actvity and 1 esteal
€ tone’ recorded by the’ closed method  previoush employed Thederrease in thythmic
acmaty and  tome” of the bladder resulng from cerebral sumulanon (B) 1salmost
d from the sp of the pressure fluctua.
Boma (A bn Cimterruption of wproduced by sturmul fth bral
electrode site 2310 B

A The cevebral cortex

Apart from the 3 responsive cortical zones previously outhned (Giane and Setekeny
1963 cflcees on the mictuninon reflex were produced from o addstional areas witkin

-
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Fig 2 A Regular nuctuntion act iuiated

£
539 [ | A by rapid bladder filling with 20 mlatF
2 A Y
2 29) g B \Micturiyon imtiated 1 the same way at
= h F Stmufation (£ volts 0327 m% 40ps
S 1or—af Blogter U 2 msec) of the pastersor cingulate area (at
of V 5a arrow on inset diagram) Interrupuon of
micturiion Mo effects on blood pressure

— and resp ratory movements (Cat 42)
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the ‘lunbic  cortex of the medial and ventral surfaces of the hemusphere, w1z, the
posterior angulate region and the pyriform area

The posterior amngulate region was explored m 4 cats In 3 of these animals mbibitory
effects were ly obtained by 1 of a small area closely surrounding the
responsn e point indicated on the insct diagram in Fig 2 B

The pyriform cortex was stimulated n 11 ammals Of a total of about 50 clectrode sites
in this region 1 3 yielded micturition upon stimulation 1/3 inhubited mucturnivon and
the 1 de pl: n the | of the hatched arcas i Fig
3 A gavc no sigmficant eflect Exctatory responses were predominan.ly obtamned from
the posterolateral part of this arca, whereas the inhibitory points were located 1 1ts
anteromedial part

This separation of an excitatory from an mhibatory field, as determmed by sterco-
taxic sumulation (Fig 4) was 10 3 animals confirmed by direct sumulation of the ex
posed cortical surface Excitatory as well as inhibitory effects on mucturition were 18
these expenments repeatedly produced 1n one and the same animal by changing the
site of stmulation (Fig 3) The cortical ongin of the responses was confirmed by their
disappearance after local application of 1 per cent lidocaine (\ylocain® Astra) to the
pyniform cortex

B The amygdalord nuclear complex and adyacent structuses

Bladder resp L of the dalord nuclear complex and its surroundings
were studied 1n 19 cats About 270 drfferent loct were simulated The following topo-
graphical organization was found (Fig 4)

Excttation (induction of micturition) was obtained from 68 points within the amyg-
dalord region and adyacent structures In the anterior part of the amygdalaid comple®
(A and B) there was some Overlap with points yielding inhibitory effects Within the
more well-defined amygdaloid nuclear groups bladder excitation was predommantly
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Fig 3 A \entral aspect of the hemusphere illustrating area frorr‘l \V{ucil jyh'ddcr respooses

ehcated from the lateral nucleus and from part of the magnocellular division of the
basal nucleus (C—F)

Inhibiton (muctuntion arrest) was tnduced from 60 needle positions in the amygda-
loid regron and 1t surroundings Apart from mhibitory points located in the anterior
amygdaloid area, such pomts were almost exelusnely confined to the costscomedial
and central nucla and the parvocellular division of the basal nucleus

In order not to overlook any responsive loct sumulus intensities of 4—5 volts were
used, the stimulus threshold for both ty pes of bladder responses berng about 2—3 volts

Bladder responses were obtained from 5 of the 33 ponts sumulated wulun the
claustrum, pallidwun and putamen All of these 5 ponts were situated within the
putamen (Fig 4 C—E) mostly at the border to surrounding responsive areas It scems
Iikely that these effects were due to spread of the current to the adjacent amygdalod
nuclear complex

followed
nal capsule (Fig 4} On the other hand,
medtal portion

of the lateral part of the adjacent inter-
of dnts

The hippocampus Mo significant effects were obtained by stinulatian of the temporal
end of the hippocampus

€ The diencephalon

The thalamys N was clhicited by of scattered ponts within the mud-
Lnrnudden (i, 5, whereas ~ifrctemara il s b vhos *holomis.
nucle

The hypothal re

effects on were ehated from the hypo-

thalamus at low sumulus strengths The threshold values seldom exceeded 1—15

volts {0 03— 12 mA+ When mtensitzes of more than 4 volts were emploved, mhibitorv
- ) [ P -
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b Fig 2 A Regular mictuntion act imtated
539 f i W ty rapid bladder fillng with 25 mlatF
7:20 3 B MMictuntion sutiated n the same way at
z i‘ F Sumulation (4 volts 032 mA 40 cps
3 10 1 EBlosser \ 2 msec) of the postenor cngulate area (at
‘\ \ T arrow on mset dugram) Interrupuon of
mictunition o effects on blood pressure
and respiratory movements (Cat 42)
<A

7

the himbic  cortex of the medial and ventral surfaces of the hemusphere, 1z the
posterior cingulate region and the pyrdorm arca

The posteror cingulate region was explored in 4 cats In 3 of these animals inhubitory
effects were obtained by i} of a small area closely surrounding the
responsive point indicated on the inset diagramin Fag 2 B

The pyriform cortex was sumulated n 11 ammals Of a total of about 50 electrode sites
1n this region 1/3 yrelded mictunion upon stimulation 1/3 mhibited mictuntion and
the 1 de pl n the sur d of the hatched areas n [ig
3 A gave no significant effect Excitatory responses were predominan.dy obtamed from
the posterolateral part of this area, whereas the inhibitory points were located 1 118
anteromedial part

Ths separation of an excitatory from an mhibitory ficld, as determned by stereo-
taxic sumulation (Fig 4) was in 3 ammals confirmed by direct sumulation of the £x
posed cortical surface Excitatory as well as inhibitory effects on mictuntion were 1
these expenments repcatedly produced i one and the same animal by changing the
site of stmulation (Fig 3) The cortical ongin of the respanses was confirmed by ther
di after local 1 of 1 per cent (\ylocain® Astra) to the
pyriform cortex

B The amygdalord nuclear complex and adyacent structures

Bladder responses to stimulation of the amygdaloid nuclear complex and its surroundings
were studied 1n 19 cats About 270 different loct were sumulated The following topo-
graphical orgamzauon was found (Fig 4)

Exataton (nduction of mictunuonj was obtained from 68 points wathin the amyg
dalond region and adjacent structures In the anterior part of the amygdalod complex
(A and B) there was some oserlap with ponts yieldmg mhibitory effects Within the
mote well-defined amy gdaloid nuclear groups bladder excitation was predommantly
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Fig § Frontal sections in
rostro caudal  direction
(4—D) through the dien
cephalon of the cat illus
traung bladder vesponses
to stmutauon of the pre
opuc and septal regions
thalamus and hypothala
mus Symbols and abbre-
wiatons as 1 Fig 4

Excatation was predominantly ehated from the preopuc and lateral supraoptic
regrons as well as from the dorsolateral part of the tuberat region and the posterior
hypothalamus Seme points extended 1nto the lateral septal region (Fig 5A) Inhibition
occurred manly in response to stmulation of the ventromedsal areas within the tuberal
region However there was a considerable mtermingling with points yielding the
oppasite effect

D The mesmecphalon

Mesencephalic structures were explored an 6 animals A total ol 65 points were sumula-
ted (Fig 6) Bladder excitation was ebtained from the central grey substance, from the
pasterior part of the superior collicult and the postenol commussure, whereas mhibitory
effects were encountered by stimulation of pomnts within the re icular substance and the
antenor part of the superior colliculs

S\ substanua nigra Yan ventrals anteror
SO n supraopticus VLo ventrals laterahs
Spt area septalis VALn ventrahs medialis

THP tractus habenulo-peduncularss
TO tractus opticus
TTC irctus tegmentalis centralis

VPL n. sentralis postero-lateratis
\P\ln sentralis postero-medialis
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g 6 Erontal sections in
rostro-caud1l  direcnon
(A~} through the nes
encephalon of the at
showng the distribution of
pownts yielding_exatatory
or nhibitory cffects onur
nary  bladder motiity
Symbols and abbreviations
asin Iig

All responses from the mesencephalic level were charactenized by low stimulus
thresholds Thus, significant effects were produced at intensities of about 1 volt (008
mA) In mapping the responsive loct a stimulus intensity of 2 volts was ordinanly used

Concomitant changes tn blood pressure and respiratory motements
With the exception of the postenior cingulate gyrus the effects on the bladder were
q with al 10 blood pressure and respiration Inbtbitory
bladder responses produced from the hypothalamus and from the mesencephahc
reticular were ¢ i by a marked nise 1n blood pressur¢
as well as by conspicuous changes in the respiratory movements Slowng associated
with red of the resy y excursions or Jete arrest in ansy wad
characteristic of this response I'rom the other brain structures, influencing the urninaty
bladder, no definite and constant pattern of blood pressure and respiratory effects
was demonstrated

Moo prethacass maduvong e sapspons! aftos or Sladibe manly

Attempts to determunc the peripheral pathways convey ing the central effects were made
mn 12 ammals A the end of the expertment bilateral section of the parasympathetic o
sympathetic vesical supply was performed with the electrode fixed m a position gnang
exaitation or tnhibition of the micturition reflex The study of the changes thereby caused
1n the bladder effects was dirceted towards responsive points within the sensory motor
cortical areas I and I1 as well s towards the orbital gyrus, the pynform cortes the
posterior part of the cingulate gvrus the amygdala the hypothalamus, the periaquac
ductal grey and towards the reticular substance of the mesencephalon By parasy™
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response 15 completely abolished (I1) (Cat 59,
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men mafamyadalad o le (T an o mitat an

piratory movements remamed unaltered (Cat 74)

pathetic or sympmheuc bladder deneryation the exaitatory and inhibitory responses to
were wnfl asseen from therecords in Fig 7 (no matter the
localization of the excutatory of mhubitory points, respecuvely).

InFig 7 A exantatory effects (I) induced by sumulauon of the somatic sensory-motor
arca T were abolished (I1) after bilateral section of the parasympathetsc bladder supply
(sacral nenes) In Fig 7 B muctunuon (1) mduced by stimulation of the basolateral
part of the amvgdala persisted after bilateral section of the svmpathetic bladder nerves
(an

In Dig 7 C the interruption of micturstion (I) evoked from the medial hy pathalamus
was abohshed by ilateral scetion of the svmpathetic vesical supply, whereas the
accompanving effects on the blood pressure and the respiratory mosements remained
unaltered (I1)

It should be noted that the results of sectioming the parasvmpathetic nerve supply
on supraspinal inhibitory effects could not be determuned in these acute cxpeniments
because the mictuntion refles 1s always abobished by parswmnathenc denervation




100 RAGNAR GJONE

Discussion

Excitatory and inhibitory bladder resy to sup were in the
present work demonstrated by induction or interruption of the mictuntion act, respec
usely The parasympathetic bladder nerves were identificd as the perspheral pathway
mediating excitatory effects whereas the inhbitory nfluence was shown to be comveyed
through the sympathetic nenes No conclusive evidence of such dual autonemi
regulation from the supraspinal level has been obtained by previous workers (see
Ingersoll, Jones and Hegre 1961)

Bladder responses have earlier been elicited from all the brain arcas reported here
to mfluence micturtion However inhtbrtory effects of cerebral sumulatton have
seldom been described (sce below) E: y res have been found to predomi
nate in areas from which bladder inhsbition only could be demonstrated in the present
expeniments This discrepancy 1s likely due to differences m the recording methods
Thus a diphasic alteration in the intravesical pressure, a short clevation followed by
inhubrtson, has been interpreted as an excitatory effect when the tradinonal “ closed
recording system” hasbeen used By the open outlet method it has been shown that this
mtravesical pressure elevation when clicsted by peripheral sympathetic stimulation
1s not accompamed by expulsion of fluid from the bladder By cystoscopy this sharp
iminal pressure peak 15 seen 1o be associated with a contraction of the trigonal muscle,
whereas the response of the bladder as a whole 1s predommated by relaxation as also
indicated by the longlasting second phase of the intravesical pressure alteration Thus
a sharp pressure peak obtaned by -al pressure ding 18 not dered
indicative of an excitatory bladder response On the contrary 1t may just as well repre-
sent the mittal phase of an inhibitary response The true nature of such cffects can oaly
be determined by the use of the open outlet method Thereby an explanation 1s offered
to the fact that a different functional organization ensued in the present study as com
pared to previous reports

The postenior cingulate gyrus In the prescat study nhbition of mictuntion was exclt
snely obtaincd whereas Rremer (1947) described the opposite pattern of bladder res
ponse w1z contraction of the vesical wall Excitation as well as ihibition were reported
mn response to stmulation of the same region by Hennemann (1948) and Smuth (1949)
as judged by the pressure records from the closed vesical cavity

The pyriform cortex From the present results this region may be subdvided imto 3

lateral arca yiclding pred ly excrtatory and an dual
area from which exclusnvely inhibitory effects were produced There data grossly
correspond to previous findings Thus Usnas (1947), Hennemann (1948) Smith
(1949) and haada (1951) produced muctuntion manly from the posterior part of thit
area, and inhibition of the rhy thmic activity and tone of the bladder has beea obtained
by sumulation of uts anterior part (hotkegam et af 1957)

The ampgdalord nuclear complex The distrbution of the responsive points allows a clear
subdvision of this region 1nto a basolateral excitatory zone and a corticomedial snhibi
tory zone with respect to s effect on mictunition In set eral previous studses micturition
has been reparted to occur incidentally i response to stmulation of vanous parts of the

1 1

amygdatord complex Thus Ursin and Kaada (1964, 4 . mamlyfrom
the lateral amygdalod area, an ot . present findings
On the other hand, Magnus of 3 tron 1 produced
predominantly from the medeal pre s workers

#dalo:d

concluded that there 1s no evid.

A
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nuclear complex with respect to the effect on bladder motthty (McLean and Delgado
1933, Shealy and Pecle 1957, Gloor 1960) By the use of a contimuous pressure recording
from the closed vesical cavity hoik etal (1957) 4 both exaitatory and
nhibitory bladder to dalord From the distnb of
the responsne loct a subdrvision of the nuclear complet was made 1nto a mediobasal
excitatory region and a central inhubrtory region These findings are seen to be in part
confirmed mn the present expenments

Apart from the effects on the unnary bladder the amygdaloid nuclear complex 1s
known to influence other autonomic funcuons and vanous patterns of behavior Part-
cular snterest1s attached to the findings by Urun and Kaada (1960) In ammal studics
they separated a basolateral zone, causing “fear™ (flight), and a corticomedhal zone,
giving aggressne reactions The fact that structures causng excitauon or mbubition
of so closely pond to the d ongin of fear and anger, res-
pectsely, may be of relevance to the common expenence that mictuntion does not take
place 1n the state of anger, whercas fear 1s well known to be accompamed by an 1n-
crease of the yrge to micturate

The hypothalamus From the present experuments it seems justified to distinguish a
dorsolateral excitatory from a s entromedial inhzbitory field, with respect to mictuntion,
although the two areas are not sharply outhined It is of particular interest that the
basolateral evaitatory amygdaloid area recently has been shown to project to the
dorsolateral hypothalamic nucler whereas the inhibstory corticomedial amygdalod
nuclear group has been found to project to the s entromedial hypothalamic area (Nauta
1961) The present work thus provides physiologreal data in support of a corresponding
functional differentiation

Bladder effects from the hypothalamus are usually associated with a vanety of other
autonomic phenomena The present results of hyporhalamic simulation concide in part
with the evidence previously ebtamed in favour of an antenor exaitatory (parasvm-
pathetic) area and a postenior mhibitory (sympathetic) region, as suggested by Rabat
Magoun and Ranson 1936, Yang and Harnson 1939, Crossman and Wang 1935,
Ranson Kabat and Magoun 1956 Gellhorn 1952

The mesencephalon Tn accordance with the results obtained by Hennemnan (1948) and
Stith 11949) mhibitory bladder responses were produced by sumulatng the mesen-
cephalic reucular substance In addiwon exclusnely mnhibiters effects on micturiuon
were cvoked from the anterior part of the supenor collicle Exaitatory responses only
were obtained by sumulation of the postenior part of the supenior collicle, the posterior

and the p qrey This y area was indicated by

Tang (1925) through the results of bram sterm but 1n those
the exact localization of the exaitatory peints could not be established

The penpheral peth says mediating the effects of supraspinal infurrce

Previously excitatory p: and inhubttory bladder effects have
been established 1Gjone 1953 b ¢ An mtact penpheral autonomic ner e supply
15 required 1 order to mamtain the regular reflex mictuntion whereas the storage
activities crz the spontancous rhythmic actwity and the tone of the bladder are to a
considerable extent mdependent on evinnsic ner ous regulation In the presentstuds the
parassmpathetic pathway has been found to mediate the exeitaton influence on the
mictuntion reflex from vanous supraspinal levels whereas the sympatheuc bladder
nerves were identified 1s the pathway for the mhibitory cerebral influenc e
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The Effect of Triiodothyronine Treatment on
the Catecholamine Content of the Blood during
Infusion of Adrenaline in Man
By
Jax HAGGENDAL and NiLs SvEpMYR
Recewed 29 Apnl 1963

Abstract

Haggendal,] and N Svedmyr The effect of thyronue treatment on Ue

content of

1t has long been known that thvroid hormones enhance a number of adrenaline effects
(reviews Elhs 1956, Hoch 1962, Harnson 1964, Rosenberg and Bastomsky 1965)
Several explanations for this action have been presented One 1s that thyroid hormones
nfluence the adrenahne inactivation in such 2 wav that more armine 1s made available

to the receptor mechanism  Another explanation s that the sensitinaty of the effector
cells increases

In a previous study the first of these hy potheses was tizated 1n the rat (Sved
and Waldeck 1965), whereby ne evidence was found to indicate that thyrovine affected
the of 1nyected hol. (o)

Uptake 1n neurons and breakdown, pred through hol-O-

methyI-transferase (CO\T) appear to be the most important inactis ating mechamsms
for arculating CA (Axelrod ¢f al 1959, Axelrod and Tomchick 1960, Whitby Axelrod
and Wed Matherbe 1961 De Schaepdryver and Karshner 1961, Carlsson and Waldeck
1963 Inhibition of cither of these mechanisms leads to an increase in the quanaty of
crculating CA

\Many attempts have been made to determine the effect of thyroid hormones on the
CA content of the blood Older studics often showed a higher CA content mn thvro-
tovicons or 1n amimals treated with thyroid hormanes (Harnson 1964) The reliability
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theronsne was chosen i consideraton of the futher pube nse that was to be expocted
P et

(Svedmvr 1965)

The A content of the plasma {Fig 1} before the A wfision was not affected by the
truodothyromne treatment, and m most of the sub ects Lav below the determunaton
Limut of the method ns ng during the \ mfusion to approwmately 07 u3'here (w-
comdcd for the recovery) The increase was of the same magmtude m the control and

de After d of the mfusion, the A comtent
decreased equally rapidly 1a both groups The N A contents were low, similar in the two
groups and did not change noteworthily dunng the A mfusion.

Discussion

The above results contradict the view that the potentranon of certam of the \ effecs
obtained by pretreatment with truodothvronne may be due to influence on the uptake
of arcutaunz CA or inhihinon of these tnzvmcs {predominantly COMT) which are
of 1 the of ca

‘Thus 1s m agreement with the results of Svedmyr and Waldeck {1%0) obtained on
the admimstration of tntium labelled CA 1n the rat It seems probable therefore that
1n those cases where potentiation of A effects was mndreed by tniodothvronine treat
ment this was brought about by a change or the part of the cffector cell.

It should be pownted out, however that the dose of truodothvronine used was rela-
tively small and that the possbility of effects on the CA metabolism by higher thyrod
hormone doses cannot be prectuded.

Auded by grants from the Swedish National Associat on aganst Heart and Chest Duseases and.
the Medieal Faculey  Lanversiv of Goteborg
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Abstract

Aberg B and M Gillner Rodiostrontum radofhosplorus_stable strontium stable calewm DA 4 and
DAA P in rem spermata oa Acta physiol scand 1966 66 106—114 — A detailed study was
performed 1n order to determine the normal content of DNA DNA P Sr and Ca 10 ram
spermatosos Furthermore $Sr and ™P werc njected intravenously and thewr uptake by
spermatozoa followed as well as their effect on the sperm cell piciure The normal content of
DN\A 1n spermatozoa was found to be 29 pg per cell and the content of DNA P 0 21 pg per
cell The satio stable strontum to stable calcium m spermatnzos was I 118 and the rato
stable strontum to DNAP | 1846 The rato stable calium to DNA P was found 1o be
1 18 After intravenous admmistration of racio strontium to rams a maximal concentration
oceurred 1n the spermatozoon on the 3rd fo 7th day At thar ume the rauo 'S¢ DY

was 025 10 * After 3 v admimistration of radiophosphorus to rams the maximal ratim of
st DNA-P was 017 10 ¢ When 31 5 mCs of 51 was 1v adminstered to a ram the Sperm
cells were dead between the 45th and 52nd day Esght weeks aficr the adminustration the sperm
cell picture was normabsed

Luning et al (1963 reported genetic effects of strontium 90 injected 1nto male mice 1 ©
inereased pumber of intra uterine deaths withun 5 wecks after the ijections Accosding
to the hterature nothing has been reported on rad uptake by sp tozod
and the relation between rad and the sp 1 DNA

Material and methods
Rams (Swedish country breed were chosen because of thewr I gh sperm cell densiny m the semef
(16 ¥ 100—37 , 10 cells per ml  Three rams were used 1n these 1nyvesugations and (FaIRs Y
on an arufical vagina Tyaculates were collected from 1 to 3 tmes a week starting at least

106
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Taste 1
Analytical procedure Xx+o Range a°,
Sperm concentration (26£02) 10°mI ™ 16 10°—37 10°ml: 75
Spermatoent 2413 0, 1241 3, 123
D\A, mg per sperm cell (29203) 10 » 97
DNA P, mgperspermeell  (021:£002) 10 * 100
Deoxyribose mg per sperm  (256:4:009) 10 * 161
cell
Ca, atoms per sperm cel) (24102) 100 1310031 10* 84
_ix
X= = x=single ofseration d=difference between double determnations o= [

n

e 100

n~number of gbscrations & %, —

weeks before 1sotopes were admimstered Collections were continued durng at least 8 weeks
after the 1s0tope administration

min i order to inhibit sperm motihty

samples were eentrifuged 1n a Beckman Aficrofuge and the plaxma was removed with a teflon
mpetie (Semz 19.9) The specm cells wete lr:msfmcd 0 ord  nary glass tubes and washed 3

Portians of the sodiam hydrowde soluuion of the alsted DNA were used for determination
of D\ \ phosphorus according £ **
DN\ determimation by direct

+am
respecnels (Hutchison and Mu wtha
Higer UMVISPER Trals mad . .. aeter

showed less sensitiaty
Sandaed solutions of D\ \ were prepared from thymus-D\ A (Fluka Buchs Switzerland
and a vers pure DN kindly given us by Professor Eanar Hammarsten The Hammarsten
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Fig ! Fig 2
Fig ! Atoms of DVA P Ca and St per spermatozoon
) ram no 3 atoms DN\ A P per sperm cell
7 ram no 3 atoms Ca per sperm cell
W ram no 3 atoms Sr per sperm cell

Fig 2 Atoms of P** and 51 per spematozoon
) atoms P3* per sperm cell ram no 3
° @ atoms 55 per sperm cell ram no 2

preparation being superior 1o others was used for final caleulanions of concentratian b 2
deoxy d ribose from Th Schuchardt Munchen was used as deovy nibose standard As phosphate
standard the anaivncal grade kH,PO, from \Merck was used
Rodimstrontiom and radiophosphoras were obtamed from Amersham Englind (8°Cls
S\IS1 SCl SOS2 I as orthophosphate PBS 1) The isatopes were admims
tered ntevenn W Thae Aacee £ [N -n Ao Wl B E et FQe 00 mof

sional shakings 60l of the digest were diluted with 2 0 mi of an aqueous solut on of Lath
(1 per cent 1n 5 per cent HC1) The concentrations of caleyum and strontmm were demménc
with a Perkin Elmer model 303 Atomuc Absorption spectropbotometer agunst s@ncul
solunons of CaLl, analytcal grade) and SrCl, (amalytcal grade) contaming Lall, ;
detechion hmit with Scale 2 for calenum) was 003 mg/l and with Scale 10 (for stroam
001 mg/l

The accuracy of the analviical procedures was calculated from double determinations and the
sesults are given mn Table

Results and discussion

The results of the strontim  radiostrontium  calcum, radsophosphorus DNA D\\IP
and deoxynbose determunations are tiven in fig 1—3 The valucs for elements stable
and unstable, are giten 2y number of atoms per spermatozoon so as to ENsUIE an €28§
way of calculaung relanonships DNA DNA P and deoxyrsbose are expressed 33 M5
per spermatozoon The number of DNA P atoms 15 also gien The pereentda® .
the dose of P*? adminustered per ! of semen spermatozoa and sernal } lasm?
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Fig 3 mgot DNA deoxynbose kP - o .
and DNA P per spermatozoon
in two different rams
+ E R y
[ ——
v v e -
v

Fig 4 Per cent of ginen dose of
P i the semen the sperma
toz0as and the sermnal plasma 1n
nmno 3

0 s s 3 ] El
OAYS AFTER ADMMISTRATION

Ramno3 Vo per cent of given dose P per ml spermatozoa
——— @ per cent of gen dose P per ml semen,
v = per cent of gnen dose P per ml semunal plasma
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Fig 5 Fig 6
Fig 5 Perce © . -~ .~ .

Fig 6 Blood and blood plasma concentrations of $rt* n ram nio 1 & 2 during the expermental
penod

ramnol  — per cent of S dose per ml blood
[ @ per cent of Sr** dose per ml blood plasma
ram 102 V—— —~V per cent of Sr** dose per ml blos

¥ per cent of $r** dose per ml blood plasma

shown i Fig 4 The percentage of the dose of Sr** per mg of DNA DNA P and
deosyribose 13 given 1n Fig 5 which also shows the relationship between S and P**

The blood of rad after the ad 15 shown as per
cent of dose 1n Fag 6

Radiophosphorus was readily taken up by spermatozoa as already shown by Dawson
(1938) (Fig 4) Radiostrontium was also taken up by the sperm cells A maximum 10
spermatozoal radiostrontium content n all 3 rams was reached between the 3rd and
7th day after the iniravenous administration When Sr® was admmistered the radio-
1s0tope 1n spermatozoa was determined for 53 and 74 daysrespectvely whereas after the
adrunistraton of Sré* the himit for deterruination was reached on the 13th day

Our values for spermatozoz DNA 1n rams (about 29 10 ° mgjcell) are Jess than the
value reported by Mann in 1954 (32 10 *) The difference nught be due to our us¢
of NaOH as a solvent nstead of KOH fisrthermore the standard DNA used in the
d might differ m exunction Our values however do accord
with those of Walker and Yates (1952)

The values for DNA P found by us (021 [0 ® mgjcell) are alsoless than Mann s1?

954 (036 10 3,
! Fux(lhcr mvcsfxgauom are necessary to establish if the decreased content of DNA &
D\A P s a result of the radiostrontium adrmunistration In the present xmcsm,;a;l]n;
the Se/Ca ranos vared from 1/45 ta 1/239 1 sperm cells Our mean value was 1/
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The ratos for S/DNA P and Ca/DNA P were respectively 171846 and 1/18 (Fig 1)
Sr%/DNA P was found to be 1/4 10 2and Sr*/DNA P 1/4 10 *at the maximum leyel
m spermatozoa (3—7 days after admunstration of the isotope) The rano FYDNA P
waz 1/6 10 ¢ at the maumum P*? level These quotients are of some interest because 1t
has been shown that yttrum has a considerable affimty for DNA (Sternand Stemberg,
1953) and this affimty of yttnum also pertamns to proper lanthamdes (cf Magnusson
1963) The unstable strontium 150topes Sr** and Sr*® decay to vttrium whereas Sr*s
decays to RS but we are interested only 1n S and Se*® as fission products of physiolog
scal importance

As 1s evident from Fig 2 both $r*® and P** in spermatozoa show a peak on about the
20th day which must be due to an uptake which has occurred in the testicles Dawson
(1958) has shown that the passage ime from the testicles through the epididyms to the
cjaculate 13 roughly that time
The analyucal values here presented clearly show that strontium 1 present in sperma
tozoa and that radiostrontium circulating 1n the ram s blood stream 15 taken up by
spermatozoa The decay of unstable strontium atoms and their daughtens wall naturally
affect the D\ A 1n the cell This must be the case parucularly for yttrum which 15
attached to the DN\ bly at the phosp! atoms Thus rad taken
11 by the ammal organism (rom fall out will add to the dose recers ed by the spermatozoal
radiocesium (Cs® ) (Ekman and Grertz 1965)

That affects the spy 13 obvious from Table IT which shows
the percentage of e sperm cells 1n gaculates from the ram which recened 31 5 mGi
of S In the 6th and 7th weeks after the administration no wave formation was found
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Taspte I Ram

Neutrophilic

Band
Days after  Hematocnit White blood —_—
adm o, cells Hbg/100ml  cells/mm® Rel 2, No of cells
0 33 1o 5900
7 28 97 3100 15 47
15 27 84 3000
33 25 81 4200 05 22
Some basophilic red blood cells
40 27 93 3000
Anisocytosis
47 31 93 4200
Anisocytosss some Howell Jolly bodics
54 31 109 3500
Shight amsoty tosis
62 108 4000
1 nucleated red blood cell Howell Jolly bodies
70 114 2600

Tapte I\ Ram IT

Neutrophi! ¢

-

White Band Segmented
Hema blood —_—

Daysafter tocrit Hb cels Na o
adm °p cells g/100m mm * Rel °,  ofcells Rel % ofcells

5 32 101 8200 23 1 886
12 29 103 9800 05 49 545 5341
20 3 105 6300 265 1670
6 30 101 6700 a5 34 9 603
34 31 108 5200 1 272
40 24 97 6500 85 553
48 30 105 4200 75 315
5 30 o8 3500 05 18 4 14

i the ejaculates and the dead cells showed a great number of pathological heads
In the 8th week the motlity was still greatly reduced Hereafter motility retumed and
was normal from the 9th week when the number of pathological types of sperm ccliswas
also normal
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Ecsnophuls Basophuls  Lymphocytes Monocytes

No Rel No No Rel ™o

Ret % DNoofcells Rel °% ofcells  °, ofcells Rel ® afcells %  ofcells

10 590 1 59 835 3722 05 30
26 206 3 93 665 2062 3 93
30 900 1 30 69 2070
13 559 1 43 855 3077
125 372 87 2610 05 15
19 793 81 3402

15 513 05 18 84 2,940

7 280 2 80 905 3620

5 130 25 (5 s 2,405
Eomnophils Basophils Lymphocytes Monocy tes Juenles

o Rel  Noof o o Rel  “oof

Rel % ofcells ©,  cells Rel % ofcells Rel ®  ofcells ©°,  eclls
n 902 66 5412

8 8% 365 3374 05 49

25 138 7 4473

! 67 885 5930 1 67

1 52 87 457 1 52

25 163 89 5485

95 3g3 1 4
05 18 94> 3303 05 18

Radiostrontium 1 the dose here apptied 31 5 mCi of S mn ram T and 10 mCs of
S 1n ram 11) also caused clinical changes Thus both animals dev eloped leukopenia
and neutropema Table 111 and IV and ram 11 dicd on the 61st day On post mortem
examunation ths ram showed definite signs of a radiation syndrome The first ram was

€ L6003 tia phy e and b1 06 1
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TapLe 1T Ram I

Neutrophilic
Band
Days after Hematoerit Whte blood
adm % cells Hbg/1g0ml  cells/mm? Rel °, Noof eclls
[ 33 110 5900
7 28 97 3160 15 47
15 27 84 3000
33 25 81 4200 05 22
Some basophihic red blood cells
10 27 93 3000
Anisocytosis
47 31 93 4200
Anisocytosis sorne Howell Jolly bodses
54 31 100
Shight amisocytosts
62 34 4000
} nucleated red blood ccll Howell Jolly bodies
70 33 4 2600
Tame IV Ram Ij
Neutrophilc
-
White Band Segmented
Hema blood -
Daysafter tocrit Hb cels No No
adm ocells  g/100ml mm * Rel o,  ofcells  Rel o  ofcells
- e - e
5 32 101 8200 23 1886
12 29 103 9800 05 49 545 5,34
20 3l 105 6300 265 1670
26 30 01 6700 05 3¢ 9 603
34 31 108 5200 1 572
40 24 97 6 500 85 553
48 30 0> 4200 75 315
55 30 108 3500 05 18 4 14

in the ejaculates and the dead cclls showed a great number of pathological heads
In the Bih week the motility was sull greatly reduced Hereafter motdhity returned and
swas normal from the Yth week when the number of pathologieal types of spermceliswas
also normal
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Sulphate Conjugation during Development, in Human,
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Abstract

Pulk’ e

tion and analysis of the conjugates was carricd out by determiming the sulphate form as a com-
plex with methylene bluc in chloroform

The sulphury lation appeared to be carried on faster as the anumal des cloped and this pheno-
mena does not appear to be dependant on the amimal species or on the tissuc used m the expert-
ments The sulphate conyugation of phenols may develop more rapidly, in the rat aficr the age
of twa weeks than that of steroids

The rolc of sulphate comjugation as a detoufying factor for phenols and as a changer
of sterord structure has been known for a long ume The mam ideas of the present
view of sulphate conjugation were introduced by Lipmann (1958) When studying
the oestrogen metabolism of the foctoplacental unit, 1t has been possible to show the
of this type of both for the foetus and the mother This could

show 1n some foctal tissues that cestradiol, ocstrone and oestriol can conjugate with
sulphate {Diczfalusy etal 1961) Jt was also interesting 10 note how this kind of func
tion changed tn the pertod from intrautenine bfe 10 maturity, also e g with bilirubin
and drugs

The other important form of conjugation to note 1s the f-d glucosiduronic acd con
Jugation which has already been quite widely studied in this respect (Hartiala and
Pulkkinen 1964 From a chimical viewpoimt there 1s in some cases a low concentration
of und acd m newborn mfants and st has been
shown that this 13 smportant 1n the actiology of wcterus Glucuronide conjugation in
the foetus was considered 1n 1955 by Hartiala and Pulkkinen
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Taste T The deselopment of sulphate conjugation 1 the tissucs of rat and gunea pig Results
number of determinations, carried out

Lier
Rat Guinea pig

p nitrophenol under 4g 27409 (9) -

overdg 48£13 (8) -

new born 134 3) -

1—4 days 101414 (9) 24983 (9)
14 days 233 [¢3) 753 43)
30 days 392440 (8) 933 (2)

90 days 451458 (10) 571146 (14)
dehydroeptandrosterone foetus 08107 (6) 19407 (15)
new born 44 (2) -

1—4 days 14617 (9) 140£50 (9)

14 days 151 (1) 553 (2)

30 days 293435 (8) 388 (2)

90 days 278428 (10) 409.£38 (14)
oestrone foetus 03402 (6) 06+03 (12)
new born - 50424 (8)

14 days 25 o 217 (2)

30 days 44408 (8) 126 (2)

90 days 73£10 (10) 132418 (14)

Owrng o the fact that we are concerned here with an mmportant phystological func-
uon the of § phenol, dehydrocpiand and oesteronc with
sulphate 1n the developing tissucs of human, rat and guinea pig were studied Pre-
hminary results were published 1in a Congress Abstract 1963

Materials and methods

The test material consisted of 42 guinea pigs 48 Wistar rats and 5 human foetus see Table [
The size of the material from the human {foctal development) was Limited to 19 cm :\mar;f_
the different organs studied were liver lung kidney intestine, suprarenals and bmug,}?; i
. : . : The

. 313
. . an
ultramix” homogenser for 15 sec and this was further homogenised 1 a Potter let!g:“_“‘
homogemser at 4+ C One part of the first homogenate was centrifuged with 3 parts E77

' f
' ' [ . . r

. 3

y '

beng uscy s1owt ~

__ 30 2 more marked conjugation can be expected as foetal fissues are i
the conyugation capacity 13 small and the weight of tissue used is small, this 1s why the modific:
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expressed as pg comugated phenol or steroud per g wet weight per hour In parenthesis, the

Radney Lungs

Rat Guinea pig Rat Guinea pig
04 2) - - -

09 -~ 18108 (7) -

21 4] - 62 (3) -

11203 (8) 43210 (3) 24306 (9) 10733 (7)
89 [0 86 (2) 12 ) 179 (2)
59413 (8) 34 13} 26108 (4) 59 (2)
6827 (10) 5814 (8) 11413 (6) 64=11 (7)
- 30£11 (11} 1107 (5) 0703 (12)
19204 (6) 29 (2) 38108 (9) 45224 (7)
81 ) 71 (2) 59 [¢3) 14 2)
33415 (8) 59 (1) 46219 (4) 55 )
0904 (10) 4815 (8) 36x06 (6) 33110 (7)
- 12406 (6) 19 {n 09£07 (11)
- - - 43 (1
- - - 23 (1)
- - - 16 @)
06 (2) 13106 (8) - 09106 (7)
tion was necessary Wauth the obtated here the actvity 15 stable for at

feast one day if this 1s stored at — 15° € a techmque not previowsty used The precipitanye was
dissolved 1n water in a concentranon relative to | g of original tissue per ral phosphate buffer
The enzyme 04 mi and 0 1 m! substrate were mncubated for 2 hrs at 37 C with 05 ml

Results

The results were calculated as pg conjugated phenol or steroid per gram wet weight/
hour Results for the development of conjugation 1n rat Iner are shown 1 Fig 1, and
Table I and 11 show the results with other tissues and ammal strains It was obsenved
that as the age increases the capacity for sulphate conjugation with phenols and steroids
alsomncreases This was obsen ed to be the same with all three strans used The sulphate

conjuzation of phenols may develop more rapidly in the rat after the age of two weeks,
than that of steroids
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Taste 11 The development of sulphate conjugation sn human foetal tssues Results expressed
as yig of comugated phenol or sterord per § wet weight per hour In parentfrsis
the number of drterminations carried out

Dehydro-
epuardro-
p-itropheo! Ocstrome sterene
Lt of Detus Irss b n 10 em
Iiver [ (n
tungy 49 y
intestne 43 oy
kidney 64 %)
Lenght of foctus more than 10 cm
Iner 154223 7, 20658 (5 93 (3
kidnm 106425 (6 ~
suprarenal glands 93 3
lungs 80 14 (7 57404 (4) 69 (1
intestne 89416 (7 121449 (3) nr
braim 15 3 27 3) 143
Discussion

The results of these «}seratiny of sulphate conjugation are not analogous 1o those
sren with glucuromde conjugation It can te noted that at the age of onc month th=ac
vty 58 DO stron,er than i the adult Jhus could br scen defimtely 1o be the cas mx;h
ghicuromylation (Hartala and Pulklinen 194 There are large diffrrences in ¢ ;
speeds of conjugation Letween different organs and tissues Quanutativels p.nuwr""“:
and dehydroey canbre ted more readsly than orsterone m 1 € £
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The mechamsm of sulphate conjugation for steroids can be settled only when 1t has
been made clear what the differences are between the biological activities of the free
and conjugated forms The brological cflect 1s probably different, but despite this there
15 sull no knowledge available In addition to this we do not hnow how the monosul-
phates can differ i their effect from ¢ g dusulphates Although this kind of sulphuryla-
tion mechanism 1s thought to ke well developed dunng foctal hife, 1t 15 seen that in com-
parison with adults there are many “defects” mn the foetus In the light of this work 1t
can be scen that the foctus has not a very high capacity to form sulphate conjugates
Thiss to the of the glucosid: acd during the foetal
period (Hartiala and Pulkkinen 1955}

If the results obtained here are compared with those of Wengle (1964) the same ob-
servation can be made, ¢ ¢ that as age increases so does conjugation capacity The
method used 1n this work needs much tissue despite the modification of the ammo-
mum sulphate fractionation, so 1t has not been possible here to analyse the sterod sulpho-
lunase activity 1n suprarenal glands It has enly been possible to study with all the us
sues the conjugation of phenol, which shows up more clearly n this method There
was not enough tissue to enable us to study many substrates We perhaps cannot con-
sider the comjugation capaaity of rat foetus to be absent although 1t 1s lower than in
the newborn infant The results show that the speed of conjugation was almost the same
1 both works The tendency m this work to a hittle lower capacity could be due toe g

the length of incubation time and other differences in reaction conditions

‘The conjugation of p mtrophenol seems to go up after the first two weeks of life rela-

tively more than that of the steroids This was observed here and akso by WWengle using
only male anmals In regard 1o age development there seem to be large differences
between phenols and X actinaty
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From the Department of Physiology, and Women's Clinie, Unsversity of Turku, Finland

Sulphate Conjugation during Pregnancy and under
the Influence of Cortisone
By
MarTT1 O. PULKKINEY
Recened 10 May 1965

Abstract ———————————————"

Pulkkmen, M O Sulphate conjugation during pregnancy and under the influence of cortson. Acta Phystol
scand 1966 £6 120—122 "~ Dunng pregnancy there is a tendency to Jower sulphate eon-
Jugation with pmitrophenol and also perhapt a tendency to lower sulphurylation of the steroids
10 guinea prg and rat Cortisone has no mfuence on the sulphate conjugation capacity of these
compounds 1 non pregnant rats The sulphurylaton capacny of placenta s very low a
and the balance hetween conjugation and hydrolyss can be assumed to be on the side of the
latter

From certam endocrine factors, 1t has been observed that pregnancy has an influence
on glucuronyfation (Rauramo ¢f of 1963), and also sterords are able to mhubi conjuga®
tion both 1 vitro and n vivo Cortisane can inhibit the conpugation of glucosidurons
acid and ) 1 the 1 tract (Halme etal 1959) The ea
with which g phenol, dehydroepiand and oestrone can conyugate with
sulphunc acid has been studied in the pregnant guinea pig and rat, and also n 2
Placenta The experiment was carned out 1 order to clanfy how cartisone can 17

flyence there ph because the of corttsone 1s very high dunng
pregnancy
Materials and metbods
Yo e e b . . anee, L An e t0alaeatas
. . et
. ' . . nat
'3

A sy

Results

¢
The results dunng pregnancy are listed mn Table I and II It can be constdered :f;ﬂn
the rat and gumnea pig 1 both Iner and kidney, have a low ered sulphate conjugats
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Tavee 1 The sulphate conyugation dunng pregnancy in rat and guinea g Results expressed
5 comugated phenol or steroid per g wet weight per hour In parenthens the num
ber of determmations earried out

Dehydrocpian-

Phenot or steroid p-nstrophenol Oestrone drosteronc
Rats, pregnant

Iner 281428 (16) 62407 (14) 323433 (14)

lungs 37216 (7) 23114 (3) 20=11 (7)

kidney 38£17 (8) - 0904 (8)
Rats, non pregnant

Tiver 451=38 (10) 73510 (10} 278228 (10)

lungs 4113 (6) - 3606 (6)

idney 6827 (10) 0§ 2) 09404 (10)
Mothers of new barn rats

Iiver 4352176 (7) 86£54 (5) 211=27 (5)

Tungs 41427 (3) - 18215 (3)

Lidney 47225 (3) - 09105 (3)
Guinea pigs, pregnant

Iner 395141 (16) 107155 {13) 278227 (13)

lungs 78+27 (13) 29+13 (11) 64329 (13)

kidney 25:+08 (11) 14201 (10) 1609 (1)
Gumea pigs, non pregnant

lnver 571+46 (14) 132218 (14) 409=38 (19

Tungs b4xlt (N 09106 (7} 334167

kidney 38414 (8) 1306 (8) 4815 (B
capaaty, both for p: ot and for dehnd d No stausucal dif

ferences were found wath the low rate of conjugation of oestrone The conjugation mn
the placentas appeared to be negatne or under the lowest limuts of the method (p-
rutrophenol 23 = 11, oestrone 11 = 10 and DHA 18 & 09,:8/g wet weight per
hour, 1n gunea pig) With cortsone no staustically sigmificant effect on the sulphate
conjugation could be seen

Discussion

Dunng pregnancy the amount of corticosterosds 1n the plasma nses, and the exeretion
of these 1s much greater than normal However these corticosteraids that mcrease are
the free < and ot the 4 form (Pekk etal 1962) There
could be an cxpl for this of the changes or the hydrol-
vus of already conjugated compounds 13 increased, or both The author has studred the
bydrolysis carhier (Pulkkinen and Paumo 1963) and found that there are not very
marked changes 1n the maternal ussues but the hydrolysing capacits of the placenta
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Reserpimization was effected in three ammals by the 1 p injection of 7 mg Serpasil (Ciba)
per kg bw 24 hrs before killing All the tests designed to establish the specificaty of the fluore
scence were used (¢ef Falck and Owman 1965) The vanous tissues were idenufied by phase-

Results
Judged from the histochemucal cniteria (¢f Talck and Owman 1965) all the structures
described here as ad; d 2 primary hol. capable of condensing

with formaldehyde into a fluorescent product, emutting a green to yellow-green hght
1n the fluorescence microscope Tissues treated 1n the same way but without formaldehyde
gas did not show any such spectfic fluorescence

In the cornea, there 15 a sparse occurrence of varicose adrenergic fibres (Fig 1)
The amount varies from ammal to animal, but none has been found to be without
The adrenergic fibres mamly occur in the outer half of the cornea, although they do
not form any definite layer Both isolated, fine, varicose fibres can be seen, as well as
large trunks of my nerve fibres several beaded adrenergic fibres
These trunks run mamly radially, being thickest near the lmbus, and drwvide dichoto-
mously towards the vertex The adrenergic nerves are only very seldom seen in contact
with blood vessels There are no intracpithehal fibres, nor are there any 1n or at the
endotheliym

In the lmbus, there 1s the ordinary plexus of varicose adrenergic fibres around the
vessels, that 1, the nerves are superimposed upon the media as is the general pattern
elsewhere in the body There 15 also a thin plexus of vanicose adrenergic fibres in the
connective tissue between the vessels, partly Iying 1n trunks maly directed towards
the cornea, partly lying as a dehcate lattice of fine fibres in the stroma

In the sclera, adrenergic fibres hav e been found only where v essels or nenies penetrate
The 1s, however, hat d and may disguise some fine
adrenergic fibres At the aqueous drainage paths the adrenergtc fibres are very spanst
A ailiary artery surrounded by the ordinary adrenergic plexus can occasionally be steh
to pass through the sclera 1 this region It 18 at tumes accompanied by a loop from 2
nene trunk (without any specific fluorescence) osiginating in the ciiary plexus A
small nerve trunk containng no fluorescent fibres is often seen running equatorally 12
the rmddle of the sclera at the hmbus, accompamed by a small yessel

In the loose trabecular meshwork of the tridocorneal angle, pracucally eve
strand seems to contain at least one varicose adrenergic fibre ‘The density of the plexus
seems to be the least 1 the anterior uveal part {towards the anterior chamber), some”
what higher 1n the scleral meshwork and increasing still more farther backwards mto
the fltration cleft  The amount of vancose adrenergic fibres scems to be generally
somewhat higher in those parts lying close to the sclera The fibres run in all directions,
although mainls following the strands of connective tissue 1n the frontal parts and the
strands of merdional smooth muscle i the sear parts (Fig 2) Scattered in the loose
connectise tissue of the filtration cleft  there 11 a number of rounded, intenscly auto-
Auorescent melanophores Two types can be disunguished, onc with a brght, 3ellow
autofluorescence and one with a somewhat more golden orange colour Both types 21

rv f1ssuc



Fig 1 Cornea, auter half, cat At the top of the picture the eprthchum, and beneath some
adrenergic nenve fibres X 215
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Ciliary body cat At the top the cilary epithelium with a subeputhelial plexus of adre.

nergic nerve fibres At A the frontal part of the ailary muscle \rrows pomt to some mendio-

nally runnmg tssue strands with varicose adrenergac fibres m the “fltration clefi At the
botiom, the somewhat autofluorescent sclera 1 seen There arc o melanphores 1n ths

Fig 2

section N 175
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Fig 3 Cihany body ciliary processes, and ins, cat. The bright orange struc-
tures are autofluorescent melanophores Under the cihary epithelium theve 1s
a‘bright greenush laver of adrenergic nerve fibres Below this Luyer lies the
aliary muscle, almost devoid of adrenergic nerve fibres At the bottom of the
picture 18 seen the mnenation of the tissue strands i the somew hat collapsed
“filtration cleft’ (cf Fig 2) The sclera has detached ~ 100

Fig 4 Ins papilars part cat The indic stroma s fitled with brightly auto-
fluorescent orange melanophores Two layers of varicose adrenergic fibres
are seen the frontal broader one represents the sphincter and the pusterior
one represents the dijatator Connections between the two layers arc only few
% 100



Fig 5 Mictirating muscle, cat The adrenergic berve Sbres rorm a rather wide meshed
plexus X 230

Fg  Lagcnmal gland cat The acint are surrounded by a |,
o e armmal gand cat ] by a loose meshwrk f adrenerss
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finely granular 1n their cytoplasm, and neither contain any monoamines, as no decrease
of the fluorescence intensity occur upon rcscrplmzauon or borohydride reductien In
addiuion, ordmnary, hed, dark, non hores can be seen At
times, a nerve trunh an 1 varicose fibre can be seen
running from the suprachotioid to the s

In the cthary body, only few fibres have been found 1n the main smooth muscles
except in the posterior part, where some mendionally directed vancose adrenergic
nene fibres can be seen, without any apparent connection to anything but the muscle
cells In the connectne tissue strands and along the muscle bundles extending into the

filtration cleft”, vancose adrenergic fibres occur as described above (Fig 2) Near the
sclera, adrenergc fibres in such muscle bundles can be seen to extend as far back as to
the ora serrata  Under the aliary epithelium, there is a thick network of vancose
adrenergic fibres surrounding the vessels in the ordinary way, and also located betwecn
these and the epithelium, but never within the latter Panaipally the same arrange
ment 15 seen 1n the slender clliary processes, the density being less than in the ahary
body, however (Fig 3)

In the tnis, the majonty of the varicose adrenergic fibres he within the muscular
1ayers but also to some extent immediately frontal to the dilator A detailed study of the
ﬁuorestent fibres of the 111s 1s 1n many p:ms pru zmcd h) (h: strong accumuhuon of

fibres seem mostly to run isolated from each other The innen ation pattern 1s the same
through the whole muscle, also 1n parts extending to the s root The varicose adrener-
gic fibres of the dilator muscle can be scen to lie 25 2 discrete layer behind the sphincter,
extending almost to the pupiilary border, with enly few and minute adrenergic vancose
nerve connections between the two muscles The arteries of the ins have the same
type of adrenergic nerve sheath as has been descnibed i rabbuts (Ehinger 1961 b),
that 15 the adrenergic vancose fibres lic in a loose and spacious {ayer 1n the nner,
loose part of the connective ussue sheath of the vessels In spite of the mentioned

of the b some few vancose adrenergic fibres can be
found runnming 1n between these cells Sometimes, they come 1 close contact with the
1 h but are more towards the frontal border in contrast to the

distnbution of the melanopheres which oceur evenly distnbuted throughout the
ndec stroma

In the choriord the tapetum has a very intense ellow autoAuorescence o fibres have
been found between this faver and the retna and 1 the chonoid as 2 whole, the supply
of vancose adrenermc fibres 1s sparse and mamly found i connection with vessels

In the retina there 1s a laver of vancose adrenergic fibres situated between the mner
nuclear and inner pleuform layers Some of these fibres issue to form baskets of synaptic
structures around non fluorescent ganghon cells 10 the inner nuclear layer Adrenergic
cell bodies can atso be seen m the 1nner part of the inner nuclear layer, but 1 amounts
less than what 1s the case in ¢ ¢ cvnomolgus monkeys rats rabbits or guinea pigs
Further fAuorescent perikarva can be seen in the ganglon cell Laver often qvingoffa
cone shaped process towards the laver of adrenergic fibres of the 1nner nuclear laver
These cells occur with a frequencs of about one in ten to one 1n twenty adrenergic
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perikarya of the snner nuclear layer They are of moderate size and do not belong to
the class of glant ganghon cells

In the ealary ganglion (scrial sections) or in the oplic rerce, no vancose adrenergic
fibres or adrenergic cells have been detected except around the vessels where the
usual sheath 1s found Occastonally varicose adrenergic fibres can be seen in the nenve
trunks connected to the ahiary ganglon

In the geltd there 1s a plexus of vancose adrenergic fibres throughout the tarsal
muscle The meshes are wide, and seem to engulfl several muscle cells and thus it
cannot be stated with certainty that every muscle cell recenes an adrerersic fibre
In the muscle of the nictitating membrane, there 1s 2 smular, relatively dense plexus of
adrenergic nerve fibres (Fig 5)

In the arrectores pilorum, a rather dense network of varicose adrenergc fibres occur
throughout the muscle Every muscle cell scems to be supplted with at least one nene
fibre No adrenergic fibres have been found in association with the tarsal glands (of
\fethom) or the sudoriferous glands (of Moll)

The lacrimal glands contain a network of varicose adrenergic fibres among the aan
forming an autonomous ground plexus tn the sense of Hillarp (1959) (Fig 6) The
fibres Ite close to the base of the acinar cells, but are never seen 1n or butween then
The density 15 approximately equivalent to that seen 1n the submaxtllary gland of the
rat and 1n the lacnimal and some salivary glandsin the cynomolgus monkey (Ehmnger
1965 a) The same type of innervation ts seen tn all parts of the lacrimal glands alson
those of the nictitating membrane

Outside the retina no monoammergic cell bodies have been identified After the
reserpmuzation or after cervical sympathectomy, all the adrenergre fibres disappear
except 1n the retina m the case of sympathectomy

Discussion

The finding of adrenergic varicose nerves in the cat cornea 1s in accordance with
results from other spectes primates possibly excluded (cf Ehtnger 1964 a and b 19632
and Lates and Jacobowitz 1964) Phase contrast mucroscopy as well as vessel myec
tion experments (Ehinger 1965 b) have failed to demonstrate any signtficant relation
between pathologically ingrown vessels and the adrenesgic nenves The adrenerg¢
fibres also rccar regularly (mn larger amounts than mn the adult ammal) atand befure
birth (Ehunger 1965 b) which excludes their presence bemg the result of any pathe
logical changes The majonity of the adrenergic fibres seem to be located within nene
trunks It is not clear whether they hate any biological significance at all whethet
they should be interpreted as some kind of reret nerorum, or whether they are mntended
for some stromal element of the cornea In embryomic guinea pigs and n new born
dogs varicose adrenerguc fibres have been found to hic intraepithehally 1n the corne?
1 addition to a nich plexus 1n the stroma (Ehinger 1965 b}, a finding which does not
favour a presumpuon that all adrenergic fibres of the embryomc cornea should be
nerut nervorum

The supply of varicose adrenergic fibres to the
vath an increase 1n amount towards the sclera indicates that adrencs N
influence the regulation of the aqucous flow The vancose adrenergic fibres in the [K’ib
enor parts of the filtration cleft may have ther wfluence on smooth muscte er
accompanying the trabecular strands but this cannot be the case further forwal

beculae of the “filtration cleft
rgic nerves mab
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where only connectne tissuc and endothehal cells occur The adrenergic vancose
fibres are more abundant 1n the mdocorneat angle i the cat than m the rabbit but
they do not equal the amount found in guinea pigs (Ehinger 1964 b) Howeter, the
mterpretation of the functional meaning of the anatomical differences will have to
await 3 results on the pt logy and physiology of the aqueous omflow
1 the cat and in the gunea pig
The nene supply to the dilatator pupillae 13 heavily adrenergic, as could be expected
from classical physiology It 15 noteworthy that the amount of adrenergic fibres 1s
farger than i other species studied (rats mice gumea prgs rabbits dogs cynomolgus
and cercopithecus ethiops monkeys and humans, Ehinger 1964 a and band 1962aand
b) The vancose adrenergic fibres can ke found among the muscle cells as in rabbits and
vnamolgus monkeys, 1 contrast to what has been found 1n rats and gumea pigs
where they Lie in front of the muscle In the cat sphincter, the number of fluorescent
fibres 15 far more than expected and exceeds considerably the amount found 1n other
species where only a moderate to sparse supply of vancose adrenergic fibres have heen
noted (Ehinger 1964 a and b and 1965 a, Laties and Jacobowitz 1964) The obseriation
teachly explains why adrenergic receptors have been demonstrated convincingly 1
the cat sphincter (Schaeppt and Roella 1964 Takats 1964) whereas the results from
Ny estigations in many other species have been more inconstant and indefinite
adrenergic receptors were claumed to occur in the cat sphincter while those of the dila
tor should be o ad The obsersed morphol of the ad
fibres in the dilator from thosc 1n the sphincter 15 of special mterest 1n ths connect on
since 1t may indicate that a single adrencrgic terminal nerve twig generally does not
reach the receptors of both the dilator and the sphincter pupillac
The stromal varicose adrenergic fibres of the inis of primates have tentatnely been
claimed to mnen ate the spider shaped weakly reddishly autofluorescent melanophores
{Ehinger 1965 2) In the cat the melanophores are of a dissimilar type in the respect
that they are rounded, almost without processes  and possessing an mtense yellowish
or orange yellow fl ence Thar d 1s fairly even throughout the
indic stroma, whereas the adrencrgic fibres are few and tend to accumulate towards
the front of the 1ng Although adrenergic vancose fibres occasionally can be seen to
come mn close contact with autofluorescent melanophores 1t seems less ikely that the
brghdy autofluorescent melanophores of the cat are adrenergically inerated
The adrencrgic nerve pattern of the ms + essels 1s of a kind not usually found else
where i the body, 1 ¢ wath a spacious loose adrenergic nerve sheath mstead of the
compact one commonly found supernimposed upon the media As has been discussed
previously (Ehinger 1964 b 1965 a) this 15 presumably due to the particular mesen
chymal vessel sheath 1n the 1ns
In the ciliary body the distnbution of adrenergic nerves to the smoott muscles
differs from that of rabbits guinea pigs cynomolgus monkeys and humans which
all hay e adrenergic neres to all parts of the muscle (Etunger 1964 b 19652 In the cat
adrenergic fibres are found almost solelv in the mendional muscle cells In dogs there
'$ a0 arvangement resembling that of the cat  Etunger 1965 b
In the retna adrenergic fibres and nerve cells are found in a thin layer between the
‘nner nuclear and the nner plexiform lavers as has been descnbed tn rabbits rats and
Suinea prgs (Malmfors 1963 Hacegendal and Malmfors 1963 The fluorescent penhanya
of the adrencrgic layer are rather sparse a3 compared with e g rabbuts guinea pigs
or rats Furthermore 1 the ganghon cefl laser there occur some adrenergic ganglhon
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cells as described in rabbuts, guinea pigs, and cynomolgus monkeys (Ehtnger 1965 a)
They are connected to the layer of adrenergic fibres by a rather coarse process Under
certatn conditions a special layer of adrenergic fibres has been demonstrated 1n the
muddle of the plexiform layer of rabbuts, guinea pigs, and rats, and a thurd layer between
the mnner plexiform and ganglion cell layers in rabbuts (Ehinger 1965 a and b, but there
are no corresponding Iayers :n normal cats

In the lacrimal glands the stnking differences between the different species should
be noted 1 cynomolgus monkeys (Ehinger 1965 a) and cats an adrenergic supply has
been demonstrated whereas no such fibres have been found tn rabbits rats or gumnea
prgs (Ehmger 1964 b)

The muscle of the b Iy regarded as being a speaal
part of the tarsal muscle (¢f Princeefal, 1960) Th:re 15 also a sumilanity in distnbution
of vancose adrenergic fibres to the two muscles As has been noted 1n other species
(Elunger 1964 b 1965 a) the innervation 1s of a wide meshed type in companson to
that seen ¢ g 1n the dilatator puprllac or 1 the vas deferens (Fafck 1962, Owman and
Sjostrand 1963) The meshes thus scem to engull several muscle cells and 1t 1 not
immedaately evident that every indnadual muscle cell receves an adrenergic fibre.
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From the Acro-\Medical Laboratory, Enstitute of Physiology, University of Lund, Sweden

Cardiac Output in the Supine and Sitting Position
Determined by a CO; Method
By
G Luvons and D Trowmsos

Recenved 19 May 1963

Abstract

Lundm, G and D Thomson Cardiac output vt the suptne and sittng positon determined by ¢ CO,
methed \cta physiol scand 1966 66 129—132 — Cardiac output was determuined tn the supine
2nd stting posttion with & CO, rebreatiung tethod. Eight normal adult subgects were wsed
A mean carchac output of 35 1 mun 1 the sitting posiion and 43 1 mun in the supine, was
found 'The stroke volumes were 50 ml and 66 ml respectis el

The values for cardiac output 1n resting recumbent subjects obtaned with the CO,
rebreathing method, described 1 earher papers by Jemerus, Lundin and Thomson
(1963) and Lundin and Thomson (1963a} were considerably lower than those ob.
tained with the direct Fick or dye ditution methods {Hamlton, 1945) but fairly close
to those obtaned with the acetylene method {Grollman and Baumann 1933) With
the acetylene method the carchac output determuned 1n the supine was about 0.2
Tutres hugher than in the sttng poution Beveghrd, Holmgren and Jonsson (1960
using the direct Fick method found in resting subjects a 204 Prun hugher cardiac
output m the supine compared with the siting posinon  The difficulues in secunng
normal resting conditions during the direct Fick might be an expl

of not only the large difference between cardiac output supine and sitting but also of
the considerably higher values obtained with this method when compared with the
ndirect values We therefore found it worth while to remestigate the problem of
cardiac output 1n the two postions using the CO, methdd in which there 1y a mummum
of physical and psychological disturbance to the subject

Method

The CO, content of the mixed venous 3nd artersal blood was ndircctly determuned as previously
described by Lundin and Themson (19655 and used to calculate the cardiac output using the
Fick equation Fight lung heart healthy subjects were tised They were not 1n basal state but
were allowed to rest 1n a comfortable chaur 10 2 semurechining posinon at least 30 mn before the

Q643003 dcta phynol seard bol 6 1—*

129



130 G LUNDIY AND D THOMSON

Taere I
Supine
Cardiac output Strake volume
Body 1Jmun ml
surfate
Subject Age area m? Mean  Range Mean  Range
LL. 20 189 49 4056 79 67—93
GL 54 198 33 30—35 56 5058
BR. 21 202 48 3564 74 5694
wp 24 17 54 38—80r 81 56118
DT 25 217 60 54—68 83 67—100
uw 28 180 40 30—56 59 40—82
HYW 20 150 29 25-35 EH 35146
HH 22 182 33 3036 58 5264
Mean 186 43 66

* These high values were obtained when the subject had an acute upper respiratory infecuon

actual measurements were started Starts in the sitting positton alternated with starts in the
supwne positan Before each measurements there was a resting pause of 10 run in the positien
to be studiodd At the end of this pepiod the end tidal CO, percentage was measuted continously
with a rapid nfrared CO, meter (Godart Capnograph) VWhen a respiratory stead) state was
v a . i b s chia PR S fiarA dmn

]

- - . . i meenttne
f

- o

Results

Table I gives the mean values from all the expenments The mean cardiac output 10
the supme positton was 4 3 I/mm and 1n the sitting positton 3 5, thus gnng & af
fercnce of 08 litres between the thwo posiions Analysis of vanance showed this &f
ference to be highly stgnificant In the supine position the mean stroke volume was 66
ml and in the siting positton 50 ml .

The CO, content of the mixed venous blood was in the supme posttion 517 vol-%,
and 1n the siting 51 9 vot ®, This difference of 02 vol-2, 1s not sigmficant The C?x
content of the arterial blood 1n the supme posttion was 47 1 vol-%, and 461 vol %o
1n the siting, 2 difference of 10 vol °, which 1s sigmificant In the supine subjects :h:
AV CO, difference was 4 6 1ol % andn thesittng 5 8vol %, thus yiclding a dhfferenc
between the two positions of 1 2 vol-®,
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Situng
Cardiac output Stroke volume
1fmin ml
Cardiac Cardiac
ndex lme Afean Range AMean Range sndex Ifm®
26 14 3848 67 5875 23
17 32 2734 51 47153 16
24 34 31-36 1 1147 17
32 31 22—40 49 37—57 18
28 16 3157 62 4369 21
22 34 2845 47 35—61 19
19 30 2236 40 31—50 20
18 26 19-35 41 39—51 14
23 35 50 19

Discussion

The difference m cardiac output betneen the supine and situng postuon determined
wath the CO, method 15 considerably lower than that reported by Bevegird ef of
(1960) with the direct Fick method but higher than the difference found by Grollman
and Baumann (1935) with the acetylene method

In a paper by Jemérus Lundin and Pugh (1963) the solubility of acetylene and 1ts
wnfluence on cardiac output was studied with the subject 1n the sitting posinon It was
found that the solubulity of acetylene in the pulmonary tissue caused an error 1n cardiac
output giwing 5—10 2, 100 low values This error should be larger in the supme post-
ton, hecause according to Sjostrand (1952) there 15 a considerable accumulation of
blood 1n the lungs in this position which should ncrease the amount of acetylene
tahen up in the lung With the GO, method the values for sitting are practcally the
same as those observed with the acetylene method, thus samewhat too low Lundin
and Thomson (1965b) have shown that thus does not depend on the CO, solubility
lung tissue with the CO, method they use However there 1s according to West (1960)
m normal subjects an ahveolar-arterial CO, pressure gradient of about — 1 mm Hg
m the sitting position Provided there 1s the same differcnce 1n CO, pressure between
the end tidal air and artenal blood this should give about 10, too low cardrac output
vatues with our method an error of the same magmitude as wath the acetylene method
In the supine posiion West found the alveolar-artenal CO, pressure gradient to be
zero and our cardiac output values 1n this position should thus not be infAuenced bs the
above mentioned crror

As discussed abos e the crror of the acetylene method due to the solubihits of acetylene
in fung vssue should be larger 1n the supine thann the sitting subjects This means that
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the difference 1 cardiac output faund with ths method between the two positions 15
somewhat too low In the CO, method on the other hand the difference should be some
what too high Ifwe therefore assume that wc have about 10 ©, too low cardiac output
values in the sitting position with our CO; method 1 ¢ 3 511nstead of 3 91 the difference
1n cardiac output between the two positions 1s the same as that reported by Donald

Bishop and Wade (1953) using thedirect Fick method in normal subjects supsne and sit

ting up in bed They found a difference between the two posttions of 0 4 litres which
mght have been somewhat larger of the subjects had been sitting ona chair wath thewr
feet on the floor Even when after above mentioned errors for cardiac output values ob

tamed with acetylene or CO, methods are taken into consideration there stll exist
rather large differences between values abtained with indirect methods and values where
direct Fick or dye dilution methods have been used for the cardiac output determmna

tion with the exception of the values reported by Donald et af (1953) We beline
that these differences are due to the difficuliies 1n obtaimng normal resing condstions
with the direct Fick or dye dilution methods The values for cardiac output obtained
with methods m which the subjects can be fully relaxed, 1e the acetylenc or COy
methods should therefore better reflect basal circulatory conditrons This also means
that the difference 1n cardiac output between the two different body positions s faicly

small in most subjects provided that the conditions are basal
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types of inhibition were shown to act on the post synaptic membrane Strychnune resstant
post synapuc wnbibition was frequently encountered and was found to have charactenstics
simdar to those described for presynaptic inhibition

Based on the results of studies using micro-electrode recording techmque as well as
other methods, two lunds of inhibitory mechanisms in the spinal cord have been postu-
lated (Eccles, 1964)

a) post-synapuic inhibiuon, where the post svnaptic membrane potennal through
hyperpolanzaton 1s moved awav from the threshold level at which nerve impulses
are initated, and

b) p which  depol. the ynapuc afferent termunaly
and thereby diminishes the afferent spike zmplnud: leading to 2 dimmution of
the amount of transmitter substance released by the armving nerve umpulses

'y 1 Rehab

Research Fellow on leave of alwence from the
Depattment of Physiology i College of Virginia, Richmond, Va  LSA
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These conclustons have mamly been drawn from work where the afferent inflow has
been induced by el 1 i of the peripheral nerves Yvhen the effects of these
synchronous volleys are recorded intracellwarly, the following two events have been
used as criterra for mhibition

1) ky perpal of the p ynap! b andfor

) decreased nonogynaplic eratability as measured by a diminution of the excitatory
post synaptic potenual (EPSP)

As shown by Granit, Kellerth and Willtams (19644,8), however, thesc two indicators
for inhibition were not always valid when muscle stretch was nsed for sumalaton
Gramt ef al (19648) mstead introduced two other critena for identifymg inbtbiion
which were found to be more reliable, namely

m) reductton of the firing rate of 2 neurone stimulated through the intracellular electrode
by injected depolanzing current and,

) Draplic actreation nowse’ which durmng mhibitory activity should be m the hyper
polarizing direction

‘When the latter two cnterta were sausfied, this was held to be defirute evidence for
inhibitory action on the post synaptic membrane By using these enternia Gramt & o
(19645) 1n no case found 1t necessary to explain the effects of mamntained streich on
the basis of presynaptic events

Pharmacological investigations (Curtts, 1959, Lecles, Schrudt and Wills, 1963
indcate that pre and post-synaptic inhibitions differ 1n their response to certan
comvulsive agents stpychmne was found to abohsh post synaptic inhibation, but Jeft the
presynaptic mhtbitory component intact or even shightly enhanced, picrotor, on the
other hand, was found not 1o affect the post-synaptic mhibition, but to reduce the
presynaptic inlibitory action

In this paper the effects of strychnine on
muscle stretch will be described Special attention will be pard to the different critena
menuoned above A brief prelimmnary report has already been published (hellerth
1965)

The effects of preratoxin will be | parately 1 a subsequent paper (hellerih
and Szumsk, 1963)

heb of Tated by

Metheds

Cats were anacsthetized with pentobarbitone 35 mg/kg Ruged fixaton of the amm;"“::
obtained by clamping at the vertcbral column 1liac crestand ankles while the greater trot: an!
and lateral condyle of the left femur were screwed to fixed supports

rc
The triceps surae ubralis antenor and semutendinosus muscles of the left bund iotb we

amplifier was also used to momtor the actwity of the neurone

Sumulating electrodes were placed on the intact popliteal common peroneal a
nerves and on the cut proximal segment of ventral roots L7 + SI Popliteal peros
hamstnng motoneurones were identified by their monosynapuc response Autogenets
were represented in popliteal motoneurones by stresch of triceps surae s hamsiring mef
sones by scmutendinosus steetch and 1n peroneal motoneurones by tbialis antenor
Essentially this s the techrique used by Geanit ef ol (1964a)

d Liamstrng
peroneal and
i effectt
otoneyd
retch
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Fig 1 Popliteal moto- - I IH '
neurone of 74 mV spike JJ I

b4 e weame AU UJ)U“U')J I g

was fired by injected cur

e
rent Stretches (500 g) of o

tibiahs antenor, as mndi B -"\MW.«%] v
cated by upward deflex i
sons of the myograph

caused phasic smhibiions ! d ' ey
of theduharge B Hghee  C J JJJJ J J J B
de senstwity was used : .
to show the effectsfrom  Myo"—"

stretches {500 g) of tib-
1alis anterior on the aver
age membrane potential *C was recorded afier an 1 nyection of succmylcholime 0 8 mgfkg)
The neurone was fired by impected current and brief manual stretches of tibual s anterior now
caused long lasung inhibitions

Tsec

Micro-electrodes filled with 2 M potassium citrate (#—~10 M@ resistance) were used for

intracellular recording and sumulation The brdge aircurt for stmulation was simlar to that
of Araks and Otant (1955)

Strychnine mitrate was admumstered 1 v at various dosages as indicated in the text up toa
mavamum of § 2 mgjkg Gallanune tnethiodide (Flaxedif) 20 mgfkg was given prior ta strychnine
to ehmmate overt convulave activity The animal was respired on a purap and generally a
bilateral pneumothorax was performed

Results

The results to be descnibed 1 thus paper have been collected from 54 motoneurones
ranging 1n spike height from 50—98 mV Motoncurones were selected which were
able to respond with a mamntained discharge of impulscs of a regular frequency durng
a long lastung (15—40 sec) mmyection of depolarizing current Only neurones mn good
condition responded on this manner

The standard procedure of recording was to start with the effect of muscle stretch
on repetitne finng induced by means of njected depolanzing current, since a back

simultancous shifts of the average level of the membrane potential The effect of
muscle stretch upon the size of the monosynaptic EPSP was often but not always
recorded mainly because this enterion had been found (o be an equnocal index of
mhibiion (Gramt ef al 19646) The of 15 mhg7

This paper will be divided into two parts Part I will include examples of post synap-
tic inhabitions which a3 expected from previous work in ths field were abolished after
the admunstration of strychmine Part IT will mclude examples of stry chune resistant
post synaptic inhibitsions

Part I

Figures ! and 2 refer to an mpaled popliteal motoneurone of 74 mV monosynaptic
spike size In Fig 1 A the neuronc was fired repetitively by injected depolanizing
current When the ubiahs antenior was stretched with 2 500 g weight (upward deflection
of the myograph} there occurred a phasic inhibiton of the repetine discharge
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AL
i
e A TR :d"‘nc?"dhmz“’r:,d

ame motoneurone as in Fig 1, after

Myome NN AL C 25 sec after strychmine was inyected The
= inhibition was completely yemored by
Tsec strychmune (compare Iig 1 €)

A”h”” | I il ISD it 3 Poplteal motoneuronc of 5 mb
™ spike height 1 The neurane was fred by

mjected current and was sinbited by

8 ~ 10 stretches (200 g) of semitendinosus B
S et |1 Higher d ¢ sensstvity was wsed toshow e
M, 1 nowse  dunng

¥ hy
— stretch (200 g) of semitendinosus, especially
Tsec promnent at arrow

Tig 4 Same motoncurone as m Fig 3
afier the admustration of 0 12 'Eg:igbor
" o strychnine 4 The ncurone was fired by
A j M‘w L JM [50 < sbtions are pow
WA LI e e, S e
T N LB Tligherd ¢ sensitinsty shows that the
hyperpolanizing  activation noise  had
8 \ lm" been removed by strychane (compare F ¢
""‘-\A\J it gt g tiosenrrioa ™ 3) " Atrow indicates an action potential The
"W“‘——‘Ic‘m dnft of basc Line during muscle stretch i1
— B was caused by mechanical movement of

Yeec the cord

Inthedc recording at a higher senutwvity m B, this inhibitory activity s seen to gne
55¢ (0 a hyperpolanizing shuft of the average level of the membrane potential (arrows)
of the order of 4 m\ The wide and irregular base Iine dunng these short Jasting
hyperpolanzations ts caused by the presence of synaptic activation norse”

The inhibition recorded above was caused by an antagonistic muscle, and judsing
from ts phasic character 1t could possibly be mediated by Ia afferents In order to
venfy this assumption an mjecuon of succinylcholine (08 mg/kg 1v) was guen
This drug has the property of sensitizing the muscle spindles (Granit Skoglund 21
Theslefl 1923) with some preference for the Ia afferents (Verhey and Voorhotr
1963) The eflect of succinylcholine 15 shown 1n C where now long lasting nhubitions
were evoked by brief stretches of the ubialis anterior {compare with A 1n the same
Fig)
While stll recording inside the same motoneurone strychnine was given 5y 1 2
dosc of 02 mg/kg In Fig 2 A 13 seen the effect of brief stretches of the ubsals anterior
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10 sec after the ad of strych (to be pared with Fig 1 C) Figure

2 B was recorded 5 sec later In 2 C, 25 sec after strychmne was gven, thus inhibition
was completely removed Thus, this particular inhibiion was found te be post synaptic
as venfied by all three 1dentfying cnitena The effect of stretch upon the size of the
EPSP “as not studied Since the effect of this <trychnene sensitine mhbubition was

by mylcholine, 1t 13 agamn concluded that it arose from the
discharge of stretch receptors over Ja afferents

Figures 3 and 4 illustrate another pophteal motoneuronc (spike size 55 mV) which
was fired repettively by means of myected current (Fig 3 4) A 200 g stretch of
semitendinosus was here sufficient to mhibnt the discharge. In 3 B aligherd ¢ -gain
was used to show the ¢ activation noise” that occurred dunng the same amount of stretch.
This nowse was 1n a purely hyperpolanzing direction There was, however, no shift
of the average level of the membrane potential and yet, as shown by the ¢ntena used
13 Adand B the snhubitton was clearly post-synaptic

Figure 4 the beh of the same after the ad:
of 0 12 me/kg of strychmine Asseen in A the mhibutory mfluence from semutendmosus
had been removed, and in Bis seen that the hyperpolanzing “noise” had been replaced
by y actaty with Fig 3 B)

Finally, Figs 5 and 6 illustrate another popliteal motoneurone of 62 mV monosy-
napuc spike hesght Figure 54 shows that a 500 g stretch of semitendinosus inbubited
the discharge tmuated by injected depolanzing current In 5 B, the continuousd c.-
recording of the axerage level of the membrane potential revcals that a hyperpolanzing
shuft of the order of 4 m\ took place dunng the stretch Simultancously, there was 2
ciminution of the size of the EPSP as shown 1n the fast swceps Several repeated
recordings meraged the size of the coowo) EPSP 10 33 mY, and the EPSP durtng
muscle stretch to 2 8mV, a dey of 15°, Inthis synaptic activa-
tion noise was the only criterion that farled to show mbubition.

While the micro-electrode was stll impaled 1n this motoneurone, 008 mg/kg of
strychnine was injected The effect 1s shown m Fig 6 A where now no inhibstion
during muscle stretch remained Another 005 mg/ky strychnime was then given
In 6 B a current of subthreshold steength was injected 1nto the motoneurone and now
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monosyRaptic excitability (a ¢ sweeps) and the average membrane potential (contmuous
dc recording) Occasiona! monosynapuc sgikes are seen to fire on streich

stretch of the muscle fired the neurone This response demonstrates so~called strychnine
reversal (compare with Tig 5 4)

As seen 1n the continuous d ¢ recording of Tig 6 € the former hy perpolanzation
during muscle stretch had turned into a depolarizaton which was of the order of 23
mV  Alio the monosynapuc test responsc (a ¢ sweeps in 6 C) reversed sts former be
haviour and was now increased by stretch from2 0 mV to 2 7 mV' (+ 35 ©,) Occasion
ally st included monosynaptic sprkes This marked ncrease m stze of the EPSP dunng

stretch, despite th I 1, of the membrane, myght be unexpecied
One possible expl. 1s that the whteh appeared after the "
of strychmine actually was a ‘disin} of the Such 2 ds

mhibion  rught have fired the motoneurone (Fig 6 B) and may also have been
responsible for the depolarization seen 1n Fig 6 € The absence of synaptic actnation
noise’ also supports this view Since dwinhibition * consists of a removal of toc
synaphic actinvity it would cause a d 1n the
and hence produce the increase in voltage change (EPSP) that was seen dunng stretch
1n response to a simulus of constant strength

Thus explanation would then imply the evistence of a type of strychmne resistant
interneuronal chaw acttvated by peripheral receptors which has niat y et been described
As will be shown an Part I1 of this paper however these strychnine resistant inhibior)
mechamsms may even act directly upon the post synaptic membrane of motonct
rones

Part 11

In this section will be described motoneurones which were ether recorded from
already heawily strychninized cats and nevertheless shoned strong wnhibitory cfrc(!\:
or else were penctrated n non strvehntnized cats and found tohay e their post syrapHe
snhibitsons intact after the admnistraton of strychmine
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Fig 8 Strychnintzed cat (0 2mg hg) Pop! teal motoneurone of 67 m\ spike height 4 The neu
rone was fired by injected current “The discharge was inhibited by stretch (200 g) of semten
dnosus B Stretch (200 “actvation noise

used
{a¢€ smeeps and 3 hyperpolanising st of the average membrane potential (contimuous
dc recording

Figure 7 shows a popliteal of 73 m\ puc spike size Ten
rminustes before this neurone was impaled the cat had been given 0.2 mg/kg of stry chnine,
which 13 sufficient to abolish dly all

s (Bradley
Easton and Eccles 1953) In Fig 7 4 a subthreshold depolarizing current was myeeted

When applving a 500 g stretch to the triceps surae the neurone was excited to fire as
would be expected from what 15 known about autogenetic stretch This excitauon
caused large depolanzing waselets of svnaptic activation noise® (in B on the fast
ac sweeps) which ded to 2 2 mV d

shift of the average level of
the membrane potenual In C induced repetinve finng was imhibited by 500 g stretch
of the tibialis antenor The pcs(-syn:puc duracm— of thus inhibition 1s confirmed by
the hy ) tivaton notse at arrow 1 D) which
accurred with a hyperp shlﬁ of the average level of the
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Fig 9 [Popliteal motancuronc of 84
mV spikc height fand Bwerere
corded_before strychnine was gnen

PPN o "” i A g Cand D alter the admmissration of
" A
g A, S
oo neurone was fired by njected cur
—e— T — rent. Braef stretches (500 g) of b
r a) alis antenor mhibited the discharge
B =~ B Higher d ¢ -sensitivity shons the
—_ ——  hyperpol shifts of the mem
brane potental caused by bnel
- - stetches (500 ) of bl ey
€ The neurone was fired by mect
CWMMWJ})MJ current The inhibition from stretch
] ‘

(500 g} of tibiaha antertor was stll

; - e seen afier strychnine D Noshiftef
[sPR P N 'PZ average membrane potenua! was
i now seen during stretch of tibialis
o e e e anterior The hyperpolanzationsen
by 1n B had been remored by sinych

nine

membrane potential of the order of 35 mV (continuousd c ~recording of D) This
neurone also recened strong post. r hit from d (not shown
1n this Figure)

Thus despite the heavy strychnimization, this extensor neurone recened powerfil
whibition from two antagonisic flexor muscles, and by the three critena uthzed
here these inhibitions proved to be of post synaptic origin In this case the effect of
muscle stretch upen the size of the monosynaptc FPSP was not studied

Fig 8 illustrates another expenment m which the cell was impaled 12 min after
02 mg/ky of strychnine had been grven to the ammal It 1s a popliteal motonturont
of 67 mV sprke size The cell was fired repetitively by injected current m 4, and when
a 200 g sweich was apphied to the semitendinosus, a powerful mhtbibon whelly
abolished the discharge In the fast sweeps of B 1s seen the hyperpolanzing  acuyaiuon
nowse”™ during the stretch showimg the postsynapic nature of this mhibition, while
the standing d ¢ -spot at the same time recorded a hyperpolanzation of the membrant
of the order of 2 4 mV  The size of the monosynaptic EPSP of this neuronc was reduc
during stretch from 28 mV to 2 5 mV (11 ¢, dimnution)

15 alh d in Fig 9, which suggests that drfferent
mhibitory mechanisms ansing from the same stretch can act stmuliancously upont the
same post-synaptic membrane This was a popliteal motoneurone of 88 mV skt
size, which wasimpaled in a non strychnimzed cat In 4 the neurone wasfired repcmml\
by myected depolanzing current When the tibtalis anterior was stretched with 500¢
the discharge s seen to have been inhibited Recording with highd ¢ gain (B) demo?
strates that the stretch caused a hyperg of the membrane of the order &
3mV  Actination notse * during stretch was also heard in the loudspeaker

Between B and C stry choime was injected 1n a dose of 003 mg/kg, and the recordios
procedure was repeated  As seen m C the mbibitory actvity was sull present and pot
cven reduced A most interesing eflcct 1 scen 1n D where now the hyperpolanzitod
dunng stretch has disappeared  compare with B) Weak but clearly duun’a’““h“b'
“activation noise™ was, however, stll recorded during stretch, proving that there was3
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Tasce 1 y of studicd afier the of strychmne
Muscle causing nhibrtion Neurone recenng 1nhibiton
Common
Hamstring Popliteal - Peroneal
Semitendinosus 1 " 1
Triceps surae 1 - 2
Tibials antenor 5 13 2

Neurones recenng no mhibition

8 10 5

nose” 1 4 hyperpol direction Brief stretches of triceps surae cansed

an minal short lasung hyperpolanizing shift of the average membrane potential of the
order of 2mV When simularly stretching tibeals antertor, the membrane was kyperpola
nized by 3 mV, and the duration of this potential shift was as long as 600 msec It thus
considerably outlasted the duration of the stretch which was about 300 msec

Strychnine was then mjected 1n a dose of 008 mg/kg, and after one munute the
experiment was repeated It 1s now seen that the inhibitory effect from triceps surac had
been largely removed (C) that its  activatron noise™ exhibsted depolarizing waselers
and that a depol. shaft of the b potential of 1 5 mV (D) had replaced
the previous hyperpolanzation The intubttion from tbialis anterior, on the contrary,
had been markedly potenuated (C) after strychnine The duration of the hyperpolan
zation (D), which was sull of the order of 3 mV, had now been extended m duraton
t0 around 900 msec A definite increase of synapic activation notsc” was not recorded

This experiment reveals the existence of two types of post synaptic inhibitory mecha
msms which may act upon the same motoneurone, one abohshed or decreased bY
strychmune, the other unaffected or even potentiated

Table 1 summanizes the results from 54 motoneurones which were imestigatcd
m this study As scen from the table, about 50 9, of the flexor (harastring and commo®
peroneal) motoneurones recenved strychnine resistant post synaptic anhibation from
flexor or extensor muscles while 709, of the extensor (popliteal) motoncuroncs
showed inhubition which was instiated only from flexor muscles Thisndzcates a tendenc
for strychnine-resistant post synaptc inhibitton preferably to onginate from fesor
muscle afferents and act on the extensor la reflex arc, a pathway which has also beenl
descnibed as important for presynaptic mhibitton  The rather high percentage of
tibiahs antenor kb acting on h may scem uncxpect
but can be explained by the fact that many semitendinosus motoncuroncs act ﬂ'-l’
synergusts 10 triceps surae (Grant et al 190 1a) Another striking feature 1s that althous
most of these motoneurones belong to the popliteal population, we have never bech
able to find an autogenetic inhibition frorm triceps surae that was resistant fo strychnia®

(cf cg Fiz 10)
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Discussion

In part I of this paper were gven evamples of post synaptic inhibitions on spial
motoneurones, the effects of which were abolished after the admmistration of stry chnine
Untl now this response to strychmne has been believed to be true for all segmental
post synaptic mhibitions in the spinal ¢ord of the cat (Bradley ef af 1953, Curtis, 1959,
1962, 1963)

Part I of the present paper also confirms the sigmficance of hyperpolanzing  acti-
vation noise” in revealing post synaptc mhxbuory wfluences (Gramt et al 1964n)
by showing that in stry yP norse™
was removed by the drug (sce Fig 2 and 3)

In Part 11 of this paper were presented further scudies of the type of strychome-

resistant post synaptic mhibitory m actnated by heral
receptors, that was first described by Kellerth (1965) This typc of mhibition fre-
quently occurred among the spinal may be

summarized as follows a) It is resistant to strychnmne, or b) even potentated by
strychnme (see ¢g Fig 10), and c) 15 preferably ders ed from flexor muscle afferents
acung upon the post synaptic bi of extensor (sce Table 1) The
effects of cutaneous afferents have not been studied

All three pmpcmes Bsted above have also been desenbed as charactenstic for

b one pathway of which 1s described to act on the

lem'unals of the extensor Ia afferents which project onto their own motoncurones

Another property of presynaptic inhibition 1s 1ts sensitinty to picrotoxin (Ecclesef af
1963), 2nd 1n a subsequent paper (hellerth and Szumski 1965) will be described the
effects of picrotovin upon strychnime resistant post synaptic mhibition

Strychnine resistant post synaptic inhibitions have earhier been desenbed 10 hippocampus
P PR 2 = ., A

descending smhubition from the retcular tumbar ext «d
only by a eombination of strychmne and mephencsin while pictroin on the other hand 18
meflective Thus result may well indicate the existence of a thrd type of post-synapuc intibitory
mechanism actng on spinal motoneurones

Since in the past many 1gators were d with the in} from
peripheral receplors on motoneurones it may seem Surprising that the strychnine
resistant post ynaptic anhibwtion has remained undiscorered until now  Possible
reasons for thus may be a) Many carlier v esugations have dealt with the inhibation.
of the monosynaptic teflex as recorded from the ventral roots which must be assumed
 give only a rather rough estumation of the effects of strychnine upon the actwaty of
spmal neurones b) In studies wath intracellular rccordmg techmque on the other hand,
the cntena used to identfy have been b P of the post synaptic

and/or d test n-sponses {entena 1 and II i the
Introduction) However Gramit et ol (19645) have shown that, at least with muscle
stretch as a st mulus these critena for inhibation are not as rehable as the combinaton
of all four critensa that have been used in thus study (see Intreduction), ¢) There 13
further the possibility that the stchnine resistant post-synaptic nhibion mighe
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exert its main action mn places remote to the soma, where the electrode tip 1s supposed
to be situated, and hence produce post synaptic infubrtory eflccts, which the electrode
would not be able to detect (Frank 1959) However, this view recen es no support from
our results because both types of post-synaptic inhib ¥ d I

actnation poise ' and hyperpolanzing shifts of the average level of the membrane
potential, d) \Most previous work has been concerned with post-synaptc mnhibitions
arnving along short latency pathways, while the long polysynapuc pathways bave
been less studied In the work by Curtis (1962), m which strychmine was apphed

2 ph ally, longer polysynaptic path were also tigated, and here
were found IPSPs that were not affected by the gection of strychmine This effect was
asenibed to mnability of the strychmmne to reach the synapses To judge by our resulss
these IPSP s nught well have been strychmne resistant e} Furthermore, it 1s hardly
Justified to assume that an enure IPSP 13 sensitive to strychnine because rts 2mplitude
15 reduced by the drug Our study has clearly shown that both tvpes of post-synaptc
mhibition ¢an act simultaneously upon the same membrane

The rarly obsenations (Liddell and Sherrmgton 1925, Cooper and Creed 1927)
to the effect that strychnine did not reverse the mhibitions excrted on quadnceps
stretch reflexes by pulling on the hamstnng muscle, have been terpreted as a clezr
case of presynaptic mhibition (Eccles 1965) The present results demonstrate that $h:

: can be aly d by post synaptic events Whether or not
presynaptic inhibition also plays a role i the maintamed stretch reflexes studred abne
13 at the moment unknown

The authors arc mdebted to the “harolinsk Resen fag® for support of
thus work The expenses of this investigation were also defrayed by grants to Professt R
Granit from @t ¢ Swedish Medical Research Counal (Project No 14X 213-01) “Sullﬂx_?
Therese och Johan Anderssons Minne” and  Suftelsen Gustaf och Tyra Svenssons M ane’
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Effects of Picrotoxin on Stretch-Activated Post-Synaptic
Inhibitions 1n Spinal Motoneurones
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Jan Oror RELLERTH and ALFRED J Szusski!

Rece ved 20 May 196>

Abstract

Rellerth J O and A\ J Szumsk I ffects of p crotov n on stret h act ated post ynapl ¢ mhb o

i sp nal moteneurones \cta physol scand 1966 (6 146—156 — The effects of peroox

on post synapt ¢ nh b tons were ntracellularly invest gated ncat popl teal commeon peront

and hamstr ng motoncurones wh ch were activated by stretch of the tr ceps surae thals

anter or or semutend nosus muscles Insome exper ments a s ngle electr calshock to the nenewas

also used as a st mulus Inh b t ons from muscle s retcl were stud ed by whcrrrlllo vngen ':Jz
* PR s}

t
f

chlor de 1ons Post synapt ¢ nh bt ons rema n g after p crotox n (p crotox o res stant) and
those abol st ed by p crotox o (p crotovin sens tse) were dent fed Ba h types of nhb of
v ere shown defn elv o act on the post synaptc membrane As w it stryclnne resistant
post svnaptc nhbton (hellert and Szumsk 19GG) p crotox s senstye post synap
ki b t on was found to have characterist cs s m lar to those descr bed for presynapt ¢ inh b ‘:;‘
In no casc was a postsynaptc nhbton found to be resstant to both strychnné 303
perotoxn and n styctnnzel cats the reman ng post synapte nhbtons v ere alws
abat shed by p cro ox n

stretch act sated post

In a previous paper the exstence of a hutherto unknown type of
. Vo i d Szumski

synapt ¢ m} bt on in cat lumbar motoncuroncs was descnibed (hellerth an
1966) This post synapic inhubitory mechan sm which was found frequently 10 0¢Cu7
was sensitn € to sirychnine or even potent ated by the drug and was found to i e as
1mportant pathway in flesor muscle afferents 2cting on extensor motoneurones s nf:
these properties also have been described as being character st c for presynart

inhibition (Eccles 1064 1t was cons dered to be of interest to study the cff cts of pes

the
t Vocatonal Refabltaton Ad: mstraton Rescarch Fellow on leave of absence from

Department of Phys ology Med cal College of Vg n3 R chmond Va
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Fig 1 Monstrchumued cat. -

Hamstrmg motoncuronic of 63 T b :
m\ spikc heght A Neuronc - , [t
fired by myected depolanzing i e g o i o 72 G/

current and  bn-f manual

Y 20
swetches of the triceps surac BWI

muscle {upward deflections of

the myograph) caused phasic 1n ¢ ,_L J

the myograyh) cased phasc u L [T Imm | H iy e
dc sensitaty revealed hyper
polanzing shuft of average mem- B
brane potential of 40 m\ dur

1ag muscle streteh € Recorded

afier 1v injection of picrotoxn (1 5 mg/hg) Even though convulave finng oceurred the
h btory mBuence to stretch 1s stll present

Myo et

i
i

toun on the strychnme resistant post synaptic inhsbitions. According to current views,
): blocks pr (Eccles Schrmdt and Wills 1963) but has no
cffect on post s\mpuc mhlbluon The present study shows that the effects of picrotoxin
on inhibitory mechanisms 1n the spal cord are more complex

Methods

The experimental approach was identical to that described in a previous paper (Rellerth
and Szumsks 19G6) except for a number of cats (ndicated 1n the text) which were spinaltzed
at cord segment L2

Alcro-electrodes filled with 2 A[ potau um nm!e (4—40 MO rcsmancc) hcre used for

tvely

Results

The present results were obtaned from twenty two motoacurones seven of which
impaled 10 non strychninized cats OF the fifteen motoneurones impaled 1n «tn chminized
cats mine ongnate from spinalized cats The cntersa used to 1dentfy inhibitions have
been descrbed 1n a previous pharmacological study (hellerth and Szumsk: 1966)
and are those used by Gramt Kellerth and \Wilhams {196+ b) Brefly these cnitena are
as follows 1) hyperp of the p p 1) d 4 mono-
synzptic biliry as by a of the cxaitatory post synaptic
potential ) reduction of finng rate of a neurone sumulated through the intracellular
mucro-clectrode by injected depolanzing current and 1)
1 a hyperpolanzing direction

Tig 1 dlustrates a hamstrng motoneurs ae of 65 m\ monosynapue sprke height
which was impaled 1n a non strychnsmized cat In 4 the neurone was fired repeut ely
by wnjected depolarzimg cusrent and the discharge 15 seen to be mhibited by brel
manual stretches of the tnceps surac muscle (upward deflections of the msograph
In Bincreased d ¢ camn reveals that a4 0 m\ hvperpolanzing shft of the average level
of the membrane potennal took place dunne stretch of triceps surae The muscle stretch

svRapuc activaton notse



148 JAN-OLOF KELLERTH AND ALFRED | SZUMSKI

Fig 2 Strychmntzed cat (0 2 mg/kg) Hamstrme
el S K o

P WP s WL
At )1 1L bl . .-
TN T 1
B i Inv During . of peurone with just b
o threshold imjected depolarizing current stretches
ser (500 g) of triceps surac now exaited 1t to fire

also caused a 10 %, dsminution of the size of the monosynaptic test response (not shown
1 the Fig)  Synaptic activation nose™ was heard from the loudspeaker, indicating
actiaty at the post synaptic membrane Picrotoxin was then imjected 1v 1n a dose of
15 mg/kg In C the neurone began convulsive finng, but the intubitory mfluence
from stretch of triceps surac was still present Thus tn accordance with current views
(Eccles 1964) this post synaptic nhibitton was found to be unaffected by picrotoen

In subsequent results to be presented 1n this paper, only infubitions sensin¢ 1
picrotoxtn will be described

Fig 2 1s a record of a2 hamstring motoneurone of 60 mV sprhe height which was
smpaled mn a strychnmmzed (02 mg/kg) cat In A stretches (500 g) of triceps surc
nhibuted the discharge caused by njected depolanzing current No shift of the average
level of the membrane potential was detected during muscle stretch but by perpolanzng

synaptic activation notse’ was recorded showing inhibitory actwity on the post

synaptic membrane Picrotoxin was then injected 1 v in a dose of | 0 mg/kg and e
vesults n B were recorded A just subthreshold depolarizing current was here snyected
and now stretch (500 g) of triceps surae excited the neurone to fire, showing that the
action of muscle stretch was reversed after the admmistration of picrotoxin

Another expeniment from a strychnimzed (02 mg/kg) cat s illustrated i Fig 3
where 2 peroneal motoneurone (70 mV spike height) was fired by injected depolanst8
current In A the répetitive discharge 13 seen to be tnhibnted by stretch (500 g) of tneeP
surae In 8 the same stretch caused @ 35 mV hyperpolanizing shilt of the =venf®

A gL s sl
')
[T i (L sl
o L

————
Tsec

rone
S L N - P10\ gpike herght 4 eV
' s . e of ductarte
the a\uaqcrmﬂ: “'wn
I . . o
{20 mg/kg) £
after the e .
depolanizing currens stretch of triceps surae now excited it fo fire
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\ \\_\ Fig 4 “on strychmnzed cat Pophteal moto-
/\ neurone of 87 m\ spike height {1 Neurone was

fired by injected current and stretches (500 g) of

R bl antenor cawsedmbuionof the discharge
\ B Expenment 4 repeated with brief manual
\ stretches of the muscle. € High d ¢ -sensitivity
sevealed hyperpolanizing shifts_ of the average
TnAL membrane potential dunig mosele streiches. alio
T~ stenn D ataflustertimebase E Recorded > min
afier the njection of prcratowia (0 7 mg kg) and
\\M/t showing during manual stretch 2 degolanzmg
7& '
T of depolanzing shift of average membrane po-
tenua) durmg manual muscle sretch

level of the membrane potental — Synaptic actnation noise® of muxed character
but with clearls byperpolanzing components was present muscle stretch indicating
the post-synaptic character of this strychnine-resistant inhibation
Picrotoun was then admimstered 11 1n a dosc of 2 0 mekg After 1 5 min a depola
nzing current was ingected to fire the neurone repetitnely (C), and stretch (500 g)
of tnceps surae now caused only a slight amount of inlubiuon  After another 0 5 min
a subthreshold depolanzing current was injected (D) and the muscle stretch now
excuted the neurone to fire repetitiy € action potentials, another example of a strvchmne
resistant post synaptic inhibition which reversed to excitation alter (he admmistration
of picrotoxin
Fig 4 illustrates a poplitcal motoneuronc of 87 m\, spike height which was record
«d from a non-strychmmzed cat The neurone was fired repetively, by mjected depola
nzing current and in 1 the discharge was completely mhibited by a mantamed
stretch (500 g of ubmbs anterior Brefer manual stretches of the muscle B) also
inhubited the repetitine actinaty In Cusnghighd € gain are shown the hvperpolanzing
shifts of the average level of the potential of app 30 m\ which
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brief tetamc staulus (+ shocks at 600 sec) to the common peroneal nerve D Inh btory
potential in C was reduced 2 min alter anjection of picrotoun (07 mg/kg) L Siv mn afer
picrotoxin inhibitory potential was completely removed

occurred during bnief manual stretches of the muscle In D a faster time base was
used to Wllustrate the same response as i € Synaptic actnvation noise * 1a the hyper
polanzing direction was also recorded duning stretch of the muscle (not shown 1 the
Fig} idicating the post synaptic nature of this snhibition

Picrotoun was then myected 1n a dose of 0 7 mgjkg After 5 mm the manual stretches
of the utnabs antenior muscle (£) reversed former effect on the motoncuronc mem
brane and caused a depolanzing shfi of the average level of the membrant
potential of around 20 mV (compare with D of the same Fig) In this particulas
experiment the admmistered dose of picrotoxn was apparently not sufficient o
maintam the reversed behaviour of the neurone durng muscle stretch because 1
F 8 mumn after the mjection the hyperpolanzing response retured A sccond dose
of picroton (045 mg/kg) was then added and 30 sec later (G) this post synapt€
inhibition agam undenwent a  picrotoxin reversal

Fig 5 b a b of 74 mV spibe height 1 2 non
trych d cat The b potental to65mV { d as the poter-
uial difference between inside and outside) Record A shows the large afterhyperpolari
on of 95 m\ following an anthdromic action potential It was not possible 10 al et
the excitability of thus neurone by muscle stretch but on the other hand q:e nturof:!
showed large inhubitory post synaptic potentials when the common peroneal nen e
electncally sumulated In B the neurone was fired repetitnely by mected depolariz 7%
cursent M. d tetanic (ind by arrows) of the common P'“’"‘(
nene caused a powerful inhibition of the discharge In C 1 seen the imhibitony P“‘m
synaptic potential produced by a bref tetanie sumulus (4 shocks at 600fscc) & .
comman peroneal nerve The latency of this snhibition exceeded that of the r(“;i -
synapuc spike by 35 msee The maximum hyperpolarization which amoun "
around 130m\ was reached 7—8 mscc after ats onset and 1ts total duration ™
the order of 25 msec
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Fig 6 Nonstrychmmzed cat - -

Popliteal motoneurone of 73 m\’ AT e
spike haight impaled with a KCL l. m
micro-tlectrode (sce text) A B N
Neuronc fired by mjected. cur- it

rent and manual steetches of the c S

8 E
tbrabs anteror muscle caused an
snbibison of the discharge B DAQ A Y DA
High d c-sensitity revealed a N T 0
byperpolariing shift of the av >
erage membrane potential dur
g brel manual stretches of ~

thials anteror € After angect- bAQ b% yt

ing ehlonde 1ons inta the neutone

1o hyperpolanzation of the post.

synaptic membrane was recorded IOD <PS

dunng muscle stretch D One

min after chlonde fon injection was discontnued _hyperpolanzation of the post svmaptic

membrane reappeared durnng muscle stretch E Three min after injection of picrotoun

(05 mgkg) the average membrane potential during muscle strctch was in the depolanzmg
direction

Whle sull ding mside this was ad; v ma
dose of 0 7 mgfkg In D, 2 mun afier the tnjection of picrotoxn, the size of this hyper.
pol;lnzmg potential was reduced Six mtn after pierotoun was gien (E), the inhibitory

ynaphc potential was ly removed by the drug

"Fig 615 a record of an expenment where 2 KGI micro-electrode was used, 1n
order to study the effects of excess Cl-10ns on picrotoun-sensitin € post synapnc mhibi
uon (Coombs, Eecles and Fatt 1055, Eccles, Eeccles and Ito 1964) The mpaled
neurone was a popliteal of 73 mV’ spikeheightina non stry dcat,
whose repetiuse discharge induced by imyected depolanzing current, was snhibited
by mannal stretches of the muscle bhralis antenor However, no defimte  synaptie
activation nowse™ was recorded 1n response to muscle stretch

Chloride 10ns were then injected 1nto the motoneurene by applying a hyperpolanzing
current (30 nA) through the mlcro—clcc!mde for 70sec Asseenin C, recorded immedia-
telv after the chlonde ron injection, no hyp: of the p ¥
cauld then be detected during muscle stretch This result defines lhe mhibition as
post synaptic in accordance with the studies by Coombs ef al (1935), and Eecles
et al (1964} One mun after the myection of chlonde 1ons (D), however, the neurone
recovered and the hyperpolanzation of the post synaptic membrane dunng muscle
stretch reappeared  Picrotown was then adminustered 1v 1 2 dose of 05 mgfkg
Three mun later (E) the muscle stretch reversed ats former action on the post-svnaptic
membrane and now caused a 20mV depolanzing shift of the average level of the
membrane potential In summany the post-synaptic nature of the wnkibition was
this case demonstrated by one more critenon, namely its sensitity to an increased
ntracellular concentration of chlonde 1ons |Coombs ¢f af 1955) which thereby was
found valid also for the picrotowun-sensitine tvpe of post syaptic mhibiton

Fig 7l a popliteal of 63 mV* ptic spike height
which was impaled 1n a spinalized and strychninized (0 08 mgfkg) cat In 1the neurone
was fired repetitnely by ingected current and bref manual stretches of the muscle
tibialis antenior nhibited the discharge In Ba hugh d ¢ -gain shows the hvperpolanzing
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Fig 7 Strychnnuzed (008 mgf
A 8 ¢ kg) and spinalized eat Poplireat

L‘WMI@M\/ :r& e fmotoneurone of 63 mV. spike
- — height A4 Neurone fired by in

A S 4 depolaning current and

— Jected depolanzing current an

bricf manual stretches of the tibi

- alis antenor muscle ik bited

AV discharge B Highdc ganre
g ghdc g:

vealed 60 m\ hyperpolarizing
shuft of average membrane poten

D L E F wal duning manual streich €

| - Single electrical shock to com
bbbty =\ R e
o - - mV mhibutory post synapuc po-
hanr~aal - tential lasting around 100 msec

Between € and D prcrotovin

\/-& o [ was admmstercd 16 (06 mg!

o N T kg) and recording procedure

OZsec  Olsec repeated D Manual streiches of

tibialis antertor could not nhibit
the discharge mduced by injected current 4 min after the picrotoxin admmnustzation £ The
former hyperpol shuft of the by potential had heen replaced by depolar 7ng
response of shorter latency F The long lastng 1PSP following stimulation of the common
peronical nerve bad largely been removed by picrotovin

shift of the membrane potential of 6 0 mV which occurred during stretch of the muscle
A single shock to the common peroneal nerve caused an inhubitory post synaphic
potential (C) which had a duratron of 100 msec and an amphtude of 105 m} The
nsing phase of this IPSP was slow and lasted 8 msec In both B and C 1t was poss ble
to reverse the direction of the inhibitory potential by passing hyperpolarizing current
1nto the motoncurone (not shown i the figure) thereby excluding  dusfacilitation
as the possible cause of the inhibitory events Picrotoxtn was then admmstered 14
1n a dose of 0.6 mgfkg and after 4 min D was recorded Stretches of tibtalis antenor
could not mhibnt the discharge induced by myected current In L a depolarszing shift
of the membrane potential appeared dunng the nising phase of the muscle sircick
Presumably this exatatory response had earlier been suppressed by the 1nhtbrion)
effects whtch had now been removed by picrotoxn

There 15 also the possibility that picrotoxm had removed presynaptic inhibition 523
to release exeuatory afferents the effects of which then might obscure the remaming
post synaptic inhibition However this does not seem hikely when considenng reco
F showing that the IPSP from sumuiation of the common peroneal nerve hkewsst
had been largely removed by the drug (compare with € of the same Fig ) If presynapic
inhibition on primary afferents was actnated by the penipheral stmulus 1n CandF
1ts Jong latency (Eccles Eccles and Magm 1961) would not affow 1t to oflucnce b
induced afferent nput There 13 thercfore no reason to doubt that the strychnin®
resistant post synaptic nhibttion 1n 4 and B also was removed by picrotoun

In Fig 8 sl another from a spinaltzed and stryc!
(008 mg/kg) car It 1s 2 pophtcal motoncuronc of 72 mV spike height which w2
impaled with a potassium chlonide micro-electrode In A wnhibitory post synaptic
potentials were evoked by applying single electnical shocks to the hamstring pene
Thesc IPSPs had an amplitude of 4 5 m\ and a duration of around 80 msec The siow
nsing phase of the IPSPs lasted 13 msec Chloride jons were then ingected imto the moto-

hosized
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Fig 8 Strychnnized (008 mgfkg) and
spinalized cat Popliteal motoneurone of 72
mV spike height (KCl micro-clectrode}
A Single electricat shocks to the hamstring
nerve evoked nhibitory postsynapac po-

potential C. Two mun after the ehlonde
inyection the TPSP returned Picrotgun was
v | retgmed Bierolgup e

E 100 eps

No difference 1 seen 1 E when comparing
with D, however, showing that this strych-
nine resistant IPSP was completely  re-
moved by picrotoxin

A

N

—_

had been replaced by an earher exatatory | N
D

L .

A

—JL.

R Im v

neurone for 60 sec by passing a hyperpolanzing current of 35 nA through the micro
clectrode Immediately (2—4% sec) after the cessation of this injection 8 was recorded,
showing that now but hittle remained of the inhibitory post-synaptic potential Instead
an excitatory response had appeared which had 7 msec shorter latency than the IPSP,
and which previously had been suppressed Tswo mun after the jection of chlonde
vons (€) the IPSP had largely r:lumcd but the exatatory responre was stll prcsenl
as a little hump preceding the y potential Picrotoxin was then adi
1v 1n a dose of 1 2 mgfke, and after 6 min D) was recorded It 1s seen that the in-
hibstory pest synaptic potential had disappeared and the exciratory potential reappeared
There 15 the possibility that the IPSP had not actually been removed by the drug
but rather obscured by simulataneous exeitatory actinity at the post-synaptic membrane
This proposition could be analyzed by mcreasing the ntracellular concentration of
chloride 10ns o as to comvert the summated exatatory and mhibitory actiaty mto a
depolanzing response Chlonde 1ons were therefore agawn injected mto the motoncurone
by passing hyperpolanizing current of 50 nA through the micro-electrode for 70 sec
Comparing D with E, which was recorded immedhately after the cessaton of the chtonide
injection 1o obaious difference between the two records can bee seen, mdicating that
this strychnine-resistant IPSP had been remaved by picrotoun The resting membrane
potential had the same value in all the records

Discusston

The results from the present study demonstrate the eustence of a type of post svnaptic
mfaixtion m cat spinal motoneuroncs which contrany to current views (Curtis 1963
Eccles 1964 1962) 15 depressed or abolished by picrotouin In no case was a post
synaptic mhibrtion found o be resistant to both st chnne and prcroton In stryche
nunized cats th post werealways abolished by prcrotoun
It cannot be generally concluded from this relatonstp that all penpherally actn ated
picrotoun-resistant mhibitions are sensitive to strychnime, and vice versa but simce
the present sesults can be fulls accounted for by only ™o types of post-svnaptic infubi-
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tion st 1s hardly necessary at thus stage to speculate on the possibility of other types
peripherally actnated post-synaptic inhibitery mechamsms

It has previously been clatmed that picrotoxin does not influence post synapt ¢
inhibition in the spinal cord (Eccles 1964) but this statement dertves from experiments
m which the effects of picrotoxin apparently were studred on post synaptic inhibitions
of short latencies (Eccles et al 1963) or else were found to be strychnine sensitne
{Desmedt and Monaco 1960) In the present investigation the picrotown sensinc
post synaptic inhibitions were found to arnve along polysynaptic pathways and to
exceed 1n latency the monosynaptic spihe by at least 3 msec

The long latency of this inhibiion may suggest that the afferent information ascends
to supraspinal levels and returns along previously known strychmne resistant pathways
(Bremer 1925, Terzuolo 1954 Lhnas 196%) However since strychmne rosstant
Ppost synaptic inhibttion was casily obtained in spinalized cats this explanation seems
superfluous It appears on the contrary, that picrotoxin sensitive post sypaptic inhibs
ton occurs at the spinal level Furthermore picrotoun sensitive post synaptic inkibition
may explam the convulsive actvity caused by picrotoxsn, which in the past could not
be fully d for by the d of presynaptic inhabition (Eccles 1964 1963)

The prerotown sensttne snhibitory post synaptic potentials produced by electrical
stumulation of peripheral nerves were generally large and had a slow nising phast
(usually around 10 msec) They also had a durztion of 80100 msec, only occasionally
shorter sec eg Fig 5) At the moment st 1s not known whether thislong durationst
caused by prolonged transmtter or by temporal spread of the synaptic actvity Stnch
nime resistant IPSPs of sumilar have been bed 1 supea spindd
areas cg Andersen ef al 1963) but sensitivity to prerotown has not been found
(Cravford ef al 1963)

To distinguish betwcen true post synaptic inhibition and  disfacilitation  as the cause
of reduced exaitability of the motoneurone the presence of hyperpolarizing  synapt ¢
actinaton nose s of importance as it clearly reveals inhibitory actrvity at the post
synaptic membrane aself (Gramt Kellert and Willlams 1964 ¢ ) Its absence may
however suggest disfacilitatton  but 1t mught also indicate post synaptic inhib tory
actnity at a site which 15 remote with respect to the micro-clectrode tp and hence
produces activationnowse not detcctable by the fatter In order to avord thys diagnostic
dufficulty another criterton for post synaptic whibition was adopted, namely sts s¢i®
i 0 an mn d Jlular conc of chlorde 1ons (Coombs &t al 1995
Eccles er ol 1964 In all cases tried 1t was possible to abolish or reduce picrotowi®
sensitne mhibitory post synapuc by injecting chlonde sons into the motoncuront
There was alsa complete or partial recosery of the IPSP some tme after completon
of the chlonde injection showing that thus ty pe of inhibrtory mechamsm has 2 chlonde
dependent equilibrium potential In & number of cases intracellular chlonde myechors
ez apphad 26 w1 the dapnmestatoom o, prseieRm, trdat i wenaal temaming intub
tory actvity see Fig 8)

In no case howeser was it possible 1o reverse a picrotovin sensitne IPSP aio 2
depolarizing response cven after wsing protracted chlonde njections and mv'.’?
currents This 15 1n contrast to the reversal of the very chlonide suscepuble duced! .
inhibiions  Coombs ef af 1935 Eccles ¢f af 1964) An explanation of this d ﬂﬂ(“‘s
mas be that the sy napses responsible for the picrotoxin scnsitive post synapticinhibos
are latgely situated out on the dendrites whereas the induced sonic changes are mas

e
restricted 10 the soma where the clectrode 15 supposed to be impaled However 3%
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1t was possible to record picrotoxin sensitine IPSPs all of the synapses of this type can
not be remote (Frank 1959, Gramt et ol 19636} Lhnas and Terzuolo (1964),
studying the descending mubition from the reticular formation on flexor mom—
neurones obtamed simular results after Alular chlonde and
them on banisof dendniic  loealizavion of the intubition

P

tmo different types of synapses one of which produces termmal depolanzation the other
neurone hyperpolatzation Picrotouin mav also act €arlier 1n the interncuronal chan but
further stud s are needed to clanfy this po nt

Some of the charactenstics of picrotoun sensittie post synpatic mnhibition found
in the present study and 1n a previous paper {Kellerth and Szumsk 1966) may be

as follows the inhib 15 ) resistant ychnine or even b)

by strychmne <) ble by pi (picrot d) possesses an
important pathway 1n flexor musclc afferents acting on extensor motoncurones and
€) 1s mediated by long polysynaptic pathways

Since all the properties hsted abose are also gven as charactenstic for presvnaptie
ihibition the relatin e importance of these two types of picrotoin sensitiye inhibitions
creates an interesung problem for further investigation In the present study the post
synaptic type was frequently found to be activated by muscle stretch Except for the
study by \endell and Walt (196%) on prcsur:-a!!l\’al:d cutancous afferents lh:l’c 18
very little on the role of p bition with natural
{sec e g the review by Bennet 1964) Intherstudyon presynapticinhibition Devanan
dan Eccles and Y okota (1964) used muscle stretches of 10 msec duration a ty pe of stimu
lation that hardly would occur under natural conditions and which with regard tosyn
o does not differ sigmificantly from electnical sumulation of penpheral nerves

Another maim problem concerns the different roles and the mterplay of the twotypes
of penipherally activated post synapuc inhibitions one of which s sensiti to stry chnne
the other to picratoxin Since they are actnated by different transmitter mechanisms
1t 15 not unlikely that different 10me mechamsms are involved at the post-synaptic
membrane  As shown by the present results and the study by Coombs et of (1925)
however both types of inhibition are affected by an inereased mtracellular con
centration of chlonde 1ons

An even more complex situation anses when the descending inhibitions from higher
centres are taken into considerauon The study by Llinas (1964) who invesugated the
mmfluence of reticular sumulauon on spmal extensor motoneurones suggests the eastence
of a third type of post synapuc mhibiwon resistant 1o both strychnine and picrotoxin
This 1ype of nhubiwon was also found to be affected by intracellular imyecuon of
chioride 10ns

Tt 1s therefore concluded that much work remains to be done 1n order to clucidate
the various types of post synaptic b and the of the nf
which 1s conveved to the post naptic membrane of indnidual cells by d ferent
transmiteey mechansms
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A Comparison of the Biological Value of Various Types
of Swedish Bread and the Effect of Added Lysine
B
S116 Larssoy
Receved 20 May 1965

Abstract

Larsson § 4 comparisan of e biological vatue of varous pes of swedish bread and the effect of added
lysne Arta physiol scand 1966 66 157—163 — Feeding expeniments on rats gnen diets
made from vanous types of bread widely used in Sweden are reported It was found that the
addition of L-lysme to all diets increases the actvities of glutamuc-ovalacenc transaminase
(GOT) and ormithine-carbymyl transferase ‘(ch‘) of the hver‘ At the same time the total

In previous publications the loss of added lysine and threonine durning the baking of
wheat bread and of soft bread with high content of reducing sugar was studied (Encson
Larsson and Lid 1961 a Ertcson and Larsson 1962) It was found that the loss of lysine
durmg baking of wheat broad was small (515 %), whereas the loss of threonine was
considerably higher Duning the baking of scft bread with hugh contents of reducing
sugar (VR-bread) the loss of supplementary Lelysine HCl was high (approvimatels
30°,) Tt was also found that the protetn value of VR-bread 1n 1tself was low probably
due (o inactisaton of the protan bound lysine caused by reactions with reducing sugar

Increased growth does not necessanty mean increased proten deposition 1 Allison
1949) In recent vears it has been found that a low protemn value wall not only give low er
prowth rate as compared wath feeds of high protein value but also a change m carcass
composition towards higher fat deposition (¢f Clausen 1963 Munck 1964 and Larsson
Nalsson and Olsson 19661

Therefore it seemed of imerest to study the cflect af lynine supplementanon to different
tvpes of Swedish bread

157
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Experimental
Analyucal Procedures

shightly longer time
For further detatls the al amimo acid de the reader 3

referred to Ericson ¢z a! (1961a)
The mitrogen contents of the dicts was determned by the Kjeldah method described by Pertin

(1953)

— LR [ Y L e

(1957) The ornithime-carbamy | teansferase (OCT) actrvity was measured accarding fo Rerchard
(1957)

The rats were then frozen and homogemized 10 2 Wanng blender together with a knowa
amount of water The homogenate was analyzed for percentage of dry maiter and fot 35
described above The carcass proteirt was determined aceording to Lowry ef al {1951)

The bread used as feed and the baking conditons
The wheat bread was pan baked from 2 dough having the same composition as presously
described (Ericson ¢f ol 1961a) The VR bread had the same compostion and was subjected
to the same baking conditions as described previpusly by Erscson and Larsson (1962)
The crisp bread { knackebrod ) was of commercial brand When purchased the water
Jhe e e L e A e o rurmere, branc. Yihen pireha

2e onl remies
at

. 2
WAIEL UsCU U1 SLAMINY UIE GOUGH 1O Y1, WIC Il UMEY AU LIOUNG UILd S wul wun

39, sah muxture (Hegsted ef al 1941} 59, s0ya bean o1l 05 9, cold hver od and a sitam®
muxture (Harper ¢t al 1933) The ciets were frozen unul used

Experumental antmals
\Male rats of the Sprague Dawley strain were used At the start of the experiments they weighed
approximately 50 g [he ammals were housed indin dually in ey lmdrical glass contamers wih
wood shavings The temperature in the ammal room was 25° G with a relattve humdidity

20 ¢, Before the experiments the ammals were given the basal wheat bread diet for four days
from the time of weaning The diets were given od fibitum Tap water was frecly asailable o™

anmmnals

Results

Table I shows the composttion of the various diets used in the experment The mirose
contents of the different dicts 1s highest 1n school bread due to a larger amount of &
skem mulk

It may be scen that the growth rates of the rats grven the basal wheat bread m:g
bread and school bread diets are essentally the same Basal VR bread or nye e
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Taste 1 Type of bread diet, nitrogen contents of feed, supplementation of Ldyune HCI
decrease of added amino acd during baking and the growth rate in g per day of

rats fed the vanious diets 20 ammals 1n each group were used Feeding period 35
days MeanLSEM Dufferences calculated according to Student’s ¢ test

Decreasc of
added Lysine
HCl duning
Nitrogen  baking (deter-  Growth
content muned micro- rate
Diet o, bologically) %  glday
A Basal wheat bread 210 133012
B A +040°, L-lysine HCladded before baking 213 8 412021
C. Basal VR bread 172 03006
DC -0 40% Llysinc BTl added before baking 192 23 11=0172
E G +040°% Lelysine HC! added after baking 19 134014
F Basal enisp bread 207 12=010
GF +4040° L-lys ne HCI added after baling 203 251018t
H Basal rye bread 193 071006
TH +040°% L-lysne HCladded before baking 193 31 10006
K Basal school bread 226 142011
LK +015°% Lelysanc HCladded before baking 226 16 300220

1 P< 0001

Tasee I The effect of the different dicts on weight water and fat contents of rat lner 20
rats 1n cach group were used and the diets gven for 35 days \Means=SEN Differ
ences calculated according 1o Student s T test

Weight Water Fat %,
Diet g % on dry wt
A 46£019 7212032 1772045
8 824018 22021 14620460
c 26+£007 2402042
D 401014 19120512
F 4320720 7324034 176=063+
r 452013 148027 1742071
G 72 0217 7412034 12920 53¢
H 38-010 747026 183-043
1 460110 738028 168054
1 491019 TN9=034 1020861
L 755017t 022027 161 047

P PL000l » P00l P<O0>
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Tasie I Carcass contents of protein and fat of rats gnen the different drews for 35 dan
(20 rats in cach group) Mean+SEM Differences calculated according to Students

1ren
Protemn 9 Fat % Proten/

Diet of body wt of body wt Fat

A 178 1425078 125

B 191 83£080 230

C 169 163:£130 104

D 171 145080 18

E t79 $25£081 §43

F 180 148101 122

A 191 1034068* 183

H 172 157105 1o

1 176 1334060 1%

N 179 150£093 119

L 9o 934090 204

5P 0001 P 00l
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BIOLOGICAL VALUE OF SWEDISH BREAD 161

growth rate 3—4 times However the basal value was exceedingly low — growth rate
03 g per day

Table II ind:cates that the Iners from rats on the supplemented diets all increased
m weight and that the fat content of the Iner decreased on these diets Iig 1 gives
the actmtes of GOT, GPT, and OCT of the liners from the rats subjected to the
&fferent drets “The actnues seem 1o mncreast 1 the haers from ammals on the supple
mented diets when calculated on equal Iis er weight basis When the vahues are calculated
on total liver howeser, expressing the capacits of the Lver the difference 1s stll more
accentuated

Table I1I indicates that lysine supplementation depresses the fat deposition of the
body as a whole on account of increased protemn deposition

Discussion

The data obtained in the present study give the biological values for different types of
bread on the Swedish marxet The iological value or protein value may be calcutated
alter the growth rates obtamed alter feeding different diets As pointed out by Allison
(1919) boweser growth is not aecessanily equivalent to a gain in bodv mtrogen {pro-
tem) When studying effects of different diets with regard to biologieal values of food
one therefore desires 1o obtamn values not only from growth rate cunves but also from
fat and protcin d The of such

pormted out (Clausen 1963 \lunck 1964 Larsson ef of 1966)

has previousty been

contents of the liner The growth rate of rats given rve bread was also low In this
connection 1t 15 of interest to note that VR bread and nve bread are the types mostly
consumed 1n Sweden Further the hueh fat content of the lvers of a wmals ginen the
basal VR bread diet shiuld be emphasized together with the low values of GOT
GPT and OCT Decreased transammase actities of lner have been obsened mn
protein defficiencs Snnnasan and Parwardhan 1955) In the present study the \ R and
rye bread diet could not give mise to a protein deficiency per se On the other hand due
to 1 low food intake a relauve deficiency could be possible Larsson ef af {1965) found
in pigs that hsme methionine supplementation o a high proten diet (gnits supple
mented with amimal protein increased the GOT activities of liser ard skeletal muscle
The addition of 040 °; L-lysine HC to the VR bread before or after baking led to a
drasuic 1mprovement 1n both growth and efficieney of food utihzauon Further the
fat deposition decreased as compared with the basal VR diet This agrees with the
previous results by Lricson and Larson (196%) The present expenment also shews
that the fat contents of the In ers from rats gn en lymine supplementation ta the \ R bread
decreased from 740 °, to 17 6 °, and that the actinities of GOT and OCT drasncally
wncreased At the same ume as mentioned above a change in carcass composition 1n
favour of protein deposition was roted GOT-actinity of lners was found to increase
1 pies more than 80 °, when 0 15 ¢, L-lvs ne HCI and 005 ®, DL-methion n~ was
added to a commercnal p g feed Larsson ef al 1966  Thus finding 1nd cates that not
only protein deficiency as such but also the protemn quality will cause adapin e chanees
1 some tranam nating systems The fat contents of the Ier from ammals given the

161N 4 ta phy ot and Dol 4 f O
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supplemented wheat bread was sigmificantly lower compared with the controls (basal
wheat bread) which agrees well with previous studies (Erieson, Larson and Rubarth

1962)
The present results have shown an increased fat deposition, relatively, on account of
protein deposition on diets with Jow biol I value The d fat gnes

a certain relation as to the etiology of certamn types of obestty Too much emphasize
on overneight has been brought nto the discussion nstead of taking inte account the
body composititn The present results show that two diets with the same ntiogen
and calortc contents can produce so marked difference in carcass compositton thatonz
diet with low biological value the ammals can be regarded as obese However these
are experimental data indicating that not anly the biologecal vatue of the diets are of
mmportance for the etiology of obeats Thus, hereditarv factors scem to be of importance
with regard to carcass composition On one and the same dret, different strams of mice
will vary with regard to carcass composition (Larsson 1966) In the strams studied 50
far, however, the protemn valuc of the dict s of tmportance particularly 1 strams where
the carcass composition of the animals  normally™ has a tendency towards high fit
deposition Cohn and Joseph (1960) found that the rate of ingestion of foodstufls plays
a role n the . of | diary bol Further, meal eatng™y
eg feeding the ammals for | or 2 hrs a day 1 d fat dep mihe
body In the present studv all antmals were fed ad Iibitum, and here the fat depoution
was found to be related to the biological value of the protemn These obscrations suggest
multiple causes of obesity in ammals with intact nervous regulation of food intake

In a previous studv (Encson and Larsson 1962) 1t was found that the loss of added
Iysine during the baking of soft bread with Ingh contents of reductng sugar is comoaramn e
Iy tugh (25-30%,) 1hisfinding wasvenfied by the present experiments As mentioned
before, the loss of added lysine during the baking of regular wheat bread was only about
10°, The\ R bread was again found to be an extiemely poor protein source Avaable
data from previous and present expenments scem to ndicate that the Joss of lysint
duning the baking of VR bread 1s not the only explanation for the poor biologic:
value Larlier studies (¢f Encson ef al 1961a and &) suggest that protein bound and
Iree lysine can be made nutritionally unavailable by reactions between the £ amin
group of lysine ard carbohydrates or other compounds contaming aldehyde groups

It 1s generallv considered that rye and wheat with regard to biologcal value of pro-
temn are equal This rmght hold true for unprocessed products, but when rye 1s baked
as soft bread this assumption 1s not correct The present study indicates that VR Dread
and rye bread both have an inferior biological value As discussed above this 15 partly
due to the loss of lysine during the baking procedure It has been found boweye”
that malted rye has a deletersons effect on animals — possibly due ta fouc product
Munck 1962 pers comm  The pracess of baking 1s different for the vartous ypesof
bread and most certainly influences the biological value Thus 1n Sweden the sdit
breads containing ryc n eal are usually baked at higher temperatures and for 2 longer
tme than for example wheat bread Also other procedures connected with the bai";;
of VR bread and rye bread no doubt will facilitate enzymatie changes that wo¥
decrease the biological value as well as the appetite of the ammals

‘Theoretically the biolomscal salue of school bread should be higher than
wheat bread among other things duc to higher cortents of dried shim milk As
shown by Encson et of 19615 the loss of biological value of dred skim nulk duntd
baking 15 remarkably high This might n part explain the absence of superor €ffect

for examp'
already
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school bread with regard to growth rate compared re wheat bread Further, the carcass
analyais revealed that the two diets were equal
Atpresent there are evidence tostate that not onlv data of the comp

of diets with regard to total contents of protein or nitrogen arc enough to determine
the biologtcal value of a fecd or food Procesung of dicts has a profound effect (Remius
1955) as has storing of food The present experiments seem to indicate that data from
composition tables of diets give only rough estimates Thus, as has been pomnted out
above, the effect of heatng the ingredients duning the process causes reaction products
between ammo acids, reducing carbohydrates and free fattv acids which could not be
metabolized by ammals and man
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Abstract

Landin A M O Malmborg O Aisell and § Zettcrquist Respreatory and crcalatory efect of
€O, admntstered gastroenierally” Acta physiol scand 1976 66 164171 — Pure CO, w3t
impected shrough a tubc into the stomach of 14 subjects for at leass 15 min and witha raied
A 300 7] per run The CO, admmstration caused a proportional increase of the vents

tion by 14 63 ) min The simultancous increase of CO, expiration (45 26+ mi mun) v
less than expected from the amount given snphymg an accumulation in (hcll'mdz tlu‘i]—m
while

per cent of the CO, mjected The changes i artenal CO, tension were ama 1
sampled 1n 7 cases fr m the pulmonary artery showed more marked increases There was 3603
significant e of the oxvzen uptake and «f the heart faie with 2 concomtar { fendency 103

nereass of th cardize sutput The pulmonary sascular resistance decreased in G cases oU!

I'he increased quentty of CO, formed 1 the muscles during physical exercise /s rars

ported with the senous blood to the lungs [he possible sigmficance of COy for regels
tion of the circulatin and s entilaton during exerctse might bestudred by expenment? f
ly rasing the CO, in venous blood Such studies have carlier bren made to a limi ~
extent the CO, having been admunustered m gaseous form ntrasenousty (Eppmz™
e al 1924 Snbno 1970 Coller and Paulon 1950), ntrapentoneally and mum;
{Loeper e/ « 1933 or throuzh the intravenous infusion of blood centaiming ";;
quantities of (0}, Yamamoto and Edwards 1960 Cropp and Comror 1951) "h:
been found that (O, can alw be n c ble q throus! "
tube to the stomach N\osell 19,7 The aim of the present i estigation was wnud>b
this technique the eflect of Lastroenterally L1 en CO; on ventilation and central €res :
tron 1 man, and thus to try to )Mlustrate the ability of CO, to contnbute ta the runcurg;
adaptation to physical work Prel minary results have been reported earhier (L%
Nisell and Zetterquast 1961
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Tasts T Charactenstics of subjects

3
Subjects % E‘ Clinscal diagnoss
1T g 18 177 66 Healed duodenal uleer
2 TS ) 24 176 72 Normal
3 GS 2 28 170 55 Coliis.
4 MU ? 26 162 at Headache
5 AV 3 18 174 29 Duodenal ulcer
6 PP Q 23 150 48 Hypothvreodism
7 PL. 3 28 171 69 Normal
8 HC 3 17 166 52 Functional svstolic murmur
9 1A 9 21 168 66 Functional systolic murmur
10 LD ks 34 180 8 Atnal septal defect
1} ML 3 12 185 60 Pectus excavatum
12 KA 3 20 177 65 Hraled myocardins
13 SA 3 17 192 9 Functional systoke murmur
14 I ? 29 161 56 Functional systolic murmur
15 GP N 6 162 23 \ytral stenosis

Subjects and methods

The subjects were |3 patients from the medscal department of Serafimerlasarettet and 2 healthy
voung men Some anthropological data and the chincal diagnoses are given i Table I The
studhes were performed in the morming with the subect fasting and recumbert In 8 cases thev
were made 1n connection with dignostic heart cathetenzation

pnecte P T o
. . . P

. . A
Fig 1

Expired atr was collected £3¢ 5 or 10 mun in airtight bags before, during and after the CO,
admirustranion (Table 11 The amount of air sampled was measured with a ges meter and
the O, and CO, contents were analysed with a Haldane apparatus

During the air collection blood was withdrawn (rom 2 catheter percutancously imserted
wnto x brachial arters The CO, tension of the blnod was obuined by measunng the pH by
means of a glass electrode and a potentiometric pH meter directly and after equlibration of
the blnod a1 two known €O, presures (Astrup 1956 The alveolar venulation and physiolog
scal dead spact were caleulated see Comroc of af

Cathetersation of the pulmonary artery was performed 1n subjects no 8—15 The up of a
double-lumen catheter was wedged into a peripheral pulmonary vessel durng 2n mspirat »n
Pulmonary artery and capillar verow pressures were simulianenusty recorded with electnical
stran-gauge manometcrs Elema Sweden  The difference beueen t-e means of these two
ptessures was taken as the pulmonan vascular presure graent The cardiae output was
determuned aceneding 1o the bick prnciple Pulmonary vascular resstance was csumated fr m
the quotient of the prescute gradient and the cardiac output Heartrats was  btaired from the
electrocardiogram taken during the pressure recording
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Estimate
of storeq
RQa €O, 3¢ €O, by
Sub Duralmn Amoypg end of end of anee afiep Timey ol'ln"asurrmcnlx
T of gy €O, given adm adm adm ¢ after spap of adin 1
ml STPD/
mn ! (ATPD) i (STPD) mun
! 6o 1218 60 120
2 60 1536 123 29 -5 €0, 12
3 6o 906 120 073 -8 60, 120
4 45 705 Ii1g 2 -36 15 30 45 75 104
5 40 920 136 22 +15 20 49 65 95
G 90 960 f13 21 =10 30 6p 20 120 150
7 60 tisg 2o 13 ~52 20 4n 60 80 199 120
8 20 220 toy 052 4 20 g3
9 17 28y Iy 030 17 17 30
to 15 287 Loy 029 15 39
n 20 466 126 06t 27 20 35
12 20 605 20 46
13 22 660 t46 042 1o 22 48
It 20 4ar 135 0395 3 20 59
15 18 135 099 29 1 18 3g

Mean 378 700 T2g iz

0, adrnmulra(lon
At firgg rnczsuremcnl after eng of (@, admmmralmn
: \Ira;un-mr-nrs Were €omplegeq Al imey Roted

Resupy,

During the admmmralmn of CO, e Subjects 5y a ryje €XPerienced po discomfor

Sxcep Fumbling o BUrEhng in (e Stomach 5 feching, of {00 08 mulg o 1 e

abdomer, SOmetimey OCCurred py, Uckly pagsed when the adnunistrsgon of gas was
urred o1y, an,

E was
08 the Co, admmmmuon Minyte Yentdayo, and co, Xpiration sncreased
ty of CO,

un,
With the 2dminisiereq Quangyy, 2 (Fig f ang 2) Oxygen COnsUmpuon rose ";;
192 the €, Sty 10 0f 13 cer (Tabte 111y gy mean increage a2
DISTPD myp Po Magnitude op . did not apesy 10 be correl t

10 the Quanury o co, 1r1rnmmcrcd Per gy alveatar ventilation dunng
the CQ, a, MMistrayop, v winalf¢, - 001) ang lhclﬂ“;’;‘:
of the Physiologyea) deag , 002, (Z’ﬂ"b’l' !l’li' o
€0,/0, Tato at g tr" ,?,a:;;ulm )

2l 146 (Tapy, m
K]
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INCREASE IN VENTILATION L/MIN

CHANGE IN COy EXPIRED ML/MIN

INTRA- GASTRIC CO; ML/MIN INTRA- GASTRIC €O, ML/MIN
Fig 1. Fig 2

Fig 1 Increase of venulation (litres BTPS/mun) caused by gastroenteral CO, administranon

(m! ATPDmain) The merease 15 the difference betwcen the sentilanion duning CO, admnistra-

tion and the men value before and after administration The numbers beside the ponts

relate to the respectine subjects.

om0

Cem aemRe v 3 - .oe e s

There was a certan increase of the heart rate, averaging 6 beats/nun (Table IV),
dunng the CO, administration (p < 001} This generally also implied an augmented
cardiac output, but the was not fi Furth: there was an
increase of the pulmonary vaseular pressure gradient {p << 0005}, while the corre-
sponding v ascular resistance decreased 1 6 out of 8 cases The artenial CO, tension was
mostly somewhat elevated dusing the CO, admunistration, but the difference from the
value of the most basal control period (mean 1 2 mm Hg) was only of probable signi-
icance (p < 0035) The effect on the CO, tension of pulmonary artery blood was
more marked (mean 5 7 mm Hg) m the 7 cases in which 1t was determuined (p < 001),
asts shown n Fig 4

The respiratory and arcufatorn changes had already taken place in the earliest
measurements which were made within 20 min after the start of adsumustration of CO,
but 1 the presentauon of the results the mean values of the observations in cach case
have been used

Discussion

Large quantities of CO, — up to 250 ml mun for 60 min — were admumistered gastro-
enterally without mennonable discomfort With no evidence of gas escaping through
the onfices of the gut, this indicates a quick and complete absorption of the administered
CQ, from the stomach and ntestine
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Tanie II Some respiratory data

Change durtng CO,

Subject  Control values adminstration
v Veo, Vo, PAco, Va Vo, Va Vi
Ijmn  mlfmn mlfmn mmHg I mifmm lfmino oml
1 73 244 415 42 25
2 54 194 243 410 41 3 42 20
3 59 195 244 410 42 5 29 90
4 60 165 208 368 39 13 25 30
5 79 264 271 —10
6 46 133 185 360 32 8 12 10
7 58 183 253 160 34 45 33 70
8 76 180 210 362 43 50 20 5
9 61 153 232 342 39 22 38 20
10 1o 187 244 286 58 23 29 50
n 52 141 240 401 31 —16 28 170
12 68 197 252 395 44 58
13 80 241 310 350 60 38 67 48
14 60 163 199 350 29 29 31 3
15 1o 215 282 280 66 [ 0
Mean 70 190 241 71 43 23 12 3

|V = total ventlation (BTPS), Vg, €O expired (5TPD), Paco, = artenal LO 10
/} sion, V5 = alscolar venulation (BTPS), Vp = physiological dead space (BTT'S)

Taute IV Data on pulmonary circulation

Heart Cardiac output Pressurc gracient
beats/min  Vmin mm Hg 4R
Sub mmHtg  Proo,
et X X 1 X 1 V1min m Vg
8 g8 10 77 18 023 07 ~010 330
9 35 75 25 40 —02 029 362
10 81 b 136 30 Ho 20 —009 310
1 73 2 73 16 40 10 033 435
12 8 9 75 48 12 410
1360 9 89 09 13 07 oo 375
14 2 0 9 05 43 1o o1z 370
15 100 8 44 06 28 2 025 324
Aean 74 O 79 1t 88 i 00> 312

X = mean of values before and after € (3, admimstration

1 = difference between value during CO, admumstravon snd X value

R = 1 for pufmonry sascular resisiance fcan ot be caleufated from salics 1 !
Peo, = €O tnson of mixed senous bloud before CO, administratian exeeptin
in whom st was ubtained 23 minutes sfter end of CO, admntration

e tatle)
sutyreeé
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The p Imonan excret on of CO; mereased but not to an extent correspond ng to the
amount of CO, m en Ihusa post c d fference v as found between the sum
manzed rate of CO, § roduct on an 1 admn strat on and the rate of €O excreton in
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dirating an accumulation of CO, in the body (Fig 5) The endogenous CO, production
Teulated from the O, P d d during the CO, admimstration 2nd
the respiratory quotient of the control penod  Trom the duration of the CO, admnisira
tion the total amount of CO. storage was also estimated (Table I} The quantity of
€O, retained m the body 2mounted to 630 per cent of the amount given In pulmo.
nary tissue the solubility of CO, has been shown to be about 0 8 ml/kg/mm Hg (DuBon
ef el 1953) Ifasimilar value s presumed to be valid for abdomunal organs and with the
high gastroenteral €O, pressure used in the present investigatron, 1t 13 reasonable to
expecet a considerable storage of CO, 1n the tissues surrounding the ventncle and wntes
tine The protracted depletton of theee stores 1s evidenced from the persistence of 4
high CO, excretion rate after the end of the CO, adminustration (Table 1I, Fig 3
"The admmsteation of €O, caused a sigmificant increase of the ventlatton Appareath
the correlation was good between the ventilatory increasc and the amount of TOy
given (Fig 1) The simultaneous changes 1n artertal CO; tension were smalland of the
same order of relaton to the increase of ventation as thase faund by Alexander
et al (1955) 1 subjects breathung awr with 3 %, CO, Corresponding results were also
obtained by Beckman and Tornquist {1964} dunng ntra perironeal CO, admimstra
ton The arterral CO, tension 1s furthermore known to be 1nfuenced very It by
physical exercise (Holmgren and Linderholm 1958, Barr et ol 1964, and others)

Landently €O, ad 1 a5 well camg d by optimal ventla
tion as the d end: €O, f during exercise, presumably throush
the action of CO, dependent mechanisms In an abstract based on a simlas stody
Salzman and Sieher (1962) i the existence of ¢ tors i the pulmo

nary crculatton The present finding of apparent correlation between the changes it

the CO, tension of myxed venous blood duning gastrointestnal CQ, admimistration

and the i 1acrease of 1 (Fig 4) might be interpreted as support for
x /such a hypothesis

The observed sncrease of oxygen uptake during the CO, administratton 18 parh
respiratony

referable to the increased resprratory work The oxygen consumption of a
muscles has been estimated to be about 1 ml G/t of wentilation (Camphell o al 1‘)50
Alle-Emyh and Peut 1960) As the present mean increase of ovygen uptake was |
ml Oy} merease of ventil some addrtional 15 needed 1t 18 posstlt
that the basality of the subjects was changed by the procedure of gas adminsstratiod

The €O, ad was by a small but inrease of 3¢
heart rate compared to the control pesiods, and there was alsa a tendency to an i‘;lg
mentation of the cardiac output It can not be completely excluded, however, lhﬂ“:
stimulation of the central circulation too was mamly due to an unspeaific effect o“h’
experimental procedure The pulmonary vascular pressure gradient rose :h\z\\‘r
dunng the CO, ad while the caleul pul y vascular "’“(“nf‘,
decreased 1n stx out af eight cases Such a lowening of the resistance ts 18 50"70""““
with the reaction of tsolated cat lungs when the CO; tension of the perfusing blood
clevated (Nasell 1951
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The Organ and the Subcellular Distribution of
Palmityl-CoA:Carnitine Palmityltransferase in Man
By
Kaare R Noruy
Recerved 2 Junc 1963

Abstract

Norum K R Tk organ and the subcellular distribution of palmstyl-Co 4 carnitine palmutyliran fert
2 man. Acta phvsiol. scand 1966 66 172—18) — The organ and the subcellular dumbuzm
of palmis1-Co A carnsune palmut lransferase have been studied sn man Biopsics were ulen

from patients of exther sex operated 1 general anesthesia The acusty of the enzyme w2t
asaved by the rate of of (¥C) mto palouty] '-;1'“
the wssue prepa was d with palmuty] ("C)carmiine and Cod. The

enzyme was found 1o be present 1o all the organs and nssues fested except red blood cells 204

Hserum The greatest concentrations of the enzyme were found in the liver and the cortet of i
Lidoey Medulla of kidnev placenta heart and adipose tissue had sntermediate Inels Mt
uterus. brain Jung leucocvtes and blood platclets had relaunelv little enzyme acbvity htrn
the organs and tissues most of the enzyme actiaty was found 1 the mutachondral fummﬁ"
ugnificant amounts were alwavs present m the micrusomal fraction and the parudrfr
supernatant. The amount of the enzvme found n cach organ seems to correlate with the know

rates of fatty acrd oxidation tn the respectise organ.

Friz 195 discosered that carmune sumulates the oudation of fatty aads 1 m:'i:
homogenaies and in shees The same vear Fredman and Fraenke} (1933) showed ¢

carmtine 1s acen lated enzymucally according to the cquaton |
Co. In 1962 Bremer found 3

1 Acenl o\ camiine Zacenlcarmune + o
the L-somer of acets] s ) bohzed by mitochondna from 3 "“\1
ber of rat organs Bremer 19622 He proposed that carmitine acts a$ a camies nhiﬂ'rd

o1y

ted acen | groups through the matochondral membrane, and that the sumula

of carmune 07 fatrs acid oudaton also could be explamed by a nmiliar mechat™
esent Flai

1 ¢ long~chan acvicarmunes formed extramitochondnally may repr e et ile
ds which casihy can prrmeate into the mitochondna where the oudats
farty acids w ash P o teny

acvl groups takes place  Fhn by pothesis has been supporied by a nw ted b
nons The fatny 2ad morets of long-chain acyleamitines 1s cfficienth mcmbﬂ’]m]3
ntact outochondna from different organs (Bremer 1962 b, Frz and Yue

172
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Carnitine stumulates the metabolism of palmity] CoA incubated wath mitochondnia from
heart and Iiver (Fritz and Yue 1963, Bressler and Friedberg 1964) Turthermore, the
enzyme which catalvzes the formation of long cham acylcarnitines 1 analogy with the
cquation
(2) Palmityl CoA + carmtine = palmitylcarmtme + CoA, ¢ ¢ palmity] CoA carm

tine palmityltransferase {trivial name Carnitine palmatyltransferase) has been found 1n
both the paruculate and soluble subfractions of cells from different organs in several
spectes (Bremer 1963, Norum 1963 Fritz and Yue 1963, Norum 1964) The carmtine
palmityltransferase therefore seems to play a key role m the sumulatery effect of
carmtine on ong-cham fatty acd metabolism, and 2 stdv of the organ and subcellular
distnbution of the enzyme seems d The present reports.
results obtained with human tissues The results are discussed in hight of the fatty acid
oudation m these tissues

Materials and methods

M~ N toaae o .. 26 PR

ullation spectrometer
Tisstes The tissue and organ biopsies were taken from pauents of either sex operated tn
general anesthesia The patients did not suffer from metabolic or endocrinological diseases The
o T ' . v P

Smn e [— a
min -

hon

150

supt
taken at 0-—4°

Studies were performed to_ensure that the method was suitable also for the
Fig 1 and 2 show the results obtaned sith whole
fractions and particle free supernatant of human hner The cunies show that lineanity existed
with incubation times and protein concentrations suitable for the present purpose Similiar

results were obtuned in contre] expenments with human kidney cortex. placenta and ad pose
ussue

present problems
and

c enzymic exchange of the carmitine moiety of palmutylearnitne with (1'C. -crmnine 1
Aependent on a 10 and fro course «f reacton 2 1t 15 obvious that the assay method will gne
wnaccurate values if there exist ac ive enzyme system 1n the Uissue preparatons which eff ciently
compete with the carmstine palmats liransferase for the palmsty] Co \ formed during the reaction
(2 Such competng enzyine svstem ¢ £ palminy] Co hydrolwse and enzvmes which catalvze
the estentficauon of a ghscercph sphate t tnighcenides of to complex hpids might explain
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Tante I Incorporanion of (MC)-carmtire tnto palmityl sn dafferent frze

tions from human Iner and kidney cortex

Mitochondria microsomes and particle frec supermatant were incubated for 10 pun
with palmutylcarnitine, ("C)-carmtine and CoA, erther separately or in combina
tions {sce methods} Amounts of tssuc preparation used  Iner 0 lamg of mio-
chondnal protein, 0 63 mg of microsomal protein, and 4 2mg of partcle free super
nataot proten Kidney cortex 020 mg of mutochondrial protein, 0 40 mg of mu
crosomal proten, and 1 1 mg of particle free supernatant protem

Palmity! {4C) carmitine formed (epm)

Cellular subfraction Tier Radney cortex
\fstochondnia 1,160 1,300
\fitrosomes 1,280 760
Pasteclo-frec supernatant 2,760 480
\Mitochondria — microsomes 2450 2,200
N dna + particle froe 3,650 1840
Microsomes ~ particle free supernatant 3640 1,390

the findings that the microsomal fraction and the particle free supematant have considerably
less acti ity of carmiune palmityliransferase tha drial fraction (see Table 1) If
such competing enzymes should lower the enzymue exchange of the camnitin mosety of sl
plearnstne with labeled carmtine one should expect that the formation of palmity*€

/carmitine 1n an incubation system which contamed both mitochondria and microsomes o
particle free supernatant should be considerably less than the sum of palminyl(*C)-carmitine

formed 1 b sstems manly dra, smucrosomes or parficle fret
supernatant In the experiments shown in Table T the mitochondnal fractions the micresm?
fractions and the particle free sup were mcubated separatcly and 1n

The table revcals that the formation of the palmity)(*C.)camitine 1n the “combinrd wncubs
tions were nearly equal 1o the sum of labeled palmtylcarmine formed i the “srparate” &
cubations These results suggest that the relatively low carmune palmity ltransferase a7
found i the micsosoma) fractions and the particlefree supernatants were not duc to of! e
enzvmes competing with the camitine palmityltransferase for the palmity] CoA formed
enzyme assay reaction ot

Thas standard enzyme assas mixture was used in the present study 012 m{of Cob 8770
of GSH 05 mAf of DL-palmutylcarnitme 0 1 M of Trs/HCI bufler (pH 75) 03m\ e
{carbory-C. camitine. and varying amounts of enzyme protern 1n a total volume of 1 73 T
meubavon was performed at 30° for 5 or 10 min The actmty of the camtine iy
transferase u expressed in cpm mcorporated into palmitylcarnitine per mun of incubation Ured
sandard condiions Specific acuvits i given as activaty per mg of proten The proteit S
determaned by ibe mcro-Kyeldah) provedure by using copper and selensum as iyt 270
disulling the ammonia i the Parmasv.\\agner all-glass distillation apparatus ™o 0ofFe
were done for none proten mitrogen in the tissues

Results

uman organs 378
about the omy™
ellular

Table Il shows the actiity of carmune palmtyftransferase n b
tissues The total aztitsties of the whole homogenates gn ¢ mformation .
acuvaty n 1 g wet warght of the organ or tissue The fotal activities of the v
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“The activitics are expressed i cpm incorporated snto palmutylcarmbne per min
when the ofgan or tissue preparations were mcubated with palmitylearniane (1C)
carmtne and Co\ Experimental details are given 1n the text. The total actwvities
11t the whole homogenates are activities present in one gram wet weight of the
tissue or organ The total actiites for the leucocytes and blood platelets are activ
itiey present m leucocytes and platelets from one ml of blood The total acuviues
0 the cellular subfractions are enzyme activsties present an the mutochondnal frac
tion the microsomal fraction or particle free supernatant derned from 1g wet
weight of the organs or tissues The speafic activities are activines per mg of protein

Whole Ahitochon Aleroso- Partcle free
Organ Age [ sex homogenate  dnalfraction malfraction supernatant
TA* SA* TAr SAT TA* SA' TAr SA*

Liver Al 64 ¢ 26000 160 10000 610 3200 86 3300 33
Liver 00 48 ¢ 41000 200 21000 720 3800 92 4400 76
Laver EE 47 ¢ 47000 240 23000 830 7900 190 6700 &%
Kudneycortex TS 18 3 24000 150 7900 450 2400 180 5300 69
Ridney cortex AM 58 g 26000 1,0 8500 410 1900 130 4000 55
Kidney corex JB 19 ¢ 23000 170 11000 580 6900 160 2500 40
Kudneymedulla  JB 19 ¢ 7300 62 3000 240 680 70 1300 31
Placenta. S\ 43 32 4600 50 2400 350 420 60 430 11
Placenta LL 21 ¢ 6700 /0 2300 370 320 €8 720 21
Placenta RA 3% @ 4600 42 2300 390 460 67 440 14

cart AB 40 ¢ 3400 19 - - - 50 7
Heart EN 65 & 2500 34 2400 130 610 100 450 1
Muscle KB 40 2 2500 14 540 160 260 5% 130 2
Muscle LE 23 g 1700 11 520 150 280 37 8t 2
Lterus B 42 oy 440 5 160 6+ 110 16 81 2
Bran EM 57 & 1900 18 1600 77 10 20 40 2
Lung Al 64 9 1700 13 730 83 180 21 340 5
Lung AL 40 . 1300 35 550 43 180 22 270 5
Redblood cels LR 28 - o 0 - -
Serum LR 28 [ - - - - -
Leucocytes LR 28 25 28 - - - -
Leucocytes KRR 32 3 31 34 - - -

Platelets 30 38 - - - =
Platclets 2 27 - - - -
Platelets 19 24 - - - -
Ad pose tssue? Gy 00 15 - - - — 4
Adipose trsue®  HS 56 3 1 - 8 - 27 7
Mposusuet TS 18 3 ~ 18 - 37 - 6
\dipose tussyet ET 28 3 ~- M as - 55 - 9
Adipesc teuet KB 32 3 - 22 - 1w - 29 - 7
Adpose usuet TS 18 3 20 -0 - 30 - 1
* Toalacuwity  * Speafic actmaty  * Subcutancous ¢ Retroperitoneal



e

~1
=

KAARE R NORU\M

115 1 lncorporation of ("C)-carmiine into pal
itylearmtine catalyzed by whole homogenzte
and subcellular fractuons from human 1scrasa
function of time Whale homagenate (™) 04
mg of proten, mitochondra (A) 015 mge
protetn, microsomes {[]) 0 65 mgof prote n an:
paruicle free supernatant (@) 21 mg «f proter
were used Time vaned as shown

Radivactwty (counts/min 10~3)

20

10 kE)
Time (min}

compartments fepresents enzyme activities in the ptochondnal fractton n the i cro-
somal fraction and 1n the particle free supernatant derned from 1 g wet weight of
organ or tssue Each honsontal row of figures represents valies obtamed from ont
tiopsy For most of the organs and tissues values from 2 or 3 biopstes from dfferent
mdividuals are shown Although the number of mdividual biopsies investigated from
each organ or tissue are quite small, the relas ely hittle yanance in the enzyme actvity
indrcate that the present material gives a good indscation about the amount of enzvre
present sn the different organs and ussues

In all the organs and ussues tested, the mitochondral {ractions contatned most ol b*
cellular carmume palmityhiransferase and the patticle free supernatant usually ¢on
tamed more activity than the microsomal fraction In most of the organs and ts3
1ested the sum of the total actvtses found 10 the three subcellular compartments ¥3
considerably less than the total actiity found 1n the whole homogenate §ve found that
this loss of enzyme actvity was manly due to sedimentation of unbroken cells 3¢
rmutochondria 1n the first centrifugation at 500 + g for 5 min Some actiity w3 s
Jost 1n the washings of the mitochondnial fraction However, the values for the vl
activties present in the mitochondnal fraction and t the mucrosomal fraction and o
the particle free supernatant give some indication of the relaune distribution of ¥
enzyme m the three subcellular compartments

Table 11 also shows the specfic actrifies 1n the whole homogenates and the subeelldr
compartments from the organs and tssues In all the organs and tissues the mnoch‘f‘f
ral fraction had the highest specific actinity Tn most of the organs and tissucs thespeed ¢
actvity of the microsomal fraction was about 1/4th of that found 1 the mitoc] o -
fractian No such pattern was found with respect to the speafic actity of the parts
free supernatant

Table JU reveals that Iner was the organ which contained th P
carmune palmit Reansferase per g wet weight The liver biogsies we: ompM Ty
with discases of the stomach One of the patiens (A J) had considerably lest ‘avs»
enzvme actiaty that the other patients The speerfic achvaties in the bissue prepar2t
howeser, did not differ 5o much from the salues of the other two patents A
cxplanation of these findings could be an local edema n the trssuc formed dun?
removal of the biopsy from A §

e hughest amovat ¢
re taken [re

7 O
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Rad oact v 1y
teounts/mn 10
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a
e

1 2 al 03 05 or
Prte n (mg/mt)

Fg2l onof (*C) nto eatalyzed by whole homogenate
(8 mtochandma (B} m crosomes (C) and pamcle free supernatant (D) from human liver
as a function of added protem Incubatton t me 10 m i protemn concentration vaned as shown

The kidney biopsies were (aken from ussuc resected because of congenutal kndney
and kidney pelvis mal wwere performed to exclude
pathological material The cortex or kidney was found to have almost as much carmtine
palmityltransferase as the ner The medulla of kidney had considerably less activity
than the cortex It may be recalled that extensive oxadation of palmitate takes placc in
the kidney cortex whereas the oudation oflong chan fatty acids in the medullais shght
(Lee Vance and Cahill 1962)

The placenta specsmens were taken from normal delivertes This organ hase a high
metabolic activity (Villee 1962) and we found that 1t contained constderable amounts
of carmitine palmatyltransferase

Among the muscular tissues the heart had the lighest Ievel of carmune palmityl
transferase actnaty The heart biopsies were taken from aurcular tissue removed
dunng commasurotorma on patents with mitral stenosis and the tissue most bkely was
not representative for the whole heart muscle The values obtamned can therefore be
considered mimmum values The sceletal muscle biopsies were taken from the inter
costal museles Smoath muscle was taken from a pregnant uterus dunng a Cacsarcan
section performed because of pelvic malformation

The bram specimen consisted of normal temporal gray matter removed during an
nternal d d on a pauent suffering from mahgnant
ghoma With the method used for lhc wsolation of the brain mitochondna  this fraction

would be contarminated with broken nerve fibers (Stahletal 1963) The specific activity
found for the bramn mitochondna therefore most hikely s too low

The acuwity of carmtine palmity was also d m the vanous
components of blood No enzyme actvity could be demonstrated 1n the red cells or 1in
serum White blood cells and blood platelets however had speafic activities of the
£nzyme of the same order of magmtude as found for heart muscle and bramn \o at
tempts were done to uoh\c cellular subfractions from leucocy tes and platelets by svste
mucally daffe In a few however they were disinte
grated by repeated frmmq and thawing n 10 per cent suerose — 0 01 M Tny bufler,
and then centnfuged for | hrat 150000 x g Nearly all the enzyme activity was found 1n
the sediment

The carmunc pakmuty hransferase was also found to be present in adipose tissue It
was difficult to test the enzyme actinity in the whole homogenate ofadipose ttssue aunce the

11663003 deta phy of  and ol 65 1 2
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compartments seprescnts enzyme actiyities 1n the mitochondrial fraction i them ¢
somal fraction and in the partcle free supernatant deried from 1 g wet weight of1
organ or ussue Each horisontal row of figures represents values obtained from ¢
biopsy Tor most of the organs and tissues values from 2 or 3 biopsies from differt
indivrduals are shown Although the number of individual biopsies v estrzated fit
each organ or ussue are quite small the relaus ely hittle vanance in the enzyme acthvt
indicate that the present matenal gtves a good mdication about the amount of cant
present in the different organs and ussues

In all the organs and ussues tested the mitochondmal fractions contamed most of ¢
<ellular carnitime palminyhransferase, and the particle free suprrnatant usually ¢
tamned more actnity than the microsomal fracuon In most of the organs and st
tested the sum of the total actisties found 1 the three subeellular compartments %
considerably less than the total attiaty found tn the whole homogenate We found
this loss of enzyme actiuty was mainly due to sedimentation of unbroken cells x:!‘
mitochondria in the first ¢entnfugation at 500 ~ g for 5 min Some actmty wasts
fost 1n the washings of the mutochondnal fracuon Howeer, the values for the !W'
actnzues present m the mitochondnal fraction and m the microsomal fraction ,.,d:
the particle free suprrnatant gne some mdication of the relatne distnbution o &
«enzyme in the three subcellular compartments s

Table 11 also shows the speeyfic actmities in the whole homogenates and the subed
compartments from the organs and tssues In all the organs and tissues the rutoch "
nal fraction had the highest specific actuvity In most of the organs and tissues t €57
activity of the microsomal fraction was about 1/4th of that found i the mitoc! -
fraction No such pattern was found with respect to the speaific actiny of the par
free suprratant el

Table 1 reseals that Iner was the organ which contamed the highest e
carmitine palmuts kransferase per g wetwea bt Thehyer biopsiey were takenfrompSet
with duseases of the stomach One of the pattens (A J ) hai considerabh 109 "
enzvme actity that the other pauents The speeific actities in the tisue preFart b
however, did not difler 50 much from the values of the other two panents ot
explanation of these findings coutd be an local cdema m the tissur, formed durt™s
remoral of the biopss from A J
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Fg 2l of (*C] nto ne catalyzed by whole homogenate
{A) mitochondna (B) m crosomes {C) and particle free supernatant (D) from human hyer
asa function of added protem Incubation tune 10 min protein concentrat on varied as shown

The kudney biopsies were taken from tissue resected because of congenital kidnes
and kidney pelvis mall AL 1 were perfc to exclude
Ppathological matental The cortex of kidney was found to hay e almost as much carnstine
palmutyltransferase as the liver The medulla of kidney had considerably less actmaty
than the cortex It may be recalled that extensive oudation of palmutate takes place 1n
thekidney cortex whereas the ouidation of Jong charn fatty acids in the medulla 1s shght
(Lec \ance and Cahill 1962)

The placenta specimens were taken from normal delivenes Ths organ have a high
metabolic activity (Villee 1962; and we found thatt contained considerable amounts
of carmtine palmityltransferase

Among the muscular tissues the heart had the hughest level of carnitine patmugy 1
transferase activity The heart biopstes were taken from auncular tisue remosed
duning commusurotonna on patients with mutral stenosts and the trssue most likely was
not representatne for the whole heart muscle The values obtamed can therefore be
considered munmmum values The sceletal muscle biopsies were taken from the mter
costal muscles Smooth muscle was taken from a pregnant uterus dunng a Caesarcan
section performed because of pelic malformation
The brain specimen consisted of normal temporal gray matter removed dunng an

12 . -

rmefnirad an A eatane - @

At

.
The acuity of carmiune pal was also d 1m the vanous
components of blood No enzvme actisity could be demonstrated in the red cells o 1n.
scrum White blood cells and blood platelets however had speaific actvities of the
tnzyme of the same order of magmiude as found for heart muscle and bram \o at

tempts were done to 1solate cellular subfracuons from leucocy tes and Platelets by svste
- = Ff a1

uresetiment
The carmitine palmin ltransferase was also found to be

ProSent in adipose tssue It
wasd fficult to test the enzyme actinity in the whole homog,

eniteofad pose tissue since the

60303 10 phy of and bol 08 1 2
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,
fat must be removed 1n order to get reliable assay conditiens This was dene by removing
the top fat layer afier centrigugation of the homogenate for 5 mm at 500 % g ‘The yeld
of proteint 1n the water phase varied so much that no reltable data on the total actiues
could be ginven In Table 11, therefore, only speaific actnvities are given The fat free
adipose tissue was by n order o
separate the hondnal and the { fraction from the particle free super
natant The same conditions as used for the other tssues and organs were employed
‘The results obtained suggest that the speaific activities of the fat free vwhole homogenates
and of the hondrral fractions from 3t 1 adsposc tissue were higher than
the speaific activies in the same fractions denved from subcutancous adipose nissue
This may be in agreement with the higher metabolic activity found tn the omental fat
ussue 1 compartson with that found w the subcutaneous adipose trssue (Hamash el e/
1963)

Discussion

There exist at least two different enzymes which catalyze the reaction

(3) Acyl-CoA + carmiine = acylearmtine + CoA, one enzyme catalyzing the
transfer of short chain fatty acids and one catalyzing the transfer of long cham faty
acids (Frutz, Schultz and Srere 1963, Norum 1963, Bremer 1963, Norum 1964) The

hond; carnttine ty 1 the formation of acetylcarmiunt
from carmitine and acety! CoA formed in the mutochondria Several authors (Bren¢f
1962 a, Norum and Bremer 1963, Ttz ef af 1963, Bressler and hatz 1965) hne
proposed that acetylearmiune may represent  actve acetate” delnered from the

1 to the hondrial compartments of the cell, where most of the
synthesis of fatty acids and cholesterol takes place Other authors, however, claim that
the mitochondrial carmitine acetyl transfer system plays a minor role in the dela g
of acetate to the cxtramutochondrial fatty acid sy nthesss (Lowenstein 1963, Srere 1963
Recent results may suggest that the carmitine acety! transfer system 15 concerned with
the of acetylcholine, as ! can act as Idonor for actt!
choline (Thomstzck und Strach 1964), and as the carmitine acetyltransferase ts fourd 1
highest concentration tn conductile tissues (Marquss and Fritz 1965)

As mentioned 1n the ntroductuion to this commumcation, the carmune
transfcrase scems to play a key role 1n the sumulatory effect of carnitiné on fong-cbain
fatty acid oxidation Ve found 1t therefore of mnterest to study the organ distribuion®
the enzyme and to correlate the enzyme actinty n the organs with the raes crf-\‘:)t
acid ovdatton 1 these organs Ve have an the present svestigation found that
enzyme 1s present an all the organs and ussues tested except red blood cells and srr\l;"‘e
The concentration of the enzyme per g wet weight varices to a conuderable extent md
elfevewe wsrver Lisew and comter of the dadiney kare she hughes concentration <
the enzyme There 15 relatnely hufe actntty mn lung brain and muscle, while b
and placenta show sntermediate values

Human hver and heart oxidize i sue about 0 | gmole long chain come
pergwet weight (I ntz 1961) It s known :halabuu:ﬂﬂrmrcrnton!u-remln‘m"‘"bf
sumption ss used 1n the oxidavon of fatty acids (Lee of al 1962) On that bassat mm
calculated that | gof kidney also oxidizes about 0 1 gmole fatty actd per mun The m« y
tton of fatty acids m sceletal muscle i 120 1 about 0 002 umoles per smin et & ;“‘;“(
(Fnedberg and Fstes 1962) Ihese data correlate well with the hugh carmtine pain

p:nlmll)‘

fatty acd per P
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transferase actities found 1n ltver and kidney and the low actvaty found m muscle
The reason why such a correlation 15 not 5o good 1n the case of heart may be that the
auncular bssue tested 1s not representative for the whole heart wath respect to the con-
centration of the enzyme Thus in the rat, the activity of carmtine palmutyltransferase
per g wet weight in heart and liver 1s of the same order of magnitude, and equals that
found 1n human liver {Norum, unpublished results) It may therefore be suggested that
there 15 a positne correlation between the amount of carmtime palmutyltransferase
present 11 an organ and the rate of faity acd oxidation 1 that organ To the best of
our knowledge there exist no data 1n the hicr the ¢ long
chain fatty acd ovidation 1n human brain, adipose tissue, lung, placenta uterus, leuco-
cytes and blood platelets The oxidation of long-chamn fatny acids, however, have been
shown to take place 1n some of these organs and ussues {Beattie and Basford 1965,
Vignais Gallagher and Zabin 1958, Benjanun ¢t al 1961, Elsbach 1963), and the con-
centration of carmtine palmityltransferase found in these organs and tissues may
probably be correlated with their capacity to owidize fatty acids

Qur data on the speaific actinaties of the camitine palmutyltransferase 1n the whole
homogenates correlates well with the specific activines of the enzyme imvelved 1n fatty
aad oudation Thus, Wieland, Remwem and Lynen (1956) found that Iner, kidney
and heart have the highest specific acuvty of 3 ketoacyl Co \ thiolase (EC 2 3 1 16)
and of 3 hydroxyacyl CoA dehydrogenase (EC 111 35) Lung, muscle and bram have
Jow activities, while adipose tissue has an intermediate speaific activty

‘Table 11 shows that, n all the organs and tssues tested, the mutochondnal frachon
contains most of the cellular enzyme actvity, and this cellular subfraction 1myanably
has higher specific actwity of the carmtine palmutyltransferase than the other compart-
ments of the cell Howeser, both the microsomal fractions and the particle free super-
natants contain significant amounts of enzyme activin W e cannot exclude the possibt
lity that the camitine palmutyltransferase activity found in the microsomal fractions was
due to with d d Sinularl

the particle free super
natants might be contarmnated with soluble protein from disrupted mitochondria
However, the actvaty of carmtine patmityltransferase found tn the particle-free super-
natantis most probably not derived from soluble mitochondnal protein as the mitochon-
dnal enzyme activaty 1s firmly bound to the mitochondrial membranes (\orum 1964)
On the basis of the data in Table 1 and the above considerauons 1t seems warranted
to conclude that carmitine palmityltransferase wn all the tissues and organs 13 locahized
mainly 1n the ritochondnal fraction but mest likels not exclusively so

That carnitine may act as 2 carrier * of actnated long cham acyl groups through
the mitochondrial membrane seems well established (Bremer 1962 b 1963, Ftzand \ ve
1963, Bressler and Friedberg 1964, Bode und Klingenberg 1965) If this mechanism
should be of physiological importance 1n the oxidation of long-cham fatty aads then
long chain acylcarniunes must be formed outside or at the external surface of the
mernbranc of the mitochondria and after they hase penctrated into the mitochondna
the reverse process 1 ¢ a formation of acv] CoA s from acylcarnitines and mitochondnal
Co\ must take place Thus it mav be suggested that the function of mitockondriaf carm
tine palmityltransferase 1s to catalvze the formation of acyl CoA’s whereas the task of
the extramutackondriatly enzvme 1s 1o catalvse the formation of long~chain acvlearmitines
Inagrecment with this view 1t has been found that isolated hyer microsomes can synthe-
size palmitvlcarmtime trom palmutate and carnitine 1 the presence of Co\ and ATP
{Bremer 19631 Homeser we have 1o the present investization found that the celtular
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carnttine palmutyltransferase mamly 1s localized 1n the muitochondnal fraction and that
relatively ittle enzy me is prescn! extramitochondrially Ths skewed dlslnbunon could
1mply that the of lyzed by the hondrial enzyme
15 a double stded membrane process, ¢ ¢ the mitochondrial enzyme 18 capable of
reacting with 1ts substrates on both sides of the membrane Thus, the enzyme might
catalyze the formation of acylcarmtines from acyl CoA’s and carmtine on the outside
of the membrane, while on the inside the reverse reaction 1s taking place, gwing ayl
CoA’s from s and hondrial CoA This hypothesis 1s n agreement
vxlh obscrvahons that the carmtine palmutyltransferase 1s firmly bound to the mito-
b from disrup hondna of calf hiver (Norum 1964) and of
human, rat, guinea-pig and pig hvcrs {Norum, blished results) The
that carmtine the of pal and of palmty] CoA i ssolated
mutochondnia preparations {Fritz and Yue 1963, Bresster and Friedberg 1964 Beatte
and Basford 1965) are also in agreement wath this hypothesis
Although further experiments are required to elucidate the mechamsm of the acton
of carmume 1n the transfer of actinated long chain groups into the mutochondri3,
the results obtuned mn the present nvestigation suggest that the carmtine palmin!
15 of great ph 1 mmportance i the oudation of long chain fath

acds
The author 15 ndepted to Dr med J Bremer for helpful duscussions De A T Snn:i;rgd)ﬂ“
& JJg,ndeRted,to Jr med J Dremer 2 ¥ el
kindlv
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Abstract ~—m———————

Folkow B and E H Rubinstcn The functinal role of some autonomic and bchatsoral patiem
enoked from the lateral hypothalareus of the cal Acta physio) scand 1906 66 182—188 — T

dependent o the
thalamec  alarm are
condittoned fecding
motor activiy

In a previous publication (Folkow and Rubtnstein 1965) the effects of topical mmnlxh
tton 1n the hypothalamic feeding center” of the cat largely corresponding f0 nuC r:;
hypothalamicus lateralis were descnbed It was found that tn awake, food-s:ln):ﬂ
cats such sumulation induced a fullv developed feeding response in 2 Tenated nu
of cases being then d with ¢l latory and gastr odrs
changes However the most frequently obtamed response upon stimulation of electrt oo
placed 1n this bram area consisted of a nonaffectne exploratory response sathout m
food 1 darect ¢ with the b I It ﬂl‘]“‘“hr
that these two types of responses differ quantitatvely rather than quah(:\(nt:’;h
exploratory reaction being perhaps denved from an extended, overlapping h)P;"dmz
mic arca and represenung a less intense ot fragmentany” exaation of the fc

o
1 \isiteng research fetlow from the Cansejo Naciona! de Invesugaciones (lmlvﬁ’?!")‘: o
Argenuna  Present address Instnuto de Investigaciones Vedicas Hosputal To

Arrer. Argentma
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center per s¢ 1 50, one would expeet that other exaitatory, or mnhibitory, influences on
thus hypothalamic center may to <ome extent determine whether a topical suimulation
will produce a fully developed fecding response or only an exploratory response It
was, indeed, occasionally observed how from one and the same electrode position
sumulation® parameters, which usually tnduced only an exploranve response, could
sometimes induce a feeding response

In the present study an attempt was therefore made to znalyse at least some of the

h mvolved 1n d the ammal's response to a topical sumulation of
the hypothalamic feeding center

Material and methods

drawbacks For mstance they reveal poorly any relaxation beyond the ‘resung level and may
e B Dt e b i

too much interference with the animal For such reasons the open tip catheters were considered
ta hee 1, P T . " h

food

wo of responscs to the ) could be d
a) Feploratory responses where the ammal displined a ponaffective searching activity walhing
around smufTing the floor and the food tray
bY tlimentary responses where the amimal dunng the sumulation pertod scratched and licked the
tray as if actually trying 10 get at food that was not present True consumpuion during the
vpothalamse. stimulation was seen m case the ammal had left some of the fish portion that
was presented at each 3 min intersal

Two cats were used for studving the effect of topical stmulation of the feeding center an a
condittoned response for getting food which by traming had reiched a lesel well above 90 per
cent correct responses | hese ammals were conditioned by presenting a buzzer sound for 1>
se¢ afood reward 2 picce of fish — was infroduced inito the cage 10 sec after the start of the
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. '

topcal bramn snmulation (100 cps 1 msec, 23 5 volus) started simultancously wath the buzzer
sound but lasted only 10 stc Thesc stimulation periods were 1ntroduced only 1n 6 or 7 of the
daily trials and were distributed at rangdom  The efTects of sumulation of two electrode contacts
cliaiting feeding or alarm responses respectively (sce Folkow and Rubmnsicin 1965) were
compared by measuring their influence on the reaction time and on the transt ime

After completion of the studies in the awake cats they were used for cxperiments under

Results

The ten cats selected for the present showed, when lated at electrod
tips placed at the Horsley-Clarke coordsates H -O to H -6, A 10—11, Lat 25-3%
two distinctly different behavioral patterns I'rom more dorsal secttons alimentar
responses were induced and, ventrally to these, alarm resporses (sce Tolkow and Rubm
stemn 1965) The effects of such sumulations could therefore be compared as ta the:
imfluence on the parameters studied

A The snfluence of the level of safiation on bypothalamucally evoked alimentary responses

It was occasionally observed in the present ammals that efectrical sumulation of tht
hypothalamic feeding center did not regularly induced an almentary response &
the same, sattated cat Further, animals usually exhib only an expl pAL
upon L bited a fully d 1 3 response As the
clectrode position and (he stumulation parameters were the same the possiphy %3¢
explored whether the level of hunger”, considered to modify the excitability of the
feeding center, could affect the animal’s response to repeated, 1dentical stimulations,
whle the fasting was Juall fc d to food satiation For this purpee
three cats were utilized tn repeated tests as described in Methods, and the means of the
eesults are llustrated diagramatically m Fig 1 The figure shows that the lmlo:
F 7 y actmity was refauvely high in the fastng animals The ﬁod
stimulation test performed during thes fairly intense spontaneous explofation, mduct
clearcut alimentary, responses (scratching, hickine, the food tray) in only abaut 2 r":
ceat of the tnals, while the exploratory actinity was clearly cnhanced in 60 per ¢
of the tnals \When the presentation of food was started the spontaneous exploraten)
actvity was greatly increased  After that food had been presented three mes U;
readily d a sccond t test was | med A further, clear Icﬁ“‘:
110n of the exploratory activity could be noted 1n only 10 per cent of the trials, presumy -
Iy becawsc 1t was already nearly maximal Clear alimentary responses nere V:md
only 30 per cent of the tnials — The presentation of small picces of food was cont .
and after the sixth meal the spontancous, exploratory activity had agam decre:
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STil POWTS r —_——
Frate2s
coNomONNG e e
BUzZER TONE

i3 o — S . .
REACTION TIME Ll 11010
oy 3 T e =3
TRaNsT TE st = 30
w
TE Mgz e e e -
Fig 2 Dugram represcatmg the cffect of scloctnve hvpothal lation on a od

response for a food reward in the cat Left column  Afier reaching 90 ©, correct responss te
anmmals Jearned to react within 5—8 sec to the presentation of a buzzer sound lasting 13 se¢
This sound signalled the food remforcement that was presented after 10 sec and withdrawn
not consumed with the cessation of the conditiomng tone 5 sec later Middle column_Topical
sumulation of the “feeding center” (H-2) smultaneously with the presentation of the con-
ditioning buzzer tone significantly shortened the reaction ime (1o 2—6 sec) without modifiarg
the transit ume. Right colzmn W eak topical sumulation of the “alarm area” (H-4) conndenath
delaved th=reaction time {10 10—12 scc) and retarded the transit ume (to 3—10 scc), th e snoml
showirg a hesitant approach to the food trav

hypenenulation was obsened Fig 2 illustrates the average findings 1n 3 sessians 03
cach of the o cats

When no hvpothal ! nas d the reacton ume ranged from 5
to8sec mean =S E = 62 ~ 0.28) and the transit ime ranzed from 05 to | ¢
When the feeding center electrode was sumulated (H -2 1 the fizurc) 3 modm*
b agnificant p 001, decrease n reaction time was obtamned the reaction 6o
now ranging from 2 10 6 sec {mean £ S E = 47 = 022), whilc the tranut v
was not simificanthy affected When the alarm area lectrode (H -4 n the fizure) w3
sumulated the situation was drastcally different A highly significant (p = 000!
prolongation occurred in the reacuon time, which now ranged betneen 10 and 12»¢
mean=5 E — 113037 The transt time was also markedly mercased, ©0 3
to 10 sec espeaialls if a weak sumulation of the alarm area was contmucd, the amm
terrupted its walk. looked around and hesrtated

C. Charges 1n gastromtestinal motility in the auabe cat s @ response to hypothalamic stim'e’ =
The gastnic preseure changes were often musleading because of artufacts, Like udn:
displacement. obstruction possibls also because of an engagement of the vaza! bl .
tor fibres to the stomach  Jansson and Marunson 1965), n which case the cathe¥
method will not reveal the evenis The recordines of the duodenal pressure ch:f"’
were, howerer more regular and easter to analyse The effect on duodenal ""’""‘“
of hypothalamic sumulation was to some extent dependent on the fype of Pro®
spontaneous actnaty of which two marm types could be distingushed 1)
(1—3 mins of relatnely high pressure nscs 2040 em H,0), labelied
and 7) a faster thythm 5—10 nun of low pressure nses (5—15 cm H

Aslow bk

"

“slow Bt
0. ub
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CHANGES N DUODENAL NOTILITY (chronic cannulc}

Stmiron @ PR L2 gt 2
w-w‘Jw_u\_JJ J‘:\-—J 5

MMG
- Heght €
LJ\J\_JJMHMJL_J,JL_.
Swo 30w
Fig 3 Cat 29 kg Recordings of duodenal press  * o '

cannula It rou A background avisity of the *
“slow high tvpe by topical electncal sumulat on of
Znd rou A background actity of the “slow high
top c1l stmulat on of the “alarmarea (Fr Il La . o

fastlow  If the former type of spontaneous activity brevailed sumulation of feeding
area electrodes tended to enhance further the thythmic pressure mses If the spon
taneous actiity was mawnly of the fast low type sumulation of the fecding area
electrodes usually resulted in supenmposition of relatiely high pressure nves with a
tendency towards a change ia the pattern of acuvity to the  slow hich type this
<change often persisted for some time after the sumulation was tumed off (top record
of Fig 3, compare also the duodenal and jeyunal responses recorded with the same
technique 1n man before and after a meal hewenter and Rock 1960) When such
st mulation was started the cats reacted by approaching the food tras and usualls but
notalways they consumed the available food

When on the other hand the ammals were 1 ghtly sumulated via thealarm area
electrodes so as to produce only icreased alertness and shght mydriasis but no obvious
increase n somatomotor actinvity there was a clear supression of prevai) ng  slow high
wares while fast low waves were less abviously affected (lower record of Fig 3

Discussion

The present experiments were denigned to explore some functional charactersucs of
the behasioral patterns exoked by land hvpothalamie stimula
tion m different test situatrons The results show that the extent to “hlch dorsolateral

. feeding area nduced al responses depended on the
Previous feeding history of the ammal Cleareut ahmentary responses occurred most
frequently at the beminming of sanauon Further sumulauon of the feeding area
cated a of an feeding response and
an increase n antestinal motlity earl er observed 1 anesthetised cats Folkow and
Rublmlem 1962 sermed to be eliaated by such sumulation in the awake animal as

xn matked contrs 1o these effects even weak sumulation of the sentrolateral
hvpothalamic alam area wreath delaved and disrupted an
foed my, response and | ramptly suppressed the prevailing intestnal motshity
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These data support the assumption that each of the evoked behavioral patterns
corresponds to an exatation of quite different integrative influences The “feeding
pattern”, evoked by dorsol. 1 hypoth ! scems to facilitate the
scarchung for, and the approach to food, whether these activities consist of an uncondi
tioned appettive behavior (see also Folkow and Rubinstern 1965) or a conditioned
nstrumental response Whether these effects of the sumulation may be called motna
tronal * and thus correspond 1o those described by Morgane (1961) as ansing from the
feeding center in the rat (a mid lateral motivational” and a far lateral feed ng or
metabolic’ } will require further expenmental work with the possible role m mind that
differentes in species and methodology ay play When the alarm pattern was
evoked by topical hypothalamie stimulation st produced an snhibttory influence on the
conditioned feeding so that the d d attack or escape responses
completely dominated the behavior These results are 1n agreement with the findings
of Knott, Ingram and Corell (1956) and Nielson, Doty and Rutledge (1958) 1 caus
tramned to press a lever for a food reward

The autonomuc acuvation induced by stmalation through the feedmg center

1 1n these exp on awake antmals by the enhanced duodenl
motility, 15 1n agreement with the earlicr reported findings 1 anesthetized animals
(Folkow and Rubinstein 1965) It 18 possible that the evoked autonomic respons
forms part of the so-called cephalic phase of gastromntestinal activation and that the

lated hypothal. zone therefore may be involved in the normal integration
of the ry” ad, of the tiract Themereased
intestina! motility induced by this stimulation, was usually associated with alimentsny
behavioral responses W hether these lly mediated g | chant
may facthitate the ammal’s onientation towards food and actual consumption by »a
of secondary afferent inpulses from the gastrointestinal tract 15 not known so far Ifar
exploratory activaty 1s imuiated by a feeding center stimulation, 1t scems reasonable 0
assume that the ammal wall be dirccted towards an actual food mtake maily b2t
of the wflucnce of signals conung from exteroceptors (smell taste sight) but 20
from interoceptors such as gastraintestinal mechanoreceptors chemoceptors gluc>
etc might 1

This study was supported by grants from the Swedish Medical Rescasch Counedl (0rnt )
118) from the Schox | of Acrospace Med cine AISC through the Furopean Office Aot
Research United States \ir Force (AF 61(032) 732) and from the U'S Public Health
(HE-0,675-03-04)
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Thymic and Thoracic Duct Contributions to Blood
Lymphocytes in Normal
and Thyroxin-Treated Guinea-Pigs
By
Urr ErnstroM and BEneT Larsson

Recened 10 June 1965

Abstract

n the thoracic-duct lymph

Exogenous thy roxin induces changesn the cell composition of the thymus, suggesting 2
d of tes, possibly by (Emstrom 1963) However,
1t has never been conclusively demonstrated that thymic lymphocytes ever leave the
thymus (Gowans 1964, Metcalf 1964) Thus, 1t 1s possible that all lymphocvtes formed
10 thus organ may remamn there, dic, undergo cytolysis and perhaps release nuclerc acid
or some other Mlular factors 1nto the As st s generally claimed that
the thymus contains few ymph vessels, the most probable main route for nugration of
Iymphocy tes from the thymus 1s the blood yesscls The obyect of the present iny estigation
~whichisa of a prel: v report (Emnstrdm, Ghllensten and Larsson
1965) — was to establish whether such migration of lvmphocytes fram the thymus
does, in fact, occur The lymphocyte content of afferent and efferent thymie blood
has been d the of the Iymphocyte

of thymicvein blocd has been compared to that of thoracie-duct lymph

189
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Exogenous thyroun induces pronounced changes i the lymphocyte population
of the blood, mereasing the number of large lymphocytes charactenzed by a high
mutochondrial content (Ernstrom and Larsson 1951, 1965) Even m thymectomiz
ammals this thyrown 1nduced change occurs (although hat less p d
dicating the ewstence of an extrathymic source of these large lymphocytes 1n
thyroxin treated guinea pigs The ongin of these cells has heen further mestigated
1 the present paper by a companson between the lymphocyte populations of the
thoracic duct lymph and the thymic vein blood mn normal and thyroxn treated
guinea pigs

Material and methods

Totally 105 young male guinea pigs weighing 200—280 g were used Some vere ftormal
. A rovin

ngated at

. ely) and

-~ I3 " a o - Y e mmke

After taking samples of venous blood from the thymus the right carotid artery was mesed
near the ongn of the right thymic artery and a sample of carotsd artery blood was takenf ra
smear and for counting of white cells per mm* of blood Immedrately afterwards the aster?
was hgated

In some amimals the night femoral vein was also mnased and blood collected for a smeat
and whte cell count

he confluence of the thoracie duct and the subclavian and jugular veins wis espescd
essentially according to the technique of Remhardt and Yofley (1937) although the steraum
was not anessed  The thoracac duct was punctured a sample of lymph was taken in 2 p petie

Taste I Aumber of and focy tes 1n thymic vemn blood earotd

sngection of thyrowin) The statistical comparsson 15 based on dhfferences w imd ¢

T\ Thymicvern CA—Carotidartery F\ Femoralvem  Ly=Lymphoc®

v cA

Ly Mo Gr Lv Mo Gr

Normal ansmals

34934567 332x03 17164400 2363220 24330 1 306273
(10 (10) (10) (26) (26) (26)
Thyroun treated antmals

3
39192188 389-77 12272215 3098515 340479 161943
[¢33) A (12) (20) (20) (26)

1 p<c005 * p<D 0! denotes s gnif cant hfferences
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Fg 1 Percentageofd flerent
whitecells i thymue veinand /% [R%3 0) ] @
caroud artery blood of nor  °
mal controls and thyroun
treated gu nca p gs Mean -+
standard error Number of
ammals with n brackets The
arrows ind cate ingection. of
thyrox n Ly = Lymphocytes
Gr — Granulocytes Mo =
Monocytes A higher mcr N
denct of lymphocytes 15 de 1N

et — 6

monstrated in thym c vem

blood than in carond artery 20 G

blood An increased percent

age of lymphocytes 1s demor bo

strated 6 and 24 hours afiera et g 4

‘h)'““ll;oguecuon “Thym ¢ Lo T T N

ven bloodd—— Carotd «

artery blood 4 t t pars
a - . -

Per_cell are denoted as a low med um and h gh m tochondr al content (VIC) respectvely
The blood smears were sta ned with G emsa stam and the percentage of lymphocytes

monocytes and granulocytes was calculated 200 white cells bemng d ficcentally counted n
cach smear

artery and femoral ve n blood of normal and thyraun treated guinea p gs (9 days after n t al
dual an mals Mean +standard error \umber of an mals with n brackets

Mo \fonocytes Gr=Granulocytes

F\ ™ G\ ™ R\ CAFV
Ly Mo Gr Lv Ly Ly
2361367 203+29 13841204 107552930 8511775 153189
i) {12) (12) ) (8) (1
31481370 36077 1393+ 3 653473 8094193t _46+386
8y (18) (18) an an un
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. Low Mc
.
“
“
»
»
et N T )
bavi
1 1 1
Fig 2 Percentage of lymphocytes wih
MEDIUM MC low, medium and high mutochondral
~ —— v+ content (MC) i thoracic-duet mph
- - T and thymic-vemn blood of normal con
trols and thyrowun-treated gwnea p g
“ e Mean  standard deviation The ar
rows mdicate injection of thyrou. A
” higher 1ncidence of Jymphocytes with

meduum and high MC 1 demonstrated

T 7T i the thoracic-duct hymph than m e

- . aad  blood In the thyrown treated gumes

T ! T pigs, an increased snaidence of mpho-

cytes with medium and high MC #

demonstrated tn  the thoraticduct

Iymph, preceding a ssmlas mcrexse 21

the blood Thymic-vein blood ——
Thoracie-duct lymph +--~=

of blood was diluted vith
£ white cells] The
(corresponding ®

For determmations of the abslute nuraber of white cells, 25 mm®
475 mm? of Tauson s soluuen (concainung methy] violet, for stainung ol
number of cells was counted 1 a Burler counting chamber, 268 square
000625 mm* each) counted for each sample e

The results were analyzed statstically by Student’s £1est The comparisons betwcen Pm”m’
and number of Iymphocvies 1n thymic-scin and earoted artery blood were performed by #
tical analysis of the differences 1n indiidual animals

Results

Blood ymphocstes
Neormal ammals The number of lymphocytes as a percentage of total white mlh‘;;’
Highes 1n thvmicvern blood than m both caroud-artery blood (n = zs.p<bf0m;
see Fig 1) and femoral-vem blood (n = 13,p < 0001) Determunations of the 250,
number of lymphocytes in both thvmic-s em blood and carotid-artery blood provd %0
this percentage difference was due to a real thymuc arterio-y enous diffegence in o
cyte content, and not to an ¢hminason of other whitc cells (granulocytes, monosy
from the blood during ity passage through the thymus (Table 1) o'
Thyroxmn treated antmals \s in the normal ammals, the percentage of hymp! .
was hugher i th hlood than 1n earoud-aricry blood (Fig 1) In the 300
mvestigated 6 hours, 1, 3 and 9 days after the iitialinjection of thyroun, the o<°m,
p values were obeained for the difference berween artenial and yenous blood P
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Taste I Avcrage rutochondnial content of lymphocytes in thymic vern blood and thoracies
duct lymph of normal and thyroxin treated guinca pigs 6 hours 1, 3 and 9 days
after start of thyrown treatment. AMean = standard error Mumber of anupals within
brackus

Average mitochondrial content of lymphocytes

‘Thyrowun treated ammals

Controls 6hes 1day 3 days 9 days
‘Thymic vein blood

10052017 912010 1021011 108320141 12930191
(33) (24) (12) (12) (24)
Thoraeic duct lymph

262018 126340 12 140940 26 1388020+ 140320241
(29) (14) (1) (12) (24)

* <0001 denotes haghly significant difference between thyrown treated guenca prgs and
controls

P<00,p<0land p<00l, respectnely In some of the ammals 1vesugated 9
days after the start of thyrowun treatment, the absolute number of lymphocytes was
determined (Table I)
The number of Jymphocytes as a percentage of total white cells mereased after a
sngle myection of thyro - fef1 e - . - '
at 24 hrs the increase
significant i carotud arte -
agam, and did not differ sigmificantly from that 1n normal ammals
The lymphoytes in thymuc vem blood were classified by their nutochondral content
(MC) The mean MC of the lymphocytes was deereased 6 hrs after a single 1njection
of thyroun (p< 0001) At 24 hrs, the mean MC of the lymphocytes in the thymue-
vein blood had rerurned to the level 1n the controls and thus differed fughly signufi-
DRI R o

1961, 1965) "Thus, at 72 hrs the mean MG was increased hughly nigmificantly compared
10 the control Jevel (p <0 001) At 9 days the mean \C was further increased, highly
sguficantly (p < 0 001) compared ta the level at 3 days (Fig 2 and Table II)

Thoracsc-duet fymphocytes

Nermal anmats The th di d a much greater percentage
of lymphocytes with medium and hugh MG, and 2 correspondingly smalier percentage
of Iymphocytes with low MG, than did the blood lymphocytes (Fig 2) The mean

VIB0X08 deaq physol seand Vol 66 I—2
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MC of the thoraac-duct lymphocytes thus exceeded that of the blood lpmphocytes
Bighls sigruficantly {p <0001}

Thyroxin Ireated ammals As in the normal controls, the mean MC of the thorzac-dug
Iymphocy tes exceeded that of the blood Iymphocytes highly sigmificantly {p < 0001
an all groups of thyroun-treated animals (Table 1)

In the anumals treated with thyroxin, the percentage of Iymphocytes with medium
and lugh MC 1n the thoracie-duct lymph was increased above the normal Jevel and
the percentage of Iymphocytes with Jow MC correspondingly decreased The mean
MC was sncreased 24 hrs after 2 single mjection of thyroxen (p < 0001) Later,at3
and 9 days from the start of thyroxin treatment, the mean MC showed no further
sigruficant change but remained on the hugh level (Fig 2 and Table II)

Discussion

The present investigation has rescaled a thymic arteno-venous difference as regards
the Ivmphocyte content per mm? of blood Strong evidence 1s thus provided that Ivmpbo-
cytes leave the thymus through thymue veins It 1s apparent that the venous output of
lymphocy tes from the thymus exceeds a possible immugration of lymphocytes o it
(¢f Harns et al 196%)
The companson between the lymphocyte popul of blood and t}
Iymph shows that the lymph contamns much more lymphocy tes with medium and bith
smitochondrial content (MC) As the MC s correlated to the size of the [ymphoctes
{(VWiseman 1931, Fichtehus and Larsson 1961), this also implies that the lymph conta™
relatively more large lymphocytes than the blood The different composition of yrph
and blood as regards lymphocvtes with different MC may be due to esther or both of two
events 1) fmphocstes wath higher MC disappear from the blood more rapedly than im0
wrth lower MC 2y fymphocytes with low VC enter the blood directly (not through the thvax
duct) to a greater extent than Iymphocstes with kagher A1C Lvidence of the former aliernatn®
has been given by Gowans (1964), who reported that Jabelled farge thoracedxt
lymphocvtes disappear rapidly from the blood and  home ” 1 the sntecunal wil
Evidence of the latter alternative 1s provided i the present paper and a follow™
one
Dunng treatment with thyroxmn, the average MC of the blood lymphocyts ®
known 10 be greatly rased (Ernstrom and Larsson 1961, 1965) The present m\;’;
gauon has shown that this increase 1 the blood 15 preceded by an wnevease sn the horocs
frmph Thus, as soon a8 one day after injection of thyroun, the mean \MC of the 1horac”
duct lymphotytes was increased, while that of the lymphocytes in the :h)m"l;‘;’
blood was almost unchanged (as in arterial blood, sec Ernstrom and Larsson I
The mean MC of the blood lymphocytes w 25 tncreased 3 days from the start n:i‘lrta":’gm
being sull more pronounced after 9 days, whereas the average MC of the thmwf‘ s
Iymphocytes was not further increased afier day | The findings strongly 345%
an snzveased rumber of lmphocytes teath medm and fagh AC wn the blood of tiyroxn™”
ammals enter the Llvod through the thorane duct In addiion, we observed thatan mﬂmy
inaidence of thoracic-duct hymphocytes with medium MC preceded 2 susrular 1
11 thoracie-duct Iymphocytes with high MC (Fig 2) b 1w ¥C
At 6 hrs after injection of thvroun, the percentage of lymphocytes wit T 1
1a thymic-raan blood was increased in comparson with untreated ccml;’; } 1:'}‘_
“Itus result, 16 combination with the finding of an increased percentage of blood 1T

Juct
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cytes aut of total white cells (Fig 1) d the blity of a th d
venous output of small lymphocytes (characterized by a low MC} from the thymus
This motivated a more detaled between lymp of

afferent and efferent thymee blood m normal and thyroun treated ammals which
vill be reported in a followng paper
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Cholecystokinin and Pancreozymin,
one single Hormone?
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Erik Jorees and Vintor Murr
Received 12 June 1965

Abstract

, " le > Aeta physiol seond
Jorpes_E.and V' Mutt Cholecsstokntn and pantrfaﬂ‘ml.n ant single hormone? deta physul it

. . . saonpe

“ . . - hths
nise i strength of the CCR activity as assayed in guinea pigs Funs an equal risc in §h§ g
activity, as detcrmined in cats at three diferent levels of strength namely at 0 3 220 an o
(6,000) 1IDUfmg This observation strongly supports the assumption that both actmii oo
exerted by one and the same substance It 1s also known that because orlhemelhmmnetlﬂ iy
of the purest polypeptide both arc nactivated through the action of a dilute H,0, 30l
and both fully reactivated on subsequent reduction with cysteinc hydrochlarde

unat
Of the many hormone hike actinities claimed to occur tn cxtracts of the upper ntes

i

mucosa  only the sceretin cholecystokimn and pancreozymm activitics 7::;‘““}‘

matned as established enties Secretn, the first endocrine aubstance, design3 he
tion sumulatng

the term hormone, was early shown to have a highly speaific ac
secrenion from the pancreas of water and bicarbonate but not of ¢
and Qldberg ascribed the gallbladder contracting activity of crude secrets
to a separate hormone named cholecystokinin (CCh.) The correctness o
tion has not simce been In addition dblom, Vocgthn and ¥ \
1n 1935 that cholecystokimin preparations also exerted a dilaung actien en theapt o

of Odd

paymes In 1928 by
n prep:uxmr“
F this assumi
show
v ncte?
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As carly as i the 1890 1es Pavlov had found that there 1s a dual mechanism regulat-
ing the pancreatic secretton, both a stimulus from the hydrochlonc acid reaching the
d ehating a vol alkaline secretion, and a stumulus over the vagal
nerve, causing secretion of a viscous juice rich m enzymes Since the latter effect could
also be produced by imyecting extracts of duodenal mucosa or preparations made from
them Harper and Raper in 1943 suggested that there 13 a third hormone, analogous fo
secreun and cholecystokinin, which h of enzymes from the pancreas
together with secretin giving nse toa normal flow of pancreatic juce They named the
hormane pancreozymin (PZ)

Harper and his coworkers elaborated a method of preparing PZ (Crick et ol 1949)
and studied the properties of the hormonc (Harper and Mackay 1945/46, 1948,
Harper 1946, 1959) They cven applied 1t in clinical expeniments The PZ preparations
showed a marked CCR activity They could therefore be used 1n a seres of v estiga-
tons for the study of the functional state of the gallbladder and the patency of the
common bile duct as seen m radiography (Duncan et ol 1950, 1952, 1953, Howat
1952, Marks 1959, Harper 1960) Secretin and PZ were also used in combinationasa
test for the pancreanc function {Marks and Tompsett 1928, Burton ef af 1960 a, b)

The punfication of pancreozymin

All the three hormone actvities menuoned are taken up on algimc acid from a dilute
acetic acid extract of the heat coagulated duodeno-jcjunal mucosa and, after eluton
from the ahgmic acid, precipitated together by sodum chlonde (Jorpes and Mutt
1955 Mutt 1959 a, b} Secretin can be extracted from the doed salt cake wath methanol,
leaving a matenial with about 5 Tvy dog units of CCK per mg dry substance

By means of adsorption on a catboxymethy! cellulose column at pH 6 5 and frac-
tionation with cthanol the activity was raised to 22—25 Ivy dog units of CCK per mg.
substance, as deternuned by Ivy and Janecek 1959

Professor Harper also kindly analyzed a sample of this type of preparanion for its
PZ actwaty It was found to be abour 100 umes hugher than in s onginal PZ prepara-
ton, thus about 100—120 Crick, Harper and Raper umits per mg

‘The preparations, exhibiting both CCh and PZ activities could now be mjected
moman although they still gave side reactions (Werner and Mutt 1954, Werner 1956,
Jorpes and \Mautt 1954, 1929)

Next followed chromatography on a TEAE cellulose column at pH 9 1 which led
102 preparation with 226—250 Ivy dog umts of CCh. per mg (Jorpes and Mute 1961}
On this occasion we called attention to how closely the two hormene actities follow
cach other through all the steps of tuding ¢ on a weakly
aaidic and a strongly basic 1on exchanger the strength of the PZ an the meantume
having increased approumately 600 fold over that of the ongimal standard prepara
tion of Cnck, Harper and Raper Side reactions with 2 sensation of heat n the face
had now almost d, provided the p was injected slowly 13 dunng
the course of 1—2 min

At thus stage of punity the PZ actiaty of the preparation was determined and the
Taue CCK  PZ compared with that in Harper and Raper's onginal pancreozymun
Preparation, grven to us by Professor Harper in 1939 and 11 a recent sample of Pancreo-
=min Boots The two Last ones had about the same CCR acusity, 0 3 Ivy dog unuts per
g drv substance
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Tase I P acusiry of P Baots {A) charge No 23 wuth0 3 [y dog
units of cholecystokinin per mg as compared with that of a cholecystok n n preps
ration with 220 Ivy dog units of cholecystokinin per mg (B}

Dose Spectrophotometric reading (660 m 1)
Ivy dog unuts of
Sample cholecystokinn CatNo 1 Cat\o 2 Mean
— (Secrettn only) 0053 0058
A 15 01535 0126 0140
B s 0140 0186 0163
A 30 0227 02i2 0220
B 30 0245 0195 0220
A G0 0292 0293 0291
—_ (Secretn only) 0046 0034
B 60 0310 0282 0296

Pancreozymin Boots charge no 23 contamning per ampoule 91 unts of rZ
defined by Crick, Harper and Raper 1n 1949, and 83 mg substance thus I 1 PZ unts
per mg was thoroughly assayed for CCK activity by the Lyungberg procedure measut
ng the of the gallbladder 1 s1tun h d guinca prgs agarnst the CCh
standard of the Pharmacopoea Nordica Ed Sveaica Vol 4 Apotekarsonieietes,
Stockholm (Ljungberg 1964) 02-—0 8 ml of 2 solution with 0 25 1vy dog umts of CCh
per ml was found to be a smtable dosc for a single injection The Pancreozymin Boots
was found to have a CCh zctivity of 03 Ivy dog umts per mg substance The P2
actwity stated by the label to be 91 Crick Harper and Raper units per ampoule ths
11 units per mg was then compared with that of a CCh preparation with 220 1) &0
unns of CCh per mg For that purpose 15 30 and 6 0 Ivy dog vmts of CCh of each
of the two samples were ingected n two anesthetzed cats (Mutt and Soderberg 19
under continuous secretin sumulatton with 3 chiical umts of secretin every 30mn 1
Through a cannula in the pancreauc duct the yuce was collected dunag 15 mn
alfter mjection After another 15 mun next infecuion was made The solume
15—2 ml was diluted 1o 25 ml with phystological salme solution and the pro?
content deternined spectrophotometncally by means of the Lowry method Read 18
at 660 my The results are gnen in Table 1 s

Exdently there 18 1n the three different dilutions po considerable difference [ ol
PZ acusaty if amy between the two preparations and the ratio CCh PZ will b¢
same The PZ actnaty 15 proporuonal to the amount of CCh imjected mcsi*‘“‘;’
the degree of punty of the preparation if 03 or 220 Ivy dog umus of CCh <t il
Thus on ncreasing the CCh activaty of the preparation about 650 umes these 8

ual nse 1n the PZ actmaty
el Bltration of the CCh preparaton with 220 Tny dog umts per mzro::;:":;"bj

Sephadex G 50 column i 025 M phosphate buffer pH 80 (Fiz 1) e
chromatography on an Amberhte NE-64 column with 2 002 M ;:m;x;h&;_’
o

pH 75 (Fig 2 resulted an a basic polypepude fracuon with a strengt
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_.‘(I(}ahm’d rts
T2 Cholecystokmm act uty
Gonepvesynin

TTTC Oltticgstobn moct
T Teecrmpen Y

.
]

Cholecyitokinin act vty

ez s 8 o8
g\
Craicyatoh n wactu Iy

13

Fig 2

Fiz 1 Column Sephadex G 30, fine, 15 ¥ 90 cm _Buffr Sodium orthophosphate, 025 M,
PHB8 L 01 Chromatographed matenal 100 mg PC—TEAE—C Fraction volume 5 ml Flow rate
ca 8 mun per fraction OD Optical density of fractions at 280 mu Cholecystohinin acuity of
fractons, Lyjungberg method (relative values) PZ Colour (Lowry) at 660 my of the pancreatic
Juice, diluated to 25 ml, of a cat after mjection of equal aliquots of the fractions

Fig 2 Column Amberlite XE-64, 1 X 40 cm  Baffr Sodwm orthophosphate, 005 M, pH

15+ 01 Chromatographed matertal 12 mg PO—SX. Frachion tolune 3l Flow rate ca 14mmn
per fracuon

Ivy dag umts of CCK per mg The polypeptide seemed to be only shghtly contaminated
{Jorpes, Mutt and Toczko 1964)

Now the PZ actity of 2 sample of the practically pure CCK with 3,000 Ivy dog
units per mg was corrpared with that of the sample (no 363) with 220 Ivy dog umts
’xl,'"bxlngflequal doses of the two as to CCK being given to a cat The results are gnenin

able

Agan there 1s on increasing the strength of CCK from 220 to 3,000 Ivy dog umits
Per mg a proportional rise 1n the PZ actity Both entitses have thus inereased about
equally, by a factor of 10000 over the CCh and PZ actwaties of the Pancreozymun
Boots and Harper’s onginal PZ preparation

TABLE 11 Panercozymin activity of two cholecystokmin preparations wath 3,000 (A) and 220
{B) Ivy dog ums of cholecystokinm per mg respectiely

Dasc Spectrophotometric
1vy dog unus of reading (660 mp)

Sample cholecystokimn Catho 1

— (Secretin onty) 0054

A 60 0770

B 60 0740

A 120 0910

B 120 0770 ()

A 240 1220

- {Secretn anh ) 0125

B

230 1100




200 ERIK JORPES AND VIKTOR MUTT

Taste HI P actty of a cholecystokimn prey {A) with 6,000 Ivy dog
unuts of CCK per mg as compared with that of Pancreozymin Boots (B} with 03
CCK units per mg

Dose Spectrophotometric
Jvy dog units of reading (660 mys)
Sample cholecystokinin CatNo |
— (Secretin only) 000
A 30 090
B 30 080
A 6o 12
n 60 —_
A 12 123
B 12 128
- (Secretin only) 012
(Secretin only) 007
B 30 086
A 30 067

Another sample of the Amberlite treated CCK which showed the strength of 6,000
Ivy dog umts of CCK per m, was carefully assayed for its CCK actuvity agamnst the
CCh preparauon (No 363) with 220 Ivy dog umits per mg and agawnst Pancreozymin
Boots Now the PZ actnsty of this sample was compared with that Pancreonvm
Boots (Lot na 23 (Table [I1)

In this experiment the dose 12 Tvy dog umits of CCK was evidently too farge Asin
the presious experiments, doubling the CCK dose produced a clear increase 0 the

amount of protemn eliminated with the pancreatic yuice If the pancreazymin ;ﬂ'“;:
15 related to the choll kenin dose d, there 1s no hable dafferen
b both

between the two preparations 10 spite of the 20,000 fold increasc in strenst
components in this case have undergone

The fact thay the matenal i quesnon has passed oseranseidic i
CMC-cellulose a basic one, TEAE-cellulose, a Sephadex column ani
acidic 1on exchanger, Amberlite XE-64, resulting 1n a 10,000-(20,000-)fold m"";
in hormonal actnary without any detectable ¢hange i the ratio CCK rz ’P"N
strongly 1n favor of the assumption that both actrynies are excrted by one and the 2
substance wed

Strong support for this assumption has been presented by AMutt 1964 whe ﬂwm’
that the pure CCR which contains methiomine 1n line with the puumryadff““h"“ e
tropte hormone the @ and @-melanocyte 1 b and the parstit
hormone €an be oudized by hydrogen peroude with complete foss of actmty

on exchanre
d yet anoth

acomity
reactnated to pracucally full strength with cystane The ,uncrmzymm)C e
P he
samultancously underwent the same changes Under similar conditions U .
change i 3

sccretin, which docs not contain methiomne, did not show any
Since cholecystokinin 1s known o act both on the gallbladder an
of Oddt, 3n action on the embrvologically closely related pancreas 13

d on the sphactet
ot unikel ¥
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would also be 1n Line with the finding of Gregory and Tracy (1964) that pure gasirin
both G I and G II 1n dose of 2 ug/kg sumulates the pancreatic secretion in the dog a
finding which was confirmed by Preshaw, Cooke and Grossman (1963) + orkiag with
conscious dogs with a transplanted pouch of the pylonc gland area of the stomach
The amount of CCR/PZ used 1n our cat experiments 0 1—04 yg/kg falls in about the
same range of magmitude

The question that now remains to solve 15 whether the polypeptide carrying the
CCh and PZ actwaties 1s a homogencous chemical entity or not
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Abstract
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"fluence through the puuttary gland cannot be stated with certainty ACTH or
combined pitwtary hormones injections did not, however, normalize the retreulocyte

TSSponse ta hypeaa in rabbits with lesions 1n the posterior hypothalamus (Halvorsen
1969) Althouch ACTH increased ernvthropoesis n intact rabbuts the response to
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ACTH was different from the eryth responsc to hyp stimulat on
(Hahorsen 1963) It 1s known that growth h (GH) mayal. Jateery throcyte
formation (\eneke and Crafts 1956), and it 1s the primary purpose of the present
paper to report mvestigations on the effect of GH on erythropoiesis 1n the intact rabbit
and to compare ths effect with the effect of hypothalamte sumulation

The influence of GH on erythropoicsss has prevjously mamly been studied 1 hypo-
phycectormzed anunals “Most investigators have found that GH does not preent the
post hypoph anema although 1t causes a bone marrow hyperplasa and a
penpheral reticulocytosts (van Dyke etal 1952 Gemzell and Syostrand 1954 Fruhman
et al 1954 Maenecke and Crafts 1956) In intact mature rats Gacbler and Mathies

{1921) found lower h lobin and h values foll GH injections thansn
contro} ammals The discrepancy between the bone marrow hy perplastaand penipheral
reticulocytosis and the lack of nse 1n Tobinand } 11 hypoph od

anwmals grven GH was explained by Fruhman ef o (1954) as being due 1o htmodily
tion Meneke and Crafts (1956) found however that the total red cell volume per
100 g b w was lower in GH injected hypoph d rats than 1n hypophysecto-
mized controls The cause of thus discrepancy 13 sull unknown Studies on ssolated
perfused hindlegs with GH in the perfusate (Remmele 1963 TFusher et ol 196)
provide evidence that GH has a direct effect on bone marrow
From the preluminary experiments with GH in the present series st was apparent
that hemolysis or blood loss could theorenically explam the findings of bone mamow
hyperplasia and penpheral retculocytoss without sncrease but with a tendency 1o
decrease in hemoglobin  hematocnit and red cell volume These expeniments rawrd
the fol blems Do GH cause penpheral red cell destruction sesult
113 19 a pnimary decrease m the red cell volume and a secondary bone marrow hyper
) plasia and peripheral reuculocytosss® Further stud es farled to reveal sigmuficant blond
/' loss and tt seemed most reasonable to search for the effect of GH on ery thropoies ¥
the bone marrow itself As the polycythemic meuse does not have erythro d cells 18
proliferation or maturation 1t was deaided to test the effect of GH in this ammsl
In order to study whether GH has an effect on the differentiation of stem cclls in 0
erythroid cells or on the later stages of prol feration or maturation 10 some experimentt
GH was giuen alone and 1n other bined with crythrof

Mater;al and methods
Male adult rabb ts wercused throughout the study The an mals
of GH for 2 weeks four anumals even for 4 weeks Human  porcune? an o
were used Rabbus o 1 and 2 rece ved human GH i daily doses of about 03 m8 ¥2 5 0y
Rabtatsno 3 and 4 recirved porcine GH 1n doses of 1 T U fkg b w dunng the fot ey
~ ¥ Tre
srud

recenved dalv i ection
d or ne* GH preparsuar

.
» Human growth horm ne kindlv suppled by O Trygstad Peduatnc Research Ins ¥

R kshosp talet Oslo Meth »d of Roos etal 1963 19
i Smmfwnc kindly suppl ed by Ferng AB Malmo Sweden Method of C. l|l 1'1 {19 M
+ Prolact n kindly suppl ed by Fermng AB Malmu Swedon Metbedt of & ¥
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Before and afier GH admunustration red cell mass (RCM} was deteriuned with the Ot
method (Hahorsen 1963) At the same time hemoglobin red cells and hematacrie were deter
mined In 6 =mma1: the detenmmuo}u were pcrformcd aﬁer thn:c days of GH teeatment
and an & an e aftee £ wsefe Hamnanlah

“ . . .
s
{ B 2abbare the eord oo anrvival was determ wad x5 e .
e ..
. . . . . :
o [ S
th . .
B .
. . "
. . e
Results
. amtn b man -

“nbups, DUl e bl:of “gutly m,m the

because all parameters have bcen smgxed before: :nd e ac Pormw, mainty
rel.
af . L . . .
. P
[ ) - ) . o

by PETURCL . s st
during the period of GH admmstration n; hm:"g‘“‘»n.,q " lb- A e ,,.,.5"
showed a moderate but stansucally mstgaiican M “'l'rh“mm,,;'

1 FH43 Frische-Hoepfaer Erbinge? — Brack, German,
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Taece I RCM RCM/kg body weight and hematocnit before and after a 2 week peniod of
daily GH imjections

GH treated group Two weeks

RCM (m)) RCM (ml) Hematoerit
Rabbit
no Before GH  After GH  Before GH  After GH  Before GH  Afier Git
1 419 468 202 19 420 413
2 472 474 184 175 413 430
3 439 463 188 193 430 443
4 580 524 206 180 387 106
5 451 556 175 237 350 396
6 503 529 197 165 452 405
7 497 486 166 21} 417 339
[ 505 486 178 216 373 67
9 512 526 208 206 400 193
10 522 544 214 192 400 370

Tastz [ RCM RCM kg body weight and 1 ematocrit b forc and after a 4 week per dof
GH injections

GH treated group Four weeks

RCAM (ml) RC\1/kg (ml) Hematocr t

Rabbit _—

no Before GH Afr GH  Before GH  Aftce GH  Before GH  Afler G
> 41 512 175 165 350 310
6 203 622 197 190 452 35
7 597 452 166 156 417 416
8 505 457 178 148 373 360

Table 11 gives the values of RCM RCMfkg b w and hematocnt i 4 r:\lyhh:

receming GH for 4 weeks and Table I\ compares the values with the results 8
1 rabhus THE

control senes The ROM increased shightly and less than in the control e
RCM\/kg decreased and the hemoglobin hematoent and the number of red eclls
decreased shightly  but insignsficantly s todd

Table I shows the changes m RCM hemoglobin and hematocnit after 3 €88
GH treatment This time intenval was studied because hemoglobin and hﬂmka\l
were lowest at that time in rabbyts studsed daily with theee parametens 1€ .
decreased with a mean of 28 ml or 7 per cent of the imtial value whil¢ 4 mﬂ(ml
studied on consccutive davs showed a mean mercase 1n RCM of 04 ml mDSpb:‘m
The actual Joss of blood because of blood sampling eould be cateulated to be
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Taete HI RCM, hemoglobin and hematocrit before and after a three-day period of GH
mjections

GH treated group Three days

RCM (ml) Toben {gm)

Rabbu

ne Before GH  After GH  Bofore GH  Afer GH  Before GH  After GH
9 a12 473 132 13 100 330

10 522 513 135 120 452 36>

15 402 43 144 izo 132 386

16 307 269 126 105 393 338

7 372 301 138 13 392 340

18 40 419 158 112 447 382

Tantz I\ Mean of the differences between the post and pre treatmentalu's = S E)
The differences of the means between the GH treated and the control groups are
tabulated 1n the third column

2 weeks 4 weeks

GH Control GH- GH Control GH —
Parameter  (10) {10} Control  (4) (6) Control
RCM, ml 16413 18x22 —02 22141 844y 62
RCMigmt 05410 —04%05 09 14205 —04211 10
Hematoertt —034.09 ~094 11 06 —20123 00x25 -20
Hemoglo.
bag —05+04 —02403 03 17107 00x04 17
Erythro. =
oytes mill —04£02 02403 —06 0718 0104 08
M 40529 —46:243 86 55241 23456 78
MCH 08410 —10411 18 —01206 —10+11 09
MCHE -071+10 07410 —14 —25:10 02213 -23

05and | 0ml packed cells The 1niual decrease in RCM was not statistically sigmficant
Wwhile the drop in hemoglobin hematocnt and number of erythrocy tes was sinsficant
a3 per cent level This drop was partly due to a slight tocal loss of erythrocytes but
manly to hemodilution because the mean volume increased by 16 per cent when
€aletlated on the basis of RCM and hematocnt

Fig 1 depcts the retculocvte responses to ovine porcine and human GH The
reticulocyte counts an ali trented rabbits increased and i some up to 3 times the imtial
salues The type of response was verv simular to the reticulon te response found follow-
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Fig 1 The reticulocyte response to human growth hormone ( ), ovine growth

harmone (Prolactin) (— — — ) and porcine growth hormone (—~————] i fabb .

Tasie V  Plasma crythropotetin lesels an rablnts inected with growth hormone for sany
ng periods of ime

Fes* per cent erythrocyte uptake + S E

Period of
Rabbit GHinjec  Number  Hypoxta + transfusion  Transfusion induced
no tions of mice induced polycythemic mice  polycythemsc m e
GHo-6  2Bdays 5 09:£ 015
', GHT—8  28days 4 088 £ 039
GH I 14 days 4 096 4 032
GCH3 14 days 5 (3) 035+ 007 090 & 046
GH 4 14 days [3 397 £210°
GHS 14 dayx 2 050 = 005
GH7—8  lidays 4 043+ 02 R
GH 15~16
17~18  3days 5 203+125
GH 19 2 days 7 050 = 002
GH 13—14 2-24hours § 068+ 014
Saline controls 14 090 £ 021
Saline controls 12 060014

a shight yncreas o
difference betwt™®
e todifferencess
he drse

1ng enythropoietin admimstration, with no increase on the first day,
the second and a definite increase on the third and fourth days The
the results obtained with the different GH preparations may be du:
dosage In principle theeffect wasthe same In two rabbits receiving ovine (o338
was doubled after 2 weeks of treatment causing 2 new fise 1n the retucoloQyies ( fiow
Table V shows the results of the erythropoictin assays in plasmas withdrawn 12

2
ing 2—24 hours and 2 3 14 and 28 days of GH admunsstration There was 70 12X¢
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Tanie VI Effect of daily porcine growth hormone {Somactone) myections on Fes® erythro-
cyte uptake (72 hours uptake & § E ) in polycythemic mice

Number  Hypowa L transfusion Transfusion snduced
Daily doses of mice induced polycvthemicmice  polycy themie mice
[381% 3 0752058

031y 5 061+ 02>

101y 5 131038

1oiv 4 083 =024

301U 3 043:£021

Salne controls 14 090 £ 021

Saline controls 12 060£ 014

Taste VI Effect of daly porcine growth harmone (Samactone) injections on the erythro
poictic response to a single dose of erythropo etn (ESF) mn pohcythem ¢ mice
measured as Fe*® evythrocyte uptale (+ S E)

Period of up-  Hypoa induc  Transfus on induced

Matersal ingected Numb-r take afier ESF  ed polycythe-  polyeytherme

and dose of GH of mice  (hours) muc mice mice

ESF, L GH 11U 4 48—120 161£216

ESF, 3 13+£204

ESFp + GH 11U 19 48—120 3774145

ESF, 10 390170

ESF. + GHOS1U 7 0—72 28+ 09
© 6 446+ 149

ESF.LGHoOSTU 5 4896 10 £222

ESF, 5 1462386

The standard erythroposctin preparation has kndly been supplicd by the Hematology Study
Section of the U § Public Health Service As this special Iot of erythropoictun (Lot 038) has
lost more than usual activity by the storage in the cold the ongnal figures in the unit are not
gen and the doces only referred to asa band ¢

10 Tet erythrocvie uptake 1n the reaiptent mice following admmistration of these

Plasmas expect from one rabbit {\o 4) which 1ncreased Fe® uptake shightly Table
1 shows the Fe'* erythrocyte uptake 1n palycythemic mice ingected with porcine
#routh hormone prior to and during the Fe ** admimstrauon Porcine growth hormone
10 doses from 01 10 30 TL on consccutne davs did not increase Fe® uptake 1n
the recipients When erythroporetin was given in addiuon to porcine growth hormone

*¢ s no significant difference betw een the Fe-* uptake in this group and 1n a group

W deig phy tod wrend Hol 65 1 7
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Fig 2 Effect of porcine groyth hormone on
the reticulocytes m transfus on nduced
polycythemic mice compared with sahine
myected controls and on the retculogyte
response to a sngle dosc of standard enth
ropoteun (ESF) Each pomnt represent the
mean of 4~—5 obsenations The brackets
ndicate 2 standard errors of the mean

REY(CULOCYTES PER CENT

B o0
= 2¥EKS GH
Aol e AVEKS GH
3
H
B os)
5 Fig 3 The red celisized stnbution cunasbel 0
& o o) and alier 1% ( )
and 28 { ————————-) d1ys of poreine gow
° harmone admumstration an one rabbit {0 &
o X o @ & o

CUBIC MROH

VII) The renculoare

recen g the same doses of standard erythropoietin alone (Table
clusions on this pant

curves differed sightly but the data do not allow defimte con
(Fig 2) s

Fig 3 shows the red ccll size distrsbution cunves before and followmng 13 and 5
days of GH admumnsstration in one rabbut The other thiree rabbuts tested with thig methos
aff showed a shift to larger cells but not so marked as 1n the onc shown on the ﬁw"l
This finding corresponds well with the observed increase on MCV follows™s &

adminstration o
The data from the 1 d are not tabulated There “:a“
differcnce between GH injected and control rabbuts The red cell survval studt

alsa not more specifically documented QF 8 GH ingected mbb.u,md.rd.smdarr“’:
half lives between B and 14 days while the remaiming 3 had apparent hatfInes V(:;;m.
15 and 18 davs as the contrals The red cell survisal was tested both dunng aud me
1% the GH adminustrauon \o difference was obscrved m mechanical fragphity

and following GH admistraton
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Discussion

The present study provides evidence that GH admumstration to intact rabbits causes
penpheral reticulocy tosis withoutanerease 1n RC\M, hemoglobin, hematocnit or erythro-
cytes and thus extends pre rous findings 1n hypophysectonuzed animals to mtact animals
In the present study the RCM dropped slightly (7 per cent) duning the first days of
GH increased th to reach app: ly the mubal value at two
weeks and remamed at this level duning the next two weeks The RCM/kgb w showed
a shght nse after 2 weeks of GH admunsstranon, manly because of weight Ioss 1n some
of the rabbuts Hemoglobin hematocrit and number of erythrocytes dropped signtficant
ly dunng the first days and d below the p levels throughout the
stuches except for the hematocnt which approumated the mmital values
The reticulocytes increased markedly from the second and thurd days of GH admunis
traton At the lowest doses of GH the reticulocytes levelled off following one to two
weeks while they remamed high throughout two weeks at higher doses The effect of
dose on the reticulocy e level was d by showing that doubling the dosc
induced a second reticulocyte mcrease mn 2 rabbrts (no 7 and 8) 1n which the reticulo-
©tes had fallen to the imitial levels The reticulocytosis with con~omitant drop in hemo-
globin hematocnt and number of erythrocy tes suggested that blood loss or destructton
might be an explanation of the effect of GH1n the intact yabbst This hypothesis could
explain most of the effects of GH on erythroposesis bone marrow hyperplasia, peripheral
reuculocytoss drop in RCGM and penipheral blood values and the mcrease mn serum
#ron (Marinone and Medur 1957) A possible hemolytic mechanism could be due
cuther to a change in the external environment (plasma) or toa change in the metabolism
of the red cells GH produces mohilization of fat and a marked increase on free fatty
aads (Winkler ¢f of 1964) Recent expenments have provided some evidence that
hyperipemia and rapid sncrease in free fatty acids may cause hemolysis (Schaftroffef af
1955 Grewsman 1959) A simatar mechanism could explam a possible hemolyss follow
g GH admynstration  Another possibility could be that GH mught mfluence the
red celt metabobism {glycolysts) thereby reducng ther hfe span
The fall 1n hemoglobin (about 20 per cent) 13, howerer, only partly evplained by
the fall 1n RGM (7 per cent) When the plasma volume is calculated on the basis of
C\l and peripheral hematocnt, one may conclude that the mean plasma volume
Inereased 16 per cent duning the first three days of GH adminstration, and retwmed
10 the oniginal Jevel at 2 weeks The mechanmsm by which GH expands the plasma
volume is unknown The present study gnves some support to the hypothesis of Fruhman
@ al that the pamary fall i the penpheral blood valucs 15 due to hemodilution, but
a1 confirms \feieke and Crafts (1956) findings that GH administration does not
\ncrease the total RCM These effects seem to be the same both 1n hypophysectomized
and wtact anymals
© further studies did not support the hypothesis of hemolyns as the
1% ke O efiect on erythropoiesis The decrease in red céll sunnal was rather small,
the mechanical fragiht tests did riot show any d: b d afier GH
:"d 3¢rum haptoglobin did not change It must therefore be concluded that the imital
op 1n hemoglobin was due to d but the finding of a shght drop in total
RCM may indicate that a small amount of enythrocytes was lost Hemodilution has
"ot previously been found to stumulate erythropowesis (Erslev 1959 and it 15 therefore
ore reasonable to search for the effect of GH 1 the bone marrow itself
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‘The ccll indices and the red cell size distirbution curves indicate that GH causes an
1ncrease 1n red cell size The red cells produced seem to have a shortened hfe spay
both during and after GH admuinustration The degree of shortening cannot be adequa
tely demonstrated on the basis of the present studies because only 2 part of the red cell

population studied had been 1 1 during GH ad Increased red eelf
size and a shortened red cell survival is found following blood loss hypowa hemolyss
andfollowing erythroy 1em y ofincreased red cell production

These findings alone, do not therefore indicate that red cells produced follovang on
admunistration are abnormal cells However, since GH n contrast to erythroporcn
does not increase the total red cell volume or hemoglobin 1ts effect may be termed
d but nefft erythrof and the cells produced are probably abnormal

cells The reticulocyte cunve following GH s very simlar to that following erythropaiciin
with no increase on the first day This inducates that GH has no significant relcase effect
ap the renculocytes

‘The plasma erythropaietin levels in the GH mjected rabbits were studted after vanots
persods of h d; One plasma withd, after 14 days of GHnyee
tion significantly (005 p 0 01) increased the Fe™ erythrocy te uptake n the recipieat
mice while none of the other tested plasmas did so It 1s therefore unhkely thatthe
effect of poreine growth bormone on erythropmesis mn the rabbit is mediated through
an increase of erythropotetin production One cannot totally disregard the one pluma
which ncreased erythropotesss in the recipients but this may sometimes also happen wid

normal plasma

Flectneal stimulation of the hy pothalamus caused a marked reticulocytosisin smerat
of the stimulated rabbuts and 1n eight rabbits an mcrease m RCM as well hen thr
effect of GH 15 compared with the effect of hypothalamic stimulation it 1s evident thit
GH adi may give thes: culocyte response as hypothalamc siimulatio?
but not the mcrease in RC\ Tt 1s therefore not hikely that the effect of hypothalamic
sumulaton can be explatned on the basis of increased GH production alope Four
the rabbits 1n the doubtful response group of the hypothalamuc stmulation expenmerd
did however have the same type of response as following GH injection 3 € marked
senculocytons without ancrease 1 RCM One of these rabbits {h43) had an apparrrt
red cell half Itfe of 10 davs Increased GH production cannot thercfore be excluded 283
factor n the influence of the hypothalamus on eny thropoiesis

The poly ¢y shemic mouse offers a possibulity of studysng the effect o
tiation from the hypothetical stem cell to erythroid cells and when
with erythropoieun st should be possible to study the effect on the Iater !u"l‘h
prohiferation and maturation GH alone did not increase the reticulocyte counls m:h
polycythemic mouse The Fe® uptake was shightly hugher 1n GH treated mice thann '
controls but this may hase bren due to increased serum sron in the G1I xrr:urdlﬂ”":
These findings indicate that GH does not sncrease differentiation from u,.dmnmm“
to crythrod eells. Combned G and enythroporctin administration did nnt mz:fm
the 72 hrs Fe=® uptahe more than erythropasetin alone The reticulocyte ‘“"';“l,,
however different 1n these two groups showing a more rapid decline i retctt
tn the GH ~ erythropatetin treated group than in the erythropowctin
The finding was surprising and does not fit with a fonger retrculocyte fife sp3 -
penpheral blood as the cause of the reticulocytosis following GH ndmlml;;ﬂ M
Although not supported by the reticulocyte cunies depicted in the present 'l‘w‘,,
1e most Iikely that the effect of GH on erythroposesis 13 not on the stem celllore
the later stages of proliferauon and maturation

f GH on dulleren
GH 15 combsr
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Effects of Combined Hormone Therapy on
Erythropoiesis in the Intact Rabbit
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mcreased hoth reuculcytes ved cell mass, sed cell man pec kg body weight, hemoghit
numbee of erythrecytes and hematocrit and the effect following 2 weeks of admmsries
was more marked than following electrical sumulition of hypothalamus The end g
comibunid hormyne therapy on erythropcas cannot thercfore be wparated from 1t o
efiect of riecirica) sumulation of hvpothalimus There was however oo smficant 2076
10 plasina eryhropaetin letels in the group of rabbts receving combmed hormone heriy
£or'14 davs when tested cither n atarved or in polyeythemye mice This finding may st
the cxsstence of another aperaung mechamsm i the rablits recerving electnical st
O b0 Pothabans s 1han s thuse reerving huarme nes

In earlier sturdies we have found that electrscal sumulaon of the hypothalam n‘;::
stmulate ervthroporesis Setperal 1901) and that hypothalamic lesions m3) #1770
with the segutatory mrchanisn of erythroporesis (Halvorsen 1964 The mechac™® 0
these effects sre bowerer unknown The possibility of an effect through the pi
gland lias not bren excduded alihou, b neither ACTH not combined printasy h'r;:m
admnssteation normm bsest the ety ulocyte response to hypoxia in rabbats with .
tn the postensor hypothalamin Neather dsd ACTH (Halvorsen 19631 pot g:um
harmone GH - Halvorsen 1% have the same effect av h)(m(lmhmmmm:‘hmn
when given to itact ral bts for 2 weeks I lectrieal sumulation of the bnpoth
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may however, increase the production of sey eral pttwstary hormones and 1t 1s the purpose
of the present paper to report studies on the effect of combined ptwitars and target
organ hormones on erythropoiess, and to compare ths effect with the effect 6f hy potha
lamic stsmulation

The effect of combmed hormone therapy, both pitustary and target organ hormones
has previously been studied mainly in hypophvsectomuzed anymals Fruhmanand Gordon
{1926} found that the effect of 2 combinauon of GH and cortisone on erythroporesis
Was intermedrate between the effect of the hormones given separately, 1 ¢ a smaller
reticulocyte merease than GH alone and a smaller increase m hemoglobin, number
of erythrocytes and hematocnit than cortisone alone Mewneke and Crafts (1927a)

S

lzznon both of the penpheral blood valucs and the bone marrow Shirabura (1961),

on the other hand, did not obserse of the post hypop y anemia
when thyroun cortisone and testosterone were gnen to hypophysectomuzed rats
In chinical medicine, therapy with 3 ¢ of cor 1ds and and

s been a routine treatment tn aplastic anemuas since the onginal observation of
Shahids and Dramond (1959) VWith this treatment the anerma is corrected m several
Patients and 1n a few cases the hemoelobin 13 increased to levels above the normal
{Shahidi 1963) The mechamsm of this effect 1s largely unknown The androgens seem
1o be the most patent h 1 lator of ery throp (Gardner 1962) and in
Crease erythroparesis 1n the recipients when given alone (Rennedy 1962) Naets (1964)
observed that testosterone did mot increase erythropoiesis 1 polycy themac mice, but
“hen given together with P 1t sncreased as Fe?
Uptake more than erythropoietin alone Fried et a! (1964) also demonstrated that tes
tosterone sumulated erythropoiesis in polycy thermie mice

Siace ACTH mcreased total RC\ (Hahorsen 1963) and GH caused penpberal
Tenculocytoss (Halvorsen 1965) 1n 1ntact rabbts, these two hormones were gnen to
Stc whether this combnauon would mimic the effect of hypothalamtc sumulanon
In a second senies thyroun and testosterone were added to ACTH and GH The

target organ hormones were chosen mstead of the tropic hormones mannly for practical
Teasons

Material and methods

Yoo . . . .
$od i and | gy 2

% testosterone proprionatet per kg b w per day for 2 weeks The control
Fabbuus ted im the present senics are the san ¢ as described in the studs on the effect of ACTH on
e hropoiesss (Hakorsen 1963

, Somactone Ferning AB Maln o Sweden
Jaton prot Apothel 1

' Osto Norwas
3 Libvroun nanum pro mject one Negaard & Co A 8 Oslo Norway
Testn Nyegaard & Co \ S Oslo Normay
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Tasce I RCM RCM/kg body weight and hematocrit before and after a 2 week penod of
daily ACTH and GH (AG) injectians

RCM (ml) RCAM/kg (ml) He

Rabbit

no Beforc AG  After AG Before AC Afier AG Before AG  Alter AG
1 458 504 188 198 —_ —
2 370 332 185 154 — -
3 558 581 185 219 46 48
4 559 662 184 232 43 46
5 729 772 200 221 46 43
6 772 37 237 234 48 43
7 550 Gi6 200 220 48 16
8 550 553 240 225 45 43
10 594 556 218 222 46 46

Tante 11 Mean of the differences between the post and pre treatment yalues (£ $ 1) T
differences of the means between the AGTH and GH (AG) treated 1nd tf ¢ cotrot
groups are tabulated n the thied colurnn

AG Control
(9 (10) AG — Cortrol
RCM ml 27 +168 18 22 09
RCAMikg mt 08 078 —04 £05 13
He % ~12 £086 —09 11 -03
Hgbg —06 =037 00103 -o6i
Ery s mill ~036 4014 019403 —955
AV (A 36 +263 ~46 £33 82
h
Before and after the hormone dmimstration red ecll mass (RCM) was determ ved 7

the Cr* method as previowly desrnbed (Halvorsen 1963) At the same time fet v (]
hemoglobin red blood cells and | emtoent were determuned unng the meth xis P'rd Bl
described The retrculocytes were counted every hard to fourth day and Femoglrbin o

cells and hematocrit were also determined on the third day of hormone admiasstra 7 oy

Plasma from the rabbus was wathdrawn at the end of the experimental period and T
for erythroporetin mn starved mice (Halvorsen 1 . - e
puce as descnbed by Wenteaub e of (1963) . . we
given 07 ml homologous washed red cclls on .

nuce of the 5NMRI BOM stram werghing between 10 ana «o g @t uso «t

Results

Table I shows the RN RCM kg b w and hematocnstan 10 rabby
ACTH for 2 weeks In 2 rabbuts there was an increase in RCAM
was no of only a shght increase Fable 11 summarszes the data fro

pts recen ing G)::
in the others ©
m thrs O
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Fig t Fig 2

Fig | The upper figure shows the mean reticulocyte responsc to AGTH — GH (\G) injectron
110 intact rabbits compared with the retrculocyte values m 10 control rabbits The lower

gure shows the mean hemoglobin and hematocnit before and after 3 and 14 daysof A\CTH —
GHanyections The brackets indicate 2 standard error of the mean

FIe 2 The = &6 w4 e e mma PEE s
'

1

rabbits expressed as the mean of the differences between the post- and pre treatment
values There was no sigmficant change in RCM or RCM/kg b w although the RCA
inereased shightly more than m the controls There was no significant difference in
hemogloban, erythrocy tes or hematocnt before and after the hormone administrauon
sdepicted 1n Fig | however these parameters dropped dunng the first few days of
hormone admumstration The MCV increased while the MCH and \MGHC did not
change Table IT summarizes the data from the 4 rabbus recening GH — \CTH for
#%eeks The increase 1n RGN in these 4 rabbuts closely resembled the control rab-
Bits. In these rabbuts the hemoglobin number of erythrocytes and hematoenit levels
decreased

Fig 1 depicts the reuculocyte response during GH ~— ACTH adminsstration The
reticulocytes defimtely increased during the first davs and leveled off towards the end
of the observation period The figurc further shows the hemoglobin and hematoent
tevels before and following 3 and 14 davs of hormene administration indicating a drop
' the values during the first davs

The 8 rabbuts recenning GH — \CTH — thyroun — testosterone all lost weight
the mean weight loss beng 240 g One rabbit died dunng the perod The RCM,
RCMfkz b w and hematocnt of the remaining 7 rabbits arc shown ta Table 111
The RCM increased 1n all ammals and the increase was signaficantly higher than in
the control group The relatne increase n RCM kg b was cven greater but as the
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TasLe I RG\, RC\/kg bodv weight and hematocnt before and after a 2 week period of
datly GH — ACTH — thyroun — testostcrone (GATT) mjections

RCM (ml) RCMg (m]) He
Rabbit  Before After Before After Before Afler
no GATT GATT GATT GATT GATT GATT
1 501 626 179 272 10 47
2 512 571 196 240 10 5
3 473 s 188 310 405 3
5 623 72 244 288 41 52
6 499 567 192 224 44 485
7 547 294 206 240 12 50
8 478 260 198 272 42 505

Taste I\ Mean of the differcnces between the post and pre-treatment salues (+ 5 EJ
The differences of the means between the GH — ACTH — thyroun — testast
erone (GATT) treated and the contral groups are tabulated in the third columa-
In this and the following tables one astensk indicates 005 > p > 001, o as
terisks 001 > p > 0 001 and threc asterssks p < 0 001

GATT Control GATT—

(7) (10) Control
RCN ml 102 =253 18 =22
RCM1g m! 63 2129 ~0+4 £05
Hie, 82 086 —09 £11!
Hgbg 23 1042 001£03
En s mill 1132016 01903
ey 014197 ~46 +43

animals Jost weight this figure may gne a false impression of the magmitude of e
response Table I\ summanzes the data from this group Both hemoglobin namber®
erythrocytes and hematoerit increased signuficantly while the cell indices did not ¥
significant changes

Fig 2 depicts the reticulocyte response in this group of rabbits and all nhm‘“;’n:

d nse The hemogl ! d shghtly dunng the first days of P;nrr‘:‘ =

adminsstration as 1n all groups recening GH but ncreased thereafter mar ¥
shown i the figure e

Table V and VI show the results of the plasma erythropoietin asavi :\onre‘" e
tested plasmas withdrawn following 2 weeks of hormone therapy increased P e
throci te uptake in the starved or polycytheme mice Plasma from the rabbi P
most marked increase :n RO following GH—ACTH—thy roxin—(estosteront
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Taste V. Per cent Fe' erythrocyte uptake (72 hrs) m starved mice injected with plasma
(04 ml x 2) from 14 days GH — ACTH — thyroun — testosterone (GATT)
treated rabbits and with control plasma

Number Fet* °, uptake

atenal ingected of mice +SE Diff
Control plasma 16 23220

GATT 1 5 237430 [H
GATT 3 10 W0L22 —132°%
GATT (5 + 8) 10 19330 -39
GATT (6 ++ 7) 6 204436 —28

Tantz VI Plasma erythropotetin levels in rabbuts inected with ACTH — GH (AG), GH —
ACTH ~— thyraan — testosteron (GATT) for 14 days and with GATT for 2 days

Fes* erythrocvie uptake £ § E

Matenal Number  Hypowa induced Hypowua 4 transfusion
npected of mice polycy themic mice induced polycythemic mce
Salne 19 2808

G\TT 1 5 114£05

GyTT 2 5 22108

GATT 3 4 33423

Saline 14 0902

GATT 1+ 4 2 11£01

GATTS + 8 9 08+02

GATT 6 + 7 5 03x01

AG 1 4+2 1 03

AG5+ 6 1 06

AG7 184 10 5 2113

GATT 2 days 7 28+ 12%

3) reduced the Fe* erythrocyte uptake significantly m the starved muce Plasma with-
drawn on the third day from a rabbit recening GATT on first and second days sightls
ihcreased the Fes? uptake 1in polycy themie mice

Discussion

The hormonal control of

o has been di me and

! mucal studics and has been reviewed by several authors (Gordon 195+ and 1929
Linman and Bethell 1961 Esans f of 1961 and Remmele 1963) The mechanusm of
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the eflect of the individual b the of the h the
of the h with erythrop and the of the }  the steady
state of erythropaiesis are, however, stll debated In the present study the effect of
combinations of hormones has been 1nvestigated

Ce GH — ACTH ad did not change ery throparesis significantly
and had less effect than the individual hormones given alone 1n the same doses GH—
ACTH increased total RCM shightly but less than ACTH alone, and also increased the
reticulocytes but less than GH alone The t Tot hirocy

number of ery ytes and
hematocnit decreased defimtely as with GH alone duning the first days due to hemodilu
tion, but reached approsimately the imual levels by 2 weeks The present study thn
confirms, and extends to sntact anmals pres tous studies in hypophysectonuzed animals
sn which GH and cortisone seemed to counteract cach other 1n the eflect on erythropoie
sis (Fruhman and Gordon 1936) The mechansm of this mteraction 1s unknown but
the antagonism between GH and cortisone 1s well known from other organs (Saykaand
Crawford 1964)

The combinaton of GH — ACTH — thyroxin — testosterone was used 1o sec
whether a more general hypersecretion of anterior pituttary hormones might mmictt ¢
envtk response to el 1 1 of the hypothal Tt mav be argued
that 1t 15 doubtful whether the effect of the target organ hormones can be compared
directly with the effect of the tropic hormones The increase mn thyroid hormonts
followng myections of thyrotropmis howes er, well documented, and the gonadotropins
probably also increase testosterone production (Lik Nes 1964) Using the taret
organ hormones instead of the tropic hormones the dose will be mare Iikely to be 100
large than too small

Thus combination of hormones had a marked sumulatory effect on erythropoicst.
Total RCA RCMkg b w number of erythrocytes and hematoerit increased s i
cantly The increase m RC\Mfkg b w mav gve a false smpression of the magnitude
of the crythropoictic respanse because the abbits fost weight The red ecll tndcet
did not change significantly 1n this senies of ammals

The plasma erythropoietin levels were not clevated in these rabbits nd
from the rabbit with the most marked 1crease in RCM inhubited the tr)'hfﬂpo't;:
in the staned mice The question of erythropoiesis inhibutors 1s unsolscd although !
studies of hrzymowshietal (1962) and Reynafarje etal (1961) inchcate xlmuusrenrr‘
The finding of an inhibatory effect of plasma following hormone admumistration !u'w’;
at least that the increase 1n ervihrop has not been med; 1 through cry theopoict
as the main mechanism If the ncreased erythroporesis was the result of an mcr]; .
erythropoietin production one would also have expected an increase in red ¢ &
MOV Felt

Thyroxin and testosterone have not been tested indivsdually by us so it ©8 df "
to define which hormone has been the most effective tn this combmation of hmmm
Gardner (1962) states that testosterone 15 probably the most effective non :g“mt
stumulator of erythropoesis and at as likely that this hormone has been most €l o
1n this study In view of recent work by Naets (1961) and Tred ef af (1969 ""“ -
of testosterone can no Jonger be considered fo be non speaific with 13 mﬂuf"“ T
oxygen consumption alone but there 13 also a direct effeet on the €0 ﬂmw" P

Trom thewr work on the of with ery throg Evans el d .
concluded that scyeral erythroporeucally active pitwitary hormones and rf)': s
\nteract in an addstive manner to mantain normal ery thropoieus These an e

plasma
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findings 10 hypophysettomized and ntact ammals mdicate that the hormones are
al:o of fundamental importance for the normat steady state erythropoiesis

The primary purpose of this study was to compare the effect of combmed hormone
adrunistration with the effect of electnical sumulanon of the hypothalamus GH —
ACTH did not increase RCM and 1t 15 unbkely that th:sc two hormones alone were
the cause of the effect on eryth following hyp:

The combuation of GH -~ AGTH — thyroan — testosterone did, however, cause
the same or a higher increase i total RCM 2nd RCM/kg b w than hypothalamic
sumulation, and also increased the penpheral blood values signsficandy, 1 contrast
to the hypothalamic sumulation which enly caused 2 shght merease 1n hematoent
but no increase mn hemoglabin or number of erythrocytes The reticulocyte response
was lower in the hormone treated group than m the positis € yesponse group, but the
type of response was essentially the same with tncreases duning the first week and a
fall dunng the next week The MO\ 1ncreased markedly following hypothalamic
stmulation while there was no ch following the combined hormone
Following electrical 1 ypothal; we found hugher plasma erythropotetsn
levels than n control rabbats wh:le no increase, and rather an imtubttory effect on Feo?
erythrocvte uptake 1 starved mace was found with plasma from rabbus mjected for
H4days The sightly increased Fes® uptake 1n polycythemc mice mjected wath plasma
from one rabbit receving GATT for 2 days may indicate that ey thropoictin imtially
wat increased

Although both hormone and electnical I of the hypothal
region caused reticulocytosis and RCM inerease this does not prove that the operating
mechanism has been the same The differences 17 the erythropoieun response may pornt
%o separate mechamisms It should also be remembered that the doses used 1 the com
bined hormone studies probably exceeded physiological doses considerably It must,
however be concluded that at 15 difficult to c\ﬂlualc a posmhlc extra pituttary cffect
from the h region on er unless the
studies are performed 1n hypophvscuomucd amm.ﬂs This fn:( hz.s been os erlooked
i many studies dealing with the central nenous system control of erythropoiesis
and the present finding further stresses the caution needed m mterpreung the effect
©on erythropotesis of procedures which interfere with body homeostasis as marbedly as
mast procedures on the central nen ous structures
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From the Department of Pharmacology, Lnnersity of Gotebarg Sweden

Dopamine in Human Urine during Muscular Work
Dy
Jan HAccenpaL and Bengt W ErDINUS

Recerved 28 June 1962

Abstract

Higgendal, ] and B Werdins Dopamme mn human unne dunng musculor work Acta
Phyvol scand 1966 66 223225 — ln four healthy men the unnary excretion of total {free
and ) d norad hard muscular work while dopam ne
and homovamllic acid were unchanged or esen decreased somewhat The source of uninary
dopam ne 15 discussed

Dunng muscular work the levels of the catecholamtnes noradrenaline (\\) and
adranchne (A) increase n unne (Euler and Hellner 1952) and 1n blood plasma
(e 2 \endsalu 1960 Haggendal 1963 a1 The increa.e includes both the free compounds
and the total (free + conjugated) amounts of the substances obtamed after acid
hydrolysis At moderate muscular work chiefly the NA fevel 1s rased whichisducto
ncreased actnity of the sympathenc nervous system  Atvery hard work and or
Psychucal stress the A level 18 also mcreased due to adrenomedullary secretion

Dopamine (DA) 15 the immediate precursor n the synthesis of N\ and A but
recently neurons have been found which probably haye D A as the transnutter € g 1nthe
Tetina (\Malmfors 1963 Nalmfors and Haggendal 1963) and i the cen ral nernous
*¥stem (Andén et al 1964)

DA s normally present in the unne in both free and conjugated form and in amounts
larger than those of frec and conyugated NA and \ respectnely Sofar the presence of
D\ in blood plasma does not seem to have been establish~d the methods available for

A assay are at present not so sensine as those for N\ and A

The source of DA m urine remams to be discovered Since at cannot be excluded
thatat 1s den ed from the adrenermic nerves where it 1s generally believed 1o be formed
2% an intermediate 1n the synthesss of NA 1t was thought to te of nterest to foflow the
Ynnary DA duning muscular work

In this preliminary report we have i estigated the amounts of unnan N\ A and
DA afier aeid hydrolysis before and dunng heavs muscular werk To get a more
omplete picture we have also included the main DA metabolite homovan Nl ¢ acd
HY A} 1n some of the cxpenments

223
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Tane T ’

Sum of total (free +conjugated) Total DA {ng/mun} and toral HV A

A and NA (ag{m) (ngfmun)

Before start Work period Work petiad

Before Waork Work fatrost” 1 i
Sub-  start penod period — e
Ject fatrest 1 i DA HVA DA Hta DA B
1 167 300 524 1366 58 G615 68
2 74 115 47 234 120 258

NA 30°%  NA 88°  NA 83%
A 70%, A 129, A 1o,

3 59 294 253 246 36 145 31 153 16
A 662, NA 69°, NA 67°%
A 340, A 3te, A 33°,

4 144 13¢ 572 968 71 747 68 618 43
NA 82°, NA 63° NA 429,
A 18°, A 37°% A 589

Tour healthy men about twenty years old and m good physical health w crer:nd;“‘!
chosen for mvestigation 1n a very hard military cross country race The menhady “I:
tecred for special seryice and used to tahe themselves out almost completehy U""“‘m‘:k
were collected 1 three portions from exery man 1) During a 45 min period befmcm(
start ( atrest  2) Dunng the period 15 mun before the start and until hx(nhtdul:ﬁﬂ
was run work period I) and ) Durng the rest of the distance and untid 15mmmm
the end of the run (work period 11 ) The whole race tooh sbout 2 1/2 hrs ""‘Cw,
acid was tmm ediasely added to the samples After acid hydrolysis {sn v perct ‘“;‘ "
for 15 mn the total (free - conjugated) NA and A was estimated wn; f:;h\
Haggendal 1963 total DA according to Carlsson and Waldech (1958) o
Carlsson and Lindquist 1962 and total HVA according to Werdintus li“f/ﬁmd‘

The results are given in Table 1 In the first subject dhffereniasion between N
was not performed

In age Sement with carlier thelevels of ANA and A increascd dnvmur“:‘"

The DA levels differed from chis prcture All the vatues of total [)\nrrp!(ﬂ\ﬂ\ 3
somewhat lower durng the work periods than before The DY metabohite, E
not show ans crrtain changes pechaps there wasa shight decrease asrd acti?

If the source of the D\ 1n the unine 15 the adrenergic neurons an Cre et
1n these neurons did apparently not cause an mereased release of DA rﬂ“l:’ e
the release of N\ However 1t does not scem untikely that the uanan DAMET
from other structures than the adrenerpic nerves and that these smcdl
actnated at muscular work It mas be recalled that DA has been detecte ‘,
fom certam mammals Bertler ef af 1030, Lakck ef af 1964, Adsms RY

nm
tal 1%
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d conjugated catechol
atory state 1n the body

between free an,

Duning the Pphysical acuwity the proportion

amnes was changed {Haggendal 1963 b) The ;hangtd circul
g tabolism of the compounds

m’%:‘:l’f::::::;:‘ ;:mb]en: the pattern of free and conjugated catecholamines ang

ther metabolites must be followed 1n closer detail

Thss work hay been supported by grants from the Swedish State Medical Resear,
[\

F-0166-B Aand 1¢x 166 02) For techmcal assistance we are indebred to
Wallin
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Miss Arutg
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From the Institute of Physiclogy, Umiversity of Oslo, Norway

Vasoconstriction in Isolated Blood-Perfused Rabbit
Lungs and its Inhibition by Cresols
By
A Hauee, P K. M LuvpeE and B A WaALEr
Recewved 28 June 1965

Abstract ————————"""—

Hauge, A P K M fundeand B A Waaler bavconstricnion in veol ted wm/«ym;rrb{';
lungs and 15 inksbstton by crcsaly Acta physiol seand 1966 66 220~ 240 Perfus n (r’w i
rabbit lungs with heparmied whole blood was complicated by the development of 3
marked tncreate in pulmonary vascular resstance (PAR) which occurred 1 the {0\’;':“
from 10 min to 2 b Thus imcrease i PA R occurred alto when newely all thromboeytes hid i
removed from the perfusate Infubion of (he vasoconstniciar scuon of nor lrnd & &
hydroxytryptarme histamine or acetylchohne did not prevent the A‘l)cvclnpmr;l(‘of’l‘ henre
p an

in VR R him’! keuns wfu:l- cause mgrkcd \::mnonsl_r:cl:l.l:l l'n hl :.1‘9 {:ﬂ;- b wmrteve

* e e
. R Al

. o

cr v elfect which ipcrased seny mar:;:‘ '
23 nibited by tricresol Als 1l yisnconstriet TR

n in the preparation Th
durmng the first par¢ of the perfusion. w

of noradrenaline was veduced by tricr 1
spontancously mcreaung PVR  tncresc -
relanonship bewscen the increase i P
seems Ukely

ot
Isofated perfused lung preparations ase widely used m physiology and n"""“ﬂ‘m
They arc oficn taken from cats and dogs species which scem to yield "'M, l:"f;mw
14 hole blood has been successfully used as perfusate sn such lungs by severaliny Y

ficlds of e

solated perfuscd rabbnt lunys have also been employed 10 vasous e & 00y

but many im estigators working with such preparauons seem to h:wﬁr‘:;"lnnm“ d

other than blood Born 1955 hoga 195+ Fngelberg and DuBas 195%

Troquet 1960} an ofhf?
We atempted 1o perfuse wolated rablat fungs with whole Moad beess? T oy,

perfusate scemied to have the same abilty o prevent or delay cdemd
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Termy
recorGar

Cqgen |
Tecorder
=1 )

Fig 1 Diwsgram of the perfision arvangement
Aand F thermostatically controlled waterbaths B head of perfusion pump € blood
tesetvorr D thermostat with water pump E organ chamber (usually covered) G clamp

4 tune and signal markers For further explanation sec text

watfound, howey er, that the blood perfused p flered from the disadvant.
that the pulm ry vascular resistance py ly increased to a marked degree
The to be described gn es some 1nf about the nature of this increase

n resstance, and presents evidence that it can be efficiently counteracted by the addition
of small doses of tn eresol

Methods
tnpeeh w . Le aan ot AF A AN fm P W L
Ihe timc between the arrest of the ammals own circutation and the start of the pesfusion was
usuzlly betwacn 11 and 20 min in most expenments about 15 mun The preparation taken
Out consisted of both lungs with the machca the heart and the pulmonary vessels The caval
:mi and the aorta were Ligated As much as possible of the other medustinal structures (fit
onb e et

*raten of about 3014 ml hlood
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‘The blood from the two donors was mixed and Lept 1 a closed glass contamer at room
temperature until the start of the perfusion Compatibality fests were carried out 1n several
experiments between the bloods of the two donors and between their red blood cells and the
scrum of the ammal from which the lungs were taken. Agglutination was seen only onec in 30
tests
Perfusion with 180 ml of autologous blood could also be carrsed out A reduced extenal
pedusion crremt was then used, the ammal bemng cxsanguinated just before the lungs were
taken out

Perfusion The techruque described by Daly and Waaler (1961) for the perfusion of 1solated
DI i B - e W Te- ot - rangement
. - - . . ¢ pulsatle

. . . - S) pump
. was almost
] pressure

6emof

(LAp) was usually kept constant throughout an experiment at a level between 3 and
water

The use of a cross-coupling arrangement for the inflow and outflow tubings made 1t possible
to reverse the duection of the blood flow to a left atral inflow situation, without arresting the
arculaton L. a1 A

was done at the end of the expeniment by plactng suntable weight loads on the prepar) dr"d

Left atrial oulflo measurements were done mtermittently by collecting the blood in a gr
eylinder for penods of from 10—30 sec y

Cleaning of the equipment was cartied out maraly as described by Allison, Dalv and Wzl
{1961} The plastic parts were cleaned with a I per cent solution of benzalcon, pnsed ten o
with dustlled water and dried at 457 C.

Lerfusate temperature was recorded in the venous reservoir
(Fig 1) a muluchannel Y SI telethermometer, Model 44 YA (X ellow Sprens
beng used Temperasure adjustments could be obtained by alterng the setung of
e, P ' T e

and 1n the venous outflon ubing
g Tnstrument (o}
f the waier
rbath
. . - essure ventilaon wih 3T
L teal® pump (C. ¥ r"“’;:
sent desers hym;“m
and Rossler (1910) Peak isprratory pulmonary pressurc (IPp) was allowed to reacd (00,
of water and exprratory pulmonary pressure (EPp) was kept at 15~2 cm of water 1t S0
the 1 gas was d by passing it through water an 3
chamber 190)
Bload platelels were counted according to the method of Brecher and Lronkate (, e, ode!
Hematoerit valucs were ¢esumated unng an Internatonal micro-capillary centrfugt,
e
Hemolrais After centrifugation at 2 000 « g for 5 min the hemaglobin content "f,:‘,',:,
plasma was determuned as cyanmethemoglobin at 530mys 1n a Zeuss spectrophotomeicic
PMQUII using the method of Drabun (1935) with some minor modifieations o o
M of the perfusute was messured using the Astrup Micro equipment Type
Radiometer
Plasma electrolytes 1\a k) werc esumated with an Eppendorf flame p!wwm;';'\am 187
Playma glucoss was determined by the glucose oxdase method of Husen 896 8C iy
with some modifications recommended by the producer of the reagents (Ka
Sweden)

O e P e e e e .
) ) of drupw !
' ' a' Braun (\(rlmnzr':‘;s
. ’ ' .« . nmfonon solun€
.
: Jd mn
"o dded 1o the blood reservorr in order fo obtatn £2P"

Some drugs (1nhibitors were a
with the periusate
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Tasiz I Companson between blood flow through 53 isolated perfused rabbrt lungs and the
cardiac output of Iiving rabbuts (as given by Kravenbuhl, Kako and Luthy (1964))

Mean valuc for lving rabbats

Mean values for 53 perfusion experuments (RKrayenbubl et af 1964)
BF Cardizc output
body weight body weight
Blood flow through 7 e v
Pyp Tungs (BF) ml ml
{em of water) {mlfmin) muin kgl min kg
207 234 78 95
(SD 25) (SD 76)

The caleulations are based on values from the imtal phase (fiest 50 m n) of 53 typical and
successfal experiments with petfusion of 1solated rabbit lungs with homologous, hepannized
blood at constant volume nflow The lowest value for the pulmonary artenal pressure (PAp)
has bren taken from cach experiment The mean weight of the ammals from which the lung
Preparations had been taken was 3 0 kg

Lust of drugs nsed
o_a

i " - P T R Y

Tahibrtors

At b £ 5 4 e, wer—ds A maloaie (Desenl® Sandoz A. G)
o [ L - A tmi 'ty & Baker As mhubitor of
fen . e  Regun®  Qiba Soacte
[RY . Lot o
Antbotics
Temalhn G (Crystathine sodwum pemeillin G Glaxos Semusvathetic pemicllin — Cloacillia

chloropheny] S-metind novazolvt sodum penicilliny Ekvacillin® “orsk Astra) Dibydro-
Mreptamyemn (Dihydrostreptomyain Glaxo

Results

Duning the first part of the perfusion a gradual reduction wn pulmonary sascular
resstance (PVR) was usually seen Tlow rates compatible with the «alucs for cardsac
output 1n the resting rabbun (hravenbuhl hako and Luthv 1963 were obtaned m
™ost preparations {Table |



230 A HALGE ET AL.

Wathin 2 period of from 10 mun t0 2 hr after the start of the perfusion there almt
marably occurred 2 marked increase 1n PVR This increase was seen also wbe
autologous blood only was used as perfi Humidifi of the sentilation gas did
not prevent the PVR mcrease Prelmmunary bacteniofogical tests of the perfusare stowed
that 2 bactersacrua mught develop sn the course of a pesfuston Addition to the perfusa ¢
of & dosesofa nthetic p ltn (20 g/ 100 miof Eks acillin® ) or of a combins
ton of a pemailfin (3 mg/100 mi of penicillin G added every second hr) and of dibvdro-
streptomyan (4 mg/100 ml) did not prevent the sncrease 1n PAR Some growth of
micreorganisms reststang to these antibiotics was, however, difficult to asoid

‘The rate of nse 1n resistance vaned considerably from one preparation to 2nother
and would sometirmes increase progressively towards an almest complete closure of the
pulmonary vasculasr bed A reduction of the blood flow by altening the pump setunz
could then only delay this result In preparations where the development was ks
marked, the increased P\ R would last for ses eral hours or for the remaiming part of the
perfusion

The ncrease 1 PVR was sometimes smtated or accelerated by an extra flaum
of the lunzgs or by reveming the direction of the perfusion Lsually the increas 13
reustance would start without any apy P tion of the prer

It became essential for us to be able to control the mcrease 1 ascular resstanc®
Two main types of mechanssms mught be responsible for this increase Esther a 3001t
pulmonary asoconstricton took place, or there occurred marked rhicological chzrzet
1n the blood perfusate For several reasons the thrombocytes attracted our aticsbos

in this Firstly thrombocyte with plugging of small pu'm"“:‘
vessels might occur (W aalkes and Coburn 1909) Secondly vasoactne substances £ 7
be hherated from the thrombocytes m mith 8 possible aggregstion &

disinsegranon of thess elements Rabbit thrombocytes are also knows to hneabdh

content of 5 bydroxvtryptamine and histamine (Humphrey 2nd Jaques 1954) R
Aumber of creudating thrombocytes 1n the perfusate The thrombocyte count 18 bl
from the ear artery 1n 10 mtact rabbits w s found to range from 300 000 10 550000{:
mem® Duning collection and storage of perfusate blood a connderable fallan the 5o™ ™

of thrombocutes occurted This fall will not be discussed here but s under furtt
1m estigation Immd
The number of thrombocytes i the blood Just at the start of perfuson wat
tos2ry between 30 000 and 250 000 per mm?® In the cours~ of a perfuvion there ot .
a further gradual drcline 1n the number of arculaung thrombocsrs. o ”h::!:ﬂ
betwern the number of circulating, thrombocytes on the one hand and the § .
tonards a marked increase in PA R on the other could be sern Howerer Furlh":”“i
removal of almost all thrombocytes from the perfisate in 4 expts by filtering mﬁmy’
through glass wool Pysex Brand Wool 3g 100mlof blood and discarding -:r e
ml of blood coming out from the lungs did not prevent the gradual and marked P
m PVR Alier such a filiration the perfusate contained about 10 OO0 thrombocy
mm? or less L
Aechamsca) plugang of the vascular bed by thrombocyte a,gregatrs oF gt
of vasoactive subriances fram thrombocytes alone could thus apparenth m:” o
the marked mcrease in PA R 1 thns preparation \ asocomstnctor sutetanco M5,
ever, be liberated o the blood stream alsa from sources other hany t} ¢ threr ol
Effects of tanous ki tors Plasma kiminy  noradrenaline s_r.,dmn?; m
acenIcholine and wsually also fistarmine all cause pulmonary aseconatnd
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Tig 2 Effects of snhibators Desersi®, Anthisan® and Regitin® and of tri-cresol on wicreasing pulmonary
nutular reststance (P R}

P T T P T N o

staried at 1129 m Blood flow (BF) through preparation 260 ml mun Lefe atmal pressure
(LAD) 45 em H,0 Tidal volume (T3 } decreased from 42 to 40 ml durmg the period illustra
ted \ent overflow — ventlation overflow P A p = pulmonars arterial pressure

brepacation (Hauge, Lunde and Waaler 1965) The possible role of these varous
substanccs for the increase mn PVR was evaluated by addition of various inhibitors
of the effect of ijected doses of 5 hydroxytrypta-
mine, hlsl:mmc or catecholarmines could be obtained through additions to the perfusate
©of adequate doses of Deseril®, Anthisan® or Regiin™ respectively Such additions or
atropinization of the preparation (1 mg of atropme added to the perfusate) ¢id not
owcver, prevent the development of an mereased PVR m our preparation Once
the mercase 1 PVR had started, the addition of the vanous mhbutors similarly did
ot stop this development although Anthisan® caused a moderate short lasting reduc
ton in PVR (Fig 2
The possible role of plasma kinns for the mcrease 1n PVR was evaluated by analyzing
samples of 1n and outflowing blood for therr content of himns Samples were taken
dircctly into ethyl alcohol of 70° C dnied, redissolved (Hamberg and Rocha € Silva
1957) and tested on the wolated rat wterus preparation Stgmificant plasma kinm
actvity was detected neither 1n blood samples taken duning periods of high and increas
'"z PAR nor in samples taken during low and stable PVR
The effect of tre eresol and related componnds Among the vanious chemical compounds
fested, tricresol was found to influence the increasing PR markedly when added to
the perfusate Fig 2 shows the ofiect of an imjretion 1o the pulmonary anterial tubing
of2 mg of tri cresol (at T 1n a preparation with a rapidly rng PAp and where
Previous additions of Desenl*  Anthisan* and Regiun’ had notinfluenced the desclop-
ment The pressure nisc was arrested and a eradual reduction in PA R followed
When the increase 1n PAR was iniuated by a resersal of the perfusion (blood now
fntenng the lungs through the pulmoenans veins  the effect of tn-cresol addition was
*qually marked (F1g 3 After a short penod of normal inflow a new reversal of the
Perfusion could be dene without amy  progressne increase i PVR
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Fig 4 The dclopment of tdal solume e ght of preparation and pulromary ertral f ¢ ¢ & 78
ferfunon wheve tncresol was odded of trrer
TPL. rabbit 99 kg Injertion unto the pulmonary artersal b "f(,d,%ﬂfnm Py

arrow Perfusion sapted at | 15 pm BF 140 mlmin LAp 4 an B
Fig 2

v
smeral he ofien for 7

The effect of a 2 my, addition of tn-cresol usually lasted for fn
d sddivon was I

rest of the perfusion period Occasionally a second and a thr
necessan 1o control the PAp level o
Tricresol 15 3 musture of the three manocyclic tomers o-gresol prerd 32 e
cresol A serics of expertments was carned out in which the effret of exch .rlr(i:’n -
1somers was tested separateh VMacresol was found fo hase a very modrrate o
the increase 0 PVR whereas o- and p-cresol were much mere effecing 'ubﬂ'f‘
apparenth equalis patent In some preparations r-cresol had a masked effects
previous additions of o130l or pcresol had & moderate effect onlY b
The related monorilic compounds benzol phenol and sodiu® sabols
AR reducing effect simular to that of the cresols
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Fig 5 Effcts of crovs-perfusion be-

cern ko wsolated lungs at tomes
when one of the preparations showed
an wnerease tn PYR

1PL's, fung 1 fromrabbit, g,
79 kg lung 2 from rabbn 9,
29kg Perfusion of lung 1 started
at1l14am, of lung 2 at 1142
am BF for fung 1 150 mljmm,
forlung 2 179 mifrn LAp 4 cm
H O both lungs Abbreviauons
as m Fig 2 The two lungs were
perfused  independently with
blood from the same orginal
pool Between arrows the out-
flowing blood from each lung was
dnerted snt the blood reservorr
of the other lung At T's2 mg of
tncresol inected wte  pulmo- T N
fany artenal ubing of lung 2%pm na

mna
tuny1

Cm o ne

Pap
w32

Addinen of tn-cresel in doses of from 05 to 6 mg did not alter the pulmonary
\asoconstrictor responses to vanous agents such as bradykimn, kalldin histarmne
and 5 hydroxytryptamine Tr~cresol was thus not causing unspecific smooth muscle
paralysis

The vasoc responses ta noradrenaline were, however, somewhat reduced
after addition to the perfusate of tn-cresol mn the usual dose of 2 mg Larger doses would
further reduce, and finally abolish, the constnctor response to norad a small

vasodilator effect then beconung apparent Some recovery of the constrictor responses
to noradrenaline was seen on further perfusion after addition of 1—2 mg of tn-cresol
The ability of ad: ne o cause i m the p was app: \
unchanged after tnn cresol addition

Tr-cresol additon did not cause any apparent changes in the viability or state of
the preparation No tendency towards edema formation and no change m abihty 1o
oxygenate the blood was observed W eight changes and changes m tdal air went on
as before the addition (Fig 4) In some experiments a stow and more moderate increase
1 PVR developed after the tni-cresol tnduced reversal of the iunal rse in PVR
This second, stow increase 1n PVR was not influenced by further trcreso! addition,
and 1t scemed to be most marked tn experiments where the iinal number of thrombo-
cytes was hugh The general impression was however that tri-cresol addition resulted
10 a good and stable preparation which was well suited for vanows tvpes of tests

Cross perfuston experiments In order to see if the progressive se m PV R was duc toa
Blood barn substance of come stablity cross-perfusion expentments were carned out
Two lungs were perfused separately with blood from the same onginal pool one
Prrfusion beng stacted abauc half an howe befare the other When the torcasc n MR
occurred 1n the fisst of these preparatons lung | its outflowing blood was led over
Wio the resenoir of the other p: ffung 21 Sumall the blood from
lung 2 was led into the resenvorr of lung 1 The exchange of blood was carned out for
a pertod long enouch to allow the major part of the perfusate 1o be changed In the
©xpenment of Fig 5 1t will be seen that the change of blood dud not influence the P \p-
levelin lung 2, nor did 1t reduce the markedhy increasing P\ R an fung | Shortly after
the end of thus cross-perfusion peniod, 2 mg of tri~cresol were injected into the pulmonary

¥
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artersal tubwng of fung 1, wherenpan the increasing PAp started ta fall A second prnad
of cross perfusion was started 36 mun later, duning a period of increasing PVR 1o lung?
This time the exchange of blood between the preparations e 10 2 marked merease 1
PAp 0 preparation o 1 whereas the PAp began to fall in preparation no 2
. These puzshing results which were confirmed n another symilar expersment show
that under the conditiony of the first blood exchange the tendency towardsan inereatnt
}P\ R could not be med via the perf: from one to the other
L nder the condatians of the second blood exchange, howeyer, such a mediation eccurred
&ffect of temperature changes upon the merense tn PYR The gradual unasardable increas
#t PLR at biood temperatures around 377 C cotld be delayed for up to two br b
perfusing the Jungs at a bigog temperature of 31--35" C Once the increase appeared
at the lower temperatures 1t scemed to desclop rather stawly
The increase m tesistance n preparatians perfused at 37° C could also be temporani
hakied by fowening the perfusate temperature (Ftg 6} A reducteon 1n blood temperature
ofsome3 C could change an increasng PVR to falling one VW hen the blood semprta
(u7€ was sulsequently increased A ne s and marked rise n PVR occurred often 367
a fise n blood temperature of as hiyle as 0 5—1° C Repeated periods with reduction
and subsequent increases 10 perft 3° the v e :l.:
tendeney in some preparations so that on further perfusion at 37 Cthe Pipoukd
mamtained 3t a low and stable level "
Changes 1n the perfusate with me of perfusion The plasma glucase concentraton ¢
fesel of plasma K the blood pH the degree of hemolysis and the hematert .o
foflowed throughout the perfusion penod in several expenments Fig 7 xht“m
dosclopment of 3 of these parameters during a 6 hr perfusion penod with a 4% l!‘"-
smarsentiation unbrokencunes The same pardmetets wete also followd m ;mhm
portion of the perfusate blood which was icubated m an 4 © €O, 10 ur SO
at 37 C for the same fength of yme -
Plasma glucose concentratron usually fell from some 100 mg/100 mi at the o "
the perft to ably low cone. after 3—4 br  “o correlatod
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found between plasma glucose levels and the time of onset of the increase n PVR Nor
did addition of ghucose to gie a normal blood concentration prevent or infiuence the
mcrease in PVR
Plasma K+ usually rose throughout the perfusion the total nse for a 5 hr period being
in the order of 2 meq/l
Perfusate pH dunng the first hr of perfusion 1n 29 typical experiments ranged from
73210 7 55 with a mean value of 742 and with concentration of the values around
the mean A gradual fall i perfusate pH of some 002 units/hr was usually seen 1n
Preparanions continuously yentilated with 4 ¢, €O, 1n air
Hemolyss of about the same degree occurred i all experiments where the perfusate
%33 exanuned The most marked increase in hemolysis was scen when the pump and
the perfusion circuit were being filled and before the start of lung perfusion Within
the first hr of perfusion the concentration of hemoglobin m plasma reached about
01 ¢100 m! increasing to about 025 g/100 ml after 4 hr of perfusion In a controt
Portion of blood at 37 Cinan here of 4 2, CO; in air hemolyus
“alues were about one half of those scen in the perfusate
\ocorrelation was seen between perfusate pH plasma k. level or degree of hemalys s
on the one side and the tme of onset or degree of the PV R nse on the other
Hematoent of the perfusate showed a moderate but steady nerease Where injections
and infusions were not carried out and where pulmonary edema was not induced
the increase 1n hematocnt was in the order of | 5—2 per cent n the course of a 5—6 hr
¥peniment
Effects of tDP and 1TP TP has been reported to cause pronunced 1asoconstric
ton in the pulmonar vascular bed of cats Emmelin and Feldberg 1918 The effret
of impecied or infused \TP and ADP was also cvaluated in our preparation Smal
dses of both substances caused sasodilatation csprially at the putset of the perfusion
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Fig 8 Change w1 rasoconstrictor effct of
standard dase of ATP wnpected nto puimonm
artersal tubing 1 o period of increasi g PLR
IPL, rabbut, @, 31 kg The marked con-
strictor response of the second injecton o
ATD arage 2 on v - -

am LAp 4 cm H,O Abbrevamnsasm
Iig 2

b 9 Fffeets of wyections and nfa
sims of standard dosesof 1TPms
the pulmonary arienal tubing befare
and after an mi:ll/m’l(la the perfusa’s
of 2 mg of cresol (T}

/H’L rabbie §, 29 kg Iofe
sions of ATP carned out brtweett
arrows Tri-cresol was :ddd:l
T Perfusion started at 112
am BF [4f mlimin LAgm
HO TV decreased from 4910

X . 48 ml duning the pernd
32%%pm - G trated Abbreviationsasun Fig 2
s e ' P we
T G img mamn 50y

Both substances caused pul y 1 however, when jected or nfusd
n doses above a certain level Usually 20 ug of ATP would cause a significant nuse i
PAp ADP was 2—5 umes more potent than ATP m our preparation On mmu:n
of ADP a fall in the number of circulating thrormbacy tes accurred, as would be expret
with the ability of ADP 10 cause thrombocy te aggregation (Gaarder ¢ ol 1961) he
could however not be the main reason for inereased PVR on ADP injections or 3¢5
tens as the effect of ADP as well as that of ATP could be obtancd 1n prrr’m“["“’
with less than 10 000 thrombocs tes mm® 1n the blood perfusate and also when cel! fie®
plasma was used as perfusate 0P
Durtng the early stage of perfusion the \asoconstrictor response to ATP '”l' .
progresuvely uncvcased the response being especiall marked after the gradua ""
10 PAR had started In the expeniment of ig 8 where the PAR mereas w30 i
uely sudden 204 rapid 2 draniatic increase in the response to 50 g of YTP occu .
within 10 min In other experiments where PA R increased more slowly the e
to ATP also changed much more gradually The sasoconstrictor respons® e
was markedly reduced when the perfusate temperature was reduced by 56 "o(“\TT
of 2 mg of trictesol 16 the prefusate also reduced the response to standard dO““ o
(Fig 9 and ADP very markedh Ius mterference of tn-cresol with ATP-ADE 190
was somewhat transient the responses increasing moderately agan with 'd'g:ur'ﬂ“
recovery was never seen duning peefusion periods of up to 3 hr Furlhrr’!' poi)
tn-cresol to the perfusate would again markedh reduce or almostabolish th
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stictor responses to certamn doses of ATP and ADP A complete mhibition of the
vasoconstctor effects of ATP and ADP was not obtained with tri-cresol 1n doses up
106 mg Suffictently large doses of ADP and ATP could always cause s asoconstriction
wn the preparation afterwards

The effect of infusions of ATP into the pulmonary artenal tubing did also change
duning the first part of the perfusion Small infusion doses which early 1n the perfusion
caused a fall 1n PVR could later causc a marked and progressnve increase in PVR
(Fig 9, Istinfusion) After the addition to the perfusate of 2 mg of tri-cresol the marked
‘asoconstnictor response to an infusion of ATP mto the artenal tubing was drastrcally
reduced (Fig 9, 2nd fusion)

ATP 13 rapidly wnactnated i blood In accordance with ths, Fig 10 demonstrates
that an mfusion of ATP into the blood rescrvoir caused no vasoconstrictor response,
whereas infusions of ATP 1n the same dose and at the same rate into the pulmonary
artemal tubing gay ¢ drastic vasoconstrictor responses

Thscussion

The increase 1n PVR occurning i isolated blood perfused rabbit lungs 1s an interesting
Problem and a senous obstacle to the full use of this preparation A mechanical obstruc-
ton of the vascular bed through trapping of thrombocytes or a kiberation of S-hydrovs-
tryptamine or from ytes was not causing the increase
n PVR, smce the phenomenon occurred also in preparations where nearly afl
thrombocytes had been removed from the perfusate Furthermore, cooling of the per-
fusate blood, which 1s known to augment platelet adhesiveness (Hellem 1960 resulted
'n.a fall 1n PVR in our preparation

Histamunc and 5-hvdrovytrvptamine might be hiberated mto the perfusate from
sources other than the thrombocytes } hugh blood concentration of these two s asoactive
substances could, however not be the mechamsm gwving the increase i PAR, ance
thi inerease was unaffected by the addition of the inhibitors Anthisaa® and Desenl®
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Both caused [ Y on however, when snjected or tnfused
m doses above a certain level Usaally 20 pg of ATP would cayse a sigmficant 0¥ %
PAp ADP was 25 umes more potent than ATP 1n our preparation On i
of ADP a fall in the number of airculatng thrombocytes occurred, as would beewpet™s
with the abulity of ADP 16 cause thrombocyte agaregation (Gaarder of of 1001) 153
could hosever not be the main reason for imcreased PR on ADP anyretions o sl
tions as the effect of ADP as well as that of ATP could be ohamned in preparsnr™
with less than 10,000 thrombocytes mm in the blood perfusate and atso when ¢l free
plasma was used as perfusate

Duning the early stage of perfusion the sasoconstrictor response 1o ATF & AP
progresunehy inc cased the response bring especially marked after the radul £
i PVR had started In the experiment of Fig 8 where the PVR increase w3t !
tvels sudden 2od rapid 3 dramatic inerease yn the response 10 50 ig of A1¥ 04T
within 10 mun_In other expeniments where PVR increased more slowly 1 e
to ATP also changed much more gradually The sasoconstrictor fpANe w0 AT
was markedly reduced when dhe perfusate temperature was reduced by 5—6 \d{*"
of 2 mg of trictesol ta the prefusate also reduced the response to standard '.k’f“w‘n
(Fig 9 and ADPyvery markedhs  «
was somewhat transient the resp-
FECOMETy Was Bever seen dUnn. Pt Lo pfoauod we sy o B ecm
tnitvesnl o the perfinate would agam markedly reduce or almostabolush the s
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The possible role of microorgamsms for the changes m the preparation 18 difficult
to asess We have found 1t difficult to prevent the growth in the blood of microbes
which are resistant towards pemalhin and streptomyan A dircet and immediate
effect of mucrobes as the cause of the tune-dependent increase 1n PVR seems unhikely,
as the tendency towards PVR 1increase could not be transferred v1a the blood from an
older 10 2 younger preparation Mtcrohes could, however, plav a role 1n some graduat
change of the preparation

The effect of tn-cresol on the increasing PYR 1n the 1solated rabbit lungs 15 a very
iteresting one  Whateser the mechanism behind this effect, tn-cresol has become a
very useful agent 1n enabling better use of the preparation

The cresol cffect seems to be u fairly speafic one, mainly affecting the responses to
ATP and ADP, to some extent also the response 10 noradrenaline The effect 1s caused
by as httle as 4—8 pa/m} of perfusate Two of the three 150mers (o-cresol and p-cresol)
are much more active than the third one, m-cresol The related compounds benzol
phenal and sodium salicylate are wathout effect Further studies on the effect of cresols
muolated lungs as well as m other organs seems indicated Cresols are normally found
as intermediates 1n the deammation of amuno acids in the intestine They also occur
m unne Ther mterference with effects caused by ATP and ADP nught be of general
interest and have wider aspects than those releated to the special situation m our pre-
parations
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From the Departments of Clinical Chemustry and Chrucal Physiology Rarohnska Instituter,
Serafimerlastrettet Stockholm Sweden

Effect of Exercise on Plasma Potassium in Man
By

Heroe Latreer and BenGT PeErnow

Exercise leads to an increase in the blood plasma concentration of potassium, which
has been shown both i man (Laurell and Pernow 1961, Hultman and Bergstrom 1962)
and in dogs (Rjellmer 1965) From this finding, as well as the simulanty n vascular
response to exercise and potassium infusion, hellmer (1965) suggested that the hypees
emia of exercise was due to the local release of potassium

The changes in potassium concentratton of artenal and femoral venous plasma
during and after sey ere leg exeraise (1 200—1 800 kpm per min) on a bicycle ergometer
was studied mn 6 healthy male subjects In 3 other subjects blood was simultaneously
drawn from the,brachual artery, a deep and a superficial vem of the forearm dunng and
after exeraise with a hand ergometer The blood samples analyzed for potassium
©xygen saturation, lactate, pH and hematocnt, were obtaned from teflon catheters
with hepanmized glass syrmnges Plasma showing hemolysis was discarded Potassium

was d i by an Eppendorf flame ph an no was used for
protem For further detarls of the procedure and methods sec Carlson and Pernow (1961)
At rest a negatne art (AV) i was observed 1n

most cases Dunng exercise there was a considerable increase in both artenal and
\enous concentration of potasstum with a more accentuated negative AV cifference
After exereise the concentration of potassium fell rapidly and, 30 sec after the end of
work, had already decreased to or even below the basal level In all cases a posine
A\ difference was obtained durng = S — - ~~f= bore ter .
test the arterio-deep venous concer
Pronounced than the arterio-super{ . .
Potassium predominaungly n the muscles

The sncrease in serum potassium dunng exeraise was well correlated to the mcrease
0 heart rate and lactate as well as to the decrease i venous ovy gen saturation and pH
{F1g 1) After excresse howener the plasma concentration of potassium changed mych

more rapudly than the other parameters Hematoent mereased duning exercise 5§
per cent

This investigation was su; (s Karolinska I
pported by grants from Rarokinska Insututet (Sufi
Tyra Svenssons Minne  and the Swedish Medical Research Council, eben Gusta och

16—66303 Acta physol cand Vot 65 1 *
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Taste I Phsms of p (pmoles {m]) atrest during and after exercuc o
2 bicycle esgometer or with 2 hand crgometer The values gnen for Jeg vy
were those obtaned at the highest load (1 500—1,800 kpm/mumn) FV =femoral vez
DV =decp forearm vesn A=artery

Rest Exercise After exerase

30 sec. 5min 20 mun

FoooAV RV AV FU AV IV AV VAN

Leg exercise (6 cases)
\ean 461 008 615 024 519 @21 39 042 49 00
A5 5EM ot 003 D1F 0O 931 D1 0V B eI 0%
Forearm exercise (3 cases)

DV AV DV AN DY AV DV AV DV AY
Mean 470 003 363 062 482 023 435 045 473 o

56 X

© nmote ™ LT STE e ‘};/ln

v X N\
& S g wol e’

at A
s *oroears m HR
S e j//\
. . - 130

3 -~ on A \,
. LT

! 10 20 me
REST twonx . REST REST ‘v\cw

Fig } Oxvgen atu

at rest, dunng and a o}
bland sampler were . v .
mdicate arteral 2hd  ~ — —  pewiordl VLUOUS UIGOU TG = L

References

n
Caxtzsox L. A and B Praaow Studies on the peripheral crculation and mr::’l;;‘(
man. | Onygen vtlzauon and kctate pyruvate formation " (%-e fegy 2t rest

exercse in bealthy subjects Acts physol scand 1951 52 37834 3
Henaas E Bencrreon. F o 7 " d Siond J ela L8 Jer
1962 6¢ 8793 -
Ryetosax 1 The potasium ron as 3 vasodilator dunng muscular exercie 2
1965 63 40 ~468 ot
Lu.'t)uu H and B Pexsow Arteno-veanss plasma potasiuen A Fereaces dunmk <

(e Swedah) Abstr Com Sieed Afed Ay Meet 1951




!

i
t

Acta physiol. scand. 1966. 66. 243~244

Trom the Isututo Superiore di Sanita, Rome, Italy, and the Department of Histology, Raro-
Linska mstitutet, Stockholm, Sweden

Catecholamine Containing Neurons in
the Cockroach Brain
By

Nora FronTatr and KArL-AXEL NORBERG

Insects hay e been shown to contain tigh concentrations of catecholamines, particularly
dopamune (Ostlund 1954), while noradrenaline and adrenaline occur m lower con
Centrattons (Euler 1961) However the cellular localization has not been known

The present paper reports the ! of ol m
the bran of Lersplaneta americana  About 50 brains of adult cockroaches (both sexes)
were disseeted out and treated for fluorescence mucroscopy according to the form-
aldehyde method of Falck and Hillarp (for references see Norberg and Hamberger
1964, Falch and Owman 1965)

Fromunent groups of nerv e cells the yell A h
of catecholamines are found m vanous parts of the brawn In the protocercbrum? they
Oceur esther 1solated or tn small groups located close to the surface of the protocerebral
lobes, near the outer border of the f lobe (Fig | and 2), dorsally m the pars inter-
cerebralis, and Just under the calyces The opuc lobe contamns small, faintly fluorescent,
scattered cclls located near the surface In the deytocerebrum groups of large, strongly

uorescent cells are found outside the antennal glomerul, Also the tritocerebrum and
the subesophageal ganghion (Fig 3) contaw smgle fluorescent cells Varicose termumals
with the same type of yellow-green Buorescence 23 extubited by the cell bodues are
found 10 form dense networbs 1n the protocerebral lobes (Fig 2 and 4) amund the
eentral body, and enclosing the antennal glomerul (Fig 2) The a lobe (Fig 2), and
epecially the f-lobe (Fig 1 and 2) exhibit intense speaific Buorescence with stnking
fross-stranons and 1T n fl intenaity among the various
Pars Also the central body and a narrow stniatoen n one of the optic gangla show
Htrong fluorescence of the same type In the four latter structures the fluorescence
#ppeary to have an amorphous distrbution but 1t scems probable that it 15 localized
In nene terminals which are not visible under the present conditions In fact recent
electron mucrascopical work on the f lobe supports this view (Cratert and Frontals, in
l"f_gﬂnuon)

.
* Nomenelature according to Horndge (1965)
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Fig | pdobe bram of Perplaneta americana Note the strangly fluarescent “cross m..mm;.
Fluorescence apparently amorphous, probably located in submicroscepical nerve fernunl
¥ 130

Fig 2 Bran Puwsl- v, - .
to the lefy + - - . . . .
Rught anc . .

cell bodie

“
networks ut uuorescent synaptic perve termmals arranged 1n “bagkets™ around the antennal
glomeruli X 50 )
Fig 3 Subesophageal ganglon, Penplaneta amercana A single strongly fluorescent cell with &
non fluorescent sucleus and a famtly fluorescent axon * 197 .
Fig 4 Protocerebral lobe, brain of Periplancta amerieara Dense networks of intensely fluc reet
vancose nene terrnals 200

aig

“The present results thus give evidence for the existence of camhohrrnnpcvnm“ml
acurons in the cockroach brain, and give strong morphologteal support 10 the view

catecholamunes act as transmuters there "

A

This mvestigation has been partly supported by 2 research grant (BGf—257) from the Su
Medical Research Councid

References -

Corwovr H N -\ Husarp and G_Josssov, Flunrescence meghods for .2«- ",ﬂ:,, pp

demonstration of monoamines 3 Sodwm lrrmh)dndclrcdsu‘;;umlsg the fluot

pounds as a specificity test J Hustockem Cytochem 1964 12 b 41
Ecizs U 'S vox Occurrence of catechofamines i acrania and ivertebrates Vatatt ({4 )

1961 759 170—171 £ et
Fawcx, B and G Owsax A detailed methodological description of the a}‘z’;f:"(( et

for the cellular demonstration of biogrntc amines dcta Lm  Lund 1O

12 v
Homermcz G A Arthropods general anatomy In Structure and/mnw;/(:'"'w‘"’

of mivriebrates by T, 1L Bultxk and G A Homndge W H Frenman and Co U0,
Norsere, A -A and B Hawstrcer, The sympathetic adrenersic neuson { e trarems 7

Ges reicaled by histochernucal studies on'the mtrancuronal distribution t

Acta phvsiol seand 1963 63 Suppl 233 1 82
O, E. The distnibytion of catechalatnines in lower anima!

Ada phypiol scand 1934 31 Suppl 112

- beart
19 and thr effeceon tb e



Acta physiol scand 1966 66 245—216

From the Department of Hustol Karolinska Institutet Stochholm Sweden

Further Evidence for the Existence of
Tubero-infundibular Dopamine Neurons
By

Ryerr Foe and Tovs HokrerT

Previous studies (Fuxe 1964} have gnen strong support for the eustence of a tubero-

nlundibular dopamine (DA) neuron system Further evidence for this vsew 1s given

1n the present paper, using the histochermcal fluorescence method for the cellular

demonstranon of catecholamines (CA) and 5 hydrovytryptamine (Falch e af) m
b with an t ph logical approach

bout 25 adult Sprague Dawley rats were used Two types of expeniments were
made (1) Hvpophysectomy was performed on 15 rats wia the parapharyngeal or
transaunicular approach in order to damage the median eminence The ammals were
sacrificed 1, 2 and 3 days after the operation (2) 10 rats were treated with reserpine
(10 mg/ke 1 p, 24 hrs before killing) — mialamude (100 mg/kg—300mg/kg 1 p, 5 hrs
before killing) — 3 +-dihvdrovy phemylalamne (1 dopa) (50 wmg/kg—100 mg/hgsc,
30 mun before kiling) in order to sncrease the amine contents of the centsal CA
Reurons — Al the anumals were killed by after light chlorofc h
The hypothalamus with the mfundibular stalk was dissccted out freeze-dried treated
with formaldehyde gas embedded secttoned and mounted as previously deseribed 1n
detatl (Dakbtrom and Fuse 1964)

"The operated animals that had an 1ntact median eminence showed a normal fluc
fescence microscopreal picture with only a small number of weakly green fluorescent
€A nenve cells m the antenor part of the nucleus arcuatus (Fig 1) and the ventral
Dart of the antenor perventricular nucleus (group A2 see Dahltrom and Fuxe
1964) The D\ termunals 1n the external fayer of the median emnence of these ant
mals formed a strongly fluorescent zone of & dotted appearance In the opcrated am
mals that had a damaged median eminence however, a marked increase was obsersed
1 the number and wtensity of the CA nerve cells of group A12 (Tig 2) The crease
Was related 1o the size of the lesion t2 an extenstve damage caused a s rong increase
W intensity and number of cellbodies The most pronounced changes were obsered
°ne day afier operation These changes in the amine contents of the CA cell bod es
0 all probability represent retrograde cell body changes (¢f Dahlstrom and Fuxe 1965

1 those ammals that had been treated with reserpine nfalanude I-dopa 1t was
Posible 1n some cases 1o trace weahly green fluorescent axons from the cell bodies of
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Fig 1 Nuc arcuatus of normal rat A small number of weakly green funreccent C3nent
¢clls (~+) are observed T = ependyma of the third sentrs le X 270

Fig 2 DNuc arcuatus of a rat with a damaged median enunence The operation w1 maie
1 day before killing A large number of CA nerve cells with an sncreased fluorescer ce imtems Y
aré present E ependyma of the third ventnicle x 270

the nuc arcuatus 1o the D termmals of the median emincnec (<ee alio Fuse 1%
The \12 nerse cells showed a very marked increase n number and ﬁuon«m«l:\d
tennity 23 did the DA terminals of the median ermnence These findings are suppr
by other workers (Lichtensteiger and Langemann 1965)

The present study together with previous studies (Fuxe 1964) give
for the exsstence of tubero-infundibular D\ neurons Thewr function 1
under study

final evdesce
at prevnt

The skilful technica) asmstance of muss \ nv1an Bring 1s gratclully acknowledged N
Ths work has been supported by the Swednh Medical Resarch Gouned {Proyct
12 71301 and by a Publ ¢ Health Sersice Research Grant (M3 05236-00
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From the Dep of Fl l Karolinska Institutet, Stockholm Sweden.

Pyruvate, Glutamate and Tricarboxylic
Acid Intermediates in the Crustacean Stretch Receptor

Neurone after Prolonged Impulse Activity
By
Ezio Giacoriat and Prer Carro Marcmisio

Guacobint and Marchisio (1963) studied the action of 7 mtermediates of the tncarbox-
ke aad cycle (TCA), and also pyruvate and glutamate on the impulse actvity and
00 gen uptake of the slowly adapting stretch receptor neurone (SRN)

Tt was felt that the physiclogical significance of the different steps of the TCA evle
mn connection with the mpulse activity of this neurone could be better analyzed by
determining the subsequent 1 anations of the substrate levels after physiglogical stunula-
ton

The SRN used 1 this mvesngaton wese dissected from abdommnal segments of cravfish
{Orconectes tinlrs) The techruque we have been followng for handling the preparauon through
the vanous steps 1s hasically the same as descnibed by Giacobini and Grasso {1969, Theanalys-
1cal methods wsed were based on the fluonmetric measurement of pyndine nucleoudes in the

- . . . "
anilws (Bergmeyer, 1963) All enzymes used were from Bochrnger & 'Sohne The other
rEagents used yn this 1 estigation were of analytical grade
€ measurements were carned out on 120 frozen-drsed cell preparations at rest and after 5

and 10 10% umpulses respectively

In this s eqtigation. the saration = S EA of the following 4 substrates will be reported
Pyruvate, soatrate, glutamate and a ketoglutarate

The cellular cantent of pyruvate decreases from 432 = 210 frmotes; kg w W at Test
10 295 = 147 pmoles {kg ww after 5 10* 1mpulses, and ta 210 2 58 ymoles [ kg
™% after 10 10* impulses In terms of restng values, these \anations represent a
531%, deerease which was found to be lughly sigmificant (Fig 1

This decrease of pyrusate may account for the increase of lactate demonstrated by
Guacobunt and Grasso (1965) after a corresponding number of impulses The 1socitrate
concentration at rest 15 59 - ¢ gmoles kg ww From ths value the concentration
Glls after 5 100 impulses to 51 = | gmoles [ kg w w, and after 10 10 ympulses to
335 5 pmoles /g ww This vanauon represents a sigoificant decrease of 41°,
(F12 1) The 1socitrate change 1s somewhat difficult to nterpret before an overall view
o ha TRX, oy vhem wmtred

Glutamate was found to be 379 & 22 pimoles [ kg w w 1a resting cells. Upon stim
ulalion 1t 1nereased to 462 = 40 pmoles kg w w after 5 10 impulses, and 10 578 =
12 pmoles kg w w after 10 10* impulses, a percentage increase of 52 ©5 {Fig 1

After the same number of umpulses the a-ketoglutarate concentrauons did not vary
Sgwficantly (Fig 1) The levels were 51 & 6 umoles / kg w w atrest 53 = 22 grmoles ;

© Ww and 53 & 9 ymoles kg ww after 5 10° and 10 10% ympulses respectnely
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Fig 1 Percentage changey in
four intermedtates of the slmh
adapting stretch recept £ ecll
after 50 10° and 100 10
pulses The figure 1s based on the
averige value reporte] m the
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g

Compared to other preparations of nerse ussue, the ghuamate content of the e
tacean nerve cells is lower than in crustacean fibers (Cheng and Waclsch 1963 andin
mammabian nene ussue (Waclsch ef af 1963 The cell body and the axon contrbutes

~ i pracucaliy equal parts to the wesght of this preparation which sug.ests 3 b bes
concentration of glutamate 1n the axon This finding may have some imphcation &0
} the metabolism and function of GAB m the avonal structures As the concentraton

7 ofa ! the diate percursor of gl ded nor show am vamd
tion after prolanged activity st may mdrcate a contnuous replenishement by the TCA
avele

Our results indicate that in the eray fish receptor neurone, as in frog nene, Puaie
1s oxidized to yreld energy for mamtenance of cxatability

This s estigation has been supported by grants from the U S Pub) ¢ Health Service \sn:;':‘f
Institute of Health NI 0426101 04561.02 and 01461.03 and by grants from the S

VMediea) Resrareh Counail project No U380 WI0) and 1232 21601
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From the Department of Physiology, Faculry of edicme Rarolinska mstitutet Stockholm,
Sweden

Effect of Posterior Pituitary Hormones on the
Myometrial Response to Prostaglandin
By

Ru~xe Evtassov

In a study by Elasson and Posse (1960) on 8 healthy ferule young women it was
observed that the int 1 appl of a total extract from human
serinal lmd {HSF PG) caused an mcrease 1 the motihits of the non pregnant human
uterus in situ at the estimated time of ovulation In two of the subjects the increased
motihity was followed after 20—25 min by a period of markedly decreased activits
It was postulated that this response could be due to continuous absorpuion of the actine
compounds thereby increasmg the blood (or tissue) concentration of prostaglandns
The reaction would thus be similar to that observed m vitro, 1 ¢ a small dose of HSF PG
or prostaglandin E, (PGE,) causing a stumulatory effect, while a shghily larger dose
causes the usual inhibitory effect (Chasson 1939, Bydgeman and Eliasson 1963a
Bigdeman 1964)

\ccording to Csapo {1924) oxytacin exerts its sumulatory effect by sensitizing the
myometrium to vanous mntrnsic and extrinsic stnuh It was therefore thoughe that
tnfusion of oxytocin might increase the reactnaty of the myometrium also to prosta-
glandin thus evolang the mhibitory response more rapidly Oxvtocn has no effect
on the motihity of the non pregnant human uterus 1n vitro of 11 vy o, while vasopressin
' 3 potent sumulator (Eliasson and Posse 1963 Bvgdeman and Ehasson 1963b)
Ttas likely that, 1n man oxytocin and vasopressin are released from the posterior
Piuttary gland simultaneously in connection with sexual stumulation (for ref sec
Pickford 1960) For these reasons, a combination of the two hormones (Hypadrin®
ASTRA) was used

During 3+ infusion of 100—200 mL of each of vasopressin and ovstocmn per
Mmute n two women at the d ume of t 1 T of
HSF PG caused a rapid and marked decrease 1n the actinity without the mnutial period
of increased actinity During the proliferative phase prostaglandin usualls had no effect
but 1n one subject recenang an 13 infusion of asopressin and oxvtocin (120 mL of
€ach per min) there was a marked increase in the uterine actuaty following the intra
*aginal application of HSF PG The results indicate that in man simultaneous ifusion
of 0%ytocin and vasopressin may increase the sensitnity of the myometrium n a way
similar to that described for oxstocin 1n rabbits: Csapo 1924
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In order to further evaluate this postulated effect, a number of tn vitro experiments
have been performed Strips (2 x 2 x 20 mm) were taken from nonpregnaat 1ten
after hysterectomy and suspended 1 an 1solated organ bath comainmg a stghh
modified Tyrode solution aerated wath 5§ ¢, CO, 1n oxyeen (pH74 00537 C
The movements were recorded on smoked drums with levers (amplification 125
The method has been fully described elsewhere (Bygdeman and Elasson 1963
Bygdeman 19G4) The reported results are based on 16 sirips from 6 vien

Lysin vasopressin and oxytocin (Syntocinon) was added alone or sn comb nation
esther directly to the bath about | mn before the addition of prostaglandin or to the
perfusion fluid s0 23 to gne a continuous concentration during the whole expenment
The concentration of vasopressin or oxytocin was 0025 —03 mUjml bath fud
Prostaglandin E; was usually added m doses of 0 05 — 0 5 grg/ml i order to causea

d hik of the motility In none aof the experiments the effect
of prostaglandin T, on the myometrrum was increased or decreased

“The reason for this dufference between the m vive and 10 vitro findings 18 not clear
If the potennating effect of vasopressm 1 ynve can be confirmed 10 an extended study
the possibility that vasopressin changes the response to prostaglandmn by incress 5
the permeabibity of the vagina to the achive compounds has 1o be cons desed That
vasop can 1nfl the p bility of some other mucous membranes s kel
known {¢/ Leaf and Hayes 196! Sawyer 1961)

This 1nvesugation was supported by grants from the Swedish Med cat Research Counal
(Progect Mo Y € .

fully acknowled

E (PGE,) was » .

and Syntocmon by Sandoz AG Basel
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Trom the Department of Anatomy Umiversity of Helsinks, Finland

Effect of Hydrocortisone on Histochemically
Demonstrable Catecholamines of the
Para-aortic Body of the Rat
By

Matt LEMPINEN

The main para aortic body (the Organ of Zuckerkandl} of the rat d soon

after birth losing 1ts chromaffin reaction Repeated injections of cortisone or hydro-
cortsone not only prevent the postnatal degeneration of the extra-adrenal chro
maffin tssue but bring about an increase 1 its catecholarmne content (Lempinen 196%)

In the present study, the effect of hydrocortisone treatment was studsed, using 1n

addition to the ck ffin reaction, two 1 reactions specific to noradrena-
line
o r e - A

“The main para-aortic body of a newborn rat exhibited a strong umiform chromaffin
reacuon (Fig 1) After caleum formahin fixation a bnfhant green Auorescence was seen
n the body (Fig 2) The todate reaction was always negative

Hydrocortisone admunsstration clearly increased the mtensity of the chromaffin
reaction (g 3), and no signs of cellular degeneration was observed On the other hand
formalin induced fluorescence disappeared altogether (Fig 4) The rodate reaction
Tmamed negative, as in normal newborn rats

The results indicate that the extra adrenal chromaffin cells exhibit at birth formahin-
nduced fluorescence indicating the presence of noradrenaline, but donot givea positine
10date reaction Because the 1odate reacuon is less sensitve than the formahin induced
fluoreseence, this difference may be duc to 2 low noradrenaline concentration 1n these
cells Singe hydrocortisone admunistration which obviously caused an increase 1n the
total eatecholanune concentraton, as tndicated by the chromaffin reaction, also caused

'S3ppearance of the formalin mduced 1t seems that d m
h\dmm,u,onﬂr,,,,d ammals 13 replaced by another amine or that it 1s stored 1n a
153 firmly bound form, diffusing anay before formalin has smmobitized 1t This question
has been further studied n another report (Eranks, Lempinen and Raisinen 1966)
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From the Degartment of Anatomy Unnversity of Helsinky, Sihavuorenpenger, Finland

Adrenaline and Noradrenaline in the Organ of
Zuckerkandl and Adrenals of Newborn Rats
Treated with Hydrocortisone
By

Oravt ErRANko, MarTt LEwpiven and Lusa Rasines

Adrenals of newborn rats contan noradrenaline {NA) and adrenaline (A) 1n the same
Proportion, about 1 5, as adrenals of adult rats {Eranko and Raisanen 1937) No
such information 1s asailable of the extra-adrenal chromaffin tissue of the rat, although
histochemical observations show that 1t contains catecholamunes at birth but degen-
eratesinabout a week thereafter, unless adrenocortical hormone 13 guen daily (Lem-
Pinen 1963) Treatment with hydrocortisone resulis 1n an increase in the intensity of
the chromaffin reaction but in a loss of fc b duced fl {Lempinen 1965)

In the present study, the mam para aortic chromaffin body, 1. the Organ of Zucker-
kand] (OZ), and the adrenals were examned for NA and A in normal and hydrocorti-
sone treated young rats

Newborn aibino rats were snjected daily with ¢ 1 mg of hydrocortsone for 7 days
Since the extra adrenal chromaffin tissue has degenerated in normal 7-days-old rats,
normal newborn rats were used as controls The antmals were killed by decapitation
and the 1 tissue block the OZ was frozen and scctioned senatly
The OZ and the adrenals were dissected from frozen dnied sections Matenal thus
collected from 6 ammals was pooled and applied to the base linc of the chromatography
Paper Small pieces of frozen dned adrenal medulla of adult rats served as controls
The chromatogram was developed with phenel /01 N hydrochlone acid and the
catecholamines were made fluorescent by spraying with 2 °, potassium ferneyamde
' phosphate buffer at pH 7 1

A typical chromatogram is shown m Fig 1 The OZ of the newborn control rats (Z)
ontained NA only while both \A and A werc found 1n the OZ of hydrocorusone-
treated raw (27, the NA A proportion being about the same as that i the adult
adrenal medulla (unmarked While hyvdrocertisone thus radically affected the cate-
cholamine composition of the OZ 1t had apparently no such cffect on the adrenal
medulla, which contained both NA and A 1n newborn controls (A) and 1w hydrocorti-
sone-treated (A’) rats

The presented obserations provide for the fust ume direct evrdence of the effect of a cortical
Aormone on the of A " chy cells, which has been earlier
3uspected on a speculative basts (see review in Lempnen 1963 However, 1t 1s not
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From the Department of Pharmacology, Umvernty nf Goteborg, S

The Influence of Thyroxine Treatment
#1d Thyroidectomy on the Calorigenic and Some Other
Metabolic Effects of Adrenaline and Noradrenaline
in Experiments on Fasted Rabbits
By
Nis SVEDMYR
Recewved 27 Apnl 1960
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In the following the influence of the thyroid hormones on the calongenic effect o
CA 15 discussed The question of the calonigenie effect of thyrod hormones 1s in tore
degree, mediated by the CA as proposed by Brewster and Isaac 1956, (reviews Hoch
1962, Harnison 1964), 1s discussed 1n another connection (Svedmy, to be published)

In expenments on both ammal and man 1t has repeatedly been demonsteated that
thyroid b p the cal effect of myected adrenaline (A} whie
thyroidectomy dimimushed 1t (reviews  Ellis 1956, Hoch 1962, Hamson 1964 Rosen-
berg and Bastomsky 1965)

How this potentiation of the ealorigenuc effect arises 13 not known Two prnapally
differcnt possibilities exist for the way 1 which thyrod hormones can 1 genersl
snfluence the effects of the CA The first of these 1 that thyroid hormones mhubit the
snacta ation of circulating CA so that there 152 higher concentration of amine townfluence
the receptors, the second possibility 1s that thyrord hormones mnfluence the adrenerpic
receptors or the reaction provoked by stimulation of these reccptors A combinaten
of these actions s, of course, concetvable The question of whether thyroid hormanet
inhibit the mnactivation of eirculating GA 1s discussed 1n two further studies one i
expenments on man (Haggendal and Svedmyr 1966) and the other on the rat (Sved
myr and Waldeck 1965) Mo conclusne evidence in favour of such an effect of thyroid
hormones on the CA metabolism was found 1n these 1nvestigattons

The calongenic effect of CA has been assumed fo be closely related to the ghe>
genolytic and Iipolytic effects of these hormones This subject is recently reviewed
Lundbolm, Mohme Lundholm and Ssedmyr (1966) In cxperiments on the sabbit,
Lundholm (1949) found that the calongenic effect of A could be largely asmibed 103"
inereased production of lactic acd The calongemc cffect appeared when the lacue
acid was metabolized The mumate relationship in the rabbit between sncreased l:::
metabolism and the calongemc effect of A has since been cluadated in further xl< o
(Drury and Wck 1958, Lundholm and Mohme Lundholm 1960, Lundholm and & .
myr 1963, 1964, 1966, Svedmyr 1966 a, Lundholm f of 1366) It appeart that mﬂz
the calonigemc effect of A can be ascnbed at least in part, to an increased "'n’s;,\
metabolism (Bearn Bulling and Sherlock 1951, Svedmyr 1966 b ¢,¢) In thec”

lated p ly the bohyd. 1 while the effect 00 the

metabolism was less sigmificant (Havel 1964) The calongemc effect of ;\ :::‘:
however both in the dog (Havel 1964) and 1n man (Stenberg et af 196£)10 ‘; e
ed with an increased turnover rate and ovidation of FFA NA sumulates "‘,ﬂ‘
acid production only to a very small extent (Lundholm 1950 Cobbold & ;‘,,.,«mt
Lundholm and Svedmyr 1965) It has therefore been assumed that the ﬂmmw
effect of NA 13 duc partly 10 increased fatty acid ovdation resulung from ;g“h T
n plasma FFA and partly re-estenfication of the FT'A nto tnglycendey :{ e 1o
energy-consuming reaction (Havel 1961, Steinberg et ol 1964) Blockade o0
Iytic effect of NA by nicotinic acid reduced 1ts calongenic effect in man it

per cent {Havel ¢1 af 1964

Thyrod hormones have been claimed 1o potenuate
effect of A (Brewster o1 al 1956) and the hpolytic effect of
Schwarts 1961, Deykin and \ aughan 1963), but Hamburger ¢

tentrated effect in hvperthyrotovic patients trrath
Pon 1s therefore mncml;:lc a prort l)gz an increase 1n the calongenic d:‘\,;;\dﬂ ~
of the C.A may be provoked by a potentiauon of its effect both on e ee
and on the lipnd metabohsm In the rabbit the hipalytic effectof A a3 ¢

both the hy‘r‘"";;';‘::';;
aNy
Amnd N
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raise of plasma FFA, was transient and not temporally correlated to the increase
otygen consumption The effect of A on thelacucaad concentranon in the blood was,
however, pronounced (Svedmyr 1966 d) NA, on the other hand, had a more protracted
hipoly tic effect, whate 1ts effect on the lactc acid concentration in the blood was weak,

By studying the influence of thyroid hormone administration on the calongeme
effect of both A and NA 1n the rabbit some concept of the importance of the glycoge-
nolytic and hipolytic effects for the potentiating 1nfluence of thyroid hormones on the
calongemc action of the CA might be obtarned

In one senes of expermments, the wfluence of thy on the
hyperglycemuc, ipolytic and hyperlactacidemmc effects of A and NA was studied Since
1t was found m these expeniments that anly the calongemc and hyperlactacidemic
effects of A were d by the th a more cetailed study was
made 1n another senies of experniments of the way in which the A action on these func-
tions was affected by thyroidectomy, and also of how the effect of dfferent A doses was

fi d by ad of thy .

el
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Tarre I The mfluence of adrenalme (A) and noradsenaline infusion (MNA) on the oxvgra
the concentration of free fatty acids in plasma (FFA) on untreated (A, M) 2nd

A ATx
Mean weight kg 200008 2342008
{n=8) (n=8)
O, basal value 9213047 14941038
Mean increasc over basal value  0—120 min 1664022 3312006
P< 0001 P< 0001
L.A. basalvalue 57:£069 714085
\ean increase over basal value 15 run 190380 277290
60 mn 4324323 5962600
150 604131 92£309
G baalialue 8443 91£3
Mean increase over basal value 15 min nEn [1E31)
60 mun 261:£33 137424
150 mmn 55213 29
VEFA basa Aalue 1166290 1209433
ean increase over basal value 15 min 52080 499288
60 min —~14:£73 18412t
150mn  -231=87 22267

Time after start of the catecholamine infusion n ~number of tests
P probabslity that the effect way due to chance
A and NA wfusion dunng 0—60 mun (0 5 sg [kg/min)

Results
 eracadeniic ard BPETE

1 The ffect of thyroxine treatment on the cole , hypergh b
effects of adrenghine and noradrenatine
Thytoune treatment increased the basal oxygen consumption by an a
The basal hactic acid concentration in the blood increased very stightly
treatment, while the glucose content of the blood and the concentratiant
plasma were unchanged Table | Fig 1

‘The ealongenic effect of 05 ue A per kg per mun gnen for 60 min
twofold and with 1 fi with thyrowine 11 w:“umr""‘
with the effect 1n untreated ammals Table I) The A effect 0 the oxvaen f("“‘mh -t
was caleulated 1 ml kg min mcrease over the basal value This method o t:xrd N
was wsed because the baal ovioen consumption was iferent 10 LAME

verage of 63°
after thweu
of FFA s

was merexsd
anen
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consumption (Oy), on the blood concentration of lactic acid {L.A } and glucose (G) and on
thyrounctreated rabbuts (ATx, NATY)

Change
Change ATx A NA NATx NATOA
034011 260+026 2484011 012028

a7 (n 6)

5734060 8331028 13831053 550057
P< 0001 P< 0001
1655037 061010 065+019 0042022
P< 0001 P<DOB P< 002

144110 621065 691114 07133

B71479 361149 05020 —~31x151
26 4.46 86 154+08> 242108 09138
P< 0002

32434 104092 16+073 06118

+816 9013 8916 1047
-56419 3446 2548 -9+10
P<oo02
~124137 4844 N+ -7£12
P< 0005

24116 134 n+9 -2x1

43297 104149 1073171 324197
212116 569+ 89 3851162 184185
e L] 506132 369499 137:£164
-3ti0 125474 25180 +150+109

Teweatment 1 mg/day duning 7 days
O, ml/kg/min, LA mg per }00ml ghicose mg per 100 ml, FFA uEf!

thyrouine-treated ammals A percental cal of the oxygen c would

undercstumate the A effect tn thyrounc treated animals in comparison with the control
anumals

The effect of A on the lactic acid concentration 1n the blood was also increased after
thyroxine treatment (Table 1 Fig 1) On the other hand the increase m glucose
concentraton in the blood was sigmficantly smaller 1n the thyroxme-treated ammats
Na defintte change of the \ cffect on the plasma FFA was noted

N\ gnen 1na dose of 0 5 jra/ke/min for 60 min had a markedly weaker effect on the
O%gen consumption lactic acid and glucose coneentrations 1n the blood than A
The cffect on the plasma FFA on the other hand was considerably more prolonged

afier \ \ infusion Thhroxine treatment did not influence with stansucal certamts any
of the mewbolic effects ot M\
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These expensments andicate that therovine treatment petentated the (,‘l,:::r;
effects of A but fot N\ i the rabbit The clavsung effect of A on the bm
conceptration 1 the blood was abso augmented by thyrounr almm}"{“:m«'m’
yarallehsm between the effects of thyroune on the calarigenic and hyperlac
action of A has been studieq more closely m aubsequent experimenty
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rl'i 2\ The effect of adrenaline infusion (05 pzfkg/mn for 60 mun) on the lacuc aenl
{L.A.) content of the blood 1n untreated {control, n = 8), thyroidectomuzed (n = 10) and thy-
foxine treated (n = 8) rabbits Mean increase over basal value

et C b e mecn = tagmeeer e -
h . M . . T
n . . .
B " .

e A . - . »

T -

948 \ = increase of oxygen consumption over basal value m mlkgfmm, X — merease of

betic and content in the blood over basal value in mg °,

T The effect of 05 g advemaline kg min on vxygen consumption and lactic ard concenseation
¥ the blood 1 thryoxwne-treated thyrordectomized and urtreated rabbits

A4 103y be scen n Fig 2B and Table IT the calongenic effect of A was reduced after
throidectomy and increased after thyroxine administration compared with the eff~ct
i the untreated amimals The mean effect dunng the period 0—120 mun afier the start
oFthe infusyon was reduced i the thyrowdectomized anioals to about 60 ¢, of the value
' the untreated ammals and increased to about 220 ©, of this value in the thyroune
freated ammals These change were statisticalls significant
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Tasee 11 The effect of 0 5 g adrenaline/kg/mun {A) on oxygen consumption and heuc sed
concentration 11 the blood Tests in untreated (A), thyrovne teeated (\Ta} st
thyroidectomized (AThe) rabluts (Symbols as 1n Table I)

A ATx AThe Change  Qurge
(n=7) (n=8) {n—10) ATx A A \The
Mean weght 1g 304017 304013 33403 00402 03203
Ovxygen consumption
Basal valuc 8843026 12652042 6904£015 3B1LD4D 1%i0¥

r<o000f POl

Mean mercase oser .
Basalvalue0 120min 1091010 2404016 0643014 1512018 04301

P2000l P<0O0l  P<O0OS P<000l  P<oON
Lactic acid
Basal value 67405 97405 5808  30x07  09zit
P< 000t
Mean wncrease over
Basal value )
afer 20mim 142433 282429 9323 140x46 4041
r<00l i
40min 313453 316428 19950 203160 14273
P< 0002 "
L
60min  470+£52 668432 209:46 197262 zeb.m
reoot r'J”'
Wmin 204125 426337  139+30 22244 63
p< 000} "
20mn B2x17 16626 62517  B3x30 20
p<on2

A
The influence of thyrodectomy and thyroxne admunsstration on the ‘“«‘1:(»:
on the lactic acid concentration 1n the blood 15 shown 1 fig 2A and Fable {4 i
thyrordectomized animals the mcrease of this concentration was smaker ‘h“mh':( s
nfusion than 1n the untreated ammals, and aficr 60 mun nfusion this dxﬂ'""'um o
significant After thyroune treatment the increase of the lactic and eorees U0,
the blood was higher than in the normal ammals, this mnerease beng #3(7
sugmficant
it
3 The offect of 005 g adsenatine hgfmm on oxygen consumphon ond lache a0k
10 the blood n thyroine treated and untreated rabbuts
In previous expeniments Lundholm and Svedmyr 196) an in
effect f A was obscrved in the dose region of 0050 5 i3 ka/min 0% B 7
On the other hand 2 g of \ kg mun did ot have a matkedh mm:';, wear=
05 pg (Lundholm 1949 1 therefore i estigated the mﬂumrrl’“!"“’;“ ot
on the effect of asmal! A\ dose 003 ug ky/mn) with the expectanon € e et
won of the A effect might be most marked in this dose region Afier VU T
a powible trndency o potentiation of the calorigenc effezt of thie sm?

creaung €3PS
£ 60752
than
t
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Fig 3 The effect of adrenaline infusion (005 pg/kg/mmn for 60 mun) on the lacuc acid

{L.A) content of the blood 1n unteeated and thyroxne-treated rabbits Mean incrcase over
basal value of 8 ammals

Tagte 1T The effect of 0 05 g adrenakne/kg/mn on the oxygen consumption and the
Lactic acid concentration 1n the blood in untreated (A) and thyrosine treated (ATx)
rabbits {Symbols as 1n Table I)

Change
A (n=8) ATx (n=8) ATx A
Mean weight kg 3081029 3361017 0281034
gen consumption
Baut value 9624021 1383.£039 4214044
P< 0001
Mean increase over basal
valye 0—120min 071006 085+018 014£019
P< 0001 P< 000>
Lactic acid
Baalvakue 702047 892040 194062
P<001
Mean increase over basal
valuc afier 20 mn 46+10 08413
40 run 7915 18116
60 mun 77417 02+18
90 min 54£05 02+16
120 min 24209 09+12

noted (Fig 3, Table I11, but this mcrease w1s not statstically significant The increase
1N the lactic acid concentration in the blood after A infusion was not snfluenced with
Certanty by thyroane after GO mun A mfusion the merease was identical i the thyrot
ne treated and untreated ammals (Fig 3 Table 111
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Discussion

The admmstration of thvroume 1n the rabbit potentiated the calongenic effectof A
but not that of INA However, only the effect of a large A dose was potentiated with
certainty, but not that of a smaller dose Parallel with the calorgenic effect, thytoxae
mncreased the effect of A on the lactic acid concentratron wn the blood, while the hyper
glycemc effect way decreased and the effect on the plasm FFA remained unchasged

“The potentiation, after thyroune adminstration, to the increase s the licne aod
concentration i the blood cansed by A may be duc esther to an increase i the rate of
lactic actd production m the tssues ar a decrease in lactic acid <hmmation In anothes
i estigation (§+ edmyr 1966 a) the effect of lactate mfusion on the lactate concentranen
m the blood and on the oxygen consumption was studsed i thyroidectonuzed, normal
and thyroxine treated rabbits It was found that the rate of clumnaton of lactate was

d after th but h d after th d It may be
assumed therefore that the potentiation of the lactic 2t1d inereasing effect of A which
was induced by thy, was due to d lactic and prodi mn the beswrs

For the same season 5t may be assumed that the decreased effect after thyrodeciomy
was due to reduction of the lacuc acd producing effect of A
The equations used 1n the aboye-menuoned study for correlating the nereasein vy
gen consumption wih the increase m lactre 268 concentration #n the blood m3¥ be
seen i the text of Fig 2B The increase i oxygen consumption which might be expec
ted to take place as a result of lactic acsd metabolism in the A tests was caleulated bY
means of these equatans fram the actuat tncrease tm the lacue aed concentration
the blood obsers ed 1n the different expenmental groups m the prescnt sMERTLE
The tume course of this expected oy gen consumptios i the different groups 6 shownbs
P the dotted hucs 10 Fig 2B As may seen m the figure, the expeeted ' snd ﬂP""’"“‘
talhy obtamed cuncs for the oxygen consumgpnon corresponded closehy the dafferen
groups By plamunetry of the areas under the expesumentally ohtamed and the expest
curves for the period 0120 min afer the stast of the A infusion, that prvt’o"”;‘nd
the 1otal calontenic effect of the A which might be due to an merease an Jactic -
hym was In the 3 animals the area under the expenment u;
abtamed cursc was K00 per cent of that under the expected cune In the thm»d“’
ruzed anwmals the corresponding percentage was 102 and m the thyrounr e
animals 46
The importance of the CA effecs on Iipid metsbalism for the
caonigenie effect after thy roxine treatment was probably of sunor (@ ot
expersments Fharoune weatment had no nfluence on the FFA mcreannt ‘dw
in plasma of ether A or %\ Nesther was the calongemc effect of N4 w‘"‘““n oee
thvroane teratment despite the fact thae sts wfluence on the plasmn 1 Y “1‘“’“
marked than that of 4 Thee rrsults sugoest indirectly that an nerease tped mt;:mw
was of fittle tmpx « for ihe po of the cal effect af A afser ¥

potentation of i
portance W these

rextment

The hvpesglycemse efect of 4 was dinunished by
cxpentments 'has 1t direct contrast 10 most findings ©
Harruon 1964 Donowsks # af §964  who hase shown that thy
effect of A on the blood suzas 1t s probable chat thu dfferente 19
my espenments were perfarmed on fasted rabbits whose ghycozen e
was probabls low and & rrased further 33 a result of the shysounc 15

Unroune weatment l:::"
£ oder workers {Hoch, 105
sarune $pcreases ¥

dur to the et 1
store w 117 BT
cmert T
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magnutude of the glycogen stores 10 the Iner has been suggested to be of importance
for the magmstude of the hyperglycemuc response of A (Burn and \farks 1923) In
expenments on fed ammals the hyperlactacidemse effect, for example, of A was consid-
erably stronger than in fasted antmals (Lundbolm and Svedmyr 1966) It 15 also
possible however, that the rate of glucose oxdation was increased 1n the thyroane-
treated animals, which could have contnbuted towards reducing the hyperglycemic
effect of A

Tt appears that m rabbuts a large part of the calongenic effect of A under different
degrees of thyroid hormone influence may be explaned as bemng due to vanations 1n
factic acid preduction and metabohism

This work was supported by the Swedish Medical Research Gounail The Faculty of Medicine
Unseruty of Goteborg and the Swedssh Society For Medical Research Stockholm 1 am
grateful for the technical assistence of Mr Theodor Dzedin
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From the Institute of Physiology, University of Oslo, Norway

The Effect of Bradykinin, Kallidin and Eledoisin upon
the Pulmonary Vascular Bed of an Isolated
Blood-Perfused Rabbit Lung Preparation
By
A Hauge, P. K. M Luwpe and B A Waarer
Recaved 28 June 1965

——————————————— Abstract

2eg 5 hydroxytrvpramine responses were reduced 10 the same extent

Brady kinin, kallrdin and eledotsin cause a marked general vasodtlatation in the systermc
crculation 1n all species examined (Rocha ¢ Siba, Beraldo and Resenfeld 1949,
Lecomte and Troquet 1960 hontos et af 1964 a2 b) A local vasodilator effect of the
kinins, and mainly of bradykimin has been reported also for many areas or organs of
the systerme circulation such as the submandibular salnary gland (Hhilton and Lewss
1953 a, b, 1956) the skin Fox and Hulton 1958, Elliot, Horton and Lew:s 1960),
sinated muscle (Ryellmer and Odelram 1965) the myocardium (Bergamaschs and Glasser
1963), the kidney (Barer 19631 and the central nerous svstem(Carpr and Corrado
1961) Viasoconstrictor responses to bradyhimn have been reported, however for certain
parts of the systemic circulation such as the rabbit ear (Guth Cane and Jamanllo
1963) and the A-\ anastomoses of the finger putp (Burch and Pasquale 1962

The effect of the plasma kimns in the pulmonary vascular bed 1s not quite clear
The kinms scem to cuse pulmonars \asoconstnction in most of the speaies examined

-
¢
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Lecomte and Troquet (1960) thus found a vasoconstrctor effect of bradykinm 1 tle
perfused rabbit lung preparation, using Locke’s solution as a perfusate Gerzmeyer 2d
Spitzbarth (1961) found a nise 1 the pulmonary arsenal pressure upon 1 v njecton
of brady limin i man, and Klupp and Konzett (1963) found the same in catand guines
pig The last authors also found the pulmonary arterial pressure to increase withouta
concomitant nse 10 the minute volume, upon injection of bradykinm in a guinea pig
heart lung preparation

Some reports scem, how e er, to indicate a vasodilator effect of the kininsan the pulmo-
nary sascular bed under certamn condiions Fretas, Faraco and Azevedo (1%
thus found a d d put ¥ vascular upon 1+ infusions of bradviunis
1 man, and myections of bradykinim caused a small pulmanary vasodilataton 1 aa
1solated blood-perfused lung preparation of the dog (Waaler 1961)

In the present investigation we have attempted to analyse the sascular effrcts of
brady ki, kallbidin and eledomn upon pulmonary yessels under stable cordiuons
with 1 y control of perfi and i/ and with whole blood asa perfusa ¢
Isolated rabbit lungs were uscd as test organ

The action of plasma kinins on a vascular bed might be an indirect one Lecomte
Troquet and Dresse (1961, d thatiy imgected hradviinn 1 selcasing eatechol
amunes from the adrenal medulla 1n the rabbit Feldberg and Lewss (1964) haelse
demonstrated that adrenaline 15 relcased from the suprarenals of the cat upon 13
injection of bradykinin A main problem n the present investiganon has rhtrri'r"
been to see of the kinmns were acting upon the pulmonary vascular bed throus "
hiberation of other known v agents, such as I 5h>dvv‘)"’1’“,",:
or histamne These substances mught concesvably be Liberated erther from the 1.5
or from the cellular elements of the perfusate

A prehiminan report of the results obtained has been given c
and Waaler 1964

Isewhere {Hauze b

Materials and methods

Prparation. Trotated rabbut Jungs were perfused with epannized homolo (x]" war s
condstions «f constant volume inflow Foutne pressure venulation with § PR A
used The pulmonar artera) pressure (P Ap) an;xhe\m(munnmn’ﬂw '\h exprnment, 313
continuouh The It atral presure LAp) was kept constant in €08 B0 Cyy
fevel sarving from 3 10 G cm of water The temperature of 1t~ perfusste wis L A
about 3757 C and pH im the perfusate was conolled thoushout the (DT L,
mote detailed desrpuon of the preparation with its perfusion and vent)

# ginen m a previous paper (Hauge Lunde and Waaler 1%, 3 ¢ oatte prrd &
Drug addinon The vanious drugs were tested at intenals during lh’l"‘;‘l‘u Sl 1952
ihe perfution sometimes aficr the addition (o ¢t ¢ perfusate of treresnl (HaZlrl, gt er
Fresh dilutions of the drugs 1n a sodrum chlonde soluuon 09 g 100 @} eI op ot
each exprriment Drug ingecnions were carned out into tte pulmonary SO0, ot et
the oulmanar, artens i+ lumes of 05 ml. ung & synage with 3 YT T g 175
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Fig | Lffect of imections wnto the pulmonary artery of equipotent doses of bradykimn (B) and kallidin (K)
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Results

Doses of bradykinin, kallidin or eledon which were suffiaently large to gne any
response at all, mnvanably caused vasoconstnction when injected or infused into the
pulmonary arterial tubing The mimmal effectne doses of the three polypeptides
‘vaned from one preparation to another, and were also apparently somewhat dependent
on the flow and pressure situation A smaller dose could often suffice 1n a situation with
areduced blood flow Changes in pH from 7 2 to 7 9 induced by alterations in the CO;
content of the ventilation gas affected the responses to kinin mjections to a surprisingly
small degree

Th 2 senies of expeniments the mmmal effective doses on pulmonary antenal injechons
were found to be as follows for cledoisin 001-—1 10 *g, for kallidin 025—2 5 10 g
and for bradykimn 0 5—5 10 %

Bronchoconstriction was not seen following pulmonary artenal injections of the
kmins The bronchnal vesscls however, were not perfused i these preparations

Among the other substances which were tested by artenal mjectons in this prepara
ton, noradrenaline and 5 by droxytrvptamine in doses of Irom 5 10 50 10 *g also caused
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P 9 09 Ll P P T
}‘;. 5” i : ,E[/m of reptated ingections wnto the pulmonary artery of @ constant dose of Aaltidsn (K at dreresning

IPL rabbit & 2 Skg Farst three interals between myections were 5 mun - the Bext 1we iier
vals were 4 mn and the following two miervals 3 mun The last twn mnyecuons were carmed
out :ner pauses of 13 and 26 mum, respectively Perfusion (constant volume mflon) saried
at 12 13pm BF 200 ml min LAp 4.5 cm H,Q T\ decreased from 24 0 21 ml duning the
period illustrated  Abbreviations as i Fig |

Hi 1n doses of from 5 to 20 10 *g gave marked
ilatation i

Al 1ctor
vasoconstriction 1 most experiments, but mnute responses or even rasod)
some other evperiments Adrenahine had a marked vasodulator effect in most prepird
tions Dopamine 1n dases which were 10 times larger than effective doses of poradrent
hne, had pracueally no effect upon the pulmonary vascular bed Acetylchohne
doses down t0 05 10 %2 caused marked s asoconstrictor responses, s has been show?
by Fuler (1932) Wath the exception of acetylcholine the three poly pepudes wcre thert
fore the most potent vasocanstrictor agents tested when evaluated on a werght baus3s
well as on a molar basis

Responses to myected doses of the vartous substances tested can
t07 The relative potency of the sartous substances differed somewhat,
one preparation to another

Tachyplylasis Fig | shows the responses to equipotent doses o
myected at regular mtervals On a weight bass kalhdin was some 40 10 80 ©, mOTt
potent than bradykinin The moderately dimmishing responses scent on the fizare
indicate some tachyphy lavts and apparently a cross tachy phylaus between pradihiss
and katlidin

The degrec of tachs phylawis which developed on repeated injeehiol
Mustrated i Fre 2 A standard dose of kallidin was here imected st pieril which
were reduced from 6 to 4 and further to 3 mn This way the shortest internal whiek
would allow the PAp-lexel fo return to its pre njection salue On such 3 3
injections the kallidin responses were reduced by some 70 %o The final w0 m}rm;:
were carried out after pauses of 15 and 26 mm respecusely, and the [ ‘m
secorered to the imial salue The stze of the sesponses 1 obviowly closcly refated 10
njections ntervals ot

In Fig 3 the response to <tandard doses of brady kinin and tledowin 637 be compaT
Injections were carmed out at resular miervals Pledoisn was several thowsnd 2
more potent than bradvkenn in this partrcular preparation A very mar o8
Laws for cledorsin developed and there was practcally no fespinse 103 fifth mnrﬂ'
“The response 1o bradvkinm was by then not reduced por was it reduced afier

be scenanfiss 1
howener, frot

fbradykimn and kalhd

s of kald 2 8
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f? 4 Effect of kallsd n (K} tections wita the pulmonary artery before durng and after a kallid n
infusion

IPL, rabbit, @ 48 kg Perfusion (constant volume mflow) started at 1132 am BF 220
ml min. LAp 3.5 em H,O TV decreased from 15 to 14 ml during the period illustrated Auto-
logous blood was used as a perfusate i this perfusion Abbreviations as n Fig |

eledowin anjections This indicates that there 1s no cross-tachyphy lais between eledosin
and bradykinin Ifan mnteryal of time was allowed to elapse after the responses to eledor
¥ myjections had disappeared the responses to this substance also returned (Fig 3),
but notably stower than did responses to bradykimin or kallidin (Fig 2) This may be
related 1o the fact that the inacuvation of eledoisin 1s much slower 1n rabbut blood than
1 the mactivation of bradykintn or kallidin When 05 10 *g bradykimin wasadded to 1
! of hepannized rabhit whele blood at 37 G, no bradykinin acuvity could be detected
on the wsolated rat uterus preparation after 2 min of incubation. When 04 10 wg
of eledown was incubated with 1 ml of blood at 37° C however some 30 9, of the
Il activity was sull present after 12 min as tested m our preparavon The whole
actiaty was lost after about 20 nun of incubation
InFig 4 the deselopment of tachvphylats to kallidin 1s demonstrated m another way
Here kallidin was infused near the pulmonary artery over a penod of 26 min Injections
of a standard dose of kallidin were carned out before duning and after this infusion ,
The pulmonary vascular bed shows decreasng responses both o the nfusion el ¥
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the pertod illusirated At 405 pm the stroke volume of the sennlauon pump was b
Abbreviations as i Yig 1

and sull more 1o the supersmposcd Injectrons of kallidin After cessation of the snfase™
the (0 mjections | nearly o their pre-infusion leel pened

Iafusian of the same dose of kallidin snto the yenous FeseTVON OvET 2 turlhr'h T
of 25 nun gave no response from the pulmonary vascular e This sndrates ¥ 'l“m
prptede, when added 1n this way was already tnaconated whenreact 1ng the prep
some 340 se¢ after beng added to the blood The responscs 0 pul
snjecuons of kallidin duning thus peniod with wfusion anto the reser of weTe y
tnsize Thus the fresh products from kallidin mactiation did got seem toaffrt
receptors 1 the pulmonary vascular bed
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The mechanism of the tascular effect of brodykimn and kellidin The possibility that the
Plasma hunins mught act indrrectly and through a release ol‘ other \asoconstrictor agents

was considered Lung tissuc 15 known 1o contain catech pecally d
(Euler and Lishajko 1957, Schumann 1958) and rabbit blood phleleu are very nch
n 5-hyd.

VP and h It and Jaques 1954)
Fig &5 sho\u the responses to injections of standard doses of noradrenaline and
kallidin before and after the addition to the perfusate of the inhilotor Regiun® The
eflect of noradrenaline was completely intubited afier the addition while that of kallidin
was unaffected Fig 6 shows that when the response to 3-hydroxytryptamine injections
was inhibited afier the addition of Desentl? bradykinin was stll as active as before
Sinularly the effect of mnyected histarine could be completely inbibited by addition of
Anthisan® without the vasoconstnctor responses to bradykimm or kalidin beng
affected at all Finally the addition to the perfusate of Img of atropme could be shown
to have no effect on responses to intra artenially myected plasma kinms

Add tion 1o the perfusate of phenylbutazonz or sodiem salicrlate Phenylinmazone has been
reported to cause marked inhibiton of the responses to bradykinm 1n the 1solated
Tabbit Jung (Lecomte and Troquet 1960 In Fig 7 the mhibitory effect of a large

lose of this substance 1s demonstrated Sodium saliclate had 3 similar effect. The
Tesponses to injected bradykinm and kallidin were reduced by some 30—60 °, only
and apparently nonspecifically as for example the responsc to 5-hydroxy tryptamine
was reduced to the same extent Addition of more phenylbutazone had no further eflect
on the responses o wjected kuuns

Discussion
On 2 weight basis and sall more on a molar bass, bradykinn  kallidin and eledoisin
were more porent v tors in Uus lung than were 5-h Ftrypt
amine and The diff that can be d d between

the sasoconstrictor effect of these polvpeptides in the pulmonary arculation and thae
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vasodilator effect in the systemic eircul ssth king, and of ble principal
mnterest At present we can offer no explanaton for this difference

The vasoconstrictor effect of the three polypeptides 1 apparently niot mediated
vi1a hberation into the blood of the other known vasoconstnictor agents imvestigated

The effects of 5 byd YP s trenaline and histamine injections
could thus be effi ly inhibited without the polypeptide induced +
beng affected

1In 1solated lung vessels of the gunea pig bradykimn has been shown to cause more
marked constriction of post-capillary vessels than of precapillary yessels {Moag 2nd
Fischer 19564) Using the isolated, perfused rabbit lung preparation described in this
pubhicanon, Hauge, Lunde and Waaler (1965 b) have shown that infusion snto the
pulmonary astery of bradykimn camses no detectable increase in capillary pressure
as Judged from the weight changes1a the preparation This mdrcates that the vaso-
constnctor action of brady kimin 1s occurning at precapillary sites in the pulmonary vas-
cularbed of the rabbit Posteapillary vessels arc also reparted (0 have a very poorly
developed media in the rabbit lung, whereas the same vessels have great medral thick
ness in the guinea pig (Takino 1932)

Eledosin was several hundred times more potent than the two other peptides in our
p This 1s 1n with the findings of Kovaleik (1963) who found
a very great sensisvity to cledoiun in isolated strips from rabbit pulmonary artery

Bradykimip and kalldin showed cross tachyphylaxis, indicating 2 common site @
. ucture

. meser
. Loy

PO A ..
. . .. .

) indicates that eledosim has a different site of actton at the receptor level Thasss perbat
Dot surprsing in view of the marked structural duffercnce between cledowsin on e
one hand and bradykinin and kalhdin on the other

Phenylbutazone and sodwm salicylate cannot be used as plasma kit snhrbitors
in our preparation The inbibition caused by these substances was moderaic and
apparently nonspeafic as the effects of different other vasoconstnCtors were equally
affected
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Effects of Acute Heart Failure and Administration of
Ouabain on Cardiac Catecholamine Uptake
By
ALpErRTO OLIVERIO! and HsUuEH 1A YWaNG?

Recewved 5 July 1965

Abstract

Olwverio A and Hh Wang Effects of acute heart farlure and adminstration of ouabain on cordet
catecholamme uptake Acta phystol scand 1966 6 278~-281 — The cardrc catecholam ne
uptake of tracer doses of tninated noradrenaline (*H-dl N \) was studied using gu neap «M):"
lung preparations Acute heart falurc was induced by mechanically overload ng e kit
ventricle through increasing the resistance of the outflow tract *H S A uptake durng fs I"'*
(average 22 %) was significantly lower than in the controls (average 31 %) When tl e hm"‘
heart wax recompensated with ouabam the NA uptake was also restored to nopmal 011-;' :
alone did not have any effect on *H NA uptake The decreased N \ uptake during acute vt
fulure was oot attributed 10 a decreased coronarv blood flow as *Rth uptake was ot afoct
It 15 suggested that decreased uptake of NA during heart failure 1s causally related to of e
dynamic state of the myocardium and that resioration of normal uptake afier ousban 8
with the imp of hial contractile force Poss ble explanation of ¢

relationshtps are drscussed

! I state of congestrs ¢ heart failure

The partay of catechol in the patt e
and 1n the therapeutic action of digtals glycosides has long been postulated mum
exact nature of such relatonship remains obscure Recemly au:mﬁcnmrrduch -
of catecholamine content of hearts in congestne faslure was demonstrated ot .
anmals (Spann ef of 1964 and 1n man (Chidsey ¢f af 1963 Sinee it s ant kr‘lf;:m
whether the uptake of A\ by cardiac adeenergic nrrves is affected xhur;vd”
was studied 1n the quinca pig heart lung (H L) preparanion uant, mm,t S
intated NAPH N\ Uptake of %H \ A was determined i normal hrant ":ﬂu‘
acutely induced futlure a3 well as in hearts acutely fuled but subsequently Fecem

ed with the admunustration of ouabain

Pram e

.u@:ﬁ; of By physics Lnners iy { Calfornia Los Angeles tllr,,r;:‘;um‘v“ -
» Department of Pharmacol s (.« lege T hysicrans and Surgerny (lud

York dewdYork LS A
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Taste 1 Radioactive noradranchoe (*H NA) and Rubidivm (**Rb) uptakes and cardiac '
noradrenahine content of guinea pig heart under vanious experimental conditsons

' NAuptake  “*Rb uptake NA content

Expernumental Numberof (% Jgheart)  (%ofgheart)  {ug/gheart)
cond uon expts meantSE  meantSE  meansSE
Contrel 4 309+£073 2164094 1194004
Falure B 12212053 218066 118:£007
Failure plus ouabain 4 2994050 221082 122003
Ouabain 4 3192150 2091045 1234005

* § gnificantly d fferent from control, p<< 0 001

Methad
Guuica pigs werghing 300 to 400 g were anesthetized with urethane 1 gikg 1p The HL
Preparation was set up as described by Hochrem ef af (1938) and eardiac output was measured
with a Sh pley Wilson rotameter  The inflow of the rotameter was connected with the aortic
cannula and the outflow was directed to a Searling perpheral resiseance set at 600 mm Hg
Right atrial pr d with a Statham (model 23AC) through a catheter
sntroduced via the supenar vena cava Both the cardiac output and the nght atrial pressure
were continuously recorded on a Grass polygraph

1
o

of the catheter was placed at the yunction of the iferior vena cava and the night atrium Quabatn

_‘}Rl“}n‘(u dissolved 1n 0 1 ml of saline and was gnven as 2 single mjection. *H N A 5 xC. and

End "

content was d d according 1o the
techmque of Euler and Lsshajko (19613 73 %, of the radioactiaty present in the TCA extract
was recovered 1n the eluate from the alumimum oxide column

Results

16 guinca pig H L preparations sere used The results are summanzed n Table [
Cmtrols

124 H L preparations normal ®H ™ A and **Rb uptakes were determned This averaged
3092and 21 6%, of the gven dose per g heart) respectively (sce Table 1) Before the
tnfusion of radicactive matenals a myocardial competency test was carned out by
obsenning the changes in cardac output and night atrial pressure when venous reservoir
waselevated first35 cm and then 7 cm above the ongmal level With each mcrement
of reservoir level there was a concomitant increase in eardiac output The increase in
nght atnal pressure never esceeded | mm Hg Toward the end of the expeniment
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te, 30 mm after the snfusion of radicactve matensal, cardrac output often decreased
shghtly, but a normal myocardtal competency test could still be eherted

Acute heart fatlure

In4H L preparations acute heart fature wasinduced The entena for heartfature were
a decrease mn the cardrac output of at least 25 ¢4, with a me n the right atnal presre
and failure of the heart to perform the competency test as was manifested by a further
decrease 1n cardsac output and 2 sharp nise of night atnal pressure {usually to 23 mm
Hg) when the venous reservorr level was raised Radioattive matenal were infused once
failure became evident As can be seen from Table I, the uptake of PH NA by the fahng
heart was markedly and significantly Jower than the control group The average
uptake of *H-NA per heart during faluce (22 1 °5) was 28 6 ¢, lower than thatof con
trol (309°,) However, "Rb uptake by the fuling heart and s NA content were
essentially the same as in the controt group (see Table I)

Acute heart farlure and ouabain

In 4 H L preparauons, acute heart failure was induced as was in the previous group
As soon as fatlure was cvdent (12ug) oxabam was gen Improvementol cardiac
function was obseried wathun 5 min, 2 €, an mncrease of tardiac output to oc tavand
the control value, and a return of normal performance Radioachne matenals were
then infused and the expenment termeaated 30 mun thererfter As can be seen from
Table I both *H NA and *Rb uptakes by hearts acutely failed but recompensatedafies
auabam were essentially the same as the uptakes of control hearts Carduac N \ content
was also normal

Ouabain alone

In 4 H L preparations ouabain (12 pg) was given without the snduchion uf::!l:
falure Thus dose did nat alter the cardiac qutput and night airal pressure RO7 o
modify the myocardial competency test JH A and #Rb uptakes as m)):’urt;r s
noradrenaline contents were not affected by ouabmn admnsirauon (sce Tabir

Discussion

The normal gwinea pig heart w the present HuL preparauon was found et
30—35°, of the cvogenoush admimstered tracer dose of N4 In hearts it az:l”
fadure however the uptake of 3H NA was sigmificamly fower Thie r«Yut:;m ot
remarkably constant (an average of 29 °, lower than normaly Honoves there b::-’
of #H \ \ uptake cannot be accounted for by a decreased coronary blood flow
“Rls uptake by the heart duning farlure rematned essentially unehinged it

When acute heass fasfure was corseeted by ouaban 2H N uptake was n:\\l‘!\! T
tobenormal Fhus could not be due to the effeet of puabasm on the uptale of . x{:r\ﬂ
adrencrgic nerves per ;e as ouabrun alone had mo effecs on the uptake d:’ﬂ‘"ﬂ"r
ousbain had been shown not to mfluence the uptake of eatrehnlamnes b thea
renve granules i ¢iro Fuler and Lishajko 1963

The decreased uptake of N A by the fsiding heart must
hypodynamic st3te of the muocardim 1 faure and resteration o
occurs when the myocardial contractle foree 18 Impros

‘The pathological phymiology of the fmling heart an
glycosides have been extensively studied for a review 5 H L
Two pnmary defcts of the fuiling heart are well recogmized nam

to et

e causally eelared de
{ pormal uptale

ed by ouabam ,

A s modification by d nu‘!

ayt s and Leonard 10
fangm1n1m 72
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cellular 1ome contents and an 1mp: 1n energy unl and or Uib

Both defects could contribute to the obsened decrease in catecholamme uptake by
the faling heart It 15 not known how changes m somc fluxes would affect catechol
amune uptake In respect to changes 1n energy utlization and liberanion dunng heart
fadure 1t 1s well estabhshed that the former 18 impaired but 1t remamns controversial
whether the latter 13 also depressed as reduction of high energy phosphate level was
found by some investigators (Szekeres and Schemn 1959 Feinstein 1967 and Schwartz
and Lee 1962) but not by others (Wollenberger 1947 Furchgott and deGubarefl
1938 and Lee ¢t al 1960) Should the energy liberation process i the myocardium be
depressed catecholamine uptake coutd also concervably be influenced as recent observa
tions have indicated that catecholamune uptake 15 an active process requiring energy
and that ad, hosp s o, d as the energy transmutter (Hughes and
Brode 1929 Dengler ¢ al 1962 kurshner 1967 and Euler and Lishajko 1963a)
The research reported hercwn has been. sponsored by the Air Force Office of Scent fic Research

under Grant AF EOAR. 65-52 through the European Office of Acrospace Research Lauted
States A r Force
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Abstract

Engel P F Influence of bocine albiomin and acuds om the respirdtion and adtesienestof uman 4 omoint
. P . - o

. . '
. f oy s
HO HS0, 0573 L et T e el s e s
10 # ul hr of oxyg . . . he
respiration declir . . '
6 0 after 50 hrs
na & -

at pH 78—79 after 12 hrs, at pH 8 28 3 after 3 hrs, and at pl B b atter lets i
The adhesiseness was almost ml at pH 6 0 and about 30 %, at pHl 7488

on of
There 15 a close relationship between the problems of measurag the Tepias

thrombocy tes and leukocytes The compostion of the suspension medium 15 nmp;?::‘;':
(Scchich 1959) Leukocyte suspended mn serum without addines respired only # rih
and with low reproductbihits Esmann 1962) On the other hand, washing and supenh s
leukocy tes 1 salt solutians of diffrrent kinds induced 2 chemica! Ll.lm.!te‘n‘l;b T{;xd
production of lactic acid Varburg Gawchn and Geissler 1958 Racler (1% 1}0‘.1@'
Jeukocytes by spontaneous seimentation of the blood, centrifuting the ki
contumng supernatant on the twp of a 30 °, bovine albumin wlur.an,:ndwmmm
the lrukocytes from the bovine alburmin surface VWith this methot the Ixmr;r ’\.nr\l".
surface stabilized the thrombocytes which were present together with ﬂ: r\;”m“

btk with respect to reapiration and adhrsis eness Tt was the am of this study L

gate this stabilizing effect and st relauion 1o the pll of the medium

bial
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equiibrium pressure "
157cem Krebs flud

Fig 1 Equlibrum pressure as a function
of ume measured on divers with the fobe 5} oo o o o .. p
lowing filings Aand B unbuffered plasma
with and without thrombocytes € and D
thrombocytes actnated with, and mixed A
with bovine albumin E thrombocyte sus o
pension acidhified with HC1 heurs.
2 4 &

Metbods and materials

Oearm ~ v % v P -
. L '
P PR

Hoatad Tho 0

sullcient to keep the pH constant during the expernment
Caliulatians Equilibric T

were plotted agarnst tim ! '

flud corresponds 1o | o ) ’

was calculated  The

10 m 2P e\ 1sthe diver constant and Pa the barometnc pressure. The solume of O,

nsumed by the conteot was subtracted from that consumed by the specimen The dufference

o - P ~

. P P
function \ enopuncture was pedformed on #n arm ven under stsis and with a 3¢ 1.2
mm cannula .ic blood was F:O'I{«"d m a 7 ml pohyethylene IL)bQ (‘I-l\l’gmb’?l:sl ‘mys\ ’co?'

[T o P
of the stabulizee] blood was placed 1n the mcubator at 37° C for 1 2 to 1 hr Dunng ths time
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Tapre I Average resp rat on of human thrombocytes suspended t med a of d ferent com

Noof L E T lo*
Med um expts  Range Range Ringe
Unbuffered CT or CP 7 12-312 4~208 13 )
CT and CP treated w th 30°% B\ [ 45639 3-549 099172
141 30% BA+31 CT or CP 5 4639 3549 097130
CT and CP ac d Fed with 01 N ML} 6 4-639 3-519 08 -18)
CT acd fed w ¢h 0 157 H,80, 2 531 180 133
1 st 015 cstrate buffer ain dextran
+3u CT 13 531170  17-433 061 18
171015 M atrate buffer o dextran
+341CT 8 53 837 17 70 061-48
141015 aqueous ¢ trate buffer
+3;1CT or CP 6 710567 7 540 D5~191
171015\ aqueous otrate buffer
+371CTor LP 6 7 1062 7 530 04 13

CP  Citrate stab ) zed cel) free plasma
CT  atrate stab | zed thrombocyte plasma suspens on
B\ queous borme ald m n solut on

most blood samples sed mented so that twas pow bletodran 300 /) { hesupernaanty 3 4
suspers on_ conta n ng ! rombacytes leukocvies and a fiw red clls Ite cell o pens n »
centnifuged for 10 to 12 m nma m crocentr fuge (W fug)at 7 Orpn  rrespon ng1vd!

33 g thus sed ment ng leukncvtes and erythrocstes fim ot
Treatment of 1} rambocyte suspens ons w th bov e albumn as perf med el o~
wav 100 /1 0f 2 307, w w aqueous solut on of boy nc albunm S suems Serum fn ©
Copenl agen were p petted n the bot on of  centr fuge tube 300 | [ thrombont £ 00
pens 1 ere ppenird on top of the afbum n soluton w il ui 1 ¥og e Mo PO
thro bacwies were sed mented an e aterpt s by ceawr fup ng £ 10 nat233 € 2%
resaspe fedb s rreg tlesupernatant fromwh chsinples cre fraw {rreprs nied o

mens and cell oun s resh s luttons of boy ne albun nwe cued v § riper vent

wder was stored well closed a1 0 C n
s cahd er experment t rombocyie leukocyie atn atex e chox ultt ;(r*:;'m
and ervihr xu e ounts were determned 0 de il ro boeyte suspe 3 vt € ale IR
contrast row pe fted wet a Iy Apo L 400 0hobe ve Tir  becuree SRS

(atoral (800 [(00cells na [omasc uatag cha ber  of ol e
fitng the 1vers wheh wkabout IS mn I clumpng fthe Yo booytes n;‘::;’: e
Refling Reexpernen  as dscarded Inesper e 1w a $fndthen T

suntre nd
sonsit asunnc emar  keep ar tivt df sprocedures eth 1 bwyec
constant for hours sy ula olbr

Stenl i Clasrware wars red 3 heat ng oven at 130 € andin ”:""’V‘g“ah" ealile

0mnat 130 C Infer 1o clfsuspen on nalort term exper vt
detected By O ugr ke fbe ol lveer anng cell freegla 2 ln‘l; v“:(:':’f“n o
ments (17 Dt ne an el uponas nmnmgrnr)-l D
fomthearmay pla arlerx Afrrsu} expermenty st erelue 1(1,1|lu-ﬂ""""

n

was n luled
were nspected m crose p ally anf (ke experm ent RN

the spec men were free frum 2 € ¢l grw gandn t pt nxm
1 Maker repeets that o prevenatsa were alded to b er produ 1
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P4 trons and pE values

Rarge of CT Range of CP Resprrat an

axygen uptake otypen uptake pH average

MO fhexio» MOMbr x 10 ¢ Range M OfTrrx38* 5D
Do0-236 ~043-107 8388 a0 008
§8 2064 ~087--276 6371 097 013
37025 40 ~307-121 5061 111 a7
11191957 ~053~1 56 £3-65 107 08
1231-1463 - 60 a3 ~
739423 10 - 63635 11 014
64> 1588 - 56 58 ogs 01z
469-1409 ~a18 228 6264 104 012
368 1202 ~0I8~147 35-57 082 9is

L = Toral number of leukoeytes
E = Tota! number of erythrocytes
T = Total number of thrombocytes

Determ nation of the Ad of Thromborytes Th suspens on and cedf free plasma
wete acd fied to pH 60 with 0 1 N HOL 150 41 of cach were mued with 50 ¢ 1030 NI tos
buffer of the des red pH lmmed ately after mpung 2 Burker Turk counting chamber was
ftied with a sample of the thrombocyte m wture The normal cover glass for the chamber was
S In10 o equal p eces sp that each p ece just covered one half of the chamber The counsing
<han ber was placed n a mows chambes pem dushj and af er § be of sedimentat on the cel}
ount was deteems ried (a total of 600800 cells) Then the chamber was washed with about
150 4 of the cellfres plasma bufler muxture of the same pH The muure was appl od at one
g€ of the chamber and remos ed from the oppos te s de by a p ece of fiier paper The appl ca

500 of the m xture was performed by means of a p pecte with a finelv drawn t p, blown by mouth
through a p ece of tub g at a rate sulfc ent fa keep the chamber completely filed during the
»338 ng The prpette was made from a th n walled glas capiflary 1 4mm ins de dameter by
Pullig i a flame By th s procedure thron bocytes that d d not adhere 1 the glass surface
%ere washed out of the chamber while thrombocvees adhenng 1o the glas surface were not
A {031 tount ng was done on the washed chamber and the percentage of sdhes on cateudaced

Results

Skorttamexperiments § 8hes Ta pacal results abtained from short term d vex experiments
3¢ sren mn Fig 1 represenning equ ! boum pressure as a funchon of ume for 2 dn ers
ontaning unbuffered plaama with ard without thrombocytes wh ch showed very low
FESpirat ons, and for 3d ers Siled with aod fed bovine albuman treated and bovine
Abum n mixed thromboc 1 plasma suspeasion which showed + ell defined xnd constant
TP fattons duning the caper ments Fram such curves the resperat ons were caloulated
9 the results were 3ve 1 ~d b Table § wh ch also containg the ranges of numbers of
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leukocytes and erythrocytes the thromb e the ranges of
tofal oxygen consumption of plasma with or without thrombocytes and the ranges of
pH It 1s scen that thrombocytes did not respire when suspended in plasma without
dd where pH d to about 9 S of th bocy tes mixed with 015
M aitrate 1n dextran or water, mived or treated with 30 ¢, bouine alburmir, or acidified
with HCl or H,80, respired at levels w hich were not sigmificantly different when the pli
values were kept between 6 0 and 7 ! The respirations tended to attatn lower valuesag
pH 5558
Long term expenments (50 hrs) Fig 2 shows respiration time curyes from thrombocytry
1n media of different pH Between pH 60 and 7 8 onc thrombocyte consumed about
10 * gt Oy/brthe first 6 hrs of measurement 1 accordance with the results above {Table
1} Dunng the following hours the fall in resprration depended on pH, so that 14 to
1/2 of the respiration remained at pH 6 0 after 50 hrs The respiration dimnished 10
umes after 27 hrs at pH 7 4, after 12 hrs at pH 78, after 3 hry at pH 82 and after less
than 2 hrs at pH 86 The initial resprration at pH 82 was 06 X 10 ¢l O,/Tjhe
at pH 8 6 about 04 x 10 il Oy/T/hr, and at pH 8 8 the inttial period was too short for
calculating the resprration (not included in Fig 2) All curves, except one, represents
expenments with tns buffer at a final concentration of 0075\ The cune obtainrd
from HCl-aadificd thrombocytes at pH 6 0 should be compared to that with tns
acidified thrombocytes at the same pH Trs buffer did not inhibit the respiravon of
thrombocy tes sigmificantly at pH 6 0 Cantrary to expretations the pH of HCI 20 fied
thrombocyte suspensions at pH 60, kept constant during the expenment possth
because most of the CO, escaped dunng the acidification
A, pic o0b. and adh A < obsenations on t} rombocyte
suspensions revealed the duferent morphological forms as descnbed by Tullis (1953 .
Floaung thrombocy tes usually had two or more spicules but in the case of biebbed 4%
especially the ballooned forms, the spicules were difficult to obsere since d\mmhﬂ;’:
usually float with thesr cell bodies toward the obsenver In streaming hquid smmed 1. o
after placing the cover glass, 1t was however, posuble to sce that alothe paltooneda

tesp ration 1178

10- MO TP

1
FELN
N L
EH i €atna
I -
4 90
‘ e ’ Fig 2 Reprau nol bumantl b 2
= i carraan & ven 2 a font @ AU
snd pif Each pr ot an weos” S0
- -~ d amatons except (e Fot b o
e ~ Whnch mere aversged from 5 dearrind
28 = hours
1 pel 2 w0 o
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Tasee 11 Adh of throm, d d m 0075 M tns buffered plasma throm
bocyte suspensions of different pH values

\umber of Range of Adhbesion

expts pH adhesion % average °g SD

6 88 2748 38 9

5 78 1850 30 12

5 74 93> 23 12

6 60 0-3 06

blebbed forms carned two or more spicules, and also to observe the process of adhesion
of a thrombocyte to a glass surface ‘The sprcules adhered to the surface and tethered the
cell Later the cell was surrounded by a membrane, the spicules were no longer vis
ble and the cell cytolyzed Thus process was obsers ed i unbuffered thrombocyte plasma
suspensions and m buffered suspensions of pH 74 and higher valyes Immediately
after placing the cover glass a fraction of the thrombocytes adhered to the glass Provided
that sufficient liquid was present between the cover glass and the shde, thrombocytes
treated with bovine albumin aadified to pH 6 0, or thrombocytes to which bovine
albumin was added, did not adhere to the glass surface despite the presence of spicules
In these cases the thrombocytes were able to float freely for a long ume if the shdes
were protected agamnst cvaporation by sealing with vascline On the other hand,
pressng of the cover glass agamst the shde may be so efficient so that even “aad *
thrombocy tes will adhere and degenerate

A d of the adh of thromb as a function of pH
was possible by the method described above (Table I1) At pH 60 the adhesneness
averaged 06 9,, which differs sigmificantly from the values 23—38 ¢, measured at
PH 74 78, and 88 The difference n adhesiveness at pH 7 4 and a1 pH 8 8 was not
sigtuficant

Discussion

Tt could that the t yte d under non physiolog
w€al conditions since CO), was absorbed However the results are used only for compar-
ative purposes The total number of erythrocytes 1n the divers was considered too small
t01nduce a 1 of thromb swrular to that found for leukocytes
ko) Zghezynsks and Bicz 1958)

‘The contnibution of the contamunating leukocytes to the total axy gen uptake averaged
=2, and was disregarded since 1t 1s small 1 companson to other sources or error,
the counting beng the most important Tf 1 000 thrombocytes were counted a deviation
£ 0 941,000 or about 6 °, of the truc value should be expected (Hellem 1960) The
slope of the equihbnum pressure cunes can be determined with an accuracy of about

3".,. 50 that the total error of a of thromb was about
0,
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Table I shows that the stabal of thrombocyte resp Ly bovinte albummn o
Quc to the decrease in pH, since the tame effect can be produced by other acids and
buflers Similarly, the adhesion was influenced by pH 3o that the ability to adhere was
practscally zero at pH 60 Unb d th \: often resproed intnally
but lost thew respiration duning the first hour, this may be explained by the e m
pH caused by the absorphion of CO; Campbell, Small and Dameshek (1956) buffered
thromborytes with phosphate buffer at pH 7, and obtained 1 0x 10 *~13x10 "4l
Q,fTfhr Maupm (1954) found U6 x 10 *~1 0 x 10 *11 Oy/T/br, and Tullis (19541
found 06 x 10 *~1 8« 10 * 41 OfT/hr These values agree with our values while
that of Valler ¢ al (1959) who buifered with albumin phosphate-buffer at pH 74
obtasned the somewhat higher value 2 x 10 * gl OfTihr

The results of thes study may explain why we were unable to confirm the observa
tions reported by haeler (1957) that normal humman Jeukocytes resprred about ten times
23 much as leukemic leukocytes Thrombocytes might have been responsibile for the
snereased oxygen consymption of normal leukocytes because

1 haeler's method of isolation did not exclude thrombocytes

2 the ratio of thrombocy tes to leukocy tes may well be 10 times Jower inlcukemuc blood
than 1n normal blood,

3 bowine albumn ltzes the of thromb by Jowenng the pH when
s ssofation procedure 1s used

The method of Hellem (1960) for the deterrination of the adhesiveness of human
thrombocytes required relatively much matcnal, so we preferred 8 sunpler mahed
requinng only 10 st samples and aveiding strong imechanscal treatment of the t>.
Howerer the simpler method has the drawback of being unusable for whole Llood
Further, n has not yet been proved whether the washmng procedure under cenam
aircumstances may be too siclent so that adhered thrombocytes could be washed a»:;
although direct microscopic observations did not andrcate that thus was the coe Ak’
the condition of the surface of the chamber may nflucnce the determinabon d;d‘cd
adhesn eness These factors should be studued further before the method ean be res?
fully suntable In the present work 1t 1s however, only used (o stressthe ohnrous difierence
between the adhesson of thrombocytes at pH 6 0 and higher pHl valuzs seirt

As an overalt conclusion the findingy suggest the postbility of solating and S
thrombocytes 1n such a way that also ripe thrombocytes arc stabilized unt! theie

d of
uon 1 wanied This may be done by 1) using citric acd as an annm::':uhlf“ '{:::?y-h
sodium citrate and 2 acidifying the thromb s va
uon
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Abstract

Dovingh B The influcnce of olfactory stimuls upon the actecsty of secondary nerones v the burbot {Lotsbtt
L} Acta phystol scand 1966 66 290—209 —The nervous activity ofsingle secondary neursrs
was recorded from the olfactory tract of the burbot white stumulaung the olfsctory epubchan
with sarious solutions Efferent influence was ehmmated by transectng the ollactory nth
About 30 per cent of the sumul produced an increased activity in the peurones 204 2010

. s . . ’ L -

v . . . .

. L} .
The actrnty of the sccondary peurones adapeed very slowly fo conunuous siunui -

The morphology of the olfactory system shows great simlarties throughout u.vb\:’:
brata The fibres of a large number of olfactory receptors comve7ge \» the ollac o
bulb to a relauvely small number of sccondary neusones the axons of which lﬂ’:ﬂ
the sensory information to higher nervous centres In some telrocts the alr;rmrymh
s close to the olfactary pit and the tract runs as a long nere composed "2 R
discerned bundles 1o the telencephalon (Doving and Gemne 1965 T lf\ ot
anatomical feature of the olfactory system in these fishes makes it 2 comenenit ¥
for electrophysiolomcal studies of the messages conseyed in the dfactery m"mm o
The first electrophysiological investigation of the Toponss & odour suime! el
the olfactory tract 1n fish was reported by Adnan and Ludwig i 1933 1:‘“(‘[;' i
spontaneous discharges from the olfactory tract of the catfish and showed ¢ u,.x,mm
tv wcreased upon stimulation of the olfactory eprthelium Howeser, 87 IR
some sulntances £ g ansole, intubited the nenous armvity and x: "L‘” find 7t
Quscharge was obseryed when the cpithelm was washed with water S
were recently reported by Boudreau 1962 i carp



UOLFACTORY NEUROAE RESFUNES IN M el

Fig 1 Schematcal drawing of
the stmulatng apparatus and

e cannula nserted o the
anterior nans of the fish A, on-
exchanger, B, overflow vessel,
€, ovlinder for sumulating solu
tions, B, stop-cock

The aum of the present work was to study the actvity 1n single afferent neurones of
the olfactory tract of the burbot duning natural sumulation of the olfactory epithelrum
The response patterns obtaned from single olfactory neurones will be compared with
those obtained from single umts 1 the olfactory bulb of the frog (Doving 1964, 1965)

Methods
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‘Tasre I The sumulatng substances The defferent types of response are clasufied an the
hegonies of exatatory (+) and snhy y {—} Unaffected umts have beva

marked (0)
Noofstm
Substance Type of response ulations
+ - [}

Camphor 3 2 [ n
o-Chloropheno} 1 H 2 5
p-Chlorophenol 1 0 13 T
Citral 3 2 7 12
Coumann 3 4 3 10
Duallyldeulfide 5 1 3 L)
Diphenylamine 3 2 1 8
Fugenot 4 H 2 #
Fumaric acid 3 2 i 6
Geranol 3 i 6 10
Leglatamic acd s i 3 k4
Glutathione 5 2 H 9
8-Hydroxyquimohine 4 2 3 7
a-Yonone 5 t 3 ?
2 Tonone 0 ' 1 5
Maleic acid 2 l 2 s
Mentho! 1 I 7 9
Menitylene 4 2 3 9
\orphotine 7 [ a 1
Pemamethylencdarmne dihydrochlonde 3 5 2 i
2-Phemylethanol 1 4 3 8
Pinene 2 1 9 H
Propylene ghvcal 2 2 7 u
Saliey faldebde s 3 6 10
Taunn i 3 5 n
Thioglycollic acid 6 3 5 "
Trmethy lammanium chiorde 7 1 0 2 ;
Uraal 2 2 4

Totat 920 s 3o
o 12 207 73 100

3

ek 0
than at the it $o mmasare these delays @ mucro-fwitch was eperated by e waPCrL
connected to an mdicatoe lamp at the osalioscope wcrecn Thr lamp sere ot aftrt et
marker The tume taken for the stimulating solution (o enter into the n“'.u'(u.r‘V .':muhw"
the noptock was > sec T the fint sumulation and 99 sec {07 e wmr;',,x, and coonrt®
aeasuremnents were made with a probe placed at the cxp'm\'\!h" l“ lL; l‘;;" T fork atent ;.«
wa - Haapan %2 The s sort e 59
to replace the dunlled water with the sumulatiog soleuon at the fo) ,'\::Z::.h:m e o
at the seeond stimubnt o Between the applications of the d flerent WWEEE £ iy wae
wat allowed to pece ver for (0 mun For the analyss of the dats the m
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ﬁzhz Recordings of the actnity of a secondary olfactory neurone A excited by sumulition
2 ‘h Pentamettiylenediamin, (Unit 11/2.1), B the same umt mhibited by stmulauon wath
“Phemylethanol’ Arrows indicate stars of the flow of solution Each sweep 1 2 sec

SPunted at wniervals of 2 sec (the sweep tmer and the fiequency was plotted agamst ume
L2 © T curves obtained for cach stimulus were supertmposed on the same diagram, serving as
Utual control of the responses

Results

ey of impulse diggharges recorded from the afferent fibres in the olfactory
- tvaned between | and 9 1mp sec when the cpithelium was flooded wath distilled
Mter The average frequency of discharge from cach umit was calculated from about

The frequen
tract

nxk». ts, each being p by counung the number of
3 <3 0ver pertods of 20 sec The mean frequency of discharge = one standard ertor of

' Mean was found 10 be 39 & 0 3 imp sec



294 RELL B DOVING

10
f
is
>
4 Fig 3 A typrcal response patters
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Fig 4 The scpons patiern evoked m an afferent olfacrory neurane by stmolaten « &
d phemylamine (Lot §113 1)
;
Fig 5 An olfactony neurone responding only to the “anset™ and “tury off of the podta
Ui 11434) malec aody

Response patterns The activity of 47 smale umits was recorded while sturals %
with the 28 different solutions Some of the nets were stu Lied when apphyng e
the 28 substances mhile tome umts were tested with only one sumulating 3357
A total of 28] double stimulations were performed Out of the total number of ﬂ‘{‘_
fions about 50 per cent did not evoke any change of actnaty Abot 30 per eent ‘*
sumult produced an inereased activity in the umits and 20 pes rén caused ik bt s
(sce Table I Asmenuoned in Methods (mo;u((mx\numuhuﬂmknrm:drml?\ 23
solution and m all cases the two sumulations gave the same reponse pattern

Nearly all the solutions esoked both exciaton and snhittory ypes of £
Figure 2 A shows 3 typical record of the actnaty of a simgle afferent unit when d';:"i -
73 eguifietium was stmulated wah 10 9 M peatamethslene damine Asseen P8
ncycased sctvgty when the flow of the sumulating solunion 1 tuened on and € A
well 2s a mamtamad discharge dunng sumufanon The responsr of wuch :r‘"r;n
demomstratrd praphically tn Fig 3 (In each of the f lowns frequency Curmi 822
frequeney duning £3~¢ was used ) Asseen, there was a tranueht inerease b ;M:“ o
followed by a steady discharge at 2 Jevel of abou

t 4 sr¢ mantaned thyoes o
[T1%)
sumulation, Whan the iimalus was disconunued #f ¢ feruncy increasnd 4%
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Fig 6 Fig 7

Fi2 6 The acrvity of an affereat olfactory neurone izhibrted by sumulation with thiogteeollic
acd {Ueut 132 3)

Fig 7 An cxample of an afferent olfzctory neurone unaffected by sumulanion with propiene
ghyeol (Urue 1073-1)

thereafier gradually decreased to the previous level of the spontaneous acamaty Several
sumyli gave a transient merease m actvity at the onset of sumulation (Fig 4) Whenthe
sumulation was discontinued there was a gradual decrease to the normal actwary fesed,
without any offidischarge A fow uruts were found 1o respond only to the onset and
turn-off of the stumulanon (Fig 5) In these cases, the frequency 1n the penod between
the enset and turn-off was the same as or lower than the frequency of the spontaneous
actviny Some umuts {about 6 per cent) shoned a slow gradual mcrease 1o frequency
dunng sumulation, the frequency reachug a plateau after about 30 sec. In these cases
the frequency of discharge rerurned to the previous acumes at the end of the sumula-
ton without any off-discharge

About 20 per cent of the sumulations caused mbibiton. A tvpical record of such a
type of response 15 shawn 1n Fig 2 B and also represented n the diagram 1 Fig 6
The spontaneous activity ceased abruptly after the opset of stmulavon When the sumu-
Lation was d: y the freq of discharge rapidly mereased to a peak value
hugher than the spontancous acuvity  These responses resemble the off responses ok~
taned from the bulbar units 1 frog (Doving 1964) and from other sensory svstemns

At mentioned above most of the sumah used did not have anv conspicuous effect
on the activity of the untis An example of such a unt unaffected by sumulanon wath
107\ progy Iene glycol s guen 1n Fig 7

Loteney As scen from the response patterns illustrated 1n Figs 2 through 6 the Latency
between the onsct of the sumulaton and the resporise from the olfactory units was about
Biee The mean value of the latenicics was calculated 10 those cases where the increase
of decrease 1n frequency could be measured with accuracy and was found o be 84
3¢ for the first sumulation and 128 sec for the second stmulation When the ume
12 between ruming the stop-cock and the cntrs of the 30lution 11to the o'factory prtwas
subtracted, the latenes due 1o the conducton velocities and napuc trapsmisson was
&itimated 10 be about 3 4 sec This long lateney mizht partly be due to the Tow tempera-
8¢ 2t which the present experiments were made and party to the rather slow onset

of] sumulation due (o the low rare of replacement of the dustilled water with stmulsting
30l tion
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Adaptation As seen from Figs 24, 3 and 4, the acuvty of the secondany neuronss
adapts very <lowly to continuous stmulation The dsfference between the peak frequen
<y and the mamntained discharge varicd from one response to another and was greatest
for “on-off™ response patterns like the one demonstrated m Fig 5 an effect most
hkely due to mhibitory snteractions between the bulbas units In the present study
different concentrations of one odour were not appled and the adaptatien rates at
differentstimulus strength were not studied The slow rate of adaptation of the sccondany
neurones m burbot confirms the results obtmned by Adnan and Ludwig (1938) on
catfish Further evidence for the slow rate of adaptatron has been reported at other
levels of the olMactory system in other ammals Thus Adnan (1950 1956) demonstrated
that the utral cells of the olfactory bulb in rabbit gave a disunet discharge in response
to cach wnsprration which did not change aver periods up to one hour Obsenanon of
the clectro-olfactogram (EQG) on frog and rabbit gree esidence that the olfactory
receptors adapt slowly (Ottoson 1956 1959 ab) Lxpeniments made by Shibuna {1960,
sndicate that the receptor organ of fish also adapts slowly Hence, the slow rate of
adaptation 1n the olfactory receptors 1 faithfully reproduced 1 the discharges of the
sccondary neurones

Duscrimination Qut of a total number of 30 unrts m estigated for two or more different
stimult 6 units gave the sante type of response to all solutrony 1 ¢ they drd not show any
speaific reaction Half of the total number of units were found 1o grve diffesent types of
response to the different olfactory stmult Gne unit was found to beevated by fumant
aerd and intubited by malerc acd Units gving different types of response to thea and
B forms of 10none were also found but none of the unns gave dferent types of revponse
ta the ortho and pare form of chloraphenal Aast of the sub v oked both exenatery
and inhibntory types of response the only exception being p-chlorophenol and morphor
It which fasled to imhibat any of the unuts studied and  tonone w hich did pot exate
any umt From Table I 1t can be seen that the chermicals Jeast effectise m evohing exaita
tory or inhibrtory types of response were p-chlorophenot fionone and menthel
The most effective chemicals were fumane aad pentamethy lene damine glutathiont
cugenal and coumann

To obtam information about the discrimnatory power of the of
parison was made of the number of smiar and different sy pes of response Thrn rxhr:
was applied 10 & presrous study on the frog (Doving 1969) which dealt with the M"h
response associated with combmations of 5 odours taken 2 3 or 4 at a ume in ‘l:
present study the different combraations of semuli were taken two at a ume and I"
aumber of stlar and different types of response was counmied 1f alt the pubstand .
have similar olfactory propertics or if the diserminatory powes of (e system s fow "‘:
would expect to find a larger proportian of sumslar than of differemt types of ",’P”" ot
Qut of the total aumber of pairs counted tn the present stvdy 1078 gave "’“;"ﬂ P
1028 gave different 1ypes of response 10 the two sumuli @ the pairy "'”T': "‘:;’ s
per cent of the tatal number of pairy gave different types of Tesponse 1{: ‘mulu
almest the same as that oltaned i the previous study  Duving 1963 ’; eped 11
indicate that the duscrimenatary power of the offactory system s farhy well deed

e burbot
‘hSu of the substances used 1n the present amdy 3z malei actd fumane :;u:; :L‘j:
thione taunn and uracil are aot percensed as odours by Fumans L‘"“: 2 teraatit
volaubty of these compounds However non yplatfe substancer may r\‘-;m" oaz o
of smell when introduced o the alfactary eprhehum i solution Rac!

}aciory svstem a come
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whennyected intravenously {for review see Ottoson 1963) The six non solaule substan
tes wed in the present study influenced the acuvity of the secondary olfactors neurones
more frequently (65 per cent) than did the other ones (50 per cent)

Discussion

The burbot 13 2 bottom dweller with well developed olfactory organs (VW under 192/
Techmann 1954 Pfefier 1965) and rather poorly developed eyes (Engstrom 1961)
In Lake Malaren (near Stockholm) burbots wath infected or degencrated eves but
otherwise 1n good condition are frequently found These findings and the indication
that the burbot 1s mainly active during the night and the dawn (W tkgren 1935 ndicate
that viston 15 of munor 1mportance for survival The burbot feeds on fish fish refuse and

bottom dwethng } 5 1964) Especrally 1n finding the fish refuse
the sense of smell must be of greater rmportance than ¢ g, the mechanical sense organs
The m the present were made from the transected olfactorv

tract which implies that the actswity recorded onginated from afferent fibres and was
un nfluenced by efferent impulscs On the basis of the anatomical features of the olfacto-
Ty svstem 3¢ seems reasonable to assume that these fibres anse from secondarv neurones
sparated by only one synapse from the olfactory receptors (Sheldon 1971 Hoimgren
19%0) Tn the tract of the burbot there ave non myelinated fibres about 0 § g thick and
mychnated fibres 0 5—7 4 1n diameter (Doving and Gemne 1963 1963) Swngle umt
ity was recorded from both bundles of the tract and presumably from the myelin
ated axons

The response patterns resemble those usually found 1n the neurortes of the second
or b gher order in other sensory systems and confirm the findings of Adnan and Ludwig
(1938) on the olfactory tract of catfish The response patterns are sumilar to the ones
observed from the bulbar umits of the frog (Doving 1964) However the gradually
Increas ng response observed 1n about six per cent of the present samulations was not
observed un the latter study A possible explanation for the occurrence of on-off responses
found 1n the present work might be the high concentratons of simulating solutons
In spite of the comparatnely high concentrations uscd about half the number of
stmult did not affect the umts and a small proportion of the umts were wntubited
This find ng 15 1n striking contrast to the observations i the frog where most of the
‘nvestigated umts are inhub ted by natural stimult and only about 10 per cent are
unaffected (Doving 1964 1965) The obseryation that fewer umits were affected 1 the
burbot than 10 the frog may reflect the less complex orgamzation of the bulbar unuy
'n fish (¢f Ramon y Cajal 1894 van Gehuchten 1894 Sheldon 1912 Holmgren 1920
Arens Rappers Huber and Crosby 1936 Athson 1953} and mndicates that the informa
100 procesang 15 not developed to the same extent as 1n frog

1a the present study none of the chemicals used fuled to influence all the umits
examined Six of the substances {niz fumancaad maleic aad glitamuc acd glutath:
One Yanaa, wid-wracit) are not percetved as odours by humans when apphed i a patural
2y Presumably due ta the fact that they are non volatile However these non-odouro.ss
$ubstances more frequently evoked responses in the burbot than did the 27 other sub-
:::ﬂft! It has been demonstrated that many of these sre substances evole specific
Pl oS n various aquatic amimals Thus, ghutamic acd elicts a feeding response in

41 loma nmator (Steven 1959) and e okes nervous activity from the supra-oesophageal
835100 of Buccrnum undatem when apphed to the osphrad um (Bailev and Laverack
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1963) Glutathione has bren shown 1o be 2 speafic agent in the activation of the freding
reflex an Hydra (Loomus 1955, Chffe and Waley 1958 Lenhofl and Bovard 1901)

In previous studies on frog {Doving 1964, 1965) the actmity of bulbar umits was
studied when 1 the olfactory epithehium wath different odours In the laner
study a3 statstical method was applied to esumate the mdanty of the stimulating
properties of the odours Thi fund of analysis could not be performed on the present
matenal due to the small number of unuts snsestigated However, the present study ot
burbot indicates that the ducrimimatory power of the olfactory system s fauly well
dexeloped asindicated by the fact that some units were differentially effected by somene
molecules Furthermore, 1n about half of the combinations of two olfactory stimult
the units showed different types of response to the two stimub, which 1s almost the same
valye as that found in frog (Doving §965)

This work was supported by “Natenalgaven ul Chr Michelsn |, Brrgen, “Famsben Sullsens
stipendselegat’  Universitetet 3 Orlo and “Resenvationsanslaget , Stockhrlms Lnivers
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Froen the Insutote for Medial Bincherustry, Lonersty of Oda \orway

Insulin Antagonistic Effect of Hurmnan Plasma Albumin
on Protein Synthesis in vitro and on Glycogen
Synthesis in vivo in the Rat
Diaphragm Muscle
B
JAx JerveL
Recened 20 Julv 190

Abstract

Jenell J fruln entagonisic effect of kwmm plasma a.bimir o proin SITSCTS B 11 and o glreover
2 mj{nx{u 1520 o the vat dinglrogm ..{ud. Acta phvssd seand. 194 & 309305 TT"' fsz
finding of an astagonsic effect of buman plasma albumn oa the 1sdasumlied Pare
upake of the cut rzt duphragm m vitro bas been confroed. In m—munnlquda.»ng
meire } U of nsulin per ) caused 3 marked increass ($0—"0 prr cont) of e AcTPIANT
of #Clabelled phemialanne 1aw protesn. Adding § prr cent afowrmn cauwsel 2 mgala
reduction of s insulin effect. Intrapentoneal inyecuon of Iml of wwila a‘.w'd 2 marke]
ancreass 1 gheoren content and M{-labelied glirose ncoporation M0 € ‘"’"‘”ﬂ‘,",,,
daphrarm musie m rre Tha cfect was antponued b e smalaneos 1o “
150 mg of “antagonsie” albumm  control towctions of “on anzronsLe ’15"‘""“‘[5' gy
sach effect. Increasing the isulm dose 10-fold abolshed the a3 2goustic clrct of the aEA %
The rexult support the thet the * Baph
of 1nsuim acuon.

The eSect of msalin 00 the glucose upake of rat diaphragm 1 Vito 1 mducrd;;\mi’
2ddition of 3 3 3 per cent normal human plasma afburmn 1o the mmm;bm: pro
(\ allane.Owen. Dennes and Campbell 1958 Lows Blanshard m':: Tt
Prefrmimany imestizatons of the effect of 1he 2lbumm o7 other mSu;M b
actions 1 the dizphrazm have been reported by Jervell 1853 and Baose

1954 -
¢ Io 3.be presrat study the effert of the antagonsstic albems o8 the nsulin s:;d:um
of provesn wvothems was im esugated, using the antact dizphragm prrpﬁf; e o
s1vp efeet of the albumin was sought aod found wrg mtrzprritoncal
2tnermin and 1osulin and tesung the effart on dizphragm gleos™
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Tasie T The msulin antagonistic cffect of vanous albumin preparations on glicose uptake of
the cut hemidiaphragm

Glucose uptake (mg/g dry tissuc per 90 mun)

Sigmficance of duffer-

1 mU ence between uptakes
Albumin  Buffer 50, insulin Insuhn 1n presence of
o alone albugun  per ml +albumun  wmsubn < albumn
1 285419 28910  512+13 503122  No difference
(6) (5) (6} (6)
u 262416  253+13 528422  407+£17  p< D005
(6 (6) (6) (6)
n 25619 242314 502416  430£18 p< 00!
, 3 (3) 9 9y
v 195405 313401 418401 343108 p< 0003
(3} (3} 3) 3)
AL 246113 343413 476112 412110 p< 0002
{6) (6) (6) (6)
ut 270411 268101  567£25 477302 p<00>
(3) 3) [ (&)
n 273412 279+18  555:20 44320  p<0005
(6) (8) {6) %)

Each cut hemudraphragm was incubated for 90 min at 37 Cin 1ml Rrebs-Ringer bicarbo-
nate boffer with 3 mg glucosc per mi and additions of insulin and albumn as mdicated Al
burmun 115 the non-antagonsstic KABI alburin, atbumins III—1X were isolated from plasma
of various normal subjects

Standard error of mean and mumber of observations are gien with each figure

Methods

an

' . . . "~
sodium hydroide before fr d. Thealbumun p thus treated did not alter the
PH of the RrebsR. bufler C 1 human atbumm from \B Rabs was

trated
C

r
b
9% 0,
The mtact hemidiaphragm was used to studs proten and glycogen synthess e oo I the v
mizct diaphragm the insernans to the 1ib cage are kept intact therebv keeping the number
-
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cut muscle fibers at 2 munumum (Kipnis and Cort 1937). By drviding ths preparauon slong e
bt Sariatitt i . [ St :

PR . I . . .
LR . . [
. LR "a .

.. . v .
blotted on filter paper and weighed For determination of glycogen thev were placed on 05
ml 30 per cent potassium hydroxide, for ssolation of protein 1 10 per cent tnchloroseet

aad
AT et o eics —¢ ad e AF. . . Vo

.o o . '
were 2nalvsed separately thus the mean values are based on 8 esimations
v e T LA ey ama A nchadm

. S oy, -

. - . " .
. . . ' .
. .
reagent was then added directly to the neutralized hydrolsate The as
by this method was 93 5 per cent of that found by the anthrone method (SE M=
cent 16 abservations) "
The rachoactas ity of the glycogen was determuned bv applywng 2 aliquots of 200 4l on p;‘"‘
planchets. and after dryang counting them 1n 2 window Jess methane gas flow counter [Fre
seke Hoeplner) squipped with a cathode grid No corrections for xeif-absorpuion were made
these sery thin samples Each planchet was counted twice
The protesns w 5 o 25 descrabed by A and Y oung (198),she horsogezs
tiony however were carnied out 1n all an glass Potter Elvehjelm homogenizer Thcdry}; e
was weighed and dissohed 1n one or two ml of concentrated formuc acd Dupl;mlc;/:ggm
of 100 ul were applied on plastic planchets dred and counted as described for g™
No correlation for self absorpion was made, as the amount of protein was almost
10 all diaphragms

mount of gy cogen found
19 pet

Materials
e
Boune imsulin 10 crvstalised lot no 05162 was obtasned from Noto Ludustn A
actminy was asumed to be 236 vnts per mg *C-{L -D-glucose 39 m[({:\‘mmm
(Uj-L-pheny lalanine 9 1 mC per mM was obtained from the Radiochemical Centst, Se8ey
England. Standard high punty cherical and biochemical reagents were

Results s
this study
Table 1 shows the insubn-zntagomsic actmaty of the afbumat ;Ednl:(aclmh'
All except the commeraal albumm which bad been xm:;d ull a;z‘::mk o the et
reduced the effect of 1 ml of insultn per m! on the gluce other
““‘:‘ﬂ N hiomsen Drmacat am T w 11 he called non-antagomstic, while the

s
Lalaqine into proten 2
T -paration 1 ml of 1nsubs
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Fig 1 The cflect of human albumm
on the mcorporation of MC-labelled .
phenylalamne into protem 10 the 150}
tact hemdiaphragm

4 mtact hemidiaphragms from
20-hour fasted rats were incubated
for2 hours at 37°C 1n 10 ml hrebs-
Ringer bicarbonate buffer 2 pC
“C-phemylalanine was added to
each mcubation flask and 5 per cent
albumun and 1 mU of insulin per
ml were added as indicated {0 = Tran®.® O A O ATOAT O AT OA
- ;"’““’"’ & = 5 per cent albu MBUMN ¥ ALBMN ¥ ALBUMN VL
min

The columns indicate relanve radioacuvity 1 tissue protein (100 per cent = incorporation
underbaga] conditzons} Each column represents the mean of results from 8 to 16 herudiaphragms
The seduction of mcorporation in the presence of insulin caused by the albumn ( msulin

effect ) 1s in a (p < 003) The roman numerals refer

to the alburmn preparation used see the table for therr antagonstic effect on the glucose uptake
of the cut hermicdiaphragm

8

Radioastivsly

Tig 2 The insulin antagonutic effect
o human plasma alburmm on glye
oen tynthens an the rat diaphrazm
n vivo

2 m! Rrebs Ringer bicarbonate
buffer with 2 1€ 4C-glucone per ml
"mpected 1p an rats fasfed for 20 hrs

00 mg albumin and 1 mU msuhn
added ‘to the inyection as indscated

tolumns glycogen content in

diaphragms afier 2 hrs, hatched cot
MRS glycogen radicactivity (cpm
Pt & tissue) ncorporation with m
sl and “non antagomistic  albu
™6 = 100 per cent Each column
¥ mean of 8 determinations on
hemidiaphiagms from 4 rats with
SEM The reduction of insulint effect caused by albumins HI 3 111 and NI s significant
(P < 00) for 1T and VIIT p < 005 for I\) Roman numerals refer to the albumin prepara
tion fsee Table I}

Rad ouctiv ty

Pt ml had httle effect causmg only 20 per cent stimulaton abose the basal incorpora-
uon By increasing the msulin concentration to 100mU per ml the wnsubn effect was
fncreased to around 70 per cent above basal At thishighinsulin concentraton however,
the antagonustic effect of albumsn was low Howeser using the intact hemdiaphragm,
) mU of insulin per mi sumulated the incory of rad phenylalanme ato
PIotens by 40 to 70 per cent aboye the basal meorporatton {Fig 1} Three albumin
Teparations were tested and all reduced the msulin effect Those albuming which
mereased the basal glucose uptake also mcreased the incorporation of phenslalamne
010 protein 1 the absence of nsulin®

* Prel minary investigations have shown that some afbumin preparations contan sigmificant
samounts of immunologiealis actve nsulin this eight explan the stmulatary effeet of the
unun on the ineorporation an the absence of added tsulin
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Fig 3 The wmsubin antagonust c of
Fect of human plaima albumn n
vivo Effect of varying the amouny
of insulin and albumin mjected

2 m! Rrebs Ringer hicarbonate
buffer myected 1 p 1n rats fasted for
20 hrs Albunua and nsubn 2dded
as wdicated Open columns giye-
ogen content 1 diaphragms after 2
hry with non antagonsuc KABTat
bumin (1) batched columns with
antagomstc album n {IX sce Ta
ble 1) Each column mean of 8 de-
terminavons on  herudiaphragms
from 4 ran with SEN

“NwrU Ny ee 33D

© yeogen ofg \ saue
cnurRAy

MU INSULIN

‘The imact hemdiaphraym preparation was also used to study the effect of antagonis-
uc albummn on glycogen synthesis Unequnocal results however, were hard 1o cbtsin
and the exp were abandoned 1 prefe ot p ngections of insubn and albo
mun The results of these expennments are shown 1 Fig 2 1t 13 seen that the iyection
of antagenistic albumen markedly reduced the effect of msulm on ghycogen synthess
i the rat diaphragm measured both by chemical analyws or by ncorporation
NC-labelled glucose The non antagonistic haby alburmn however did not have s
effect Antagomstc albumun did not affect the dwphragm glycogen when no smsulin
was igected Similarh the effect of snsultn was the same when no albumun was myected
as when the von agtagomsuc albumn was used

The effect of sncreaung the amount of wsubin yected 1s shown 1 Fig 3 fefi hatle
In these expenments the amount of alburmm injected was Lept constant {0 mgb
When the insulin dose was 0 | mU there was httle or no msulin effect and no wsuline

effect could be d d When | ml wasnjected thesame antagons
tic effoct as shown carher was found However, when 10 mU of msulin were g
the antagonnte effect of the albumsn was abolished

On the other band mcreasing the amount of alburmn smpected from 50 to 150 g
appears 1o make no difference (Fig 3 right half) Thns may be explamed bY‘"PP"‘Z‘i
that the albummn ss draised through the draphragm at a rate which i relatvely W
pendent of the amount of protemn injected ipto the pentoncal cany s

It was obisersed that the cffect of smsulin upon ghycogen $athess 15 510 ME2P
smection wason the average 25 per cent {standard ‘deviation 11 per cent) Nzﬁ”n et
right than 1n the Jeft hemidiaphragm while there was po diffesence in Iye0S™ €00 0
between the two sides when no snsulm had been mecied It1s known ﬁl:‘; ﬁdz o
part of s p smyected protern 1 drawmed through the draphragm {Abdov Ret t:x“ o
Taner 1932) and the difference between the two sides €an wtbcexplmei : e
tng that the dramage through the nght hemdiaphragm 1 gr:a!crv han thaong
feft. Thas hias bren found 1n the dog by Couttice and Stembeck {13 9

Discusston

Vil Reen and Menzioger
1With few esceptons (Reen 1963 Gameron o ot

seems to be general agreement that human P!

1964) theee £o
reduce the eflect
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of insuln on the glucose uptake of the cut rat hemidaphragm 1a witro (Vallance-
Owen et el 1958 Lowy et ol 1961, Jervell 1963 Alp and Recant 1964) The effect
s relatively independent of the methad used for the 1solation of the albumin and also
of the albumn s content of free fatty acids and 113 calcum 2nd magnesium binding
property The effect 1s stull present when the decrease m the pH of the wncubanon
medwm caused by the albumnn has been corrected (Jervell 1965) The insulin antagomnist
asociated with human plasma albumin has been called the synalbumin antagomst
(hupnis and Stein 1964)

It known that insulin smulates protein synthests and independently the transport
of amno acrds from the cxtracellular to the intracellular space This was first shown
for the 1 hzed @ by aad, but has also been demonstrated
for several natural ammno arids (Wool 1964) It can be demonstrated for most or all
ammo acds (including phenylalanine which was used 1n the present study) when
protemn synthesis 13 inbubrted by puromycn (Castles and Wool 1964)

The antagonisuc effect of the albumn on the insulin sumulation of protem synthesis
must be dered an effect ind: dent of d glucese uptake since the expen
merits were performed tn the ahsence of glucose after the diaphragm had been soaked
for 2030 run 10 glucase free buffer The effect of the synalbumin antagonist both on
protesns synthesis and glucose uptake indrcates that 1t acts at some early stage common

oy - — s N Yoo

The effect of the synalbumin antagorust on vanous insulin sensitive reactions in the
1at diaphragm has been reported earlier by Jervell (1963) and Buse and Buse (1964)
Jenell, however, did not at that time adyust the pH of the albumin contaming media,
these Prehmunary results arc therefore not completely sahd Buse and Buse w thewr
studies used Cohn fractionated albumin which lost sts antagonstic actiaty upon
dalysis Their antagonistic actmnsy 15 therefore due to some dialysable contamunant
of the albutin and not identical with the synalbumuin antagonwst shch 1s nat lost
upon dialysig

For valid reasons doubts have been ratsed about the physiological importance of the

finding of syl on the highly unphysialogical cut diaphs m wtro
(hapris and Stesn 1964) The demonstration of an effect of the antagomst bath on the
intact diaph and after P I injection 1s therefore encouraging and

should make 1t more attractive to examne the physiological and pathologrcal roles of the
antagonist more closcly

Iwhtoma ym »  ~ < . [ L oaa avem we o
Haug for skt
recesved from
00 Copen
and “Nordik -
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Effect of Puromycin and Puromycin Analogues
on Glycogen Synthesis in the Isolated
Rat Diaphragm:
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Oppvuvn Sovik

Recerved 28 July 1965

Abstract

Sovik, © Effect of puramyetn and puromyern analogues on glycogen synthes wn the wsolated rat duaphragm
Acta physiol scand 1956 66 307—315 — In a previous work from thus Iaboratory it was
reported that depressed the msulin induced gl hesis 10 solated
rat daphragm In the present work the effect of puromycn on glycogen synthesrs has been
studied ynder modificd expenmental conchtions When glucose as a subitrate way excluded.

from the um p depressed the of “C-glucose into
glycogen m absence of added msulin To study this effect of puromycin expeniments with
Puromycin analogues were Ata of 270 ug'ml whibited
Protein synthens by more than 90 °, £

o
and 6-hmethylarmopurine caused only slight ihibition of protein synthesis but depressed

¢ mcorporation of %C-glucose mto glycogen to the same degree as puromyein The results
suggest that puromyein mfluences the synthess of muscle glycogen by a mechanism not related
© the inhubutory effect of puromyein on protesn synthesis The posabihity that puromycm might
mterfere with the actiity of glycogen synthetase 15 discussed

Puromycint 15 known as a specific imhibitor of protan synthesis In mammalian cells
(Yarmolinsky and de 1a Haba 1939) It acts probably by combimmg with polypeptides
n the course of protemn synthesis and thereby causes relcase of incomplete peptide
hains (\athans 1964) However, cvidence has been obtained that puromyan might
hase effects different from the effect on protemn synthesis (Hofert ef o 1962, Holert
and Boutwell 1963 horner and Raben 1964) The i ratro experiments presented here
fend yupport to this view

During the course of studies on the relationship between protain synthems and the
metabolic effects of imsubin it was obsersed that puromytin cansed a depression of the
insulin 1nduced glycogen synthesis 1n isolated rat diaphragm (Sovik and Walaas 1964,

‘E'\ prelimumary repart of these results was presented at the 2nd Meeting of the Federation of
k;:pun Biochemical Socicties \ 1enna 1965
h 9 hoxy L-

1 3 deoxy p.D. 1) punne
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Sovik 1963) The fact that puromycin in these expermments had no effect on glycogen
synthesis 1 the absence of added insulin suggested that puromvern speaifically inhebited
the effect of insulin, either by inlubiing an insuhn-induced protein synthesis, or by

fering with an )} lated reaction not insoh ing proten synthesus In order
to study these two possital T with p i k
The puromycin analogues PAN? and 6-D AP, which have anly weak effects on hepatic
protein synthesis, have been shown to cause a depression of lver glycogen even more
pronounced than puromycin {Holert and Doutwell 1963)

Materials and methods
Male and female rats, 100—-160 g, from the stramn at the institute, were kept on standard diet
Before the draphragms were removed, the anumals were fasted 18-24 hrs, then kitled by 3 blow
on the head and decapitated

Materals
Puromyon dshydrochioride and PAN, h from Nutrition Biochem Corp ,and 6 DAP
B ranens NN PR S ey
- . - s
. \ B
' '

amalyucal grade

Incubabon techmiques
e e mrard weighed and subjected
[ . (puromyain, PAN of
€ . . . . + ontrols Klrftbs Rumge
DUOSPIAIE DUIEL, PEL £ £—/ 4, QASSEU WID Us WS UMU &1ls Luna O W23 O
15—-30 nun at room !cmpcmmr!i {20—22°C) Thereupon “C labelled v:ompwu'ldl; ,f,"dmm
some cxpenments unlabelled glucose, were added to the approprate mncc;;-m:uyc, '(IM
vessels stoppered, gassed with O, for 5~10 mun and mcubated in 2 Dubnofl sl 100
) After the were blotted oo filier paper and subjec

ussuc extraction and analytical procedures

Analytical procedares
Glycogen was solated according to Walkas and
method of Caroll ef al_(1956) “C labelled glycogen was
and samples of 0 1—0 2 ml were apphied on plates dried an

hront
1950} and derermuned by the ant

e hsalved 1 mater oF Oll A “}wlaz.!
d counted in 8 windonicss methars

Fa
Row counter (Fricscke & Hocpfner) at infinite thinness (less than 1 mgfemt), JC8ICC
A N

. . f

. . . ¢

Results
Glucase uptake n Presence of Puromyen
1t has previously been shown (F boué-Bons et af 1963
doses of 270—500 pg/ml does not aflect glucose upta

* Abbrewmations
PAN- Puromycim de 6-DAP 6

n
Savik 1963, that puromycin
e 1n molated rat draphragm

fy laro
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Taste 1 Effect of puromycin on the incorporation of #C-glucose into glycogen Pawred hemi
diaphragms were premcubated 30 nnn with or without puromyan (270 pg/ml},
and then incubated 10 s 1n the same meda, fo which bad been added Ceglu-
eosc (05 4Cfml) and 1n some expeniments unlabelted glucose (2 mg/ml) The
amount of tracer ghucose added was about 25 pg/ml Glycogen was wsolated and
deternned as described under “analytical procedures™

Rate of mcorpo-
Addwontown-  Numberof ration of 4C-gli  Amount of Specific actmty
cubation medum  experiments  cose mto ghtogen  glycogen of glycogen

counts/minf100mg  4gf100 mg

wet tissue? wet tissuet counts/muniug?
Tracer glucose
Mo puromyein 6 24,489+ 529 8219 15634
Puromycn added 6 +2,8514328 85412 13543
Tracer glucose + unlabelled glucose
No puromyein 6 1,987:£240 157117 U412
Puromycn added 6 1,834:279 193119 902

' % standard error of the mean p<0005 * p<0001 * p<002

The important question whether puromven might inhibit the uptake of glucose by the
tisue was re examined by the following procedure Paired hemudiaphragms were
Pprezacubated 30 rmn with or without puromyein (270 gg/mi) and mcubated 10 min
wath “Coglucose (0 5 uC/ml) Aliquats from the incubation media were subiected to
Paper chromatography m butanol acetic acod H,0 (4 1 5) for 20 brs The radio-
¢ty of the glucose peak was counted 1n a windowless methane flow counter (Fresehe
& Hoepfaer) No sigmificant cufference 1n the uptake of “*C-glucose in the ats-nce and
presence of puromy cin could be detected by this procedure

Lffet of Puromyein on Glycogen Syathesns

Table I shows the cffect of puromycn

in expenments with a bnef incubaton time
In some avmpe—ams v , e [

the amount of glycogen and m contrast to earlier findings (Sovik 1965) 1t caused a
theht decrease in the glvcogen speaific acusity At the lower glucose concentration
Puromy exn caused a marked decrease of the incorporaton of “C-glucose 1nto glycngen

© Incorporation per unmit tissue worght and the speafic activity were equally depressed
o ¢hange was observed in the amount of glycogen

The possibility that puromyain might reduee the spearfic actnity of glycogen by an
otope dilution effect was imesugated Carlin and Hechter (1963) obsenved that the
wsubneinduced mcorporation of 1#C-glucose 1mto glycogen was somew hat reduced by
Puromsain, and proposcd that as a result of puromsan treatment endngenous amino’
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addiuon of MC-protemhydroly:
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aads would become available for gluconcogenesss, with constquent dtunen of lf"!
speatfic acuvity of ghcogen This mechanism could hardly account for the effect o
puromyemn analogues, which are weak mhibitors of protesm synthesis, 43 sROWD below

i the labaling of gHeoeh

Howerer, to test thes possibili, the effect of puromyen
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from “C.protein hydrolysate was Py did not mnerease the 1C-
Yabelling of glycogen, as would be expected if meveased gluconeogenesss was a conse-
Quence of puromycin treatment

As demonstrated 1n Fig 1 the effect of puromycin on the *C-labelling of glycogen
“2% apparent throyghout a two hours incubation perod, durng which the amount of
glycogen was reduced by about 50 % (Fig 2)
Puromycin dose-response cur es for the labelling of glycogen and protein are present-
dinbig 3 Half masimal mhibition of the labelling of protein from 4C-protemnby dro-
Ireate was gbtamed at a concentration less than 20 pg/ml At a concentration of 150
#8/ml protemn labefling was inhibited by 90 ©, increasing the concentration of puro-
myEIn 10 600 prgfml caused Lttle further hibition The labellmg of glycogen from

C-glucosc duffered somewhat from this dese response relationship At a concentration
75 prg/ml there was no effect on the specific activity of glycogen, while at higher doses
0 creasing inhibinon was obsered
deerease 1n the obsers ed 1ncorporation of #Cglucose 1nto glycogen might be due
:;‘ depressed synthens or mereased breakd As whg 2p

id not increase the breakdown of glycogen The possibility that puromyain mught have
2 Elycosenolyuc effect was excluded by the following expenment Hemidiaphragms

! Preincubated 10 min at room temperature (20—22° C) in the presence of ¥C-
R ucose (05 (Cfml), and then soaked in a large volume of bufler for 30 pun at 0° C

er subsequent ancubation for 30 min at 37 C with or without puromyen (270

F2imh, there was no ugmficant difference i the #Clabelling of glycogen
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(ucoseroP L
Tame If. G in diap Incubated with and wathout glucose and
puromyen Paead hem 3 Ay t

3es wtu uwHULt  anaiytical procedures™

Addition to incubation

medium Number of experiments Glucose 6-P
amoles{100
wet lissuet

No additon 6 535406%

Puromycin 6 5224067

Glucose 6 18824153

Glucote + puromyein 6 21 042206

* 4 standard error of the mean

Comparatice Effects of Puromyein and Pyromyetn Analogues
From studses on the incorporation of *C-protein hydrolysate info protem it became
clear that 6-DAT and PAN had only weak mhihitory effects, while 1n presenc®
puromycin the mcorporation was hibited more than 90 °, (Fig 4) In these expen-
ments pyromucin 2nd puromycin i were used n eq concen
(5 % 10 *M) By raising the concentration of PAN to 10 *3 a more pronounced
nhubition of the #C-labelling of protein was observed

The ¢ e cffects of lar ¢ of puromycin and puromyan
analogues on the sncorporation of C-glucose mto glycogen are shown 1 Fig 5 The
(absbitory effects were of the same order of tnagaiude for puromycim, PAN, and
6-DAP

Letels of Guiieose 6-F
The cffect of puromy¢in on the #C-labelling of glycogen was dependent on the ghucore
concentranan nf the ~e . P ~ e v e

glucase glycogen a 4 glucosyltsansferase, EG 24111} from muscle (Roscll Perv
and Larner 1962 Ay shown in Table II theee was a marked tmerease n the :“m
concentration of glucose-6-P when the glucose concentranon of the sncubation onm "
was ratsed from zero to 2 mg ml Puromycin bad no significant effect on the 35

of glucose 6 P, neither in the absence nor ins the presence of glucose:

Discusston
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weats with d the d of a h 1 effect on protemn
syothesss the question of the specificity of the puromycin 1s always important That
caution 1n interpretation 1s necessary 1s obvious from the finding of Hofert and Boutwell
{1963) that puromycin exerts a glycogenolytic effect 1n mouse Iner by a mechamusm
which appears to be different from 1its effect on protein synthesis It should also he men
tioned that according to Korner and Raben {1964) the insulin effect on epinephrine
sumylauon of fatty acid release from adipose tissue 1s nhubited by puromycn and
¢ven more pronounced by PAN, which causes only shght inhibition of protein synthesis
Furthermore  Agosin and von Brand (195%) demonstrated zn inhibitory effect of
puromyemn and PAN on the carbohydrate bol of Tryp quaperds
and found that this inhibitton was counteracted by ademine Eiscasten ef ol (1965)
obsersed a depressed carhohydrate synthests in rat ler shees after meubation with PAN
The snhibiton was overcome by adding alanine to the incubauon medm These
invest gators however, suggested that the effect of PAN was du¢ to an impaired synthesis
of gluconeogenetic enzymes

In the present work 1t has been demonstrated that the labelling of glycogen by 1“C-
glucose 18 depressed by puromycin and some evidence has been obtamed that this 1s
due (0 an imbabition of glycogen synthess This effect of puromyain rasses the question
of the relationstup to the puromyei inhibition of protein synthesis From the comparative
eflects of puromycin and puromycin anatogues it 1s obvious that 6 DAP and PAN had
only weak effects on protem synthesss (Fig 4) The effects on *Crlabelling of glycogen,
bowerer were a sumilar order of magnitude for 6-DAP, PAN and puromycm (Fig 5)
This would seem to indacate that puromyein mterderes with glycogen metabolism by a
mechanism not related to 1ts effect on protem synthests The possibility 1s not excluded
however, that the synthesis of a specific protein tesponsible for the contral of glycogen
$ntheas is sensitive to 6-DAP and PAN That PAN might be a potent inhubitor of
€nzyme synthesis 1s evident from the findings of Weber and Singhal (1964} They found
that the cortisane induted fise in the activities of hepatic glucose 6-phosphatase and

fructose 1 6-diphosp were abolished by D and markedly mhbited
by PAN
The different dose effect hup for p hibs of the #*C-labelling

of glycogen and protein should be mentioned This observation suggests that the effects
of puromyein on glycogen and protein synthesis have different reaction mechamsms
However the possibility exsts that the synthesis of a specific protein responsible for
the control of glycogen synthesis differs from the over all protein synthesis with respect
10 puromyan senstvity
Further evidence for the concept that puromyan mhibits glycogen synthesss by a
mechatusm different from its effect on protein synthesis 1s provided by the finding that
the infubitian, of the 1C-labelling of glycogen could be panly reversed by adding
Blucose as a sybstrate to the incubation medum (Table 1) Glucose 1n the incubation
Medum ded not interfere with the puromvctn inhibion of protein syntheus (Fig 4)
A rassed glucose contentranon might favour glycogen svithesis m dyfferent ways
Providing necessar, sabstrate by providnig  energy  for the formation of undine
9 phosphoghicose and by ramng the concentration of ghucose-6-P probably an unpor
ant acmyater of glycoger swnthetase 7 trv  According 1o Lelow ¢f al (1959) the
<oncentration of glucose-6 I necessary for half maximal activanon of glycogen synthe
tase from rat muscle 16 10 ‘\{ The concentraton gmoles mg wet tssue) found in
diaphragm muccle ineubeted with and without glucose was 2 » 10 ¢ and 05 x 10 ¢
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respectively (Table IT) It is likely that thus change 1 glucose6-P concenteation is of
fmportance in the regulation of glycogen tynthess The possbility therefore exuts
that although puromyen cawses nfubition of glycogen synthesis when the fecel of
glucose-6-P 1s fow, this inhubttion ean not be detected at higher concentrations of this
cofactor

Concerning an effect of purormvern which differs from ats thibinor of protem
synthesis Hofert of of (1962) proposed an iatecference with the acunty of ghcogen
phosphorylase Turamyern mught mbubut the phosphodiestereate which cleaves evche
3,5°ANP, by a mechanum sumlar to thay reported for methy! xanthmnes such a1
theophylline (Sutherfand and Rall 1960) This would lead to glycogen breakdown by an
increased amount of phospharylase ¢ Such a mechanusm could hardly account for the
effect of puromycin demonstrated i the present work, where no ntetference with
glycogen breakdawn has been observed However the passitality exists that puromyan
by raming the level of cyclic 3,5 AP mght inhabus the activity of gly cogen synthetase
Roscll Poper ot ot rtasm 4o ' - nthetase one form
actve tn mn the presence of
glucose 6- ) cyelic 3 5 AMP
tends to decrease the actity of glycogen synthetase from muscle by sumulaung the
ATP Mg reaction leading to the glucose-5 I dependent form of the enzyme

The hypothesis that in presence of puremycin there 1s a conversion of glycogen
svnthetase from the I form to the D form mught explain why the effect of purompem
on glycogen synthesis was present only at low glucose concentrations of the mcubation
medium At fow glucose concentrations 1 e fow tissue levels of glucose-6 P 2 comerson
of the enzyme from [ form to D form would reduce the total enzyme activsy Highee
glucose concentrations on the other hand  would provide the necessary cofactor for
the D form In this case the total enzyme actu ity mght not be affected

Sinee puromycin infubits ghycogen synthests in muscle m the absenee of added hot
mones {possibly by a mechannm different from the effect of puromyen on protem
$iynthesis) this anubiotic appears not to be suitable for testing whether hormonal effests
on muscle glycogen depend upon protem synthesss Ind rectly the Ob’"“a“"""’f
sented bere favour the view that de no v synthess of enzvmnes s not anvolved i the
elleet of insulin on muscle gl cogen (sec Sovik 1965)

. . - T o
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Trom the Chemustry Department 11 and The Wallenberg Foundation Laboratary for
Physiological Chermistry, Karolinska [nstetutet, § , Svieden

On the Biological Assay of Secretin.
The Reference Standard
By
J. L. JorrEs and V. Murr
Recewved 31 July 1965

Abstract

Jorees, J B and V Must On she buologucal assay of sectetin The reference standard Acta physiol
seand 1966 66 316--325 — The authors discust the methods s use for the assay of secm!:
preparatons in dogs cats and rats A detailed description 13 given of the method of Mutr an

oy A the catg 4 for 43 days Partzculac attention
SO tare sntemthade -~ - . ~ .

Trom the days in 1926 when Chiray and his coworkers Chirav of al 1936, 1930,
Chiray and Bolgert 1936, Bolgert 1935) 1n France introduced secretin, as prepartdz
Penau and Sunonnet (1925), as a diagnesue tool 1n medicine numerous am;n):d
have been made to abtawn stable secretn prepatations 0 be ysed as reference stan fa\ﬂ
i the study of the secretory capacity of the pancreatic gland In general the xeor
seemed to be ble Poorly stable p; with only a fen clincal um:n °
secretin actwaty per mg and gng side reactions were mastls obtatned Thv.; ph? -
ceutrcal houses, Byla, Parss, Jdstra, Sédertalje, Sweden and 1hyeth Co, Thl a‘clcd p:u\a:
also soon dropped therr manufacture of secretin while the Ll Lally Company, ’:n :m‘
pobs, continued nnul 1961, to supply secretn on a non-commereial basis for cxpen
urpases

P ;: spte of this the interest 1n this hormone was kept alne In cam;nnlnglsn;ng::':
classical work performed 1in oweden m the 1930s (Hammarsten ¢ L s; 15,
et of 1936, Lagerlaf 1942), 2 number of Amencan authors (Dlam‘an (’GSK Jooty
1940, Lake 1947, Dornberger ef of 1948, Iricdman ¢f al 1935, Xzifimga)gm»‘ 1918)
found the secreun test valuahle Similar expertences were reportes luy e scsetin
1t Feance and by Dubots (1952) 1n Switzerland In recent vears ;'hi; \3‘ : o Janawitz
test has been amply demenstrated through the extensnve studies of rsling
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Taate I Correlation between the secretin dose and the amount of NaHCO, titrated in the
duodenal contents (Werner and Mutt*) Sceretn test 1a 7 normal persons, weighing

62—70kg
Seeretin MIOIN
rglkg alkali
1 5 81 {1 %, hr}
10 127 (n ¥ be)
2 5 52 G Y, k)
15 165 (un ¥, br)
3 10 146 {in1hry
* 20 329 Gn 1 hr)
] 75 73 {1 1 hr)
15 158 Gn I hr)
5 75 1 {in 1)
15 229 (in 1 hr)
5 5 42 (n 1 hr}
15 120 Gn 1 hr)
7 10 134 (1 hr)
25 67 (n 1 hr)

(1957) Dreting et af (1960) m New York, Raslon o ol {1958) Wenger and Raskin
{1958) in Chicago, and Sun and Shay (1957, 1960) Shay et af {1961) in Philadelphua,
Patticularly smce 1t has been shown that capcer of the pancreas (Drething et al 1950,
Raskin ¢f al 1958, Wenger and Raskin 1958), the galibladder and the bile ducts
{Dociling ot of 1960) and to a certam extent also some processes mvolving the liver
(Henaing et al 1960) can be diagnosed by means of edfohative cytology on the duodenal
contents after secretin wryection f y with a -pal

#ymun test. The recent development i thus field has been reviewed by the present authors
Uorpes and Mutt 1959, 1960, 1961, 1962, 1964) The need for sccreun i, consequentls,
“\d;nl and thereby also the need for rebable metheds of assay and for 3 reference
sandard

Methods suggested for the buologcal assay of secretin

Iey and Janccek (19501 recently desernbed the details of Ivy’s methods for assapng
s¢cretin and cholecystoksmn 1o dogy and cats The dog umt for secreun was defined
BY Ivy as that amount of dried matertal 1 normal saline solution which, when myected
¥ 10 an anesthetized dog werghing from 10 to 20 kg during 10 or 15 sec, will cause a
10dsop (0 4 ml) mcrease in the rate of flow of pancreauc puice from the cannulated
Suct duning a period of 10 man, the control or basal flow not being more than one drop
™ 2 sn The secrctn product 15 requised to be free from rvasodilatin The Ivy cat

wmt for secretin was defined m sumlar terms one dog umt corresponding to 2 cat
sy

{1

l:mud of measuring the \olume of pancreanc yuice secreted Hammarsten ef al
98) introduced the princ ple of titrstig the alkab the amount of alkalt secreted
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2 may

Hanturt sogroun 11

81 Mach

s o [0 £ 28 to 3
Tatal duee of secrtn )

Fig 1 Relatonship between secretin dose tnjected in the anesthenized cat and the amount o
alkal secreted i 15—20 min

with the pancreatsc juce being within the strarght Dne part of the dose-response cuné
as well 1n cais (Milander & Agren, 1932) as i man (Hammarsten «f of 1937) almost
stoichiometncally proportional to the dose of secretn njected Wemner and Mutt
(1954) a0 utraung the brcarbonales 1n human duodenal contents afier admimstenng
secretn found 1n 5 out of 7 cases wath almost ndiculous accuracy twice and thiee
times as much bicarbonate after a corresponding sncrease i the secfetn dose inpected
(Table )

The assay of our secretin standard contarmng 8,400 HGU
of cats showed almost the same close proportionality (Fig 1)

The titration of the alkali excreted with the pancreatic juice consequently gnes 34
adequate figure for the secretin activity

The Hammarsten eat unit /HCU) of secretn 15 de!
whith n the cat induces secretson af 0 1 ml of 0 1 N bicarbonate i the 19miz
following iyecuon

per mg i a large number

fined 2z the amount of secretsh

The cot method

The techmque of performing the assay in cats was
and Soderberg 1n 1959, who kept the cats in good con
for up to 4—5 dayx Thereby the necesuty of ume-cons
elimmated Moreoser, the anmals are affected for some hours g of
stuggishly to sccretin Consequently, if they are sacnficed m the ©vening of the Zu
aperation, they are discarded just when they hac become uscfu) Smce, (unhm;m;
the anesthesia produced with Placidy! (Abbott) Lasts for at Jeast 12 bry the Anm;: s
with adequate temperature congrol safely be left wathout supervision overnighty
making tegislatise regulations on this point demanding Supernvision ‘“P“ﬂ‘m"’mﬂ m

Tius techmque can permue some 50 teses to be perdormed in Vit T o

d with 2
1in actin sty as COMPATE:
any tume of the day an approximate value for the secrel " o sstonsshe

very much unproved by Autt
dition under Placidy) apesthesd
w25
uming datly operationt W
after operation and yeact

standard can be obtamned within the course of I hr The cat funcuum\a;xm > abed
s yrecsion ke an ordinary tgration machine Since the method has P
- M we Lta eq tmen b suill e reproduced bere patare

» hirs before operation
of hesnbu

: . . 1h06mlperkg
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Abbott, etennary solution, Before allinstru 15 as wellas
the hands of the operator, are dusmfected with a 0 1 2, aqueous soluts cenvIpyn-
dinwum chlonde This 15 rmsed off with stenle water The saphenous ver noutated
with soft plastic tubing, outer diameter 14 mm (Portexno 1E)exce  theateof

bgation where a thun glass tube 15 interposed
Most of the hatr on the abdomen 1s shorn off, and the remamnder reT ve witha
depilatory louon The abdomen 1s opened by a midline mncision A flap of th=  ~mach
wall 1s fastened into the upper part of the inasion Through an inasion 11 us flap
 soft rubber tube, outer diameter 3 mm, 1t introduced mnto the stomach and a soft
Plastic tubung, of the same type as that used for cannulation of the vein, 1nto the jeyunum,
The stomach tube 15 used to ex acuate the gastric juice, and the jejunal tube to introcuce
solutions into the intestme The common bile duct could easily be cannulated and the
bileled past the duodenum directly 1to the jejunum, by connecting the cannula to the
Jeunal tube This seems, however, to be superfluous, stnce — contrary to what might
be expected from the reports n the literature — no secretion of pancreatic juice takes
Place in starved anumals with an unnterrupted biliary flow, unless secretin 1s injected
A thread 15 passed between the pancreas and the duodenum, about 2 cm on ather
sude of the entry of the bile duct into the duodenum With the help of these loops of
tbread, the part of the wntestine anto which the pancreatic ducts empty 1s pulled out
and attached 1o the left side of the abdominal wall The main pancreauc duct 1s idents
d erther m 16y passage from the gland to the intestine, or i the duodenal wall It 1s
fited from extrancous ussue and cannulated — as far as possible from the gland,
sometimes even 1n the duodenal wall — wath about 2 5 mm of 2 15 mm long glass tube,
outer diameter ! mm "The duct 15 tred around the cannula The free end of the tube 15
connected to about 30 cm of soft plastic tubing of the same type as that used for
€annulating the vein and for the, jejunal tube The plastic tubing is threaded loosely once
2round the intestine and then passed through a stab wound m the lateral abdominal
wall, leaving about 10 cm of tubing outside and a coil of 20 em nside This prevents
the canmila from being dislodged by respiratory movements The mtestine 1s returned
fo the abdomnal cavity, and 15 kept close to the masion in the abdommal wall by
3taching the two threads surrounding 1t to the wall The incision 13 then closed
When the effect of the Nembutal wears off, 0 1 ml of Placidyl Abbott per kg bw
 1ntroduced into the Jeunum  This dose usually keeps the arumals asleep for at Jeast
12 hes About once every 12 hrs. the bladder 1s emptied by slight manual pressure over
the appropriate part of the abdomen Tests arc usually run betwecen 83 m and 10 p m
Before each mght period the animals are given 015 ml of a 5 % hepatin solution
145 250,000 1U of benzylpemaillin sodwm 3 m , 20 ml of 5 °, glucose slowly mtra
Junally, as well as 0 1 ml of Placidyl per kg of body waight mtrajejunally The same
Ureatment except for the Plaadyl 1s repeated in the mormng Nembutal can be given
nstead of Placidyl but the ammals cannot then be left overnight wathout supervision
 teMperature of the ammals measured rectally 13 kept as close as possible t0 37 °C
by appropnately placed lamps
The assay All solutions of secretin are prepared mn stenle physiclogic saline, to which
hidrochlonc acid has been added to a concentration of 0001 N The solutions are
stributed 1mto metculously cleaned stente glass test tubes and quickly frozen The
€ontents of a tube are thawed 1mmediately before use That secretn n soluton 1

* Manutucrured by Porttand and Plastic Lid Hythe Kent England
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Franturd sat e 130

€1 N NaNCD,fmty

[} w W 2% E by 3
THHC dose oF secrat  Gual

Fig | Relatonsinp between secrctin dose wnyected 1n the anesthetized cat and the amount of
alkali secreted i 15—20 mun

. Y

(1954) 1n titrating the bicarbonates 1n human ducdenal contents after administenai
secretin found m 5 out of 7 cases wath almost ndiculous arcuracy twice and three
tsmes as much bicarbonate after a corresponding increase 1n the secrenn dose mected
(Table 1)

The amsay of our secretin standatd contzmng 8,400 HCU per mgm 2
of cats showed almost the same close proportionality (Mg 1)

The titration of the alkali excreted with the pancreatic juice conscquently gies 3t
adequate figure for the secretin activaty

The Hammarsten cat umt (HCU) of seerehin 1s defined 23 the 2
winch in the cat induces secretion of 0 1 ml of © 1 N bicarbonate 3n
following inyection

tasge number

maunt of secred®
the 15 mun peried

The cat method
The techmque of performung the asay in cats was
and Soderberg 1n 1959, who hept the cats m good con
for up 1o 4—~5 days Thereby the necessity of tme-consuming dady OP‘"‘“";“:’Z
elimmated Moreos ex, the animals are affected for some hours after oP"a‘w";;“ o
luggshly to secretin C ty, if they are sacnficed i the evemng ‘;r n:«mzm
operation, they are discarded just when they have become useful Smcz :n e
the anesthesta produced with Placidy! {Abbott) Iasts for at least 12 hrs the " o
with adequate temperature control safely be left without supervision ":;"ug
making Jegislative regulations on this point demanding supervision '“p«.: p— Y
This technique can permit some 50 tests 10 e pesformed in the 131:“ et wiha
any tme of the day an approumate value for the seeretin actty 28 Wml’m sonsh
standard can be obtained within the course of I hr The cat [unc:;l: “‘b“ﬂ pubhshcd
ing preaston {ike an ordinary titration machine Since the me:::‘l2 . ““’
1n 8 joumnal not always accessible, its detauls wiil be reproduc o r:mp cration, butare
Preparaton of the ammels The catsarestary ed for about 36 hrs 6‘ oy of Aembatsh
atlowed water ad libitum They are mially anesthetized with 0 6 mi pe:

very much improved by Mutt
dinon under Placsdyl anesthestd
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the vanatslity 1n the animal s reaction duning the course of 2 hrs Two consecutne
njections are hable to give mote reliable responses allowing a 10 per cont differentia
ton m strength wath fewer senes Furthermore the 1 2 rano of the doses 1s not selected
for physiological reasons but 1 order to facilitate the mathematical treatment of the
material which evidently should be of secondary importance
In all 3 cats the same results were obtained namely, 01 ml of the test solution
equals 4 uz of the Standard or 3368 HCOU One ampoule of Secretin Vatrum No
222010 (1962) thus contains 1 680 HCU or 8¢ elinwcal unts of secretin
The rat test A techmque for using rats was elaborated by Love (1957) of the Oxford
group Inrats starved rht an: h with urethans Juice was
collected from a cannula m the termnal part of the bile duct and measured i a2
calibrated capillary In some mnstances the bile was by passed through another cannula
from the upper part of the choledochus 1mplanted 1nt0 the first portion of duodenum
The basal secretion was measured before the myection and after cessation of the secretin
sumulation The total volume of secretion under secretin shmulation runus the basal
seeretion was taken as the response Over a certam range 18--55 HCU per ammal
1\ thed " 1th 1 the slope of the curve for different
ammals At Jeast 2 standard doses of secreun difiering i strength by 1 3 were used for
plotung the dosefresponse curve on which the doses of the unknown were read off
Another and berter alternati ¢ 18 to choose the dose of the unknown as close as possible to
that of the standard
The techmique of the rat test has recently been reinvestigated by Heatley (1965)
There 15 3 responsin eness within a 64 fold range (0 9—57 HCU), the log dose response
curve being roughly lincar A linear dosefresponse curve was obtained pvera 3 fold
range 18—55 HCU 1n accotdance with Svatos and Jelinek {1957) who found the
Telation to be hinear over a 4 fold range As found by other authors they also found
frequrntrhangcs 1n the sensitwity of the 1ats causing fluctuatiens in the response to
secretin ‘The operation techmque was smple  taking for one animal less than hatfan
hour 4—5 apumals heing used sumultancously Operation mortality 4—>5 per cent with
nodifference between male and femal 3—6hrsafter prep the basal secret
Was m a senies of 68 uretharuzed rats 2 60 3- 0 8% plfmun/kg and the mean pancreatic
Tesponse ftotal y olune rminus basal sceretion) 20 0 -+ 5 39 gl after $ 5SHCU and 111 &+
34 ) after 1 8 HCU Mean duration of the response about half an hour
In companng the strength of the rat umit with that of the Hammarsten cat umit
tounting with 8 000 HCU/mg of our reference standard onc rat umt was found to
correspond to 4 48 HCU 1 xactly the same figure 44 HCU = | rat umit had been
found bv \ewton ¢f af (1959) 1n using onc of our previous standards having 730 HCU
Per mg
The most extensive study of the secrctin assay 1n Tats has recently been made by
Naille et of (1962) and Debray ef af (1962 2 &) They counted the number of drops of
‘Pancreatic Juice secreted under the mfluence of secreun dunng the course of 1 hr
and subtracted the basal secretions There was a hnear relationship betw cen the response
and the loganthms of the dose applied The basal secretion from the pancreas which
b Grossman {1958) was found to be as hich 13 0 6 ml per hrand kg wasin these senes
probably due to the operation fechnique with no higation of the pylorus several times.
higher than in the semes of Love (1957 Heatley (1963), Svatos and Jehnek (1937)
and Svatos et ol (1960 The accuracy of the analysis was thereby reduced In order to
Ectsatufaciory accuracy Valleetal 1962 p 233 found the admimstration of two doses
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of the test and the standard 1n the rato 2 3 each of them fo four raty not sufficient,
twelie amumals being necessary

Seeing that the strength of the Ivy dog unst of secretin equals that of the climeal
umit, suggested by Agren and Lagerlof, Debray et al (1962 b p 574) were anxious to
choose an equal strength of the rat unit They found 6 clinycal unts of secretin to be
nccessary in order to produce under defintte experimental conditions 1n a 250300 g
male Wastar rat, anesthetized with urethane, 2 secretron of 925 drops of pancreatic
jutee per hour, giing a twice as large seeretion during the hour following the injection
of secrettn as that duning the hour before ingection The rat unit was therefore defined
by them as 1/6 of this dose, making one rat umt in therr terminology equal to the clinical
unit The rat unit of the Oxford group was 1/4—1/5 of the chmeal unit

Evtdently any of the methods discussed above can be used for the assay of sceretin
The dog method of Ivy shich measures the volume of the Juice seereted gres accurate
values, but 13 suited only for physiological laboratonies with ample housing facilities
and trammed personnel The rat method as elaborated by Love and Heatley, by Dibray
etal and by Svatos and Jelinel ean be a satisfactory substitute when cats are not acces
sible The number of animals suggested by Vaille et of (1962) would, howevcr, make the
assay time consuming
The cat method as elaborated by Mutt and Saderberg seems to us to be an ideal method
1n cvery respect It makes an approsimate estrmation of the strength of a sample possible
m I hour and an accurate assay i a few hours There 15 no basal secretion and the
relationship between the dose of secrctin injected and the amount of alkal: secreted s
nearly stoichiometrical

The wnterrelationship between the different vats sugzested for the expression of secvelin astady
Lagerlof (1942) uscd 16 cat units (HCU) per hg b w a3 the standard dose 111 the secreuft
test 1n man thereby defining the chnreal wnit of which one wnit 15 ordinanly given per
kg bw In analyzing the Swedish secretin Pancreotest, manufactured by Astra, Sodes
talie, and stated by the manufacturer to contain two chinical units per mg, G""’gng
and Stein (1941} found that one dog threshold dose of Ivy corresponded to one clinic o
amit of Lagerlol The rclatne magmitude of the Ivy unit snd the Hammarsten :‘“
(HCU) was determinea 5, Greengard and Ivy (1938) They found onc "71 i
threshold dose to be equivalent to about 20 HCU, which means that ldmlca1 “;‘B
cquals 20 cat umits For the sake of cons emence we prefer to use this relationship
nstead of 1 16 as suggested by Lagerlof

Crnick, Harper and igap:r (1948 fntd the strength of 0 | mg el an arbrtranly li\:::
standard preparation of their awn as a secretin umit The a1 erage amount of Pag:non of

gurce found by them to be secreted 1n the 12 min perod ffsluw:ﬂg U:‘c ;’ "‘ ‘;Jml fhe

01 mg of this n cats, d wt ten et
strength of the 'Cnck, Harper and Raper umt will thus be about 2 Hammanten
umts or about half of the clnical umt ing to Newton ot ol

The rat unit suggested by Love of the Oxford group 1s 2ccord T umt The et
and Heatley equal to 4 5 (4 48) HCU or about a quarter of the chimcal ;mmni\d\b‘
unit by Vaille, Debray ef al has the same numerical strength as the chinrea)

dog threshold dose units
I";‘hcgchmcal umat of secretin 13 thus fairly well definrd 10 relation ;° ‘nheo?(:‘::ﬂahl(
suggested It was introduced by Lagerlof in Sweden in the 1930 s as c:é{ e
size for the admimstration of 1 umt per kg b w 1n the roulmesec{cn:;ll: Ty 45
function i man and was independently applied by American autho
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threshiold dose Tt has, furthermore, recently been accepted by the French group working
under Debray There can ly be no onan Llevel about
usng other units than the chintcal umt of Lagerlof for the expression of the secretm activity

The secretin standard
In the past difterent authors used thewr own reference standards varying in strength
from that of the acetone-dnied duodeno jejunal mucosa of the dog (Burn and Holton
1918) to preparations with a few, possibly up to 1020 chinical umts per mg In 1953 a
conference on the assay of secretin was held in Mantreal attended by representatsy es from
8 countries (Friedman 1954) No standard nor any international umt was established
Ihe secretin, avaitable at that time, was too labile for the purpose

Breause of the lack of a stable standard preparation of secreun from the past there
will be no possibility of comparing the strength of the preseatly available matertal with
that of the earher preparanons However, since the numerical value of the clmcal umt
¢an be determined both with the eat, dog and rat metheds, there wall be no greater
ddficulty in defining the strength of the ncw standard

The greatest obstacle agamnst creating a secretin standard 1t the lalulity of the ma-
tenal Ate dried preparations of the crude secretin lose activity when stored at room
temperature The same applies according to our experience also to punfied Iyophthized
Preparations

Our first two standard preparations precipitat>d with acetone and ether suficred
eonsiderable loss in activity during onc year In August 1958 we lyophihized the hydro-
chlonde of a fanrly actne preparation with 420 chmical umts (8400 HCU) per mg aad
distrbuted 3t by weighing I mg portions into stenle test tubes with ground stopeocks
Partof the material was stared at room temperature, the remainder at—20° G Inorder
1o prevent foss of actinaty n treating the solutions the samples were handled 1n a definite
manner The content of a test tube was dissohved m 10 m stenle 0 01 N HQl and
distnibuted on 10 stenle test tubes 1 mlin each Afrer filling up to 10 ml with stenle
Physidlogical saline — thus 10 g per ml, the solution was deep frozen and stored at
—15° C. Before usc 1t was thawed and distributed on 5 ml stenile rest tubes to be kept 1a
the e box dunng the course of an expeniment

The actnaty was determined 1n cats as doscribed by Mute and Soderberg (1959)
In 209 single tests on cats the following results were obtamed (Fig 1) 1 pug of the
standard produeed 111 + 617 ml of Jwice 1 the cat (46
Injections), 15 gy produced 138 & 032 mi (20 injections ), 2 g produced 168 L
G163 ml (118 amyections) and 3 pig produced 240 £ 0 51 ml (25 mgections)

The figure 168 ml obtained with 2 g corresponds to 420 chmeal umts (8 400 HCU)
P<rmg In some connections the strength 8 000 HCL per mg has been given for this
standard Preferably the figure 8 400 should be used

Our first impression was that thus standard had preserved 1ts actmaty fairly well as
dry powder at room temperature 1n closed test tubes After 4 years, however, 1t was
evident that the sample kept at room temperature gave a far too weak response in the
€ats, the sample Lept as drs powder at — 20 C being twice as acine

Weallomadean attempt to use as relerencs dard pur 1
fat No 222010 (1962} of the comn rraiad secreun, Secreun \ atrum, manufactured by

B \itrum, Franzéngatan 9 Stockholm Sweden beng selected for the purpose
Tt was stored at room temperature However talso proved not be stable. In 3 years the
ctaty had dropped from 84 to 13 ki cal units per ampoule
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As the facts stand therefore 1t will be necessary to check the actiity of the refecence
standard with regular sntenals using any of the biological methods So far, we know
that the acctate form 1s svery unstable, particularly 10 sotution It remauns to study the
stability of the secrein hydrochionde under & d at fow
10 an oxygen {ree atmosphere
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From the Department of Physiology, Untversuty of Turky, Finland

The Effect of Cinchophen on the Acid Polysaccharides
of the Gastric and Duodenal Wall in Dog
By
I Hanxwves and K, Harmiaza
Recaived 20 August 1965

Abstract

werefcactionated and the aminosugar content of the fractions was determned. After v va)
cimchophen feeding a significant increase it the amount of fractions contasning chondmnrg
sulfuic acrd B and in threc fractions g epithehal sulfop were ot
whereas the amount of the fraction containing hyaluromic acid showed an opposite 't’"fl‘;";e
The change in chondroitn sulfunc acid B content was the greatest n the middle sections
mucosa of the antrum At thus tme no ulcers had yer appeared s
Alter 1% days feedung the content of chandroitin sulfunc acid B fell sgnifieantly m 2l Po%

ertht
' . hangss

) " ) inphen
b " Aané

wleet

formaton

Cinchophen, an agent known 16 produce expenimental gastric ulcers  dogs (Boﬂn;am
Stalker 2nd Mann 1938), was abserved to stap almost completcly the St
duodenal mucus m duodenal pouch dogs (Hartiala Ivy and Grosman m)‘.,w(\
this obsen auon was made, work 1o our laboratory has been concentrated onm«d fot
of gastric and duodenal mucosubstances The lack of suitable methods m;n dwa&vh\t
2 long tme, a study of these mucosubstances However the mcorporalmr;:{::\u el
sulfate ("SO,) into the gastromntestinal mucosa and mucus as 30 ¢ster !\‘n‘ “sod Florey
10 the 19505 (Bostrom and Odelblad 1954, Dzicwiatkon sk 1956, Jenmn@ 98 00

- be ma:
1956 and Kent, Whitchouse, Jeanings and Florey 19561, ﬁuk:: t:’:‘;ég“\(imd.cd the
as the I de Using this knowl @
!

L n guined
v~ tha e Wora campsnt and NG nntake 1n the antram and duodcﬂum:‘mz“
' se insufficient for uleer prl)ﬁnlt‘s mmlpb"m
ontent of the tisue aod the
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changed 1n the same way Repeated mjections of histamune {4 to 9 mject ons) regulasty
produced duodenal ulcers and a significant dumenution in sulfate conte ©

The results of thus study indicate that biochemcal changes occur in the 2+ tmntestnal
wall beyond the location of the ulcer atself It has not been established tc vhat extent
the changesin the sul A h 1n thi tissue pel sacebandes,
on the one hand, and m the macromolecules of the secretion, on the other The idea
that chondroitn sulfate, hitherto known only as a connectne tissue po ssarchande
could be sccreted as a mucous component in the gastc and duodenal ju ce s dificult
to concetve off According 10 the present concepts chondroitin sulfate 1 svathenzed
by the fibroblaste (Schubert 1964) On the other hand, radioautographic studtes have
shown that the radioactive sullate 1s incorporated not only m the connects ¢ fusue
butalso un the mucosal neck cells and the cells of Brunner’s glands and that 1t 1 secreted
from here into the lumen (Bostrom and Odelblad 1954, Dziewiatkowsk 1956 Jennings
and Florey 1956 and Kent ¢f of 1956) It may thus be expected that the sulfopnl sac-
:“hlnrndc of the mucus would duffer from that of the connective tissue namely chondrastun

fate

The difficulues encountered 1n the 1solation and characterization of the mucosal
Polysacchanides dern e from the fzct that the samples have contarned too many different
pes of polysaccharides to allow the ssofabion of indiidual components Scate 1960
has described a new method for T and of the acid pot
fides This has been itended to be employed mamly for the analys:s of the connectrve
tssue polysacchandes such as hyaluromec acid, chondrowun sulfate and hepann Ve
have applied this method also for the dentification of the polysacchandes of the gastac
all and mucus This mformation has been published elsewbere (Hakkinen et al
1955 1t was necessary to the ! mucosal harid
from one another and to ¢h them Such f sa q before
28y quanttatve colonmetric analyses such as amunosugar detcrmunations can be
“uccesfully used 10 show possible changes i the mucosal polysacchandes Recent
Uttrature seems stil to offer smy estigations n which direct anunosugar determinations
ve been employed for the d gastric secretions or wall

©ur opinion such results cannot reflect actual biological changes 1n the varous
Pohvsacchande compartments as has been clumed (Robert Bayer and Nezamus 1963
204 Robert and Nezamis 1963)
fee different types of polysacchandes were 1solated namely hyalurome aad
droitin sulfate B and a previously unknown sulfate-contatmung polysacchande
a © last named 1s not enurely unknown however as far as the elementary constituents
© ¢oncerned It resembles that general type which 1s found 1o the blood group poly-
schandes and most eputhelial polysacchandes except that these lack the sulfate
Fdeal The incorporation of sulfate nto these has not been known to occur The
I?‘;‘“‘" analyses revealed glucosamine galactosamne, galactose fucose and mahic
o Four dufferent fractions of this polvsacchande were obtained which differed
a5 €3<h ethes only in the concentration of sulfate The residual pepude fragments
Present aficr the papan hydrolysis have not been studied 1n detail As judged from
< Ritrogen analyses, their molar amounts are not great
m’gwe sull; epithehal 1 de under proved not
“tthn!-’un ufonic acsd For the purpose of companson we also ssolated the acid poly-
Jenandes from human gastnc ju ce (Hakhinen ef al 1965) These were found to be
“tical with those isolated from tne gastnc wall of thedog Inthe gastncjuice noteven

In

chon,
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traces of chondroitin sulfate or hyaluronic acd could bedetected 1t would, therefore,
be likely that this new sulfopolysacchande is derrved from the secreting eprthelial eells
of the gastric wall. Structually it is entirely different from the sulfopolysacchande of the
connectine tissue, chondrottin sulfate, In the present work we are dealing wath gastnie
and duodenal tissue Conscquently the main interest s focussed particularly on the con-
nective tissue polysaccharides of the wall and en possible changesin these The secreted
potysaccharides af the mucus should be desernuned directly from the secrctions Deters
mynation of these conshituents from the tissue contents does not gne us information
about the changes in the actual secrenon or synthesis The analyses of these epithelhal
polysacchandes have nevertheless been included 1n our data since presious information
of their contents in the tissue at certarn moments are not aarlable,

Materials and methods
Young female dogs weighing from 9 to 10 kg were used The amm:lh'l\:rc fed ad hbium — the
SO B TR e e T T
,

stomach together with a 5 em stnp of duodenum was cxcised and prompily refrigeraied

the stomach contents and omental fat were discarded and aoy erosions and ulcers were iofe
The stomachs of the first group were divided 1nto two parts by cutting along the border

between the antrum and corpus The duodenum was used as the third sample The ‘:41!1—“1:

homogenized — all layer .

digestion  The homogenat -

s own enzyme activaty -

.

In the second group the siudy was concerned with the antrum the area uhm:he‘:u:gm( .

lcers ar o ol Ipalied. Tt mco  dht prt 3 o il 10 gt 3 L

muscultr layer This prece of mucosa was fattened and promptly decp froz d o,
O M ann 7 ey ¢ wmen rakien using a hmrm

. coup was weighed homo-a

The samples in the scf00%

v widh

senes . .
1 of the

It 1s possible to p the acid pe I q
cetylpyndintum chlonide (CPC) from an aqueous solution fepresentng an exirac
gastric tissue I the supernatant reman the neutral poiysscotamder e selut

The neutral polysaccharides remain in the supernatant provided that ihe 50, U
such salis as MgCl, or NaCl over the so-called criucal concentrtion a1 >

actenstic for each cetylpyridine complex of the palyamon ot from
char g s fex by reprecipitation with n]?:):umnm:

1on contains
§ Thsw

After they were hberated from their CPG comp! foquns
MgCly solutions the acid polysacchandes were fractiorated in small g 10 6 ¥ carzé
: nated with 1 %
' bed elsewhere
) ' ' . he salt concentrat

. . . *aCl efution carmes 2
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Tasie T The effect of cnchophen on the acid polysacchandes of the gastne wall m dog, after
feeding for 14 days The results are cxpressed as ug AMIMOSUZIr € SSUE wet Wt
The fracuians are charactensed by the normality of salt sokstion used for the elution
(for detals see text)

Cinchophen Sigmificanee of
Fraction Control dogs dogs difference

3} 41 rm

o3 173174 129 £ 60 933 >P>030
05 172253 107214 015 >P>010
06 90+17 HEERE) 040 >P>03
08 20222 12317 001 > P> 0002
1o 32785 156217 002> P - 0M2
1z nsg+=17 56.=10 001 >P>000
&) Duodruem

03 26213 01422 01 >P>00
05 76+ 49 124+ 28 020 >P=>015
06 0t 26 69 £24 020 >P>015
08 B2 24 5622 002> P> 0012>
1o M1 74 104+39 002> > P> 00125
12 96+ 28 1217 040 >P>040
<) Corpas

03 511449 07+£93 01 >P 00>
03 322+ 99 21 =46 030 ~P.-02
a6 160+ 46 120 = 35 02> ~P.-020
o8 17ss28 142 = 36 030 P>025
to 380£77 133233 0025 - P - 00125
iz 10245 4814 020 »P>015
frartan © o1 '

. Ve
T . -
€ary fractions of epithehial sulfopolvsacchande each depending on the sulfate content of
¢he component 10 and 12 N MgCl, eluates contain a substance identical wath chondrottm
Wifate B The o these two was t0 be due to therr
fesent sullate contents The salt normalives used in the clunon procedure are used as the
names of the fractons
Mo carbohvdrate contarung matenal could be found wn any fractions usng stronger or
“eaker salt solutons than thess The recorery from the column us ng this method was atmost
1002, howeser 1t must be strossed that great care must be taken when us ng this techmique
“— Bpecally with the pack ng of the column
The fracuons were precipitated by dimumsh ng the salt concentraton (0 a pomnt below the
grueal CPC precrpiat o pownt The precipitate was bvdrolised n 6 HQ 3t 100° Gf ¢y
s and the aminosugar ¢ ntent was drterm ned aftr evaporavon of HQ usirg the 3

-~ ’
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Tarte IT The effect of 6 days feeding with enchophen on the acid polyssccharide rontent o
antral mucosa of dog expressed as in Table [

Antrupm Cinchophen Sigmficance of

Fraction Conteol dogy dogs difference

03 760 £ 72 558+ 123 0l >P>003

05 29+ 26 N5+ 67 0025 > P> 00125

bs 37+ t0 251+ 131 001 >P>0005

03 2044 14 rx 28 P < 00003

19 517 469 7254 28 0015 >P> 00

1z 246 30 389+ 51 00025 > P > 00005

A o - - tand the most
. . scale we have

Results

Serses 1 {emihophen for 14 dags) The antrum of every dog showed ulcers reaching to the
deep musculans No dog had vasble lesions 1ny the carpus ar duodeaum The fractions
ebtawned with the cinchophen dogs showed a decreased amount of arminosugar compared
fa the control dogs (Table I) The greatest and the most sigrificant change was found
1 the antrum in the 08 N, 10 N and 1 2 N fractions The 03 N, 06 N and D3N
fracttons 1 the corpus did not differ signtficamtly from the controls
e d m the pot hande content by the

1 the 1 0N fraction, over 50 5, and thus change ts the same 10 the corpus, antrum 2nd
duodenum

Serves £ (exnchophen for 6 days) Every dog showed erosions in the antrum These were
probably deseloping ulcers The samples were from the visible healthy tissue, not from
the uleer

The results of the quanutatne analyses of the acid palyssccharides are shounl::
Table IT expressed agaim as ammosugar These results are from the mucosa x'P;:‘m
from the muscularts and scrosa, so the amounts of the poly saccharides are greater o
the first series .

El'hc results for this senies differ from those of the first serees in that the 05N, ogl :,,
O8N, 0N and 1 2N fracuons in the cinchophen dogs were about 30 ©, greater
m the control dos

The fracuonaugo!n of the lay ers of tssue showed the cinchophen effect only ':cﬁ;;:g
largest fractions, 03  and JON The 05N, 08 N and 1 2 N\ fracnons l;ﬂ  idie
a0 the whole mucosa equally diseributed The® 3N and 10 N fractions h;x P
of the mucosa (sections 4 5 and 6) were relatnely fugher after cinchophen

h wlargest

Drscusston e B and
e
The connective ussue polysacchandes of the gastoe wall choﬂd;‘oell::ln:‘u 1; oot
hyaluronic acd according to our analyses are not released iramHl T
bikely form a structural compargment of 1s supportng ussuc How
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are precisely arranged sn the gastromtestinal wall has not been clar ved In other
parts of the organism they are known to form a gel, an 1nterstinal su stance in the
collagenous network Perhaps they also connect the epithelial cells 1 ths network
All transport between the cells and capillaries finally goes through this ge] From this
pomnt of view the observed changes m the connective ussue polysaccharides mn the
gastroduodenal wall are reasonable It might be added, m this connecuon that the
tole of HC! and pepsin 1n the production of ulcer under these conditions must also be
conudered As has been shown mn totally gastrectomzed dogs anchophe  does not
alone without the presence of HCL, result i the final ulcer formavon Hartiala and
Astila 1963)

In this study we look at two stages 1n the developing ulcer early ulceranon and the
fnt stages of chronic ulcer The results show that the polysacchande conteat 1 the
early stage s mereasing This 14 true for both the epithehal mucuspolysacehartdes and
the tonnective tssue polysacchanides The tssue samples are from the healthy mucosa
sofrom these results we ean hope to find the same for the whole antnm

in the chromic expertment we found that cinchophen cansed a decrease Ir the
polysaccharide content especially in the connective tissue polysacchandes

‘€ TOSt surpy it 11s that th of d: olfunc acyd decreas
ed evenly m the whole stomach from the duodenum up to the upper corpus It may be
supposed that in the early stage there 15 2 reactive smulation and that further feeding
of cinchophen produces evhaustion The result s analogous to the carlier expenment
B guthea pigs where the sulfate content 1n the distal sfomach and duodenum was changed
mthe same magner after histamune ijection The results in an expenment with restraint
rats showed the same tendency (Hakkinen Haruala and Lang 1965)

It obvtously too early to speculate on what actually happens in the gastroducdenal
ulcer area. during these two different Theh Iand even P

of these 1 ulcers 1s ed Vvater accumates in the extra
cellular connective tissue The edema 13 not confined only to the uleer location but
estends tolarger arcas Whether the polysacchanide changes and edema hay e something
'n common remains to he proven That the connectne tssue polysacchande gel
InCoTporates water and electralytes 13 known (Katchalsky 1964)

This study bas been supported by a Public Health Service grant No AM 6018
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The Effect of Restraint on the Content of
Acid Polysaccharides of Glandular Gastric Wall in Rat
By
1 HArkwvev, K Harrmara and H Lane
Recened 20 August 1963

TT—————————— Abstract

Haklunen T, K Martala and H Lang The effect of restramt on the content of acad polysaschandes
of glandular gastre 1w all 1n rat Acta physiol scand 1966 66 333—336 — Rats were subjected
0 restrant of varions lenigths of time In the expennments of longer duration ulcers des cloped
whereas in the shorter experiments no uleers were scen The aminosugar content of acd
polysacchandes m the gastric wall of the glandular stomach were increased shightly n the
pre-ulcerous * groups and fell sharply to below control values i the ulcer groups Fractionation
O polssaerhceie frmee va 1o e Oy AT 7 .

m

s
see
the
agel s

The restrasne method 1s an effective psychological method for producing ulcers i rat
(Bonfils 1964) The ulcers are mostly located in the glandular stomach The tme
Fequired to produce the ulcers 13 very short, about 24 hrs although oceasionally even
less B 1y thus shorter 1han when pharmacological agents are used for the same purpose
In another paper we have studsed the changes in the content of acid polysacchandes
" the gastne wall by exogencus 1ntroduction of lcerogenic agents histamne and
anchophen (Hakkinten 1961 Harmiala and Hakkmnen 1965) The present study was
undertaken 1n order to find whether purely endogenous factor such as they are present
0 the restrant ulcer can also produce stmilar changes as found in the previous studies.

In anather paper (Harnala and Hakkinen 1963, Haldinen Hartiala and Terbo,
1963) we noted that the soalled polysacchande fractions 10 N and 12 N rescmbled
the chondroitin sulfunc acid B and that the 0 3 \ fraction contained 3 polysacchande
Smilar 4o the hyalurome acid The 05 N 06 ™ and 08 \ fractions consist of sulfo-
Pobysaecharides found 1n the gastne mucus The same fractionation procedure has been
“mployed and need therefore not be descnbed here again The salt pormalities wath
Which these are eluted are used to name the sndinidual fractuons as in the previous
€inchophen work
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Tante { Groups of “Restsant rats”. Macroscopic analyss of the distal stomach=
1 Vo visiblc changes
2 Smalf superficral petechrac or erosions
3 Derp round wlecrations with dark colored blood a1 the bas-

Group t 2 3
Control 10

5h restram 10

6h 10

8n 10

52 2 8

140 3 7

16h 1 9

1/ 3 7
20h 3 7
2¢h. g
28 b 4 &
43h 1 6 z

Materials and methods
In this expenment 120 fermale Wistar raty weightng from 180 10 200 g were ! T = ¢
were dvided into twelve groups, 10 raws each arcmr? -
Both the control and restraned rais w0
that of Bonfils (1963 For practcalre  + * =
56 8 29 28abd 43 hr groups The res . .
in the afternoon Dunng the restrant pe = . .
the amsmal the stomach was opened an .
part of the stomach the glandular part . + o s e was homogensed un e
lavers 1ogether Fracuonation of acid polysaccharides nas perfarrard in a control ch\:mn il
the 24 br restramt geowp with the same method as n our cancophen study The poha e
fracuionated 1 thix way from the gastnc ussue of dog and from the human gastne JATE
bren characterrzed clscwhere The resulis were gren i) 4g ammosuzal per g “;““‘ “‘ nslysed
1n addiwion 10 this the amynosugas coment of unlractionated atid polisacchandes »er
for each group

[y

Results

Only one rat sn each of the groups of 24 and 48 hus dird for unknown Fe8all
Maerescopre lesions i the stomack The lesions were seen 0 be looahstrd in ih or
stomach o lesions were scen m the sq puhehum of the ture of the
the duodenum The stomachs were disided mto 3 groups according 10 ﬂ:ﬁ n:, crosons
lestons produced 1 imtact stomach, 2 small perechsas or quite "‘P; sz 1) Afera
3 round ulcer, one or more wath dark blood at the bas~ of the ulcer ;‘ M {esrons of the
restrasnt perod of 5 10 20 hours no lcers were observed ooy A TEIEL oy
second category n the above classtficatton These were more abun ~oups was begun
2t the begnmng of the restraint v e 5--8 by (the restraunt for mﬁful-m (group 3)
um the moming, which may play a part m ths finding Most o
were found m the 24-hr group
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3

Fig 1 Histogram showing
theeffectof restrame e

o the total acid polysac

ehandes of the dustal gastric
wall n rat. The correspond

g values are expressed as
Fi aminosugarfg tissue wet
e

g

g

YT

Totol acud polysacthandes wn the glandular stomach

inFig 1 the average amount of polysacchandes m every group 1s shown, expressed as
Hg aminosugar per gram gastric tissue wet werght and the standard exror After a short
festraint {8 hrs duratron) there was some tendency for the acid polysacchandes to be
increased  After restramnt of 14 to 20 hrs there was no significant difference from the
control group The 24hr group showed a Jarge decrease 2nd that 1s why this group nas
thosen for the fractionation analyses The values for the 28 and 48 hr groups are
tower than 1n the control group also, although not so low as thase for 24 hrs

The fr

analyses of aced p haride

In Table 11 the amount of ammosugar as ug per g tissuc wet weight are shown for the
Polysacchande fractions — expressed according to the salt concentrations u the step-
wie elution as descnbed elsewhere It can be seen that the fractions 03 N 08 I\,

19N and 12 N are highly significantly smaller in the 24-hr group compared (o the
control group

Tast= 31 Results of fractionation from two groups of rass the controls and the 24 h restramt
group The sndidual acd polysacchande ractions are expressed as ug amuno-
sugar/g gastnc wall wet wt The fractions are charactenzed by the corresponding
salt clation concentrations (for details sce test)

24 br restraint Sgrificance of
Fraction Gontrot rats rts dufference

o3 1034 4+ 4 790 34 P« 00005
o8 388124 596 64 041 P>045
:: 280434 230+ 48 025>P>020
10 3382 17818 P < 00002
B 22152 10423 P~ 00005

36224 64+ 2 P~ 00005
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Discussion

From ths work we cannot say if the polysacchandes in the gastnic wall of the rat are
similar to those of dog But comparing the changes i the dog after cinchophen feed ng
with the changes in the rat after a restraint period of 24 hrs we note these changes to be
quite stmular also the fractionation (Table 11) ts simtlar For this reason theremaybea
similanty briween the gastne polysaccharides in these two specics

p shows that h 1n the organism itself ean produce changesn
the content of acad polysacchandes of the gastne wall in rat sumilar to changes produced
by cinchophen feeding in the gastric wall of dog A result analogous to this 18 noted 1
guinea pig after imyection of histamine (Hakkinen 1961)

The 24 hr group showed the worst ulcer lesions and the dimmution of acid polysac
chandes was greatest m ths group W e also note that the 2mounts of the polysaccha
ndes 1n non ulcer and ulcer rats did not differ in the 28 and 48 hr groups sothed m nu
tion of the polysacchandes could be pre ulcerous

This studv has been supporied by grant AM-G018 Nauonal Insttutes of Health United States
Public Health Semviec
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Blood Flow through Human Adipose Tissue
Determined with Radioactive Xenon
By
O Anprie Larsey, No A Lassex and F. Quaane
Recewved 20 Avgust 1965

Abstract

wadand

Lanen, 0 A, N A Lassen and F Quaade. Blood flow through human adipose frssue determined unth
oAby T Pt s

Measurement of blood flow 1 a tissue on the basis of the observation of the clearance
Tate of a radioactive 1satope inyected directly mto that tissue was introduced by Kety in
1948 Kety studied muscle blood flow ustng Na®* as the 1sotope and recently Kenv's
ponciple has been applied to thy measurement of blood flow 1n skeletal muscles using
instead, radioactive \enon™ dissolved 1 sahine (Lassen ef af 1963, Lassen, Lindbierg
and Munck 1964, Holzman ef al 1964) A radioactive inert gas such as X' is probably
abetter indicator of blood flow than Na¥, because Xenon, due to s high hpid sotubibity,
€an be assumed 1o cross the ipidcontammng cellular membranes freely {Lassen 1964)

In the present study the local clearance of Me™ has been apphed to blood flow
Meaturements in the adipose tissue 1n human subjects

Method

Jenon 133 dissalved 1n stente 1sotonic sahne solution 1 an inibal concentration of about 10
mC per ml was obtaned from the Radiachemical Center Amersham, England In order to
Mimize vasomotor reactions the solution contained no bacteriostatic preservatn es

13 ingections of 0 1 mi each were made slowly each myection Lasting at least 30 sce The
Pumber of injections depended on the radioactivity 1 the solunon The needle used  *
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Eig 1 \eclearance cune n 2 34 year-old woman wath an adipose Layer of the abdomen of
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outer duameter of D 4 mrm and the ngectians were made a hizgle below and steral to the umbibous
and at 4 depth corresponding (o the muddle of the subeutaneous fat Great care was tzken 1ot
fo wyect any gas bubbles however small and mn order to mumuze refux of Xew alogg the
meedle tract the need'e wat not withdrawn from the fatty tissye unul hatf a munute after the
nyection.

The thickness of the subcutaneous Layer was measured n an adjacent area with a weedle
saserted sevtically  the fascaa of the abdominal muscles Compartson of restlts from uhrasounts
aad tteedie puncture measurements m 13 patients with an abdommal farty tissue layer bemmeen
6 and 40 mum showed a correlanion coefficiens of 0 983 (Bullen e af 1963)

The was perfc at yoom e o rate of the
{sotope was measured with a sodtutm 10dide (T1) crystal has ing a drameter of 5 em and coversd
by a cyhodneal colimator of 12 cm jead The distance from the crystal to the collimator
©pening wasabout 10 cm and the crystal was placed about 20 em from the s, cm’mng”‘“3
with a diameter of about 15 cm The counts were regustered in 100 sec meervals € ery seon
runute for (-3 hrs aftet sngecuon By using s spectrometcr only the photopeak of 8 hev wis
mcasured and the initual counung rate ranged from 5 107 (o 10° per munme od

The patient was told not to make the smallest moy cment durmng the countmg procedure a il
b wat under constant cbsenation 5o only the resprratory moy ements of the abdognal %
could change the geomerry

Calalanons algost
Fundamental to the calculations 15 the assumpuon of mamtenance of cor piete of

complere diffusion equiltbrium 1 ¢ that at all tunes durmg the stady a

C =4 Coioa e w o arNA®perigfof
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bog counts per secand

Fig 2 Two Xe.clearance eurves from a
4)-year-old woman with an adipose layer
on the abdomen of 70 mm In the upper
balf of the figure 3 X 01 m Xenon solu
ton was imyected over 10 se¢ and 1n the
lower half 3 X 0 1 m! Xenon solution was
mmjccted over 6 munutes Only in the first
st a rapid mial clearance rate sseen 359 ‘& matag mo

£ @ &3 MUTES

MPrEt ;o comewhat with the hematocnt value (Conn 1961), but as our sub=
pm per ml blood

Jeets had hematocrit values withun the normal range, na cortection has been made for s
vaation,

Applicatton of the Fick princple and insertion of equatson (1) leads to equatson {2) as the
concenteation, of Xe™™ in the arterial inflow 1s neglgible (no recirculation)
dC/dt = — (1) © @
whitre dC[dt 18 the loss per minute of Xei® per g tissue, and {1s the blood flow 1n ml per gfmm
Soling equation (2) for G one obtaws hety’s classical mono-exponenual clearance function,
vz C(1) = C(O) exp (— (ff2) t) Equation (2} may also be solved directly for [
Femwe2 d_cé(ifa—rliﬂncldl 3)

The fatty blood flow per 100 g of fatty tssuc 1y FBF = 100 f Since InC =In 10 log G =
=23 log C st follows that

FBF =2300 4 dmml/100g mun. )
where d == d log C/dt 12 the numertcal value of the slope to the tangens of the curve of log C
plotted agamst ime Thts way of handling cquation (2) 13 pracuical at very slow clearance rates
(sce Fig 1and 2)

Results

Methodologreal stucies With the present technrque the depot is extended over a
volume of about 1 x I % | cm as demonstrated by autoradiographv, 1 ¢ a small area
compared to that viewed by the crystal with the collimator used That ssoefficieney 1s
adequately mamtuned despite the softness of the gamma radiation (81 Kev) was

OWT expenmentally a constant counting rate was observed after injection of \¥®
into the abdominat fatty ussue immediately post mortem, 1€ no measurable amount
of tracer 15 Jost by diffusion from the olume <ecn by the semaltation crystal

Tn alf cases eamined the disappearance rate of the 1s0t0pe was more rapid 1n the
first 1560 mn afier the imjection (Mg 1) The inital rapid elearance rate was usually
about 3-4 tumes a3 fast as that of the rest of the cune and 1t was most pronounced i
subjects with a thin subcutaneous laver 1i the 1sotope-contaimng saline was injected
verystowly {about | 2 mun for each mgection  the imtial phase was practically absent
or at Teast much less pranounced than when myecting over 10 seconds (big 2)

Theo mamn factors appearcd 1o contribute to this phsc of the curve, 11z local hy pere-
™33 due 1o the traum of the snfectren and refus of the wtope to the dermal nssucs mth

//
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Fig 3 Xew.clearancecurvena
Sbeycar-old man with an adipese
Iayer on the abdomen of 23 mm

The ingections were made over §
ymin and the connting searted im-
mediately aftet and conninued for
4 hrs Afterarest of 1{2 hr where
the patent had dinper, the
counting was connnued for a

Hoyrounts pr 36 3ne

24 RN further 2 1/2 hes The counting
was fesumed 25, 28 and 48 hrs

2 aler the injection, edch time for
gl abour 1 he It s seen that the

ot
H N

postresorptive values the finst day
indicate a faster clearance where:
ay the mean clearance rate
throughout the 48 hrs showsa
w EJ £ @ farry monogxponental curve

tgher clearunce rates The role of tissue rauma was suggested by the finding of an
imtial phaseof relatively fast ck even in sfudies employing a very long injertion
needle thus ayeiding reflus, That reflus to the skin can otcur when the depotewasplac
ed 2—3 mm under the sk usig a short peedle was demonstrated autoradiwographical
1y* 1tis likely that both factors mennoned become less wnportant when employme
the slow mgection technique described above

However, st has not boen possible to find & procedure which completely abolishes
the intitial phase, and thercfore i all studies refersed to below the \e® clearance from
Tfatty tissue was first recorded from at least 60 mun after the mjecuon and the measure-
ment was continued for the next 60 mn or more

The slape of the clearance eueve isfaicly constant after the mutial phase This was found
both 1 several expenments where the slope was registered contutuously for 2—4 hours
after njection (g 1), and 1n some eapernments where the clearange carve was "Si“
tered repeatedly through 48 hrs after the mjection As seen n Fig Jan approumsiet!
mana~exponental decrease of the 1sotope concentration was found after the fisst few
per cent of the dose had been cleared an until the end of the observation, when 9;31?‘"
cent bad beea cleared Thus this simple function descrbrs the oy eralt clcarante mr{
well even thourh diffe af exp L coeffi may occur o1er shorter B

mturvals ! for the

As mantenance of diffusion equilibrium between tissuc and biood 1s escentl ot
method used, esperiments were performed sn which the relatve d:sappcnr:ﬂ;‘m;
3 ~ ~CY0, of both Krypton (Kr®) and Xenon 1) amected nto U c) e
ussuc 16 the same subject were measured (rable I} If blood flaw 1s the rate mnmn
m Atarme foom eetaien (21 that knoJkge = Axefiny 1 OR 8 0T

e - than

constants, D the &l

The ravo dxe Age can be csumated to be ! 75 from the ';‘;" °{2‘§;:&:@u
water parution cocflicients (expressed Xe  Kr, this ratio3s 200 =|rr ot pamin
ot of 1916)), corrected by muiuplying it with the 1ano of therr wal

1The d; hy was kendly p by dr P Sgtsen.
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Taste I Disapprarance ra‘es, k= —C'/C m mun 2, of haypton-85 and N n 133 deter
mamed nmultaneously after mjection into the abdomunal a dipose ¢ in the same

Favent

Case R Kxe A Bae
# o IH 00120 00061 136
o EO 00019 00009 210
$togu oo118 00064 183
2 LM 00043 00021 107
#ovy 00027 00013 2
M 201
SE of mean 005
Relln (dcrermined from their olive oal  blood partation corfficients) 17>
DuelDye= f Myt /MM (M=molecular werght) 125

cocfictents (expressed \e  hr, thus ratto1s 0097 0 0a1 = 1 90 (Lawrence ez ol 1946)
20 with the rao of their air blood parution coefficient (expressed Xe K, ths ratio
8685 156~ 044 (Mellemgaard, Lassen and Georg; 1962, Veall 1965) The ratio
Di; Dy, can he esumated to be 1 25 as this 1s the square root of the s érse rafio of
the respectine molecular weights of the two gases The average value for the ratio
Yhe ko 15201, SE of mean 006 Being even abos ¢ the cstimated 2 raue, this value 1s
consistent yath the concept that the molecular size 1s ummportant relative to solubilits

Blool flow 1 abdomraal adipose tissu The study comprised 69 examinatiors m 55
2ubdlatory pat ents (17 men and 38 women) suffering from munor diseases (neurosis,
Bastne uleer, vancosc veins) With regard to the general health condition these subjects
Were normals They werce selected to represent different states of nutnuon, rangiag
from normal weroht 10 pronounced ohesity Patients wath a subcutancous laver below
10 mm have nat been ncluded 1n this normal watemal Since the average sadsus of
the depot 15 5 tmm this selcction of the subgects secures neglieeable refluy of NeiS
10 the skin The examunation touk place in the morming the pabents bang fasing
3d recumbent 14 of these pauients were exammed twice wth intervals from 2 davs to
7 months,

1t 1s seen from table 11 that the axerage fanty tisue blood flow for the whole group
¥826ml/100 g min There was no sigficant difference between the fatts blood flow
i man ang women or betwcen younger and older subjects

Separati g the pauents 1n three groups according to the thickness of therr abdomunal
3dipase tissue layer the av erage value of the fatry blood flow in patients wath a layer
"ngng from 10 to 29 mm was 30 ml/100 g min w the pauents with a layer of 30 to
Pmmitnagag mi100g min and 1n the patients with a layer of 50 to 20 mm 1t was
2311100 g trun The difference between the first and second of these greups was
raustcall sgmficant The last group mcludes two very obese paents, in whom
TPeated meas srements stowed very high blood flow values If they are cxcluded from

P
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Tasce 11
FBFmi[100g run

Noof  Noof
Group subjects  studier Mean  SD 4
Total 55 € 263 172
Men 17 21 277 177
Women N 48 257 163 > 030
Subjects < 40 years 23 29 269 178
Subjects > 40 years 32 40 25 1m0 >0
Thickness of adipose tisue between
10 and 29 mm 25 30 308 209 <obs
Thickness of adipore tusue between
30 and 43 mm 19 22 215 122
Thickness of acipose fusuie >49mm 11 17 253 142 } ot
‘Thickness of adipose tissue _» 49 mm
(2 subjects see text) 9 13 184 ¢71

Taree 11 Blood flow salucs determtned sumultancously with Xe' in subcutaneous fatty
tussue at dufferent sites of the body

Abdominal wall Gluteal regon Front of the thigh
g H o
E st HEE £ 24
28 2 - é.,
i il & = P
g Zf¢ g ffe g fif
wZ TERE ZZ tE: gz Z:E
Gase 2% £€:z E¥ Ff3: £%F £F:
% 5j 21 37 mm 3 10 tom
53 AN 26 33 mm 33 22 mm
55 R} 54 14 mm ;g ;;::
56 5 32
i — 23 13

57 EM 09 75 mm
e

meen

the group the average fow value ts 18 m)/100 g mn and the dilference hetw
all 3 groups 1s ugmficant s
The regresnion_equation for all the subyeets studied v flow 1 dr:ﬂal‘z s
¥ = thickness of fatty nssue 10 mm) sy — —9Bi4x+ wn";:ed abore gresd
coctlicent of 017 (p - 005) and excluding the 2 pauents ‘:\:Un et of 049

regresnon equanon y — — 004 Jx + 395 with a corre):
oooh natos of
(Pgonsldcnng the studies as duplicate measurements the coefficient of v@

s
FRF 3 2825 per cent 2 value mcludirg the possible biological yanauen



’ BLOOD FLOW THRQUGIH ADIPOSE TISSUE - 343
Blood flow 1n ather parts of the subcutarequs tissue For reason of companison observations
were made 1 other parts of the subcutaneous fat It will be seen (table I11) that the
blood flow values d 1 vanous b hip front
of thigh) 1 the same person were n the same range, also with a tendenty 1o higher
values for 3 lesser thichness of fatty tissue

Discussion

The present method 15 based on the principles drscussed extensn ely by hety m 1951
The area 1njected 1s presumed to be homogenous with tespect to blood flow and inert
gas solubility Also, mamtenance of diffusion equilibrium s assumed

Tissuc h 1 d by the of the observed ¢ clearance
1 the theoretical mono-compartmental model even n the verv prolonged studies
<arcted on unal only about one per cent of the injected 1s0tope remarned 1n the depot
A curve osatlating around a simple mono-exponential function was obtamed 1€ this
function describes the ax erage ¢learance very well over no less than five time constants
For an evponentially decreasing ime funcuon 31 15 com ement 1o describe the rate of
decay be the ime constant, 1 e the ime for the concentration to decrease to lfe 037
ofits original value That diffuston equilibrium 13 essentially reached 1s mdrcated by the
theoretical calculations of diflusion m a issue ¢y inder made by Copperman and quoted
by Kety (1921) Provided this condition prevauls, then local redistnibution of 1sotape
Between adjacent bissue cyhinders 1s of no importan-e 1 2 homogenous tissue, as dem
Onstrated mathematieally by Perl (1962 1963)

Experimental support for of diffusion berween fatty ussue
2nd blood was ohtained 1n the double tracer experiments given 1n table T and discussed
above

The salubilsty coefficunt ) was determuned by Conn in 1961 by 1n vitro expenments on fatty
tissue and blood from dogs In hus studicy when the tissue was allowed to cquilibrate with the
Nem ) cpm per g fat

€ 35 musture for a period varying from 1 to 8 s the & value was 7.5 — B by
for a hematocnt of 40 per cent The 7 used by us was recently determined by Munck et of
@ vivo studies on rats The anmals were equilibrated with the Xe.gas mixture for 24 hrs
{120 samples from 20 rats) and the aserage figure was 98 £ | 1 expressed in cp__—_?;‘“‘;; il‘;:d
for a hematocnt of 50 per per cent or 100 + 1 1 when caleufated m%fw 2
hetnatoerit of 40 per cent The longer equilibration time 1n this study 15 supposedly the cause
of the higher and hence presumably more correct value |

e

192)

In other parts of the subcutsneous panniculus the fat content probably varnies On
such sites the use of an ndicatar with 2 J mdependent of the fat content 15 essenuial
Prelinunary studies sugeests that radioiodinated antipynine has thys property (Munck
#2al 1965) Howcver the use of this ndicator may give f1se to other problems due to
fadiolyss, sfowness of diffusion and the passital ty of biotogrcal effects
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Comparison wth other estimates of fatty ussue blood flow. 'The average value ot 2 6 m1/100
g mun found by us for the blood flow through adipose tissue in the abdorminal wall 15
of the same magmitude as the average flow values for the adipose tissue 1 the total
human body found by Perl, Lesser and Steele (1960) Assunung that the body was
composed mamly of three compartments, these investgators made an analyns of the
time course of the uptake over 8 hours of the highly fat soluble, inert gas cyclopropanen
6 subyects of normal weight The estimated blood flow to the compartment supposed
to represent adipose tissue (the slowest mono-cxponentially saturating phase} was in
average 31 mif100 g min  The errors herent 1 this multtcompartmental approach
has recently been emphasized by the same group of mvestigators and the value here
grven must consequently be taken to constitute a farrly rough esumate of F BF (Rackow
etat 1965)

Recently, an attempt at direct measurement of the blood flow through adspose tissue
was made by Oro Wallenberg and Rosell (1865} In 5 dogs they 1solated a part of the
subcutaneous adipose tissue 1 the lower abdominal region leaving the vessels supplying
the fatty nssue undamaged Bv cannulating the ven the blood flow through the area
was measured directly and found to vary between 34 and 93 mi/100 g mun  (mean
value = 67 ml)

‘The tendency to a decrease n F B F with increasing thickness of the adipose tissue
was an and . d finding It nught be due to the influence
of the vasculanization of the skig, as the somewhat faster clearance rates often found after
subcutaneous mjections m lean subjects were considered to be due to the prosumity of
the more highly vaseularized dermal ussues or to a Jower fat content here (Perl ef o
1965) However, 1n our series we have omitted all subjeets with a subcutancous layer
below 10 mm hereby Ily el this pH ding to the auto-

1 hic studies Afq made n the muddle of the subcutancous
fatty layer and deep 1n this layer (just above the fascia) gave the same clearance rate

A possible explanation of the finding 15, that the lower blood flow i obesity 18 :[
refection of a lower metabolic demand € ¢ scondary to a reduction m the mass
metabohically active constituents per g hissue “This hypothes:s 1 supported by theknow?
swelling of the fat globules of the cells 1 ohesity £ the

The present study aims primanly at bing a method for °b«"
fatty tisue blood flow m man but sexeral interesting physiologic findings have b
made Two very obese patients representcd an exception to the tendency "fd‘o‘odmihf
FBF with increasng obesity as repeated measurements showed Jugh bl o
values Thisisolated observation may he mnterpreted asa confirmation of the s:gg;sm_
that there are perhaps several types of obesity Also it bas been found that ! ; s
imereases twice or more after admnistraton of proteins perorally and aminoacics ¥
venously Studies concerning these findings are under dey clopment
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Excretion of Methylmalonate and Succinate in the Urine
of Rats during Deficiency of Vitamin B,, and after
Administration of Propionate
By
Jusst Asuvta, Marrrt KorvusaLo and MARKkE Storsa
Recerved 7 September 196

Abstract ———— """

was given already to the pregnant rats and continued to the offspring for / weegs ine exut vu
of methylmalonate by the htters increased 50~100 fald as compared with the correspondung
controls If the diet was started fater only a shght mcreasc 1 the exerction of methylmalonate
was found When normal rats were fed 1 g of sodium propionate pes dav for 2 davshorewas ‘;
shight 1crease in the excreton of methylmalonate and a tarked increase i the excreton !
succmate Methylmalonate and sucunate were isolated and determined by silicc acid colurn!
and thun layer chromatography and by paper chromatography

Boyland and Levt

The occurrence of methymalonate n the urine was first shows by
thracene Lates

1n 1936 when they solated tf from rat urine after admumistration of an’ "
1t was found 1o be 2 normal conststuent of both rat and human unnc <Thum='1 a "
Stalder 1957, 1958 Thomasetal 1957) Ag ncreuse in the excrevon of rrcdzyalm‘; :‘n;
by the rat was found also after expenimental hver mijury (Forbes ¢t al 197 s
Moeks: and Gyorgy 1956 The study of the exerenon of methyImalonate ml;:l:m "
became more interesting after Flavin 3n‘d oco};,,., .h,,..,d‘ ",',,’ff;:;g:’;mm o

]

1€ 2 normal drate 10 the

vitarun B, and meth Imalonaze would accumuiate in
expenments reported in the preseat paper the excretion of
. the Lnne of rats has been myestgated durmg experni e
By, and afier admunistraton of relauvely large amounts of propow

the deluuit v as
{ methylmalonate. and
entat defioency W wyamift

ucctnate
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Material

Albino rats of the Wistar stram were used i the expenments Group T consix ed of vats that
were kept deficient m vitamin By, from the embryortic period on For fhus parpuse 8 femate
At theage of § 5 months were kept on vitamin By, deficient diet (% stamin B, , Deficient Diet
Iom \emtional Biochemacals Corp , Cleveland 28 Ohwo) The pregnancy was wuuated after
7y on the diet. Only the By-deficient diet was gnen to the htter Urine was col ected when
the young were 5 and 7 weeks old and 1t was collected the same way from contr sl rats of the
sme age The pewborn rats on the B defient diet were much smalfer than the controls
30d died Before 2 months of agt Unine was coflected also from the female rats after ¥ months
ou & dict (Group 11) Eaght femate rats were unularly guen the B, ~deficient duee at the age
o8 months and the pregnancy was imtated alter 7 days Theserats howeser did not bring

trvoung whereas thy 1 f the same age nonmally Urimewas collect
e 2150 feom these sats afier bemg on the dict for 2 months Further the By-defioent diet was
£5¢ to normally fed rats at the age of one month {Group 115} The urme was wollected after
18 17 3nd 2¢ days on the dict and sunlartly from the control fats A sigificas « difference m
*eight dereloped between the controls and the rats on the deficiency diet and the deficient
7S died at about 2 month of age

The excretion of meshylmalonate and succmate was also studied after feeding the rats with

IR propronate in amounts of 0 5~~2 0 g per rat darly (Group IV § 1t wasadded to the stack

food mixture givent to the rate The rats of this geoup were 3 to B months old and the propionate
;1;:1 »asstarted 2 days before collecning the unne The urine was coflected 1n the same wav from

€ controls

Methods

Stiandards and reagents Methylmalonic acd (Fluba pusum) sucemic acd (Scherng hatd

™ pa), cther {Merck pa) benzene (Merck crystalisabile pa) wmethanol \lerck
P2} ethanol (Oy Alkoholi ike Ab Aa 9953 %, wiw)j ammon (Merck 25 %, pa ) wsopro-
Priether (Baker), soamylformate (Fiuka purem) sboc acd (Majbnckrod: | 100 mesh
eeleet G sach Stab (Merck) and Raeselgnr G nach Stahd (Merck)

I groups I 118 and IV the night uniae of 1> hours was collected from 12 rats on two con
Jecutse davs fn group 11 the neght unae tected from 6 Ison 4 davs In
A E10up the unne was pooled and preserved at 47 € wich toluene

t the analysis of the wrine samples a method based manly on that described by Thomas
318 Stalder (1937, §958) was used In this metbod the ether exiracs of unme 1 mibally punfied
2l strongly basc anion exchange resin and the acidified cluate is extracted with ether for the
toad tune” Afier the acds Which are soluble . petoleum cther have been scparated the
20 mexture obrmed s fractionated sn 3 stheic acid column using an eter henzens mexauee
with mﬁtnsmg concentrations of ether The acd peaks are detertuned by utration with
PoB um hydroxde

10 01r procedure we used  Dowex 2 » 8 (0 mesh amion exthange resn istead of Lewatit

™ The seum was fint corterted to OH farm by 10 per cent sodmm hvdrovide The ether
MMC of the urine sample was run thraugh the coluran_which was then washed wath 1 5
et dstlied water and eluted woth 300 miof | N MH,C The ether exeract obtataed from the
2040 fod tluate (D 1) was bosted thoroughly with pesroleam cther (AnalaR B P 40 -60 Ci
shich war drained out afterwards and dacarded The mass Jefi was dissolved s sbsofute etber
f‘d a3 absorbed smto © 5 g sibiesc acsd for column chromatogrophy The chromatography

4 dune 18 4 sihesc acad cohwan (9 5 ¢ ustns © 3 ™ sulphuric acid as stanonary phase and

7288 concentrations of echer (10 9, 20%, 30°, in benzene as mobile phase The dry
e ded powder cantamning the raw acid mrsture was transferred quanttativehy to the top of
oo and was washed with 3 mb of 10 per cent ether benzene muxture alter which the
ot U7, of fractians was started Methy Imatonse and succime acwds were st separated from
of 3205 When pare siandards of mein imalonsc and succmic acids were used and fractions
bee 1o eollocted methytmal nuc acid began to flow out of the column i the fraction pum
rwils and when 250 fractons were collected succiue acid had come quanutativedy out
Vi e colomn. Thas fractinns 110235 were callected and drvrded 11t two cqual portions

OO fiacnons 110270 wese coflected 3 the proplanate adrunstration cxpenments to
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be sure of quantitative recovery of suctinic aad and in every analysis also the fractsons 33110
were preserved

. . ' . .

peaks were wdentificd with thin Jayer chromatography using 3 dufferent methods 1) Aueselrul
G plate and benzenc-methanol-acetic acid (18 :8 1, viviv) as solvent A saturaved chambes

an the Iatter half of complex I of the utration curves In the cueves obtamned when analyzng
the unne of the rats onto Byp-vitamun deficient diet after birth (Group I11) it was possible to
sec a separate peak 1n the Jatter half of coraplex I, which according ta TLC contaaed mainly
methylmalopc acid In the unne of rats that already in the embryonic penod were vxum;n-
B,,deficsent (Group 1) 1t was found that peak I contamns on the bass of TLC, only n:ﬂv’::if e

graphy

The second half of the eluate obtained from the fisst column chromatography and tnnu;:;‘n’l,'
the methylmalome and succiie acids was evaporated to dryncss and dissofred i ace! 8
Methylmaloue and sucame acids were d d q y uang odmersony
ascending paper chromatography (Barness et af ;95[3) l‘rne s?l:vint ;mx;u;:du:mo Seand

1 0 3 The RF value of methylmalont
th?'ﬁ ,’"“m.umz v ‘2’43 On\ g, 4.."[,';/‘9_ ,,.cl ,..v, ar dewater (220 40 20, vfvjv) The
’ ral dufferent
' . 1o metin
) distiiled waes and mm:‘i
For the d”""'““f,m",,‘l

malontc and succinic acads were cutout extracted with warm (50
with 0601 N potassm hvdroude using o-cresol red as mdicator

- . . o

. . w©
Results

The results are presented m Fig |—4 atamin deficient

The excretion of methylmalonate in the unne of the rats on Biy 05 tmes ket
1t ar alreach durine the embrivome period (Group 1) was about 50100 w " e med
not

. . The
sin

N ent
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L afier burth (Group T11) show that afier a dict for 24 days there 1s a somewhat
mf‘" fxeretion of methylmalonate 1n the unne than that of the conrrols, whereas
" ;:rlr;uon of methylmalonate was nat higher 1n the unn~ of rats kept on the diet for
Ceicren 9ays than 1n the controls It should be noted that the rats on vitamun B
e s et were much smaller than the controls and that their mortabes was comsider-
the g Y 080 Weeks after beginrung of the diet The titration curves obtamed from
afier 10 2T Uhese Fats show a small response 1n the excretion of meth) Imalonate alrcady
of the day3" dict, simutartv the ratio methylmalonate succmnate 15 higher than that
o controls There also was no marked difference in the exereton of succinate when
"Pared 10 the controls
The female ragy of Group 1f showed on the contrary no difference in the excretion
ethylmalonate when compared with the controls desprte the fact they had Leen
"2un By-deficrent diet for two moths and that those aged 8 5 months had gone
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The curve on the nght was obtamed from the unne of the controls
Fig 4 The amounts of methylmalonsc and succinic acids 1 pogled rat urme determuned by
. e s ] BT 4 it b embnomt

propronate per rat and per day during 2 days age 7 months The urine wascojetieous =
50 brs amd Half of 1 was analyzed Lined columns Test rau Blank colomns Gonels

through a pregnancy with a deliery and those aged § months had aborted easly 1 ¢
pregnancy

In the where was 4 1o the rats (Group SV #

f prop uccinate

tron of meths Lmalonate and s
When | g or 2 g of propron®
f suctinate and onfy 3

was not possible to show clear changes 1 the excre
when the dose was 0 5 g sodium propronate per day
gven daly there was 2 disunct mcrease in the excretion of
increass 1n the excretion of methylmalonate
hvordiog to aur results the excretian of methylmalonaic by  norma! el
1320 jrg per dav the excretion by an adult rat bung shghtly mgher ‘h‘f e
e erretrom o encranate at age of | to 2 months § approvPAIST SO0

e w2
shight
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Discussion

According to the present concepts of the pathwayof hy
organism (Raziro and Ochoa 1964) propionate 15 first activated to propronyl CoA
which 1s then carboxylated 1n an ATP requirng reaction to methylmalony! CoA. The
methylmalonyl CoA formed 15 then racermzed to 1ts optical enantiomorph and the
product 1s somenzed to succinyl CoA by methylmalony! CoA mutase (EC 24932,
2 methylmalony! CoA — CoA carbonyl mutase) A coenzyme form of vitamn By,
s required for this 1somenzation reaction [he pathway of propianate metabolsm
m the anmal tissues can be presented as follows
Prop onate _ 1T, pionyl CoA ATP thylmalonyl CoA (a)
brotin
~———— methymalonyl CoA (b) ——— succinyl CoA
12

The present results show that i the rat the methylmalonyl CoA pathway of pro-
Ponate metabolism 13 utitlized rather effectively and that large amounts of methyl
malonate are excreted 1n the unne of viramin Bj.-deficient amimals contrary to the very
Iow exeretion by the normal ammals Thus mcrease 1 the excretion of methylmalonate
s dearly due to a block in the methylmalonyl CoA mutase step in the metabohsm of
Propionate i these animals

Stuth and Monty {1959) have earlter shown a marked decrease 1n the methylmalony |

A mutase actwity of livers from vitamn By, deficient rats as compared to those
from normal rats and Gurnam Mistry and Johnson (1960) demonstrated that the
dimethy] b 1 restored the mutase activaty of lner
extracts from defictent anzmals It has also been observed in human patients with
Pernicious anerma that the excretion of ‘methylmalonate i the unne 1s greatly mcreased
g decreases durig treatment with vitamin By, (\White 1952 Barness e of 1963
Asunta and Suorsa to be published)

The adrumstration of relatively large amounts of propionate did not increase the
3mount of methylmalonate in the unne of normal amimals sigruficantly but caused a
©lear elevation m the excretion of succinate This also wndicates that the methyimalonyl

A mutase reaction 1s not alumiting step in the propsonate metabolism in the rormal
Tat,

When the excretion of; ‘methylmalonate and succinate m the unne of rats on the normal
#ock d et was examined at different ages therc was some decrease m the rato of
methylmalonate to succinate in the older ammals Growing rats on vitamun B, -deficient
9t began also to excrete larger quantities of methylmalonate after less than one month
nthediet while a full grown female had no terease in the excretion of methyImalonate
“on dunng a simultaneous pregnancy

This work was supported by a grant from 5 gtid Jusehus Foundation
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Estimation of the Protein Concentration of the Capillary
Filtrate by an Isotope Technique
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L ArPELGREN, S, Jacosssov and I KjeLLuer

Recewved 10 September 1965

Abstract

Aoorloren T & Ja o aed 7 ¥
R
.

. A ' . . el
Ty o eyt e YL R
tne simultancous measurement of changes of the acuvity from Crét-labelled erythrocytes The
fficulies and errors of the method are discussed The protemn content of the capillary filtrate
 low both during venous congestion and exercise, about 0 3 g/100 ml or Jess than 10 5 of
that of plasma

Asa control of the method the protetn content of the filtrate formed during eontinuous intra
2rterial infusion of histarmune was also studied In these expenments the protein concentration
of the capillary fltrate rose to as much as 73 ®, of that 1 plasma

ot -

CN

The protemn concentration of the capillary filirate 15 one determinant of the trans-
€apillary gradient of collod osmotic pressure and gives an estimate of the perme-
ability of the capullary membrane

Attempis have been made to esumate the protetn concentrauon of the capillary
Elrate from the composition of lymph or edema fluid, but nerther of these flsnds 13
enucal with the capillany filtrate
N Landis e ol (1932) the of and plasma proten con-
SMration . the venous blaod from congested and uncongested human forearms

Yhen the \enous pressure was raised to 60 mm Hg the protein concentration of the
‘;lelarv filtrate was estimated t0 0 3 /100 m! Wath a congestise pressure of 80 mm Hg
*he protein concentration rose to | 8 g 100 ml By a stmlar techmque Halpern et af
{1935) arrived at values of | 9—3 2 g/100 m! filtrate using a congesting pressure of 80
MmHE Szabo et ol (1963) used a similar technique 1n cantne hmbs and found values

353
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bﬂ“;{m 08 /100 m! 2t low congesting pressures and 3.22/100 ml at pressures zbor 6
mm Rz

Pappenhaimer 2nd Soto-Rivera (1948) found 1n severely dehydrated ussyes that the
ssogravimetne cz2pillary pressure decreased below the plasma protun osmac pressare.
This was ascnbed to an increase of the proten concentrauon in the tsue flud B
mezsuring the amount of eamllars filtrate needed to restore the Bsogravitnerne presssss
to that of the plasma collmds, they d the proten of the fltrzte
10 0.2—0 4 £/100 m!

The prescot study was prompted by our previous finding (Jecobsson and Rijeli-er
19641 that lymph flow from exeramng calfl muscles in cas corresponded only to 2
minor fraction of the total c2pillary filtrate furmed dunng th= excrcse. Swnce the
muscle lymph had a hagh protem content, all proteins of the capllary filtrate mght
retam to the blood aireulanon via lymph of the proren content of capillary filurate was
low Asdescribed 2botve expenmentally obtained values for the protan concentration of
capiflary filtrate dunng \enous congesuon s arv widely and values during exeresse att
lacking

The method 1o be descnbed uses a plethysmograph 1o mezsure s olume changrs1a the
calf muscles of eats dunmg venous conzestion and muscular extrase The amount of
protein 1n the capillam filtrate dusine these procedures was estimated by externdl
monitoring over the muscle of the actwty from radiactne 19dmated human seum
albumin RISA  To correct for <hanges 1n actmty due 1o changesin regiona] blood
solume the emusion from erythrocytes tagged with (rt! was contmpously measured
As a control of the techmique 1 a. ynfusions of histamine were iacluded.

Metbods

The expenments were performed on 10 cats in 2 expts. ans.hetized vath chloralose 70 112 u’
or nembutal 33 mz ky Dunng 1 ¢ course of the xpenments addinonal amounts o(nr{rli\;ﬂl
were pven Hepann 3 mg'kz was given at the end of the operatn e preparanon and kalf that
dase repeated evers 3—~4 hr of the experniment. 1ot a0d
Plasma proteins were determned by a mod fied Biuret method on dupheate n{;“Pﬂ The
clectroph wag mads ding 10 Laurell Laurell 20d Skowg (120 Th
imyerted RISA was bralized by 3 paper strp seatner and the acuvity was found to 0
elcetrophorencalls with cat albunin. San2®
The bema st was measured with a gapillars centrifuge guving an avor of Iaibant &
To enable the preparation of the hind Lmb on an twwpe free cat and alvy allow safSoet
me for the eguibbration of the ipected 15otopes 11 the eat 2 cats were ysed in eath EXpaTTET
o .. —u = = RIGA and Crf @22
Tood arcufauen of

. Ty ’ . ) o for equilbrast
o V wribed by RaelloT
. skin i the o=
b ifigamaen 4 the foarer 2%
1 d ulated with pr lyethylene tubing ane
T PRt ey A o e T the famaral vessels of et 1172
9
. i~ accord ng 12 Owen (197

- a i ’gzlm P{mamg e s

s ' . i s $han £ %) was 177
. . 1 4003 0% cpm 4

. ' 4 plethyumogesph were T
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wan0
armviry
crst 4 R] ,nmm \ aRYy
acuvity from Cett
acuvity from J=
i an change of actwity
[ AR] | If & /ymin 2 change of R 1n 1 and 2 resp
ARYIV, = AR’ AN,
=AR"JI\, = AR "IN,
net filtrationfmmn = 4V —AR’/A
— ! v i plasra cleared fom altumng
SSUE voLUME sy, | 4f avrmn 4 min = {4R” — 4R" A) (1 —HyB
H = hematocrnt
TIME
latayetion of

venous pressure

The venous outflow from the calf was measured with a photoelectnic drop-recorder operating
an ardinate wnter The artenal blood presture was recorded with a mercury manometer from
a side tube on the tubing close to the popliteal artery

‘The penpheral stump of the cut seiatic nerve was placed on bipolar electrodes and stmulated
from a Grass sumulator model CR

Gamma rays from Cr** and I'" were measured by 2 scnullauon detector with a | 34 x 2
:';"}ANA} erystal placed close to the plethysmograph over the calf  Colbmation with a lead

small volume changes The intravascular and interstitial spaces were supposed to have the
ame measuring geometry i the limb

Standard preparations of Cs and I cach gving approvimately the same actwiny and
geometry of the gammabeam as the calf were used to control the stability of the measunng
denice before and afrer cach phase of the experments While measunng the standard prepara
Homs the calf preparauion was shielded by lead withaut changing the positions of detector and
B The background from the limb was corrected for

Cetand I' have gamma ray energy peaks with mauma at 523 and 360 ke\ resp Thismeans
that the two 1s0topes cannot be measured separately on ma channels These otopes were
::yl:iow considered the most convement ons for tagging erythrocytes and albumin Pulses from
S Srtector and preamplifier unit were fed into @ 2-channel spectromercr (Model Tricarb

4E, Packard) with channel seiungs at 1) 270—325 kel and (2) 325420 keV’ so that
<ty of channel (1) 15 due mamly to Crét and actwity of channel (2) masnly to I'* The

“iuvines on the two channels were registered by two scaler uruts with 0.5 or 1 min counts and
"’.m‘m"""wsly by 2 ratemeter recorder unuts (nme canstant 3 or 10 sec

< refatve actiines of Crét R and of '™ R were calculated in the following way
N R =R,—a R, R =R,— 8 R
Tavere Ry and R, are the pulse rates regustered on channel (1) and (2) resp @ and f are the
s obtained with the standard preparations
_ Ristand t _ RGesiand) 2
No <o ® = Rianna 2 = (Reestand) )
poorrection for the radioactive decav of Crét and [ was necessary
L A€t 11165 f the two 1sotapes thus calcutated were plotted i 3 disgram (of Fig 1and 2).
37 Parts of the cunves were valusted by the methiod of least squares
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The 20t chanre of o and 190 and the yolame chang- dunng 3 perid of Lenous conges-
w1 are Shown schemaucallv 1o Fig. 1 In the fizure A ~ G acuvity change/m! Lluxd (cal-
eulzied frozy the solume cunve B = I'-acusin chanze il vlond A and B were calculated 3t
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Tane 1
£z
g
2 €S Alummcone i flirate
e E. EE EE coofphuma
2 8 IZ3¥ ZE  eom g/100ml

Congestion 181 10 13 12 10+ 3 012004
mm Hg n 2 13 0zt 17 1820 031034

0 3 23 25 28 —09+20 003006

25 5 af 24 31 1814 0560143

15 5 26 045 31 —2+13  —006=040
Mean 24 86 018
Excrose st 30 34 12 -2+ 4 —002-00>
conwactons]  2fs 2 17 43 17 07=02  001-0003
sec 2 3 29 47 28 —07£09 —002=003

s 5 13 16 31 1414 043=012

s 5 19 27 29 104 0292012
Mean 23 44 014
Hitamme 2 2 20 19 17 6 08
#2foun 3 3 20 12 28 90 25

3 4 13 27 27 3 21

15 5 45 185 29 83 24
Mean 25 7 20
[ R - P
. . . . :

nplications the net vohsme filtered 13V ) was somewhar underesumated and tbe protemn
;::‘tmmuon of the filtrate correspordingly overesumated and also that the correction of the
f toalae duc to changes of regional blood volume dunng the filtranion phase 1s correct onlv

blood, Theoapo2<Gumulated m the skin and bone n the same proportons s they have i the
o ted . o )

h‘}zt;fh:;mMzu of the spectrometer checked wath the standard preparations, must be stable
2) o fier cach separate part of the cxperment
e ;'olume record from the plethvamograph should give a smooth, readidy measurable
ey Yolume dunng the periods of venous congestion, exercise ard histamine snfusion.
treave ot use of the relauve of the on which the for in-
Corrretuony 20731 blood volume during the fil'ration phases are based expenments where thae
1oms amaunted to more than 10 per cent 1 volume were discarded.
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Y enous gorge ‘em Th chang=s of tesur s olume 204 of actnity £ o %2 2ad Cr¥ dunag
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snlume eune shows 2 dearh bipbasc course wsth 2o wnal raped sacreay followed by
3 phaw of slower sacrease Tl rzpnd phase corrreponds 10 a sterp 13~ of attn 1" znd s
2vribed 1) 20 moress of the rezaonzl bload solume The fllowisz shower phase 55
ma)y cowsed tn zn accumulation of capllars filtratr From the mcrees of G
213ty during ts phase 1t was calculared that mn (s exprrzmest 8%, of the mmarmy
of stilum= w25 caysed In an inryeased remonal blood setume whle e rezszieeg 92 %
»err aseribed to secumulzuon of capillan izt

The comtrat of 2lbuzin 1o the flirate 1 tus case zoouared 0 10 % = 3¢ b
aumun concentrzung of plasma. Table § grves the vzlues L the 2fvuns concestrar
1n of plasmae and capllan Blurate 1 the § expn The meen ralae £ e 2lbamis
ctmemntratmn of 1he capillany Sltrate was 86 ¢, of that i plesma or 018 & 1075l
The eror of drtermunation was zpprecsble 20d reslted 1o two ehgh § prretne
values

Ezerer The nizhy band part of Fig 2 shows a foprey= Rie r7penment wth
1nduced muscular work produanz a connuous hizh blosd fow In ths car the in-reas
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Fig 4 Amount of plasma cleared from o
alburun per min plotted agamnst the

fltration rase Lines ase grven where the

albumin concentration of the filtratess

010 and 1009, of that m the plasma ez
Filled circles denote values dunng ve

BOUS Congestion  €rosses dURING €XETCISE s parance®
and tnangles dunng mfusion of fusta e pesmasan
me (The filtration rate during hista-

mne infunon an exp 5 was higher than

93 mimin, 50 the value 1 taken from

the last part of that 1nfusion where the

Fox
Bkrauon rate was lower but the protein o
toncentration of the filtrate was the same:
asdunng the carly part b

y part ) o o oz o3

RATE OF FILTHATON ® mn

Penods dunng each infusion and the values for 4V, 4R and AR were solved
direedy from the plets Values for A and B were taken from a period of venous congeston
mmediately preceding the nfusion penod In the expenment shown n Fig 3 the albu
TR toncentration of the filtrate was calculated dunng three different penads and each
time found to be about 80 ©, of that 1n plasma Table I gives the values obtained dunng
£ expts The mean valuc for the albumin concentration of capiliary fittrate was 75 %
ofthatsn plasma or 2 D /100 ml of filirate From the leve) of activaty and the number of
detetounations the error of the change of activity of 1% was calculated to be below 3 %

Fig 4 shows the amount of plasma cleared from alburmin per umt tume plotted
25unst he rate of capillary filtration m the three different types of experiments The
values both from the periods of venous congestion and exercise be close to the Line of
10 ciearance, wurrespective of the rate of filtration whule all the clearance values are
Frsh duning hustamine snfusion

Discussion

When thus study was hegun, the two methods earlier described were avaufable for the
elermination of the protein concentration of the capiliary filtrate None of them
Boweser, was entirely swtable for our purpose The method of Landis f af requires
nphysnlogically lugh congestive pressure and has given highly differing results 1n the
ds of vanous ‘The method of Pappenh and Soto-Rivera s based
PR ASumplians that are evaluated expenimentally with difficutey
Theoretically, the advansage with the present method 15 that both the amount of
“pilay filtrate formed and the amount of albumin lost 1n & homogenous tssue
fuscle, are measured directly However since the atburnin concentration of the filtrate
4umng \enous stasss and exercise 1 very low the changes of actiity due to RISA 1
2pillacy filirate are small compared to the actwty from the mtravascular RISA
erefore, the method only indacates the order of de of albumn
5 the filrate as long as thrs concentration 13 fow Calculations of the standard deviatian
oty s 2t of 510 measurements at an artaty of 40 000 epm {the approximate level
LY 10 the preparation) show that an accuracy better than £ 5
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expected when the albumin conceniration of the filtrate 1s below 10 °, of that of plasma
“This 18 m agreement with the results in Table T

The present experiments show that the albumin concentration of the cap llary
filtrate formed during venous congestion or exescise 1s less than 10 °, of that 1n plasma
or about 0 16 g albumn/100 ml of filtrate This can be converted to total protemn cor
centration of the filtrate 1f the protem content of the lymph 15 known In the steady
state the relative proportions of proterns must be the same i the capillary Rltrate the
mterstitral fluid and the lymph although the absolute concentrations may vary In an
earlier study on the protein composition of lymph from the calf muscles of eat Jacobsson
and Kpellmer (unpublshed observatons) found that 54 , of the lymph proteins were
albuoun versus 40 %5 1n plasma  Wath these values an albumin content of 0 16 g/100 ml
filtrate corresponds to a total protemn content in the fiftrate of 0 30 g/100 ml This value
13 1n good agreement with the lowest figures previously published ¢ ¢ those of Landis
etal (1932) and Pappenh and Soto-Rivera (1948) Venous and excrense
did not give stgmficantly different protein concentrations of the capillary filtrate Thu
1 m line wath results obtaned on the passage of dextran of varymg molecular size
through the capillary membrane during rest and exercise m skeletal muscle (Arturson
and Rjellmer 1964) and corroborates the conclusion that the capllary permeability
does not change during muscular work

The h s d that the d hed method allows separz
tion between capillary fltrate formed with normal permeabiity of the capllary

£ an d permeability hyellmer and Odelram (1965) found that the
capillary filtratton cocffictent (GFC) d up to 6 umes dunngmfus on of large dosrs
of hustamune CFC as an indirect measure of the water conductiity thus increased It
than the 12 fold increase of the permeability for protemns {¢f Table I) Swce the m
crease of CFC 13 due both 0 a larger capllary bed and an creased water permeability
the difference in protein and water permeabihity 1s probably sull more pranounced
Thes 1s 1 keepmg with other observations Arturson (1961) found a large merease of the
permeablity for large molecules in burned limbs while Arturson and Meltander (1964)
only found a moderate mceeass of water permeabilsty It 13 mteresting to note that the
sumplest scheme for the function of the capillary wall — the theorv of ultrafiltrauon
through pores — predicts that an increased permeability that is an creased pore
stze will affect the passage of large molecules much more than smafl ones (&f Gronte
1956 Renkin and Pappenheimer 1957)

‘The present study also confirms that only a munor part of e g
accumulation of capillary filtrate during venous congestion and exercise €an fibe
buted to an mcrease of the regional blood volume from 3 gradual relaxation oc“u
capacitance vessels The values from Fig 2 are represeatauve for all the ottty
The values of 8 resp 2 °, of the filtration phase duc to mecrease of reg onal bloa \ar‘m
are probably ov nncean 1 of actsvity occurs i badly pe fan
parts of the preparation maly the skin which erronously grves the (mpression
mgerease of blood volume

f the volume change due o
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expected when the albunun concentration of the filtrate 1 below 10 ©, of that of plasma
“Flut 15 10 agreement with the results 1n Talle §

The present cxpenments show that the albumun concentration of the capilary
filtrate frrmed during senous conyeatson or exerese s lest than 10 °, of that 1 plasza
or about 8 16 g alburmn 100 m} of filtrate Thi can b converted ta torat proten co~
centration of the filtrate 1if the protan content of the lymph 11 known In the steady
state the relative proportions of proteins must be the same 1n the capillany filtrate, the
ntentttial lusd and the lymph althoush the absalute concentrations may vany Insa
catlier studs on the protein composition of lymph from g}~ calf muscles of eat Jacobason
and hjellmer {unpublished obseny ations) found that 54 #, of the lymph protens were
atburmn versus 40 2, an plasma Wtk these values an albumin content of 0 16 ¢ 100m!
filtrate corresponds ta a tota! protein contentun the filtrate of 0.30 g 100 ml This value
15 10 good agreement with the lowest figures previoush publihed 4 ¢ those of Lands
etal (1932) and Pappenheimer and Soto-Rivera (1948 \ enous congeation and exercne
did not give ugnificantly different protein concentrations of the capdlany fltrate Tha
1810 line with results obtained on the passage of dextran of vaning molecular nze
through the capiflary membrane dunng ret and exerose in akrictal muscle {Artunot
and Kyellmer 196t and caerobaeate the conclusion that the capiflary permeabal tf
does not change duning muscular work

The F nts d d that the drscribed method allows separ2
ton between capillan filtrate formed with aormal permeabily of the capifian
membrane and ancrrased permeability. Ryellmer and Odetram (1965) found that the
capullary filtration coeflictent CFC) JuptoG f large doscs
of histarmne CEC asan ndieect measure of the water conductivin thus incresed Je
than the 12 fold incrrase of the permeatulity for protens ief Table 1} Since the -
crease of CFC 1t due both o a Isrger capillary bed and an increased water permeabilisy
the difference i protemn and water permeabiliny 18 probat s still more pronour¢ed.
This 13 1n keeping with other olservations \rturson 1961 found a barse sncrease of he
permeabilus for large molecules 1n burned hmbs wh le Artunon and Mellander 119::1
only found a moderate 1ncrease of water permeabalin [t 1s interesting to note that the.
sunplest scheme for the function of the capillany wall  the theor of ultrafiltrat on
through pores predicts that an ancreased permeabelity that 1s 30 mrrm-c‘épo‘:
size will affect the pasage of large molecules much more than small ones f Gro
1956 Renkin and Pappephesmer 1957

The present study :l: confisms that only a miner part of the yolume :hmc;cd:;:’
accumulation of capillary filtrate dunng \enous congetion and exercise €an e
buted to an increase of the regional blood volume from a gradual relasation & U
capacitance vewels The values from Fig 2 are represematne for afl the e6pmit )
Thesaluesof Bresp 2 of the filtranon phase due 10 ncrease of regronal bld‘ v aed
are probabls overesumanons siace an accumuliuon of 1ctivaty occurs m ba v“l::‘ fan
parts of the preparation marmly the skin s huch erronowh g es the wAPTEs
nerease of blood volume
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Yig 6 Dhyrod glan 1 of a normal Rday«Id rat van Greson 250

1z 7 Thyrou! gland of a 12-day-oht hydrocortsone treated rat \ resduction in th ¢ hoight of
the { ucular eputhelium can be seen, van Giewn > 250

brs The block wat then washie! in runmung watcr and immersed in 3 8 per cent netal formal
dehyde for abour a week The Frmalin solution was changed sryeral mes unnd n staved
colutlese Adsenal glands were eemosed from the blxk an i wess? ~1with a torsi i babince
The blsck contaming both kidneys wete then sectned serually wing freezing microtorme at
40—90 e and he sections were mounted on shides with gheen ) eliv

A tisue black from the thyroi f reginn contarnng the tract e3 an ? the lanyngral cartilicer
wat eemaved and immersd i 10 pee cent neutral € rmal fehwlc fr a week T3 thyroud gland
was then dusected anay and afier werghing with & foruan bilance det yudr uted s ateobotsencs,
carried through butanol to paraffin in 3 tswe processing mach ne embed fed in paraffin w1t
an{ sectiuned serally at 5 and 10 ¢ Lor staweung Haematovs bnem n an £ san Greson techn
ques were wed {see §§6,9 and 703 10 Romens 1918)

The dhyroid regron of the operated anmals wat senalfs section~ at 10 4 alier panafin
embedding (sce abone; and examined fxr rewdual tsue  The sire <f she rendual thyrod
tissue wat foughly canmated by calculatng the number of serti oy m which thes were sect-

Results

Thyrordectomy
Only the 14 ammals which sunued without sorious complicaions were wsed for
further studies In these rats. the ewstence of resudyal thyroid bisur was comymon, 87
only 1 2 rats it was abseat The athers had small preces of thyraid trsue left usualh
umlaterally but in 3 rats it was large and bilateral

The appearance of the operated ammals did not differ
operated ar unoperated canteals of the same age and the ¢

Disappearance of the extr1 adren il chromaffin tissue took place 1n the same
norml controls Small groups of fantty chromaffin cells wrre seentin the m:unc)cﬂ;ril
aottie body but not elsewhere i the abdomnal region No differences were notxh "
the amount of chromaffin tssue m anmmals with different sz6 of restdual l“)::\c
ussue (Fig 1 and 2) The amounts of chromafiin nssue were 58 ematl that quar;;nml
[measurements sere not possible Difference 1 the disappearance of the eur‘a' e
chromaffin fussue between the operated and the controt tmimals was o sma
that it 1s hardly of any practical significance (1ig 3 and

from that of the sham-

amed weight normally
ay asm
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Hydrocortisone admmistration
In this group the animals gained 11 weight slowly and were small, loose skinned and
sthaggy at killing Haemorrhagic ententis was a commeon feature

Mo ugns of degeneration of the evtra adrenal chromaffin tissue was noticed The
bulk of the tissue was found m the matm para zortic body (Fig 5), which gae a strong
unform chromaffin reaction Smaller strongly chromaffin bodtes were found 1n the
wiemity of the abdominal sympathetic gangha and 1solated chromaffin cell groups were
b0 seen mside the pre and paravertebral gangla

Wesghts of thyroids were Iess than normal 1n absolute terms, but in relatne terms,

berween the experimental and normal amimals

Dsscussion

The results obtained indicate that hydrocortisone i dosages used 1n the present study
€aused a depressive effect on the growing rat thyroid, although nat a very radical one
These findings arc in Aeepmg with the ations made by other (see
for ex Babikian 1964)

Ifnow, as was supposed, hydrocortisone would affect extra adrenal chromaffin cells
by inhibiting thyroid function, thyroidectomy should have preented the postnatal
degrnerauon of the chromaffin cells However, the differences observed 1n the amount
of extra adrenal chromaffin tissue between the thyrodectomized and control animals
were small, of any On the other hand, admunistration of cortisone sufficient to cause
2 drasyc increase m the volume of the extra-adreal chromaffin nissue, did not cause a
fomplete ipactiyation of the thyraid, as judged histologically Therefore, 1t seemy
Ukely ghat the thyroid does not play, at least any essential role 1n the degeneration of
the extga adrenal chromaffin cells
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Theory of the Heated Thermocouple Principle
By
G Grancyo J Sasoriow, H R Luresoun and M Wots st
Reverved 10 Sepermbee 19 4

Abstract

Crivgye €0 F Sandthm 8 R Ulferrtab] and M W <avt 3 omp of the b 1o terromions st
princire Acts phyvin  scand 195 €7 364 373 T= beated df ermocouple prinagle 8
widely uved £ Ll wef R a measuress ents 1n tnsuey A theorere] deduct on nlllerfbxmm"‘?
beturrn £ Datd 7w andd the reaparse of (1 ¢ heated thermacouple 1w ~n tn bea bypes!
Eapermentst valors 1 am mcefet and animal cxpeniments £1 1t e o eorenesd cune gy € wel
It seemrs qute impem ble « precalibrate the theemocoug les dur to the fact that the aresir
roun 3ed In 2 nongerfuset » me o i Jured Gasue or soncireelating bl ot

Cabbs 1933 wntroduced the beated ple wethad for the meamemrne of
vegional blood flow and the method bas since beett used bn vuany authors 0 a flerent
tiologicat us s with more or less success Lanrell 1953 Gravaon 1952 Duneg the
Tast few sears Hemsel Hensel and Ruef 1953 Hensel and Bender § 10 has been one
the most earer ady ocates of the method

The dithicults of ealihrauon 18 the greatest dozdvantage of the
tinve studsed the relauonship between the  heat conductaner  and the blood S;.?
and hase found the relatonsl tp (o be linear Dosckun Gravson 2nd Mendel
Hensel and Ruef {938 Hens~l and Bender 1956 Geaf and Roscl! 1958 Other :ugx:;
finve found the  conductance not to be proportional to the flaw Lanzel) 1933 "
Golenbof and Hemel 1137 Graf and Sten 1908 §n s poncee model ﬂf*ﬂml':d
Bl 172 discussed the nonlaear relatonship betwern the  beat conductance ’;n
the blaod flow He pomted out the umpossibality of precalibravioy the thermocoup

ficral media as did Graf and Sten 1958 abso

« ?::h' present i estiganion the thape of thr calibration cun e of \h;fh:;‘ii‘:‘;':
roupley 1 deduced theoreticalls and the result 1 compared with thay e arth
ments. A simplified form of the theoreucally deduced equation 1 Y
referenec 1o blood flow measurements in the renal cortex

rethod \fmi authere
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Cu
Fig 1 The figure shows the
prmciples of the thermo- o recorder R constantan
couple probe Cu_denotes Cu cu

copper wires. M s the

heated pomnt and R the ret MNY cu heating current
rrence pownt. v

T
-
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Fig 2 The profles ding the e Tand R on the aus represent
‘e perature and dustance from the centre of the heated thermocouple respectnely For
©xplanation of the svmbols see text Curve A shows the profile at zero perfusion flow (v = 0)
and curve C at infinute flow (v — <o) Cunve B represents an intermediate flow

The performance of the heated thermocouple

The heated thermocouple consisted of a constantan wire about 7 mm long 0 10 mm
n diameter (Fig 1) To each end an 1nsulated copper wire of the same thickness
was soldered Two copper wires were soldered to a pont on the constantan wire
disding 1t anto a 3 mm part and & +mm part The short part was heated by an
alternating current The temperature difference between the two thermopunctions at
the ends of the long part of the constantan wire was recorded The probe used was
Smilar to that described by Bill (1962,

Theory

Fig 2 shows the field the heated th 0 3 ussue The basal
‘emperature of the tissue 1 set equal ta zero. I adjacent tothe th ple appears
* nonperfused zone probabih caused by damage to the tisue m introducing the thermocouple
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There 113l & certarn dutance betwern the thermocouple and the nearest blood sessels depend-
g of the dutribution of the venels, and this contributes to the sre of the aonperfused rone,
Heat tzampert wall vndy ncenr through 14 i nonperfused 2one by conductinn
The Lillowing sotatim will be used

fo = fadius of the thermocomple,

fi o radin of the nonperfusel rone,

[ o dutance from the centre of the thermacouple 10 the remoate reference pnt, [pont
Pmbg 2,

To w 1t == temperature of the thermncouple,
Ts = temnperature 31 1he external surfare of the nonperfused zone
AT =0T = Tog.g~To. where Toy g 13 the temprrature of the thermocouple at zevo

Fow,
ITmar = the vatur to wheh 3T, tends when the fow v anereared irf nuely and
Temar = Tog_g ~ the mantmal temperature diTerence that e3n eves exut betneen the tvo
1} ermojunichions with a cenain heating current

CuncAn b 2efen to1he case when the perfusion selocity 1 made equal 0 7ero and the
transport of heat s ure Feat conduction. Cunve B shows the temperature profile at a moderate
pertimon selocary and cune ( the ten perature profile at a very large perfusion selomty

In the perfased mediim the slope of the ter perature profils will 1n gereral be éependent
on the flmwe but in the nonperfuscd 2onc where only conducts m takes g lace the probiles will
becorne parallel since the heat transer 1 alwan the e if 1 e heaomg cusrent 1s } et constsrt
Cornsequently the value of T, For an arbitranty chovens flow will be equal at the wurface of
the ponperfused zone 3T, 1T, 1T and ST, below are made equal o T

Aseenin Fig 2 1Tmun (the deerease in terr perature when the perfusion vel ity fow tends
t nfinuy will be she lame av Thy _p te the narfice tereperature of the nonperfised zore &t
2rro perfusion fow

With cevtam assumplians about the surrounding medium an exg remin relaneg the perfusiea
flow 1 the abo e mentioned temperatures €an be derned as f Bows

o the first place the medeum w asumed 20 hane a homnger ot structure durng perfunen
Secondls the heat flow from the probe 1 assun ed to be potrof e m all durections with the
thermocouple at the centre of symmerrs and only radial components of hext flow peed theser
fore be conuderrd Furthermmore the refrrence pont as regarded 23 beirg wnfinitely remote from
the thermacouple

The beat transport Q0 calsec  within the medium 1s compenerd of two quant ies, namelt,

the conduction Qu an { the conectum Qu which together give the total Feat fow o

—Qn -
The heat condretion QU 1 propartional 16 the gradient of temprrasure where the constant

K defines the coeflicient of heat conduction and 13 expreswed in cal sec om
Qw = —KSgrad T @
where § s a sutace surmunding the thenmocouple o the
The heat flow resulung from perfusion 13 obtamed by multiphang th ¢ hear content
medium nith the radnl romponent v of the perfusion selocty ®

Qs = SveTo,
where g denntes the denuity of the medium (g ant £ s beas capatity <al @ drgrec) am
veloaits (ent sec be

Since both Q. and Qv arc assumed to have the sxme direction the tota) heat €30
written o
= — RSgrad T + SucTo
the
In a steady state the total heat flow across every surface which surrounds the probe 1

d vt

xame P L e eemr HASIDE
. '

. N . nce 10

. CEE ' o ralong

. A} . - centre

: - cternal

. f
area of the nonperfised zone
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satencal case,

Fig 8 A graphical representation of equation (7%,
ncluding also the sphenical theoretical case and
the asymprote to these two equations For ex
Fanation of symbals see text

Equation {4) can now be witten

ar
= — RS, 3 o SwoeT 5
Tosalve b8 equation, both sdes are diided by I and S, and muluplied by the wntegrating

fctore K, which gnes

veer voor
S;": e R o d—‘:- Te N ®
This expression can now be ntegrated betwern the following boundanes
T=0, T=T
r =1 =oa, £=n
Ttegrating equation (6) between these boundanes gives
% et 20 roer voer
,_J’ R g e R meT s ™

m"}hc solutzon of (hus sntegral can only be obrained 10 erms of a series and must therefore be
anaied by tumenical methods IF the integral 1s regarded as a funcuon of v 1t can be shown
themancally that the function has an asymptote for which equation (7) takes the form

Br putting v = 0 on the nght hand side of equation (8 we grt
Wealo know (hae Try p = dTinae a0d Ty = JTenax —JT
ﬁXubsumu.-.g these relations and assunung v to be proportional to the fotal perfus on How
* “YUINen (8) may now be wntten
- ATmas  (ITmae— IT) (1 + kB, (9
¢ Ao, according (o equation (8) 13 Qora/RS; and where T and @ are measurable
Sesacites a0 & 3 constant (e 2] The relationshup between T and # according 10 cqua-
%881 15 3 hyperbola
““’Yrg‘,r:umg the quantity 3 Tmax/(dTmas — 3T) a3 2 tunction of @ a straight line 11 obcamned,
g 10 equation (9) (Fig 3

A=f300;
Y Acta phynel scand | of 65 3
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£n the wn ¢ Cruse the exact saletu 6 o equation (7} u eeprarnted togcther w th the salut o
of eqrat n 4 (f e cave of 1plenical symncfrv s wlew t e 1 hermy are regarded 23
3pl rtes Tt ean e st own that f e spf ér €l case 35 the game a3 mp nte exprosed by eqas o
18 ) asthe oyl nir ral case

£ ¢ amall perfuteca fows tf e temprratare peof e w [ exten § further nto the med
¢ geametry v th en experted to approact e sphencal case

S nce iy both cases e funes ara converpe rap Hv towarde the asympt e eguatoa (8 o2y
be cons fered apg fox mately 1 deser be the retat ond § berween s and 08 1 Qand vare
taken £ detw e vertar quantt of equat oo (41 18 3 veny general eyud on and may 1og¢
Wil the seadyestate conftundv @ » O besaled £ rany o tersetof cord sons
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am and

Experiments
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atmpfaten of

Fig 5 The hocar relationship between

ATmae/(dTeax — AT) and perfusion flow 29| /

e open earcles represent the expernmental B
values

g £l CR
Pectysen fow

iz 6 The hyperbohc relation between to-
talrenal hlood flow and AT ‘The open circles i
Tepresent the expenimental values and the
curve the calculated hyperbola AT 15 ex-
Pressed as a percentage of Tmay

RN
Boed tiom

Results

Modet expertments Tn Fig 4 AT from one expenment 18 plotted against the perfusion
flow, @ "The hyperbola, according to equanon (9), was calculated by the method of
least squares In all model experiments Tmax and dToryy comaided with each other,
tndicating a negligible nonperfused zone around the thermocouple The Linear rela-
tionship between AT 3 Tmu— 1T) and the perfusion flow 13 seen 1n Fig 5

Animal experiments The results from the amimal expenments were trcated 1 the same
Way a3 those from model expenments Fig 6 shows the calibration cune from a renal
€xperiraent with the experimental points and the calculated curve. AT e, was alwass
conuderably lower than Ty and 15 drawn in the figure as the horzontal asvmptote
0 the curve
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o x
N
« ~N
Fiz 7 The calibeation hne acconding &
- \ equstion (10 with the thermocouple 1n th
remal cortex The valun comrepond tc
L \ theacan Fig
e

Equation (9 mas be watten
11¢  k $Tp.—k IT, (19
fepresenting a straieht line, of 11 & 1 plotted aganst 1T
When treated according to equation (10), the values 1n Fig 6 pive the resalt shown
mhig 7
The thermocouples hase not been tested 1n other oreans than the hidney

Discussion

In order to deduce theoretically the eclation between temperature changes, €g
1T and fluid flow smveral assumptions were made At least i the model expernments,
the heat flow from the thermocouple was not actually the same n all directions but
depended on the direrted net flow gnen by the plastic tube In spate of this, at scems 1o
bevalid apply the expenmental salues to the derned formuls 9 Thas scoms alo
10 be true of the renal cortex wherr however, the blood flow 1s probably more undorm
n all directions

As stated i the beqmmng 37T 1s the semperature change of the heated thermopne-
t1on when the perfusion flow 1 increased above 2ero This 1T 15 not analogous to the
temperature chan.e 1t used 1n most work with heated thermocouples ft 15 the u:n-
perature difference between the reference junction and the heated junction (Fig 2

Most authors have not given the relatonshup between 1t and the flow They b:\:
instead related SR to the flow where K means the difference of beat conductmi®
between the actual and zero flow | 12 grves a measure of 1R The byperbola repr
senuing this relation comerxes to a stracht hine when the nonperfused zone 1s Ve
smafl This mav be a reason why some authors hasc found a hscar felation betwer?
AN and the flow whilc others have not The deviation from the straight lmeup::'
nourced when there s a thick haemorrhagic zone or when the tissue 1s badly vaseutanz )
A linear relationship may also be explaned by (1) the usc of only the steep Kh‘;;‘a:
straight part of hyperbolic standardization curve, (2) the openmg of new vese
(31 the dilatauon of vessels (according to Bill 19621
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Tt seems quite clear that the shape of the calibration curve must vary from one case
to another, depending on the heat transport by conduction (Q3) or convection {Qy)
It 15 impossible to precalibrate, as generally the Qx and Qy can necer be predetermined unth
sufficient accuracy Thus the method requires caltbration 1 situ
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The Effects of a Gastric Inhibitory Substance on Gastric
Secretion in the Pylorus Ligated Rat!
Br
Lars 5 Srun®
Recesed 25 October 1971

Abstract

Semb LS Theeforts of @ gastrad sabed tory substance on gusrs sevetion w U priorss §pased 1o
Acta ghyunol sand. 1906 ¢ 371 382 \n extract was prejared feom quuce secreted by
varally drmenated p lated pouches of the gastric antrum an the dog by duhz ng aganst
water ard hephilization Thin gastrsc in} abatory substance (GIS was anayed a pr borus Lgated
rau Three groups «f rats senved as enstrols. One group recened bo snyrcvas, while the o
othet wese iyected with sl ne | el 100 g 13t intravenowly (1v or mtraperirnealy (.p)
Two d flerent types of gaitrxc secrets m wmere stucdied (2 basal of 5p ALanierms FRsne ot
and b gastnc acd sesponse to cuopenous gastoin GIS Jowered s grificantl) the basal or spoo
tanevus output of ad but did pot alter the bawl output of peps o sxr fean b Wrea GIY
wan angected uto animals stimulated by pastnn tere wasa bigd Iy 3 g1 “rant bower outpit
both acsd and pepan

Brunschwiz and b asocates bave orprrted that alcobo' ¢ precsrtates from humaa
gAstne guice or gastne mucota intsbited gastne aod secren m when ipected 1y 20
doms Brunschwigera! 1937 1940 19412 and b and 1912 Sco tere’ 1943} The authors
noted that the most pronounced thibntion was obtained from the gas ne yuice of paucits
with achlorhvdna and only 10 a Irser degrec from extracts of ne rmal gastnc yuee The

it s has been ¢ 4 by seeral tmestators (Blackburm
Code 1948 Blackburn ef of 19,0 and South ¢f of 198 Gastric juice extracss rmr:
humans have been thown to m} st gastric secretson an i » rat i Sfoonn and Smth
19,9, 190 hartzka 1962 Nell and Barnard 1963

A mmiar gastnc imhibnion substance GIS was found 1o be present n xhebgm:;
suice of normal dogs Laermore and Code 1952 and epeaalh t} ¢ yuice obtat

-~ ha
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Taste I Groups of ammals

Route of Average
admins  Dumberof  weight
Group no Treatment  Dosage tration ammals (grams)
1 None None Nene 20 2782
n Saline 1mif100g v 19 1604
m Saline 1 mlj100g ip 20 1772
n GIs 25 mg(100g v 18 1297
\ GIs 25mg/100g p 20 2095
3 Gastrin 50mg/100g p 19 1471
i Castrin 50 mg/i00g 'p
GIs 25 mg/100 g p 20 1791

from the antral portion of the stomach as compared 1o fundic yuice (Hood 2t of 1953
Menguy ef of 19632 and b) The mhibitor has been demonstrated to be non-dialyzable
(Smuth ¢ af 1958) Dralyzed and lyophilized extracts from canine gastric juice has been
shown to inhibat basal (or spontancous) gastric secretion in pylorus ligated rats (Menguy
¢t el 1963) The effects of antral Juice cxtracts on stnulated gastnc secretion has not
been studied 10 the rat In earhier studies the secrction of acid has been the mawn object
of invesuigation, whule only to & lesser degree has the gastnic secreuon of pepstn been
studied Therefore this report 1s concerned wath the effects of extracts from antral juice
of the dog upon the basal and gastrin sumulated gastric secretion of acid and pepsin in
14 pylorus higated rat

Methods
nhbitory substance (GIS)
Tn this study GIS was obtatned from 7 mongrel dogs prepared with vagally dencrvated ssolated

mg ml
Gastrin
shﬂ-nn was provided by T L Fletcher Ph D of the Research Laboratory of this Department

Ar mals
[V i U ere
. .. Ve wde
. “rior

" An
Tats tolerated this fast well and no deaths accurred T e an mals were divided 1nto 7 experimen
tal groups as ind cated wn Table 1
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Collection of garme putce
s et
-
. ' .

‘. . B ' .. .
from the anesthesia withta 2 10 3 min aficr withdrawal of the ether Afier exactly 2 by, the
aramaly were again ether anesthetized, the laparotomy wound opened and a elamp immedutely
placed at the vesophaga-gastric junction to prevent reflux and spilling of gastnc juice The xm-
mals were then miven an ererdoe of ether and maenficed @iy cutning the orophagus, duodenum
and the appropriate kgrments, the stomach was semoved The stomach contents were empred
I0tg €) brated centrifuge glises, cooled on 1ce and cemnpfugnd 1n an *International Chexcal
Centrifuge™ at approximately 2 000 rpm for 15 min. The supernstant was decanted and mess-
ured for solume

Titration for and
Aesdity of the gastnic juice was determined by titration agasmt 0 01 N NaOH i s Fisher Awo-
mane Titrtmeter to pH 70 (Thratble Acd, TA)

Pepysn deterrmnations
A modified An ™ 3 smre e PPN

adding 03 N
tometer at 280

Inpections of the ammaly

1 p injecirons were made after the Laparotormy wound was chsed by piercing he neclle theough
the anterior abrlomunal wall above the symiphvats pubu, tsking care pot 1o perforate e,
I (yections were done befure the closng of the Laparotomy wound by wserting a Mo 23
neegle into the infertor vena can 1 In all ammals some blerding oceurred but geate Gmparade
with n gawze pad saaked o sakoe controlled the bleeding rapuily Some amemsls wert does?
from the study because of 100 much bleeding All animaly were obsens ed pernditally for uem
of thock or yaminng

Rectal temperatures o
These were measured by means of an elegtric thermometer 1o 1he nrareyt & 12 Can 25 of o
atumals that recetser GIS, 9 reccived GIS and gastnn 1 p, 5 recenned G151 p and 1 pece?
GISyy

TS exght of the ammals i
Allamimals were werghed smmediately after the first anesthesia. Simce there was 2 “d(y,v?)m :\::
in the weight of the ammals all experimental yesulis obtasned are expressed per 100 8
(Madden ef a? 1951)

Statuspeal enofrng st
Standard deviatons from the mean (SD) and the signuficance of group chifferences asJut
the “Students ttest™, were calculited according to Fisher {1338

Results

Al amimals taleeated the Japarotomy and the ingections well No deaths o(t:;"dv no
signs of shack was observed and none of the apsmils had vormied in me-; rgk tand

The average results of volumes ueratable acsd and pepun are ghen ia 28 >
the scatisteal companson between ayerages are shown m Table 11



INHIBITION OF GASTRIQ SECRETION IN PYLORUS LIGATED RATS 377

Taete I Effect of gastric inhibitory substance (GIS) on volume, acid and pepsin in pylorus
ligated rat stomachs

Total acid? Pepunt
e <
g ]
° K g 2 g
= g ¥R g g2 EF =
§ diis  fs iz if E
Trestment E ZiE3x 8¢ 8% 8% o
Blig 1 20 165% 560 102+ 17 305+
015 243 77 58 136
Blng + 1 1 191 634% 126+  I41% 232
Sabne 1 v LE:) 259 81 87 154
Hltg + it 20 230% 8004 207k 22,1 536+
Sahne s p 027 210 109 7 131
B ng 4 n 18 1504 464+ W 150% 2094
GIS)v 065 191 50 61 167
Bl g 4+ \ 20 1474 7674 124 306% 4803
GIS1p 018 243 102 103 87
Pylig + VI 19 374 9174 370+  Al6x 1Tk
Gastrin 1 p 022 194 31 154 283
Mg L0 2774 1079+ 301k 336+ 9alx
Gastnn 1p 4 017 201 23 119 -
Glsp
¥ All results are gaven per 100 g rat & SD
Taste I Statistical comparssons between group means
1 u A% SIS 1 § S AY ALY A SEE Y § G I
SN 1Ioumouw omo om o uom N
Volimes NS v+ n§ NS NS e we NS NS e
M As  eer & - . NS - TR N SN Y
QTA ~s s g .« . . « S eee
PG Ns o+ e ses NS .o e see NS
QPU N5 s g s NS **v NS e e e
S = Suasucally non significant (p -0 1)
=p<005

** =p<ool
.

=p< 0001
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Volume of gantric puice

“There was n ngnificantly Jower volume of gastric Jurce secreted by the animals that
recened no injections {I) compared to the group of anmmals that received saline 1p
(111) or gastnn 1 p (V1) In the groups of ammals that recened faline 1v (11} or
GIStp (V) average volumes of gastne juice was not ugadficantly different from those
1a the untreated group (1)

Imjeenion of GIS vy (V) resufted an a volume of gastne jurce that was not different
from the solumes secreted when saline was iyected aloner s {I1) Inthe anmals where
GIS was ngected i p (V and V1D there was a sizmficantly lower solume of gastne
Juice than an the respects e control groups (111 and V1)

Concentration of ntratable and ifTAD
Saline smyected vy (1) gave no kagher [TA] than was olserved in the untreated group
() but ugmficantly lower salues than i the group that recened saline ap (HD)
Sakneap (155) gave a larger concentration than in the group of untreated ansmals {1}
and gastrin 1 p (V1) inereased the concentration even more

GISinpected 13 [V gave a smmificantly lower {TA] than m the control group (£
while GIS amected 1 p {1V and VII) showed na effect on the {TA] as compared fo con
trols (1§ and V 1}

Output of titratadle octd (Q) 1a

Sahne injected 14 111 gave 2 {37\ which was not different from the QT A 10 the
ammals that recened no treatment 1) while at was semficantly lower thanin the
group cfammals that recened saline 1 p (111} Ingection of salinez p (111} resulted1n
a mgmtficantly higher acid output than m the group whick recen ed no injections {1)
Gastin admuustered 1 A1 and \ 1) gave the largest acid outputs as compared
with approprate control anmmals (1)

GIS myeeted 1n IV pase a lower (314 than in the amumals of the control group
(1 The obsers ed acid output 3serage for group 1% (GIS1 s waanot duffesent {rom
the average acid output observed in group \ (GISapY _

Admunistraton of GI% 1 p in the pylorus ligated antmals (V) gave a Jawer QF 3 than
10 the control group 1111 but was not different from the untreated group (§) GIS
gnrnwithgasten s p ALl cesulted i a eeduced (ITA as compared with controls (V1)

Conzentration of pepan [TT |

Iv ingection of saline 11 resulted in  lower but not sigmificantly different concenira

ton of pepsin than i the untreated ammals () Salne1p 11T gare wncseased ([0}

as compared to untreated ammals (1 or salme 11 treated ammals (31} Gastewn 1P

(\ 1) gave a sgmificantly greater (BT ] than the control ammaly (151} .
e e conelndd o s (P e vt ae deflevest oo the [TT ) found in the am\:‘:

that secenced saline o1 (1) When GIS wasguen1p 4} a hiner pepon cnen it

ton oceurred than m the comtrols 11 In the group gnen LIS 1P w;cdwl:(;) .

gastran e p {3111 the [FT of gastric juice was not different from the average |

the group that recened gastrin 1 p alonte (VD

Quipat of bepsin 1QPL e
Saline wgeeted 13 1} pave no larger output of pepstn than obscnedhu:‘ t:‘r ::;:;«d
ammals (I} When saltne was imjected 1p (11J) QPL was larget tha
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ammals (1} Gastnin injected 1p (VI) resulted in greatly wcreased pepsm output as
compared with contrals (117}
y e

Tn te ~

3 - .

as - . - .
ammals (VI]) resulted 1n a significantly lower QPU than m the group recening gastrn
1p alone (VI)

Rectal temperatures

Rectal temperatures measared before and 3 hrs after the imyection of GIS mn 25 ammals
2s¢ shown an table IV In only 7 of the animals was there any measureable increase ;m
recea] temperature (0 1 to 0 3° C), and 1n 5 the temperatures werc unchanged In the
Femaining ammals the rectal temperatures 3 hrs after the mjection of GIS were lower
than before the mjection (— 0 1 to — 0 4° C)

Discussion

Injection of saline 1 p apparently has a stumulatory effect on gastnie secretion a8 inds
cated by the difference 1 gastric outputs in group I {saline 1 p ) and group I (prlorus
I'gation alone) The mechansns bebind this increased output 1n the group of ammals
treated with saline 1 p mught be one of reversal of a statc of dehvdration in the rats
caused by prolonged fasung This was first observed by Madden ¢ of (1951) who
found that gastne secretion 1n prlorus Ligated rats duminished wath increasing penods
of fastmg This occurred even if the ammals were allowed water perorally in the
fasting penods The authors also observed that such a decrease 1 gastnic secretion
ould be reversed by mnyections of saline subcutancously On the other hand this does
ot fully explam the effect of saline 1 p since in our series of amimals receiving sahne
14 the gastnic secretion did not increase significantly

The results 1 this study ndicate that exogenout gastin when injected tp inte
Pylorus ligated rats sumulated gastnc acid secretion Ths gbservation s 1n accord
with earlier studies on the gastric acid response to s ¢ tmyections of gastrin in the fistula
tat (Adaghek and Grossman 1962) The production of pepsin was also stmulated sigruf.
tcantly Ths finding 15 1n agreement with observations made m the dog (Dragstedt
etal 1963)

Adashek and Grossman (1962) reported that m the fistula rat gaston gase a larger
maximal secretory response than histamune Other reports indicate that histamine has
no effect on gastric secretion m the vat (Friedman 1943} while some authors report
that hustamine increases aaidity but not volume of gastric secretion in the rat (Ro¢ and
Dyer 1939) Some 1 estigators mamtain that histamme 1 effeetne m the rat as a
sreretogogue but only when given in large doses (homarov ¢t af 1944 Ryle and
Welbourn 1956 V alberg and Witts 1961) Ambrus &2 al (1953) found an 1ns erse eflect
of large doses of histamine on rat gastric secretion with a decrease 1n volume and con
“entration of hydrochlone and Because of these controsersial seports and the reported
abservatons on gastrin the conclusion mught be drawn that gastan s an eflective
seeretogogue for stud €3 of gastrsc secretion 1n the rat

The observanon that an extract from camne antral juice ingected 1% mto pylorus
¥ zated rats inhibus the spontancous gasinc acid secretion Menmus et ol 1963 b) has
been confirmed The present study has also demonstrated an inhibiory effect of 1 p
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nyection of such extracts on the spontaneous acid seeretion in fylores ligated fats The
veduchion in gastnic secretion of acid in these groups of animals (IV and V) were of the
samr order of magnitude with an aserage of 39, and 36 9, reduchion of acid output
respectinely when compared with controls {11 and U1} Furthermore, m our senes of
gastnn stimulated ammals, the inyection of GIS (VII) gave a reduction of gastne 2ad
sccretion wWhen compared wath the controls in which gastrin alone was ingeeted (V I}

Trevions reports from studies 1n eats (Meaguy and Smith 1959) and dogs (Smath
2 gl 1958) have shown that GIS densed from human gastnic guiee did not affect pepun
secretion Shese authors susgested that thrs indicated the speeificity of GIS asannhib
uor of acd seerction In accordance with these reports there was no significant
difference yn the spontancous output of pepsn from rats that recaved GIS 1v orip
IV and V) However in contrast to these findings, 1t was noted that GIS reduced the
output of pepun sigmficantly in animals lated by gastnn (V1) Thus
12 15 potble to assume that the inhibitory action of GIS ¢ nat solcly confined to the
acid secretory mechamsm since 1t €an olso affect the pepun secretion under centan
condhiony

Whether the inhibitions in these senes of experiments are specific of unspecaific cannot
be determined conclusnely from our data However, to deaths occurred after the in
Jection of GIS no signs of anaphylactie shock were observed and none of the ammals
hald vomuted in thewr cages An amportant unspectfic mechamsm of gastnce secretory
mhitntion was considered m tus studyv namely that of hyperpyrexin In carlier roporss
©on atedies 1 both man and dog 1t w1z noted that hyperpyrexia will lead 1o inhibition
of acid gastne seerenon (Bandes of ol 1948, Blickenstall and Growman 1930) Simlar
olsenations hwe been made in the pylorus Irgated rat where pyrogens were shown o
nhubat ulcer formation presumably by lowenng the gastoe acid sccrcnion (McGrnty
e of 1919 A recent report shows that increased body temperatures induced by
different methods affected gastnic seeretion 1ot pylorus ligated cats (Beodic and hundrats
1964) Turther 10 some expeniments on GIS 1n dozs a pyrogenic effece was obsenned
following injections of the mhilutory extracts from gastnc jutce and it was shown that
a probable correlation existed between the re in bady temperatuee and the degree of
1nhibition caused by the extracts (Livermore and Code 1952 Hood ¢t af 1953)

According to Brodie and Kundrats (1964 an appreciable depression ofgasxm;ﬂ‘f"“
tion was seen only 1n rats m which body temperatures were increase f by 0 8—20 C
In our experiments there was no sigruficant temperature difference o the ammals 3 Pﬁ
after the myection of (1% as compared with pre-ingection lexels Tn 7025 rats the rtlth "
temperatures increased by 0 1—03 C In consequence 1 does not seem probable tha
the inhubitsons dentonstrated in our studtes were due to hyperpyreia

Concermng the mhubrtion mduced by GIS in the senes of experiments with g3stnA
stimulated gastroc secretion \ 1 v \ 11 the effect cf GUS could theorcucally have beer
upon the spontancous part of che gastac autput on thar part contiibuted to by “"‘_’5
enous gasinn sumulation or on both That at least some of the mhibion demons .
ted 13 caused by a counteracnion of the sumulatory eflect of gastnn by GIS s mdxf-‘l‘“‘c
by the fact that 1 group \ 1T there was 1 sigruficant reductson in pepsin output ™
this could not be demonstrated i spontancous sceretion (Vand V)

s+ —anof

The author 15 indepted @ Dr Heney N .o et
the Department and Dr L M Mhus 3 7 ek
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of cherustry rescarch laboratories Ir 11
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From the Institute of Physiology and the Insutute of Nuclear Physics, Unnsersity of Helsinks,
Fintand

Spontaneous Impulse Activity in Immature Rabhit Brain
By

R M BerastroM, Junant HyvAres and Erxxi Kurensiean

In a study of the spontaneous mmpulse interval distribution m the retinal ganglion cells
of a cat, Kuffler et al {1957) found that this 1s 2 gamma dlsmbmmn Grossman and
Viernstem (1961) ) that thedistrib of the cochlear Ises of the
<at, m both the spontaneous and the excited state, is an exponential which indicates
asumple random order of ntervals In the same nucleus, Rodieck et af (1961) found not
only the exponential, but also quast gaussian and imodal distributions Swmuth and
Smuth (1963) observed 1n the cat cerebral cortex a distnbution resembling an exponen-
ual type with a long night hand tail

In the present study, the method or constructing 1mpulse intersal histograms has
been apphed to of actmity in the immature
brain cells of the rabbit E\mce“ular recording with glass eapillary microelectrodes
was employed 29 new born anumals, 014 days 1n age were tested The expeniments
were camed out under superficial urethane anesthesta, supplemented by local anesthet-
ics The localization of the recording electrode was defined sterestaxically, and in most

cases confirmed hustologically by observation of the electrode track after formalin per-
fusion with the electrode 1n recording position In the data reduction system, the -
Pulses tnggered 2 tume to-valt onan The sameim

Ppulse also modulated the Z-awuis, producing abright unblanking spot at the end of each
smpubse mterval (Fig 1) The height of the spot from the base line corresponds to the
Tength of the preceding mtenval The matersal was thus photographed non stationary
eries were discarded  and long senes dinded into stationary subsenies These stationary
sTies were then analysed with a pulse height analyser (Nuclear Data 160), and the
Tustograms drawn with a digital plotter
 An analysis was made of 26 stationary smpulsc senes from the smatum 1 from the
pus, 4 from the hypothalamus and 3 from the cortex Theseseneswererecord-
t‘d from 29 cellsm all The resting membrane potentials were of the order of 5—20 m\,
corresponding to the values gnen by Mares {1964) for young rats In this extracellular
aandinrg many ol the célis showedt action potentidisiasung upto fU msce “Vien sucn
action potentials were encountered they were scarcely audible, but otherwise exhibited
all the cnitenia of true extracellular biphasic action potentials with an amphitude of
12 mV' By reason of the extracellular recording in e volume conductor, nothing
Precise can be said of the durauon of the action potentialsalthough they appeared tobea
great deal longer than those 1 older anmmals with the same tvpe of recording
None of the described well-defined types of histograms such as the exponenual,
Baussian, bimodal or gamma distnbution were observed The histograms (Fig 2)
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ms Tig 3. A photographic presenaation of 1m-
200= - pulse ntenals The hright of a spot from
the zero hine represents the length of the
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Fig 2 \nampulse miena) histogram of & cell 1n the globus pallidum of an B-day-old rabbit
Stationary sample of 1 448 impulse intervals Lasting 4 mun 43 sec mean smpube frequency 5.2
mp aec The solud ine shows the brst fitting theoretieal gamma dustnbuti m [ the same mate-
ml

were always skewed 1o the nght, ahhough some of them were almost symmetncat
They fantly resemble the gamma distiibution, but bear a long right hand tad Mo
olnjous differences were apparent as regards the hustograms from different nucker
o the studred age groups Fig 2llustrates a typical histogram from a cell in the globus
paihidum of an B-day-old rabhit The theoretical gamma distribution for she same mate-
nal has been indicated for ¢ The chisquare test shows that the difference
between the thearetical gamma o and the dutrnib arrsedatemp
13 sigmificant at the 0 00! level The mam differences are the herght of the peak of the
empurical htstogram, its steep slope of descent, and the Jong richt-hand tad

The resubts ndicate that the spontancous activity of wmmature braim cclle 18 not
simple random process athtough it may contamn random clements

This stly was supported by the Finnsh Medical Rescarch Lounal
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Convection, Diffusion, and Electric Current
Through a Membrane
By
SrasLey 1. RapororT!

Recened 6 Febryarv 1963

Abstract
Ranne € v o~ - v - ' . .
for ¢h of any 10n 1 the and ml\zdusmgczchnh numbcrnfsxmphf,.
ng asumptions Chlonde « the as withEq 6, using e

concentrghon of €1 i the mhembrant An obnerved valut was biamed Also from By 7
whith related the drving forces on Cl o electne current The components of the membrane
Potential also were defined in the presence of water flow

Unualent 10ns kept at equal and fixed concentrations C,, on Sude | of a membrane,
wilt anam equal concentrations on Side 2 € of the s)’sttm 15 permutted to attain
e ] of a fixed hvd pressure d: across the mem-
"'anv. which produces water flow from Side 2 (0 Stde 1, will reduce the stationary state
concentration of each 10n on Side 2 and lead also to unéqual concentration ratios on Side 2
{1onic accumulation) of the mobihties of the 1ons differ in the membrane
e theory of somc accumulation has been outlned by Hertz (1923} and Teorell
{1951) and venfied reviewed by Rapaport 1963) Addition of another fived force,
an elecincal potential difference across the membrane, should chanze C, but not
affect the aceumulavon ratio at the stationary seate this prediction will be Tested

! Present Address Laboraws of Neurophuclogs Navenal fostute of Mentat Health,
Bethesda, Md,US

VAN Acte phyitol  and N ol 05 +
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Fig 1 Expenmental compart.
mental svstemn, alhasrated with
KO+ LiCd at sanonary sate
Concentrations in Compartment
1 (C‘) were kept constant by a
high rate of arculation of whu
o at € -€, vanable P,
was mamtuned by overflow
drainate in Comprtment { and
by drpping of dutifled water
from a capillary tube under a
fixed pressure head, 1nto Com-
partment 2 at (¢ - ¢) mlsec
Constant 1 was mamtained by 2
hreh voltage D C, source and 3
hish smes reustance Positve
direction from left to nght along
x a1 Resstance berween 2 Pre
black-Pe elertrodes could be fol-
lowed i Compartment 2 The
figure shows relatine accumuls-
pon of . Since water fine
from the capillary was held con-
stant, a change n membrane ree
sitance to water f1aw would be
asociated only with a changen 1P M = membrane ¢ =feumatal evaporation rate from
Compartnent 2, ¢ = total water flow through membrane (in negatine direcuon)

‘The 10me ¢ profile 1n the brane and the significance of membrane
conductance will be constdered 1 the presence of water flow The components of the
total membrane potenual and the sgmifiance of druing Grees on the 1ons alo will be
amalyzed

The metabolically dependent ability of 3 Ining cell to rccumulate some sons and
exclude others has not been clearly cfucrdated ft 1s proposed that the comcction
diffssion model will offer reler ant information about the prinaiples of accumulation and

membrane conductance

Methods

Table of Notatwons
Units which teclude a may be 4 1o cm? by ap duvasion or muluphe
cation by
¢ = concentration where C; = solume of arx
F = Faraday
THO 2 partial molar volume of water (m!) sl

== gas constant I x absoluse remp
I;:l‘ - flnrcmul pmc(nml (volts} at x ;n membrane, where q, = 0 and ¢y = transmembrane

potental

& =oxp I7a/RT)
a = memgmne :;:Jk(tm'() crcd

= membrane thickness (cm), 0 < x
'.f = ool bulk water flow mn),ugh entre membrane n positive direction {mifsec), Wher

1ja = water flowjem? membrane
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‘= desgnanon for any speaific 1on
% = mobity of specific ton within membrane, under unit chermeal potenual gradient
%, = ep (xfRTW)

DM = difusion coefficient of RCl in total membrane, when ¢ = 0 (4 emtjsec)

S =FRwpfe

z = + 1 for umvaleat cation, —1 for umvalent anion

R ntegral membrane resistance (Eq 8)

B, = resultant drving force on €1 volts) (see Eq 7)
RE = Integral Cl resistance 10 membrane (Eq 6)

I3 electrochemical potennal

\ —uC-4uC (for amons)

U =uC -+ +4uC" (for cations)

1 = membrane current (a ampsferat)

LJ

, = flux m positve direction through membrane (2 molesfsec/cm?), where @, 55 =
flux from a to §

pecific conductvaty (mhos/cm)

. — P, (dynefcmt), pressure dafference across membrane

Experumental Fracedurer
Fig ) ustrates the two compartment svstem A constant voltage power supply, fixed at 300V
and 11 serses with a large variable resistance was used to obtain constant current conditions, T was
weasured by means of a scasitive gahanometer

Since a current shunt was produced when conductance was measured, x, was obtamed

and d = 0013 em (by dry reading) $ome ch: have been describea
Previously Surface ares (a) for dffusion was 3 5 em? and at 25° C water permeability was an
arerage of 16 x 10 * mljsecicm water for the membrane

DY vwas determined twice before and afier cach long term expenment by measuring the
entry of RCl into Compartment 2 (€} = canstant, CH! = 0) and by plotung ¥ 4la[(C,
—CHE] agawmst ume the slope gave NP (wheee ¥ = volume of Compartment 2) The
Ipecific mobility, u, was obtamed from DI
@ nonselective uncharged membrane When f = RTu [DM? fh = 0982 ft+ = 0517 and
S = 102 (Rapoport 1965)

For an cxpenment with a chosen ¢ the system imtially was allowed to run for 12 hr with
distlted water n both compartments, 50 a3 to obtam pressureflow equilibriurm, after which
the water in Compartment | was replaced wath rapidly eculaung sobation at €, A fired 1
then was imposed until (1—3 days} constant %, and C, (determined by consecutive sampling)

N 20 et annn e ot T lpam Bt )

and from Lmttung somic conductances, asuming

S UG 1 an G
exception of exp 2 (see Fig 2)



388 STANLEY | RAPOPORT

Theory

The differentnnd net flex equation For an 1on 1n 3 wide pore membrane in which seving may be
neglected o
o~ C IR AIC [de + 2F dy/de} + € W
The mtegrated flux { © 2 specific 1on actom aahice of membrane of thickness # a, where
@ # o (cf Rapoport 1965) whrn ¢ 1 constant
(Gtry - €t )
w83 ~ Uat i
= ~RTW
o Torude €]

At the stat gate if the net speaific wnte flus acro the membrane s z¢ro, the specsfic
wnic ratre L"I(‘l "

€05, = & e (rd RTw) e

and the accumulation rati {4 1 defined (fr b and L in the expenments) (Teorell 1931,
Hapapart 19651

cprel Wl
G e it ;,—H o

In the presence of an apphed potential and water fw at the stat state P, o =Py
fo x4 nd € may be obtamed 23 function of ¢ and ¢ by use of By 2
CLe T, Mfleads] © ey fege, i, Miends]

[y de
Stace g, depends on the total wonic distrsbution 1n the membrane ot cannt be obtawed
expheitly 1n o two salt svstem However #order to extimare €3 in the expeniments 50 s o calen

)

Lite RO see bedow  ahe Sullowmg spprovmations will be consdered (31 dCL dr 1 constant

n the membrine 1 0 g, 0 180 g« Oand Eq 5uehed fr £ 0 gy g

aud L Seobved tor €11 constant field assumption) and (4) ¢ ~ Oand ga  gredmEq 5
The definttion of ¢ megral £} resstance m the membranc i (Finkelstein and Nauro
13

o dr ©
* <

R [ o

Substitution of €44 derve | under cach of the Wbove approximatons Ly ¢ will gnean
approxumate caleul sted A wlue af RUE ind P RCGH(U conductance!

In gthe expemments Ri1 wag obtamed abso from an analvss of
Ihr lota) dmmg terces n €1 at the stat state Under these conditions |
—19C a0d tiegrih n 1 1q | after the method used by Tinkelstemn and
(ef Teorell 1961 gaves

1 the eleciric carrent and
see elow), 1 =
Miuro (1963

o
RT ) uf
R Fatth B vy o

The shce terms in the parenthesis consotute the et driving force on (1 L, '_xhcﬁrsdt
teru 1 the chlon fe potcntitl (1 1nd the secont and thurd teems include the membrarie an
water potentials

Aswill beshown ES,
50 that an ebsered value of T RUI may be derned by Eq 7 wnd
under the assumptinns a—d Ir s Fys 5 and 6

as well as the net current I s obtamable from expertmental data
comprred 1o that caleulased
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Tapie 1 Relation of A gpuerced 10 Apredicsed (of the obseeved to the pred cted accumulation
ratw), when T =0 4p,g.cea Was calculated from the nght hand s de of Eq 4
€, (Ch+Cly2 mmM DR was not determuned 1 exp 1 Mean of eyt
fotawas 1 11 Values for exp 2 and 3 have been gnen elscwhere {exp 11 and 12
Rapoport 1965)

Exp o5

no sx 14 G X100+ Aprea . Apeal Lot
1 — 63 28 - - 147

2 - 77 22 132 200 165 121

3 ~ 85 23 156 191 153 125

4 — 68 47 18 153 157 107

5 —100 43 228 158 1% 103

6 oo 45 228 10 -

In the presence of water flow and a charged membrane ¢4 13 gwven respectnel by three
terms — an IR drop a duTus on potential and a electrokinenc potential — 1 the following
equation for 4 unualent tome system

q-,g_ljzdx[F'(U-#\)Tf—rf:ﬂ(\—U)I(\+U)
vll(3c _3% ‘]d,
iel(Be -3e Joe

The infegral i the first term 15 the mtegral membrane resistance and the equation need not
be restricted to the steady state

@)

Results

4 cumulation Ravo Eq 4
Experiments 1n which the system had reached a stauonary state were analyzed first
m terms of the star state accumulation ratte of K to Li (Eq 4) and the speaific
catiomic ratio (Eq 3) (sec below) Previous expertments showed that Eq 4 was correct
to within 1020 °4 1n the absence of electnc current for the water Aow and concentra
ton ranges shown in Table I when tome mobihities were esumated from DA as
described 1n Methods) (Rapoport 1965} For example Table I shows predicted and
observed ratios for 6 to whose numbers the paper wall
tefer, when 1-0 and ¢3—0tw0 —5m\ pnmanh a diffusion potential (see below )
As shown previously  bserved < Apredy. et

In the presence of electnic current where |75 ~ 5m% Eq 3 and 4 pred ct that the
accumulation rato but not the cationic raus should remam independent of § or
Thus changing either 1 or g, should permit alierauon of the absolute values of C,
without also affecting the respectn € cationic concentraions in Compartment 2

To test Eq 3 and 4 speafic tonic ratos and the accumulation rato were exanuned
ata senes of electnic currents at 2 fixed stat stater Frg 2 shows a 1yprcal expeniment
and indicates by bserved x, values the evolution of a stat state followang a step
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. ey
%1 A:%{E:? 7 v v o 1" u.
) ]

»
e <70 "

1 ¥ proma proma foas feaer =
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2
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o

3

o

Mrwtes « 107
lig 2 Suat state values iy 1onie ratcs (C /C ) of N and L1 respectively and for the
accumutition ratto ar different electric currents Dars represent 1me Ratios. Arrows mdicate
where Lbeqins G €] = 0022 M (Expt 2) When w, was constant a stationary statewas
established The 1onic ratios increased with s e electne cutrents and decreased with negause
T while f,beerved s12yed approumately constant

T e
205 papemnt 1
I A @
k2
3
40
KS[ 5 e
£ 6 a
B
<2 4
r /A\
10 DR chinat P -
Pt
08 ™"
SEI — — —
10 0 “ig 20
CURRENT (m4}

as
Jation of accumulation fato o electric current Lach slope of 4 parved o0 1%

Fig 3 Re
postne and those in Expts 4 3 and 6 ngmificantly (P < 005) greater than zero
. . move-
' \ and
Eq 4

strength of apphed current (big 2 and 3) increasing with pusit vl vy
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o By b
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+ lo[— 1
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2wl 1
Fig 4 Relation between stat Y,
sate membrane chlonde and =l
water potentials, and electric cur
C1
rent Data from Expt 5 EGT o A 1
was obtained by addition of the
three curves ¢, was denved from sof- 1
the catiomic ratios, ¢ from the P e
Cl ratios P L
ra—— ¥ %
cummENTina)

does not predict this correlation possibly because it neglects residual membrane charge
Although 1t has been shown that the relative diffusion coefficients of KCI, LaCl and
glucose were not affected by the membrane (Rapoport 1965), the stat state 4 P
increased with positne I 1n a manner expected from a negatively charged membrane
m which electroosmosis takes place (Teorell 1959)

Spectfic Tone Ratto Eq 3

1t has been shown that Eq 3 15 vahd for the system at the stat state when 1=0
AP>0and <0 Swmce, under these conditions, €1, K and Li* arc passve or
“dependent™ constituents of the system their respective net fluxes vanish (cf De
Groot 1952, p 195), and Eq 3 wall be vahid for cach of these 1ons At I = 0 from each
of the observed specific 1onic ratios and values of 2 and u a ¢y was caleulated by Eq 3,
s mean was found and nserted back mto Eq 3 and each of the 4 was adjusted for this
Msertion

The derved ¢y, at T - 0 was composcd of a diffusion potential and an electrokimetic
Potential (Eq 8), and was not d nd ly in For the flows
and concentrations shown in Table I, the ¢ can be dusregard
d and g, was calculated to within 10 °, by neglecting water flow effects n cuther
the Henderson or the Plank diffusion equations (Rapoport 1965)

Eq 3 was tested for I# 0 bv noting that, under this condition, R and Li* were
dependent consttuents and €1 (as well as water} independent, since a star state
r:-mm mantamed by Ag/AgCl clectrodes 1s equnalent o a constant Cl  current
Values for ¢y were calaulated from cach of the speafic cationuce ratios at cach applied 1
by Eq 3 (unng also v and u (adjusted\) The q; agreed with each other to unthin 10—20 °,
Jor Expts 16, thus confirmng Eq 3 within these hmits 7, could not be measured 1n the
thin, wide pore membranes because of potential (IR} drops m the surrounding solu-
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Tante I Fffect of electrie curtent on (1 conductance (1/R9) Exp 5 Obsersed con fuctance
was pbtained from F fmn“ (tq 7. hig 4) Conductance in eolumns a—d were
calcutated by Eqs 5 and & under dilferg asumptiony sbout water flow and elec
tneal potentsa) 1a columns bande € = 10 *tulfsec Conetant ficH means g, =

g47/d Constant concentration gradient i column

Chlonde conductance (mhos)
b

s I3 4
Constant
=0 Constant Feld
Iimy) P Obaned  gu=0 PR feld e O
~140 017 02 029 026 030 03
~uo 020 023 031 029 vz o3
—807 030 o 034 032 033 01
~538 033 03t 038 03 03 040
~10 038 038 038 036 036 036
0 047 - 042 040 010 042
0 048 046 o4 045 04
+20 052 041 047 015 045 046
+70 066 043 053 053 o5t 055
1109 076 046 052 052 o5t 0
~140 079 054 056 056 055 05
L2 096 061 060 0o 060 060

tions ) Inscrtion i £q 3 of actinaty coeflicients cocfficients cancel 1n Eq 4 takenfrom
Rortum and Bockris {1951 p 680 did pot change g Values by more than 59, and
did not change the s of agreement

The gy derned from Ch CM (unng ewher concenlrations or attmues wete Tess
at posne I but greater at pegatne I than the g, denved from €M [
as would be expected from the vanation of Lyymyea With 1

Membrane Conductance
In order to consider the relevance of Eq 5 to 8 to the svstem
properuies under conditions of water flow and electric curres
system and the meaning of membrane conductance will be analyzed

fn Fiy 4 the meang, calculated from the stationary speafic L1 and A raues,
1s shown to depend non lincarhy, on | \hthough such a ¢y [ curse may be analyzed n;;
terms of an empincal differenual conductance & —dI/dg, uns mndud:n:;d“l:e
lack a phenomenologically ngorous meaning i the cXperiments SINCE 11 SHow o~
taken at constant ¢ €, and €, (Michacl and Kedem 1961 At the same urcnc';
centration profiles should be undisturbed C, depended on 1 in the experim! Z“hm
[ = —£C, ga chat the total differennal d) of Eq 7 contams ey eral componen!
concentration profiles change (a similar differentral obtains for Eq 8)

and to clucidate membrane
mt the forces acung in the
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dr = dUR®) [EQ 1+ AIRS) d(pT—gp,) )
where /R and ¢ depend on €&

Fig. 4 shows the components of the total dstving force on €1 — obtaned from
observed stat state concentration ranos, » and 4% — and the resultant drving force
EQ s asrelated to T The water flow term 15 constant, while — g3 and ¢ vary inlike
m:mner with I The chord conductance, E?n /1> equals an “absersed * YRS

When G2 was obtamed by means of each of the approumations (a-d), discussed m.
Theory, with Eq 5, and YR® was calculated by Eq 6, the calculated YR® differed
by fess than 109, from the observed ones, column a +2°,, column b —3°,,
column ¢+ 7 °, for all expeniments Table II shows the results for Expt 5 whose
dnving force components are given in Fig ¢

It 1s apparent that /R was set pnmanly by the vanable boundary condinon
€S, which was regulated by bath v and ¢+ {or I (Eq 3)) and apparently did not de.
pend much on vanations 1n concentration profiles for the z's and ¢5's chosen 1n the
experiments  For example I/RE! calculated for a constant concentration gradient
when ¢ = 0 (Column g, Table 11) was reduced only by about 0 02 mhos when ¢ = — 1
% 10 *mlfsec (Column 5)

When observed I/RE, obtamned from Eq 7, was plotted agamnst €, a hinear rela-
tion obtatned 1n the water flow experiments, Laeanty could not be demonstrated i
expt 6 (p = 0)

Discussion

The formulations for the specific tonic ratie (Eq 3) and for the accumulation ratio
(Eq 4) were studied under d of hyd: pressure d across the
membrane, producing water flow, and electrical potentil differences productng
current The experiments requlrt:d that water flow and I be fixed pavameters

Eq Jand 4
ANCE Agppeeveq 1
the fact that - .

s

were more nrgam: at posiave I and more positne at negative I, than the g, denved
from €Ly Cl

T‘nrrc are several posuible causes for the deviations of Eqs 3 and 4 A negatunely
¢harged surface may interact speafically with unnalent sons (Hober 1931, p 301
Neglret of charge 1n obtamung « may have produced errors in the esumation of f
(Rapoport 196) and thus n predicted concentration rauos In addition, the super-
tmposiuon of positise electroosmotic flow due to postive currents (when § P increased)
en the negatne hyvdrostanc flow will change the ﬂo\v pmfl: of the huer n a pore
(¢f Dastesand Redeal 196 -
stat state Ions adsorbed
consection term i Eq 1 .
of C,

The assumpnon that u didn’t depend on concentraton 13 ncorrect In addition
erTors mav have been introduced by surnng vaniuons or by heterogencousness
'n pore size The latcer condition inplies that a macroscopic stauonary state 1 a2 sum
of mucroscopic sstems which do not all have the same properues Al the pore dimen-
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sions were probably so large, however, with respect to 1onic diameters thatsieving or
reflection was negligible

Tor the expenimental conditions — 4 == 0013 cm €] = 0015100 023 M, I = +21
to = 18 mA — ntegral YRS obtamed by Eq 6 with approumations a—d agreed with
observed values obtained by Eq 7, to within an error that could have been due to
errors 1n the esumaton of ¢, ¢, ¥@ Thus the relatnely thin membrane and high
sonte concentrations made the tesung of the approuimations not entirely adequate
A mulucompartment membrane, in wheich ¢, could be measured dirccth, would
permit a better apphcation of Lq 5 The constant field approximation (¢) depends on
a constant »,, which Js best neared when ¥, =2 x,

Frergy Duspation

Under the swme ==m 2 1 mgntesa a3 ga e Fo b g
open and 1en P - ’
Two generahz © 3 . .. ,
~Iff and bua . 2 a .
separating chil 1 » L Xl , . H
2T A and ' ' . . " .
1(7¢1~,) joule!sec at the stationary state This energy 11 compensated by work done on the
system which keeps the (wo indrpendent furces at fixed levels and masmntains the non zero

uxes

When the gencralized firce on a cunstituent 1 defined as ~ Spie and if — P21 the force
leading 1o bulk flaw {mainlv water flow i a wide pore membrane) the water patenval n
ESL, of Eq 7t not part of the generalized force on €1 but arscs by a eross (coupling) effect
between €3 and — 11 (¢f Michaeh and Khedem 1961)

. ENP - ' — e ant

References
Davies | T and F K Rioear Interfucud Phenomena 2nd ed New York \eademie Press 1963

24
De Groot § R Thermodmamies of Irreversible Processes Amsterdam “orth Hatland 1937

pp 242
Frakeistery A and \ Matko Equnalent Circuins as related to wonic syniems Boplys J
1963 3 215 237 oo

Hesrz G Uber rennung von Gasgemischen durch Diffusion i e stromenden
Z phys 1923 19 3542 R,
Honew R Phvwical Chemsstry of Gells and Tossues 1hulacelphia Plaksston 1915 pb 670
hoxtist G and] O M Bockan Testbook of Flectrochemustry \msterdam Elsevier
2

s
Aiciaeer 1 and O Kepeyv Description of the transport of solvent and tons lhm;gh membran
m terims of duferenuad coefiosents Tress Foreday Sec 4961 7 U183~ l\!i P
Raporort S I Iomic accumulation by water flow through a membrane 4:ta

1962 64 361—371 . .
Teomeet T Zur quantratven Behindlung der Membeanpermeab huat < Elektrcher 193
e T 1 t2uon 1o exatable tssues 11 J &7

Teowew T Dlectrokinetic membrane processes m rel
Phynot 1929 42 8Y7 863 N

Tearetr, T The ton flux across during ¢l
phosial seand 1964 62 293—291

Aiffusion and tia




Acta physiol. scand. 1966. 66. 395—405

From the Department of Pharmacology, Unnvennty of Lund, Sweden

Some Bioelectrical Properties of Amoeba proteus
By
J~O Joserssov

Recened 20 September 1965

———————————————— Abstract

Josefison, J O Some broelectrual properties of Amocba proteus Acta physiol scand 1966 66
385405 — The membrane potential resistance and capaciance of Amorba proteus wAs meas-

ured wath Specific resistance was 3 700 ohmem®
brane potential and decrease of with

g of the contractile vacuole was recorded The hypespolarizing component of this potential
®as evaluated m the hght of a positive potental recorded dunng the impalement of the
vacuolar membrane and the subsequent emptymg of the vacuole Al agents with abitity to
mduce pinocytosss which were tested caused a transent “burst’ of depolarizing potentials
before a steady state was Anomic ds did nos larize the
membranc, [t 15 suggested that the permeability of the cell membrane is largely governed by
negatn ely charged groups of the h Tayer of the

For st eral decades patential diffecences have been recorded across the cell membrane
or walls of large pratozoa Haweuer, only recently techniques have become sensitive
nough to permut reltable measurements Glass capillary mucroclectrodes have been
used by Bingles and Thampson (1962) 1w dmaeba proteus and by Ruddle (1962) n Pelo-
— AN TN G -t

d 2 potennal diffecence between different parts of the cell A pseudopod was posiie
ith respect to the cell bodv but negany e with respect to the external solution

Large of the b potenual have been demonstrated
10 amocha (Tasaks and kamuna 19641 [ the aliate Paramecrum caudatum, Y amaguchs
{1960) noted a regular vanation of the potential near the contractile vacuole, synchro-
BOUS with emptying The present imvesuigation of Amaeba proteus reports the eficcts of




396 1-0. JOsPFssON

external tons on the membrane potential studied with capiflary microclectrodes Fstie
mates of the nbr and were made and there were

thythmical potential changes recorded duning the actvaty of the contractide sacuole

Material and methods

Amoeba protexs Bristol wan otnaned from the Carbiberg Laboratory, Copenhagen Stock cultures
mamtamed at 20° U wese fed on Tetrabymena (Frescort 1936 Chapman-Andresen 1981
The culture medumn (Poneshesm) bad the following composiian (mM)  Na= 022 R+
035, Ca*? 085 Mg+? 008 Fer? 0007, HPO? and H,PO, 011, CI” 033 NOT 170,
SO, 007 Duivalent sons and NOF were ormtted duning observanons of the effecw of the ahtered
external ;onie compoution The amocbae were stanved fur two days prior o study to Tree them
from ingested! Tetrahymena

Cxpenmeants were perlioemed 10 a 5 mf perapex chamber in which the amoebac were affowed
to attach themselves 1o the bottom For recording on er long peerods the amoeba was detached
from the glass by small mosements of the impaling microclectrode and elesated into the bathing
solution Ihie medhunt could be changed without disturbimg the amocbac In exch af the expen
ments new amochae were used

For intracellular recording and application of current pulses com entronal glas caputlary
microrlectrodes were used  The electrodes were filled with 03 M AClinstead of the usual
3 M RClsolution (Ling and Gerard 1949) after 1t was found that the lower concentration of
potasum chiloride sncreased the stability of the recorded potentals and decreased the sue
of the electrode p potential The i potential of recording electrodes was less than 10 mb and
their elrctneal ressiance measuredd in 03 A RClwas 4080 M2 Comventionm! vg AeUl
electrodes n | ar were used a1 ind electrodes The amackae weee impaled
from above under sisual obsenvation wuh a binocutar microscope at 100 - magnificat o1

. e . e - a VU and e §eurrentof

3

“ ) . pen
ment was discarded The recorded intracellular potentuals were displayed on a duai mb':
oscilloscope (Tectromx model 5021 and An b wat a

used for recarding of slow potential changes "

“Tnput resistance of the amocha was determuned a3 described by Fatt and hatx “9;
The patential ehange act: st the membrane was measured with the recording elecirade »hey
square pulse currents of 10- 60 msec durauon were delnered from a Grass Sumulitor
Model 54 through 4 secand nucroelectrade tserted intn the cell At the output of the sumulator
2 200 M2 resistar was an series with the current clectrode in order 1o chmnate (hanlgf! n
current flow  An mdifferent electrode was grounded through a resistor and the potentual dkr:sp
across this was on the oscillscope Wath these. hyperpolurzing pul
1—3 per sevond were wsed for continuous recording of membrane rewstance du?"gﬂmc
of several munutes \o changes 1 resting potential due to clectrophorenealhy atier
compositton of the ey toplasm could be hoticed in these expeniments

Results

Meribrane potential
The membrace potential was recorded i Pringsheim solution at 18~-20 € :‘\ \t:rr:::
somewhat 1n cells from dufferent culture dishes but was always negatne wit "rm‘kd
10 the surrounding medium L pon wsertion a potential of about — 30m\ wasr

fuch seached
uncture was followed by a slowly increasing negatmity v
Tn most eases b L Y . )LA atecronde bad to be mored fusther

. values grven for membrane
5[ of mean m 25 amoebae

being 65 « 18 mV
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Fig 2 Relation between membrane potential \g
and external Na+ concensration when chloride -
or cthanesulphonate are used as ansons Bars ~,
enote standard error of the means

cor @ [ 0 100 m

No feature of the gross morphology of the amoeba could be correlated wath the value
of the membrane potenttal Bingley and Thompson (1962) recorded a 30 m\ potential
difference between the instde of a pseudopod (moare positne) and the wrord In the
present exp the membrane potential of pseudopod was alsa found to be 10 to
30m\ posun e to the center of the cell However electratonic potentials recorded 1n the
pseudopod usuath lacked a proper capactatne component indicating that a true
ntracellular insernon of the tip of the electrode mav not have been achieyed at that
site Spontancous streanung of the cvtoplasm towards or away from the recording
electrode did not affect the membrane potential

v
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Fig 3 Vacuolar emptying potentalsy A High negative membrane resting potenual specimen
i dustlled water B~ Specimens in Pringsheim soluts n RF_ A 130 B40 C30 D>y mb
ins de negatne. Downnard deflection 18 negatise in all records \ oliage ealbraton 30 m\,
B-D30m\ Time A—C 60scc D [5cc

Effects of changes 1 the wonie composition of the external pediem
The membranc potential was found to vary with the Jozanthm of the external potass um
concentratton irrespectine of whether the anton was chlonde or cthanesulphonate
(Fiz 1) In the rance between 0] and 10 m\ potasuum chlonde the slope of the
potential change was approumately 40 m\ for each log umt change 1n the external
porassium concentration As shown wn Fig 1 the addition of copper sulphate m 2
concentration of 10 *\f somewhat increased the lineanty of the cune This obsenauon
1s possibly explained by a deerease in the chlonde conductance of the cell membrage
smular to that reporied i the frog s skin aftes cxposure to copper toms (hoefoed
Johnsen and Lsang 1938

In bathing solutions containing sodium chlonde or sodium ethanesulphonate a hincar
relationship was found between membrane potential and the loganthm of the external
caton concentration A3 shown 1n Fig 2 the depolanzation was approumateh 35 m\
for cach tenfold increase in sodium concentration

These changes tn membrane potential were not scen by simple sucrose induced
increase i osmolarsty of the external lurd

Electrical membrone vesstance and capacitance
The 1nput resistance of the amocba was determined 1n Pringsheim solution by passint
a square wave current pulse through the cell membrane whle recording the current
and the membrane potenual change With correctton for res stance of the external
flud the input resstance 1n 40 amoebac was 29 — 04 M2 mean = SE of ﬂif
mean) The fiqure canbe to the specific b resstance Rm nhmt;ﬂn )
»f the surface area of the amocba 1s known Unfortunately this cell has no geometné™
defined shape and hence its surface area can only be csumated The usual procedure
was to disturb the protozoon mechanically il 15 comerted stself mto a sphencal sr;a}’c
whose drameter could be measured The as erage surface area thus obtaned was 1 26 X
10 # ¢m?* and the average speafic membrane resistance 3 700 ohmem? pvcen

VAith polanzing currents up to D0} g4 a hinear relanonship was obtamed bcbrmt
the amplitude of the electronsc potenual and the current indicatng that the mem!
behaved as a passn e resistn ¢ component

“The average electrical time constant of the me; Ay
nsing and fallmg phases of the electrotonic potential was l’a_ur;{ lﬂx o and
brane capacitance (Cm) was obtained from the relayon Tm=Rm

1 QFF/cm‘ ta 40 amoebae

mbranc {Tm) a3 measured from the
o6 7 msee e
eraged
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Taste 1 Relauon between the predorinant shape of *“emptying™ potenual (EP) and the
resung potential (RP) of the amoeba

Shape of EP RP mV (mean+S E A1)
Hyperpolanzing 49422 (29)2

Biphasic 67452 (17)
Depolanzng 78449 (26)

! The figures in brackets indicate the rumber of amoebace

Putential changes sumultaneaus wuths the emptying of the coniracttle tacuole

Spontaneous rhythme potentials were recorded n most amoebac The shape of these
Potentials in Pringsheim solutron varted from monophavc depolarizing or hyperpofanz-
ing potentrals to polyphasic ones (Fig 3) Each amoeba had a single characteristic and
securfent potential which had a persod of about 45 mn

A vacuolar “emptying” potenual of a depolanzimg type was more common at
high resting membrane potentals than were biphasie or hyperpolanzing emptying
potentials (Table I}

The form and amphtude of the vacuolar emptying poteniial remaned unchanged if*
the tp of the efectrode was niot displaced (Fig 4) The potential preceeded the contrac-
ton of the sacyole by less than one second The sequence of the electrical and morpho-
fogical ey ents lasted about ten and the total time varsed 1 proportion to the size of the
vauole bemg emptied A short hyperpolanzing phase usually preceded a longlasting
depol Idenucal p Is could be recorded with electrodes in
differeat parts of the cell (Fig 5) Potentials synchronous with the systoles of the
Contractle vacyole were recorded at every insertion in hiving amocba  The time for
diastole vared from three rmunutes in distdled water, four munutes in Pringshein to
mare than 10 mun 1 75 m\ sucrose Mo specific monosalent 10n had a predomnant
effect on the frequency of systoles which could not be explamned by the osmotic effect
exerted

Gestrophantiun 1n a concentration of 10 % w v, known to block actne cation trans-
POIS in some metazoan cells (Schatzmann 1953) had no effect even when applied for a
penod of 1 he The resting membrane potenual the , amplitude and
frequency of the vacuolar emptying potential were unchanged

Duning the k phase of the emptying potenual the ™input' resistance
measured by the transient response technique declined to a steady value somemmes
Jess than a fifth of normal (Fig 6 a) The filling of the vacuole was not accompanred
by sigmficant changes in input” resistance

The potential recorded instde the sontractile cacuole

¥n order to find an explananon for the biphasic potencal recorded dunng emptymg,
AUEmpts were made to record the potential berween the mside of the vacuole and the
“xtemal medium The procedure was to 5top the vacuole from emptying with proteose
Peptone {Chapman Andresen 1962) and then to yansfer the amocha to Prngsheimn
olution a soon as the vacuole was large enough to permut microelectrode msertion.
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a;:ndummlh wtracellulie electrodes (1 and §1)
abouy micy

i ”: Tons aprt Resung Ppotental at
Time 3 v . -

for the
Mt Lo G u Gl Ko ane reung fmemuotane
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w6 2 Jnput resstince of an amae
b1 during emprving of a vacuole Con
stant continunusly momtored recurrent
byperpolinzing  current pulses {nol
shown m the record) were und? anged
dunng the experiment Downward e
flecuon trom the basehne at each current
pulse 1y proporuanal 1y 1} & wpue cesst
ance A marked reducy n gn roystance
oceurs during the prolonged depalanz
wng phase of the emprving potential
Volage cahbravon 30 mV Time 30
e b botental abserved dunng mser
uon of & muce electiode (arrow mtoa
contractile vacuole enlarged by ymmer
st0n of the umoekn ina 0 I percentsofs
ton of protease peptone for 2 ms
Time 60 sec
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A

Fig 7 2 Continuous wtraccllolar recording

of ‘membrane potential from an amoeba 1n o

Seian blae solation (10 ¢ wjv) b Mem 60sec ]IOO m
brane potential changes induced by repett

uve microapplication of aleian blue to the 8 mv
external surface of an amocba 30 msec

pulscs 10 7 A each_were repeated at 1 sec 0

mtervals, Release of dye between pulses was .
provcated bvasallbraang coment Sum- Y ﬂ \'\’\'\'\
ulus artefacts are scen at cach pulse Mem. = :
5 ol
T —

brane yesponse beguns at the 4th sumulus
s RO A

s

-100 10sec
14 f\
t0 the second and subsequent applications N PSS ——
Tontophorenc current 10 7 A pulse dura- [aardia
tion 80 meec \ oltage calibration 50 mV’ \, —~
Sumulating conditions otherwsse as 1 fig e T —

7b recording conditions as tn fig 6a —_—
o~ {Osec

The msertion of the electrode always caused the vacuole toempty This was accompanied
by a mamly monophasic potentiat (Fig 6 b) sometumes amountng to + 50 mV
The trme course of the potennal was smilar to that recorded when the mtracellular
electrode was outside the vacuole Afier the posiive potential had dechined the mem-
brane potential slowly returned to its onginal resting value Similar results were obtained
when chlorpromazine 10 4 wiv was used to delay systole Atterapts to record from
“vacuales without pretreatment were not successful

Effects of progytosis inducers

Rustad (1939) and Chapman Andresen (1962) have described speaific substances
which can nduce pmocytosis Some of these were added ta the external medium while
tecording the membrane potenttal of the amoeba Concentrations of inducers optimal
for pinocytosis brought about almost complete depolarzation of the cell At umes a
shightly positive potential was observed Before thus final steads state was reached
shortlasting. depolanzations could be recorded (Fig 7 a) o morphological study of
Pinocy tosis was undertaken

External tontopharetic microapplication of catiome nducers of pinacytosis gase
Prompt bricl depolarizations resembling those seen when the vacuole empticd through
the cell membrane (Fig 7 by The response was exhausted by repettive apphication
unless mterals of 10 muin or more were allowed Duning depolarization the membrane
Feuistance was reduced to one balf (Fig 7@

Rustad (1959) and Chapman Andresen 1962 have shown that certamn cauons
induce pinocytosis In the present study only cauens were cffectve 1n produaing
depolanzation upon tontophorene appheation Negamvely charged compounds such
as hepann, which do not nduce pinocvious (Chapman \ndresen 1962) lacked effect

2-663003 Acta phy of end bal 65 1
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Tance 1T Tflect of compounds applied jontophoretically to the external surface of the amoeba
The cells were immersed in disulled water of sn Prngsheim solution of different ph

Depolanning No effect

Acetylcholine . Aminobutyne aad
Chnamie acd (pH 7 5) Mustidine

Asparnic acid (pfl 7 5) Hepann

Alaan blue (Gurr) Adenosinetriphosphate
Proamune Glusamime aexd {pf{ 5)
Compound 18(80 Amparuc acd (pH 5)
Ribonuclease ( Armour)

M K

on membrane potential as did all anons of the tested salt soluttons The eurrents used
1n these experiments were between 10 2and 10 ¥ A The effects of the tested substances
and ions are summarnized 1n Table 11

Hustrdine wn free amino aaid form docs not induce pinocytosis (Chapman Andresen
1961) In the present study 1t did not cause membrane depolanzation when apphed
1o the cell surface However, 1n a concentration of 10 * w/, st produced shortlasting
spontancous depolanizatons unrelated 1o obsenable morphalogtcal changes in the
amocba These potentials were always monophasic and of shorter durat on than those
accompanying vacuolsr emptying

Duscussion

Various values of the membrane potential have been obsenved n fmocba proteus The
most recent s yunen by Bingley and Thompson (1962) who i Chalkley s medium
recorded A Mean membrane potental of 72w\ Ths vatue 1 slighth hegher than that
obtamned i the present imvestigation 1n Prngsherm solanon The dufference M3y be
the result of vamanions in the 1onic composition of the vo external media

Drfficulty 1 obtaining a proper ntracellular inscrtion of the tip of the microelectrode
was illustrated by the recording of a two step membrane potenual change The first
poteattal was presumably due to the pressing of the tp of the elcetrode agamnst an
s agmated cell membrane while the second and higher potential levelss reached when
the ¢lectrode actually § d the ! Another exp of this phenome
non 1s compartmentalization of the cell with electrical potential dufferences betweenthe
compartments The potenual of the ectopiasm mught be lower than that of the tndwlﬂ:
thereby producing the stepwise increase in the negative potential when the tp ol'(l 3
electrode was mserted nto the mtenor of the amoeba In a pseudopod only tht frst
step of the membrane potental was recorded and i 15 therefore uncertam whrl:*:
the vafue represents a true ntracellular potenual tader these crrcurmstances 1 3

ful and p 1 1 of the potents

P
dopod and the uroid
f the cell such as the pseudop ¢ the evternal

not possible to gnve a

difference between parts of
Troms the values of membrane potential when the Jome comprsaon of e e
solution is varied 1t may be concluded that the membeane 1 Lurly permeable
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Fig 8 Tntracellular recording of the mem.

brane potential from a protozoa, Fortellae TV
3p ‘The secord shows spontaneous vacuolar (o}
emptying potentials indicated by dots and

potential changes occurnng simultaneously

with the myoneme contraction The large
potential resulting from complete coiling of
the myoneme 15 shown to the night i the ~30 N

record

i
i

[I——
10 sec

valent cations In contrast to many metazoan cells, 1t shows no preferred permeability
to potassium The failure of the membrane to behave as a potassium electrode has also
been recognized by Bingley and Thompson (1962) and Bingley (1964) and 1n Pelomy«a
carolmensts by Ruddle (1962) The observation that substitution of chloride wth eth-
anesulphonate, a much larger aruon, had no effect on the membrane potential suggested
either that the permeabihity of the membrane to chlonde 1s low or that the membrane
s cqually permeable to ethanesulphonate
The somic composition of the amoeba 15 unfortunately, not known In Pelomyxa
! , the durning culture 1n Pringsheim has been estimat-
¢d to be about 35 m\{/l (Riddle 1962, Chapman-Andresen and Dick 1962), and the
concentration seems to be sumlar 1n Amocba proteus (Johansson and Josefsson, unpub-
Lshed) Presumably the concentration gradient must be maintained by active inward
ion transport Duming culture where sodium m the medium
15 022 mM there appears to be no need for an encrgy dependent sodium transport
$ystem, such as that in metazoa This hypothesis 1s supported by the obsernation that
gtrophanthin was wathout effect on the membrane potential, and by findings
Acenthamoeba sp (Klein 1964) where sodium 15 reported to be freely diffusable and the
active 1nward transport of potassium 13 not influenced by ouabain

Nothing 15 known about the composition of the fluid 1n the vacoule, which seems to
be bounded by a typical unit membrane (Grerder ef a! 1958} Schmudt-Nielsen and
Schrauger (1963) haye shown that the osmolanity of the vacuolar fuid 18 32 mosm com-
Pared o 100 mosm of the protoplasm

The recording of a potential change dunng vacuolar emptying 1s not umique to the
2mocba Other protozoa with vacuoles exhibit similar changes in membrane potential
dunng contraction Yamaguch: (1960) found a hyperpolanzing potential duning
Vacuolar emptying 1n Paramecium caudatum Recently we have found that species of
Strlongehia and B orticetia exhibat changes i membrane potential dunng contraction
of the vacuole In the latter potential changes could be recorded durning the contraction
of the myoneme 1n addstion to the vacuolar emptying potentials (Fig 8)

There are at present few cxpenmental data upon which to base a hypothetical
explanation for the ramc shifts respoasible for the vacuolar emptying potenual The
tomc composition of the vacuolar fimd presumably differs from that of the protoplasm
and therefore an electrochemtcal gradient would ewst across the vacuolar membrane
This gradient might infiuence the total membranc potental at the moment of vacuolar
mptying when the vacuolar membrane transiently becomes a part of the cell surface
Atentative explanauon for the shape of the emptying potential may be that the vacuolar
content had a positnn e charge relatine to the protoplasm, possibly as the result of actinve
transport of cations nto or amions out of the vacuole At the moment of emptying the
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electromotive force of the vacuolar membrane would increase the membrane potential
n proportion o the efectramotiv e forees and to their actiye membrane areas Thedepolar-
1zatton n the last phase of contraction may represent a disnuption of the cell membrane
leaving only the sacuolar umit membrane as a diffusion barner to the extenor at the
site at which the vacuole empties into the external medium

If the emptying potennal 1s produced 1n thys way the monophasic depolarization
would predorminate at hugh resting potennals Biphaue potentials, first phase negamne,
would be recorded until the resting potential 11 low enough to permit only the hyper-
polarizapon phase to be vishle e combination of these two local potential changey
could gne upon the resting membrane potential vacuolar emptying potentials sumilar
to those reported  The positve potenual recorded when the artificially enlareed
vacuoie s impated would fit 1nte this scheme In addition to bring duc to differences in
polanity between vacuole and cytoplasm the hyperpolanzaton could be connected to
activaty of the contractile mechanism

The sensitivaty of the membrane to basic dnigs 2nd eatons has been stressed by Brandt
(1958}, Schumaker (1958) and Chapman-Andresen (1039) working with pintocy fosis
nducers Alctan blue, carnying up to four pontive charges (Scott ol af 10G1) 1s a strong.
snducer of pinocytosts and has been shown to be adsorbed to the outer susface of the
cell membrane These findings may indicate that the membranc of the amocha carnes
negatne charges on sts surface In our cxperrments only inducers of praocytosis cations
and predominantly pontely charged molecules produced membrane depolanzation
“Ttus may suggest that neutraltzation of membrane charges is responuble for the permea-
bility increase and subscquently the depolarized membrane undergoes the morphological
changes charactenzing prmocytous  The lanty 1n de of dep
and decrease of membrane reststance dunng sacuolar emptying and appheation of
alcian blue gives nise o the that dunng ind of pinocytos:s )
tion of negattve charges of the mucopolysaccharde hyer from an electraphynolomcal
potnt of view would reduce the complex outer membrane to a unit membrane smilar
to that surrounding the contractile vacuole

1 1 a plewsure o thank Dr Cialy Chapman Andresen and Professor Henz H iter a'(Ld“C
. . . .
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Storage and in vitro Release Rate of
Catecholamines from Granules Isolated from Preaortal
Paraganglia and Adrenals of Newborn Rabbits
By
Tontas Brinois

Recensed 23 September 1963

Abstract

Brundin T Sorage and tn t1tr0 seleast vote of catecholamines from granules tsola o from presorial
paraganehia ard adeen Is of nraborn rabbits Acta phyaol scand 1966 66 $00—40% — Catechal
Amine cont3ining granvles from pasaganelia and adrenals were rolated by } omogenization aad
Ingh speed eentnfugation On incubation at 37° L n potsssium ph sphate buffer pH7 4 the
rate of g release from granules far 1o hat f adrenom edullary
granules w th a half ure of 30 min These similaniues between granules from the two organs
are duscused m view of the d flerent hom one contents n paragangha n radrenal ne 2nd
adrenals adrenal ne

The preaonal pararangha are the masn sources for catecholamines CA i fetal and
newborn mammals for ref sce West 1955 In fetal and newborn rabluts the adrenal
medullae of both sides are connected via paraganghomc tssue hohn 1903 Despie lh;s
morphological connection the o parts of thu organ complex cnntamn A:m‘lcx'rnlg%4
Thus at burth 70 per cent of the adrenomedullar, €A consist of adrenaline. Ro ¥
Brundin 1965 2 while the paraganglionic part contatns almost cx fusn ely noradrend
Lne (Brundm 1965 b
It has been shown that the CA of the adrenal medulla arr bound to tubctll‘\zl:nf
granules ‘Hillarp Lagersiedt and Nilson 1953 and others  which have alo #
demonstrated by electron microscopy n situ in adrenomedullan cells Lever 1900 an
hers,
mkcc)mu\ efectron mucroscopic studyes of the paraganghia revealed Imc)amuulr;:;)»f
evioplasmic osmuophilic granules also in these organs /Brundin and \Ass:; ey
Howaerer, 710 mformation scems to be avarlable concerning the charactens
storage mechanusms of paraganglionic granules

406



GRANULES I't RABBIT PARAGANGLIA 407
v V% SEQIMENTABLE Ca

100
80,

B0

Fig | Per cent sedimentable cate- 0

cholimpacs after high speed centnl-
ugition of homogenates from para~
gangl {{J———L7) and adrenals
(O~~~} moally and after -
cubstions 2t 0° (T, ©),20° (14, 3} 20
and 37°C () @) Ordinate loga

b scale

a 30 6amn

In the present study CA stonng structures haye been 1solated from preaortal para-
gangha by h and fi The vate of CA refense
{rom these structures i uitro hay been determmned wath special reference to the mfluence
of temperature

Methods

Three experiments were performed Newborn albino rabbuts were used After decapta-
fon {he preaortal paraganglia and adrepals were removed and separated under a
dissection mucroscope Five paragangha and ten adrenals were pooled tn each expert
ment ‘The organs were immediately wmmersed 1n 1ce-cold 0 137\ potassium phosphate
buffer, pH 7 4 The sut was pr d at ~4° C The pooled organs
were separately homogenized by gninding with ceite To remove coarse parucles the
homagenates were centnfuged at 1,000 x g for 10 min The low specd supernatants
thus oftained frora the homogenates of paraganchia and adrenals were both divided
NS five 2 ml aliquots One of the paraganghionic and one of the adrenal abquots
were ymmediately cemtnfuged at 50,000 « g for 30 mm in a refngerated centiituge
("SUPER SPEED25”, MSE) The high speed supernatants were decanted and adjusted
0 pH 35 with 04 M perchlonc aad The samples were hept frozen unul analyss
Each fugh speed sediment was extracted with | ml 0.4 M perchione aad
Tor low speed suf of the p lia 2nd adrenals respectis cl

were incubated at 0° and 20 G for 60 mun 2nd ac 37 € for 30 and 60 min before the
g specd centnfugauon The high speed supernatants and sediments were extracted
SParately as deseribed sbove The CA of the extracts were analyzed fluonmetncally
2ctording 1o Buler and Lishajko 19b1)

Results

From 70 10 80 per cent of the totat CA of the homogenates were found in the tugh spred
“diments from both the adrens) and paraganghionic homogenates Thus the CA of the
"0 organs seemed to he bound 10 sedimentable structures to a simalar extent
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After incubanons m § and 20° C the CA contents of the sediments were only slishdy
or moderately reduced  However, after incubanon at 37° C the CA contents of the
sediments were decreased while corresponding increases were observed 1n the superma.
tants Hall of the instally bound G\ was recon ered from the supernatants after 30 min
a3 Cilig Iy

Discussion

Cytoplasmic psrmophilic granutes hue recently been demonstrated i large amounts1a
pagangha of newborn rabbns by electron mucroscopy {Brundin and Nilson 1963)
Thesc granules were of the same size as those found 1n adrenomedullary cells from the
same ammals but differed 1n shape 1n that the parazanghionic granules show ed smaller
electron dense cores than thme of the adrenal medulla It seerns highly probable that
the CA-lunding structures descabed 1 the present study are identcal with the granules
obsened

The present sesults show that the rate of spontancous CA release 1n itro from the
paraganghonic granules 1s similar to that of the adrenomedullary granules obtaned from
the same amumal and under identieal experimental conditions

In rabbus the adrenal medulla i derned from the abdominal paragangha (hohn
1903) and at birsh both adrenal medullac are sull d uz I ussue
Howerer, the pragangha contain almost exclusivchy noradrenabine whale the adrenals
contain mainly adrenaline an newborn rabbies This andicates that the paragardha
are desoud of methylating capacity According to Rirshner and Goodalt {1937) adreva
hne u farmed outude the granules i adrenomedullan cells Thus the difference 32
hormone content ts probably due to extragranular fctors

Duning the fesal development ng appreciable quanauey of adrenaline have bcm
obtamed from the rabbee adrenals untit the 20th day of gestavon (Bryndin 1963 2!
At about the same stage of development the contact 1 established between the abders-
nal chromaffin nssue and the adrena) cortex (hohn 1903) These findings suggest 3
functional relationstup between the cortical tissuc and the meihslauon of noradrenalite
to adrenaline — In adult anumals a possible cortical influence upon the mrdu!lﬂ»?
hormone content has previously been suggested (Shepherd and West 195 and others
Leropinen 119t4) showed that admistration of adrenocoruical hormones to newbort
rats presened the chromallin reacuon in the abdorinal parasangfa which & these
ammals normally disappears rapidly after birth

The present results show sumlanues between paraganghonie granules mmm;a::s
mamly roradeenaline aad adreromedullany granules contaimng manty adrena!
Functional studics o the development and localization of medhylating factors necesT¥
Tor adrenaline formaton arc in progress

Thes study has been supported by a grant from Fxpressen s Prenatal Research Fund
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Intestinal Dipeptidases

IIL. Characterization and Determination of Dipeptidase Activity

in Adult Rat Intestinal Mucosa
By
Lars Josrrsson and Tor Lisnrere
Recrrved 30 September % s

Abstract

Josefiwon L.and T Landberg Jutestinal dipeptidases I Choractens atian and determnction of d peplidist
ach ity in adull rat satestinal wucora Acta phywiol seand 1965 ¢5 410 418 Fre dipepudase
actrvities in the mucosa of the rat small intestine have bren determined and charsctenzed by the
a1d of 3 new spectrophotometnc asay method The distribution « f the dipeptidase actn ities along
the gaurointestina! tract has been imvestigated The actisiwes were Jow an the stomach the
creum and the large intesune while high activitica were found al g the whole fengih of the
small intesnine with the maximum localzed to its muddle part T relation of our proent
findings 10 provi sus observations about the rat intestinal dipeptidases has been discussed Some
duffetences with gespect to both dieir properties and thesr dotributi 1 were ¢bserved 1n com

parson with the dipeptidases of the pig intestinal mucosa

Our n about the digestion and ab of different putnents 1s maly
based an ammal experiments, most frequently on the rat Thus the alrorpuion of the
amino acids has been extensiscly investigated during the last drcades by unng the rat
small sntestine Walyon 1962 It has been demontrated by Wizgans and Johnston
(1959) and \ewey and Smyth (1960) that the dipeptides are hvdrolvzed duning the?
transfer through the ratintestine The site of the hydrobvsis of the dipeptides ss howerere
sull unknown despite different suggestions made sn favous <f cither mxracdh)l:;
{\ewey and Smyth 1962; or extracellular hydrolysis Dawson and Holdsworth 196‘;
on the bases of absorption studies Eluadation of the question would however, :
greatly facalitated of more rehiable anformation about the dipepudases 1 the mu;:!;
cells was available e have therefore started a general iy estigation of the dipept

h from different ! mucosa by the ceceatly doased spectrophoto-
s senes Josefison and

1 of different dipeptt
bes the properues of
stnbution

I:mtn: asay method (Joselsson (964 Previous reports in
Landbeeg 1965 a,b) have described the propertes and distnbutio
dases 1 the small intesune of the pig The present report descrs e
fre different dipeptidase activities an the rat intestinal mutosa and thett

410
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along the gastromtestinal tract of the rat Previous studies of dipeptidases In rat intesti-
nal mucosa using the earlier assay methods (Linderstrom-Lang 1927, Moore and Stein
1948) have been reported by Berger and Johnson (1939) and by Robtson and Shaw
(1960)

Materials and methods
Dipeplrdes
L Alany! Loproline H,O (Yeda, Rehovath, Iseael, Lot nio ALPR 2) Analysis, found N,13 40
GH.NO, HO requires N, 13 71,[a) 114 5° (¢;20 1 water), found to be ehromato-

graphically pure, Ry 0 30 (\WWhitman no 1, » propanol acetic acid water 4 1 1 viv))
A 0006 M aqueous solution was used as substrate
L-Alanyl Lglutamtc acid_ glycylglycme, glyeyl-L-leucne and glyey! Lvahne, previously
chasactenized { Josefsson and Lindberg 19635 a), were used in the same concentrations as reported
carlier (Josefssou and Lindberg 196> a)

Amino aerds
The amin acids were all products of Mann Research Labs , New York and tested chromato-

Ammals
Male and female albino rats (Sprague — Dawley strain) of 2 weight varying between 170 and
230 g (mean weight 200 g) were used The rats were fed on a commercral pellet diet Before the
removal of the intestine the animals were starved for at Jeast 15 hrs

Preparation of ensyme solution

The rat was anesthetized with ethyl ether and the mntestinie was promptly removed before death
The itesting was cooled s sce The small intesunes were all wathin 80100 ¢m of length For

-0 N

The clear supernatant was used directly as enzyme solution alter surtadle datution wiih tegistineu
Wwater according to s total mitrogen content

For the v estigation of the distibution of the activiues along the small intestine mucosa was
sceaped off from 7 of 4 om preces at dafferent Jevels of the mtestine Enzyme solution from the
stormach was obtatned from homogenate of mucesa taken from its glandular portion. In the
Cectiin and the large tntestne the murosa was first carcfully cleancd by a soft cloth to remove
luminal congent The whole cecum was used for the scrapmgs while 2 or 4 cm preces were taken
from the muddle of the large mtestine,

me experiments were made 1o est the efficiency of the scraping procedure Assays revealed

thatless than 10 ©,, of the diferent acuvities were left in the reudual wall Hustological exammna
Hon of the different preparates also confirmed that the mucosa was effectivcly scraped off

Assars

The dipeptiduse acuviues were d d rcthod m the same

e o1
manfier as previousty described n derail ( Josefsson and Lindberg 1965 20 Buffers and metal
53t soluticns were also the same as previously reported The pH of the digest mivtures were
measured before and after the digestion glasy electrode
Aitrogen

Total nutrogen was determined by micro-hycldahl procedure with mercunc oude as caalvst

Lot of dipeptidase actr
One unit 18 defined as the actnaty hydrohzing | smolc of dipepude per min at 407 {Josefisan
and Lindberg 1962 b
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Absatboney

™

Fig 1 Fig 2
Fig 1 Absorbancy of d gest mictures containng 0.3 umoles of Loalany! L-profine (- and
tes of Leatanine and 03 pmoies of L. proline { — j at zero ume by the yandard asy
procedure Mlucosal extract contaned 2 1 g of mitrogen Phasphate buffes pt1 10 D fference
spectrum (
Tig 2 Time-curve for the hydrolysis of L alanyT L-pro] nc by rat intestizat L alam L prol ne
dl;:’cpud.uc added i mucosal extract contaiming 34 pg of mitrogen Phospt ate batfer pil 70
and 40°

Results
¥ ariation of time and enzyme concentration
The difference spectrum obtained for the new dipeptidase substrate imesngared 1o
alamyl L-proline under the assay procedure s gnen 1n Fig 1 The time-course cune
determined for us hydrolysis is shown 1n Fig 2 It closely followed a hinear function
until about 70 °, of the dipeptide was hydrolysed and 1s therefore compasable ta the
conditions found valid for L-alam] L glutamse acid and glycy! Livakne 3 hneat
Tunction was also obtaned when the activity was related to varing amounts of enzvme
{total mtrogen added)
The 4 other dipepudase actiyines msestigated showed tune~course funies smlar to

those obtaned 11 our studies on the pg sntesunal mucosa (Jasefsson and Lmdbﬂ:
1965 2) However the glycylglyaine dipeptidase actraty from the rat intestinal muw:c
behaved differently in some respects from what was found when mutesa k\o'x\qgerﬂ:ur
from the prgintestine was used The sesrdual activity was rather Tow because :mms:x ‘:umt
assays had to be done 1n the presence of | nmole of Co* 1ons Funhem:ﬁre;; o
expenments we obsersed that the homogenate did not reduce the abs::pl\n:x(\m :; e
glycine duging the digestion but on the contrary brought about
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N

" "
Fig 3 Fig 4
¥ 3 Effect of pH on the rat intestinal dipeptidase actvities @ \Mucosal extract containing
43 pg of mtrogen added to 15 smoles of L-alanyl L glutamic acid 10 mun digestion
] Mucosal extract contaming 4 1 pg of mtrogen added 1o 1 5 umoles of glycyl L-valine
1% mun d gestion
Fetre e B A

% tyd alye s
£

phenomenon was not related to mntestines from certatn rats as assays of homogenate
made from adjacent sections of the same intestine were not disturbed Invesugations
showed that the mcrease observed was due to some disturbing <ubstance present in the
Particular enzyme solution The nature of this substance 1s sull unknown and requires
further investigation

Deternunation of pH-opnimum

The different dipeptidase reactions were stadied over a pH range from 55 to 92 by
sIng various phosphate and borate buffer solutions The results obtained are shown 1n
Fig 3and 4 The following pH optima were observed for L-alanyl L glutamue acid
dipeptidase 73 for L alanyl L-prohne dipeptidase 70 for glyylelyane dipepudase
75 (in the presence of 1 mumole Co? sons) for glycy) Lteucine dipepudase 7 5 and
for glyeyt Lovahine dipeptidase 74 The optima were localized m the phosphate buffer
Tange for all of them and were found to be quite narrow

Influence of metat wons
The effect of the four metal 10ns on the different dipeptidase reactions when added in
\anous concentrations was atudied at their opumum pH The results are presented 1n
Table T where the acustty 1s expressed as the decrease 1n the absorption per min and
Mg nutrogen present in the enzyme solution

Tt 15 of 1nterest that the Co? 1onswhich usually form ultraviolet absorbing complexes
with some dipeptudes especally with ghevglhyene Seuth 1948 2 Josclison and
Lindberg 1965 a} cid not show such an interaction n our present studies when the
phosphate buffer was used When the borate bufler was used however such a complex
was observed 10 the ghcyvIglycine expenments
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Tasee | EfTect ¢f bvalent metalions on the d peptidase actnities of eat antestnal smucos
Photphate buffer Optimum pH

1 A220mpfminfmg N

1.
\etf  Concen Alamy! L
1on tration glutamic LAum!  Ghol Gheyl L Gholl-
added  (nmole) aod Leprolne  gheine tevcne salne
ot 0 764 e 014 807 57
ot 694 109 02 G4ar 474
1 660 186 038 649 537
5 396 164 070 571 141
10 292 181 079 480 5N
Mnt ] 743 169 014 809 578
or 729 182 (0] 75¢ 53
1 551 174 018 63 626
5 403 169 018 763 51
10 3189 177 018 709 414
Mgt 0 764 215 014 809 571
o1 819 209 orn 780 576
t 826 212 04 75¢ 557
s 903 202 003 8380 460
10 840 199 018 817 589
Zn* 0 743 25 014 809 57
ol 697 201 oIS 760 671
1 743 202 05 700 600
3 734 201 0056 79 451
10 689 209 007 €92 429
muc acd was

Trom Table 1 1t 1s cvident that the actrvaty against Lalam! L cluta
strongfy snhibited by Co? rons and by \Mn? 1ons 60 ° and 50 % respettaely when
10 nmoles of the metal 1ons were added Vg? 1ons and 7' tons 1 contrast were
without tnfluence on the hydrolysis

Ao effect of the metal 1ons was observed on the aclnity ag:

“The Co® 10ns strongly accelerated the hydrolysis of glycylghyane — about 5 fold :n
the highest concentration while the Mn? 1ons had no definue actvaung effect Mg’
1ons had noinfluence while Zn?  1ons ihubiied the activity greatly (80 %) .

The glyey! L-leucine dipeptidase activity was reduced o about 407, by&a w:
but only slightly by An* jonsand Zn? ons \g? jons were alsot cre withoutind u\t;l ¢

“The Cot 10ns showed no definite cffcs on the actis ity agarmst glycy} Loval ne h o
\ons and Zn? sons on the contrary were both found o mhibite the acBULy 25%)
Again \Mg® sons were without 1nfluence

st Leatanyl Eeprof a¢
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Fig 6

Fig 5 Distnbution of L-alany! L-glutamsc
acid dipeptidase actity along the gastro-
itestinal tract m two separate rats Opti-
mum pH and 40°

Fig 6 Distubution of ghycylglyane dipep-
tdase actmity along the gastromtestinal
tract in two scparate rats The actvity was
wcasured m the presence of 1 mpmole
Co* 10ns (upper figure) and $ nmoles Co?

10ns (lower figure) Optimum pH and 40°
Fig 7 Distnbution of glycyl L-lencine di

preptidase actvaty along the gastrowatestinal
tract i (wo stparate rats Opumum pH
and 40"

Previous investiations (Seith 1948 b, Josefison and Lindberg 1965 a) have shown

that the aniens of the buffes affcctad the influence of the Zn* 1onsupon the dipeptidase
acuvity Therefore the expenment was repeated by using borase buffer mstead of
Phosphate buffer The results obtained showed that the inhibitory effect of the Zn? 10ns
generally was much greater The acuvity for L-atany! Lglutamic acid and for ghygyl-
Blyane was inhibited completely when 10 nmoles of the Zn? jons were added L-
Alanyl Loproline dipepndase which was not affected at all by the Zn? sons when
2dded 1n the phosphate buffer system was inhibited about 80 °, i the borate buffer
3tem Among the other metal 10ns only the Mn® 1ons differed in thetr effect when
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From the Department of Biochemustry, University of Aarhus, Denmark

The Excretion of Urate at Various
Plasma Concentrations and During Osmotic
Diuresis in the Rabbit
By
Jesper V. Morrer
Recerved 1 October 196>

Abstract

Moller, J V' F%e excrotion of arate ¢t vartous plasma concentrations and duving omone duresss 1 the
rabbit Acta physiol scand 1966 66 419—426 — The secretory and reabsorptive provesses
for urate 1n the rabbit kidney have been studicd n expenments n which the plasma urate
“oncentration was vaned The curves relaung net secretion of urate to the plasma concentration
showed an imtral dip below zero indicating net reabsorption at low levels, and then rose
Loearly At verv high plasma levels {2—4 pmroles ml) an upper Lt for net secretion of
urate of 3035 umolesfmin was demonstrated 1 2 expts Osmouc duress ‘induced by

fusion of manmtol) did not enhance wrate excretion duning mfusion of urate m contrast 1o
the unicosuric effect of osmouc druretics previously found at low plasma concentrations where
eabsorption of urate prevails The findings may be explamned 1f 1t 13 assumed that both
secreton and reabsorption are mediated by transport processes which are saturated at high
Plasma concentrations of urate The extent o which urate 1s reabsorbed at high plasma
Concentranions 15 small relative to the secreted smount of urate The cxpenments cor
Tobotate the view that d n app; dosage almast inhibsts urate
seeretion

1t hag been shown 1n the past years that many substances are both secreted and reab.
sorbed by the tubular cells of the mammahan kidney Thus the clearance values for
for Grgame acids Like sahiyfate p-hsdrovyb and ! red have been
found to reverse from net secreuon at low plasma concentratians to niet reabsarption at
high (Waner ¢ af 1961) The expenmental evidence 15 1n agreement with the view
that the compounds are secréted by an active process and that they subsequently are
reabsorbed by a pH-dependent process (Weiner Blanchard and \Mudge 1964) which
malves diffusion of the uncharged molecule through the hipid part of the cell mem-
branes {noronic diffusion)

The renal exeretion of urate in man at vanous plasma levels has been myestigated by
Bethner etaf (19:0) An apparent Tou for reabsorpuan of about 100 ymoles min

410
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was found bt the eastence of a tubular secretton of urate (Gutman Y4 and Berger
195)) w1s not taken into account i these studies Secreton and reabsarpt on of wrate
have been demonstrated 1n the rabbit but in contrast to the other orgamc acds
mentoned abose net reabsorption could only be demonstrated at low ot ~
trations (Foulsen and Practonius 1954)

The object of the n ~
reabsorptive procease ¢ ot ol urate at varow
phuma concentratior v ne effect of osmouc diuresis at hugh plasma
concentrations was investigated to find out of back-diffus on of urate plays a s gmfcant
role for the rexbsorption of urate  [¥ e results indicate that probably both secretion and
reabyorpion are med ated by transport processes but that reabsorplion 15 small rela
ive 1o the secretion of urate at high plasma concentritions

Methods

T ¢ expermments were perf rmed on anevhet zed male rabb i we gl ng 7—f kg The anesthe-
s and surg cal procedure are decr bed csent ere (Moller 1966 1t fus 1 of 1wl n or creats
nne st a concentraton of 05°  d sahed n pl yx ofogical sal ne was stacted 6070 m e
Prr 1o tte coltect on of unne for clearance determ nat ons

Lapertments wth 113 mg concent gt ons of pla ma urate D erent Jevels of { lasma urate were 1y the
frr experments obta ued by ran ng the urate concentriion n the 7
at regu hr ntervals U e wayadded G tle of
for clearance determ nat ons T eexe
wantw susm w2k ete
wasalko t £~

'

EX Ry

e HAH In i exn -

mi 1 AfE at 1 coneen -
the \ | ole expertmental perod Ile
Plun a flow (RIT) 1n order to detery
Txpenment —

1 spessments u th nfi on of mann ol eflect of asmot ¢ ¢ ress  urate exere e
studel nexper cns n | ol urate was nfused at a coutstant mee 3nlan \);lcrfrgol
tanofurne fr3 5 pe ol fr comrol detern nton of urie ex re 1 10 m DI er
nnniol was imjected nitle m ot durssustaned by fmen T10 @ nn::’ o
t fuson of pa ntol £rabout 15w erne vas colle ed Fea ler3 Sperods
hwng aduratenof 5p n

Cer Ctnd
Cda %ons Du ng sie by oluson of rate the uratesn In ¢lewr nee xato (Cur GOy

¥ G
naton
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Fig 1 The results of an expe with a ns ng of urate i the
*nfusion flusd The dotted Lines show how the excrenon of urate can be considered as the result
18 of a secreunn which 1n the obrerved range is prop to the plasma

and a reabsorptive process which 55 saturated at low plasma eoncentration of urate
Fig 2 Results of an experiment with mfusion of Lyrge amounts of urate (14—110 gumoles min)

Plasma concentrations higher than 01 gmole/ml net sccretion 13 evident and the
Points apparently scatter around a straight hne

These findings may be explained 1f 11 1s assumed that the true secretion of urate 1s
Proportional to the plasma urate but 18 by a
mechamsm which 1s saturated at hugh plasma concentrations The hypothetical curves
for urate secretion and reabsorption are indicated by the dotted lines tn the figure

The same resalts were obtained in three expenments with a conunously nung plasma
toncentration, and in three exp I stepwise m the concen
tration of urate 1n the infusion fuid The cun s relating net secretion to plasma urate
roncentration showed an mtial dip below zero mdicanung net reabsorption at fow
plasma lesels and then rose linearlv at plasma concentrations up to 06 gmole/mt

The tegression coeflicient of the straight Line through the expenmental potnts has
been calculated by the method of least squares m 2l of the 7 expts This coefficient
(epressed as gymoles mun - pmolesjml  mjmun) ranged from 70 10 176 m) min
With a mean of 10 b ml gun The correlauon coefficient vaned between 097 and 0 99
which indicates a vood correlation between the plasma concentration and the net
secreted amount of urate assuming a linear relatonship between the plasma concen
tration and the net scereted amount of urate It appears from the table that the mmer-
section of the straight Line wath the Y axis is 1n all instances negotne with a mean
of —- 064 pumole 1 n and ranging from =~ 023 to — 1 48 gmole mun
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Tasee 1 Summany of experiments with ristag phsma concentrations of urate

1 refers ta experiments with stepwise increments in the concentration of vrate i the
wmfusion flusd and 15 10 pl a ly nung
of urate an the infusion Mt

Regreswon Intercept
Type of cocfficrent with Y axy Correlation
Exp no exproment {mlfrmn) {mmolesfrin) coefl aent
1 1 -3 ~0 44 0933
2 1 176 ~103 093
3 1 70 -023 D93
4 4 990 ~023 099
5 u ae¢ ~148 097
6 n 8s ~066 o
7 1 163 —~028 693

The expenimental results thus confirm the theony of 2 bidirectional transport of urate
characterized by a relatinely small reabsorpuon of urate at hugh plasma concentra
tons Howerer no deflection in the curve of net secrenon of urate was found sn these
expenmenu In 4 expts larger amounts of urate were infused to exapune if 1t was
possible to demonstrae a saturation of the secretons sstem The plasma concentratien
reached 3 tevel of 2—4 gmoles mln all experiments The resulis of one of these expent
ments are presented n Ny 2 [t appeans from the figure that the secreted amount of
yrate apparently reaches 2 maumal value of about 35 pemoles ymn at plasma concent
srations above 2 gmoles m! It mas be noted that reabsorption of urate 1s oot detectable
n thus experument but this presumably reflects the fact that secreqon of urate s much
larger than reabsorpuion of urate at these hugh plasma concentavons. S upper
fisut for urate sceretion of 2bout 30 gmoles rrun was also found w one experament
but 1 2 expts the secreted amount of urate remained proporvonal fo the plasma
concentration of urate although the secreted amount of urate exceeded 30 gmoles mun
n both instances

It s perhaps possible that the dechine 1n the net secreted amount of urate ! 2 of the
expeniments mentoned above mught be due w 2 dimumshed supply of wrate 10 the
subles, resulting from a decrease 10 renal blood flaw at the terounation of the axpX™
ments Tn order (o evaluate this possibilin. RPF estrmaned a3 Cpyg atlon p’m“’“‘;
contrations of PAH has been measured m 4 expts. Fig 3 shows thatm expts 3304
50 tendency for a fall in Ceag 15 obsers od durng the course of the cxpersment, wheress
a small decrease 1 Cpag 13 ovident 1 expts ¢ and d Sumilas chanaes 16 Cta A
sesved, and Cpays Ci, ranged from 326 to 455 mean value of the 4 epts 5:466\
As reported elsewhere Cp, Cpe averaged 1 8 dunng mfusion of urate ‘10“ﬂh3m5
whith presumably means that urate s only partially extracted from the renat p ot
also at the end of the experument. 1t mas therefore be concludrd tht the mbuhfb .
of urate 1s adequate for the demonsiranon of 3 T value (Smuth 1906) The subsc
1s more Fully discussed below  see Results

were ob-



EXCRETION OF URATE IN RABBIT 423
80r o
70[ /\_/\/\/\
66

80r b

50[ S~ "

700 &

0N

50
70

of TN

Copp (mU/min)

Fig 3 % amuons 1n PAH clearance during
the course of 4 cxpts

| S U S S S—")
a 2 to 80 BO 100
Time (min)

The effect of manmtol on urate exeretion during infusion of urate It has previowsly been
shown that osmotic diuresss enhances the excretion of urate at low plasma concentra
tions of urate (Moller 1962) According to the proposed theory only a small part of
urate (relative to the secreted amount) 1s reabsorbed at high plasma concentrations,
and 50,11 15 of mterest ta s eshigate the effect of osmone dwresis at high plasna con~
Centrations of urate The result of 4 expts i which the effect of mannitol on urate
€xerenon was examined duning infusion of urate, 13 presented m Table II The mean

TABLE IT The effect of mapmitol on urate excretion Ct,/Cq during mfusion of urate

Infusion
Exp of Noof Pr. Cra
ho mannitol  penods {pmoles/1) iml min)  Co,iCra VG,
8 0 3 9 96 179 02
(96101 1167103
- + 9918 120 170+ 13 43
9 0 3 221 127 197 03
211-226) (196 193)
- 5 208220 147 169+ 06 25
1o 0 3 163 106 223 09
155180 210-233)
-~ 4 231 =25 e 53
u ° > 141-20 ue 26
- 3 155 35 50
1139-173; (113145,

Abbrevations are as follows Py, plasma concentratmn of urate  Cianulin clearance,
ClLuiCra=uratesnulin clearance o\ - doress
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salue for Cpp was §1 1 mifmin before and 124 mijmm after admmstration of
manmitol, by contrast a sharp rise in the diuresis was noted V/Cy, inereasing from
an average value of D 10100 43 P, rose from a mean o 156 gmoles/1 to 172 gemoles 1
Cy/Cra had a mean value of I 87 prior to infusion of mannutol and averaged | 72 after
establishment of asmotic diuresis In expts 8 and 10 no change mn C,/Cp, was
detected, whereas 3 moderate dechine was obsenved in expts 9 and 13 from 1 97 and
14810 169 and 128 respectinely

The reason for the decreased ralues of €,/Clq 1n some of the expenments 1s
uncertan Howesver, it is of snterest that no uncosuna occurred 1n any of the expen
ments, in contrast to the results previously obitamed by infuston of esmotic diuretics
at endogenous plasma levels of urate (Méller 1962) Thus finding seggests that back
diffusion of urate only plays an insigmificant role for the reabsorption of urate because
one would then expect a uncosurse cffect of manmitol both at low and high plasma
concentrations of urate

Discussion

The simultantous secretson and reabsorption of urale 1 the rabbut hidney The excreuon of urate
at vanous plasma concentrations and durning infusion of an esmotic drurctic (mannitol)
has been examined in the rablut In agreement with a previous inyesugation (Poulsen
and Practorrus 1954) net reabsarption was found at low and net sccreuon at hgh
plasma Ievels of urate The secretory process appears to be proportional to the plasma
concentration aver a wide range but 1s counteracted by a reabsorptne process having
a maumum capacity The reabsorption 15 characterized by being more effictent than
secreuon of urate at low plasma concentrations during fusion of physiological saline
but the reabsorpine system 1s apparently saturated durmng infusion of urate

Osmotic duwretics have prevussly been shown to enhance urate excrenion at fow plas-
ma concenteations (Moller 1962) This may be duc to cither an hibution of urate
reabsorptton or a sumulation of urate secretion The present cxpenments show that the
excretion of urate was practically unaltered during afusion of mannitol at hich plasma
concentrations of uratc 1¢ when the reabsorption of urate 1s relaneh small s
therefore reasonable fo assume that the secretary process 1s not affected by wfusion
of 1 the at low plasma trons bang duc to an inkbiton
of reabsorpuon of urate

The mechanusni of urate reabsarpton. Due 1o the miense secreton of urate o the rabbit
idney 1t s difficult 1o draw definte conclusions as to the nature of urate rtnbsm'pu(]m
Urate may be reabsorbed exther by a transport process or by duffusion from the tbular
flud to plasma As menuoned m the infroductory sectign many organtc acids appa¥
ently are reabsorbed by non lomc diffusion T he excretion of many of these sub’;"“’
1s enhanced by alkaltmizaton of the unine (VS ewncr ¢ ol 1964) and the back dif u:l::
at constant diuresis and pH 1s presumably proportional to the ploma concen::i ’by
(Wemer ef ol 1961) It appears unhkely howeser that urate should be m‘bw;mncd
non somc diffiuston since such a process would not be expected to be rax‘; ‘mnus
Furthermore unc acid 1s not hipophilic and accordin, t© Poulsen and Praef

membrancs thus
ores m the el
ram the tubular
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flud to plasma was secondary to the actine reabsorpon of Na - Howeter a uncosurie
effect of manmutol should then be observed both at low and high plasma concentrations
aa of d hed bsorp! of “a* under these circumstances.
Furthermore reabsorphion of urate would not be expected to be rate imted f urate
were freely diffusible through the tubular ccll membrancs
On the baus of these considerations the author regards the evistence of 2 specific
mecharusm for the reabsorption of urate as the most Iikely possibility The exprriments
do not show 1f such a transport 1s of an acun e paturc or effected by a  camer-equiibrat
1ng™ mechamsm nimilar to that which has been demonstrated for the passage of c g
unc and (Lassen 1962) across the human erythrocyte membrane
It may seem currous that at low plasma Ievels reabsorption of urate 18 more cfficient
than secretion of urate dunng infusion of saline n spite of the fact that much more
nrale 15 secreted at high plasma concentrations  This finding doey not neces-
sardy imply a greater affinity of urate for the reabsorbtive gystem A ¢ nsequence of
urate secretion and reabsorption of water 18 that the concentration of ural i the fubu
1ar fluid 15 Jarger than in plasma This will probat y facilitate reabsorpuon of urate
if the reabsorptive system 13 not saturated 1€ af low plasma concentrations In this
way the uncosunc effect of manmtol at low plasma concentranons may a: least n
Part be explained by the smaller gradients of urate between tubular fluid and plasma
which exists under these condstions At hugh plasma concentrations however the
veabsorptive system 1 saturated with urate whether manmtol us infused or not and 1n
& ot with the exp I findings 2 effect can not be demonstrated
Secretton of wrate The expenments with infuston of moderate amounts of urate indicate
hat the secreted amount under these 1 1s probably prog } o the
plasma concentranon After admunstration of large amounts of urate an upper hmit
for urate secretion was found n 2 of 4 exp but 10 these exp afall
1 Cy, of the order of 15—20 ©, was noted [n agreement wath Schou (1942 and
Forster (1947) a casrelation between the glomerular filtration rate and RPF was found
i the expertments with mfusion of PAH and it 15 therefore reasonable to asumne that
480 in RPF has occurred 1n these 2 expts The queston then aruses if the dechne 1n
1Be secreted amount of urate might be due to 2 diminished blood flow through the
kidneys at the end of the expenments However in 2 of the 7 expts with snfusion of
smaller amounts of urate & fall 1n Cya was obsersed which was mot sccompanted by
3 nitylar decrease 1n the net secreted amount of urate It 15 possible that changes in
RYF only shightly affect urate secreson In the case of PAH Harth Rreienberg and
Lutz (1959) haye found that the extraction of PAH 1s dependent on RPF thus tending
¥ munmuze the effect of changes in RPF on the secreted amount of PAH
Studies on the urate secretion m she chicken Berger Yu and Gutman 1960 and
Dalmatian dog (Vo ef of 1960 have shown that this process i tnfubited by PAH
PLatts and \udge (1961 hase found an miracellular accumulation of uratr 1n rabbay
Widney slices. The uptake of urate was depressed by PAH diodrast and probenecid
These findings suggest that urate 1s secreted by a simlar mechanusm as for other erganic
2cids | ke PAH and diodrast and therefore it s of intevest to compare the excretion of
UrRte with these substances n ivo
Duning steady infusion af urate n doses msufficient 10 saturate the secretory sysiem
+ Coe averages 1 8 Fo lsen and Practonus 1954 Soiler 1966 whereas the clear
e ralios for diodrast s about > Berhn 1962 and for PAH a mean value of 37
%3 found 1n the presen studv The affnsty of rate for the secretory systen 13 thus
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smaller when compared with thrse orranic acds. Honerver the amoust of urate which
may be secreted at hugh plasma concentravons 2ppeass to be of 2 suwular mamn. e
10 those of diodrast {Josrphson ot &l 1953) and PAH (Foulkss and Miller 1959

1 hias been reported a0 another paper {(Moller 1965 that €, O anng 1ol men
of urate decreaswed to 0 8—09 after ads of 100 mz pr nead ke It was
surgested that probenecsd 1s able to inhilut almost completely the srerction of Lz 13
the rabbit whercas seabrorpuion of urate was onh shghth afircird fat 2% Hurae
secretion 1s abolished after tnfus on of probenead while a small but contmumye rezb-
sorption of urate sull takes place Cp, will be depressed 10 2 Littde brlow the glomertar
filtrauton rate The present findings are thevefore tn agreement wath the view that
secretion of urate mas be arrested bn probenecsd
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Effects of Sympathetic Vasoconstrictor Fibres,
Noradrenaline and Vasopressin on the Intestinal
Vascular Resistance during Constant Blood Flow

or Blood Pressure
By
Prrer Dreser! and {neevar WALLENTIV
Receved 4 Octaber 1965

Abstract

Dresel, ® and ¥ Wallentin Effects of sympathetic sasoconstricior fibres noradrenaline and rasopressin
on Uy intestinal ascular resistance during constant blood flow. or blood pressure Acta physiol seand
1958 €6 427435 The effects of X ibres sand wnfusiog
and vasopresiin o miestinal vascular resistance were studied 1n cars using either constant
flow or ronvtant pressure The responses to sitmulating constrictor Gbres and to infusing sor
adrenaline were essentially the same whether pressure or blood flow was kept constant and the
€arlies descnibed sutoregulatory cscape® was of about the same magmitude dunng both these
€ondutons The results further support the hypothesss that a redistnbution of blood flow takes
Ploce within the infestinal wall and the combined evidence suggests an tncreased submucosal
flow at the expense of the mucosa The similanines between nfusing noradrenaline and sumu
T = - She= -2 1y and the a receptors
. 13 supported by the fact
. . sustained vasoconstrictor
. . i autoregulatory escape
“nt pressures are ponted
out 1t s further that both these pl are very olten distorted
©F even totally suppressed by the mtroducton of an artificial pump system

Recent reparts from thss laboratory have described the response of the intestinal vessels
@ prolonged s, mpathetis stmutation (Folkow e al 1964 a, b) 1t was shown that the
ntesnal vaseutar resistance after an iminal often s ery pronounced, mcrease, returned
©owards the prestimulatory level within a few munutes despite continued stirmula-
hon of vasgcopstnictor fibres There was a poststimulatory reactive hypereria This
"Sutoregulatory escape of the resistance yessels from the constactor fibre influcnce was
MPpesed 10 be a local adjustment suice the vens remamned constricted and the caprllary
1 reent address Dep. of P and Th Faculty of \fedieme,
Usiversity of Manste b W nupeg 3 Canada —
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surface area open to flow d 1y y reduced th hout the penod of
sumulation, even 1n cases where the increased newrogenic resstance wat entuely
abolished These findings, d by pical studies of prep wuh India
tnk injected unto the intestinal vascular bed before and dunng stmulation of the
rasoconstrictor fibres led to the hypothesss that the ¢ fibres induce 2 eedisterbu

non of blood flow from the mucosa to submucosal structures It was suggested that
this redistributton 1nvoles an opening of submucosal low resistance channels and the
possible v oly ement of the shunt-like vessels, descnbed by Spanner (1932) was discussed.
It was emphanzed, howerer, that a neurogenic reduction of mucesal blood flow will

cause a local bolite accumul, whichby ¢ h -
fion may contribute to the autoregulatory escape
The present report descnibes exy made to d the followng pomts

coneerning autoregulatory escape 1 Is the redistrsbution of blood flow a responsc to
decreased flow per s¢,1 ¢ would 1t not occur 1f total blood flow was mamtamed constant
by means of pump perfusion? 2 Is the obsened response duc 1o 2 distnbution n the
constrictor fibre supply to the mntestunal sessels, where eg the submucosal vesscls
largely lack such a nerve supply? If so, the characterstic resistance response would
appear only when imtestinal vasoconstriction 1s induced by the vasomotor perves and
not when constrictor agents are gren i the blood stream 3 If however the response
occurs also under the latter circumstances, 15 1t then ¢onfined only to eatecholamunes
because of a specific vascular distnibution of @ receptors or docs it occur also when
overall constrictor agents Iike vasopressin are gnen?

Methods

52 cats of cuther sex werghing 173 8 bg were used
mamiained ether by 13 admimstration of 23—30 mg / kg Pe

Anesthesia was induced with ether and
ntobarbirene sodium o{chb;r:\
en mm gn

P 4 1 4~ hnestheartenal
e

op

recorder operated an ordinate wruer recording on & smobed paper ks ":(}g{;f),’u;;:r‘:::

. od through esither 2

The anessal cureu t

ed g0 van Specat

. . leave the adjacent

o

\atomotor ncrves 1o the intestine undisturbed in those expenments where the sphmhn‘f g:; :

were to be stmulated Further 1 these cases the two adrenal medullae “Tcscxr;:\:‘mmml

vated by lgation af the thin nerxes entering the glands from the coeliac p o e of drugs

vessels could be entirely denervated i the course of the expertments “hf",‘c o ept the artery
were 1 be studsed cither by cutting all ussue along the susunal ped cle excep!

snd veln or m early expenments by cutung both splnch

In anather group of the ammals especially in some €t

vasocqustrictor fibres were to be studied the superior mes

Jeft enurely intact the intestine being sTp;;hcd n the ;'mr:‘l’ o

In these preparations an attenal clamp was plac
e hrsgm 50 hat the pressure head to the niestine coukd be Eept eonsts

erves
,:::hm The effects of st nulanag
entenic artertal copnecnons \\t;t
by blood derecth from (e
nd the aorta just below the
e when des
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Proximally to the mesenteric artery
A. Artertal inflow pressure to the intestine 18 kept constant before during and after splanchnic
Rerve st mulation ( constant pressure autoperfus on

B Intestinal blood flow kept roughly constant before dunng and af er splanchnic nerve
Sumulation, by a continuus adjustment of the aort ¢ clamp as gurded by the titood flow record

mg { constant flow autoperfusion }

Note that thie changes n intestnal vascular resistance dunng and after suzmulaning the splanch

Dic nerves are essentially the same whether pressure (A or flow B are kept constant both
<ases show peak escape and \ of
approuimately equal magnstades

Tt could alko allow constant flow perfiss on if the artenal pressure was finst razsed by a carotid
Secluson up 1o some 730 mm Hz In these cases both vagal nerves were cut m the neck.
Then, tn means of a screwclamp the pressure head 1o the miestine was mutzally kept at the
Ievel of 80 mm Hg before the splanchnic sumulat on was surted. By manually adyustmg the
amp the blood flow through the mtestne could of en be kept nearly constant durmg the
Peniod of splanchnic nerve sumulation. Thus gu ded by the cont nuotaly recorded drop rate.
i esunal blood flow could be kept essentiallv constant This was cons dered 1 be 2 valuable
¥Pe of control expenment. as the introducton of the pump circu ¢ often drast cally reduced
Yucubr reactan see below

The splanchmc nenves 0n bath sides were cut Just brneath the daphragm Onty the left
Berve was sumulated 1 tome experiments. St mulation of both nerves i the other expenments
i 0ot result m anv d ference 1n the nature of the respomsey A Grass Model S-4 sumubator
33 connceted through an solaton un t to b polar ulver clecurodes suroundmg the nerver.
Sumulos parame ers were 103 34 m e duraton and frequencies of +— 16 sec In some
€253 the postgang! on ¢ nerve fibres were st mulated by plaarg the electrode on the nerve
Plexus surrounding the supenor mesentenc artery As the pos garzhonsc fibres have a bigher
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©
’ i e Constant Plow; prng (8]
. = Consten! prosows; pemp 10}

e Cometent wesows; ve paty {2)

Sywo. et 8/90c

o
P2 3 4 3 & 7 8 9 Kwa

Fig 2 Cat3 kg Bilateral splanchrue sumulation. In curies 3 and b an arnfinal purp ssstem
Aebnmred the cress m $AIapd @ 6 a4 0 . .

. ' - “

. "

. . '
Note the umulaaues in flow fesstance changes between curves 3 and b where the pump
defnvers a constant flow (2) and a constant pressurc (b} Note also how bath these respomsey,
tavoling an arufical pump, are considerably distorted 25 compared with the cvents i cunx ¢
where the animal s heart mstead of the artficial pump svstern, delners the gtesunat blood flow
waa the same polycthylene tubing

stimula-

-l

. v

threshold the voltage was rassed m these cases to 1012V The vascular recponses o
1on were generally the same as when p waa per

latap Drying of the nssues was presented by salimessaaked plasic-coscred gauss paus uws
the preparation and by clasing the abdomen whenever possible W ema
A .
. . . ta
conpection 0 the supertor mesenteric artery A serew clamp on the P?P“D‘wv;“;n‘zfz,d
mameam the perfusion pressure vonstans in those sxperynents 1 which the fiow

10 vary
Results
\. Effects of fibre stimulation and ufusion of noradrenshine o
. 8 .
“The effect of prolonged nenv ¢ stimulation on the blood flon under mndxumuo of oo

staat perfision pressure has been iustrated i previous publications (Folk
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Poststimulatory hyperemia are very sumilar in the two cases

1964 2, b) The effects of nen ¢ stmulation under conditions of constant arteral inflow
are substantially the same as 15 shown in Fig 1,2 and 3

In the hown 1n Fig 1 both 1c nen €5 were prepared for stmula-
tion and both adrenal glands were selectnely denervated The vagal nerves had been
cut and the carotid arteties were clamped during the two sequences shown m the figure
3033 to create a high arterial pressure Howerer with the ad of a clamp around the
20ra, placed just below the diaphragm, the perfusion pressure to the intestine could be
adjusted to any desired level In the left hand section of the figure arterial pressure 13
thus kept essentially constant around 125—130 mm Hg before, duning and after a
Period of splanchme sumulation at 6 impulses per second  After an intense mital
va the typrcal y escape’ 1s seen, followed by a farh pro-
Tonged v h The calculated flow changes are also
8ot in PRU values In the nght hand section, performed about 10 mun later the same
splanchnic sumutation was repeated but now attempts were made to keep blood flow as
constant as possible by allowing the perfusion pressure o change i phase with the
Fesistance changes For this purposc the arterial pressure was imitially kept aslow as 80
™m He, and when the splanchme stmulation was started the clamp was steadilv
2dsted to keep blood flow as constant as possible It was, however mposaible fo
2void 2 shight decrease in blood flow as the antmst did not qurte manage to keep an
anterial pressure level high enough to mach the increase in mtestnal blood flow revast-
20ce In any case, even if flow was not quite constant 1t decreased only some 2530 ©,
and wag kept at this level throughout the sumulatien period It s seen from the blood
Pressure recording and the calculated resstance values that almost the same extent
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Fig 4 Cot3.2 kg Same amrangemenes asin Figs 2and 3 Intestinal blood texsels denervated
Constant tnfusion of noradrenaline during constant pressuce perfuston (A} and constant flow
perfusion {B) Note hat the diffuse blood borne distrib of the

snduced about the same pattern of vascular response as when the transmtter 15 Jocally released
a1 the constrictor nerve endingy (compare Fig 1)

of *autoregulatory escape occurred durmg this ‘constant flow condition as when a
‘constant pressure perfusion was mantained
Fig 2 wllustrates what very often happens with the *autoregulaton escape by intro-
ducton of an artificial pump system In this experiment the intestine was supphed
with arterial blood from the carotd artery v1a a polyethylene tube system It was now
possible dunng repeated yaso-onstrictor fibre stimulations to keep esther the wfion
pressure constant with a screw-clamp (curve <) or blood flow constant by means of 2
Haruard perfusion pump (eune a) It was alsa possible to fet the pump delner the
wnflow and match the pump rate to the changing perpheral resistance during sumuls
1101 10 keep the inflow pressure constant (curve b) Itss important to note that the thret
sumulation perods constitutng each one of the theee curves a band ¢ werepotdont
after each other but at random This excludes the time factor and a possible influence
of the polyethylene tube systems as thus was used duning the whole cxpenment 22
causes to the differences shown tn Fig 2 When the heart deiners the flow (cune :’;
the duning lation of fibres s very pronounc
but decimes rapidiv wathin 1 min Fig 1 B shows the same hype of amcrczu\am:;
escape’ when the heart 1s delnermg a ‘constant flow  When the pump i mob
(cunesband ¢ nFig 2 the peak responses are only about 50 ° of the peakin cur‘:;
The then dechinencs sluggishly but no siable plateay 13 reached dunng e
abo.t 6 min periods of sumulation The only difference mm expertmental plocrduf:
between curve b and ¢ 15 that wes saurce of pressure in bs the Harvard pump and i
e ammal $ own heart

lhflz 3 1llustrates that 1t was sometumes but seldom possible to mamtun an almost
normal saseular reactvity when the artifical pump system was used .
Intraartenal snfusion of noradrenahine snto the sniestinal segment 1 doses o

Q410
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16 pg fmm caused abrupt vasoconstricnion which was followed by ‘autoregulatory
escape Fig 4 shows that the 1 vascular 15 d to
Iy twice the control value when 0 8 y noradrenaline 1 mfused per minute dunng per-
fusion at constant pressure (left panct) The vascular resistance starts to fall towards
the control value within 60 sec. A ‘steady state” level of resistance, only shghdy above
the control value, 18 reached and d th hout the der of the mnfusion
Termnation of the mfusion was followed by some reactne hyperemia The same nor
adrepaline mfusion performed during constant flow perfusion (night hand pamel),
nduces essentially the same changes in vascular resistance, only with shghtly less
pronounced ‘escape’ from the 1mtial vasoconstriction

The dufference between the “steady state® resistance and the control resistance was
quite vanable an the experiments where noradrenaline was infused but usualhy the
‘steady state resistance was only some 10—25 °, greater than the control, even though
the 1utial v asoconstrictor response could be very pronounced In some of the expent
ments the ‘steady state’ resistance was the same or even less than that of control
whereas 1n a few cases where the prep had latory escape’
was only shight oreven absent Some oscillation of resistance prior to the establishiment
of the steady state was also seen The reactive hyperemua was also quute vanable
both 1n extent and 1n duration In general, it seemed tobe carrelated with the degree of
‘auxorcguh(ory escape’, being greater whenever the escape phenomenon was pro-
nounced In those few experiments where ‘autoregulatory escape’ did not occur, re-
active hyperemia was also absent

The response to snfusions of noradrenaline 1s thus generally the same as that to sumu
latons of the intestinal vasoconstrictor fibres as shown above and illustrated 1n an
earlier publication (Folkow ef o 196+a b) However, s most cases the onsct of ‘auto-
regulatory escape’ seems to be defimtely more rapid and the slope of the return to
ward control values of perrpheral resistance steeper during constictor fibre stimulauon
than during infusion of noradrenaline

2 Efficts of tasopressin
Vasopressin was used for comparison with the noradrenaline eflects as this hormone is

dered to act as a sumulant of the vessels 1n atl organs studred so far
Attempts were also made to utihze angiotensin but as the intestnal blood vessels
very rapdly developed phyl to this agent it could not be

utllized for the present purpose  The response of the intestinal resistance vessels to
miusions of vasopressin 1n doses of 0 024—0 08 IL / ml was entirely dufferent from that
obwerved durmg mnfusions of the drenal fi latory escape from
the influence of was not scen Fig 5 shows the experrment
which showed the most pronounced escape noted 1n the 12 expeniments with asopres

sn Both at constant pressure and at consiant flow perfusion the sncrease in vascular
resistance was well mamntatned 1n practically all the cases throughout the period of
Vasopressm infusion, This was the casc also when the mntestine was perfused an the nor

mal way from the heart with no pump interference on vascular reactisity Return to
contro! condutions after termination of the infusion was often considerably slower than
the recovery seen m Fig 5 o reactive hyperema was observed.in any of the ammals

€ven when the blood flow had been reduced for a considerable period by the acton of
the hormone under conditions of constant perfusion pressure To ascertamn that the
sustained increases 1n vascular resistance were not at least in part, due (0 3 vasopressn

A~E63003 fcta phy iof scand Vol G 4
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b 5 Cav27 ky Same arringements as m Lig 4 Constant anfissic n of 3a¢ pressn dunng
constint pressure perfusion (lefi) and constant fow perfusion fnshs) The figwee 1s fhen from
the one out of twel e expeniments where the rasopresun vasaconstrictor effect an the utestnal
vewcls shows the greatest extent of dechine durng the eoutse <€ the constne mfustn e
that nerther 1oy tpreal augorerulitory excape nar any retctive ki peremin w seen n spite o
the fict that total bload flow 1s much more reduced than dunmg nfuson of 1 radrenaline of
stmufuon af s socanstrictor fibres

ndueed ntense contriction of the ntestnal wall camng a mechaneal blood fow
obstruction the mtralummal pressure or volie wAs Fecorded 10 some of the expers
ments Iamviang the doses of vasopressin used reliced the intestad smeoih muscles
1aplying that nio mechanical blood flow obstruchion wis unabed (ef lso lester ot af
1964

Discussion

Tn the present study ot has been shown that the intestinal resistance vessels exhibit
autoregulatory escape from the effects of stimulating  socenstrictor fbres almost a3
readily when total wtestinal blood flow 15 wunttned constant 1w when the mint
merese i resistance €uses & decrease i flaw Therefore, the anmwer w the st
question stated 1n the introduction 13 that the ferazemc reduction of the ¢ 74 Llood
flow per s can not be the mitating fictor in ‘auteregulitony escape’ On the other hand
the mamtennce of constant blood flow through ay ascutar bed with alternaive Ranely
does not necessarly present the 1ccumulation of v asoditator metaboltes in some regions
The influence of comtrictor fibres to some aren € g the mucoss myy well be mente
enoygh to reduce 1is btnod flow considesably which wiould tend <o accymulite mdlr
bolites n this arex Thrs, i furn sould tend o restare paronlly the nmmcm(‘\\ v
seduced blood flow 1 phenomenon which can hie sypectert to contribuite fo the Ao

I <tte for the metabolite accumulation in the
reguinory exape  [tis however a prerequusite for
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wmucoss, that there is an amteal mucosal flow reduction When therefore totaf bload flon
 kept unchanged dunng constant Rlow perfusion there must be a compensatory flow
incsease shrough low ressstance sessels i ather sections or the tissue, where aither the
adrenergre Rbres do not constnct the yessels of where they actually mught bung about
lowenng of the resistance This blood flow redsuthution, as supported by a secondary
metabolite accumulation n the mucosa, may dy explam both the if
torv escape’ and the poststemulatory hyperemua

The actual events taking place when flow wereases i such presumed low resistance
channels ace not known Ther widenmg might be a purely passic phenomenaon caused
by a regronal transmural pressure sncrease in a \ery distensiblevessel Such alocal pres-
sure merease may mdeed occur, even if central artenal pressure 15 kept unchanged
provided that the low resistance channels branch off from the ntestina) prevapillary
resistance sechion Just upstream to the site where the neurogenic sbstruction af the
branches supplytng the mucasa takes place Another possibility is that these “Tow
resistance channels are actually controlled by adrenergac fibres Accordimg (o Spanner
{1972) the submucosal shunt ke vessels have Jonptudnal smooth muscles In case
these are contracted by the direct fluence of adrenergec fibres 2 vascular shortening
would be brought about, possbly even some widemng This mught acqually reduce
therr resistance, at least when they are exposed ta a reasonable transmural pressurnt
(Falkow of of 1964 b)

These alternatives — both a passive openmg of low resistance channels wduced by 2
raued pressure or an active opening of nenve cantrotled 1 essels ~—- can explam a redstre
butiars of blood How but can hardly explam why it should be a detay of 12 mun before
the redistabution begins It secros hikely that a passte opening would operate i pace
v the sncreaving resistance 1t 1s also difficult 10 understand that a direct nerve effect
should take 1 mua or even more before any change &5 noticeable 1t then seems more
kel that 2 Joeal vasodslator mechamstn gradually builds up and produces a slowly
dereloptag relaxation of some section of the submucesal vasculature

The answer 1o the second guestion stated 1 the antroduction s that the camplex
sascular adjustments nduced by stmulating constrictar ibres appeas 10 be closely
muticked by those mduced by noradrenalne mfuvien In case the neurogeme response
i3 mere consequence of a highly sclective constrictor fibre distmbution fo some key
Pamts 1n the vascular resistance section 1t then follons that the adrenergic a recepiors
19 all probability show a tendency to be simslarly d n b t t
findings of Norberg (1965) suggest that such a selectn e distribution of canspactor fibrey
10 the intestine exists as these fbres appear 10 be mawh canfined o basal parts of the
mucosal artersal tree

The answer to the third question stated 1n the wtroducion 15 that not all vasocon
strictor agents produce the same Aufferentiated pattern of antestinal vascular response
2 s induced hy noradrenatine when yeleased at the asaconstnictor nerve endiogs or
supplied v3a the Bood stream L asopsessin wnfusion proguced the well known sustamned
ticrease W yntesunal vascular resstance  for ref see Tsakins  Haemmerh and
Bubimann, 1964) both of constant pressure and constant flow pecunions with no
gns of flow redutribution §t thus seems 3s of a speofic distnbutson of the adren
1B g receptors within the mtestnal arenal wree s at teast one of the prerequisiics
for the e ents xoen when the iatesunat 1 ascular bed ts exposed 1o sncreased svmpathetic

Aty This by no means detues the passibility that the autoregulatony tscap and
the postsumulatory hyperema are 1o 3 great extent also dependent on a focal adgast

-



436 PETER DRESEL AND INGEMAR WALLENTIN

ment of 2 particular yascular comprrtment, which becones secondarsly mualved after
the adrenergic constnctar effect 15 tausated Such a possshibity 35 supported by the fact
that many simdantics exist between the ‘autoregulatory escape’ from convinctor 1~
fluences and the vascutar adjustments eccurnng upon changes i artertal pressure For
nstance, capitiany pressure remains surprsingly constant in both sstuations  Frerther
more, we have observed rep Iy that * gulatory escape” and L 13
pressure changes dinmnish together as the prep a d where d

the mere use of a pump device, presumably by traumatiziog blood cells and releastng
vasoactine agents, 13 ofien enough 10 decrease vascular reactinity drasticatly, as ifus-
wrated 1 Fig 2 and shown alse in earler studies on other tissues {¢f Foliow 1932,
Rapela and Geeen 1264; For such reasons st would hase been preferable to arvange
for a constant flow perfusion of the 1ype used in the expenment shownan Fig Tsmall
the expenmentt but i most cases the antmals could not deliver the range of arterat
pressure changes needed to keep intestinal blood flow constant at the sminal peak
. Thus 1 & d p well d increases i Fesist
ance to h t with hed hyvperemia, are
sometimes seen which closely resemble the normal intestinal responses tovasopretsin
anfusion Such obsenanons indicalr that the secondan Sonenng of vasevlar resstance
n the proposed low resistance channels tn connection with autoregulatory escape’ss
fesshikely to be due ta passie-clastsc phenomena but requises 2 good vascular reactnity
1t ako followsthat these ‘low resatance channels can kardly be opened up when vaso-
presun 13 gnen Whichever the case 1t os cvident that quute speaific and focally restrict
ed vascular reactions must (ake place whose complexaty makes it imposnbic to deter
sune the exacs events with present techmigue Microcarculatony studies and further
analyses of the distribution of y asoconstrictor fibres 10 different sections of the intestnal
tessels walt be of great catue m the further analyses of mtestinal vascular o ents

The research reported m this dosument hias been sponsored by Air Force Schoal of Agrospate
Med enr under Contract AF 61 032 732 through the European Off ce of Aerospace Resen
{O4R) Lnued Stases wir Yoree from L5 Fabhe Healih Servce Lrant HEDG7000)
By a grant from a Swedssh Medseal Rescarch Councit and by a gram from the Saculty of
Medicine L nnveruty of Gatebarg
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Intestinal Dipeptidases

Dipeptidase Activity in the M of the Gastroi inal
Tract of the Adult Human

By
Tor Livoeerc
Recewved 23 October 1955

Abstract

ton about the jntestmal dipeptidases

Knowledge of the terminat proteolytic enzymes in the human mtestinal mucosa under
formal and pathologacal conditions 15 scanty Only a few studies concernung the dipep-
tudases sn this tissue have been reported Several years ago Berger and Johnson (1940)
d some dipeptide h acuviues 1 the human duodenal mucosa
and more recently Messer, Anderson and Townley (19613 showed that some dipeptides
were split by the duodenal mucosa from normal and cochac children In addstion reeults
have alsa been published suggestung that gluten mduced enteropathy may bedue tofack
of some pepudase(s) m the intestinal mucosa (Frazer 1962, Messer Anderson and
Hubbard 1964) It was therefore of mnterest to mvesugate some dipeptidase activities in
the human intestinal mucosa Previous reports have dealt with intestinal dipeptidases
from human fetuses between 11 and 23 weels of fetal age (Lindberg 1966 The
Present report describes some prop and the of five d activi-
Ues 1 the gastrointesunal tract of the adult human

Materials and methods
D peptides L-\lans] L glutamic aad Lealamyl Leproline glvvlghaine ghveyl Ldeucine and
&6l Lovaline previousty characterized ( Josefsson and Lindberg 19033 Lindberg and | n
1966}, were used in the same concentraions as reported earlier Josefsson and Lindberz 1905 3
Lindberg and Joscfsson 1966)
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Tapie I Effect of bvalent metal 1ons on the dipeptidase activities of the small intestiae of
adult human Optimum pH

A Agyefmn/mgN

t ] 3 ] Y

'gez H gh: EC £

S g3 A9 £%2 ieg L

Trs Z,5 5% =2 53

EE2 £gl 2 et i

Metalion 25% 2E% ©% ¥ z
aded Mumides 32E L EE GE €3 g5
Cat o H 186 133 687 549
10 425 189 464 381 471

Matr 0 uz 186 133 687 549
10 a2 191 128 451 454

Mgt o 12 186 133 687 549
10 103 184 121 632 489

Zn* o 12 186 134 687 549
10 137 184 055 469 283

Amino aads The amino acids were products of Mann Research Labs New York For the
assays of the dipeptidase actnities the amino acids were used mn the same concentrations and
combnations as already reported { Josefsson and Lindberg 1965a Lindberg and Josefsson 1963)

Human matenal Operation specimens from the gastromntestinal trace of 25 adult humans
(11 femnale and 14 male) sened as source of the enzyme solution The age of the pauents
yaned between 22 and 81 yers (mean age 58 yearst The patients were operated for various
disorders as stomach ulcer (3} stomach cancer (4) duodenal ulcer (6) ileus post E’":"
enterostomy (stomach uleer (1) termunal ileitis (§) ulceratse cohins (1} carcenoid appen |‘
citis ()} and colon cancer (8) The diagnoses were established by ol mical and m:cmscOP;-'
findings Accord ng to the records none of the patients presented a history simulat ng some other
wntestinal disease | part

Preparation «f ¢n yme solution The specimens were cut from the macroscopically norma l:‘:)
of the resected pieces of the tract and were diately put tn a cold box i)
The stomach samples were obtained from the fundus part and were sbout 4 cm? of size slc:;«;
of I—2 em were obtarned from the small and large intestines During the transport fo the Ll n
tory the specimen was chitled with ice The enzyme solution way either prepared at once or e
specimen was frozen (- 20° and the enzyme solution prepated the next dav In four cases
samples were stared frozen ( 20°) 4 w0 |1 days before the enzyme soluuon vas prepared.
Control expenments performed on mucosa stored froren revealed that the d prptidase 2¢

PR e s - e

mucosa was carefully cleancd
»
. parat on was homogenz
< . in (MSE homogenizer) Aler
; N gation (Intcrnational m:ﬁ:r
HR 1 27000 » 2 30 mun) The clear supernatant was used directly as the enzyme sofution

suitable dilution with distlled water o6+ 2}
Assas The dipeptidase acuvities were assayed according to Joscfsson and }‘Tﬁbf:fug e e

xide as catalest:
1olc of & pepnide
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Tasie Il Specific actities (unxs per mg mitrogen) of dipeptidases n the mucosa of the
stomach of adult human Optimum pH

e
i, 38 2 .
B s B TE O Fe ¢ 2

£ = 5 5§ k-] H 2

& rb 3 $E <t £ =3

& < A A% =R & T

ALH® © 36 Doodenal 102 018 174 31 255
uleer

GP & 38  Duodenal 714 060 141 616 339
ulcer

ER 3 50  Dundemal 111 062 425 881 654
ulcer

As & 64  Duodemal 122 064 384 641 475
ulcer

JH F 29  Duodenal 597 057 175 488 304
ulcer

EAf Q@ 53 Duodenal 178 124 697 1065 760
ulcer

AE 9 49 Stomach 912 092 492 544 459
uleer

GL Q 60  Stomach 341 219 387 1538 1503
ulcer

AJ 2 62  Stomach 189 143 320 957 493

cancer
58 3 74 Stomach 950 108 296 394 452
cancer
Mean value 136 09> 449 747 571

* Mucosa from the proximal duodenum was also wnestgated (Table IH)

Results
Influence of pH and metal sons
Enzyme preparations from the small intestnal mucosa were used 1 these expeniments
The PH of the digest muxtures was \aned between 55 and 9 2 by ustng 0 15 M phos-
P O A S R

au . -
da - . .
ghcyl-Levaline dipeptidase 7 6

The effect of brs alent metal ions (ot Mn? , Mg? and Zn? 1003} upon the vanious
achvites were studied at ther respective pH-optimum  The results obtaimed are
Presented 1n Table I, where the actity 15 expressed as the decrease 1n absorption per
min and mg mitrogen

It was found that the acaivity for L-alany! L-glutamic aid was snhibrted about 60 2,
by Co? jons and 25 °, by Mn? 1ons while the other two metal 1ons had no defimte
nfluence upon the reaction
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Tase I Speafic activites {units per mg nitrogen) of dipepuidases 1 the small intestinal
mucos2 of adult human Optimum pH

. LB .

z : i . Ef Fv g Sez,

3 y & f tl 224 85 g OF

£ - £ E -~z SEURCEDTS

GL: ¢ 60 Stomach Fistemof 322 108 0 227 237
ulcer duodenum

ALH' ¢ 36 Duodenal Semfrom 838 166 539 319 3I3
uleer pylorus

hP § B0  Stomach Prouma) 134 263 540 706 378
uleer duodenum

PS & 76  Stomach Proumal 209 079 771 87 663
cancer duodenum

EA 9 56  Stomach Proumal 301 101 2988 1252
eancer Jegunum

EA 2 77 Coln Proumal 201 372 988 2026 112
eancer Jejunum

EA ¢ 43 Ieuspost Middle 227 845 661 192 979
gastro- Jeyunum
enterostorny
(Stomach uleer)

FH* § 49 Ulerane Termunal 333 642 970 2210 2003
colis. sleum?

BS? 3 22 Terminal “Termnal 406 107 14 2320 2119
tlews sleurn®

FO* 4 76  Colon Tormnal 515 138 194 3009 2235
cancer Hleum®

1 Mucosa from the stomach was also i estigated (Table IT)
* Mucosa from the large ntestine was also invest gated (Table IV)
2 15 30and 15cm respectinely above the deo-coecal valie

L-alamy] L-prolie dipeptidase actn ity showed no influence by any of the four metal

1ons
The rate of the hydrolysis of glycylglycine was increased threefold by Co? 1006 Tl:f
o» while Mn? and VMg

Zn? 10ns reduced the rate of the hydrolvais with about 50 ©

10ns had no mfluence L aze
The acuwity agamst glyeyl Lleucine was inhibrted by the Co® Mn® an

sons with about 45° 35¢ and 309, respectively The Mg®

influence e
The glyey! Lvaline dspeptidase acuvity was shghtly mhibited by the Co h::dlk:,"m
10ns, while the Zn? 1005 reduced the actiaty about 50 ° The Mg® aons

ths system no inffuence

1008 were without
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Tasie IV Specific activities {units per mg mitrogen) of dipeptidases in the large intestinal
mucosa of adul human Optimum pH

]
£, 282

: : st FiFsarzss

£ S & 2E L5 2 pETE DR

K y % 8 5L €2 <5 28 BE 22

A @ < A £ E A% AERORODECTS

FH § 49 Uleratne Colont® 678 079 311 423 341
colis ascendens

BS+ g 22 Tenmmal Colon 116 203 300 734 562
sews ascendens

FO* g 76  Colon Colon 132 185 447 620 483
cancer ascendens

G 92 41 Carenod Colon 113 089 249 665 516
appendicis  ascendens

AE 3 65  Colon Colon 938 185 350 492 386
cancer transs ersum

GN 3 8  Colon Colon 162 213 525 902 567
cancer transversum

L Q@ 68  Colon Colon 101 175 348 646 561
cancer transversum

AP & 73 Colon Colon 605 090 394 412 £19
cancer descendens

BN 3 75 Golon Sigmodeum 447 103 304 375 329
cancer

BA 3 64 Colon Sgmodeum 612 067 191 482 287
cancer

Mean value 952 139 342 575 445

? Mucosa from the termmal ileum was also i estgated (Table 11D
* The mucosa was macroscopically abnormal

D peptidase actirity i the mucosa of the stomach small intestine and large infestine
The dipeptidase actnities were assiyed under opumal pH conditions and i the
abscence of metal 1ons The actniues in the mucosa of the stomach expressed as untts
Per mg mitrogen presene in the enzyme solution were studied 1n 10 pauents and the
results are presented in Table IT The dipepuidase acuvities were as 2 whole tow 1n
companson wirh those i the yoyunum and teum see below  The small intestinal mu

c0sa was snvestigated m 10 paticnts (Table 11Ty The actwatics were low 10 the mucosa
from the proimal ducdenum while the mucosa fram the Jejunum and termnal ilrum
constantly concaned lacge amount of dipeptidase actnittes In Table IV finally the
activities obtuned from 10 samples of the mucosa of the large intestine are ginven The
activities were found to be on about the same level in the vanous parts of the large
\ntestine and thewr amount was comparable to thase obseryed 1a the stomach -

,
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Discussion

When companng the properties of the vartous activities observed 1 the adylt mucosa
with those 1n fetal mucosa (Lindberg 1966) some smaller differences of the influence of
pH and bivalent metal 1ons were found Thus the pH opuma for the hydrolyss of
Lealanyl Leglutamic actd, ghey! Lleuaine and glyeyl Lvaliste were shehtly lower and
the pH-opttmum for the hydrolyus of glyey Igly cine shightly higher than obser ed in the
fetal intestine: The snhubrtung effect of the Mn? sons on the actnaty agamnst L-alamy] L.
ghutanuc acid and of the Zn? 10nt on the actnaty aganst glyeylglyaine tn the adult
mucoa was not observed 1n the fetal mucosa The rate of the hydrolys:s of ghoyl Le
valine was decreased by the Co? ions and not influenced by the Mg? 10ns 1n the adult
mucesa while these metal sons shightly increased this actiaty 1 the fetus
These differences may suggest 3 change of the enzyme properties dunng the develop-
ment from the fetal to the adult Iife but certam conclusion must awast further studies
It 15 known from the previous investigations (Josefison and Lindberg 1965 b Lind
berg 1966 Lindberg and Josefison 1966) that there i a rather great vanation of the
dipeptidase activities from oné intesune to another In the present study althouch the
syanous samples of the small yntestine were taken from different individuals undorm
values were obtained from the varous regtons of the intestine It may therefore be
allowed to compare the distnbution of the dipeptdase actiines presently obsened
with the carhier findings 1n the human fetus and 1a other specics It 1s then Jound that
the t of the various dipep actnities i the proimal part of the adult
small mtesime 13 more comparable with the one obseried 1n the adult pig (Josefsson
and Lindberg 1965 b) than with the human fetus (Lindberg 1966} The acuwucs 0
the adult duodenum were low while relatnely high actnzues were found in the fetal
Howeser propor Tly larger pieces of the intestne were inyestigated i
the fetuses why the results from this regron of the small intesine are not quite com
parable In the adults the maximal activities were found mn the termunal leam while
the mavima were iocahzed within the provimal third of the mtestine tn the fetuses and
mn the rmddle part of the intestine 1n the pig and the rat (Lindberg and Josefsson 1968
Robintson and Shaw 1960} \When consaidering the amount of the vanous specifie
actwaties 1t was found that the activities 1n the adult and fetal jejunum were of about
the same magmitude In the terminal leum on the other hand the actsvitics were hagher
1n the adults than i the fetuses The relancly low activities found 1n the adult stamach
and large intestine are comparable with the amount obsery ed s the adult rat (Lindberg
and Josefison 1966 Romnson 1960} and duffer from our obscrations m the
human fetus where the stomach contained a lower and the large mtesune a ghet
amount of acttvities than n the adult However the mucosa onby served as the source
of the enzyme solution 1n the adults whereas 11 the fetuses the whole nall was used This
difference may be responsible for the higher values of the specific actvities (units per m§
mtrogen present in the enzyme solution) observed in the adults "
In recent years it has been shown that dictary protein leases the smatl intestine sp the
form of free amuna actds (Dawson and Holdsworth 1962 Levenson Rosen and UPJ'::’:
1059) and that dipeptides are hydrolyzed before or during their ransfer through y
Latestinal wall (Agar Hird and Stdhu 1953 Newey and Smnvth 1960 \\.ggﬂmdl';
Johnston 1959) ‘Therefore 1t may be suggested that the distnbunon of the dipﬂ"““c -
‘along the small mtestne indicates the capacity of the vanous parts of izt :T\:‘!‘mn o
accomplish the final digestion of the proteins This nterpretation of the distibu
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the dipeptidase activaties found 1n the adult human appears to be m conflict with the
findings (Borgstrom ef af 1957, Cranc and Neuberger 1960} that the dietary pretemn s
hydrolyzed and absorbed 1n a rather short tune after ingestion and that 80—90 °, 1
absorbed 1n the upper jejunum . The dietary protein constitutes, howeyer, only a mimor
portion of the protem found in the intestinal Jumen (Nasset 1964) The major part,
formed by the end protein, 13 hydrolyzed and absorbed in the more distal
Partof the small intestine, where also the dipeptidase activities are found to be laghest

Yamindebted to the staffs of the Surgical Departments at the Hospital 1n Lund and in Malmo
University of Lund who put the operation specimens at my disposal Miss G A Andersson
gave skilful technical assistance Thas im estigation was supported by grants from Semper Fond
for Nanngsforskmng the Swedish Nutriion Foundation and the Medical Faculty of the
Unnersity of Lund
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Effect of Respiratory Acidosis on Vasoconstrictor
Effects of Directly and Indirectly Acting
Sympathomimetic Amines in Cats
By
§ Byopesan
Received 23 October 1965

Abstract

Bygdeman, S Fffect of rerpuratory acrdosis on tasoconstrictor effects of dwectly and andirectly octing
sympathoumete amines 1 cats Acta ol scand 1965 66 434—437 — The penpheral
vasoconstrictor effects of bilateral carotid occlusion were compared with those of the direct
Pupasepsinisiraiidaiy e N H I

. ‘u
ammne, phepylethylamine and carotrd occlusion remawned unchanged The results sugyest
that hypercarbia docs not mterfere with the action of the endogenously liberated transmutter
in the synapuc region but blocks the effect of injected noradeenaline and dopamine on reccptors
situated outside this region

It has earlicr been observed that hypoventilation or respiratory actdosis can strongly
reduce or abolish the pressor effect of 1+ tngections or infusions of NAY, while at the
same time the blood pressure response to bilateral occlusion of the common earoud
artenies 13 unchanged or even increased (Dunér and Euler 1959, Bygdeman 1963) The
same difference 1n response pattern duning acidosis following hyprrearbia has also been
found 1n 1he perfused cat hindleg betwecen reflex or electrie sumulation of the sy mpathetic
\asoconstrictor nerves on one hand and 12 njections of NA on the other (Srgdeman
1963) These results thus indicate that the vasoconstrictor effect of myccted NA changes
dently of that of the end 1y Liberated durng a period of
acidosis Somewhat similar results have been reported by Manley (1963110 a study on
heart refractoriness during respiratory acidosts
To obtan further mformation concerming this surprising obsenvation the 1*“5’"‘“1
yasoconstrictor effect of some sympathommetic ammes with different mechanisms
of actron were tested 1n the present study before, during and after a period of respiratory
acidoss The amincs used were noradrenaline, dopamine, tyraminc and phemy tethyl-

amine
Methods

Caus weighmg between 2 3 and 40 kg ancsthetized with sodiu

Abbott 35 mglkg 1p ) were used  The followng physiological

nnuously systemic arterial blood pressure vascular resistance m 2 perfused pm!

A used N dog DA, tyramine TA and phenylethylamin

PEA

bunat®.

m pentobarbutal (embuiai®,
Functions were recorded con
dieg arterul
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Mot 4 e - .- -,
wore transducer '

: measure of the vascular fesistance in the hindimb was obtamed with a constant flow
-t Pty \ 2

. . ™ PR

tained constant by a Sigmamotor pump  The perfunon pressire was recarded distal 10 the pump
L 2 pressurc tranducer Changes 1n perfision pressure during the cowre of the expeniment
PR R pri - SR S et v b e

lhlgi}x)gh the “microcatheter sample cell * of a €O, nfrared snalyzer (Beckmzn Spsaco. model

Iv inectians were gnen through a catheter it the nght femoral vemn, and 1.2 slow myections
@ver 20 sec to the perfused hindleg were given by an mfus an apparatus i the exracorporeal
Yoop provimal to the pump

aiindnhets . f et 4 amtee s 3 lae el v

Results

The average dose of the sympathomumetic ammes which mcreased perfusion pressure
by about 50 mm Hg dunng ventlation with air was NA 0060z [ kg DA2 1 ug kg,
TA35pg/kgand PEA 088 ug/ ke

Veatlation with 15 ¢, CO, caused an increase m the svstenuc artenal blood pressure
and an mncrease 1n the resistance of the perfused leg prepatation resuling n a mean
1nCrease tn the perfusion pressure of 60 mm Hg Concomutantly the artenal blood pHl
drereased from 7 38 1o 6 92 and the end tdal CO, tension mereased from 3> mm Hy
to 133 mm Hg

With an increasing degree of acidosiy the penpheral vasoconsenctor effect of NA
was markedly reduced while the vasoconstrictor responses 10 1.2 wnjecuons of TA or
PEA were pracucally unchanged Fig | The same difference m response pattern
between NA and TA was also obsenved n an expeniment where the tme of the 1.2
10fusion was 10 min instead of 20 sec The diffe between parred ob was
satsncally nguficans P 00U On the other hand the effect of DA decreased
dunng the acidouc perod to the same extent as that of N4 (Fig 2

Discussion
The previousty noted between the weil \AOCONSIACtor Tesponse to
occlusion of the common carotid artenes and the decreased effect of tjected \ \ dunng
Tespiratory acidosss has been confirmed I addition the present results have shown
that sympathormimetic amtnes with indirect acuon ' Fleckensteta 1953, Burn and Rand
1938), such as T\ and PEA remain fulls actne dunng respiratory 2ezdosis whereas
the action of DA which 2s assumed to act directly like that of \ \, 15 greatly reduced.
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The decreased effect of injected NA frequently obscrved durng resprratory actdosis
(For references see Bygdeman 1963 and Gowdey and Patel 1964) can apparently be duc
to one or several of the following factors less effective penctration to the site of action,
wncreased rate of destruction d, " of the ptors, or decreasc
contractlity of the vascular smooth muscle

In a recent study of the clearance of labelled NA m the perfused hndleg of the cat
(Bygdeman and Strame 1965) 1t was observed that respiratory acidosts onlYfl‘gh(;y
decreased the extraction of the amine from the blood This observation makes it unhikely
that the decreased effect of injected NA duning acidosis can be attributed to changes ;"
the distnibution of the blood flow or decreased penetration of NA mnto the tissue flun
It 13 also.difficult to understand how a redistributton of the blood flaw can fluence
the fate of myected NA and DA differcntly from that of TA and PEA
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The effect of respiratory acidosis an the rate of enzymatic destryction of imyected
M snot known However, Axelrod and Tomchick (1958) have shown that the optmal
pH for catechol Q methylransferase 2 12170 15 between 7.5 and 8.2 Thus, even of 1t
cannnt be excluded that changes in the rate of destruction occur dunng acidosss, 1t
appears unlikely that this 13 the main reason for the decreased effect of NA myecnon
It also appears unlikely that the abihity of the vascular smooth muscle 1tself to contrzct
s altered dunng acdosis since a normal response can be abtaned with adequate
strmule

It 4 now commonly heheved that the v r effect of sy
armunes such as NA and DA 1s exerted by a direct mechanism on the smooth muscles
shile TA and PEA maily act by releasing \A from starage sues (Tleclenstern 1933,
Burn and Rand 1938) The results obtatned in the present study show that the receptors
tnggening vascular smooth muscles can be normally activated via the sympathetic
nerves, but not by exogenous noradrenaline, dunpg a penod of resprratory acidosis
Tus finding mught be explamed, by assuming different locauons of the receptors
actnated by exogenous and endogenoys NA Thus, the mected amnes DA and NA
feach receptors all over the yvascular smooth muscle surface by filtration and diffusion
mto the interstitial space In the case of TA and PEA which are supposed to release
the transmutter from intraaconal stoves, this may essentially take placeatthe synapse ’,
as1n the case of nerve stmulation The discrepancy 1n the effect between imjected N A
and endogenously Iiberated NA during acidosis may thus be explaimed by assuming
that the local conditions for actisating the receptor are less altered by aadosis m the
“synaptic” region than at other receptor sites The reasons for this difference ate still
obscure However, 1t 15 tempting to speculate on the possibihty that the receptors
at the *synapse™ are better protected against changes 1n the physico-chemical compost=
tion of the extracellular flud than other parts of the effector cell including ats extra-
Symapuc receptors

This work was supported by grants from Stfielsen Lars Hiertas Mune the ATR FORCE
OFFICE OF SCIENTIFIC RESEARCH under Grant \F EOAR 6552 through the Europeans
Office of Acraspace Research (O AR} Unyted states Aur Force and Gustaf and Tvra Svenson
Foundsnion ta Prof L § v Euler
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Entorhinal Activation of Dentate Granule Cells
By
P. Axperses?, B HowstQuist and P. E. VOORIIOEVE!
Recewed 15 November 1965

Abstract

Andersrn. P B Holmqust and P E Voorhoeve Enterhunal actuuation of dentate granule sclls
Acta physiol scand 1966 66 418-460 — In rabbits, ancsthetized with urethane-chloralose,
the actvation of the granule cells of the dentate asca by perforant path fibres from the enfor
binal area was studied by Julze and recording Hular recording
showed that the perforant path produced a large EPSP in the granule cells followed after 2—4
msee by a large 1PSP lasung some 100 msee Field potentia) studies indicated that the synapses
responsible fur the EPSP were located on the middle third of the dendnite tree whereas the
IPSP was generated by synapses at or very closc 10 the cell bodies The most likely explanaton
18 that the thibston 13 mediated by a recurrent inhibitory pathway i which the collaterals
of the granule cell axons excite the basket cells These are snhibitory in rature and send lhtlll:
2%0ns th termimate upon the somara of many granule cells The inhibitson of the granule cl
produced by the perforant path i resistant to strychnine in doses up to 0 6 mg kg The eficiency
of the perfurant path excitatory synapses was greatly increased by raiwng the rate of sumulation
from I to 10 a second

The entorhmal area provides the most 1mportant afferent tnflow to the hippocampus

and the dentate area Casal 1911, Lorente de N6 1934, Blacksuad 1958 These afferent
fibres form two distinct pathwavs One 55 the alvear path of Lorente de NS (1934
that distributes itself 10 the subiculum, the other 15 the perforant path which 1en'mna‘(;!
1n the stratum mo'eculare of the fields CAl, CA2, CA3 in the luppocampus and 1:"’;
corresponding laver of the dentaie area 'Fsg 1) In the dentate fascia, the entor] !
afferents, the perforant path fibres make synapuiec contact with d\cdmdnucbr:n;a >
at a distance of about 100 4 or more from the soma (Blackstad 1958) (Fiz 18, and \'::1
an excuatory effect Andersen and Loyning 1962, Fujita 1962, Gloor, Spertt an! i
1962) The commussural fibres on the other hand, terminate on the proximal part
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+ Rockefeller Foundation Fellow present address Laboratory of Neurophysiology, Una ersity
Oslo, Norway te, Unnemty of
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Amsterdam, The Nethertands
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B=——=

Fig 1 Diagram ver the afferent pathizass from the entorhinal arer LNTO) to the h ppocampal f rmation
4 The normal track of the microelectrode 15 mdicated by the suppled lne which i marked
ith bars at 1,2and 3 mm Sch — Schaffer collateral B shows the perforant path pp
svwapsing with the dendrites of the granule cell (G

dent P . f e tan vl ow

fa .
ranifications form avound the cell bodtes of the granule cells Basket cells i the hippo-
campal ficlds CAl and CA3, and m the cerebellum bave been shown to produce
Large IPSPs 1n the somata of pyramidal and Purkinje cels respectnely (Andersen
Eccles and Loyming 1964, Andersen Eccles and \ oorhoese 1966

The aim of the Ppresent investigation has been first to utlize the peculiar synaptic
amangement in the dentate fastia to study with mtracellular electrodes the excitatory
Potency of synapses located at a distance from the cell body Second 2s a test of the
enerality of a pattern of somauc lo-ation of inhibitory svnzpses  Andersen Eccles
and Lovaing 1964 Andersen Eccles and Voorhoeve 1964 \ndersen and Eccles 1965)
1 %35 of mterest to see whether the basket cell terminils on the granule celt somata
<ould produce IPSPs

Methods

a4y . - PRSP

M ocats Apart from slightls d tTerent depth measurements the charactenstics of the potenual
PAlemn were the same as in rabbits The hippocampal formation was ex on both sides by
Temoval of the overlying neocortex and the corpus callosum and the electrodes placed under
Yutl contral From the diagram in Fig 14 1t 1 seen that a penetrating electrode will traverse
the fuppocampal field CAl for about 12 mm befre entermg the dentate arca \fter an addi
%10nal 04 mm through the dentate molecutar laver the clectrode will reach the first Lver of
ranule cell bordies called the granular layer Afier penetrating the hilus of the dentste fascia
the eletirode wall tray erse the eranular Layer for the second ume and then the molecular layer

bec;

3we of the cuned structure of the dentate fasca

S—EEI0MY §rrn ohe r ot % ke & ‘/
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The recardings were made both with sudace electrodes and glass micropipettes The surface
records were made with 03 mm thick platinum wire msulated with polyethylene and eut off
squarely, leaving a flat face to rest on the tuppocampal surfrce The mx}x_{aunn pri\(:lft:

usually ! sec The signals obtamed from the micro-electrode were also fed to a dusplay osnlgl"

scope with a farge picture tube having a phosphor with a Jong afterglow ficiluatng the sudy

of responses from very short Jasting cell impalements .
Histologrel chrrke wera mada b ;3 o = % ¢ ' —-

Results

Hippocampal surface potentials followng entorhinal stimulation Wath the recording elcmotz;
placed on the surface of the field CAl of the hippocampus, there was a quite -%-p,zm
potential 1n response to a stmulus dehyered to the catrohmal arca or 10383 © c;m
projection, the perforant path (Fig 2) A small posinve spike of 8 msec ]atcncg'ﬁhs
followed by a slow wave of about 17 msec latency In order to find out what pa:‘; oths
potential could be gencrated 1n the dentate area itself, an electrode was mstr’({ den
cally o the alveus of the CAl and records were taken at various d.srancesd;b!ﬁb
alveus It was regularly found that only minor changes of the potentials ca{ dbede
tected 1 the superficial mullimeter of the hippacampal cortex Atadcp;\};; aw“m
mm, howeser, there appeared a neganve wave of 4—5 msec latency-PPN,
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related to the depolanization of the terminal dendritic branches of CAl pyramuds by
perforant path fibres On further penetration, 2 new negatine wave appeared at about
} 3 mm deep to the hippocampal fissure, having a latency of only about 2 msec (GCN)

This wave probably represents the EPSPs that are produced in dentate granule cells
by the perforant path valley This carly negatnaty was succeeded by a senes of rregu

lar deflections At 14 mm, the GCN wave had reversed its polanity, and was follow ed
by a negaune spike that probably signalled the discharge of granule cells At 2 25 mm
depth, the potential appeared similas 1o that observed at 1 25 mm, indicating that the
electrode recorded from the second layer of granule cells Fig 3 shows the size and
polarity of the twa components of the potential that can be ascribed fo granule cell
actvity The components are the early negatine wave at about | 3 mm (GCN — open
crcles), and the posine wave observed at deeper levels (GCP — filled triangles)

1n the diagram the level of the ] fissure, d from

on histological sccuions s indicated by the broken hne In Fig 33, the entorhinal
stmulus was 1 5 times threshold (T) and in Fig 3C, 1t was 2 4T The plotungs are 1n
Fig 3B and D respectnely The GON wave {open crcles) was negative at depths
from | 316 1 5 mm, corresponding to the outer two thirds of the molecular layer of the
dentate fascia and to the area of termination of entorhinal fibres (Blackstad 1958)

In most cases an equivalent negatine wave was found at a deeper level In Fig 3B
and D, it was at about 2 5 mm depth, corresponding o the lower blade of the molecular
Layer of the dentate fascia
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The peak of the GO\ wave corresponds fo the location of the perforant path ssnapses D Tlow
of current 12 the ume mdicated by the rieht sertical suppled hine 1n 4 corresponding to the
onsct of the IPSP 7 The lower traces of each par was obtamed by tmpalement of three cells
% y z whose depths arc indicated by the filled circles The upper traces in cach pair is the
record taken just extracellularly with the syme gain and polartty 1s the intracellular record.

“The GCP waxe (filled triangles) shows two conspicuous amplitude peaks in Fag 38
and D, at 2 depth of 1 6 mm and at 22 mm These depths correspond very closely tothe
two blades of the granular Layer (Fig 1)

Because of the complex istologtcal arrangement in this area 1t 1s not possible te
deduce from extracellular records only, to what extent the deflections recorded in the
dentate area are the results of active synaptic depolanizations or hvperpolanzations
of parts of the dentate granule cells and what s due to a passne flow of cusrent It
was, therefore necessary to correlate the extracellular pattern with intraceliolar
records However it proved extremely difficult to obtam satisfactors impatements of the
granule cells This was not unexpected snce the dameter of the granule cell bodes
are only 10 10 15 g2, and since they also have an extensve dendruic tree whieh 18y
Itkely to be d: by the microelectrode approaching the soma However, it W23
posstble to penetrate 10 cells for a sufficiently long ume to 2llow the determnation of the
perforant path synaptic activity on the cell

Since the soma most lihely forms the only target for the impaling mlcrorlcrlmd;
the depth of the electrode when penetrating cells will gie the level of the granuk‘;(\
bodies as shown m Fig 4L All records are taken fram the same experiment I Fig h
there are ficld potentials recorded at the indicated depths below the surface of t :
alveus, and 1 G, the amphtudes of the GON wase (open circles  the Gcrdm‘;
{filled triangles), and the spike {open squares) are plotted agminat the vecording csﬂu
The level of the huppo~ampal fissure 1s indicated by the broken line The tompcn‘ s
are measured at the two broken hnes in A The different components demom;r-\ 'r;x :
typrcal sequence at increasmg depths (Fig 4C), comparable to that -knr F“g‘ghunlv
spike was rather small since the sumulus stregnth smtentionally was kep!

weak
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Al IP5Es ave of long duration whereas the EPSP duration 18 usually of the order of 5 msec

Since the GOV wave had a short latency and a definite mavimum at a depth corre-
sponding to the termination of the afferent perforant path fibres 1t was considered
[kely 1o be the evtracellular sign of an EPSP sn the granule cell dendntes produced by
theentgrhinal volley The GCP wave thatfollowed after the spike could either be anactive
hyperpolanzation of the cell, or 1t could be the somrce for a current flowing into some
distaat sink Since the depth recordings showed that the positive wave had twomaxima,
each corresponding to the twa Jayers of the granular layer, it was anticipated that the
POSItve wave was generated by the granule cells and not by the actmaty of neurones 1n
the halys of the dentate fascia

es¢ conclusions were partly confirmed and partly amended by the mtracellular
fecords. In Fig 4E, the three filled circles mdicate the depths of three granude cells
Pencteated by the mucroelectrode and the records abtamed are displayed 1o the right
Each parr consists of the inteacellular record below with the extracellular secord above
¢ large sizc of the Hular field m the hippocarapal f makes
* imperative always to subtract the extracellular from the intracellular records in
Order 10 gbtam the potennal difference occurnng across the impaled membrane Ity
9531005 that the GCN waye 13 assoriated with a depolarzation of the eell membrane
27EPSP This can be more clearly seen m Fig 5 Ths figure shows the intra_and extrac
cellufar Fecordings of four diffesent granule cells In the construction 1n the lower row,
e \atracellular potentials are redrawn 1 broken lines and the extracellyfar field
Potentials in dotted lines The fully drawn lines g e the subtsaction of the two and thus
Tepresent the potential changes acress the membrane
m;ﬂm "ntracellufar recordings showed an imtial depolanzang wave cormresponding to
Sacetlular GCN wave (Mg 5% B C) Since this depolanizing wave itercased
Eradually wuh suqmenting sumutus strenmhs and was sometimes assocrated with
f’“\uk ccll discharges 1t 15 an excitatory postsynapue potential (EPSP) The falure
2 obsenve a regular assocration with impulse generation 1s no doubt due to the grave

4ePalanizaton of the small cell by the smpalement
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snhubstion can be seen, only a reduction in the post-mbabitory laciuatory pesivd

Following the EPSP, there was a large and longlastung hyperpolarization of the neu-
rone This was regularly scen in cells without previous cell duscharge (Fig 43, andwas
associated with cossation of injury of spontancous discharges and reversed i3 polanty
on chlorde diffusion mto the cell, 1t 1s, therefore, an inhibatory p potentizh
PSP Correlation with an extracellular patential was passible when the stumulation
was weak so that the EPSP was reduced and the onset of the IPSP detectable Under
these conditions, it was observed that the extraccllular positivity was associated wath the
snitial part of the IPSP (Fig 5B) The duration of the IPSP was around 100 msee
“The exact amplhitude of the IPSP has not much meaning 1o view of the depolanzation
due to the damaged cell membrane They were of the order of 5—13 m¥

Wath the information from the intracellular recordings, it 19 posnible o unilize lh‘e
stze of the posiwve wave at the granular Jayer as a measure of the intcostty of the out-
ward current and thus to localize the focus of the inhibitory synapses s wxdm; (m:::
the depth recordsin Fig 3 and 4 that the posivity was relared 1o the ecll baﬂ Acsn
somata and not to the dendatic tree In the mstial phasc of the IPSP current 1s lowing

a3 inducated i Fig 4D
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Therefore, the use of ular and at vanous
depths leads to the conclusion that the entorhmnal afferent volley induces an EPSP in
the dentate granule cell dendnites having a maximum at about one third of the distance
from the cell bodies to the dendntic terminal branches at the hippocampal fissure
Tlu]sr EPSP 15 followed by a longlasting IPSP which probably 1s generated at the soma
tsel

The inhibutory effect of the granule cell IPSPs can be demonstrated by the use of the
double shock technique varying the intenval between the first conditioning shock and
the l‘ollomng test simulus (Fig 6) The recording electrode was located at a depth of
I8mm just deep to the upper blade of the granular layer and the spike signalled the
simultancous discharge of a number of granule cells A preceding conditioning shock
(cond ), too weak to produce any appreciable occlusion completely depressed all signs
of spike discharges in the test response for about 50 msec (upper row and filled circles)
Full N ¢ svssonad saveal e :
102 to the duration of the IPSPs recorded intracellularly Stronger stimulation gave an
tnlubition lasting for 150 msee Stnce the inlubition of the granule cell discharge was
not dependent of a previous discharge of the same cells the effect was due to a true

nhibutory process

Postsynapuc inhibition wn the spinal cord 1s reduced by the admimistranion of strych
Tine A dasc of about 0 2 mg / kg body weight virtually abolishes both the direct and
the recurrent tubition in motoneurones (Bradles Easton and Eccles 1953 Eecles
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Tig 8 Propaganon of spukes slang the dendnitic tree of dentate granule ¢ells Row 1shows extraceliular
records taken at the indicated distances from the som3 by 1n electrode that was withdrann
along the dendritic tree The suppled line 15 drawn through the peak of the spike asseenat the
soma layer The inereased latency of the peik negatwty indicates somatofugal conduct oft
B Digrammate dentate granule cell drawn 1o scale to fscilitate compirion with the reconds
in fand € ¢ Records take dunng froquency potentiation (10 sec) through the perforan path
by a microclectrode being withdrawn from the sorma  The increastng diphasicity with increaung
distances frum the soma 15 indicanive of a somatofugal conduction of the apike

Fatt and Roketsu 1953) However several reports indicate that postsy napne imhbition

1n vartous locations in hugher levels of the central necvous system s resisgant 10 sty ©
fune (Green, Mancia and Baumgarten 1962 Andersen et al 1963 Crawlord eral 1964)
For this reasan 1t was of interest to test whether the postsynaptic tntubution in the dentate
granule cclls was strychnine resistant or not In Iig 6, the sccond row 15 stmilar 1o the
records 1 the upper fow but taken 2 munutes afler an intravepons myection of 0%
mg strychnme hydrochlonde per kit body weight The records of the lower row were
taken 4 munutes after an addittonal dose of 0 3 myg strychnine per kg The graph below
123 plotting of the size af the test smike against the candrtionng test mtersal The sirych
atne administration does not alter the degree or duration of the ihibition but abolished
the late facilitation scen at mteryals beyond 100 msce Thuy the postsynaptc granule
cell inhibition 13 resistant to strychnine in doses up to 06 mg per kg

“The tnhibitory curves and the mtracellularly recorded IPSPs poth indicate 2 powce
ful wnlubitory process lasting for about 100—150 mscc, hence st 333 anticipated 1hat
sumulation at a frequency of 7 / sec or more would reduce the probability ofduthlvft
of the dentate granule eclls This was found to be the case In Tig 74, cxch assemb ag:
consists of 5—20 superimposed records, the arrrows pomnting at the Fesponse to 'm
first stimulus of the tetanus On ncreaung the stmulbys frequency from 05/”’“
4 {sec, a reduction of about 30 per cent appeared in the heght of the population $p!
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Atarateof 7 | sec, the reduction m spike amplitude was much more marked, and at a
stmulus frequency of 20 f sec, the spike was abolished d
relates to shory lasting tetani (0 5—1 sec) If, however, the tetame stmulation was
mawtained for several seconds, the depression was slowly replaced by a facilitatory
process, resulting in the reappearance and steady growth of the spike, usually toa larger
amplitude than that observed at about @5 /sec stumulation (Fig 7B, C, 10/ sec)
Further, simul with the of the spike, 1ts latency showed a
definte reduction (Fig 7B) Ths facilitatory process by tetamic stimulation will be
called frequency potentiation At higher stimulus rates, the potentiation was soon
replaced by an extinction of the cell discharges

The process of fr y 13 slow, several seconds of tetanic
strnulation to make wsell manifest Conversely, after the cessation of the tetanus a
state of increased excitability of the granule cells 1s observed for several seconds some-
times for as long as half a miute

When the excitability was hgh, a Jarge number of granule cells discharged virtually
umullaneuusly, and 1t was then possible to test whether the spike 1s conducted along the
dendnitic tree In Fig BA, the recording electrode was placed at various depths of the
molecular layer The respanse to stumulation at a rate of 1/ sec showed a spike, pre-
ceded and followed by a positive wave Th de waswithd m dicated
by the figures o the left of each record During the withdrawal, the excrtability was
stable as Judged from the appearance of the surface record Imitially, the spike was
purely negative, corresponding to the thick branches of the dendritic tree Upon further
Withdrawal, the spike became increasingly diphasic with an initial positivity, until st
appeared purely positive at a distance of 300 g from the soma, correspondmng to the
distal portions of the dendnitic tree The increasing latency of the ncgatne part of the
spike during the withd indicates the of the spike along the branches
of the dendritic tree until eventually the conduction was blocked about 300 ¢ from the
$oma which 15 sery close to the termination of the dendnitic branches A comparison
ofthe records taken at 0 and 150 4 from the soma grves a difference in the peak latencies
of about 03 msec, ind a mean spike velooity of about 05 m/sec

InTig 8C 15 shown a similar that was in the state of freq
Potentiation wath a slowly changing excitabuity The same qualitative changes of the
spike configuration occurred at various depths In this case the latency shifts taking
place during frequency potentiation prevents the esumation of a conduction velocity

Discussion

Sue of the perforant path actnation of the dentate gramule cells The responses to entorbmal
stimulation obtained from an electrode penetrating the dentate fascia showed an early
egatine wave with a mavimum among the granule cell dendrites Ihis component
corresponded closely 1n time to the intraceltularly recorded FPSP and 1s most likely the
exteacellular sign of this potenual The amplitude of the early negative wave can,
therefore, be taken as a sisn of the intensity of the current flowing inwrds through the
cthated excitatory synapses of the perforant path fibres g 4B) The plottng of the
$1ze of the negatne wave aganst depth showed that it had its maximum emong the
dendnites,some 100 4 from the granule cell somata in the granular layer This localiza

110018 11 good accord with the histologicat findings (Blackstad 1938 of degeneraton of
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perforant path fibres in the guter two thirds of the molecular layer, with the heaviest
of the deg 1 the part bord the 1nner third In rabbit,

this would give the most massiv e synaptic excitation on the dendrites at about 100—150
¢ from the granule cell somata
Location of 1nhibstogy sy napses on (he granute eells ‘The extracellular counterpart of the sitial
part of the granule cell IPSP was the posstve wase that follows the spike discharges
of the granule cells Even if the posutve wave was cuctailed by a slow negatine wae,
1t can sull be used as an mdicator of the mtensity of the current flowing outward across
the cell membrane due to the actnsty of the infubitory synapses (Fig 4D, E) The
tracking shows that this current had a maxtmum at the level of the cell bodses, hence 119
concluded that the inhibrtory synapses are located at, or very close to the somata ol e
granule cells

In thus respect the miubrtory synapses on the dentate granule cells art sumilar fo ﬂw:z
on CA3 and CAl tup pal 1 dal cells {And Fecles and Loyning 1969
and on cerebellar Putksnje cells (Andersen Fecles and Voorhoeve 1964), and on neo-
cortical pyrarmds (Kubota «f o/ 1965) -

Undoubtedly a part of the pontrity at the granular faver 1s duc to this layer x "8
as a source for the current flowing inta the activated excitatory synapse on the dm‘ st “
branches about 100 ¢ from the soma However, this can only apply for the mm)? 15?{;/
of the granular layer positivity since this wave always outlasted the mtracel uman
recorded EPSP Furthermore, with the use of weak sumulaton the EPSYP was smah
buat both the IPSP and the extracellular positive wave were stll present
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Ecudence for an nhubatory nterneurone producing the dentate granule cell IPSPs Thewidedistry
bunon of the TPSPs, to all granule cells successfully impaled, even when the stimulus
was 50 weak that only a limited number of granule cells were fired, makes 1t likely
!.h:u the mhibitory are i by some cell having wide axonal
This hened by the observation that the EPSP always
had a shorter latency Lhan thc XPSP recorded from the same ccll The quality of the
mtracellular records do not allow exact measurements to be made of this latency
difference, but a range of 2—4 msec was observed
Possible histologacal substsate for the mhtbition of granule eells Having in mind the physiclog:-
<al findings of 2 wide EPSP distribution and a somatc location of the inhibition, there
whardly more than one histological candidate for the postulated snhybitory
the dentate basket cell. This neuronc fulfils all the requrements put forward The axon
of each hasket cell ramufies profusely and forms, with the axons of fellow cells, basket-
like networks around, and makes synaptic contacts with the cell bodies of a large number
of granule cells, hence their name (Cayal 1911, Lorente de No 1934) Fig 94 and B
15 taken from Cajal (1911), showing the granule cells, thair axons (Fig 9A) with
profusely branching axon collaterals and the basket cells (Fig 98 1, o) with therr
terminavons (Fig 98, m)

The diagram m Fig 9C explamns the hypothesis of entorhinal acuvation of the
dentate area arnved at 1n the present mvestigation, to be compared with the histologs-
<al nformation 1n Fig 9A and B The perforant path fibres (pp) termunate 1n excita
tory synapses on the granule cell dendnites, at some distance [rom the soma, where they
evoke EPSPs In some granule cells, the EPSPwill belarge enough to discharge the cell
The mpulse tray els along the axon the mossy fibre (mf) and also along its numerous
avon collaterals, ramifying beneath the graular layer These collaterals are assumed to
10 excite the cells 1n the subgranular layer (B}, where the majonty of neurones are
basket cells (Gayal 1911) By way of therr termunals (ba) on the granule cell bodies,
the basket cells will mfluence a large number of granule cells The basket cellsynapses
on the granule somata are proposed to be iphibitory, and responsible for both the large
1PSP observed 1n the granule cells and for the positve wave recorded extracellularly
from the granular layer

It 1% pertnent to menuon that the synapses i the cell body of the dentate granule

cells are of the type 2 (Blackstad and Dahl 1962), thus being similar to whibitory
synapses dentificd 1n the hippocampus [Andersen Eccles and Loyning 1964, Black-
stad and Flood 1963 Hamlyn 1963) and on cerebellar Purkinje cells (Andersen
Fecles and Voorhoeve 1963 1964, Palay of af 1962)
Spike generation and propagation of the granular ¢eils The hamogeneity of the dentate fascia
with the vast majornty of the cells being stmilar m shape and parallel to each other
with the somata at the same depth, allows some conclusions to be drawn regarding
the propagauon of the spike recorded at yamous depths The pure extracellular nega-
Wity of the spike 1n the granular laver and the first 100 g of the molecular layer
suggents that the spike 18 generated cither tn the soma or more Likely in the promal
parts of the dendrntes the Iy depol: part of the cell The
progressive diphasiaty and increasing peak latency of \hup-kemmmcmumgd,smc:
from the soma suggest a somatofugal conducuion of the spike Conduction of a spike
with the same slow veloity has been obsrrved along the apical dendnites of hippo-
campal pyramidal cells (Cragg and Hamlvn 1955 Andersen 1960 Andersen and Jansen
1961, Fupita and Sakata 1962 Andersen Holmquust and \ corhocve 1966)
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Abstract

Andersen, P, B Holmguist and P E \ oorhocve Lxcitatory synapses on hippocampal aprcal dendrites
octiwated by entorhimal stimulation Acta physio! scand 1966 66 461—172 — In rabbits anesthe-
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ERA &

tzed with urethane-chloralose the responses produc
entort ~ 1 s chlora e
pathy

cells

data .
always secondary to dentate granule celt discharges 1t disappeared after a section severing the
Schaffer collaterals at the CAZ/CAL border 1t shawed longer latency the longer the recording
P i e noGne one e e \reeon

1 that part of the dendntic membrane which borders the temntory of the Schaffer synapses
The spike was conducted towards the soma with a speed of about 0 4 m sec Intraceflular record
ing from cat CAl pyramsds gave as a rul soma mspreof

of synapteeally imitiated action patentaals The results ndicate that synapses located tothe den
drites can intbiate ¢ Incal spihe that may be conducted towards the soma with a jow canduction
velocrty and probably with a low safety factor

The entorhinal area s regarded as the main source of afferent fibres to the hippo-ampal
formation (( vjal 1911 Lorente de No 1934) Sull very hetle 1s known about the manner
w which the fferent Bbres from this region exert thesr effect on the hippocampus
and dentate ares The am of the present imestization has been to delincate the
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/
F1g | Diagrammanc sehrscootns ~w of Los 0 .
asvewed fror
ofseveralpat  +
& Dugram . .
CA3 of the t . . .
drawn an cact ‘.
(ENTO} forr .
and partly on
mossy fibres ( . . . .
€ourse tn the imbrua and has cach  Jarge branch the Schafler collateral {Sch) which e
fes o the CAl apical dendrite The section scvers alf Schaffer collatersls ¢ Diagram nfzvfcsK
pyranudal cell above and a dentate granule cell below with the laminar arrangement d
bippocampal formation alv — alvcus of — stratum onens, pyr — stratum pyramidale fa
stratum radiatum mol — stratum melecylare, gran — granular layer

afferent routes by which the entarhunal area actnates field CAJ of the mpwcﬂ"l‘l’“"
and to establish the manner in which the synaptic excstation of the pyramical “E“;
thus area takes place It was found necessary 1o relate the events obsenved m the st
CA) with those occurning simultaneously 1n the dentate area {Andersen, Holmgy
and Voorhoove 1965)

‘The afferent fibres to the b pal fi from the o
bundle of fibres, called the perforant path by Lorente de No (1934) because lhj! S";:‘r
trate the subteular, presubrcular and parasubscular cortices on their way w“""h ‘fhres
destinanon, Referring to the diagram sn Fig 1B, it 13 seen that the peclorant pa

hinal area form &
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Eg‘p) end m two areas Some fibres, after they have penetrated the subiculum and neigh-
—— - .

1938, Hamlyn 1963) The rest of the p path fibres the obl! {
hippocampal fissure to end tn the molecular Jayer of the dentate faseza Here they make
synaptic contacts with the granule cell dendrites 1n the outer two thirds of the layer,
predomunantly 1 the middie third (Blackstad 1958, Cajal 1911, Lorente de N6 1934)
The avons of the granule cells the mossy fibres (mf), form a dense bundle and male
synaptic contact with the proumal portions of the apical dendrites of the CA3 pyra-
mids These cells in turn send their axons out into the imbria However, mmpulses in
these axons will also travel along thew myelnated Schafler collaterals (Sch) which
turn around to penetrate the pyramdal layer and course parallel to the ventricular
surface towards and 1nto the field CAl These collaterals make synaptic contact with
the apical dendrites of the CAl pyramuds in a restricted, band hike layer, 1 the rabbit
located about 0 3—0 4 mm from the layer of the cell bodies

Thus the enthornal area has two main routes by which 1t can mfluence the CAl
pyramudal cells One s a by way of the perfc fibres endmg on the
termmal branches of the apical dendrites the other 1s a tnsynaptic pathway nvolving
dentate granule cells and CA3 pyramidal cells The last pathway termuates with
synapses on the CAl apical dendniics closer to the soma than the first pathway, but
sull ata considerable distance from the p dal cell bodies This hstological arrange
ment invites a study of the effect which a pernpherally situated poputation of synapses
may have on the membrane potential of the cell body The methods have been descrnbed
i the previous paper (Andersen Holmqwst and Voorhoeve 1966) Some additional
pracedures will be descnibed m the text

Results

CAl potentials elictted by an entorkinal vollgy Tn responsc to stmulation of the entorhinal
area or the perforant path fibres a mucraelectrode that just touches the surface of the
aleus over CAl did only record a potenual of small amphtude If however, the
electrode was moved into the CAl cortex vertically to the surface and parallel to the
apical dendritic shafts of the pyramudal cells, the electrode soon detected potentials of
typical form and of a considerable size (Fig 2A) Three major potentials could be
distmguished each one having an optimal size at a specific level These potentials are
(1) the spik (indicated by a cross in Fig 24) (1) the carly PP\ ware (astersk) and
(1) the later S ware (open squares The reasons for this labelling are given below

The most promment component at depths from 02 10 0 4 mm from the surface was
the spike It had a macmum at 03 10 035 mm which corresponds to the pyramidal
cell Taver At 04 mm 1t was purely neganve and had 2 duration of about 2 msec
More superficially 1t rapidly dimumished and became diphasic with an wnitial posiivity,
suggesuny rts propagation towards the ventricular surface In Fig 2B the amphtude
of the various components of the CAl response to entorhinal stmulation is plotted
agatnst the depth of the recording clectrode The spike (erosses) had & considerable
amplitude from 0 4 down to depths of about 06 mm corresponding to the cell bodics
and the shafts of the apical dendnites - the strafum radiatum — and suggesung that the
apical dendritic membrane contributes to the generation of the spike potential
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tie 4 The dependence of C41 actirasy on gromular celi actizaty 4 Records taken from 0.9 mm depth

showiag a small deflecuon (filled circle) as 2 s gn of the distant grarule cell actiity followed bv
the S\ ware with a superimposed postiise sprke {arrow) B Rerords taken from a depth of
14 mm showmng that the all-or nothing appearance of the Late actnn corresponding to the
SN\ wave (arrow ) depends upon whether the granule cells discharge or not. Srmilar responses
werr obtained from the surface (lower trace)

A
I
A _—

worf

Vmsec

| VIGH. WD VG, W, )
Fig 5 Duection of the pathuear ol ed 1n actat an of €11 prramds 4 Records nkenata dcpl:d o
06mm (a b c) 1n response to a single entorbunal shock as recorded from thetracksa b.z_n:
(B} The lower record tn 4 s the surface record taken ;m conmuncuon with the b record ;
increasng latency of the S\ wase wath #ts superimposed spike when record g from the poir
a to ¢ indicates that the actvatng volley proceeds in the same direction as the Sdnﬁnwlh‘;
als (arrow  Thus the pathway invohed m this actnaton must be the ooe mdicated 1

5N\ wave should alwars

15 mediated by w2y of the granule cells and QA3 pyramds the
the entorhmal sumulus

be secondary to granule cell discharge In Fig 4 the strength of
was kept Just above the threshold of granule cell discharge At 08 wm depth (3) the
S\ wave camed a positnc spike on 1ts fop (arrow) In the records 12ken from 2 depth
of 16 mm B the same posune spike (arrow) can be used 1o denufy the SN v-a'-r
Thus wave occurs onh subsequent to granule cell discharge as sndicated by the €27
posune spike dot Thus thus expenment leads to the conclusion that the discharg®
of dentate granule cells 18 a prerequusite for the SN wase m CAY
Finallh the proposed pathway for GAl activation from the entorhnal area requises
that thase CAI cells which he close to the CA3 should discharge before those I8
closer to the sub culum. In the experiment ilustratedan Fig 5 the stamulaurg clectfors
was kept fixed 1 the entorfunal area The recording rucroelectrode was mserted a!’;!:f
three tracks 2, b and ¢ 12 a sagirtal plane and 2 wm from each other (Fig 55! bl
records obtained from a depth of 0 6 mim m each track are shown 1 Fig 34 135¢
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according to the tracks The latency of the S\ wave and of the spike increased the
greater the distance from the CA3 The oaly explanation to be offered for this obscna
tion 15 that the actnating volley travels 1n a caudal direction from the region of CA3
A volley along the Schaffer collaterals propagates in the required direction, opposite
10 that of the perforant path fibres

In conclusion expeniments employing section of the Schaffer collaterals, various
strengths of the afferent entorhinal volley and recording in various parts of the CAI
have unequn ocally shown that the S\ wave recorded at a depth of about 0 8 mm n
the field CA, and the spike associated wath 1t are due to a trisynaptic pathway mvol
103 the Schaffer collaterals of the CA3 pyramidal neurones The fatter cells are activated
by the dentate granule cells which imially are activated by the entorhmal volley
along the perforant path fibres
Spike generation and propagation The relation between the SN ware and its associated
spike may be scen n Fig 2 In Fig 2 the spike was purely negatne at depths from
0.5 to 08 mm, suggesting that those parts of the pyramudal cell membranes Lng
between these two depths acted as a stk only Thislayer corresponds to the shafts of
the apical dendrites At more superficial levels from 04 up to 0 1 mm, the spike was
diphasic with an mitial positisity, mdicating that the more superficial parts of the cell
the cell body and the basal dendrites 1mually acted as a source for the sk i the 2prcal
dendritic shafis Later, these parts of the ncurones became depolarzed themselves
At depths geeater than the layer of the apical dendnitic shaft the sptke appeared as a
positive deflection, indicating that the terminal portion of the dendnitic tree never
was aptidromically mvaded by the spike It seems clear therefore that with the
entorhmal 1nput, the GAl apical dendriuc shaft 1s depolanzed as the mtal event
and that a spike 1s iitiated and propagated in the somatopetal direction

However, a better indication of the sitc of generation of the spike and the speed of its
Propagation can be dern ed from measurements of the latency of the spike recorded at
‘anous depths below the alveus Due to the trsynaptc pathway the expected latency
differences along the extent of the pyranudal neurones are relatnely small when com
pared with the total latency from the stimulus artefact Therefore 1t proved advanta
geous for accurate measurcment to mahe use of an expanded sweep Thereisalsoanother
mportant prosision to make n order to get reliable latency data There appears m the
b il of varymng duration
leading (urrandonﬂ) oceurring alterations in the lateney of the spike These vanations
are all the more important when as w the present msestigation & tnsvnaptic pathway
1t used Therefore inswead of measunng the latency between the sumalus artefacy
and the spike the latency differecee was measured betw cen the spike recorded bv the
imicroclectsode and the spike of the surface record \ny spontaneous excitability
coush 1n the surface and the deep electrode provided

varianon will reflect stself stmultan

these are placed close to each other
In Fig 61\ are records taken at the ndicated depths below the ventricular surface

M respanse to an entorhunal stmulus The time marker record shows the part of the
sweep which was cxpanded for the latency measurements These expanded sweeps
are seen in B where the upper trace 1S the depth record and the lower is the surface
record The first broken line connects the troughs of the positinities of the surface
1pike (lower traces and the second line 1s drawn through the peak of the spike recorded
3106 rmem depth It evident that bath the onset and the peak of the 1p ke bave longer
Tateneres watt, more superficial clectrode locauons 04 and 05 mm) 1In Fig 6C,
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The squate wate superimposed on the tme scale wndreates the part of the record ta be expanded
1 B B Expanded sweeps taken at the mdicated depths below the surface The upper trace of
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s ailes Leradigies) are plotted against recording de
witaal latency 1filled circles and 1he ol Wb
The sncreasing laten ‘ o
ataeloan of about [ v .
with the records sho -

h To the ight in the graph s ploteed the

the suze of she negatve SN wase and the amplitude and the lateney of the spike are
plotted agamnst the recording depth. As 1n Fig 2, the maximum of the S\ wate 25
found at 2 depth of 08 mm  corresponding to the frantiton bemeen the shaft and the
thinner branches of the apical dendntes The spike, however, showed ats largest size
at the somewhst shalloacr depth of 06 mm However, the masimum was a relatnely
flat ove, since the spike was of 2 considerable ampliude from the level of the cel
bodies (04 mm) and down 10 the mam branching of the dendrites (07 mm) The
latency of the spike D; whether measured 1o 115 foat (filled circles) or to 1ty peak
{open squares) mcreased from a depth of 08 mm 10 03 mm, gnmg a conduchios
selocity rangmg from | 4100 25 m / sec with 0 4 m/fsec a5 the mean value for the propa
gation along the apical dendntie shaft sl

The only explanation that can be offercd for thase ohsery ations 1 that the entorh !
mput, through the pathway descnibed 13 capable of gencrating a spike in the apica
dendntes at, or close 10 the leve] of the stratym lecunosum, whch is where the mz:l;
branching of th= apical dendnite takes place The spike 15 propagated along the apic '
dendntic shaft towards the soma with a low speed, having a mran \a!ucﬁn
about 04 m'sec Th~ spike was most likely initiated just superficially to the Schaffer
sypapses since the latency did not mcrease until a depth of 0 7 mm
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A

€41 &5 showing cessation of spontancous discharges m respanse to single Schaffer collateral
actnation

Swnce the SN wave had a clear relattonship to the spike in size and ume and since 1t
was confined to a depth just below where the spike started 1t 1s Likely that the S\ wave
13the Hular sign of the EPSP produced by the synapses of the Schaffer collaterals

In order to investigate to what degree this peripherally located Schaffer EPSP makes
1tsell evadent in the soma about 400—-500 g awa) an attempt was made to impale
the CAl pyramidal cells with microelectrodes For some unknown reason ths proved
very difficult in rabbits However 1n cats intracellular recording was relatnely easy,
and a number of CAl dal cells were p d Since the h nput s
much more difficult to securc in cats we stimulated the Schaffer collaterals directly
n the CA3 reqon as descnibed by Fupta (1962) and Fupta and Sakata (1962)
‘The pattern of the extracellular potentials were similar to that m rabbits with the S\
wave as a promunent component observed at a depth of 07—08 mm (Fig 7A)

Atma

No sign of a preceding depolanization was seen m the 17 cells successfully impaled
not even if the stimulation frequency was rased to produce an mcreased EPSP due to
frequencs potenuatton of the Schaffer collateral synaptic transmussion Only 1n one cell
dida precedimg depolanzation occur Fig 7E F Inthiscase the penetration occursed
at a depit of 06 mm about 02 mm decp to the pyramidal layer Furthermore the
extra~cellular record showed a negative wave as 163 most important component unlike
the pos tne wave that was found at the levelof the cell bodies For these reasons 1t is
Possible that the microclectrode impaled the shaft of ane of the thick apical dendrites
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Fig 8 Proposed pathiway for acti-ation of the field CAI of the hippocampus by entorhnal strmalation
The perforant path (pp) actnates the first synapse 1n the pathway (encircled number 1)
thratah tunancss and REERi i N L I

¢ -

r

3

¢ . .
the perforant path synapses ending on the peripheral part of the CAL pyramids 13 not drawn
because of its lesser physielogical significance

about 02—03 mm from the location of the Schaffer collateral synapses, or a non-
pyramidal cell

These observattons make 1t unhkely that a dendntic EPSP m the CAl pyramds
1s capable of making a substantial depolarization of the soma, unless 1t 13 situated less
than 200 micron from the cell body

Discusston .

Pathieays for the entorhinal actitation of the hippocampal field CAI From the preported expen-
ments, the following picture emerges regarding the activity imusated byaperforant path
solley

The predommant activity 1 CAl following entorhinal sumulation 13 mediated via
the pathway outlned in Fig 8 The threc synapses ins olved are mndicated by the encir
cled numbers 1, 2, and 3, according to their sequential actn ation ‘The concluston l;
based upon several observations The most important are the findings that a section o
the Schaffer collaterals abolished the CAl activity and that the latency of the actity
1 vanous locations withen GA! indicated that 1t was evoked by fibres conducting an 2
caudal direction, directly opposite that of the perforant path fibres

1t has been clatmed that entorhinal sumulagon 1n cats is followed by a large negatve
wave confined to the peripheral part of the CA] dendntic tree Thishas been m(er’prtl‘
ed as a2 d EPSP by the path fibres in the malecul:\r] ayer
(Purpura 1939, Gloor, Vera and Sperti 1963) In view of the h“‘°"’5ml:$;:x
1t appears unlikely that the physiological orgamzation should deviate mu€‘ P
the rabbit and the cat We are, therefore, of the opinton that the cAl polm“: ’S hafi’tr
t0 be intiated by a dircct perforant path volley, 1n fact have been evoked yh; ot

Xs acts d 1nd. ly by the perft path volley through the disthatg
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dentate granule cells (Fig 8} Any claum to a drrect effect of the perforant path volley
of the peripheral dendutic branches of CAl must stem from experiments in which the
activity medated through Schaffer collaterals have been elimmnated (Fig 1, 5)

The great power of the perforant path fibres activaung the CAl mchcalcs that the
entorhunal area 13 a major source of afferent infc to theh
This conclusion was drawn alrcady some seventy years ago by Cajal (1893) and later
agreed to by Lorente de N6 (1934), both basing their views upon histological sm cstiga-
tions
Generation and propagation of spikes along dendnizs We are here only concerned with the
Propagation of sptkes of short duration (1—2 msec) There 1s now good evidence that
spikes may be conducted along dendrutes of a variety of neurones Lorente de No (1947)
as well as Fait {1957) found that an antidromic volley 1m ades the dendntes of moto-
neurones There 13 evidence that spikes may be generated in and propagated along the
dendrites of chromatolysed motoneurones (Eccles, Libet and Young 1958) An anti-
dromic spike will invade a considerable portion of the stretch receptor dendntes
{Eyzagmrre and hufller 1955 Grampp 1966}, and an antidromic spike will imvade the
dendnitic tree of cerebellar Purkanje cells (Eccles Lhnas and Sasaki 1965)

Turming to the luppocampus, it 1s clear from measurements of the size, shape and
latency of evoked spikes that they may be conducted along the apical dendritic shafts
of the pyrammdal cells 1n response to direct stimulation of mtracortical afferents (Cragg
and Hamlyn 1955), to commussural sumutation (Andersen 1960), to local sttmulauon
(Andersen and Jansen 1961) which most likely represents the antidromic 1nvasion of
the pyrarmdal cells and to the direct J; of the Schaffer colk (Fupita
1962, Fujua and Sakata 1962) In all these studres the conduction velotity of the den-
dritic spike has been given as 0 3—0 6 m/sec In the present investigation, the possi-
bility of conduction of a spike along the apical dendritic shaft has been confirmed
In addition, 1t has been shown that the sprke 1s generated penpherally m the dendnte
and conducted somatopetally The almost constant amplitude of the spike along the
apical dendritic shaft suggests that the safety factor for the spike propagation along this
structure mav be higher than has hutherto been assumed

The failure to detect any sign of the distally located EPSP by an electrode mserted
m the soma suggests that the length constant of the apical dendntic membrane 1s
relatively small Certamly 1t must be considerably shorter than the distance of the
Schaffer collateral synapses from the soma some 400—500 u W ithout the possibihity
of spike pr tion along the dendi these lacated synapses would
have very hutle influence orver the discharge of the cell However, the synapses of the
Schaffer collaterals proved to be verv effecte in evaking the discharge of pyramudal
cells Only the svnapses which hke the perforant path synapses on the CAl pyramuds
are situated on the very finest termmal dendninie branches seen 1o have hittle possibiliny
of imitiating a spike on ther own However by depolanaing the bordering part of the
cellmembrane they will increase the probabality for the neighbouring synapses to bring
the cell to discharge

e infer that in addition 10 the cell body  the whole of the apical deadnitie shaft
18 capable of utiatng a sprke and propagaung 1t towards the soma and eventually
alongtheaysn This arrangement guves a far greater importance to the ssnapses located
far from the sy increasing thetr power 1n the control of the neuronal discharges than
would havc been the case if the remote svnapses had had to exert their eflect by an
clectrotonical effect only
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Potentiation of Acid Sham Feeding Response in
Pavlov Pouch Dogs by Histamine and by
Mesenteric-Caval Vein Anastomosis
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Abstract

Olbe, L. Potentiation of sham feeding response wn Pavlor pouch dogs by histamune and by mesenterse-ca-cl
gnastomosis Acta physiol scand 1966 66 473—480 — The acid sham feeding responses n
Paviov pauch dogs were almost abolished by resection of the maun sousccs of endogerious gas-
TS - P PP R

<caval anastomoss

The direct vagal excitation of the gastne HCI glands by physiological means requires
the presence of gastnn fo produce a significant acid sccrevon (Olbe 1964 by A
Potentiation between the actions of the two stimuli has been demonstrated (Olbe 1964
a) Subthreshold amounts of gastrin are ¢nough to tumn the meflectne direct vagal
€xcitation 1nto 2 marked secretony action (Olbe 1964 a) remnforcing the hvpothess
that the cephalic phase of gastric acid secrenion 13 controlled by a newro-humoral
mechanism L vnas 1942) W hether this phenomenon 1s charactenstic (o gastrin or is a
feature common to other humoral secreragogues was the question miuating the present

study
The humoral d were h and an agent released from

the post-duodenal intestines mnto the portal blood — the same agent that has been
tntenscly studied by portacaval transposition dunng the past few years Clarke 1960
In addition some pertment data are given which have been previously presented in a
preliminary form {Olbe 1960)

t Present address Department of Surgery 1) Sahlgrenda sukhuset Goteborg Sweden.
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Tante I Effect of 1 v. snfusion of subthreshald amounts of histamsne (0078, 0031, 0061,
0048 and 0 389 rg hustanune dihydrochloride/kg/min 1n dogs B, E, M, N and O,
cf table 1T}, and anastomasis of the supersor mesenterie vein to the mfenor caval
semn (MCA) or portacaval transpositton (PCT) on the mean 3 5 hrs sham feeding
response 1n Pavloy pouch dogs afier resection of gastrm releasing regions

Mean aerd response to sham feeding

After resection of gastrin releasing regions

With subthreshold
Pavloy pouch Without amounts of
T h k; After MCA or PCT'

Noof Noof Noof Noof
Dog mEq+SE  ewpts mFqtSE  cxpts mEqtSE  expte mEq+SE  expts

B 1054020 4 031010 6 6214080 4 4214033 6
E 3264045 5 0454003 & 236056 4 3224100 4
F 0762013 ¢ 0201002 3 2355039 7
L 038%£007 4  004£002 5 10542007 4
M 1374014 4 0171003 5 3454010 4

N 1284027 ¢ 020£004 5 2194022 4 1704046 4
O 068+014 5  020+004 5 9142035 4 4263075 5

Methods

Operatser procedures Healthy mongrel dogs were provided with an esophageal cannula (Olbe
1959) and an mnervated (Pavios ) fundic pouch (Thomas 1912) or a denervated (Hadenhaim)
fundic pouch (De\1to and Harkins 1959) Rescction of the gastnn releastng regions — the
antrum  the duodenal bulb and possibly the dustal few cm of the HCl-scercting gastric mucosa
— was perf; after 1 of the rpus boundary as previols
Iy described (Olbe 1963 Olbe 1964 b) Mesenteric caval anastomosts was produced 43 an €f%2
to-stde shunt between the supertor mesentenc ven that was transected just before joimng b

d according
eric vein and the mfenor caval vein Portaca acco)
spl @ faval ve ey ~F the transnasiion

Jgunum - . N amt 46 1 awmae cesne that started wih
ch

) nst

. ' ' - ~

2 hys During sham feeding expernments a subthreshold dose of BLABIIL + «3 .
?ngsed v :urﬁng 1 hr before the sham feeding and conunued far runh"c):’a:.ﬁs}rﬁ: Th
dose of histamune was choosen on the basis of the established dose response rh( HORSR sesd

Tasulin was admunistered 14 1n a dose of 0204 1 U per kg body werg]
respomse was recorded for 3 1/2 hrs
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amounts

of gastrin on the sham feeding response (¢f Olbe 1964 b have maintained thetr letter
markin in the present study

Effect | exogenous hustarmne on sham feed ng tesponse In 5 Pavlov pouch does (B E, \f
N\ O in which the acid sham fecding responses had been almost abolished by resection
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Tance 11 Dosc response selationships 1n Paviov pouch dogs for tv infusion of histam ne
dihydrochlorde after resection of gastrin relcasing regions (GRR) and after anas-
tomosis of the superior mesentenic vemn to the inferior caval vein (MCA) The
response in expressed as the acd output dunng the 4th 15 min peniod of the

snfusion
Dog
B Dose of fustarmne

#glkg/mmn 0 0078 0132 0412  078% 1323
(lexp) After GRR mEq 0 ¢ 005 oz 067 040
E Dose of istamme

pglkg{mn 0 0031 0067 0120 03¢ 0667
(4expts) After GRR 002+ 004+ 004+ Ol 045+ 062%

mEqS L ool 002 002 006 018 020
(Gexpts ) After MCA 004+ 005+ 003+ 006 021% 048k

mEq+SE 002 002 (1] 001 006 314
N Dose of histamine

pg/kg frun 0 0032 0061 0102 0318 060G
(4expts) Afier GRR 001+ 001: O0I+ 008+ 074 0%

mEq+SE 0 [ [ 003 013 ol
A Dose of fustarmne

uglhg{min 0 0016 0048 0092 015 0483
(4expts) Alter GRR 001z 001z oO0IL 010+ 0473 D6

mEq+SE oot 00! L1 003 013 013
(>expts } After MICA 009+ 010+ 012+ 017 042% 075

mEq+SE 002 003 004 003 006 008
o Dose of histamine

7 gikg/mn [ 0296 0630 1130 2963 5296
(4expts) After GRR 001+ 001+ ©0J3x o©032x 045 OB

mEqQ+SE 0 oot a0 009 007 007
(Bexpts ) After MCA 004+ 003+ 0I15& 017+ 048 o2z

mEqSE 003 001 005 002 003 004

of the gastrin releasing regrons (Table I Fig 1 top curve, f Olbe 1964 b an1v
infusion of subthreshold amounts of hstamine dibydrochlonde markedly aygmented
— 5 10 43 umes — the acid secretory responses ta sham feeding (Table 1 Iig l‘
3rd cunej The doses of fustamine sefected for the sham fecding cxperments M-"')‘;s
below those producing an acid response when mfused alone (Table n Accord:;zt;
the dogs never responded with acid secrevon 1o the histamine mfusion that prece

the sham feeding fe g Fig 1 3rd cunve) "

Effect of anastomasis of the superior mesentenc 1ein wath the infe:
w0 ;I;:fm jn{lng and to graded doses of hustamune Tive Palov pouch dogs (B £ F N :nd hﬁl‘
11 which resection of the gastrin releasing regrons had almost ehimmated theaod 8 -
feeding respanses (Table I ¢ £ Olbe 1964 by were subjected toanend to»s:dcmr;(;‘z il
w-caval anastomosis  MCA; Al the vascular stomas were found patent o

rior caval temn on the resfon
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Taste 1T Effect of t and zescction of the antrum on the
35 hrs aod responses to wnsuln hypoglycemta w Pavlov pouch dogs (P) and
Hewdenhain pouch dogs (H)

Afean acid responses to msulin hypoglycermia

Pre-
portacaval Portacaval Antrum
transposition transposition vesection
3 ¥ 3 H
] < 4 P P
g ] 5 5
% 3 pi £ £
g = E 3 E E
Dog &2 mEqiSE 2 2E mEqiSE F  mEqzse 2
1207 02 1674071 4 013 4242090 4 5381072 4
18P 04 173:036 4
A1014032 & 079 5551083 4 3921041 4
160P 02 0391008 4 0  128£008 4 1255012 4
120 H 04 0064005 2 003 0091005 3
BH 02 006 1 029 024001 2

+ After additional duodenctomy

section The shunt markedly enhanced the acid sham feeding responses — 7 to 20
times (Table I, Fig 1 bottom curve) The augmentation produced by \MCA was belaw
that produced by subthreshold amounts of histammne before the vem anastomosis
(Table 1) except for dog E m which an unusually low dose of histamine was g en pre-
MCA (Table I and IT)

Tasting acid secretion — ranging from 001 to 009 meq per 15 min — appeared

after the vemn 1n most of the on dogs B, N and O (e g Fig 1,
hottom curve) and occastonally in dogs E and F

The d P for h remamned d after MCA
(Table 11)

Fffect of portecatal transposition on the acrd vesponses to sham feeding and insulin hypoglycemia
In 3 Pavlov pouch dogs (121, 138 and 160), one of which had been duodenectomized
(138), portacaval transposition increased the acid responses to 1v ingected insulin
(Table [IT) Ths increase was nigmificant 1n 2 dogs (p < 001 i dogs 138 and 160
according to the Student £ test) The post-transposition responses were not significantly
altered by subsequent resection of the antrum (Table I11)

Two Hedenham poach dogs (120 and 131) did not respond to injected insuhin
either before or after portacaval transpasiion (Table 11T} The post-transposition
fasting secrction present in dog 131 vamshed following the nsulin imjection

The sham feeding responses in 2 Pavloy pouch dogs L and 160) increased sigmficants
Iy (p 001 according to the Student ¢ test; after portacaval tran:
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Taste IV Effect of portacasal transposinion and subsequent sesection of the antrum on the
3 5 hrs acid responses to sham feeding mn a2 Pavlov pouch dog (160) and a Her-
denhain pouch dog (131)

Mean acid responses to sham feeding

Pre
portacaval Portacaval Antrum
" resection
: ¢
b s kS
Hi Fasting g H
£ eorenen 2 2
Dog mEqSE 3 mEq/br mEq+SE  F mEqESE  Z
160 1124016 4 009 2272024 5 2182032 7
131 0024001 4 017 0424004 %

and 1V) In dog L the antrum had previously been resected and 1 dog 160 subsequent
resection of the antrum did not change the sham fecding response (Table )

Sham feeding of 2 Herdenhain pouch dog (131) after portacaval transposition did
not result 1n any increase of the acid secretion present under fasting condtions (Table
vy

Discussion

The darect vagal action on the gastric HCL seereting glands ehoited by physiological
means 18 an mefficient secretory stmulus since sham feeding during 10 min has been
shown to produce an isignificant acid secretion m Pavlov pouch dogs after resection
of the gastrin releasing regions (Olbe 1964 b) An acid sham feeding response appezr;d
1 these dogs on concorniant mpection of subthreshold amounts of gastrn Thus ¢ ;
direct vagal action physiologically requires gastna to resultin 2 sigmficant gastric au{
secretion and this requirement can be supplied by the vagal release of gastrn (for i)
see Ofbe 1964 2) The cooperatron between the direct vagal action on the gastric He
secreung glands and gastrin o a true ding to the Gaddum
critena (Gillespie and Grassman 1964) on the reasonable assumption i
dunng 10 min represents mavimum physiological activation of the vagy on
The present study showed that the quality to potentate the durect vagal a:n;nrtd
the gasine HC1 d glands 15 not ct of gaston but a property ¢ Z “
wath other humoral sccretory sumuly (Frg 1) Injection of xubmrcsho;ds;;w:;x:mg
as well ~caval produced ac
responses 1n Pavlov pouch dogs devard of thesr main sources of :ndogtnoui 1;,;;5!3‘:‘
{Table 1) The potentration of the direct vagal action by lustamine a'gftes s
facts that the secretory effect of h has been ent d by a ¢

hat sham feedwig
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si0n reflex (Grossman 1961) as well as potentiated by choliergic drugs (Gillespie and
Grossman 1964)

The cause of the augmented sham feeding response after mesentenc—caval anasto-
mos1s 18 open to question The present and obsera
tions ehiminate gastrin from the discussion Thus in the present dogs with mesentene
caval anastomosis, the main sources of endogenous gastrin were resected and blood was
shunted around the Iis cr only from the mtestnes distal to the midportion of the duode-
num Also the 2ugmented acid responses to sham feeding and wsulin hypoglycerma
followng portacaval transposition in Pailov pouch dogs were not influenced by antrum
resection Furthermore 1t has been previously shown that gastnin produces similar acid
responses by portal and systerme mnjection (Olbe 1960, Gillespie and Grossman 1962)

Histarune hiberated from the mtestmes has been suggested to cause the acid hyper-
secretion following portacaval transposition by escaping inactivation 1 the hver
{Trvine ef al' 1959, Silen and Eiseman 1939 and 1961} The augmented sham feeding
responscs after the mesenteric caval anastomosis 1 the present study can be fully

y amounts of bemng Lberated 1nto the systemic
clrcu]auon from the non fed intestines {Table I Fig 1) Howcuver, such anmnterpreta
tion 1t not easily reconsiled wath the increased fasting secretron reported after portacasval
transposition (Clarke etal 1958, Silen and Eiseman 1359) and found in the present study
On the other hand a hberation of histamine 1a suprathreshold amounts from the mtes
tines does not agree with the fact that the sham fceding responses potentiated by sub-
threshold amounts of histarmine pre MCA exceeded the post MCA sham feeding re-
sponses 1 most dogs (Table I) despite that these dogs frequently }xzd fasting secretion
followng the aval As an alternat the secre
tory agent from the unfed iatestines may be a peptide of a constitution simular to gastnn
or parts of gastrin {cf Tracy and Gregory 1964) No evidence has been obtamed 1n the
present study that vagal actnation may release the intesunal secretory 2gent 1n an

B ot v v
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Torsknungsead 3 190 Svenska Sallskapet for Medicinsk Forskning and Svenska Livforsakrings-
bolags Namnd for Medicinsk Forskning

References
Cinp C G D Barr G R ™~ =30 € Hanmow T e cecaceee on e
Portacaval transposion m d
Cuarke ] § R S Ozeraw ] . .

Tt 13 h t. Ann Surg couw
Clinne 1S N Horrs WS Fanen The effect of portacaval sramspostion, on Heden
PR e

. " . - 40—70
- . 7 appt

Gireseir T E and M I Grossean Gastnic secretion of acid xn mponsempnmlznd,mm
16 ven us injection of gastnn Gastornierologs 1962 43 1

Guarseir | b oand M I Grossuas Potentiation between ur«hnhne and gastrin extract
and between ur«holmt and histammine tn the sumulations of Hednehain pouches. Gut 1964
5717



480 LARS OLBE

Grossytan, M T, Stimulation of secretron of acid by distentson of dencrvated fundic pouches
in dogs Gastroenterology 1961 41 385--390

Iavine, W T, H L. Dutmie, H D Rrreuig and N G WaToN, The Liver's role in histarmune
absorption from the alimentary tract Lancet 1929 1 106+—1069

Ouse, L., Esophageal cannula dog 2 simple mode of for sham feeding
Gastroenterology 1959 37 460—i62

Oree, L, Influence of portacaval transposition on gastric sccretion i dogs Acta physiol scand
1960 Suppl. 175 110—111

FAR R S

ert—iat

Orse, 1, Effect of resection of gastrin releasing regons on acid response to sham feeding and
snsutin hypoglycemsa 1n Pavlov puch dogs Acta physwol seand 1964 b 62 169—173

Sieen, W and B Essesas, The nature and cause of gastric hypersecretion following portacasal
shunts Surgery 1959 46 33—47

Suwev W and B Enevas E\nd:ncc for }ustzmme a3 the agent responsible for gastc hyper
- . P2

.
.
)lruclumlly related 1o gzslrm I Aature (Lond ) 1964 204 935~938
Uvwks B, The part plaved by the pylonc region 1n the cephahc phase of gastrc secreuon
Acta physiol seand 1942 Suppl 13



Acta physiol. scand. 1966. 66. 481483

From the Department I1 of Pathology, Unnerity of Helsinky, and from the Central Hospital
of Savonlinna Finland

Histidine Induced Secretion in the Pyloric
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,) Abstract

i
S

Rasanen T Histudir: 1nduced secretion wn the pyloric ligated rat stomack Acta physiol scand 1966
66 481—483 — The amount and the pH of the gastric juice 1 the 1 hr pylonc higated rat
stomach were measured The amount and the hydrogen 1on concentration of the gastnc juice
were greater when the rats were myected with histidine than with hustarmne The pretreatment
with 5 + 1 mg of dexamethasone at 12 hr intervals degranulated the mast cells of the gastnic
mucosa and increased the pH in the gastnc yuce The difference of the secretory activity in
Iusudine or histamme imected rats disappeared after the dexamethasone ircatment The
results suggest that the gastric parcnchyma s sumulated mmediatcly with hustarine formed
from hisudine and stored i the gastric mucosal mast cell organ

After the exhaustion of the gastric mucosal mast cell organ with dexamethasone the
aaid secretion 1n the pyloric hgated rat stomach decreases The sceretion can be re
stored however by gning a large amount of exogenous histamine (Rasanen and Hailo-
nen 1965) It has been observed that mast cell granules are rich in histidine decarboxs
lase (Schayer 1965) The suspension of a mast cell tumour 1s capable of converting
histedine to histamuine {Lindell e2 af 1959) which also occurs 1n the tissue culture of mast
cells Green and Day 1960

The actvaty of histrdine decarboxvlase inereases in the different ussues during shock
(Schayer 1960) Itas possible that dunng pylonc ligauon the formation of listamine 1n
the gastric mucosa 1s actnated and depends on the quanuty of the mucosal mast cell
granules In the followtng stads the rais were jected erher with histdine or with
hustamuine the quantity and the andaty of the gastric yutce of in the pylore higated rat
stomach was then anahzed The cffect of the degranulation of mucesal mats cells
with dexamethasone on the secretony sumulation of histidine and histamine was also
studied

7 th vb fiaphyiel aand bl 65 & N
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Taste I The amount and pH of gastnic juice of the 1 hr pylonic ligated rat stomach m the

d Y treated and d anmals after the injection of histamune or
hisudine
Treatment No Quantity pH
Dexamethasone + bstamine 10 510£121 ml 3914018
Dexamethasone + histidine 10 6074058 ml 3694060
Histarmine 10 400053 ml 326026
Histidine 10 7064071 ml 201009
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Fig 1
Fig | Gastric mucosal mast cells nch in metachromatic granules m the mtact rat Magrifica
on 500 »
Fig 2 Nearly total disappearence of the metachromatc granules of the gastric mucosal mast
cells after Magmf 500

Method

3 months old male rats weighing 215400 g _of the Dawley Spragucstram were
study The rats adopted 10 the Iaboratory canditions tn two weeks receving mix

used 1a the
ed dict ay:d

\ e e Ui
o dost

. aficr
cor

gastric mucosa

Results

The amount of the gastnc juice m the pyloric Ligated stomachs was greatest mdl‘x:
hestidime wnyected rats (10 amimals) differing clearly (P < 001) from that found ¥
bustamine myected sats (3D anmals) [Table 1

of the hvdrogen 1003 was

The ly hagher 1n the former than
the latter (P < 000!) The pH n the gastnc juice of dexameth

1asone pretreated rats
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{10 ammals 1n both groups) was hugher than 1 those receving hxstamme (P < 001)
or hisudine onlv (P < 0001} After the d the m
the concentration of the hydrogen 1on 1n the gastric juice of rats injected with histamme
of with hustidine, disappeared

The microscopical exarmnation revealed nearly total loss of granulation 1n the muco-
sal mast cells after dexamethasone treatment (Fig 1—2)

Discussion
According to previous studies, the superficial part of the rat stomach mucesa contamms
on an average 50, 00[)——80 000 smast cells per cubic mm of tissve (Rasanen 1964)
Glucocorticord the h content in the rat gastric mucosa,
by d the number of lated mast cells (Foley and Glick 1962) Dexametha
sone very effectively degranulates gastri¢ mucosal mast cells (Rasanen 1962)

After the dexamethasone treatment m the pyloric ligated rat stomach the acid secre-
tion decreases but recovers after adminsstration of lage amount of exogenous histamine
{Rasanen and Haikonen 1965)

The mast cell granules contain an enzyme which probably com erts the histidine to
histamimne It 15 activated m shock of different hinds (Schayer 1960) Possibly hisudine
decarboxylase becomes activated in the gastric mucasal mucasal mast cells during the
pylonic igation The formation of new histamuine in the gastric mucosa of hisudine
njected rats possibly leads to greater local sttmulation of the parenchymal cells than an.
mjection of the same amount of exogenous histamine

The degranulation of the mucosal mast cells probably causes the mactivation of the
histidine decarboxylase and the inhibition of secretion 1 the pyloric higated stomach
‘The loss of the histamine stores 11 the gastric mucosa after the dexamethasone treatment
also inhubits the sumulating effect of the pylonic ligation as well as of small guantittes
of The gl effect of does not iohibit the
acid secretion because large amounts of hstanune restare secretion, and after a smgle
1njection of dexamethasone the secretorv capacity of the gastne parenchyma increases
~1n the phase of the mast cell degranulation (Rasanen and Haikonen 1965) and possibly
of the local histamine hiberation in the gastric mucosa

This study 15 sponsored by the Stgnd Jusébus Foundaton
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Firing with Multiple-Spike Discharges in the Slowly
Adapting Stretch Receptor Neuron of the Lobster
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Abstract

Grampp W Firing wath muluiple-spike discharges wn the slonly adapung stretch veceplor neuron of the
lobster Acta physiol scand 1966 66 484—49% — The phenomenon of frmg with maliple-
e e O T T T S e g s

. . «
took place during the course of three different types of after-depolanzations which succeeded
the first and, sometimes a number of the subs smpulses of the le-spike discharges
From 1ts reproducibility and reversibility at 15 conchuded that the ghenomenon of finng with
multiplespike dhscharges refiects a {reversible) modiBicatton of the ccll s excutatery state due 10
changes of the conditons of the external mieu

Under conditions which simulate those of their noymal em sronment most cells out of 2
population of slowly adapung stretch receptor neurons of cravfish or lobster fire with
single action potentiale (Wiersma et af 1953 Eyzaguire and Kufller 19552 Only a
few cells fire with discharges consistiog of several sprkes followsng ¢ach ather m a rapid
(grouped di double disch petttrne discharges rhythmics
1l dusch ) (E and Kuffler 1955b, Ednards and Ottoson 1938)
;lm\nrr 1t has been observed by Florey (1956) that 1t 1s possibile to make the slonly
adaphing stretch receptor neuron of cray fish shift from firng with single spikes to ﬁr;ln:
with grouped by raising the temy abave 30° C This absery axmr; s
been confirmed by Burkbardt 1959) who alse nouced that the spike number o b
rouped discharges increases and decreases i a rather regular way with :smgmb"
falling temperature Under constant environmental conditions a change i the nu

& Present address Institiste of Phyvsiology, Unnersity of Lund, Sweden
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of spikes per discharge can be provoked also by altenng the stmulation intensity
(Eyzaguirre and Kuffler 1955b)

Simiar effects of the temperature and of the strength of stimulation on the spike
number of the discharges hay ¢ been observed also in the slowly adapting stretch receptor
neuron of lobster (Grampp 1963) Since 1t was found in prelimmnary experiments that
these effects could be reproduced 1n all cells studied they were made the subject of a
ystematic iy estigation .

Material and methods

Preparation Exciscd abdominal strefch receptor organs of the lobster (Homarus gammarus)
(Alevandrowsce 1921) were used The organs were awached to the forceps of a preparation hold-

neuron

continuously registered with a pen recorder

b frem 2 stnrl a0l snn the camnactoan of

nt s fise 1o an outward traNSMEMUMING CUITERY 1M Luricut dppucd
gty {:;\l;h“:r,:;‘uiu an mnard \ransmembrane cursent fow 15 eallied_anudal crrent
The term muipie.spibe discharge or speeificd. tho-spike discharge threespike discharge
1€ ) il be sed to denote a discharg which independenth of the kind miersity and duration
of the ehicig stumulus consists of several or a specified Rumber of SPILEt th 3 rapid sucrasion

Results
Finng with multiple-spike discharges All the slowh adapung stretch receptor neurons
studied were firing no matter how they were sumulated  stretch of the receptor muscle,
\niection of cathodal current anuidromic sumulation  with stgle action potentials at



-

486 WOLFGANG GRAMPP
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|

Fig 1 Stretch evoked discharges of a cell recorded simultancously satrasomally (upper traces)
and extraavonally (lower traces) at a fast sueep A and a slow sweep D at temperatures
enucal for ch . - - s
record at 20 ¢

The temperat

deflections of .
tentral change: .

by the first action potential of each discharge

temperatures below and with muluple spike discharges at temperatures above 2
entical value This valie was different for different cells, 1t happened that 1x occurred
at about 15° Q (Fig 4) or at about 30 C (Fig 5), but usually 1t occurred between 20
and 25 C (Fig 1 and 2)

In response (0 a steady depolarization due to stretch of the receptor muscle or
mtacellularly mnjected cathodal cusrent all cells were able to fire repeutively with
multiple spike discharges just as with single spike discharges at lower temperatures
for indefimtely long pertods of tme Usually 1f the sprke number was small (< 4—8)
1t was the same 11 successtve discharges of a repetinive actwaty, provided the experimen
tal eonditions wete constant However if the spike mumber was larger it varied consid
erably from discharge 1o discharge even when there were no changes whatever of the
expenimental copditions
The effect of the temperature on the sptke number of the discharges at constant stimulation snlensily
In each cell  gradual increase of the number of impulses making up the multiple sprke
discharges could be prosoked by raising the temperature above the value catical for
shuft from finng with single action potenuals to firng with multtplespike discharges
Thys wcrease took plice at certam cnucal increasingly higher temperatures by
:nstantaneous addition of a number of impulses o0 the already exwtig spikes of
the discharges In manv cases this increase was regular and predictable as long as
the number of impulses of the discharges was small Thus 1n onc group of the cells
the number of tmpulses tncreased by one at a time unnl the discharges consssted of
about 5 tmpulses (Fig 1) In another group of cells the number of iumpulses increased
from one 10 two and then by two at a ume untl the drscharges conusted of 6—10
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{A} and 10 msec for alt other records
Fig 3 Discharges of a cell (upper traces) evohed by intrasomally .n,m.d cathadal squarc
current pulses (lower traces) recorded at different

msec for record at 29 2° G and 200 msec for alf other records

impulses (Fig 2 A) Tach of these changes in spike number occurred at a fived temper-
ature (see below) The further increase with nsing temperature of the number of
impulses per discharge was irregular 1n both groups of cells, 1 ¢ the changes in spike
number did not occur at fixed temperatures and the number of impulses added cach
time was unpredictable and often large In this way the spike number of the dis_harges
often grew fo several hundred as the temperature was raised through a relatiely
narrow nterval which i most cases occurred around and above 30 C (Fig 3, 27 0—
292°C) After this there was no further increase but sometimes there was even a
shght decrense of the spike number of the discharges as the temperature rosc further
It never happened though even at the highest temperatures tned (37—38° C) that
the discharge actvity stopped altogether as may be the case 1n the slowly adapung
stretch receptor neuron of cravfish (Burkharde 199} — Insome cas-s the increase in
spike number of the discharges was irregular from the very beginming However as was
true for the behaviour of the types of cells des~nibed above the number of impubses
added each time usually was small at lower but became large at higher temperatures
A decreasc n the spike number of the discharges could be provoked by lowering the
temperature In the great majonn of cells the course of events taking place during this
decrease w1s that of the increase in exactly reverse order Thus in all cells iy estigated
the number of impulses making up the dis harges could be increased and decreas~d
agan s number of times just by repeatedhy rasng and lowenng the temperature
As fon, s the increase or decrease of the number of impulses per discharge was
regular 11 was possible to prosobe a uniform change n spike number in all the dischar-
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A B
oo rnrel !
w U._l_ " LLJL
. ¥
Fig 4 Intrasomal recordimg of 17" "o
repetitive acuvities of a2 gell
evoked by inteasormal nyection
of cathodal square current Pulses A S
of constant ampludes (lower . \
traces 1 A) afier relaxation of 169 e It
the receptor muscle A and by
constant stretch of the muscle, B
The acuvities were registered ay e

the lemperature was raised and

lowered through intervals critica) 5. gel } mv

for stufis from firing with sinple. !

spike to finng with two spake [, oy
4

discharges and back to firng
with single.sprke dicharg

omaee

ges of a repenitive actnity Each change from firmg with n-spike discharges to hring
with (v 1(2))-spike, or (n ~ 1(2))-spike discharges took place as the temperatore
rose, or fell, respectively through a certain cntieal interval In dufferens cells these
mntervafs occurred st quite dufferent temperatures, just 23 was found to be the case
wath the itersal critical for change fram firng with single action potentials o Airing
with muluple.spike discharges However, 1n the indndual case the position ofmd;
wnterval on the temperature scale was remarkably constant during long periods o
tme Usually an interval did not move more than a few tenths of a degree per hour
& Fig 5} The average widih of the interval was 02° C (SD = 4 01) (Fig 4B)
The Immal values of any mtenal were given by those temperatures at which the
number of impulses was altered 1n only a few, and mn all discharges of a repeutne ac-
wity, respechively Withn cach mterval the spike number wsually sarted betwcc‘n
those of the discharges fired at femperatures beow, and aboy e the interval, respecll‘;e v
(Fig ) The proportion of the discharges having the greater number of :mpu“st
d gradually s the (emp was approaching the fugher Lminal vnlha:
of the wterval, a corresponding increase of the proportion of discharges with ¢
Tower spike number occurred ay temperature was falling towards the lower )umn;
value Some cells in one or more of the critical intervals fired discharges the sp i
number of which was not related to those of the discharges which occurred at tem
eratures below, or above the mterval(s) respectively
! A rapid and smal) variation of the temperature within, or neas  cotical .nyn\erv;l
was séen 10 cause a tempotary change in the sprke number of the drscharges {Big &
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8 discharges/sec
0 [ min
0 5 10 15

Fig 5 The effect of temperature steps (upper trace) on the dscharge frequency and the number
of spikes per discharge (lower trace) The discharge actvity was evoked by constant stretch
of the receptor muscle and recorded extraaxonally Pen deflections of double length indscate
two-spile discharges

sndicated by arrows) This reaction occurred inttially during the phase of adaptation

following the abrupt change of the d q duc to the step

{¢/ Burkhardt 1959)
-~

observed which bore a close resemblance to what previously has been obsersed 1n the slowly
adapung stretch receptor neuron of crayfish (Burkhardt 1929) 1e as the temperature rose

rough 2 certatn interval every second tmpulse m a fram of orgmally regularly spaced single-
spike discharges moved closer to 15 unul finally the cell was finng
with regularly spaced to-spike discharges At higher temperatures successive two-spike dis
charges moved logether two and two to make reularly spaced four spike discharges At sul

The cfiect of the stretch stimulation intensiiy on the spike number of the discharges In the great
majonity of cases a change from firmg with n spike to finng with (2 + (—) a) spike
discharges took place at higher temperatures when the stretch sumulation tensity
was hioh rather than low or neghgible as in relaxed electrically stmulated cells
(Fig 6) In just a few cells and only as long as the spike number of their discharges
wassmall (< 3—2) finng with discharges having a certain number of impulses occurred
at lower temperatures because the stretch of the receptor muscle was strong rather than
weak

Trom this follows that at any constant temperature preferably when the latier was
Lept near a value cntical for a change of the sphe number of the discharges 1t was
possible to alter not only the discharge frequency but also the number of impulses of
the dischargey by varying the stretch stmulation intensity Thus 1 most cases and
always when the spike number of the discharges was large (> 8—10) a number of the
impubses making up the multiple spile discharges could be abolished by siretching
and added by relaxing the receptor muscle The opposite effect of the sumulauon
ntensis on the spike number was seen onl 0 a few cells when firng with discharges
consisting, of a small number of impulses The number of spikes abolished or added 1n
this was was small (1—4) when the temperature was such that a vanation of it also
was causing small (and regular) changesin the spike number of the discharges, at
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Fig 6 The effect of temperature sicps (upper traces) on the discharge frequency and the number
of spibes per discharge lower traces) at diferent sumulation miensties The streteh of "
receptor muscle was decreased from 4 to B and increased from B to G The discharge fru\_l_Y
after an abrupt vanaton of the temperature neal a temperatufe mtenal eriticsl
the spike number of the discharges

108 enilgt 44

Fugher temperatures a corresponding +anation in muscle length usually resulted 1n the
aboliton or addition of a large number of impulses per discharge .
In the indisdual dis-harges cach stretch-mduced change of the spike pumbcr 100

place 1n all-orenothine fashion In order to alter the sprke number wn afl d.schzrg:;
making up a repcutneactnats the sretch sumulation intensity had to be :hangn
by a certata muumal amount A temporary changen the spnkcnumbfrormcdxscmf(gm
was s-en yutnalhy during the adaptanon of the discharge frequency Dfruﬂmz;ﬁ
small and abrupt changes of the muscle length (¢f Florey 1936, Burkhardt »
The effect of the temperature and streich stimulation intensthy o the ampulse /rwﬂ;ﬂg):: P
rultiple-spiie ducharges T some cells at temperatures just above the mm:h val .
change from firsng with smgle-spike to firng with multiple-Apike discharges ‘::ﬂ %
ampulse frequencs within the latter could be as low 33 50—70 sec Haﬂ» h“-gts
most cases under corresponding condiyons the finng raie within the \Scm e
never went below 100 sec Irrespectne of sts lowest value the a\cmgc“xa‘):B“
frequency within the multiple spike discharges fired by amy parncular c;)om -
ncreased with nsipg temperature It fipally assumed values of aboat e ot
discharges consisting of manv - 1020} mmpulses Howeser, for tempe
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and above 30> C in the multiple-spike discharges of many cells tme intenvals were
seen between successive 1mpulses which corresponded la Enng frequencies of about
800 wer (Frp 7R 20 130 ‘cvamen? hvas e ba 0

Tats
ature by mereasing the stretch stumulation infensity In those few celfs 1n which anA m-
tensification of the stretch of the receptor muscle resulted in the addition of extra spikes
1(: the discharges 3t also gave nse to an increase of the tmpulse frequency withmn the
tter
Tz multiple spike discharge When secorded with a wire electrode placed agamnst the
axon 1 hqud paraffin multiple spike discharges appeared as trams of dipbasse, or
triphasic, impulses 1n all cells imvestigated In each mdividual case these impulses did
not differ 1n timne course from each other, or from single impulses, prosided the firng
frequency within the multiple spike discharges was not too high (Fig 1, 2050
However, a decrease of the amplitude of the negatis e phase of a number of extra spikes
m each discharge took place, when the finng rate cxceeded 200—~250%ec (Fig 1,
208-251°C)
A greater variability 0 time course was scen ta ntrasomally recorded multiple-spike
ducharges This was because of the fallowing facts
{1} In the soma successive spikes were able to reach full height only when the tme
intervals between them did not grow shorter than about 10 msec If they did so, the
spike ampheudes became reduced The degree of reduction mcreased sith the degree
of shortening of the duration of the intenals (Fig 1 B, 20 5" €} A decrrase of the rates
of ise and fall was seen 1o take place 1n those umpulses the amplitudes of which had been
reduced below a certan value (Fig }and 2) S$incein most bunst discharges anumber of
spike mnten als were shorter than the above stated hminal value, 1t follows that i intra-
somal recordings of these discharges a corresponding number of the extra sptkes had a
smaller amplitude and lower rates of nise and fall than the fiest fullsized action
potentral, In smost multiple-spike discharges the length of successive tmpulse mtenals
vaned considerably This explamns the differences in time course between the extra
1opulses of intrasomally recorded discharges In discharges registered with a wire
electrode placed azamst the axon n paraffin such differences were less obvious (Fig
1) Parth this was because of the mode of recording but mainly because the impulse
frequency usually was 100 low for an appreciable reduction of the heigth of axonal
smpulses ¢f Grampp 1966a)
(2) The mitianon of the extra umpulsets) of the multple-spike discharges took
phte only duning the course of different types of prolonzed depolanizations or slow
which ded the first and a number of the subsequent
Impulses of the discharges These particular 1 have been called aficr-
depolarizations because nane of them was seen to occur unless after a preceding action
potential no matter how the latter was ehated
Three different types of these after polanzattans could be identificd (a The stone
afteredets larization This kind of after-depolarization appearcd as a slow wase of depolar-
\z3ti0n which followed the first full-sized action potential of the discharge promtaent
inFiz 2\ 302 € and Fig 3 28/~ 292 C The duration of the stow after-depolar-
1zation 1nereased with nsing femperature it could become as long as several hundred
mlliscconds or even sexeral seconds. thy The fact depole This after-depol
2atton immediateh succeeded the iitial and ‘replaced the hm part of the repolanizing

-
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phase of the first full-sized, and of 2 number of the subscquent moderately reduced

acton potentials of the dis-harge fe g Fig 2 A, 24 030 2° C, after the large spikes)

(¢) The labile after-depolarization Thus after-depol. occurred after small spikes

of 2 type indicatre of the blockage of the conduction of the actne process. Multple-

spike discharges m which the first impulses was a small spike could be clicited by stimu-

lating 2 relaxed cell antidromically at temperatures abov¢ a cnical value f¢f Grampp
denol

1966a) -— The desenbed af > developed at temp and at rates
which werc different for different cells. This was scen to rosult 1 disumulanues 1 tune
cours~ between the Iy recorded multip) ke disch of diffesent cells,

P
©ven when they consisted of the same number of impulses, and were registered under
dennical expenmental conditions (A more detailed description of the different tvpes
of after-depolanzations 15 gnen elscwhere, Grampp 1966b, c.)

Muluple-spike discharges which were evoked by stretch of the receptor muscle, or bv
intracellularly 1njected cathodal current wese succeeded, like single action potentizls
by an afier-hyvperpolanzation (Fig 3, 24 528 I° C, and Fig 4) Dunng the coursc ol
the latter the membrane was hyperpolanzed not sn relation to the resting level, but
1n relation 1o the potential lex el of the steadily depolarized cell (Evzaguirre 2nd huffler
1955b)

Discussion

Enven though most of the slowly adapung stretch receptor neurons of the lobster scem
10 fire with single action potenuals under normal environmental condiuoas, firing with

multiple-spike discharges 1s not ded as an unp ) 1 phenom: indicatinz
cellularinyury due to harmful experimental procedures This view 1 bas~d on the follow-
1ng fzcts and consderauons (1) Firing wath muluplespike discharges was seen 10

occur ndependently of the mode of sumulation It could be recorded with 1atra- a8
well 25 with extracellular techniques Multple-spike discharges are knawn to be fired
by the slowls zdaptng stretch receptor neuron of cravfish also when the former 13
kept 10 the blood of the antmals (Burkhardt 1939, These findings sndicate that acither
the and recording techniques nor the of the aruficial solution
are the essential causes of the of muluple-spik: n the present
materzal 2 It has been impossible to produce srres erble changes in the phsiologieal
behaviour of the cell by raising the temperature up to 37—38° C, the huzhest aalues
tested see Grampp 1966a. Fig 2 Thus the slowly adapung stretch receptor a*uron
of the lobster 15 able to tolerate temperatures se1 cral degrees ugher than thoscat which
finng with ungle a~ton potenuals 15 replaced by firmg with muluplespike duscharzes.
Thas toleranes of hizh temnperatures tn not quite unexpected 1n view of the fact that
at least some of the aquatic drcapods do not react until the temperature 15 raisd urim
about 40 C (Barber 1950 3 The constancs of the tune course of successne mull;l’ :{
spike discharges in a repetitine ar ity and the fixedness o7 the temperature scal :hz §
the wrervals entical for change of the spike pumber of the discharers indicate o
nesther finmg with multiplespike dis_harges as such nor the temperature at uh;_n;
tales plare produces progressine chanzes i the phvsiological status of the cell }r::h
this 35 evadest that the sireich receptor neuron can adapt 1sclf 20 condiions w .
differ from those of ts normal covironment. 4 In some cells finng with mump’e;‘rfm
discharees w2s se£n 10 GCur at tetnperatures normal for the emaronment of the. g
ammal (¢f Evzagwsre and huffier 1930b Edwards and Ottoson 1928) In these
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Lke in other ones which fired with mulupl d at hugher temp
ashuft to finng with single action potentsals tould be provoked by lowertng the tempera
lurt below a certam value From this I'ollom that the gmmnon ef multiple spike
h 15 not d on ally’ high values of the temper-

ature

It 15 concluded therefore, that the temperature-dependent shufts from finng with
single action potentials to firing with muluple spike discharges and ruce rersa are signs
of rey ersible mod. of cellular prop which d the time course of the
excrtability and polarzation changes that take place subs toan acuve depol
tion of (parts of) the neuronal membrane The effects of the temperature on the dura-
tion of the refractory period as well as on the rates of the preceding 10nic permeability
changes that give nise to the sprke potential a:c supposed to be essentially the same 1n the
stretch receptor neuron as in other sugated (for refe sec Tasak
and Spyrop 1957) ‘The dependence on the of the potential changes
that follow a regeneratrs e activaty 15 evident from the fact that with nsing temperature
the final phasc of repolarization n each discharge became delayed more and more as a
result of the development of one of, or one of several possible combinanions of three
different types of after-depolarizations

These after-depolarizations were absent or small 1 single-spike discharges but they
were always present in multiple spike discharges It 1s likely, therefore, that they are
the generators of the extra spikes of the latter type of discharge Itis possible then that
the changes with varying temperature of the spike number of the discharges and of the
mmpulse frequency withmn the latter are due © temperature induced modifications both
of the duration and amp! de of the p and of the lengths of the
refractory periods The dependence on the (stretch) sumulation mtensity of the spike
number and the rate of firmg within the discharges indicates that the time courses of the
after-depolanizations are determined (1) by the degree of steady depolanzation and
(2) by membrane charactensucs that evidently are functions of the polanzauon
{delayed rectification ¢f Edwards et al 1963) and/er of the mechamcal deformation
of the membrane (¢f Terzuolo and Washizu 1962) The background depolanzation
mav also influence the rate of recovery after a preceding actvaty (¢f Chapman 1964)

From the fact that in different cells the spike number of the dis-harges changed at
different temperatures and at different rates 1t has to be concluded that thereis a bialog
1cal varation among stretch receptor neurons with respect to those properties that
determine the time course of the excitability and polanization changes after an 2ctive

depolanization In a few cells these p and thetr the
a5 1t was expressed by Evzaguirre and huffler (19555  are such as 10 predispose to a
rapid recorvery cycle and to the gener of already under

normal environmental conditions Howesver 1 most cells this particular exertatory
state does not seem to anse untl the configuration has been ahered a certarn mummal
amount by rasing the temperature

The present work has been supported by grants from the Med cal Faculty Lwuversiny of
Gareborg
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Abstract

Scuwierer, G H  The efect of vagal stunulation on the bronchial tree in the cat
physiol scand 1966 66 495—500

A method 1 described whereby bronchial diameter changes can be recorded 1n acteficially vent
lungs It 15 shown that the bronch dilate during posiive inflation When the peripheral ends ¢
cut vagal nerves are sumulated in the cervical region, this dilatation decreases and the bronchs be
suff Its concluded thar ths s an effect af bronchial smooth muscle contraction

€ results are confirmed in amsmals by and measurer
of dynamuc comphance

Opintons duffer with regard to the efferent sympathetic and parasy mpathetrcinflu
on bronchial smooth musculature Most authors have found indirect evidenc
contraction of these muscles on stumulation of the vagy, but others report relaxar
Similar contradictory results have been obtamed on sumulation of the sympatt
nerses (Mackhin 1929, Wyss 1952 and Widdicombe 1963) “\loreover, the metl
manly used for measuring changes 1n bronchial smooth muscle tone have 1
cniucized by some authors Itis generally assumed that contraction of the bronc
muscles causes a decrease in the bronchial diameters with an mncrease in resist:
to air flow and that this can be measured as a change in the pressure-volume ¢
tionship of an aruficaally vennlated lung isee ¢ g Dixon and Brodte 1903, Kon
and Rossler 1940, Daly and Mount 1951 and hunzler 1962) However, Cro:
and Widdicombe (1961) mamntain that the pressure-volume relationship 18 n
srnsune o changesan suffaess of the total lung than to changes o ar fiow crasta
Whether an inerease in lung stifTness 1s caused by vascular congestion, edema, alte
air flow resistance or an increase in bronchial smooth muscle tone without a decre
m the airway diameters, is not possible to determine wath the usual methods (Wic
combe 1963; Thus, a method by which the bronclual diameter may be measu
from moment to moment thughout the respiratory C\clc 15 required for e
gaung possible effects or
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Q)
Fig 1| Graph showng how the metal spural

METAL SPIRAL  placed in a bronchus

/T

o
N {
t
Fig 2 Radiograph of the right infertor lobe
toshow where measurements of the bronchs
e — al diameters were made (arrows)

In the present paper such a method will be described By means of a capaciuive
transducer, the diametyic changes 1n a bronchus which had been freed from its
surrounding vessels and Jung parenchyma were recorded The aim was to reinves
tigate the effect of vagal sumulation on the bronchy

Methods

Adult eats were used They were anesthetized with pentobarbital (Nembual Abbot) gven smtrapes
wneal y 11 adose of {0 mg kg bw A cannula was inserted into the trachea as r ubne Dot vass
were dissected free i the cervical remon and cut just below the nodose gangha The sympathent
trunks were scparated from them and cut In the animals which were thorace tomuzed (et belon)
the upper 5 thoracic sympathenc ganglia were also remesed bilaterally ned

Sumulation was pesformed b s | ramax mal shacks at frequencies of berween 10 and 20 sec apph
as far rostrally as possible o6 the perir heral ends of the cut vagr

In the first senies of @xperiments preformed on gome 20 ammals a capatithve transducer was “ﬁ
) N ~tween a metal spiral 3 pas

. 10 bronchial diameter These
Thoracotomy way pﬂfuféﬂofd
gn the pehtae The trachesl can ula was connected t0 a sespirtor (Mode) RU — $3( ENSCO}
The tnferior right lobe was freed f+ m the pleural sheaths conpecting it wath the disphragm am
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A 8 e T_an . -
WP Em .

— e e e e . .
Tamm  ——sm—— the cut vagal nerves The diameter of the

extirpated bronchus was 3 6 mm

Fig 4 Graphs showing changes 1n bronchal diameter with changes in level of diaphragm as measured
on radiographs taken with a frequency of 3 sec during a respiratary cycle a) before b) durng and ¢) af
ter stmulation of the peripheral ends of the cut vagal nerves

mediasunum Tt was then fived wath threads to prevent it from gross movements caused by respiration
The pulmonary afteries and vens which supplied the lobe bemg ivestigated were tied at the Jung
hulus and dissected free about 2 em distally This was done 1 order 1o present any possible mfluence
from the pulmonary sesscls on the bronchial diametcrs The lung parenchyma around the bronchus

fe g through mucus scerction or displacement of the transducrr) was canly recognized on the oserllo-
scope screen The transducer was cahibrated and cxact values for the diamemnc changes could thus
be obtaned

In a second sertes of studres were don b
\ennlaung ammals A catheter was ttroduced through the tracheal cannula and with the aid of
an umace amplifier ns p was placed at the onmin of a lobar bronchus. 1 4—12 ml of Dionoml
(GLANO was then mjected mto the fobe through the catheter In thus way the bronchial tree of
only one !sbe was outhied with the cantrast medium which umplified the measurrments sec below
Exposures were taken with 2 frequeney of 3 sec before dunng and after sumulanon of the vagu
‘The diameter of duTerent bronchi was measured on cach radiograph Since the bronchr may elongate
during inspiravon each measurement was made halfway berween two ramufications and thus at
\dentical Jels on the broachi under mvesugauon Fig 2 Morcorer the level of the duphrasm
above a certain vertebra and thus the moment 1 the respiratorv cycle was determined on each
n?ﬂ? hm a thud semes of expenments the dvnamic compl ance of the Jungs was measured i |
«ats before duning and after stimubition of the vap Dynamic complance 1s defined as “the 12
the tidal volume 1o the change n presure between the ponts of zero flow at the extremes <)
‘olume expressed in ml em H,0 (Mead 191 In order to measure the mtrapleural presus”
2 Canmuts was inserted through L= o mm i oot et e e s

B—E630M teta phynot scand bel
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A
A
' iNSP P FI"” cd
[]
\, V[50 ML
¥ Y I Fig 5 Osailloscope tracing show
t bt ing the variations in inteapleural
LA Inse £xp pressure (P) znd udal air (V)
C during respirauon a) before b)
during and <) after stimulation
+ of the peripheral ends of the cut
A vagal nerves The values for
» My comphances were )21 0D} 145
e and c) 22 3 mljern H,0
. . - . C e

this was assumed to correspond with the turning points on the volume curves

Results

Capacitence measurements Trom the results obtained with the capacitive transducer,
1t 15 seen (Iig 3A) that the bronchus dilates by about half its diameter on positine
mflanon During stimulation of the vagr this dilatation decreases (Fig 3B) by be
tween 50 %, and 80 °,, this varying 1n different expersments There 1s also a shght
d m bronchial d at the end of passve deflation When stmulavon
of the nerves 1s interrupted, the bronchus dilates almost instantancously on mflation
as befare (Iig 3C)

Bronchography The bronchographic mvestigations also show that, durng narmat
breathing, the bronchi dilate by about half (hetr drameters on msprration (115 44)
During vagal stmulation this insprratory dilatation dumnishes (Fig 4B by between
60 % and 100 %, this varyirg i different expersments A shght decrease in the
bronchial diameters during the expiratory pause 1s also seen As soon as the shmula~
tion 15 1nterrupted, the bronchy dilate tn thew normal fashion agan (g 4C)

Dynamic compl Durning s breathing, the dynamic
lung comphance 1s about 25 mt em H,0 (22 0—31 5 mifem H,0) When the vagal
nerves are sumulated it decreases by about 30 % (16 %—39 %) On terruplion
of this 1 the dy c 1 increases to the same values as before

(g 5A, Band C) )

Discussion
The results of the present investigauon show that, i adult cats, sumulation of (h:
penpheral ends of the cut vagL wn the cervical regron causcs a decrease 1n rronclual
t1
mnspiratory dilatavon Since the vessels and lung parenchyma around the imesty
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gated brochus had been removed, and because of the rapidity of the response
and uts revernibility, 1t 15 Tuded that this b hial “stiffness” 1s caused by con
traction of 1ts smooth muscles

It may at first scem difficult to understand why earlier authors have obtained
onflicting results 1n spite of the fact that they have used the same expenimental
methods (see discussions e g by Macklin 1929, Wyss 1952, and Widdicombe 1963)
Since, howeser, these mvestgations were made on whole lurgs, the following
factors must be taken into consideration Firstly, the pulmonary vascular bed may
have influenced the results, since the methods mainly used for esumating altera
tons in smooth muscle tone 1n the respiratory tract are based on measurements
of the dynamic pressute volume relationship 1 artificially verulated lungs As
mentioned 1n the mtroduction, these methods seem to be more sensitive to changes
1 lung suffness than to changes in atrway calibre Itis well known that both difa-
tion of the lung vessels and mcrease n the pulmonary capillary pressure cause a
decrease 1 comphance (Mead 1961) According to Daly (1961) the cervical vago-
sympathetic trunks send both vasoconstrictor and vasodilator fibres to the lungs
It thus follows that the vascular bed rmght have affected the results of these in
vestigations  For the same reason a vascular factor must also be expected to have
influenced the measurements of total Jung resistance  (Mead and Whittenberger
1953), used by Nadal and VWiddicombe (1962) as an index for airway diameter
Moreover, 1t 15 possible that the pulmonary vessels affect the bronchial diameters
directly Thus, the results of measurements of fluad flow through the tracheo bror
chial tree (Thornton 1932}, with endobronchial balloons (Elhis and Livirgstone
1935, Colgan 1964) and radwgraphically (Francis 1929, Sato 1936) are similarly
open to criticism

Secondly the pulmonary sympathetc nerie supph mght have influenced the
results because of the varying routes of these fibres Very few authors have menuioned
the level at which the vagal nerves were sumulated or whether or not they separated
the sympntheuc from the vagal nenves Daly and Mount (1921) have shown that
sympatheuc fibres may loop up the cerucal vago sympathetie trunk to different
levels before descending tnta the thoras Moreover, Sternschan (1922) and  NT
(1932) have demonstrated connections between the vagal and sympathetic rerves
There 15 thus some reason to beheve that different numbers of sympatheuc fibres
could hav e been snmulated sumultancously with the vagal fibres in some expeniments
This may be of importance since the vagal and sympathetc mfluence or the bronchs
are considered to be antagonistic

Finalls 1t 1s evident from the above that 1t has not been possible with ary of the
carhier methods to elucidate whether an increase 1 bronchial smcoth muscle tore
causes a decrease in diameter of the broncht and increase in ther elasticsty or both
the vessels and lung parenchyma around the bronchus

In the present work
under imvestigation were removed  Thoracotomn and aruficzal venniation w

therefore necessan 1t was suspected that the pressure relationshups wr *
circum tances might ! * chaviour of the bronchial tree Ho
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respect to the inspiratory dilatation, this did not occur as seen from the broncho
graphic investigations, duning which the animals were breathing spontancously

It was considered possible that the decrease i mspiratory dilatation duning
vagal stmulation, observed with these methods mght alter the dynamic lung
comphance This was tested, and st was shown that the compliance decreased by
about 30 9%

In the b hograpt \ and P
mfluence on the bronchial tree cannot be excluded Whether there were any sigmf
1wcant quantitative differences caused by such mfluence, was not investigated here
It1s only claimed that the principal results are the same when the thorax the pul
monary vessels and the thoracic sympathetic nerve supply are intact

measurements a vascular

The costs for this 1nvestigation have been partly defrayed by * Svenska Sllskapet for Medicinsk
Forskning
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after Excretory Duct Ligation
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Abstract

Axoey, N E, ki -A Norserc and L Orson The adrenergic nerves of rat saluzary
glands after excretory duct ligation Acta phvsiol scand 1966 66 501-—506
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The disapp of the hetic nerves and their neurohumora] transmutter
Noradrenaline (NA) from an organ after postganglonic ‘)mPillhccwm) has been
of great value 1 p ! { and phar 1 1 studres on adrenergic mechy.
msms Invesuganons of all types of neurchumoral transmission must, howes e,

take into account also what happens postsynaptically U"fﬂnunald; o ‘r,
$Mapuc structures cannot be selectively destroyed as easily ag 4pe Presy naptic Ppos

It has, howeser, been reported that the salvary gland cells atroph, aﬁcf] ones
of the excretory ducts (Junquewra 1931 Bhashar, Bolden and Ve lglaé;mn
Standish and Shafer 1927) These findings have Pprompted the Present o ;n 5;]5
N\ nerves in atrophied salnary glands using both a h‘“ochtm:ql and l)u yhcn t ;
approach tochermcal

Material and Methods

Adult rats we ghing about 250 g were used The fesults. btained wee,
M sex and stramn (SpragucDawlev hooded  The rats were operateq °nm::>fxlf‘:"m“ ¢ of d flerene?
cr

o

204 um ancsthesta By a skan mess on in the mid] i of he neck the pyp, b

ere exposed n enher side The teo glands €U 2 a common gqr o l”:ry;nd sublingual £142%
. PR AR SSlah’ - a s et

- .. b . Lot

Py g ara v
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Tance T Rat submavillary gland, 14 days after li;ation of the man excretory duct on oneside The
values are Merages £ ST (n=12)

Noradrenalme Noradrenaling
Weight tn mg nrgly in pegjgland
Glar { on the side not hgated 2244162 165015 0354003
Gland on the s de l gated 744 52 374029 02740033
Diference P 00D P<oon) P>005

Taste H Rat submavillary plus sublingual glands 14 days after higation of the mun exeretory ducts
an one swle The values arc averages = SE (=11}

Noractrertaline Noradrentline
Werght 1n mg n mejy g fgland
Glands on the side not 1 gated 3034147 123011 $3640027
Glands oa the side higated 93+ 70 262018 02440014
Dufference P 000t < 0001 <000

sutured The witnals weee saceificed by a blaw on the he d or biceding out under hght ether anesthesi,
usually 7 or 14 days afler the operation
Smal) pieces of the submaxitlary and sublingual glands were freeze dned trested with formaldebyde
gas embedried secuoned and d ander the f (for refepences see Norberg
and Hambergee 1964 Tor comparison some sections were stained with Azin or hemataxyhn plus
eosin (Romers 1918) or astrablau (Bloom and Kelly 1960) and extmined under a hght micrscope
Tor the biochemucal determmations of NA and 5 hydroxyptimmne (3-HT) e sabmasilary
= .

Py
JHT
apfy

(Hertlar 1951 Andén and Magnuston 1966

Results

The ltgauon of the main excretory ducts caused a reduction by about twe therds
of the gland size (sce Table I and 11} The atrophy was of abaut the same magmtude
for bath the submaxillary and the sublingual gland The process scemed to e fnshed
within 7 days
Laght microscapy The aam of the awophied submaxillary gland were mmarkedly di
snshed 1n size. The penglandular connective tissue had prohfcm(cd considerably
and contained more inflammatary cells thaa usual The aanar cells had apparcn\:\)
intact nucles but were very small due to a severely reduced cytoplasm The by :
zone with secretory granules near the lumen occurrmg in normal gland cells had
vamshed The cells, thus, appeared vital but nactive

The wiralobutar and nterlobular ducts had also atrophted They cou
d in the atroplued glands as the former had Jost thest strsated appea

1d not be
7ANCE
discninmnate:
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Fe 1 Ra submaxillary gland normal Fine strongly vang nerve termimals
“nlose the acin whereas one large nterlobular duct and some small intralobular ducts are completely

Vo d of such an mnervaton There are also abundant adrenergic nerve termunals in the walls of same
small blood vessels 180 x

(muochondna) 1 the basal portion of the cells The eosinophilic granules in the
Special cells of the sntralobular ducts had also disapp d The duct epithel,
had prohferated and sometimes 1t seemed to be mululayered The cell surface hning
the lumen was bulgmg and the lummna were markedly dilated Like the acint
the duets were surrounded by an increased amount of connective ussue which con
ained many nflammatory cells and mast cells The latter could be speaifically
Stained by astrablau

The sublingual gland displas ed similar changes as the submasillary gland — No
Major alteranions occurred 1n erther gland more than 7 days after the operation

e glands on the side not hgated appeared mtact at all intervals studied
Fluorescence mcroscopy The adrenergic mnervauon of normal rat submavllary and
sublingual glands as rexcaled by the fi method for h al demon
Stration of monoamines has been described elsewhere (Norberg and Olson 1965)
and s sllustrated 1n Tig 1 A typical ground plexus of vancose adrenergic nerve
termunals intimately surrounded acini of the serous submaxillary gland but not
those of the mainly mucous sublingual gland Al the ducts seemed to lack adrenergic
nnen auon completely The blood vessels both i the submaxllary and sublingual
glands had a promincnt adrenergic innervanon the nenves bemng located on the
border between media and adventitia (¢f Norberg and Hamberger 1964)

At no ime could any detectable change be observed in the adrenergic innena
of the glands on the side not higated In the atrophred glands the netnork of v
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5 S
Fg 2 Rat subn - PR wew # ot The neewotk of
adrenergc erve t
{these re hardhy *
near ) dlated exare o1y duet v A

wrm 1als was much denser (Tig 2) This finding was apparently doe to the reduction
[ the volume of the acinar cells which could be ditungushed by thewr fant back
gound of fluorescence The terminals seemed to occur bundles which usually
secmed ta contamn more fibres than the normal 2—3 and therefore the 1ndrviduat
termmals were often difficult to recognize Like i the normal glands the NA ter
munals enclosed the acim whereas the ducts were devord of adrenergic nnenvation
The adrenergic ground plexus of the blood vessels did not apprecably ffer from the
normal picture

In the interstitial connective ussue there were abundant
exhibiting vellow fluorescence due to their content of 5 HT
largely 1n size The absolute amount of mast cells 1n the atro]
somewhat yncreased, as ventfied by astrablau staming {sce abote)

In additon to the above mentioned changes mn specific amine fuorescente,
autofluorcs ent granules were observed in increased amounts, scanered in the usiue

of the atroph ¢d glands

Buockemustry N\ rmally the gland on the two s el
the same weil  Nearly all the NA was i the submaillary gland the subling

gland contaimung 4t most only 02 ug g This 15 1n agreement with the hmothmu;:f
finding that the sul Iingual gland lacks an adrencrgic mnervation of the gland “zH
After excretory duct higation the reduction of the glandular DA coniemt ?? \sﬂ‘: -
compared to that of the glandular weight Therefore the concentration of A7

mast cells with granules
The mast cells vaned
phied gland appeared

des had the same NA content and
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mcreased more than twice i the submavillary gland as well as n the submavllary
plus sublingual glands (Table I and 1I)

The concentration of 5 HT varied considerably (022—0 52 /g, n = 4) n the
submaxillary plus sublingual glands on the side not higated The level of 5 HT 1n
the atrophied glands (0 64—1 58 pgfg) had increased so much that 1n all cases the
content of 5 HT was larger than in the intact glands (2—5 times)

Discussion

Our hight microscopical findings agree well with those presiously reported (Junqueira
191, Bhaskar, Bolden and Vemnmann 1996, Standish and Shafer 1957)  the
atrophy was due to a conspicious reduction of the cytoplasm of the acinar cells
whereas the ducts remained essentrally mntact and the nterstitial connective tissue
had proliferated It 1s unlikely that the atrophy was caused by a death of the acinar
cells since the nucle: were only shghtly changed and since the structure of the glands
€anrecover almost completely after sectiomng the duct higature (Junqueira and Raby
novitch 194) The present m\csugallon shows that the salivary gland atrophy was

not d by a corresp ppearance of the adrenergic nerves and
their transmmer NA No doubt lhcre was a certamn reduction of the A comcm
1n the atrophied glands but this | mas be expl. 1 by technical errors,

¢¢ a pressure on the sympathetic nerves exercised by the ligature However 1t
cannot be excluded that the length of the indiidual terminals has been somewhat
reduced, concurrently with a much larger atrophy of the effector cells Anyhow,
the loss of gland NA was always smaller than that of the gland weight — sometimes
1t was completely lacking — and therefore the NA level was increased between 2 and
3 times Histochermically the merease was even more striking

After excretory duct ligation there 1s thus a rather selectne atrophy of the
Parenchymal cells 1n the salivary glands Such a preparation has been fourd ta be
valuable in studies on postsynaptic events ef ad g Bya bined
hustochemical and biochermical approach we have found that the major part of the
activity of the enzyme monoarmine oxtdase 15 present m the salnary gland cells
and disappears at salivany gland atrophy (Almgren Anden Jonason Norberg and
Olson 1965) It has also been observed that the uptake of injected tyramine and \A
by the adrenergic nenes 1s very much reduced in atrophied rat salnan glands
{Almgren Anden and Waldeck 1965) If the adrenergic nerves funcuon normally
i these glands this finding suggests that the amines are bound extraneuronally

before entering the nenvcs

The mcrese of 5 HT contaming mast cells i the atrophied salnany glands might
be an inflammatory response as was the appearance of ncutrophils and lmphocy tes
This view 15 supported by the finding that 1n a degencraung somatic nerve distal to a
! of 5 HT g mast celle in rats (Oecnn

nene section there 1s an
1965)
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From the Department of Histology, Rarohinska wmstitutet, Stockholm, Sweden

Adrenergic Innervation of the Bronchial Muscle of the Cat
B

Avvics Dancstrov, Kjerr Frxe, Towss Horrert and Rari-Axer Norperc

Ttns well established that noradrenaline, and especially adrenaline, when admins-
tered to mammalian lungs through the vascular wstem cause bronchodilation (see
Widdicombe 1963 Sumulauon of the sympathetic nenves to the lung m the cat
releases catecholammes tnto the venous effluent {Locket 1957) and generalls causes
bronchodilation (Dixon and Ransom 1912} The lack of specific histological methads

has prevented a conl d of the distrib of adrenergic nerses
1n the lung, although there haye been strong indications for the existence of a double
nnerianon of the bronchial muscle by both the sympatt and the parasympath

nervous systems (see Widdicombe 1963)

The bronchial mnenaton of the cat has now been studied by means of the
histochemical method of Falck and Hillarp, which permuts the specific visualizanon
of the adrenergic innervation (Falck 1962, Falck & al 1962)

The bronchial muscle was found to have a gencral adrenergic tnnervation of
high density The adrencrgic ground plexus (see Norberg and Hamberger 1964)
scemed to be built up of single nene terminals, closely approaching both the 1nmner
and ourer surface of the muscle cells This nnen ation extends as far as the respiratory
bronchioles The penbronchial gangha were found to be composed of nerve cells
lacking specific fluorescence and they can thus be concluded to be non-adrenergic
(s Norberg and Hamberger 1964) “o adrenergic nerve termnals, such as have
been demonstrated 1n other parassmpathetic gangha tsee Norberg and Sjoquist 1965),
were observed 1 these ganglia Small artenoles accompanving the bronchioles had
an adrenergic ground ple<us of the usual tvpe located on the border between the
media and the advenuitia The innersaton of the lung vessels will be descnbed in
full ehenhiere

The present histochermcal findings tn conpunction with phvsiological data indicare
that acuvin 1n the ssmpathetc nerves to the lung in the cat causes bronchodilation
by the release of catecholamines from adrenergic acnves constituung a rich ner-
vation of the bronchial muscle
e A e T T e e et
Neurnlogical Duscases and Bhindness









