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Fram the Department of Physology Karofiosos [mtitutet, Stockbolm, Sweden

The First Forty Years of the Scandinavian
Physiological Society
A review given at Turku Usnl v tn don with the opemng
of the 12th Scandinavian Congreas of Physialogy in Tarku, Angust 22 1966
»r
C. G Bra»mARD

Oncof the tmky of th di Phymological Sackety ding toits 1
hwmngc-m:gmhph)n&ogycvuytbud)m cmb!mgthcm:mbmfmm
countries t h the results of therr roesrch, and to dmam

common concerm and perional matters, Our hosts in Turku have diligently noticed
that the Soacty it now 40 years old and became of thn they have given me the
pleasure of reviewing its hustory

One should first mention that it is now exactly 50 years since the thought of &
Scandinavian phyrialogrcal soclety first cam  up. It was actually at the Scandinavian
Nature R h Mecting (Skandinavnia N tarfork ) o hristiania in 1916
that the idea was first put forth. The suggestion was madelry the horweguan physlolo-
gust Sophus Torup whose name 13 amocated with being a sdentifie consultant for
Fﬂthm(Nxmm‘lpoh:GP:dinon.RnbcﬂTlgcnltﬂifmdeqpﬂ whowe word,
u:ncdmcchwaght,backuithcmggudau.hnth:cmmtpohmlmmmnm
such that malang a reality out of the idea was imposible, It was the Lund sclentlsts
who caught the ball when thewr phynologscal socery became of v 10th anm -ersary
tn April 1925 imtated the first Scandinavian Congres m Phymology and Expermental
Medione. The prendent of the congrom, Tonten Thunberg, exprexsed 1n his open-
1 remarks the vicw that both the high attendance and th quality of the sciennfic
contnbutions could be taken m evidence for the Bdation of the phyxiol, s
posdilon in Scandinavis. There was, he meant, no longer aoy rewson to have the
poalmustec approach that Berzelios had expremed in a letter to Orstedt wrrtten in
1838 when considering Ybe ponibility of bolding & corfarmce in natural scfence
W are entirely 100 fow 1n number to play at saennfic meetings, to mmitate the
Germans and Englhmen. If one could hunt up 3030 saentsts 1n different fiekds
by diligently wnting letters I think one would be daing well. In Sweden soentuts
are 30 poory paud that they connder themselves lucky if thelr detan and credits
cancel each other at the eud of each year wmng their strictest cconomy And they
dm(hlvcmnzymmﬂmnmlngxlflhtymmc:,tﬁt}“mﬂmn}nj)
never be ble to come aguin

In connectlon with the congros in Lund, under Torsten Thunberg s charman-
ship, ainaugural sexsion was held with Gunnar Ahlgren at the minates. The soacty’s

Faama

|-4n-1.‘n-u,-u.f£"r.lhl
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4 C. G BERNHARD

name which should nignify the hnes of 1ty future endeavour was suggested by August
hrogh after & lively debate on how the interess of the adjacent scientific fields shoukd
be best protected. The problem was solved 1n the comstitution  Profesor Jom
Johanwon, m Stockholm, together with docent Géran Lilyastrand, was given the
amgnment of drafuny the constitution Their proposals were pasted without change
at the Soaets 1 fint meeting which was held onc year later in connection with the
tcrnational phyviiology congrem in Stockholm in August 1926 at + hich ocexdon
Lalpestrand vous elected secretany general.

Tt 8 Dot only becamse of the comnadence that Goran Lilysstrand, profesor emerins
and honovary membr of the Society just now happems 1o be twice as old a3 the
Socfety that I am taking the opportamty of expecially haranguing him, but mose
importantly I want to express our grautude to Wm for his contributions to Seandi-
navian phynology and our happincss at seting him here in thu arcle where hn
vivacous personality is an enduning tource of inspiration.

A rule was passed that congren should be held every third year The mecting
showd rotate through the Scandinavian countnies, cach ove of which should be
represented on the central board Transctions from the meetings describe how
the Soclety has fullfilled 1t tasks through the congrencs. They atwo show changes
with the gencrauons they mirror the aciualiies of the ume and grve a review of
the development of phywmolegical research 1n th ¢ Scandinavian countries dunag ibe
past half-century The high standard of 1he scientific contnbutions at the Lund
meeting 1n 1923 set & precedence for future work. Thunberg s lecture on the de
hydrogenase sysiem, QOverton s demonstration of the mechanisms for the action
of narcotres on nenves and Widmark s praentadon of his method for estimatmg
the alenbiol content 1n blood, afl repeesent fundamental contnbutons of undimimshed

" relevance from three renowned scholan in Lund. Thunberg also demonstrated his
reapirator Todmy when the techmeal help of film, TV and ape u abo taken foc

granted m demic ed I Like 10 Augmt hrogh s lecture on cine
matographic technique in research and teachung This was indecd the techmquoe be
uted in hi dameal loes on capillary lation for which he was swarded

the Nobel pruze in 1920

In our times of debates on the role of 1he sexes 1t 1 perhaps worthwhile to reeall
Sven Ipgvar s lecture for the ladres of the congres, “On Woman s Nervouws System”
Widmark ¢ nformal tafk, On the Colours of Our Food™ formed & tramitfon to the
no doubt hugh clau culinary part of the program where the menu s finale  bombe
\itaminique™ gave B certn compensavon for the poory presented ficld of
\iamin research m the scientific program.

However thiy poant was soon altered. Dunng the following congrenes, up t0
1937 the number of lectures in bioch y increased, especially those In the
feldy of enzyme and tamun roearch. When the second congress was held in Ono
in 1978 Hars von Euler discussed the enzymatic breakdown of sugar investigatiom
whach 1ed 10 this Nobel prize the following year In the congresional records fe
19’23|hcncﬂpﬂmﬂphmmm\ﬂuguknufldmlncby his son Ul on
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Afferent Activity Recorded n the Kidney Nerves of Rats
By
A, Asroy and ] Caaroorp

Recer ed 13 October 190

Abstract

Astrou A. and | CRAFOORD. Afferrat actity seconded 1n the lidney mertes frats Acta
phywol scand. 1967 70 10—15
1 ancubctized mats no pontancows  (Terent actnity in the bdney menes ould be recorded If
the enal an prrwure was dov ted, or f L (nfimon of salme or R nger solution was grven
an afferent discharge of  tlow ly sduptng coakd be recorded Jt & concuded that an adequat
Ihﬂnlmfﬂ((h(m‘th‘m for this  ctroty 53 smcressed kidocy tensencn (s
renal prowwre) and perhaps  bo ditension of th | frarcnal eum, The roubts indicat that mare
tha one kind of fibery arv engaged in the Moyt acin by ‘Mchtubtrﬁdlrdb-y arsom kinds of
wimubi,

As part of a study of the renal autoregulation of blood flow some factors determnng
kdney tensenes (intrarcnal pressure) ha e previowsly been lovatigated o eat
(Astrom and Samelns 1962) From these studres it was concluded that the intrarenal
pressure could consttute a factor 0 the autoregulation of blood flow in the normalhy
innervated kdoey  However it was questioned whether such & factor — and differ
ences 1n the prevuling vasomotor tone — could fully explain the anations in
prossure-flow relatiombupt observed mn different Ldneys

Ome posibility would seern to be that kidney tensencss could Influence the mo-
motor tone m th Lu:lnq by way of a reflex mechankm. It A well known that the
kdneys are ab hed wath nerves but the poufbility that
wime of these mught be afferent seemn 10 have atiracted fitde attenuwon. The odl
studres concermng afferent unpukes 1n the Mdney nenveo that we are aware of are
thoe by Pines irg 1960  [n cats he found that afferent activity could be recorded
which increased in ntenmty 7 ¢ when the venous pressure was clevated.

In the present tm ewigaton afferent mpulses have been recorded in the kudney
nerves of rats. The rat was choen & expernimental animal malinly ince it was being
used 1n our [aboratory for studies of the pos ble infloence of efferent nen e3 on sodium
cxerenon and other kidnen funcuon

10



Methods

raooopolar for the afferent

the lstwmp of the ner - A Graes P 6 preamplificr Tektrooks W2 A Geam
mera were wed for the rrcordmyg of the sctont potentiahy. Mamly to the groeral

condstion of the ammal (‘runnddﬂpdnrrphnn-tdmp:nﬂd-n.hlbenlhod:nyuﬂb—

scope ¢ record sysemic artenal nd renal em premace beart i and anae Ehot\zln:u-x

vy consmten) | the Inrier case b wrerer was canpuiated wrth | pahekylene tabe (BE 501 latre:

duced . the remal petrs

\ enows premore w ks el ased by genthe premuare on the renad e whh  glam rod Intre
venous hfanom were door with  mnkor-drrven syroge © speed of wenally 02 ml per mbn,
Rewults

In the series of about 40 rats included in the study spontancows aflcrent activity
1n tbe kidney nerves could never be defiutely demoratrated. If, bowever the presure
in the renal -in was elevated by stmbs produced by gentle pressure on the vewn with
a glan rod (VP = 10 — 30 mm Hg) afferent sctrvity could be recorded in abeut

- —
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Fig 2 Rat 230 g Afcrent jrmpulses 1 the kidney norve.

A Effcc of rena! ein masls ¢ the beginning of the experiment.

At pormal mfmutwwmlxmhy(no(lbo‘ in the Bpure}

B Afer the i infuslon of 10 ml of seline over  period of 45 mia some spontancous sctl iy i
t normal  cnoas presure

} C. Flevation of enous premsure ¢ tho por ¢ produces  intemse #ctl ity

alf of the cases. The response fllustrated in Fig 1 way obtaned within 1—2 sec
fer the applcation of the staws. The response showed some degree of adapuuon
luring the test perod of ten sec and the spikes were of relatively large amplitude

n several oiher expenments anober type of response was olrerved which tended to
«ccur after a somewhat longer delay and to subside more gradually This type of
respome shoued no certam adaptation during 10~20 sec and the acton potentiah
were of relatively bow amplitude (Fig 2 %) hay not been possible to determine the
conduction elocity of the fibres concerned.

Intravenous infision of taline has previowly been found to mereaswe 1he subcapsular
prossure 1n the kidney In the present study mision of aline or Rynger solunon st 8
rate of about 3 ml over s period of 20 mm sometimes ehated afferent acthvity of low
frequency (Fig 2,8 After these mfusomy nous stasn often produced & much more

effect Fg 2 C; than belore the mfuson (Fig 7 A)

Intraartenal injection of small volumes of saline or Ringer solution caines a mam
sent mcrease in subcaprular presure (previows elnervations) Ingeetron of a fow ol
of salite or Ringer solution intraartenally via & catheter ntroduced from the
femor] artery (0 the level above the renal artery was also found to produce an



Fig 3 Afcrent impelens b the kidoey nerve.

:TICI)M 2 ! of Ringer soluthon in-
Jected forally tn the renal srtery clictts afferen Ampnhu ) whe th rametopecton L 1 tnefice
trve (B)

C The effect of mechamcal proware ppicd to the bl area of the kidney parcochyma.

afferent dncharge {Fig 3 A) The same injection {2 ml Ringer solutsom) given e
had no such effect (B) Increming the subcapyular presure by infaxon of mannitol
(3miof 259, solation in 20 mit} which had a marked diuretic cffect, abo tended
t mugment the respome to ckevation of enows presture.

In an attempt to localme the receptons for the afferent activity premure with &
glan rod was applied to the uretrr intead of the renal vein. In some imtances
thrs procedure elicited afferent actrmty Pinching the ureter with & parr of forceps
gave similar results. The afferent actvity chiated from the ureter way dufferent
from that obtasned by venouws stardy and becamse  pparont matnly a3 & widenung of
the baveline. Distemsion of th renal pelvs with saline (30 mm Hg) dud not eficit
any definite

Preysure  pplicd wath the glas rod on the kidory surface was ineffective except
when t was applied to rather small area of the kidney parenchyma at the hilin
of the kudney In the experments in which thh test was positive (T 3 C) the actson
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po(cndnkn’ukcdnctmcdmbcoflhcnmctypcnlbosccbdlcdb)cln-mond'

renal vein pressure 1n the same preparavon.

ir won(prr-nmmcs,:l:d( the veln and pertlcularly to the ureter reficxly croked nrack
-

acth ty would often int, tth the Thh [nfluenc  originating from the crndal
WA ppexpect; rong by ¢ the fuct that these muscles In the rat siv
well developed for th of the tall. The muscke Interference wa  caally elicited by arowemy
anmal with patnfld stinsuli ife pinching  foot. T dasinguish the muscke Interferemce from the
nerve actinty clectromyogram was often other chanodl
Curarirmg the  nimal abolnbed the muscle in but not the Berent erv actl ity prodooed
by enous stasls or mechanical premure applied t the hihus ren of the kkdney surface

Discussion

The experrments bave shown that aflferent impubses can be recorded In the kidoey
perves during conditions of elevated renal vein presure but not under the ordimary
expenmental conditiom in the anesthetized rat In some instances (ef Fig 1) the
response elieited was rapld in omet and conwsted of large spikes of ahort duration.
In the majonity of cases, however the action potentials appeared to be of somenbat
longer duration and of lower amplitude indicating fibres of smaller size The wr
infusion of large volumes of saline or Runger solution often evoked revponses smilar
to those observed after venous stass.

It would not scem unlikely that more than one type of mechanoreceptars are
prasent m the kdney The respotise with large spikes af short {atency following the
application of venom stasn may well originate fram the walk of the intrarenal vom
or therr close proximity Distension of intrarenal veins would seem to be the adequate

lus for these recep Application of gentle presmure to the hilus area of the

~ kidney parenchyma, which as a rule elrcited an afferemt discharge In cases in which

\ venous prevsure elevauon was cfectlve, would alw scem to acthate thhy type of
Fecepton.

© The other type of afferent response seemed 0 Luwikd up more gradually followang
the applcation of venous stass and did oot show any definite adaptation duneg
2 10—20 sec text perrod  This rype of respome was indsunguishable from that some
tmnes elaated by Intravenous infision of large volumes of saline or by small amounts
of saline infected locally in the renal artery It would seem that the common  aune
(or this [atter type of response was an increase in kidney temsenan (mtmrenal prosure)
and this may therefore be da beng the adeg lus for thrs type of
mechanoreceptors m the kedney

The afferent discharge somenumes recorded when the urcter was pinched ot com-
prusedmlhlbeghnmd:ccmcdmbcd:ﬂ'rrcmfmmdmdhnmcdnbow The
action potentials were much smaller and broader and probably originated from so-
called vhceral pain afferenus.

Pincs (1960) observed that the afferent unpulses 1n the kidney nerves n aaft
decreased with a fall m arterul preswre and increased when the aorta below the
renal artery was clamped or when 100 m) saline was injected intra enown!  H alo
found that clectrical sumulaton of vasoconstrictor nerves or high doses of adrenalint
reduced the afferent actvity In e study by Astrom and Samelus (1962, the temres
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nen of the kidney was found to Increase with renal arterial pressure and to decrease
durmg clectncnl strmulaton of the efferent renal nerves and bollowing the wecton
of adrenaline Pines suggested that the afferent docharge orlginated from different
kinds of receptors and was determmed by the blood-filling of the Lidneys which in
(m'nvtncduthchnnguh:lbegmtﬂldrrnh&n_

The findmg that afferent 1nf fon ing the of the Hdney s
tranumitted centrally \\ouldlccmmbeofimmfufdncdm.mionofthcloul
adpstments of kudncy arculatl n and the autoregulation of hulney blood flow
mn the normally innervated kndney This lind of afferent information would abo
pomsbly be suitable for the contral of the extravascular flusd volume 1n a more general
way Sore further studles of the afferent rmpubes from the Kdney are bemg made in
at.

This fnvertigaton was wepported by grano from the Swedish Medical Resesrch Council ander oo,
14X 11801 The shlfl technlcal amirance of mms Stan Calla b gratefully acknon ledgrd.
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The Effect of Calcium on Potassium Contractures of Single
Slow Muscle Fibres of Xenopus Laevis
By
Jan Lxx~emorry

Recerted 12 Noventber (904

Abstract

LAxzrorex | The offect of caloum om poiassuom contractures [ siagle stver wmscly fbres
of \rxspas larris Acta phyvwol scand 1967 70 16—25.

Isolated dow muscle fbres of Xrsapus lacers were sabjected  gtep wncreases o orternal potgmirm
coocrntration  t varows external aaloum concentrations An increase = [Caly shated the cers

Tkpukwmmmbmhﬂ.k Emrdby[(}. the (impecoune of ontracteres way altered
.muuuhcm of relazsron was mbv[(al.nnddtcrrmdélhuﬁ[&]..l‘:ldmt
thar the effect of af ered [Cale occuts m rapedly as tha ol shtegd A Je Somr obmery
* Cioen weve Alao made oa connractires fn Cadee rolstson. oo i solrions th s purtally mibet
O rixted by Ba
i

There b evadence that caldum exerts an effect upon at Jeast ovo systems in olved
m the control of muscular contraction. The one n & direct effect upon the canrractile
mechanbm pr s a1 evidenced by the calaum-dependence of the interacuon of
Fsolated actomyoun systems with ATP (W eber Hers and Ref 1963 ¢, 5, The other
effect is cxeried on the membrane of the muscle cell and igvolves an alteration of the
relatron between 1ension production and membrane potenual Litigau 1963 and
Frankenhaeuser and Linnergren 1967 ha ¢ thown that the mechanical threshold
and the rate of e and fal of teasion m & potasium contracture of a tn ich muse
fibre are all infuenced by the concentranon of external caltium

Slow muscle fbrer ha e & surface membrane which doey not shaw pgencrane
dectrical acmaty and consequently does not conduct acuoo potentals Th rado
of rome ivesngaven ndscate that the effect of calaum on thee fibees o different
from that oa twitch fbres In exp on p c e in smgic don
fibres from the ilofibulars mu:clr of the frog Lﬁupu 11963, thowed that & mun-
tained contractare conld be elicited bn 1ncreased (K] In solitrony with low as wel
2s vath hegh [Ca] Larger tenuom were obta ned hn solutions with tugh [C3)

16
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Srmflar results were obtalned by Schaechteln (1961) on strips of frog rectus abdammis
muncke and by Andicy (1965) on » locmst dow muscle. The findings of Schaechtehin
further indicate a shuft of the tenmon — log [K]o curve m a direction oppomte to
that seen with twitch fibres The royults of  ther imvestigations show wmilar effects of
caldum on -Iuw and fast fibres. For example, Pamchinger and Brecht (1961) found
that [Ca ced co of bundles of erther sow or fau fibres
(m.[ﬁoﬁbuhrb)m'.bcnmcw‘ly the relaxation of both slow and fast fibres was
rapid 1 the lugh-K solution after treatment with & Cafree solution. In contrast to
the fludingy of Lutigan (1963) these uthors 1aw but a sl effect of [Cale an the
maxmal temon aof the slow fibre,

Becawse of theye contradictery resnlts ¢ was of nterat (o remveasngate the problem
of the effect of calawm oa dow mmcle fibres, Smgle fibwey  ere used in arder to
avoid loog diffinion timex

In a previom paper (Linncrgren 1967) ¢ wat thown that slow fibras from the
Mofibulars mncle of \owpas lan s gave botg-lasting contractures in 15—80 m)M ko
solucom and that the thrahold for {nti: of c t 3 cxceedingly well
defined. The present paper describes the effect of changes m [Ca), on the mechanical
thrahold and on the amplitnde and time-course of the contractures and shows that
these effects are comparable to those on twitch fibres. Some expeniments were also
made to determin  the speed of the offect of altered [Ca]e It vill be shown that the
effects occur very rapidly The mem conclusion drawn u that the effects of calaum
dexcribed here are exerted on the membrane ard not oo the coatractile system
proper

Methods

Inolated show muscle Abves from the shofibalarns muscle of Tssepus laur were peed. Rapid  hanges
of the external salutzon were mude whilo the tenmon m the Abee wae recorded a3 deseribed

Ringer” aolution bad the compombon (mbl) N\ €1 1120, kul_'i,
NaHCO R.S,Cncl,u)ru.HrOl.LNH.PO 0.6. 1t was contrwonaly bubbled with
o99%0 andl  CO pHwms73 74ngrﬁ-imlm-hwu:h[!é ‘ulhcrcdcounlntd
Do phosphe  baffer Ownolurity was by
contamned vAnon  moano of KCH,50 (‘Hq:-l:hl\\lﬂnn‘.hi. nd) 1n
for equimolar amounts of N €1 N wpeezal ulioms were tabem in En'h) m
sotutions. Glase-disulled w o7 waa osed

Results
The cffect of altered [Ca] on the mechenscal threcheld end wa the tomecwarss | the contraciare
The effect of altered [Cal, 0n contractures evoled by vanows K-concentrations was
tudied in nine fires. The procedure was the followlng Between tests the fibre vas
surrounded by slowly-lowing Ringer  sotution. Two min before the test a change
was made to a Runger ssolution w th the [Ca] to be ured during the following tert and
the fow of sluton was made more rapid. In pormal [Cals (ZmAl) contractars
beganatabout 15 mM h and reached ther maxtmum at 20 mM K. Further Increase
ukmmumdﬁdmtlcndmmlnﬂuxinpnktcmm(m-bnuum
~

TN Acta phymad wamd Tl T 1
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£ 2 marga Fit | Relation brtucen [h] (log-
rithemk scabe) amd peak  emmem A
three different [Cale Ordimater are
oo of peak tembom of
P (0 20mM K, mSf-
10 _ Ca,>) Ober aloes 120 oMK,
o m\-Ca are controh. 1 0.2 mM.Ca
I cquibea ing  nd tew solutions.
B normal [Cal (2mM). G, 10 O
Ca. fibre L0 gm mad.
O e 4 vl emin 3 Ly cm? @ Aber B 40
#m, 5O kpiern A fibee ), 3 g,
S8 kgom; 7 fibee 13, 70 pm, 30
kg cm § [ fibre 16, 40 wm, 35 kg em
o R & fibee 20, 90 pem, 3.9 kg em
5 n 2 0 [ b o

1967) 1nstead the temston was los well mamtained, falhng to about 50 of the
miual value 1n 30 sec 1n 80 mM KL
A ’/ When 10 mM Ca was wsed m the equilibrauon and test solutrom oo temion

doveloped in 13 mM K. In 20 mM K the fibres either were not actvated or more
commonly tension developed relativelv rapidly afier an inital delay of 1020w
A\ few fibres showed & slow 1ncrease in temibor. Maumum temion was reached m
soluuons with 40 m\ K or more. The cffect of decreaced [Caly (0.2 mM) was that
contractures were eficited oven at [0 mM A and mrumum tenuon was reached in
wlutrons with 15 m\{ K Fig 11 a plot of the resulty from six fibeew A smooth
cunve was drawn through the points obtuned in 2 mM-Ca and the same cun wa
ued 1o fit the -aloes obtamed m 0.2 and 10 m\M-Ca by shifung 1t along the honzmmtal
axss. The curve was not dravn 1n full between rero tepuon and the lowest tenuon
valoes unce no contractures were ever obtained with tenwon 1n thh mtermeduate
range. \fembrane potenta} was not measured and therefore the shdt cannot be
exproveed a3 potenual. It s pevertheles apparent from Fig 1 that the effect o
five fold increate m [Cal, was larger than that of a ten-fold reducuon.

In the ligher R-concentratrons the tenuon decreased wath ume In mereased [Cale
thn decay was abeent or slower at correspondmg (K] (Fix 2 () whilca dec case in
[Ca}e had the oppo< te cffect Fig 28
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A b ¥ xglachB kglgm’

6 ﬁ E0sec
g O K g h2mdl
Spetpoaston

[#4 ndlhl&ah—(‘m\ar:hm ukh[K].inM Ca. mm
of trowion records ¥ b

3, dissarcer 60 am, machmal teneon 3.2 hmpbowp'rrkbﬂ

madurmm 40 mAI K, 7 m3ECa () and in 40 m3{ K, 02

Ca () rwmdnuurranmub.[c.).mnn iamcter 30 g, 3.0 kp'em Fluid
smarked by arrows.

changes arrows. Both fibves eqaifibrated ke 2 o e Rioger' solution with {Ca] of the
folkm g test aolataon.

The magor effcet of changes m [Cal, was thus 1o change the level of [h] at whach
contrachan occurred and to mfvence the rate of relaxavon in hgher heconcentra
tors The maxonum temyon developed o the fibees was very hitde affected by
change from 2 to 10 mM-Ca. In 0.2 mM-Ca the pesk tennon was somewhat loner
m the high [K}erange Thm, although the contractures in theslos fibres had 2 e
course very different from that of the twit h fibres and & markedly different peak
tensdon-{K}, dependence, the cffects of changes wn {Caly were quite mmilar (¢f
Littgau 1963 Frunkenhacuver and Lannergren 1967)

The efect of aliered [Ca} ow D relatwn betmorm [Kly and nactiation of the sutractiic
y5em

1n a previmn paper (Frankenhacuser and Lannergren 1967) the term mactvation
of the contractile system wat mirodiced. Tnxctnanon war there defined s the
decremse 1 a wilable temaon, scen after candibormg & fibre w th a soluson of
wcreased hconcentration. A aslsble tenskon way tewied by the apphaanon of a
sofaton of 190 oM K av the end of the conditonung perod. The same procedure
-uadopxcdmmtmpoadmga;xnmmumxbwﬁb:u The conditioning period
war ! mm, Frg 3 gnves e renin § om two on twa
{bweer. Tig 3Bgnuth:\1hmobuincdm2m)!& lndmCxcooccrur.uenn
slow fibre go e 2 large mamtained contracture m 20 mM A Appheatson of 190
mM b afler 1 resulted 10w ey small moresse m tenvon Sollowed by relaxa
toa. in 30 mM K there was & connderable decay m tennon duning & 1 mun period
A change to 190 mM K a5 the end of shis did not lead 10 an moresse in tembon but
oaly to & fayer tenmon fall. The effect b different from that olwenied m ttch
fibwes In the Iatter /sce Frankentaemer and Linnergren 1967 Fig 3 8) twasabways
pomsible to miduce & second b the appli of 1% mM b provided the

K. w the d g WAoo wiy it toa huigh ess thas 60 m\ By
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(¢) The action of altered [Cal, i quite rapid m both types of fibre and can be seen
within [ sec wn the twatch fibres and wathin 1—2 sec 1n the slow fibres. The acton
of altered [h]s v more rapid than that ofaltered [Cal, In twchch fibres in show fitres
the two effects seem 10 set 1n nmultancomly

A generally accepted view of the events leading to contractron m a twitch musce
fibre o the following Depolarination of the surface membrane spreads Into the
transverse tubules (T tubules} of the sarcotubular system and causes a release of an
activating substance, probably Ca++ or a Ca-complex, from the lateral sacy, which
in turn activates the nesghbounng myofibrils (sce reviews by Huxley 1964 Sandow
1965)

A tentnve explanavon for the differences in the dependence of temmon on
membrane potential I twitch and slow fibres may be given on the basis of the
following amumptions (1) The release of the substance actrvatmg the contractile
system b contralled by mtes which become active at a certaln level of potential,
possbly  but pot necemarily 1dentical 10 owitch and slow fibres. (2) These nites are
localized 10 the cemtral clements of the mady, the T tubules, 1n twitch fibres and
close to the surface membranc of slow fibres.

Page (1965) has shown that the s of the sarcopl: T Jum Is
different in the two fibre types, tnads bemg very rarely found inslow b, The
amumption that the activatung stes are located close to the surface membrance of
slow fibres finds support in the findingy of Peachey and Huxley (1960) They noted
a difference between twitch and slow fibres in the respomse to local electrreal stumula
ton. Twitch fibra had semitive spots only at the I-bands and activation spread
adully inward as far as 10 gm without affecung adpacent sarcomeres. Slow fibres
'H:\d;amut:poubothhf\lnndsmdlbnndsandncdx:!m:prndmﬁrlmgﬂu
drnl]]yurnd‘n]]y often affecting three I-bands.

If the above amumptiom are correct, the gradation of tension with external
potasium coacentration in twitch fibres would rawlt from a spatial distributron of
actvated mta in the T tubules, deeper utey baing activated only by a large (K]
In the slow fibres the ntes would be activated m a more uniform manner therely
cxplaming the allor none like contractures observed expenmentally

If it be further amumed that calcum, by bocal action, controls the potential level
at which the ntes become active, ths would cxplain why a change in [Ca), act
more slowly, upon a twitch fibre than docs a change in {h],. In a twitch fibre it
would take some tmme for calcrum to diffuse 1nto the T tubules, whereas in a dow
fibre calaum woukd act at the same place as potasaum, i.c. most [ikely at the surfzce
membrane,

Thctﬂ‘ccxofaldumoudrctmdmflug[ﬁl.rchdonnrimihrmthnonlbt
speafic fon permeabilitiaa in b (Frankenk 1957 Franken-
hacuser and Hodglin 1937) However the cffect b qualitatively the same m twitch
and slow fibres. Since slow fibres do not have a regenerative membrane, tha meam
1hat the effect of caldum 1 not necesaarily hinked wath the exatation process.

The assumptions sbove are alio conustent with the findings in the inactvat ™
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expermoenis. In the twiich filees the firt comiraciure seen during the infual
conrentration step may result fom the ectnation of wore perpherndly Jocated
rites which become inactivated during the urp. The next, larger step would then
fead 10 & relense of activator from more centrally Jocated wtey, cavung & weond
cwmtractare, fa the dow Shees all cites wotdd be activated ead iacuvated more or
kn utnulncowly and hence ro setond ancrease in tenston could be obtased
evpermentally

It should be pointed qut that the explananocy gren above for the differcnce
behaviour between twitch ard dow fbres o based on ssumptons which have not
yer been tested. Although there o some independent evdence In favour of the
hypothess pociented — the diffevence in fine srocture (Page) and the oorcome of
the local scuvation experintents (Prachey and Huxdey) — other ponibiliue are not
excluded.

Proowaced w cported here.
Twe viboes alao saw b of the prak cowon — Jof §Fle crve kb chosyr m {Cale thas
agrees wuh (he provent Endosgs.

Thw rcatigation was d by Fom Farofboks Lastriotets Resors stimaamicg” the
Swrdals Medwcsl R% (m Nou N HI-01 IAK—3450Y) xod Sufichen
Tieerem oth Jodas Avdermons Arrne

Feferences
Ameaer D § The efficct of calcstm wow a0 polsemns tomtyactsre @ bocust g mwmcke ¥
Pyl (Lo | 196Y. 277 $4—i02
Arweoon, H L asd B 8. Donas Ry, Tonmeon dey and meniruo tesponscr in phase and
tovic nnackt Stevy of  crabl J ool e el 1964 o 5372
Fuyml,mtlcddmkmmikmmltdm e J Piped (Leod) 1957
1 4520
Franurrwuenme, 8 and A L. Hovarr The scnon of calesum on derinead properties of
o 3 Phocsel (load_ 1657 137 BB, o5

Fumrnmurn and § Lawaxancs The effect of caleum o e wechizmesd ropoose of
magh tmich sucke ibery of Xever et Sose ot 17 45 T0oant
}l:‘ll?nn AF ){;:k A, Row PW 1964 l!lv—l!ﬂ.
e tractures of sughe Mow suncie Kwey of Tompme diecrr chrerted polameam,
k*h;‘{murioﬂm‘d- amd. 1967 6% 383377 i
Larrraso aorTm a0 e pOIARRS! CORtACtUN of A wwcie fbres.
J Figowl tLond.) 1963 lusw Sl

Paza, 8. G A& comparnon of U fne wrornmes of Bog dow asd ewbich musche Rbeew, 7 ol Basd

PAWPMLW'Wd’ Gt potasews contracoue of How
Ldfku)mur?kahrdd’cbtéw \-cmusm a4 SI:L~
~d A ey Locaf ernmatom and sivucrece of dow srinted omescle Kbres,
de.h-' o 12, 337

Sarvom Parnanoo-contrernos couplmg 1 skeketal mrescle. Fhacmesl, Ror 168, 17 265~

0

Scmaxcwruisy, € D«Mm-runﬁkmn Natrfon of dee Kanmalyur de 3L recte
g pommn PR b g Mo 1961 173 Y101 o o 3L
R, 4 Hexr 1 The seguiation of mryolbrillar acde calciiran.

5 vore, 160 bl i e

Voanan, AL R Husr end I Ruws, Robe of caloiun fa contraction wod retanition of moscke. Fal.
B 15) 13 W0--H00 ro

Wankae, B wed ¥ Grvororr ww-ﬂ«mdﬂﬁ'ﬁmﬂ i1
;};t&?dwﬂmmnhuﬂ ]p-.l‘ﬂn—ﬂ!%l "
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(€} The action of altered {Cals bs quite rapud In both types of fibre and can be wen
within § sec in the twitch filwes and within 12 sec in the sow flrey. The acton
of altered [l is more raprd than that of altered {Caly in turich fbrer 1 aow fibees
the two effects seem 10 set in simultancoudy

A generally sccepted view of the events leading to contraction in & twitch muxde
fibre » the following Depalarmation of the surface membranc speeads Inta the
tranwverse tubules T tubulen) of the srcotubular systern and cautes » release ol an
sctivming substance probably Ca ar & Ca-compler, from the lateral sacr, which
in torn sctvates the noghbouring myalitedls (scc roveens by Huxdey 1564 Sandow
1963)

A temtanuve explanstion for the differences 1n the dependence of fennon on
membrane potential In twitch snd slow filrer may be green on the bam of the
following anumptiom (1} The release of the subntance wcihvating the contractic
aystem h controlied by dies which become sctive at & cectatn Jevel of potentis)
ponibly  but not necewanly {dentsea! n twitch and dow fibres (2) There sites are
localized ar the contral elevwents of the trlads, the T-tubuley, In nntch fibre and
close 10 the swriace monbrane of slow fibeex,

Page (1965} has shown that the g of the aarcopl r lam b
different in the two fibre types trads bemg very rarcly found in sdow fibrer, The
sasumption that the actvating sices are focated close 10 the sfare membease of
alow fibres finds suppoct 10 the fiudings of Peachey and Huwley (1960) They acted
a difference between twitch aad slow fiboos 1 1he reapome 1o Jocal electneal setmuls
hon Twitch fibres had semitve spots only a1 the 1 bands and acthvatmn spread
rpdially imward as ar a9 10 gm wathom afferiing adiscent sarcomeres. Slow fbees
fudscmxdvntpaubmhin A bandy and I bands and activetion ipread a4 (ar longiu-
dinaffy as sadislly often affecting three §-bands.

If the abave asumpliony are correed, the gradaton of temtkn with external
potarium concentration in twitch Abwes would result from o spmtial dherfbathon of
actrvated wies in the Tanbula, derper st boing scdvated only by a large fhle

In the dow Rhres the sites would be activated 1o & mace uniform manner thereby
% the all e hke ¢ s obterved expenmentally

Hx(be&mhcruumtd that exlcivm, by local action, coatrols the potentiaf feved
ut whih the mter become active, the would expladn win & chaoge in {Caly acty
more sdowly upon x brich fibre than does & chaage in [hle In & tatch Gbre it
would take same time for calrium to diffuse into the T wbules whereas in & slow

fbre cadcium would act at the same place ss potsssiam, L most likely st the surfsce
wmembrane.

The effect of caleomm on the tenion — lng(k).mhtionhﬂmﬂnxolhnondz
specific lon p Balizies 1y excitabl (Fraokenh 1937 Freankrr
hactser and Hodgkin 1957) Howewer the cffect o quatitatively the sume m twitch
and tlow fibeea. Since slow fibrer do aat have a regenerative membrene, thiz gwars
shat the effect of ealcium s not necermrily Imked wath the excltation procest.

The anumptons sbove ee sl comsatent with the findlngs s the Inactivatint
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apﬂhwmﬁucnd;mnﬁmumdmrwdldutitml)bcqmdwhﬂhd
they do not, by some mechanism, influence the trampoct pr w It {s truc that
many ftuatioes it s easy to voualize the effbicacy of thiv vascular raponse pattern
from & hemodynamic point of view Fer cxample in hemarrhage the refiex conatrc-
thon leadiog to absorption of extravascular fluid into the arculatory system tends
o restore the playma volume (s ¢ Folkow and Meilander 1964) In wowme situations,
however the beneficial effects of thh partscnlar vascular response pattern are les
obvrous, Vasodilatation is geoerally amociated with & sufficdent decreaxe in the rato
of pre to posteapillary rexstance to cause ast filtration from plasmen to txsues. This
eccury, for example, during inereased tawue metabolivm, mustle exerche, engagement
of the sympatheric vasoditator fibves and following admunistration of vacous vaso-
dilator agents (for ref, sce Folkow and Mellander 1964 Rjeltmer 1965) Hemodynam-
kally a conmderable tramcapillary logs of fwd from the arculatory system
woald appess to be iratonal in such sitnations, some of which calf far an mcreased
tramport of nutnents and other solutes. If an the other hand by some mechanhm,
an incressed trapseapiliary filtration could facl tate the transport of materials from
blood 1o thsure or rar serse the net offect of such & yascular respoase might indeed
be benefraal.

In the prosent siudy an attempt was made to tert this hypothens. For thu purpos
the rate of traneport of material from tsuce to blood was studied in term of tmuc
clearance a1 varjows levels of net fittration apd net absorptran, Derooostration of any
such facilitated exchange requires that other factoa influencing cansport be kept as
constant ay posxible, sich a3 blood flow flow vedocity capillany fow distribution,
size of capillary surface area and capdiary permeatality It i belteved that wath
the experimental approach of the present Investiganon 1t was posible Lo coatrol,
directhy oc indirectly these facton.

In ok netenn the afl of net pillary, Bwd oo solute
trarafer has been stndicd expenmennalhy o onhy fow ivestigavons, Hyman o of
(1932) nudied the clearaoce of botopes from cutancous tsrve n humans durmg net
transcapallary fluid movernene prodoced by runng (mue proicin cemote presure
and concluded that tmue dearance b independ of capillary flati Since
their expenmental design did not allow complete contral of all factors relevant 1o
oxchange the gencral validiny of therr conclusion may be debaable

Pretimunary reports of this imvestigadion has e been publshed previowdy (MeUsnder
and Lundgren 1966, 1367)

Method
Genermd prwcipie. ] et expenments the transport of sol tey Grom thebetal mmasche e blood
1 mesiwred 1a termoe of (e TaCm The

Laatd th-
™ wern compared t of aet qamcapallary flatioa -
rfutdm-d:nﬂoduﬂm.mﬂkprm scudy  wax pecesary
actors known wo rltoence the chonrancr conatant, ut constans m pamible It ricwlarly bwpor
tanl to prevent Sectmaton of Feraio U

oor since thocs fedircctly
Furnce mou Jhbﬂmmmﬂqmpmnryrm\wnmhuruhrmlnmm:
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Ly debery ting the repon wadied  ad by sdminiitening vamndita o which  lawed omplerely
an;mhﬂ“ umm; n::dk Deapler npvﬂmuny mewm 7:: tenemural primece
- i »n vt
o ot tevel theokehout #2 h experiment by ewlmmol the
The fary il tion oefickent, CIC, (m} Nutd Sliered min, 100 g e od o B
1 riea, Vydrostade g revure gradent rc(lobbatd«d.r;'l mrth‘bfd"ydﬂn’mlwdl:
the exproiment to fromre thar lhc pillary FarRmlens wer sirad) ﬂr‘Ln‘ rlous experisnental
manorevtes Under uch the rat of y Elrapen od al
Sf.ul:nw .idnt«:;mf.—nmm/h l}y:ﬂbm)avbnmdlmymmﬁxmhmf
was the 4 Y’
bymn&n]lbex::hlma 5 '3 mean cspillary prooure wd heorpeion.

mwackes wer semen ed from Lhe brwer keg preparation by severing thad imsertsons d the was
removed 1ibe nlle fotnt, The masrow 3 |yo(|hr?zmwb:‘ﬂﬁttfd hhmmnmlw-;td

b glicone grease A vemcls inth kner except the papl eal artery nd veln  ove bqsied.
The kwer bex wan placed | w ler tempersture ontrofied prrIpes mmapb o
Crontiowom conrd ng of banges in the thave yoline b the shin on th Ameewd

Kb fo she Totraceilas _oompuriment. A W lpad-vol bl Tho amiopes (v 17 i oy

nd M\e) ware other by wjection { olurse 0 10 13 mll or weually

by jose i tex aricrial  jeenon, or tfuuon levthng for {8 mun When § N and Rb were grven
the

and this ;smple dwcarded to miumne recucula son of bsolope wa eral. This fom of blood wa
cptatrd by cqmt mownu of Degtran Tyrode  solotion. Rec of Whe was

e s @ oot complet by clmmated rom the bloud 0w diogie pammge shrouh, be unge
Ei periments the radiaton from e rewlon ander study wam recorded by an

an exteraal
.ﬂaumdtmwﬁmd & wide angie kewd collima 1or ltsmd&mﬂxodxdtu—ysu' (ISH b
pliced bove the rwacke extimde the of abows 8 em
;rmsktmmTwmdnéanﬁmlbcmhi\kc\awukgWy othcxpuud(he aeenal
“were bieided Iy 10 mm or someuwes, ¥ mm ik lead pla 1 10 the disappessuncy
of thie wotopey (1 ™ \u and MRb) Gom the muachs fier mithal nfauon ufaﬂo‘vﬁ
bty omfimmuous revording of the radioactivity w the venoe eflaent for hn puspose Tenour
was dyverted cotl of pohyetykene ubeng placed m well-type seatilletion detector (P (hrd

422)
The sdicactivity was recorded s ] expemiments with  spectrometer (Auto-Gamma bloded
410 A. Pachard) conperted io saaber snd fines ratemeter (Mfoded 280 A Packard) operaceg
Hoacywel) thmmmmmldMnmnms«n‘;ms]m:wm
Pulses cormespondng ¢ pnwnrncrgg; wern 70 and 430 kel were rownted 5 berweoa
60 nd 200 3r\ for YN amd &V for N and “Rh The woiopes were

m:dm‘ﬂy(ﬁlﬂcdbv stow contpous chose arteral flalon of chior! bydrate
{nbou Mwwﬂ)mnﬂmmtﬁﬁhu‘\.ﬁww -
ol adjmsirornm o

Mdb’w blood!w Varoms aies of net Gliration were produced by
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Fig t Car 33 kg Nembunal, The cffccws of et cusscapillen, flirbon cleanace of ™1

o6 e
{external countey) from  sbelewl pumcle rean. Vaaculs Dmocth wnacle relaxed by La infinkon
of paparenine. Mot that clesraadt inereased during the perods of Slirancn (A, Cand £) com parcd

amte

with 1t comrol pesiods wi hout mct tramecapailary faed movement (8 D nd F) Daca of mean
capllary prewre wre calcalased
inflow o coons cutfiow prese. ch changes in tranemana] presacs

mouxs {Fappenbmmer md Soto-Rivera 1 Dcwh

described clmewher (Waa lm 'ytetnder Oberg and Odeham 1961

Veenel  Expertments c'epnfnrmdw“un“’lu-wd
0 19 of he ammely, T 5."k.bml6nd"")- X T soother serves of expennents per

hmcduﬂannhemlndxmm-mbddm-ndbm«&cod&n aned Resubs,
veclon C

Reanlis
4 Efects of nct transcapnilary fod mecrowsl ou (swi-bleod (raxsfor [ isswepes measared by
ternal comnter
& Mifadée Fig | ahom the mate of disappearance | upue clexsance 5 of W] from
the muscles of the lower log dunng tamcapdiar, net filtanon &t nous rates.
A pronounced snd wble clasation of the awular wooth mocle was  baadned
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huimm ﬂnnhc rxvmuudkd od by dminatering vamd lagor 13 whic
brelaaed
by -ummhuwirwdk Desplt experimentally induced l::mm MM
m«-d o c‘ onstant bevel thromghont m b npcrimcm by mm
Th-nplllaryﬁlmdm ocflicient, CFC. (! fuid Gltered per min 300 y thee and mm By

tr swepiilary Bydroveatic prewure yradlent, see Cobbokd of a2 1963 detrrmi)
t&gnp«&mlwmﬂn l!uuhcnpmarypx meters were steady d)\x:"i‘l gﬂxﬁnw;i:
manacin ret. L nder sch the rate of (r Y Sliration and berpiom

okt e frd withowt interfering dgnificantly wath other factons of importance for c«b::m
Tiliratey was prodeced increasing the
B T o ngk g the mean hydrostate capllary presesr  and

preparsuon by sevesing
remored ¢ the e Jolat The marrow cangy of the fewmwr was plugged il oton ool saked
iy ollicone grease Al vemels mmwmmmmmmW-mam
The fower fog was placed in  w ter Blled, peripet
pormst onl mm&udmhwdmm}uw et the sky m(he‘@trkx_
free from 1 muscles. was waed 10 33! the operuny of tw plethyvmographt. Muscle biood fow %
with  mlscome-flled unlt connected ¢ th popl teal em. The arteriald

xad this maple tior of wotope saterial. Tho Joes of blood was
cqual mowny of Dexma Tyrede  solutom, Revieculs of ™%e waa
sdoce i atmont omy elrmmated from e blood on  sugle through the lumgr.

outssde the
Bomtheregma T mwdndm}onfmxhcmlud&hcmua}y other parts of the xnjmal
;¥ werc shicided by 10 man or vomethmer, 30 sam thaek bead plate 11D the daappearasee
thg::xcpcll“‘l “\a nd #Rb) from the mosdo after infual weree. Lﬂfwhuﬁb‘td
by ondauows ecord g of the radicwttinty in the venous effioent. Far this purpose
wa doverted o anl of palyetly lene by placed in —dhyperbwﬂaumdemtwt(l’xkud
422)
The radioacunty 33 recorded B ol with  spectr (A oA Afodd
410 A. Packard) connecied w0 sealey snd  binear ratemeter (Aodd 200 A, Packard) oprraibng
nummmhmm T‘hcmmumnf thre ruterncter wias 3 of sometiner 10 st
P lees correrponding 10 gammpa energres beiwren 70 and 430 kel hmrmnkdﬁx"'lm
60 nd 200 ke ‘m‘"‘(!u\d bowve 20 kel [or‘\lnnd“&hmmm

curves were the muethod of beast squares.
1 d.etUmwhhdxirltn{nd"‘Rb{rmnmwbbodmrptﬂhlh
After & rapid vasculs washout, radwoactrty retorded by the exssroal counter showed show

compartmcnt nalym of the dwsppousance curve
i mical ed o md“ﬂbmmm%iaudmmrﬂ
od subtracied fom e washout cwcre (of Dobson nd 1amer 155, o w5
d caleatein  Before th wotopay i
maximally diated by show continuons of chiora] hydrare (20-—40 g’
wgmhﬂmmﬁe(bﬂnl&ﬁmﬂm)hnﬂzmxdmuwm -
eterhed by the finding tasge pioger
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PIR CONT [(MCREASK OF
CLTARAMCE COMSTANT (1)
00—

asazanc of e
M
e )
ol ] 50—
 Raal ]
08—
t
»*0— - <
]
T 100 e ose ot L2011 0.8 ors 100 128
» 40 0 20 L 1w xe 30 a9 ”
L1 AVSOAFTION mi/min 'Ol'—] MIT FILTRATION wl/mi 108
ALy ma- By 8 Cmm g
Frg 3 Collected data 4 show the incroasc in clearance comtanty (k} of 1 =Rb. "\s and * e
chrring  anowt rates of transcapliery fuid moyement (Aliraton righ_dde, abserption Lt side)
The te chasge of mce hydrmn:a;imrymup(:)mdyhm pres-

pre (4 pl) are abo mdiontad. The lncreaac of k durcog act treraeapiliney foud ovon cment a1
expremed im per cont of thr coatrol valnos of k obiamed when o net transcapiTlary flosd movement
priasaiy

thsue. CFC, reflecung the capallary  poro<dty  and the mze of the capillary surface
arcs available for exchange was found to be wirmlly the same dunng kngh and low
transmural pressares (Fig 1)

The disappearance curve far ™1 plotted semilogantimmally is hown 1 the upper
panel, from which it i clear that the curve 1 inear dunng cach expernnental pro-
ccdq:e.lunbpcn,howc\n grmtu—dunngh:ghdnndmnglcmmnmnl
presrure, indi d rate of duapp of ™I dunng the perrods of
mﬁlmmn.ﬂxmgmmdeohhhdnngebmomdnﬂymcﬂcdb\mmpaﬂng
the clatrance coostants (k) depicting the lopes of the anous dmappearance
curves (Fig 1} Dunng the fint penod with presalling net filtraton (4) osue
clearance was about 40 per cent higher than during the following control period without
filrabon (B} In section C, where flltraton was somewhat greater than in A, thaue
clearance axcceded the control value (mrean of B and D) by about 45 per’ cent. In E,
tiszue clearance was about 55 per cent above the control value (D F)

It may be angued that the changes i dsappearance rate obeered for fairly short
dme, a3 in Fig | reflect ranuent changes winch are not necemanly represenmtive
of the weady state Similar experimental mxnocmres prolonged for 5 to 15 run
clearly demomyrated duat the merease m clearance constant during mamfest net

filtravon ms compared wuh the control -aluc was not tramient bat constanty
mauntained Iy 2
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e tr -

T 2 Ca 38%g Nembutal. Sumila type of cxperiment ssshown i F g | bat with fooger poriods
of obeervation. CIC was found t be consta  durmg high nd kow transovarsl pressare

throughout the course of the experiment by contnuows close intra-arteral infinton
of papaverine (about | mg;min » 100 g ussue) With this, the blood flow was around
40 mlfmin 100 g tissue at a normal presure gradient, In A venows outflow pres-
sure was raised about 30 mm Hg which resulted 1n & transcapallany filtration of
048 ml/fmin x 100 g tmsue (conunuous, slow increase of tisue olume of Pappen-
heimer and Soto-Rivera 1948, Mellander 1960) The calculated rise 1n mean hydro-
1atic eapullary presure was about 20 mm Hg Blood flow decrensed to about 25
mlfomn X 100 g trssue owing to the decrease of arteno-venows pressure gradient.
The blood flow was then mal | throughout the experiment. To B,
both arterial Inflow pressure and venow outflow premure were lowered, thus reduding
mean capillary premure so that net filtration stopped The intravascular pressure
were then again rased (C) 0 a3 to produce a net filtration of 0 60 mlfmin x 100%
uwmue, after which the presures were agaln lowered (D) Simtlar experimental
manocuvres were done n Eand I' In E, the net filtratson was 0 70 mlfmin X 100¢
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filtratson was sanocated with an incresse of dearance comstant sbove conwol level,
The daw presented here as well as those dexaribied below include observavons
foflowing sdmmnutraton of sotope by iniramoxutss boectron and by close La
imectson or snfudion. Tt should be emphasized that no dafic in effecn
cotined could be ascribed to the we of one @@ the other of these two routes of
admirustradon.

In wpother seriey of expenments the effects of net transcamlian absocption of

la find on the doap raie of ] were kvesugated. Fig + demon-
strater yuch an experiment in which sbworption was produced by a slow dase ar
tenal i of a 30 giucose soloton {ngnal} The sverage shsorption rate in
vhis {before the CFC determination) was about 0.6 mljmis X 100 g uvne.
By crude af o son1 1t could be calculated that the glucose infusion prodoced an

averoge tof excapillary oemotc preeare gradient of shout 20 mm Hy Fhe dearance
coatant ¢t I inerewsed by about 73 per cent abov  control Ioved dunng the perod
of tar fluid sbsorption. On of the glucose infomon flind retorned
fromm. o the umwor  tha way evidently due to establohment of & reversed trans.
capldlfny oxmotic gradient The rate of net ranseapiilary movement of fud into the
tevoe war abowt 0.3 mljman X 100 g sne The clearsace constant exceeded the con-
ol values by aboat 35 per cent m thiy penod. Five to 6 min tater when the nex
trxnscapiilary fluld mosement had virtuslly ceased, the dearance constant returned
spprommately to the imnal coatrod kevel (Fg 4 nght pand) The CFC enmned
peactically cormant durmg the whole comrae of ths expeniment Fig 41 The demon-
suntion that the clenrance comtant sacrexsed durmg the above mentoned phase
of find return 1o the taue dewries mentoning smee ¢ shows that outward tram-
capiliary fuid movement faafitates transpert whether the denang foree o b drostasse
or camotic. Reyults sumilar 1 those described sbove were obtaned i experments
where absorptson wiy produced by nfuson of % 20 plasnm slhumm solubon
Transapiilary abaorpton of fand was svarsbh gaodaied with an mmeresse n
clearanee constant of 1 abov  conurol fevedl Fig 3 teft srde open circdes Further
Aind absorption seerned to be a1 eflfectne ta fncreaunyg the disappeareace mie of &1
from tue w0 blood a3 was net Bluaton

b Rebsioom. Experiments sumlar 10 those described w0 far wer  performed after
loading the muscles with the ua er “Rb After s matea] asd sscufar wash-own
drappestincee occurred 8t & o shw a1t The kearan  comuant was  bous
110 ¢ 1'20 of chat of = under the ame ¢ 0t of conditons Since the 3 ve blood
partinan eoeffic ent for Rb4 inthe  nge of 20 the clearance eat of Rb hould be
of abour th same magrutude a1 that of W1 The slow doappen ance cun. bimed
screnswed  loper dunng penvods oF met filtratson o abrorpiion a3 compared w th
cont ol qaier 0ot w oy drwenbed abon for M It g evadent hat for b bow
dAppeOrIce curver, even great mxmxh;y‘m!dmpcndm ni quete
vt abmolutr ehanges n ecorded radioaetn 1 A quanutatne & Juawe  of such
hanges mught mieh & certan degree of maccurac By oompartmen  nahan o
e disappearsnee curve a3 desenbed m Methods, w fast compot 0t of wathoout
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of Rb was obtained with a clearance constant of about the same magnitude xy that for
=] This component constantly showed increased kaalyes duning pertods of net &
travon in companson with the control valucs, the magnitudes of which were easily
quantitated The reaults obtmned with  Rbin Fig 3 (closed arcles) represent dasa
obtained after this compartment analysis. It can be seen that the dlearance comstant
for #RU 15 increased above control level both durdng net filtraton (nght pand)
and absorption (left panel) Although the range of vananon 15 furly wide mosto
the Rb-values are close to those obtuned for =
¢ Sodiem The disappeanance rate of  \a was of about the same order of magntade
as that of ™I under the ;ame control conditions. The clearance constants of  \a
during the control state of zarw net filtraton and dunng states of graded net filtraton
were compared i the way described above for ™1 The cffects of sbsorption were
not in wstigatedd As I3 evident from [ig 3 which summanzes the results (x—x) the
clearanee constant increased dunng net filtration above controd The effects obtained
for \a scem 1o be of nmilar maguitudes as those found for ™1
4 ™ \mem The disappearsnce rate of ™\e was found 10 be abowut 2 10 3 imes a3
great as that of ™] under the same control conditions within the range of blood flowy
studied. Asfor  \a, the duspperance rate was followed dunng net filtraton Fig 3
summarlzes the revults (squares) It can be scen that the clearance comtant increased
above control level dunng filtravon but the percenuige change appears to be Jexs
than for the three water-solubl  1sotopes tested, It was often found that the dis-
appesrance curve of ™\ under conunl condirdons was nos stnctly mono-exponennal,
but the curve plotted semilogantiucally showed a cearance coostant gradually
decreasing with ame This made it more d ficult to reveal the effects of filtrauon
on the wash-out of Xenon than on waih-om of the other botopes which generally
showed a kess marked deviauon from mono-exponentmd decay The diagram o
cludes only data from experiments where filtration increased the dearanee constant
1 for ™\¢ above that m 2 prereding control pernod Withont filtraten  the clearance
comtant showed & decrease with ume, but the sxe of the decrease was difficnlt o
Judge exacth The control dearance constant was taken 23 a mean of alues ob-
tained before, and immedately after the penod of filtraton For these reason
the data on Xenon given in Fig 3 can only be conndered spproumate.

B Effects of wet trannapnllary fliretion ox trioe-blosd (ronsfer of irsiopes measured a5 changc
x renews sdivectity

The transfer of #\a ™[ apd Rb from tvue to blood was mvarugated by monitoring
venous radicacu 1ty after an initml period during which the mmcle had been loaded
vath tracers by mus-artens! admmetraton In several of these expenments the
disappearance rates were recarded nmultancowsh by an external counter I the
control state of zero net fil there was a decline m recorded venodt
radicactny Trans von from the control state 16 a state of induced net filtratlon wi?
almaost without p d with a commderable ncrease in emous radi>
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comrtont [k} aose aMs
fuart, crvmter)

Nodinort of
W ron bined
om W

actvity The radiosctvity teached & peak vatue within 10 1o 30 ser afier the tranm-
von, after which the actniny agua gradually declined.

Fig 3 shown thu effert observed »n an perument with “a In section A with
fow tangmural premure there wer a shght oet flatson 03 minmun 100 g
timue} CFC was determmned carfier w thes peniod and was fourd to be 0 029 mlimun

mm Hg x 100 g thrue In B gaownurs) presrure ws raned fo as to produce &
condderable ot flmatoa (1 1! mifmin x 100 g tuue or 081 mf min more than
n A) withoat sgnificanthy changing the renonal bood Bow CFC was then § 028 ml;
win x mm Hg » 100 g The upper carve shows the continoows recard of \enous
radioactn ty Upon tamition from bow to bigh tranmmural pressure the acunty
1ncreased from about 33,000 to 62,000 cprm, oc roughly by 85 per cent The clearance
coasiants duning there two pepods derived from the duappearance cunver cecorded
) an external counter are shown at the wp of Fig 3 Dunng Ingh trarmmural
premure B) there was an increase in clearance cootant of  bout 75 per cont above
that m the preceding penod A Thn cxpeniment this thons an tocreoserd tonnsker
of “\afrom tumee to binod in B, the meresse being approsmuatehy the ame whether
It was enmputed from the ecorded increase i enows radicacu 1ty or rom the
change in clraraace constapt determined by external couttter  Since the amounx
of the tracer in the tissue o far from infimte an increascd dsapperranee will be
obacrved 0ot onh a & mpdl drereasing radioacth fy recorded externally bt ale,
ooner ar bater a4 dmngndmd:vhyinmcmb!aod.'nmimpﬁg_dn(
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duning the whale period of Increased filtration there will not be a constantly mas-
wned high level of s enous radiwactivity but, sfier the peak, a falrly raprd decline
Tig 5)

In analogy with the above results all tracers studied showed a decrease in venows
radiactnaty on return from states of net Fltratlon to control stater. Thrs change
was, 2 & rule not so abrupt aod someumes not so promounced as the corresponding
ncrease dunng trenution from low 1o high tramswural peessure

C Efts of pullary fliration ox iutrae-blood ensfer of satapes dwnng redwed baed
S

It s well known that a relation exhits between the rate of thsue clearnce and ihe
magnitude of blood flow  As Lur ay liprd-soluble sulstances are eoncerped nuch a
relatiomhip sppeans to prevail over 2 veny wide range of blond flows. For hiprd-io-
solulde sulstances it scerms to be dearly demonstrable only in the lower flow range
{see belone; In the present study an attempt way made to deterrune whcther e
devrease of the clearance constant & socrated veith & decrease in blood flrw could be
at least partly compenated for by a supanmposed net fltration (Fig 6) In tha
expenment the doappearance of ™1 was studicd fexternal counter) Blood fow

e sttt i »” . n
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e wd Pt
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was 40 mifmun X 100 g towue fn thus maximally dilated skeletal muscie st pormal
perfuman presrure (pot showa in Fig 6) In scction A of the figure the arterial inflow
prmrewnlow«ndnumrtduccb}wdﬂowmtbtnng:inwhmhdanmof
=] was clearty fow dependent {about 15 mlfmn x 100 g thwue) Venom cutfiow
proqure was adjmted In such a way that no net transcapillary fuld movement oc
curred. In B and C, blood fiow was further reduced to an approximately comstant level
afabout 10 mljadn ¥ 100 g tioue. In B, thy was accompinhed by rabung venons out
fow presture w0 that the calcalated mean capllary pressure rose by about 15 mm
Hg which, in turn, produced a wet fltraton of 0.27 mlfmin x 100 g In G, on the
other hand, the flow reducton was maintuned by lowering arteral wfiow pregure
and venows cutflosr praxure, keeping the arteriovenom presure gradient appeod
matcly comstant. The calcnlated mean aapillary preseure fell by about 20 mm Hg
and net filiration stopped. In D finally arteral inflow pressure was again noremsed
30 that the blood flow retmned approxdmately to the control level of A. CFC was
virtally constant during the various experimental ateps (sce Fig ) In the controt
periods of A and D {large blood flow no net filtration) the dlesrance consmnt of ™1
was 0058 and 0035 repectively A reduction of blood Bow without coacomitant
nct filtration (C) was sssociated with a comiderable decrease of the dearance
constant (k = 0.027) The eame degree of flow reduction 1n the face of & net filtra
von (B) ou the other hand, was ammcmated with & much smaller decresse of the
dearante constant (kb e (L048) It would therefore appear that the presence of &
et transcapitlary, movement of finnd can improve comiderably tisae-blood tracsfer
in dtustons of decreanng hlood Sowe. This conclunon was amived at i all experi
treits of thae type poformed with M1 as well as in slmler onct aang ~Rb

Di cassion

In current dncuspons concerning the exchange of mateniely betwe = the blood end
tissue interest has been focused muinhy apon euch -2rahles s blood flow fiow “elocity
eapillary flow dutribution, capllary surface arca, capillar, permesinfity and the
leogh of the diffinlon distances between blood and usrue cells (hety 1951 Pappen-
hamer 1333 Landu and Pappenheimer 1963) Tbtprucntm:d\ suggests that an
addinonal [actor deserves d ., the net of
Pund I:mmowumxhuaMthzthculmmdctbeprum«chmm
capiliary fitdd filtration or absorpzon per s increased the cate of tramfer of ™1
Rb, “\a and 5\¢ from tmue to blood above the el cxsting duriog Starling
equilibrinm, when no net Amd movernent occars for \a and \e only filtration
studied) Within & cortain range, there was a prograsshee incresse in toemfer w th
ncrease In rate of trameapallary find movement at least w th regard to the water
soluble substances (Fig 3

\d of rarscapllary Bmd a1 an jodependent  anable
|nﬁurndn(u:h:ngcrtqmrumn(mlnfuhahclmufnmporunc:. It s belrmved
that ulth the experimental approach ved ‘exeept that in Rerults, section C) t

r
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mterference of thoae ather factors was Insigruficant This assumption is brefly
discussed below

The study was performed on a denervated and sympathectomized skeletal mince
region dilated to or close to maxumum. This served scveral purpeses Tt secured o
pronounced and atable relaxation of the vascular smooth muscle and prevented
changes in vasomotor tone. This was of particular impertance in ths type of exper:
ments where great changes of tranamural presure were sometimes produced. Tt s
known that an Increase In transmural pressure tends to comstrict both resistance vesch
and precapillany sphincters: even in a denervated region (Folkow 1962 Mellander
Oberg and Odelram 1964) thi, in turn would affect virtually all of the above men-
uoned factors of importance for exchange, In the present noaresctive vascular
bed it it much eauer to tecure a constant blood flow capillary flow distribution.
ete. T'urther by abolition of the vasomotor tore blood Aow was increased to the range
(above 15 mlfmin x 100 g) in which the dearance of ™1 Na and “Rb is asumed
10 be comparatively little flow dependent (¢f Renlan 1939 Lands and Pappenbermer
1963 Lassen 1964)

Another important technical detail in this study is the a -ordance of & constant-Bow
pump placed on the arterial nde Expenence has thown that rough handlmg of
arterial blood by peristaltic pumps etc. sometimes cawes aggregation of thromboevio
ete., which ean then plug capullanics and produce gradual or nudden changes in the
size of the capillary exchange surfuce area  Flow measurements on the venows side
miterferr little with the regronal circulation since aggregates, if produced, are capped
in the pulmonany vascular bed

CFC u a direct measure of transcapillary hydrodynamic conductrvity and pro-

an wmdirect control of two of the above mentioned factors, namely capilan
“urrface ares ava lable for exchange and capillary  permeabafity” In fact, it givo
Hiformaton bout the product of these two factors as regards permeation of water
and evidently of several other substances as well This conclusam 13 based on the
conmstent results obtained with thu method and with quite independent methods
the extent to which this product can vary under different physiclogreal conditiont
veas found to be largely the mme by ali thesc techmgoes (Renkin and Rosell 1962,
a,b Cobbold st «f 1963 Wrght and Sonnenschein 1963 Dresel, Falkow and Waller-
tin 1966) Since upder the vanows expenmental manocuvres of this stedy (FC wat
found to be inngnificantly ch the 1 can be drawn that capillary fur
face area and capiilary permeability were n t nguficantly altered Further sioer
biood flow was kept constant, the finding of an unchanged CFC ndicates & constant
capllary flow dutnbution and a virtually constant capallary blood flow veloaty
It shoukd also be emphasized that the constancy of CFC dunog low and high tresr
mural presures seems to rule out the pombility of & hed pore pt
(Shirkey o «f 1957) durmng bigh presure Our findings thus agree with provos
dmorvations of Landis and Gibbon (1933) and of Grotte (1956) Furtber tb
uhﬂﬂtmnhcwcddutnpamvvchumd’apﬂnmd;dmoccurmlhcpﬂd
studdy durog low hydrostatic presures nor was this expected since the traneoet]
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pressure levels were always kept well above so-called  critical closing™ keves (hrchol
«t o 1951) The results obtained cannot posibly be attributed to nmple hydrestaue
distentlon of the vascular bed, since ncreased umuc-blood transfer of solutes
was alwo observed dunng tramscapillary sbeorption and dunng net movement of
fruld from blood to tsue produced by camotse forces in the face of unchanged hydro-
stathc pressure (Fig 4)

The volume of the Interstitial fled compartment varted to some extent during
these experiments and, with it, probably abo the diffusion di between blood
and thmue, This, during filtraton these distances might increase to some extent
owlng to accumulation of extravascular furd Despite thh, tramfer of solates was
found to Increase during fltration During absorpiion the diffusen drstances might
decrease gradually It abould be nated, however that, in all experiments done, the
wridogarithmic clearance curves semed to be Haear during the whole perdod of
absorption and did pot show & gradoally neressing deflectlon as would be expected
with progresuvely decressing diffurion dutances. Thercfore, the reults observed
can ot panibly be attributed to changing lengths of the diffision pathways. Finaily
with the techn que wed here, the partition cocfficknt mmt be mken into secount
(hety 1951} It seems unlikely bowever that the expenimcntal manocuvres of the
peexent study would instanmncously produce such great cha ges fn the partivon
cocfficient a3 to account for the resalts obtamed

Trom this dicusion it seems jusnfied to conclude that the apable
for the observed increase in clearance rate is related to the net traeamilany fuld
movement per se

Although an analyss of the ultimate mechanbim by which pillary fAuid
movement enhances thsue-blood tramfer iy bey ond the scope of the present imestiga
tion et gpevalatie commwents rmay be justified The facilimtion of solute trander
rmght not necesarily octur scross the capillary rembranes, but rather in the inter
sttlal flmd compartment. Thh compartment, believed to be bullt up of a demse
mcshwork of fibrils andjor long mobecular chains n & gel phase fimd (¢ Laurent
1966) might offer derable rest to lome ton, perhaps, much more
than the capillary membranes thermel o (cf Landn and Pappenheimer 1963
p- 1023) A non uniferm distnbution of molecules mght therefore frequently extst
in the space and ¢ b pomible that the produced transcapllary movement of fud
facill by eo and for ¢ Son-diffi the transport of tolutes withan
the interstitial comparupent. Hydrostate gradwents between adjacent capillary loopt
ase probably quite common, so that transcaplilary fluid movements maght prodoce
both paracapillary and nteraapillary sreaming in the interstital space. Further
during filtration  (he Bltered fiuld may remaln, at least temporarily o a sol phase
n the interstitial compartment where a gelatinoin matnx is normally present. Since
wome data Indicat that diffission is more rapid in a sol than In  gel phase (¢f
Jacobs 1935 Day 1932, Ogston and Sherman 1961) diffunon In the intenatital
find might be fasciT tated during filtration. Other observations suggest that the loter
stinal compartment contams a s tem of canslicnl (s ¢ McMaster and Pano -
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through which diffusion transport mainly occurs. If 1hese pathwayy are distended
dunng filtration port may be facil 1 Since, undoubtedly several other
explanatiors are ponible the quastion about the uldmate mechansm reyponsible
for the preent findings remaim open

Although shown for only four substances 20 far there 1 reason to belweve that the
presence of an wncressed net pillary flud will facilitate the trasafer
of other subsiances a3 well perhaps particularly lipidansoluble sgents. The inf)
of net transcapillany fiwid movement on transport of material in the reverse direction
from blood to tmsuc has not yet been studied It may not necesarily be taken for
gﬂn(td (hu lhh transport h ﬁunmcd n w simlar way cspecially [ the nbove

are imvoh

It appeans dm the described flcim- :mght play a ngnificant role 1 controlling

tssue blood t in several pb % | I As pointed out in the
(ul.rodncuou most vascular mcumu are -mchlcd with marked changes in the
Y lation, During il produced, for ple, by inereesed

ﬁ:uu.: mmbolhm, the accompanying filtrauon may hdp mddenly 10 Inarase the
rate of transport from the cells and may be a crudial factor n situations in which
natritronal blood flow and camllary exchange surface area ha e approached thar
upper limuts for increanng the exchange (¢f Fig 6) Thu, the seemingly hratonal
transcapillary flud loss from the dreulatron occurring in mont states of vasodilatation
rmght be conudered as an adequate vascular resporue Similarly  the almorption
of extra -ascular flurd occurring in akeletal muscle during vasoconstnction might be
a factor tepding to compenmate for the decreased tansport capadty secondary to the
concommtant reduction 1n blood flow Further {t scems pomible that the para
apillary drculation exising dunng a Sterling eguilibnum bs one factor controlling
rate of normal tsne-blood exchange although this bas not been demonstrated

' y in the present expeniments. The facdhitanon of tissue clearance by chapges
paracapillany arculation may be a factor deserving atiention when judging

e validits of vanious elearance methods used for regronal blood flow determuna-

g
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Mast Cells and 5-HT

Uptake of Iabelled 3-hydroxytryptamine (5-HT) and S-hydroxytryptophan
in relation to atorage of S-HT in individual rat mast cells
By
Martix Rrrefx

Recrl ed 15 \ovember 1907

Abstract

RITafN M Mast cells exd SHT Uplals [ lebelled 54y drvyin pramene (S1T) gnd 5-
kydrox) tryptaphan 1o relattem to storape of 5-HT in inditsdmal ral mast cells Acta phywol.
scand. 1967 70 42—53

The capaclty of indrvidusl Fat pemtoneal maae cefly o take up and roocentrate dioactlvely Mbelled

ryplamine {5-1T) and 3-hydrovy wms stuched by quantiiatly e

{5
hemdcal mcthods By means of consecutl tion of
methody, (he following paramctens could be determuned far cach cell 1

S-HT 2. Coneer of 1 ot

3
incuhaon medium was compared t - that of the Byving mwa cell, 1 was found tha the  erage eell
3 <h

1or morc than a decade 5-hydroxytryptamine (3-HT) has been recognised s 2
characteristic component of rat and mouse mast cells, but the precerse role of thh
amme 1n the mast cell 13 ill obscure Rat mast cells have been shown to pomen the
facilities to synthesize 5-HT by decurbaxylation of the precursor ammno add 5
hydroxytryptophan (5-HTP) to yield 5 HT (Lagunoff and Bendit 1959) and 10
tke up and concentrate both 5-HT and hivtamine (Furano and Green 1964)
Recently the histochermeal fluorescence method of Falek and Hiltaip for demor
straton of biogenic monaamines has been utilised by & number of authors 1 ordk?
to Wdentily the amine present lnmrdhufvlﬁoqudumdformximlt‘
uptake of -HT 1ts precursor amino acid or other amuncs and ther precursor- Ao

42
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quantitative cytochemical data concernmg the uptale of ogeruc amines In mast
celb have 3o far been publbhed.

In a previows report, {Ritzén 1967a) it was shown by combined model and mast
cell experiments that the method of Falck and Hillarp can be used to get adequate
messures of the amownt of -HT present m Indivzdual rat peritonesl mast celh. It
hay also been shown (Ritzén o o, 1965 Hammantrom « el. 1966) that after binding
of the ammes to the tmua by fixauon with gascows formaldehyde, radwcactively
labelled 5-hydrovytryptophan or 5-HT can preferably be localized by conventioral
autoradiographic procedures. It wat then noted that H 5-HTP accumulated in
mowse peritoneal mast cells, In additdon to earller blochemical data concernmg 5-HT
upiake, storage and release n samples of more or ks punfred st cedl anpermons,
thus opems the ponibil to obiain ink about these procemes in the indri-
dual cell, wrthout further kolatton and purificanon procedures. The present investiga
tion was undertaken in order to investigate the ponible relatiom between uptake of
trace amounts of exogenous 5-HT or 5-HTP and the level of endogenons 5-HT in
the same pentoneal mast cell, and for a hmited number of celly, to correlate these
nﬂlh}uwlhcdrymauofl}:nmccdh.ﬁhclnbeldﬂt\nibcmmtqudt

ppls of q a huc and

L

Material and methods

otopea wrre waed dlB—hyd.mmpwﬂuL (G) (*H 5-HTP,

mcfmmobe, tryptamine creattmne salphate.T (G} (‘HS—HTP;

%03 and df 3(3 4 uf -T(G} ("H DOPA) 500 mc/eamole, all par

chased from the Radioch Centre, Amcrh, Wt report

cdby!hnmndncﬂnﬂtnb:)ﬂpaccncnchemlh:mhhdkd mleo acldy were
noo-radwoacth

dilated with the repecth compoands to e frml wpecibe acti fry of 363 mic/
mmole cqul to that of *H S.HT

ncm-mﬁmdrxdhupn:wd:mh—pl‘wukmmu hour b vacwam over
peatoude Ahrr compictnd drymg the spormets werr mcrbe o for fwo bowrs at B0V G
Faraformakichyde that had beem equibes rd wth a1 of arcoad 30 per eent releth hamiduy
(Hamberger of o, 1963)
Muroflonrvmtry
After examinatron bn the Buorewenc mx acope  orerilip was sealed with het paraff

tha_serloatly Hmpaured the murrowomec nagr b Mhmnwd{m-m

~



Acta physiol. scund. 1867 70 4253

From the Ittt for Medical Cell Rescarch  nd Genetles, Medical Nobel Jomhot  Kaesbmis
Institutet Stockholm, Swedem

Mast Cells and 5-HT

Uptake of labelied S-hydroxytryptamine (5.-HT) and S-hydroxytryptophas
in relation to storage of S-HT in individual rat mast cells
By
Martes Rrrzéa

Recel od 13 Nemember 1966

Abatract

Rrrzén M Vst cells and S-HT Uptake of labelied S-hyerogrtriptammne (SHT) oxd 5
Areroxi g piephan in relation to sterape af 5 11T en endircdual rat mart cells Acta physol.
scand. 1967 70 42—-33

The capadty of indivsdual rat perrtoncal mast et totak and Toncentrace Tabelted
P yptamine (5-HT) and Sy yeypiop (:Tm P
chemlaal mwthods. aod

Concentration of SHT 5 Tetsl mourt of accammlated botopes. The
corrclations of these Huwudlmb«lhmdrmﬂhﬂmydlh:
brtween owever on be whole, dry e of
tn

SHT pake was determuncd by other factors, When the concentratlons of
meubstion medram was campared 1 that of the bving mast ccfl, it was formd that the verage el
war bl to concenimate exogepom S-HTP and S-HT around 4 and 30 tma, ropectivety

For morz than a decade S-hydroxytryptamine (5-HT) has been recognoed m 2
charactershe camponent of rat and mowe mast cells, but the precac role of th
amine in the mast cell s still obscure Rat mast cells have been shown to possess the
facfimes to synthesze 5-HT by decarboxylation of the precuror amino aod 3-
hydsarytryptophan (3-HTP) to yreld 5-HT (Lagunoff and Bendut 1959) and ©
ukzwp;mimntcmnl:both&mnndhhum}nc(meundGmlﬁ)
Recently the histochemucal fluorecence method of Falck and Hifarp for demor-
mitbuofbmgmkmanmmmn}mxhcmuﬂh:dbyln\nnbcro(m&oﬂhﬁﬂ‘“
m}dmdfydwc:mincprcummmmceﬂ:ofnﬁmn:pcm\ndfornndﬁﬂslb‘
wptake of SHT lhprtcurlorlmimludorod\crnminuinilherM
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Fig 2. Photomkrograph of 1 perfoncal max -1

that has been incubated for one bour with ol "\\ .~
H3HTP fired bn forculdchyde apowns od ot -
rablected to_utoradiogra gram deniry -
P Yo aroand 123 ‘sk‘g"’/

1 4
ecllular dry weight. The mast crll bl uxt et

Afsremserforsmctry

Aficr the gram the celle had been determaed, the was dimal ed
i hot water (70°C) for 30 to 60 min. Altbough this treatment ol ed the emmlsion,
2 mumber of mmmldlmlbccdlsnn:bhclp‘hn,‘hkhm]d

hn  fected the int

hlpcrcmulphwknddﬁr!mh,ﬂla—cd by risloy
.pu:h:cm‘m gam mounted for mersocopy in ghycerm
The relauve dry mam of the celh that been mvesigated with rerpect o floorescence
d raprd scanimg micromterferameter (Caspers-

taed proved 10 be adentical (09 104 ml) abowmg that the tw  solwtsons were botone. For descrip-
00 of the techmque, we Row 19v1)

Siuctistacal pucthads

Results
Comcentranon § H SHT and H 5-HTP b mot dls — \fter mcubation of the cell
mpermons for 10 mun with 10 4c ml of H 3-HT or H 3-HTP mostof the mastcells
were labelled to some degree althoagh the concentraton of 3-HTP-radivactvity was
oal around one uxth of that of 5-HT /Fig 2,3 The cytoplasmu specsfic racso-
activity conld be increased by bengthening the incubation ime  an merease 1n the am
of expoure fthe cells to the motope solation by & factor 6 rasulted in an increase in
H HTP and H 5-HT concentraton in the mast cells by factors 3.5and 2.4 Inall
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o ey IOfxnlp-\hd-uﬂ’«mhﬂm
an-r(hcdhmdrvd' muﬂ,‘m

had been fix
= it Sherrin, 1 resried

roanmog
T Boveem 1957) The thckacn e

' \ dried cvil was cabouluted for
'./t - - dorsiy of 13 glewt E Lo
B repersent Lhe thicksowes
. ! i which beorh 90 and 98 per crot of e
n W om tritium frayy, respectvely (Seetent))

g lma,.m:.bemhm.«s"umndwm cthy, bocatited on the prape, wi mesm-
wred in ucTospe {2 # &l 1963) a3 prevrowdy described {Ritcds

1967 )

Uater,
“hl,*nbﬂ’t P pecitens were t pekcrred to
darkroom w nnpﬁlm(l\nd.\\ARln)-u ppucdmﬂwcrﬂ-i bo the method original-
by desenbed by Doniach  nd Pelc (1930 "‘.mn-dmvdhlhdd
u4Cfor5—lDdxyt.dnthpcdhx5uﬂnK kodale?B.ﬁlrdlndHnrd.Faﬂmm.&-,lk
vtoradiographs wer  wounied under overlips | giycenm Tho mumbers of developed photo-
graphic grams were connted over mau orfls t In the interforence microscope wrre foand to
ha maw hcknes cxcerding 0.03 mpscm {For procedures, st Hale 1938, Zetierbery 1965)
At thrs thicknem, the (noum energy ks ing the murfac afthe cell will be 90 per cent of tha cbtained
from an obpect of infin thickmem (M wrer wd Primbach [901) Consequently as fong e the ccff

{Tor further ducusmons of self bsrpiyon of H Arays, ser Mavrer od Pricbach 1964 Prery 1564
Zetterbery 1900} § e mant cells of the prescwt Livemgation practically the whole
showed  (hkcknem caceeding 008 mplcm (Fig 4 ) In frw et where be layer of cytoplaom

mmmmmb“ ol olukdipe blnc the  umbert of gram ender
wol bie fsot Fe samng o cont t e,

43 munt cefls i ench ratbon  ere The resalty showed verage decrease 1 gram
demsiy  nder oo of 2} and 22 per cens for H-5-HT and H 3HTP rovpectively lollowrsg

At odingrapics rifereacy rem

[n order U tmake powuble mu{(h:nﬂuhxcmcﬂﬂrlmdh::pahnrdt;:

{graioalumm bnto Deolwse (wc g erms,  referroce sytem was jncloded Int umdhtrlt
The technbqoe wbch-dc-cnbtdmdn.-ﬂchev’nﬂt Ritgén 19670) was boefly =
Stnmdlrmﬁﬁrnlhkha‘mmhm ;P:W"““L’*‘h'“ﬁ"’“‘ﬁ'"‘“d‘ﬂd_

denel the
achaclet (i b e S
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R

MUMEER OF CELLS

&

4 Hitogram show fng the frequency dmtribution
the mam of BY rat peritomes] mast cellt The L]
mean mhlrﬂ:tmduplkll diffcrence was
tranadormed int weight by ssmuning baty
equabs 0.077 cm fx (sce text)

-y
&3

2

]
ORY MASS 3

much 1 different mammalan cells. Amuming that this figure b correct for mast
ceils, a mean dry man of the mast cells of 325X 10~ 13 obtaned.

Knowing the absolute dry man of the cell and the specific activity of the cyto-
plasm, the total amount of S-HT taken up can be calculated. After incubat n for one
hour this turned out to be around 10 per cent of the endogenom 5-HT and wia
therefore subtracted from the total amount of 5-HT m the respective cefl, a1 mess-
ured by microfleorometry The fluorescence yleld of 5-HT in this particular reaction
was determumed by parallel model experments (see Rutzén 19672) In the case of
H 5-HTP thus subtraction was not neccrary smnce the uptake of thh substance was
onhy around opc nxth of that of H 5-HT Furthenmore 5-HTP grves ouly half the
Quorescence yield of 5-HT (Ritzén 1967a)

The dry mam of the mast cell cannot readily be converted to volume of the living:
cell unlem the concentratlons of solids in the cell (w/v) In the lving state fs deter
mined. The expermments with Live mat celly d in bovi bumin of vary
ing concentratrons thowed that the refractive index of the mast cell cytoplasm was
matched at np = 1.9 corresponding to a 34 albumin soluson (Ress 1961)
where thade contrast1n the micrescope. Tha s connderably
higher than other cell typer. At thn concentrauon, the eell nucker and all the whte
blood cells sthowed a negatne contrast The exact matchmg concentration of the
latter cells was not determined, but seemed to be slightly above 22 per cent. Ninety
per cent of the mant cells were matched in refractive index by albumin concentrations
between 31 and 37 per cent. A few mant cells showed & cytoplammue refractive index
matching that of 40 albumin. Thoe cells were often large and of an ovoid shape,

Accordmg to Lagunoff ¢ e/ (1964) the mast cell granules consint of 30 per cent
heparm, the rest of the dry mao bewng mainly made up of protein. Sincea 13 aquenwas
solution of heparin (V'trum, Stockholm) showed a refractive index (1.348) that was
not very far from that of protein at the saem concentraton (1.362) the speafic
refractive merernent of mast cell granules in water can be amumed to be the s1am &
that of protein (0 18 cm g see Hale 1958) Thus the cvtoplasmuc refractive index can
be directly tranyormed into concentraten (vobd  Row 1961)
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Tastrl A mmaryalih tondalnmbﬂucenmdofrml-mwmgdrym- od concentrs.
thon of the batope [n individinl munt ecth.

F/DM to DMrsAR AR®
Ft DM DM ARt DM ARWF oF FDM
113H0TP
cort oell. () LR —.s12 —03.2  —oml 0481 o0
regr cocfl. (by 0213 —o010 —~0.00t  —000l 253 om
p that bm0 <00} <0.001 ~0.08 <02 <om <0
n 3 L] si 107 3 LI
HS-HT
corr el () LR —0379 o008l —0321 245 (8L ]
regr cocfl. (b) 0381 —0.019 ~0.005 0010 0.5? [SE]
pthat be0 <0@ <0.03 <07 001 <0? 04
n 3] ki 3 93 L] n
H-DOPA fd\
corr eoelf. { ) 0014
regr cotfL (b) 0000
pthatb = O 09
a1
DM w= dry mam

F = fluorccence { duea [ng total content of endogrnow 5-HT)
AR = grar denmty (indicating concentration of wotope 10 the dreed cell;
F/DM = el i cellula concemmdon of endogenows S-HT
DMxAR = total amou t af botopes taken wp (arbatrary ats

== correlation coefboent
b = regresmon cocfiickent
P = probablity
A = umber of cells meanwed

The results of the calculations of correlations between the vanous parameters
measured are summanzed in Table 1 and wall only be briefly desxenbed below
Coxcentrations and total eneents [ endopenons 5-H T o cells of different noes — The relatne
concentrations of 3-HT in the mast cells + as calculated as the quotient fluorescence
dry maw, the b o parameters represcnung toal amount of 5-HT and cell maw
{volume) respects ely There proved to be a highly ngnificant negatve correlation
between concentration and dry mas, larger cell generally havingalower sncents
ton of 5-HT than smaller oncs. In spite of this, the total content of endogers s 5-HT
way higher m the large cells than n the gnall, the larger mas of the former over
compensating  the decreanng concentration (Tabde 1 and Fig 5, )
Relalion of conceatrating capacity of mast cells to dry mass — There was a clearcut negatse®
correlation between these two vanables as far as H 5-HTP was concerned, the g
depsity decreaung with mereaung dry mam. For H 5-HT however lhudm;:r
mm(ngnxﬁanThc\imembttwtmlhcdewdmlccﬂsumumlht
plots, profound (Table I and Fig 6)
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b
5 amd b. Dixgrams showlag the corrchations between total content (34) or coveentration
f}t)dmmmmau—mmcﬂlmmmw by
and reproents e

cpacity could not be predicted from its total
fluorescence. However on the whole there proved to be a highly sgnificant aepaiiy
correlation between grain demity and fluorescence what concerm *H 5-HT Thbs
corrclation iy more d when the popul s divsded into clames, the means
of whnch are depicted in fig 7 tn addition 10 the individml cela. For H S-HTP the
unrtmdﬂrywuﬁnnﬂ,butnmfor H DOPA, the uptake of which showed mo
with the fi e (Se¢ Table I and Fig 7)
meq‘mmmu5mm_mﬂ.ﬂwﬁmhdmwM
tent of radicactinty m cach cell was obtained from the prodoct of gran demity
(concentration of otope) and dry man. In the case of 5-HTP it was found that an
increase 1n floorescence was accompansed by an increase in total H 3-HTP uptake,

$—ETMT s phymel wond bt PO



» = » B
- O T e D % 5T OO PUpETL CD
b

concentratlon of redioactivity in mast cefls after (mcabation f our witk

:ld—HTU yand H S-HITP (7b) plowed nh:memlmtdudqmimzﬁmtﬂ
worometry Filled elrcies with vertical bary reprosent meaps 0d stawdand

&rrons of the speeific radicactivity of celbs faMling whhin clam width of 5 fuorcacence awiy (M1}

™

- - - .-
e =

S & oe ot
b

Fig 8 ndb, Dlagrams Ml the between the ing capaciry of mast cells
w&!ﬂamﬂ H 5-HTP (82) o H 5-HT (8b) and the endogenow conccntration of the amme
fame cell.

}
r"'n!thmgh the varistions amang the mdedual cells were pronounced. The same
tendency was found for H 3-HT (TableI) these cells showing a still more accentnat
ed irdvidual vanaton (Fig 8)

Duscossion
The mtimted compoands used in the present mvesdgation vere randomly labelled,
and hence metabalic products a3 well as the onginal compounds were labeljed and
drsplayed as photographic graing in the aumeadwgrams. For 5-HT this dors not e
1o be any scrow complicaton Furano and Green (1964) did not find any metabobe
products of 5-HT 1o pentoncal mast cefls after admnstranon of *C-5-HT The
ntuaton i somewhat different for 5-HTP being the ummediate precursor of 3-HT
Obrervations on the rate of syntbens of 5-HT by normal mast celly meubated with
moderate concentratons of 5-HTP seem 10 be lacking Thun, it 1s not known to what
extent the observed radicactnaty in the perrtoncal mast celly, seen after menbatre
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with H 5-HTP for one hour represents newly formed H 3-HT \evertheles, the
c tion of rad 1ty indh the uptake of the amino acld, even i part
of it has been decarbaxylated n the cell,

The dry mam of the mast cell 1 to a majoc part determined by the cytoplasmic
dry mass, since the nocleus contribute with oaly around ooc per cent. (Ottoson et ol
1958.) The main part of the cytoplawme dry maw 1 corposed of the very demse
amme storage granules, which almost §1I the cytoplasm, Therefore, the dry man of a
mast cell will to » large extent be a mensre of the amount of anune-stormg struretures.
The content of 3-HT m a normal mast cell was found to be lem than one per cent of
the total dry man, and hence varlatans in 3-HT content would not be detected by
the interferometric metbods.

In no case was there any uptake of redsoncirvity by the winte blood cells m the cell

P With the of radiomcti uyed, = free panage of botopes
into the cell, equilibrating the concentration of radicactivity en both sida of the cell
membrane, would have rerulted 1n a grain count of 005 gralny fum  If ths figure
wa subtracted from the total grain demity after 10 and 60 mun of incubation with
H 5-HTP the active uptake mechanism had contributed to the concentration of
intracellular radoactivity with 005 and 028 grams/um  reapectively indicating &
furly comtant rate of uptake over ths period of time The corresponding figures for
H 5-HT bowever were 0.55 and 1 40 grainsjum  thus the rate of uptale of the
amine vas higher dunng the initral period than after onc boar (Fig 3)

There seems to be two posible major factory that deterrmne the uptake of amno
acrds and amines into mast cels one » an active  pump” mechanmm at the cell
membeane, the other 13 the capaaty to store the ubstances taken up. If the "mem-
brane pump  was the hmitlng factor fo uptake, and no re-exit ocenrred the toal
amount of intracellular radicactivity would ha - been proportonal to the total area
of the cell membrane, provided that thes is the locaton of the “pump™ and that the
uptake &t uniform over the whole meembrane 1, an the other hand, the sterage capadi-
ty nthe facto that hmits uptake the latter will be independent of the total b
Aarca.

In order to imvestigat which of thest two mechankams that was probable for the
uptake of H 3-HTP the vanatlan of the quotent surface/volume of a sphere with
meresing volume was depicted in the plot reprexenting gram dennty (coacentra
ton of H) verun dry mass (volum )} of the cells. It was found to I 1low the cakculated
lincar regrexwon line of the cells very cdoeely (Fig 6) Thi seems to indicate that for
the uptake of the precursor amino acid the fint of the two possibilities 1 of major
importance. On the other hand, for the uptake of H 5-HT during & perrod of one
hour some other factor seems to be rate-lumuting After incubation with thu substance
the concentraton of H 1n the mast cells vas practically independent of their dny
mawm (Tabl 1) However the total amount of H 5-HT taken up exprenmed by the
product of dry maw and grain demuty gencrally showed an increase w th incremsing
size of the cell (Tabl i

The ptake f35-HT into normal mast cell huulnbcmtmdxdb)}'uﬂ?
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Green (1964) Mnudbnlhomtcdthntmntc:ﬂshxdmaﬂmﬂy:ﬁdm
uptake mechaniym for 3-HT being capable of concentrating exogenous *C-5-HT
7Bllmummparcdehc:oncmunbnlnlhcnmmmdingmudxum.Thbﬁgmh
amnndnnccnhlghnl}nlubuinzd(nlhcptmu(nwm}guhn,whmtbe HS
HTinOmme:lhkuprwcdinma{mmmmmnpamtmw{m
lmw-dufunhdrymo(dwmmcclThndnﬁ'crmcem:;htbcduetomﬂ
uxmuncs,lncludhxgdu[u(deummdem(l%{)mnkthminm
\hmmmnccﬂl(halhndbcmkuhwdhydmtygndkmcmmﬁxg;lbm.md
that these authors used another kind of incubation medium. Also 1t has been noted
{(Moran ¢t «f 1962) that the contene of amines in rat mast cells might vary comides
ably on different occasioms, even wathin the same strain. However it cannot be
excluded that part of the exogenous H SHT newly taken up was 30 weakly bound
the mast cells that {t v released during the prey of the mi pic spect
Inmoncr_llpopu!abcm,hr;eccﬂsmbcﬂcvtdmbcnfold:u.gethmnmﬂm
Il this s true for rat pesstoneal mast cels odder cells serm to have declined In sctivity
Generally small cells showed higher concer both of endog; (5-HT) and
exogenows (*H-5-HT and H 5-HTP) substances, after Incubaton with the latter
than did larger cells. This s in contrast to the enterochromaffin cells in the mouk

gAstnc mucosa, where an | ing age was panfed by an incresse in coo-
centration of 5-HT but a decrease in $-HTP uptake activity (Hammantrom o o.
1966)

The results concerning uptake of *H DOPA into mast cells are of & prelfminary
nature however they confirm earlier observations that rat maut cells (Hemnpel 1963
Encrbick 1956) are able to concentrate the amino acd, a3 are mowse mesenteric
mast cells (Erinkd and Kauko 1963) The results cannot be quantitatrvely comrpared
to those of 5-HT and 5-HTP uptake, since the degree of duffusion of H DOPA from

l;ﬁrecdhduﬁngthe-umdbguphxcpmcﬂ:mm&dnummtd.%mw
’J,Jvtr a remarkably large variagion within the group of celh with respect to concentra-
#" tion of the motope in the cytoplasm.

The main conclunon of the prosent investigation is that the mt perntoneal mast
cells thow a very marked intercellular varmbility some ceils baving a 5-HT content
and uptake capacity that n 4 to 5 tma higher than the median value. The finding
that large cells have a lower concentration of endogenmn 5-HT than the small oo
secms 1o be a reflection of a lower metabolic activity of the large celh. This mtum
mightbcd\)cwnnflkubkprupormmbﬂwmccﬂnnﬁtclndccﬂwlmcbt
former being the rate-Jimiting factor for uptake of precursor amino acid. The extren-
lvcﬁiamtupukcmcchlm:mfui-ﬂ'rthmmdnphycdhydwntumlocﬂ!
providulb:s:cdhvdthpomhl:fummtonlyunS-HTrrnLhmﬂrxmd
mcdngm—ucturcbunlnuuyuuntorncmﬂlzhgms-mbymmrp«-dﬂ
$nto the mast cells
This bevesogation waa s Mmm%ﬁmﬁwgﬁg

toma alaget

Chest Dlecwres, the
i \\ sPieaberg Fowsndation, and the Swedish Stato (Rescrva
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Electrical and Mechanical Activity of Human Respiratory
Muscles during Voluntary Inspiration
By
A AL Viejases
Revehved 17 November 1966

Abstract

Vigases Al A, Elwircal and meckanscel octit ty of kuwan respiratory wescles dwmeg
colentery mspurat s Acts phyviol scand. 1957 70 $4—56

It has been sbown, the ceriam range of Inspwaton here cowts  hnear relatsonshep berseen
the ol umber of o tmpulses during I od

muscular mipea
Enpubes b inereeung 10 Linear relauombup Lo the pregure

Exrlier experiments show that there 15 a close relatfombip between the mechanical
resprratory funcuons and the eectnic activity in human wiercostal muscley, A Lnewr
relasonshup way demonstrated between the electromyogram impube freguency
at the end of impiration and the mwscular intpiratory work of breathing The
elecromyogram unpubse frequency determmed four seconds after the end of tspir>
ton and the subgect holding hs breath with the glotts open, 1 &3 1n a Linear relation
ship to the al eolar relaxation premure (Viljanen o ol 1964)

In further expennments usng the same methods ay earlier the clectrical actmy
of human tercostal muscles bas been examined duning smpiraton The edeaire
myograms were taken mung both surface and concentric needle clectrodes. |5 bealih)
subjects were examined and 30 90 mspratiom of each person have been recorded

It was thown that in a certain range of mspiraton there 1 a Linear relanoat?
between the total number in) of electrommy ogram 1mpulses dncharged doring (&
invpration and the fint ume integral (Hy) of the muscular impwratory wock
breathing o called  physrcal action™ (dimenwon cm H O < 2ec x ! compe’™®
Bergatrm 1962, (Fig 1) During one and the same uspurapon however the wmb?
of electromyogram mipubes drd not increase n » incar manaer with the correrpord”

ing phymcal action (Fig 2) Instead there was observed & linearnty betwees L4
rumber of dectromyogram unpubes and the premure mpulse (1 = fpdy) #>T
premure (p) 1 cqual (o the sum of the dynawrc and ahvrolar relaxatan s
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Insulin Binding Proteins in Normal Serum Qualitative and
Quantitattve Studies 11 vivo 1n Cats
By
F Gpoox
Recelved 18 November 1966

Abstract

Guoor, F Junda bosding preians o mermal srem (Quablstice axd quentitatire stndies
e twe % cats Acta physol scand. 1967 70 57—68.

Afer 1 waw-lh:n:wmuu.un dnd;;cﬂ-‘-hyd:;l!d

exponentially and 1 jogarithmic dopes were alwers, partion

nTh—u hmdﬁmpn:ﬂdnndcwrw £0 the elmmination of Eree lmudn.

Preliminary Invertgatons showed that the msulinlike activity (ILA) of serum,
meayured by the adipose tissoe anay was incressed [rom 100 to more than 100 000
uucmmiupumln:rum.ncrdh}ymmhmnpnmnmomtmpa-m The
ng the was Jocal in a preapaate of denatured glob-
Wins (Gjedde 1960)

Smce the increased actn ty was partly wnhibited by antunsulin serom, and sinee
the activity in cats thawed a decay after pancrestectomy corresponding to a half
hic of 3 days the hypothess was proposed that part of the drculatmg endogenom
msuhn n amocated wth certain euglobulmy, thereby altering tn volume of dhtribu-
tion and i rat  f catabolsm (Gredde 1964)
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(Fig 3) It was noticed that the coeflicient of the relationatup b & 4 by the
decpnen and the velocity of the invpiration.

Although the electromyogram frcqu:ncy {fa} st the end of impintion Bl
linear relationship to the inspl lar work (W) thu i not the case fa the
diﬂ'm(phmofmcumcmuuﬁngﬁnpim(ﬁg 4} Dunng one impeion
the dect yog impulse y ard the averege power (B 1W/1 of the
imp{nmrymmdumtobcm:widcnngcinnﬁmrmhmhxp.

The results thow abo that the same reb h heelectrical and mechen-
ical activity ma found in the intercostal mnuscles also exlss In the mmedes of the

diaphragm.

Acknaowledgerment
This fpation way & Ity mep 4 by the Fienish AntbTuberkuloss Asclation.
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Flg. 1 (Cat B 2); Ellmination fat W2
of CA) o=
peecipluable radicacthity (O}

and radicactivity

with doubc

Immmmopredipits-
don for h-z]u: (Im) (@)
‘ofosion of

(52

pH T4 1 mwmmym4ouu¢rm&mm mmples
were deawn from th cxtermal carotd ¢ bmmtlmthnm:hhlh.,hhrnwcbcan
were placed m metabobe crger, pu-mmnz wrine collections, T prevent

Uon of redioacth  kodime bnt Lb:mymld}n'nm,mdhmbdzd(‘nuﬂtdmdtmﬂu
final cowcentratron of 0 01 per comt T obtain  large diurens the cats were kept os willk exchah oy
od the wrne 33 collected daily for 9 daye.

Alcacarement of proicin-bomd radeactery
100 al of syumm was ed with 1 B of 3 per eent tnchlocoacetc aad (TCA) or by donblc
Hoeptner

Immrnopreciputation of iealin, and the radloacthity was mesmared with  Frioeche
el pe scmtliation counter (Gyedde 1965

seale agalnm tme
(wm the composite part of the con for
the proteinbound redioactvily was graphically raol o int -p-nmlbcgbymbcrudouo(lb:
extrapolated strasght portaon of the cun from the mosmred smownt of rdicactrety and plotting
the diffrenc 1 separate function of Ume
1 b short trrm expermments, werics A, B and C, the cury  for the

radioactivity was resotred
ko ome rapedly decli g Lt (ope b 3 and coe of miermediate tlope (b 2) (Fig 1) 1 the long
(b 2} and

erm expenments, the radiosctnity carve wes reched one
llo;}l:lbl tme (Fg 4 of the N of

otercept with be arima () durce {b) were determined,
o being e wterrepe of the qumn]rq:utnodhncrmmdqx ) c2 the interceptof be
mtermediate exponentual bne (dope b21 The thopa ». froa the formmuls

b_w

T2
The 'toefor [ {we Fg 4) = obumed by nﬁ'lPilﬂc-o(h((‘n.r\ ‘nh(hcbp:bl It
terum concentraton of be raoacmaty bownd bo alpha-ooc
betnern the mira och extras macwlar epaccs had been cemched

before o degradaton had occurred mmmmhq‘ummn:

refiects ke rate of degradanon of the labelled alpha-ooc

The alwe for 2 reprosents the totra ascular concentration of be amocla e wkth

(he alphs—cone glotrile | short term tha llwhabumrdlrycﬂnpnhmmm

e we Fog 1 1 be W-u,-h-n Ihbd.mhnhjcn!din—
b waa mesmered directly decay cen vk.h\htﬂq)z

42 depicts the -h.(hequ:..w.mbmm the extravascular

olumes

obtasmed

The reep cxponen 12l koe  Mb the tope b 3, expremes the ra
rmenated frow scrum  od was obtained by

meamrred em-bound radiactvity m expermments
uhdnn-dhn'mrul The correrposdsmg valee for 3, an cxpresmon of the concentra kom of
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free iuln st pTo time  wad Dot med in the calculatisas o sccount of the refativel: periad
dln!nimdl‘uﬂn,lnrmrdwlbcnhrlhﬂ'lﬁ-d h:tr o yioes
7l was expremcd 3 the dally excreted arinery In ceot of ol
Mmmmmmmmmmmdm&m
of dimribution was calculated by di' kding 1he In rddutd'ndmcthh fth the
r’dma.hhya(lm!mm,mﬂnrufuumnpohmdmlhcjr:‘nd '

Results

1 Shert serm experrmwents A end B seres

As ween from Fig |1 the protein-bound (TCA precipitated) radioactniry become
a nngle exponential function with ume after approximately 30 mun. By extrapalatan
2ad subtracuon, the curve s resolved graphically in o two separate expoasntlal
furrctsons of dare, yredding & steep hine (b 3 with a half life of 6 mun, and a flat curve
{b2) with a half ufe of about 155 min. Assbovn by Fig 1 thus type of analyins gives
a reasonable good fit with the data.

2 muin after the end of the infunon, the extrapolated value for the dow curve coo-
sttutes more than 50 per cent of the tote! protein bound (TCA-precipitable)
radroscthaty (Table 11

From the figure and from the table it s 2ho apparent that the curve of the impyumo-

kxgiﬂﬂyprtd;ﬂmhlcndimnnyhmugﬂyuu}ugmmwemmdmﬂm
preapitable dwactivity although the former curve v depresed in relation to the
latter comttuting from 66 to 36 per cent of the latter (Table 1) The spparent
haif lives of the two companents of e (WO curves are very smiar beng 7 and 8
rdn for the steep component and 156 and 151 mun for the fist curve (Table I)

By unng the extrapolated alue of ¢ 2 for the showly ehmmated component of

otein-bound radscactaty and 2 volume of dustribution of 4 7 per cent

¥ a1 Rar of chunmtson of tchlorecte s0d precipriable sadsoscsivy and of radsoectn xy
otszmed by imummopreciprtation fo smealin A £d B scriea

Mean = | 5D

TCA preap Imsounal. precp
HALUL o b 3 8 1 15 mm (N5) 7+ l4m NE
Halfld of b2 185 + 21 min {N5) 136 2 19 min N\ §)
Tamix 11 The relstion bet e raduscithity of screm precipltared by i 1 o

eomalin and by trchlarcecetic eoxd, £2 1l 60 ro afeer the infertion of Labe@ed mmeaimn
and betweon the corraponding values for T extrapolated (02 mm A od B serics.

Mean £ 1 6D
;:’ﬂ’m""-mrmﬂytlw Tomunol ¢2 - 100 Teael 10
Tora$ TCA
TCA predp. radroactvity TCA 2
2mm 0 cun o
69N NG ¥ =9 (NG 15 40> () u:i_‘f_"‘_



DOULIN RINDING I VIVO 6l

ey
Log ey

SN

Fig 2 (CatC1) Radloactivity of sum,
precipitated with trichloroactic acid after

tom whi the third of labefied
fowalin fall of the mﬁ"uﬂ
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of the body werght {see under Jong term expenments) and relating tha to the
amount of Igjected radloactivity the degree of Incorporstion can be calculated.
Tha was foand to be 17.9 4 49 per cent of the injected dose of labelled insulin
(Mean 4+ 1 8.D, N 6) correrponding to about 200 murounity per mi serum.

2 min after the end of the infuslon of invulln the apparent volume of distribution
correspoaded to 15 & 5 6 per cent of the body welght (Mean + 1 8D, N 6)

2. Shert trrm e xperrmwexts — G o
The experiments with the animab C 1 and C 2 differed from the A and B senes in
that repeated infimdons of shorter durations were employed. The apparent volume
of distribution was 12 - 2 per cent of the body weight 30 scc after the invalin was
myccted, romg to 18 + 3 per cent 90 sec later The accumaulztion of radicactvity
in the dowly eliminated fraction scerued to be addinve. Only 10 4 + 4.3 per cent
{Mean + 1 8D N 5) of the infmed dose was mcorporated (Fig 2) Similarly
the values of b3 and of b 2 were smaller than those of the A and B senicy, as the half
Irves were 4 + 0.25 and 102 4 28 mmutes rapectively (Mean £ 1 8D N 5)
1u the experiments C3 where a cat vms given a constant mfuvion of 925 merounts
labelled inyulin per kg per minute for 120 mm, a rise of protem-bound radswactinty of
serum was observed (Fig 3) The merement dedined with ume from a yaloe corre
sponding 10 57 microunits msulin per ml serum for the first 30 min. to a value cor
responding to 78 mucrowuts per ml in the experimental period for 90 to 120 mm, or
095 and 4 7 per cent of the mjected dose.

These findingy indicate that s saturanon wath redicactinty of the dowly ehminated
tomponent wa pot biained. Nor would jt seem that the continom wfonon of la
belled invulm had been exereded by the degradation capactty

3 Characimrzstion of the proteoa-bound  adnactmrty

Toch the slowly cfi d rad tive protein fraction scparavon method
for proteins were uted. When serum, taken more than two bours after the infirdon
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Fig 3 Fg 4
m!(&xCS)R.d.hmah-uy scrum, preapetated with trichloroacetic (@) and
mmunopreciprtation of msul ( ) of cat hatreceived cowmlhﬁnimd.l o
clllmﬂnkrl'.’ﬂmln
Fig 4 Redsactlvity of serwm, precipitated with trichloroacetic ) nd(unlmd.lo-cm
cxcm.cdperuhn( ) intheurineof ca Lh.llhtdrtvdvrdmlnfmim lph.l«:v
ghobulla, Th slope b2 — mmet — correspands 1o the equibbretion of the radiosc

ety between bntre rldmnv:mhr olurme of distnbertion, and the dope bl to the metabobe
d. The balf-lrres tob?n 130 mn 1 bl (serum)

af the
4B bours and t bl (urlne) 51 hre,

of inyalin, was drlyxed agamst phosphate-salive buffer at pH 74 the smount
of rad} y Innde the b showed an imuel fall due to removal of degrada-
tion products and then remmned constant and was fully precpitable with tmchloro-
acctic acid.

Prepamative electrophoreus on starch block of 5 to 10 ml of serum, talen 180 mm
slter the injectson of 1mulin, showed that all radsmctrvity migrated ay an alpha-ooe
globulin. By itation of nyuhn, 30 per cent of this radsoactvity coukd
bc precipitated whcr:u 90 per cent of the ™I labelled Invubn, added to serum
immediately prior to electropboresis, could be recovered by immumopreciptaton.

In control expenments in order to correct for copreaipitation it was found that
less than two per cent of the radioactvity preaptated, when normal guines pig
serum was used instead of serum from guinea prgy immunized with insulin.

Hormontal starch gel electrophoresh revealed that & peak of more than 80 per
cent of the rdicactivity was localzed m a fantly coloured protein band mmedutely
behind, but clearly scparated from the albumm in contrast, starch gel clectro-
p}um:nfmnn,mwfnchnncqmlummmofndm-mvcrmuhnmmddtdjm‘
proor to electrophoreus, showed that about 90 per cent of the radicactivity mugrated

1n front of the pre-albumm.

Gelfiltratron on Sephadex G 100 or G 200 gave & symmetrical adicact] ty cun®
y&lmﬁmﬁﬂl!o?ﬁmm!lﬁﬂdwmﬂnpnnunpak(l’xg 3) whle 93 per
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) e
cent of the mdmactivity of labeiled Imulm, added to scrum lew than 10 mnutes
before gel filumbon, was dmcdlftcthcprD(nn_

Repeated | tic i using a potent antscrum agajmt
atﬁmundmmnmth-h}ghmmmmlmdnﬂmcﬁwrymtcduim

the slphm-one globulln, failed to produce any radioactive predpitation arcs by
aul

Y
When ammonium sulphate (pH 8.0) was added to B0 per cent saturation to dialyzed
serumn that was taken from can more than 120 minutes after the terrunavon of the
nrubn miuwon, t precipitated about 13 per cent of he radicactivity In contra
dnstincon to this umeyual solubullty more than 80 per cent of the radioactivity was
precipitated when labelled 1mulin was added to serum immediately before addinon
of ammonium sulphate (0 80 per cent saturation.

It 8 concluded from these results that between 10 and 20 per cenr of the radio-
acuvity of infused labelled cat fmsulin b bound m i to pmtcm,fuﬂyp'rrd'piuble
w th tnchlorosctic acid, but soluble in hegh con jon of
uzhmckcuupboreﬂcmohﬂtylnmrchuockmdh\mchgddtcuuphwnh
corresponding to an alpha-one globulin and with a molecular weight severa! times
thxlafhhdledapnﬂlnrmmlm,ndcdumdﬁomlb:bchmau&phnd:xgh.
When the properties of tho labelled protein are compared with the propanes of the
labelled alpha-one globulin foand after i cutre ncubstion of serum with labelled
imulin (Gjedde 1966) an identity of these two protemns seerm to be indicated.

However m contraut to the w riirs expernnents, radswactvity from labelled wmsulin
wa never ohserved to with the lot m theye o rrve

In L“lcrcx:ptrhncnuoflprd.rmhnr)d\.lﬂﬂﬂ *1 labelled urulln was mjected
to caty, either int oo of the portal tributanes by constant nfinlon over several
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Fu’ -8 [Gn C 3 Radicucthlly of serum, precipiated with tnchloroscetic sad (@) lﬂdh
txthon of twulin () of  carthat received  comwta ¢ infuson of 2 Lebelicd
utn:ul icrIZOn-un.

Fig 4 Redioect serum, precipitated with (richlovaacetic acd (@) and total eadioecth iy
c\crv.-ttdpcrﬂh( \Lnlh:urhco(lcu(huh:drﬂ‘chd of radioaciive Ipha-cme
plobottn, Th sope b2 — meet — to 156 equilibration of 1he protein-bousd

trvity berween Lotra- and cxtravascular dumeold.m.dbuﬁn,:n:dlhcdopeblmtbemrubuﬁc

d. ofth labelled d. The halflires ag b2 o130 oun tob) (serum)
48 boury and 1o b} {uniac) 31 b,

of 1mvuln, way dialyeed against phosphatetaline buffer at pH 74 the amount
of redk 1ty wede the b shawed ag uuteal (ll doe to removal of degrads.
100 products and then remaincd constant and was fully precpitable with trichioro-
a~ctic actd
Preparative efectrophorens on starch block of 3 to 10 ml of serum, taken 180 min
1‘/](1& the mectian of fnsubin, showed that all radoactivity migrated s an alpha-coe
giobulin. By unmunoprecipitatan of meulin, 30 per cent of thus radroactviy conid
bcprrcupamad whcerOpaccnthLhc Bllabelled tnvulin, added to serum
{y pror to electroph could be recovered by immunoprecipitation
In control experiments 1n order to correct for coprevipitation it wa found that
lexs than two per cent of the racwacuwity precipitated, when normal guinea-p¥
scrum was waed mitead of sarum from gunex gy immmoed with mauln
H tal starch gel electruph led that a penk of more then 80 pcf
cent of the radioactivity was bocalired 1n a funtly colaured protein band jmmediately
behimd, but clearty scparated from the albumin i contrast, starch gel electro-
phorews of serum, o vhuch an equal emount of radiomctive invulin was #dded
paor ta electrophorens showed that abour 90 per cent of the radroactivity migrated
in froat of the pre-albumm,
Gclﬁ]muononScphadchlllJarb?OOg:vnnnmmcmculndmmmycmf
weith a maxmum | to @ fractions after the mam protein peak (Fig, 5) while 35 pF
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Tamx IV Ddly-mnryaaﬂlmd’rndﬁmﬂiﬂrylﬂdhﬂnmlnf_lmdhhrﬂcddpha
one globulin, cprosed m per et of retakaed radloactivity (ebialned by subtracting
rumnhuv!urhlryncrﬁim&omhﬂtdldrxdh-cﬂﬂty)

Period Excreted winary radloacthity in per eent of retained

Ca DI Cmt D2 Car D3 Cat D4 Meso L | 5D
Idey 198 pe. 176 pe. 118 pc. 12.7 pe 135+ 49pc
2day 232 pe M3pe. 18.7 pr. 257 pe 235+ 31pe
Sday 4T pe 29pe 207 pe. 170pe N3+ 33pc
4day 234 pe. Wipe 85pe 108 p 20+ 30pc
Sday 211 pe. 249 pe. 26 pe 1#3pe 2081+ 45pe
Gday M0p 193pe N3 pe 13p 198+ 53p
Tday N3pe 186 pc HIpec 194 pe. 1881 53pc
Rday 60 pec 7n9p 240p 58pc H7£101pe
$day 1.3 pc 187 pe. W3p 162 pc 138~ 73pc
Mcam £ 18D 196+ 66 0338 223126 143 L 26 187pc

Meun 191pec

The urinary excretion of redicactivity reflecting the metabolic degradation rate,
gave astrught line of good fit when the logarithm of radsoactivity was ploteed againyt
tme (Fig 4; The alfif determined by tho corve way 1n good accordance with
the slow decline of serum radloactivity with an average ﬂueofSZbcum.l\uurc-
radiowctivity was excreted in the firt perod of the exy indicating 3
umformuty and slmence of major ds ton of the rad ve alph. globulin
Thi 1 evident since the relavan

Radisactn: ty rriaimed

Daily unnary exeretion of radscacthrty X 10D way constant at 19 per cent for the
fint 7 davs after the infusion (Table 1V)

) Eecsatren reic [ lebelied wsuiin from bsed

Incomstency in the valuo for the dnappearance mte of isulin in blood cxsts in
the literature.
Inr-bb-u,ScouanLlQSBudB-:mu,\nlawlnd\m&lQWb-wrrpmmdm:ge
plasma d mata with halfives about 25 minutey for the rapydly efnm
nated cnmp-mcm. In man, Bervon of & 1956 found an mitial desppearance rate
with a balf-hf of about 40 mm, whereas the figurey of Webh of of. 1956 ndicate an
shorter half-ife. Similarly Bolivger and Stephera 1964 found an
apparent half bife of 15 mun for the rapid component of the disappearance curve in
man Using 'S (sulphated) and ®1 labelled inaulin, Haugasrd o o 195+ found
a fau initial elirunaton of the radiosctn ty o(uhﬂebbod{ndog-ndnu n

contrast, Rucketts, Wildberger and Regut 1963 coleulated the halidife of labelled
urbmn in rao to be 17 min at an average.

3—ETINT Lo phymad wcwnd Pl T8 1
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bours, or subcutancomly The results showed that no radicactivity could be dem-

onstrated in the macroglobuling by starch gl electrophoresh. Nor way there any
avocistion of redroactivity with the globuling alter gel Al or by tarch

ge! electropharen, when labelled alpha-one globulia had been nfised nto cats.

4+ Ecalutron of the metebeln: éngredetion 1eke of the redisactmiy o owih o
Jlobul, Serles D e
After the infusion of labelled invulin 1 the chort term cxperiments & fractwon,
mcreasng with tme, of the radicactivity of serum could not be preciputated by
trichloroacetic add, although 100 per cent of the radwoactive inyulin was preciph-
table after additson prior to iyection. 30 minutey after the hfinfon of labelled mynlin
the percentage of non-TCA precpitalic madisactraty vared from 20 to 30 per cont
of the total serum rad y Thn figuse ind that the steep phase of the
duappearance curve (b 3) of protein bound serum radioactivity n caused by the
destruction of free insulin to at least 2 major part.
lnordcfmdtfumlnelbcmchboﬁcdegﬂdlﬁonuuofthcdawmmm!ufﬂr
dmappearance curve for serum rad were d wub
mmfacfdphmﬁmﬂmhundmdmm!dty Tbelufmcdndlawdw
alpha-one globulin was found to be diluted immedsately after the infection with s
volume correaponding 10 4 7 + 0.25 per cent of the body wesght afier 24 bours the
volume had expanded to 18.6 3= 4.5 per cent of the body weight (Mean 4 | 8D,
N 4
Th inital dsappearance of radroactivity from scrum had an average haif-bie
of 184 min (Tabic [Il) which wasn good egreement with the figures for the apparent
« halflives of the slowly elimunated component of the A end B serfer. This decloe
was ied by an app of lens than ene per cent of the radiometivity
|{(nnhlommﬂ21adwlublclmm,Aﬁadxmmdcquﬂﬂxiﬂmalhvdtdmtd
- protem-bound radioactivity of serum was observed that comesponded to & balf-id
of 50 hr.

Tamx 111 Tbnmddmﬁmdma(n&a-tdvﬂrdm-rulh inforon of Ixbelied alphs-

one globulin into cam. The rads cipested with cric s B
cq)tt‘dupactmdthlnlnzmbntunﬂaﬂwaﬂn[&cthﬁﬂ
Tlne after énd of Haftmion Mews + 18D Neonber of ca¥
&2 on 850 + 6.0 pe 4
122 min 570 £ 60pe 4
2 bn 186 £ 18 pe )
49 hny 1394+ 23pc 4
b 925 (Bpe 4
96 ke 65+ 15pe 4
120 b 30+ 10pe 2
144 W 38+ )0pe t
168 s 2310 pe ,i__—_./
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difference was found to be asteched to & protein migratmg a3 an alpha globuln.
Although coatrol expenmenty pror to injection showed that lew than two per cent
of the labelted 1mulm mugrated in paper electroph Bersar Yelow end Volk
1957 nevertbelen concluded that the rediwoactn spha globulin which they calculated
represented more than 10 per cent of the jected dose we ceused by peeparavon
damage” Thn radicactive scrum prodein was ehmmated alowly from the blood.

From studies of lubelled serum protam t n well krown that the preparation mith
the longest biological half Lf 15 the least denatured ane (MugFardanc 1957) By
analogy it thould be expected that the rapwdly elimmated componert of the compo-
nte curve of redroactvty of plasma alter infection of labelled msulin i cawved by
dematured protein, and that the low corsponent represented ratve mulin.

In sccordance with thiy, it hay been shown that evmred denaturatron, such as
insctrvation by afkall revults in an i d rute of elimiration of rad ve in-
sulln (Lee 1957) The only observauon nfa our of the view that the slowly elimmated
alpha globulin i1 cawsed by dematured radiosctive owfin Is gnen by Berson and
Yalow 1937 who found that ™I labelled msulin, that had been heavily mradiated
with roentgen mayy, was elmunated slowly m tr# afier th treatment. However they
also found that the radicactivity in peper clectrophoreis migrated w th &ff the serum
proteim. In spite of thn important dufference 1n electropboretic mobility between
the Irradiated imulin and e roe labelled alpha globulin, Berson and Yalow 1961
maintamed that th  Labelling of alphs globulin after mjection of radioactive knsubm
wis cated by an asoclation of denatured insulin w th a normal plaxms protein.

Whether the radloactive alpha globulm reproents & bindmg of pative or of
denatured isulln to & serum protein will be diucmzed m detals n connection with
In atganom of the insulin like activity of serom protein frectoms (Giedde, m

Th frvestigation us od by donatom from Almiadeigs Verntatatond.
Tem ey prichd 1o Jorpeamn. 3L 8¢ The Rescarch 1 oy Lid. Laboratone,
gencrondy prepared crystalline insalln of by and Lelloc origln
et i Wi piiarey = v
lmpnﬂyudchtdjmau-:u,)lb M Sc., Department
clectroplon well & for slmble sdvce ond
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Abstract

Greopx, F famelx bindixg protans tx marmal serum. nuqu‘m
Uf Lepetind insalie and xorwal seom prolems. Acta physiol. seand. 1967 70 69
79

Py incubatlon m cure of Rormal buman serem with 1 labelied (nmelin, smociatien of radionct
-ﬁmm%mdﬂmﬂnﬂﬁmﬂnﬁmmﬁmnub{
roac were ed and an nh thrd Obecrvod. The mecro
Pohbmuc-dﬁtd-lwn od beta? M globulln by starch gef
clectrophorte oo Scphadex G 200, i

——
The origin ndph‘nologkngnlﬁcmczufth:innﬂjnl&:.d\“au of
meaurcd by the m rire technique with rac adipose tisnue bay beey ) of serum,
propertics of 1LA differ in immunologe, tuochemacal and bie Since e
crystallme taghin l}rccmtmdmnwhwhethau.km Tapects from

between insulin and serum proteins, or th of vnapecdific An amocation
pancrea and to the regulation of metabotism (Gyedde 1964 3, “::*{mcd ;-;6;';‘

In order to imvestigate s poenb! anoclavon betwemn
proten, radicactrve labelled mpuhin has to be wed in order o g rormal =7
cally the complexby methods ndependent of ts blologeal nd defire

PPy e b
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activity Expaimuofdmrypchavrbcmpaﬁmwdurd}ﬁ:rmtmy!.ﬁmb,

Ralles 1952, who used paperclectrophoresis for the separation of 1mulin and serm
protewm. Berson & al (lsbﬁ)found, however that radimtion darmaged inmyulin behave
differently from native mmilin on paperelectr 4, and they {uded that

protewn bound radioactivity appeanng after incubation of senpm with radoactre
insulin represents damaged fnsulin” and that the experiments with labelied inrofn
therefoee are 30 dificult to nterpret that they must be comdered a regrettable
waste of cffort  (Berson and Yalow 1965)

However 2 binding of native insulin to normal serum protems cannot be definitely
disproved in this way and the question must therefore still be considered unsettied
To differentiate between incubation artnfacts and the formation  rts of & possible
physiologic complex 1t 13 necemary to wdentify the products by several different
separation procedures including immunological reactions and then compare ruch
products with serum proteins which extubit insulin like activity The amociation
ta rutro between 1nsulin and serum proteins might mvolve slow and lrrevendble pro-
cenes, 30 that prolonged penods of incubation bas to be emploved In order to reves!
such associations.

In the present mvestigation expermments of this kind have been perfoamed with
1] labelled homologows insulin of moderate speafic activity They are extensian
of an earher mvestgation in which it was demonstrated that two normal senan
proteins become labelled when serum &1 incubuted for several days with fabelid
insulin (Clausen, Gjedde and Jorgensen 1963)

Materizl and methods

Jurpl ®!  Crystalline ingulln of human oc fehine oclgm was labelled with ] by jodiuaton u
nddntdlm(hjmwﬁbAmdB)Th:mcnﬁcuﬂdrydthnmﬂomnM&_
to 13 mC per mg and the degree of lodimation wis ks thax one lodineg atom per 10 st moos-
)/mu:. The lrwuhn was dmotved t  concentration of 60 AC per ml in phoaphate baffer 40 mbb
H 7 4 whech abo contaned bovine serum albamin, 0.1 % m:nhjdnm&ﬂl“-.nleao-’*
wolutlon was soeed ¢ — 22° G The radioactive parity was ascertained by the ol

criteria

1 Fuman and fehoe =1 labelied 1ol was dduted with  carrler motmt of pork Lot

and sabjected to starch hlock od G 200. T
n:ﬂnryn:m:intdcm T brovgh the whol protein fraclon nd shaserd only oot Nt

pe;‘k"g of the vadsonctivity could be preaiphta o with michioroaertic wcid (TCA} o ol

concentratlon of 5 % (W/V) when pork ineulin was ddedt Hnal concentratlon of 15 mg P%
mL

m;wmo.-y un:g ldhmn:mnrr-lhmldnphn.mmﬁrchnjqu shomed the biokgica!

activity of the belled 1omalin,

4 Ss—m"u{th mmmuwlwgmmwwwﬁ

{dont desribed by
axavow (1962) 100 xlof 2% gui ca-pig snthoadlo seam (GPAIS) 1 10 @M
_.o_qg,,(majhﬁa PH 74 capable of neutraliring 1 ul)wcmunluu(ln:ubzm 'upm.:

Gulan
larure of pork o 0% b (o e Bon o0 ek weekly for 10 weeka.



TR LI BOODINU X VITRO n

o=
Fig 1 Camtrol of radicactiv prarity Gef flre-
o on Bephhdex G 200 of  mronce of 1
Yobelled human wele sad 3 Py pork Lusie.
Protem {Lowry Um):‘ﬂ_mn
(epm) (@) sed wmcryme | ) () The
wpenibe wctmity Tomaine comstat Terough the
frorem (actuomn and there i only ooe snghc
peak of mubnecivity oo, med o an - r

|
Geasor sl the w0t el v, i cheterd sopettier ﬁ
wch s umemedintely after ne o, —g o ‘%. sm-—ﬂ

N

Robbit anie (gomipug phobsdm) wovm (RAGPS) !numuzd emmonium satphare wan sdded

w
l'rw‘ﬁtll-rnnlt-acl i 4o 40 miurenon, The rem(h-i\zdby-ddzdmnf
fonlled water 10 the veram volmme amd ey Aker dulyms spuim mboc

Lse ghobubngs were wrh equml duadr-uﬂo;nhm VW prmyg Mendor sad T sl
of the roalooe way mhoutamcoly ance weekly kor §

A5 and Mot A were performed with rabbat sao-d]

23) »d rawit ant-{hemen beta-l M ecra, Trom Behrngwerive, Marbery-
Laba, Wemom Germany o Lal Thee Blood Trassfiation Servce Nether-
tanct Fed Hekand {0 at of whole bumas srem o | sl b,

Fractcmm
preaptaton After 1tbriar 4 the mocture wiw cmu-rrupd 4 and the precipl
s v a3 washed twace with 200 uf cold phosphate-sabee buffer 21 pH 74

Dhunch-Hack darwygaboncszs wm performed by tee avcthod of Kaokel (1912) wog pheephste bafcr
203\ pH T4 and 500\ 35 o for 20 s a1 4

Horysamial Mn-unwdmlﬂnlhudwddhlha(lml\dq
Poclils (1937) decaerttooon Tre-cum kad berate buffers Aher dectraphorom a1 4 for 1 in t
100 10 150%  and 46 to 30 mA the ged was cwt boruorrtably tad the wpper Ml daiacd w itk Aseido-
black 10 B m orcler t0 Jocute the protran basds.

Tt b o7 ball mg cwl ML Seviions, Carrrspending (o e Yo profe frectioos after corroctien
fuv.bclbnnb‘t tn the nameng procodure and the racectiray of the sectiom wis meus-
S’N G 20 The colummies were prepured by the ged Mo erticathy, eompended
chame 31 60 m, wih 5nmlhrih)cro( (gdu(mcx)hmzdmu (mﬁ“
wnicred giam ey m the borlem. The old clome Dﬂmnmmnbl.’namlt-dlkml
chamr Lot 260 i ) med streme ws 15 the cobmone. The odears were clamed. o Toom
trmperatirr » 18 18 m3 phosphaie e pH 7 4, contusung 0.9 N Cland 08{* seribioiate.
T colamern did man comtann remdual rachonctmty 2fiee cepeated roam aad the reom ery of sdded
Lbebed noudm 2297wk corfliorat of anadan o2 (I 6 oxpes). Proceim w e detern

wed b Loy merthod (Davglads) o of 1952), and mecrese by the

e exrhrone method (Hambd aod
\h—-m-nmhuma.udbvb}quc Ko
swapublaerd)

rweche Hoeplaer v eltrpe xamidlition cowmer By
chaxnel anaby wboctpwnd s reduced -dq
By of 40 b 3 per cem, wkk  coscomitan: Al of the
cnbees o ot manden K
Wdugiom e ‘%mwt_‘&:ﬂ" Eroon bcalthy faating rrixa.

Ihmbrmmd.mm
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waw remoored, odellowedt clot. Radsoacte owalmla rodume frovs 10200 300 af, orreeqpoodiag
10400 to 10 000 maesownss per mi acrumm, 100 471 sodeum mortbiolat asd § g “hecrermiogical”
scrose wss muxed with 10 ml serum The sers were keptmt 2 G m phuo(” ol Liied
md 5 casbon divude it ordey nuumaon pH o 74 Fn mdﬁﬂ:luulnhurudm
nm;iad\n7:sfld-!y1c{mhﬂm ere amykldympm Ooe cutture showed Kew eok-
aes of rody The of serx th 20 fakd do tas of D

3 pedforroed ath \nking seambewellophane talxoy 187352, prevsowsty bested &

Results

When serom 1 1ocubated with wodiated insubn of moderate specific acuvity w6
esdsoactioty appearns which can pot be precipriated with trichloroacetic acd, fdi-

canpg 1be formation of degradavos products Fig ) Sumultancoudy & decrene
of the redioactisity preaprxted with the double mmmusopsecipiation for inmufs
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Frg 4. Gel Shration on Sephadex G 200 of ser, containing 10,000 mucrounkis 1 labeiled buman
Yol per o seraen, alier Lacubatson For 7 ( E2) 3t 21 (K 4) days respectively The first rciomctiv-
Wy posk corrrpondh to the the second to the and the thard

ty of the P T for brenlm.
(@) rudioactivity of the fraction, { ) radwactivity of the prevapitatos after dowbie bnmmo-
precipitation for lemulin, ————— proten | Lowry omm,

is observed. That the latter decline 1s related to an asocation of mdwactrvity with
wrum proteins and not necesarily to degradaton was brought cat in the following
experiments

Serum mmples incubated for "arrous periods with ™I habefled inmulm were
treated with speaafic antsera gamst human alphs 2 VM giobulm and against human
beta 2 M globulin The radsoacts 1ty of the preamiates demonstrated bmding of
radicacts ty to these macrogiobulins, especually to alpha-2 M globulin, which had
3 times the activity found with beta 2 M-globulm (Fig 3)

When sere imcubated for 7 days were subected to Sephadex G 200 chr "
raphy the radicactinity was scparated nto three peaky, the fint correspondmg to
the macrogiobalin (Flodm and hillander 1962) the second bocated together with
Lbcmmnprmdnpuk,unddnl}urdlndhrgmlppannggﬂqwb.uuxw
ten had been eluted (Fig 4 Serum E 2) When the same separavion was performed
on sera incubated for 21 days & marked increase of the amowat of radsactivity of the
macroglobulm fracten was observed (Fig 4 serum E 4)

In order to follow the rate of incorporation into the different fraction fractona-
ﬁoﬂqu:hAduG?OOahhcnm:mlncuhaLcdforpmod:ﬁnmluthmlomm
to 21 days was performed Fig 5 shaws the figures for Incorporation of rad; ty
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Por coul. racamcindy

Tig 5 Accumelatioa of mdwecthlty Inth macro
globulin, (@) and | the -one globalln fracton
(O) of serum, rated on badex G 200, after &
ferent a1 per eent of
total eluted radioactivity Afean + 1 &D N puember
P of tnvestigation.

T ex] Per cent of redlosciivity In serum (rctom, scparated by Scpbadex G 200 flitration,
precipitated with additlon of mmontom milpka ¢ 80 per crnt mturation at pH 8 0.
Th scra bad bren acubated from 1 to 21 days with 10,000 microunits =1 labelled bomok

ogous bl
Per cent precipitated

Tacroglobulm frection from buman serum
fean + 1 8D 93 4 S4porcent (N V)
facroglobulm fraction from feline serum
Meaa + 18D 85 4+ S peroent (N 9)
Alpha-1 | frection from bums  scrum
Mean £ 1 8D 106 = 2.6 per cent (N 7)
Alpha 1 | fraction from fefne serum
AMes £ 18D 10.7 + 1.2 percent (N 3)
Free 1wl fraction from buman serum, added carner
inols 1 mg/ml
Mean + | 5D 59 = 3percent (N 5)

mto the macroglobulin and the muddle frctuon The proportion of rdicacuvity k-
corporated into the two fractions was independent [ the amount of lnsul n present
nndprupcnbnx]toﬂrcduudondlncub-lmIlu;cm'.h.l(thcﬂluuﬁrlhﬂ
anociation of radi } with the globulin fraction are in good agreement
with the data found by precipitation with speafic antiera (Fig 3)

The third and Lasgest fraction of radionctrvity of gel filtrated serum comprised
free madioactive insulin together with radwactrve degradation products. 60 per ceat
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: A T fibelled
1 Styrch > of secwn adber. low with 10,000
Frart bnnak::u-hn-h tu7d.-y11‘btr-d1mcmi!ylnlbtﬁtcdu=mnpm-:d-pu
comt of wtal recovered radioscth iy Mea + 18D

Beta? M Alpha-2 M Alpka 11
wen )]
Hupan Scrum € 15 N D P Y 3 (N
Hame ScumE 24412 (N4 92x0T% (K 4) BSL0AND 4
Feline Serumm no. 2 1106 (N 4) IEBELIN (N 4) 103112 (N 4)

Tastx 111 Per cent of radsoectivity of serum fraciions, separsicd by Sepbader G 700 Glaration,
Drechtated with double Imm noprecipation for meulin
Mean 4 1AD K momber of iovestigaioot.
The sera bed been Incubated with 10,000 microcsoets ™1 labeDed lowsdin for periods
From 10 min to 21 da-

3Macroglobuln Factmon 102 £ 31% precip (N 9)
Alpha-cne-ome giobolln & 57 peecp (K 9)
Free somulin fractfon 81 106 precip. (N 9)

of thiy radicactivity could be precpstated by 80 % mturation with ammeonlum
wlphate after xddstion of carmer iwaalin | my per ml, where in contrdl cxpenmeats
90 per ceat of mdwact © insulin was precipitated (Table 1)

When the fractions of gl filtrated sera were rubjected to eectropboresis in starch
ge! a further characterzmanon was btained. The rad, yolthe globul
separated into two bands, eoxresponding 10 beta 2 31 and to alpha 2 M (identical
with alpha 28 Sputhies 1859) G decrrophoress of the middie fraction showed
shat the radivactivity was anociated with an alpha-one globehn in the following
called alpba-one-ooc globuiin, located immedmtely after albumin,

By varch gel clectrophoreas of whol  serum the rate of Incorporation of mdis.
acty ity nio the three protein fractons was confinned (Table 11)

1n order to b rize the rad Iph globubin, the solubiliiy
properties of this comporent was cxamined. 1t wat found to be comgletely precipaiat
ed with trichl tic aad (fmal e

3 g per 100 ml) or with Rivanol
(ﬁwmucmmnmbgpcrlwm]}orwimmnm!(ﬁmlmm04gpa

100 ml) but onby aboat 11 per cmt of the radiosctivity was preciputated by the
additlon of ammoruum suiphate o 80 %, sateration (Tabde )
By double peeciplitation with ant lin serum, 30 per cent of the

Sephad P 0t Y 32 per cent of the aipha-one-one
#nd 8] per cent of the “reeinrulin radicactivity were precipitated (Table 11D

drcating n awotistion with senun proteus of mdiactne companents with et n
structure. Coatrol experiments for copreaipetation were performed by edding norroal
Euna-g wrum imead of ant-tnsoio serum to the Sephadex separated § actions.
lmdnnip:rccmd‘d:endwxuvirywﬁmndinlhepmdph:u

4 Aobulin redi
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i - Fig 6 Rerenibllity of the emactabos
T of rudloactivity to the maeroglobolin
- P (D and ¢ the slphaone globulln (@)
- fraction of serus shown by Incubetion
whth unlabelied bomlln, The sera had
been ted with 10,000 eeicyo-
- ! M L ~  wohy %] {neHn and wlabelicd inectn
— wat added m ndieated, e
M taken (7 days
G 700 fhtration. The dotted Jine Ind-
- cates accumubation of rdwosctivey
in the two fractyone 10 the  baence of
-~ ,.J\—: ualabelled ingutin. The full live denotes
- thechange of th  moust of ruchoactn
-~ ty 10 the twa fractions alter addithon of
v -
Tastz IV A ton of rdicectivity in the agloballn and | the alph lobuin

fnnmdhum;nudfdm:mm,wmdon&-phadrxﬂl%,mdnpﬂrd
of total cluted radioactivity Mean + 1 8D

Sboan seram 0 dayr. 7 days. 14 days.
(less than 10 min.)

AMacroglobuhos 117£041% (N 101 £27% (N 4 155232 (\ 4
Alpha-onc-anc glob 4054190 o (N 5 76 +£20 (N % 80+16% (N 4
Fehne srrum 1 day 7 diy.
AMacroglobalin 45514 (N 2) 1753130% (N 2
Alpha-ooe glob. 95+ 09% (N 2) 119+07% (N 2)

Revenitnlity of the bunding of rad ity was igated by adding unlabelied

human imulin to sera, which had been ncubated with 10000 mcrouruts I
human insulin per ml for 2 weeks. Further mcubation for a week with a vast exces$
of untabeiled insulin, 500 000 to 633 000 microumits per ml scrum reduced the
blndingm&wmm’oglobuﬁnmdthc-rpha—ormzlobulm&mmnmzbem
Jevel as that obtained 7 days before the addinon (Fig. 6)

Radioactrve cat nsulin, added to serum from nocmaf cats, showed dlading t 4%
same serum fractions as human wnsubn hnhhyrpnnumm&ephldaG?w
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and on starch gel dlectrophoceshh, Moreover the same percentage of radicactmty
lnLthhrmScphad.cx:cpxmtcdﬁmbmd’fchn:mmwupmapmcdmlh
meumpmdpmmnoﬂnmﬁnuthnnfhmmnxrmltwunpplmnt,hmtr
dmmﬂyzhedouliummmtalndlmcumymmnnuht:dlnthcmangbbuﬁn
-Mdmdphngiohxhnhum-ﬂammbamufor?dnpmmputdwhh
buman sera (Table TV)

To test the posibility that duatyzable degrad produtts of radioactrve msuhn
mwmhtomhmsmihmmm&&dhﬂdﬂw
with 10 000 microums 51 human inmulin and contwnming 30 per cent of s radio-
;aiﬂtymdhlynbl:hm,wnduh—md-plmllﬂm]dcﬂﬂcdntafaﬂhn.
whereafter the dualyrat  was evaporuted &t room temperature with & water suctlon
pamp, and 2 ml of frah human serum was zdded. The mixture was left for seven
days a1 22 C and fractonated on a Scphadex G 200 columm. Since all the radis-
activity was eloted afier the protemms, and dnce furthermore the radicactmity of the
macrogiobubn frachon and of the alpha-one-one globubn fraction from Sephadex
G 200 seperated human serum was not reduced after extenarve dlahyabs against
20 volumes of Krebs Henselait becarbonate buffer contaming 1| m3M KI at 4 ¢
for 24 bry, it can be luded that the p of mdwoactivity in these fructd
1 not due to dialyzahic degradation products of the labelled insufin.

In order to lrvertigate the possThality that products formed from labelled insalin
by mdiation or incubation damagr behaved as globuling or alph
globulin fn gel Sltmaton, the folkrwing esperiments were made. Posk mynfin, to
which labelled humpan or fcine tnsulln was sdded, was incobated for seven dayps
22* C. Upon filtratfon on Sephsdex G 200 the ame radioactivin and protem
Pattern was found ay before incubation, Likewise, 1#1 labelled Insulinstored at —22 C
i serum for 42 days showed the same fractional encporation efter separation on
Scphadex G 200 a3 before freeaing

\odiﬂﬂmtewithrupcnmwodaumdﬂdhzuﬁtymlbmprﬁdn
hnhmwuubtrvzdvhcnnmkx&mc(pm&d[ﬁn-ndmmnmwbmmhni-
tu:dﬁ:rmhdlmindxbcuhdm:nﬂnmﬂd:wunblhcmein-fcwn—m
ments where no bactericudal agent was added at sl

Discussion

Thtrmﬂndaﬂkrmnugndomordxquummwhcxhcranmlnmﬂnunm
1 boustd to serum proteins sre co dictory Unng paperel phorests, and ot}
lnmﬂngdnupc.ubkudmngcbdwmhbeﬂuimd\mhbcﬂadmﬂuhnpidh
mtm‘blqhimbcmchxmcdlhuuuullnumthmdwmmpmtmumm
o ol 19%, Barrows, Prters snd Lowell 1957 Kalant, Gomberg and Schacher 1958
n contraat, other § thy: wmg eler OD PAPEr [N DUpET oF AgAr
el have mamntamed that ey large amounts of rudoactive inrohn became asso-

:i;gdwhhwmmpm‘um (Duwtcombe and Mann 1962, Mitchell 1960 Prout # «
)
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The observation (Clswsen, Gyedde and Jorgensen 1963) that radiorctviry o pe-
marily bound to alpha 2 M globulin, when normal serum b Incubated with labelled
insulin, has been confirmed by others Zahnd and Scheidegger 1963 Kallee, De
biansi and Addabo 1963 Gerling and Surck 1965 Berson and Y alow 1965 Howerrr
the latter authors conuder the labelling of the serum protein fractrons to be camed
by radi degradati ducts denved from  1ncubation or radiation damage
of the labelled lnsu]ln. That the amocatron of radicactrvity with the three serum
protens fractions, demonstrated In the present wvestigaton, 1 due to duabyzable
degradation products seems ta be ruled out, unce it was also shown that such com-
pounds did not cawse labelling of serum protelna. The premence of mdiosctreity
in the seritm proteing must therefore sgnify an anociation with either  denatured
o native labelled insulin. That mmeor fractions of the labelled macroglobulins
and alpha-one-onc globulin are pred d by = double i dogical reaction
against cryvalline msulin is compatible with both ponibilitics, tince 1t s well known
that a denatured protetn ean masntam its immumological reactivity and a distinction
between the two possibilities has to be based on other blolomcal propertiar of the
different fractions, A further discussion of this question will therefore be presented in
connection with the studics of ILA of different serum protein fractrons (Gpedde,
in preparatron)

The dominant feature of the sxsocution of radicactivity from labelled msuhn with
the three serum proteirm b the show rate wath which the incorporation of mdicactivity
and the exchange with unlabefled 1nsulin takes place. Ths i 1n contrast to the rapldly
revensible amociaton between thyroune and plasma proteins (Davghaday 1960}
and between cortisol and tramscortm (Ingbar and Freinkel 1960)

However a dicusuon of the slow rate of amociation between rad cactivity and

e three serum protars when serum is incubated with Iabelled fnsulin can oaly
;e':pcm]-m»c, s long as the nature of the smocation end the exact identity of the
d i .

\
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Acta physiol. scand. 1967 70 80—B7
From the Department of Anatomy and hm College of \ cterinary Medicme, Helelaki,

The Effect of Thyroidectomy on the Hypothalamus of the Rat
with Specinl Reference to the Hypothalamic Hypophysesl
Neurosecretory System
By
S Taraxtt
Recel ed 29 \ovember 1968

Abstract

Tavarts, S The effest of Unrmdecissy an U hypothalamur of the ret ootk specrel refermmee
to the Iypethalomc kypophyseel exrasacretory gstom, Acta physiol. scand. 1967

70 80—87
With male sdult albino rat for experimonial anfmals, th cffects of operatrve thyroparathyrosdec
tomy aod of thyrod d with rad lodine on th mucloar volume of the

cells In the audes of the hypothalamus were studled. I addibon, the mount and disri-
of neurosecrrtory materlal under these cxperimental conditions
cither

occun
of the  cuTosccretory system gocs down, which w refiected by depletion of the peurosecreti
N sharply bocallred regulstory centre could be ehown for the pltmtary-thyroed nterplay becase
th entire hypothalaorut reacted m idemtica! memner

The hoto-phynological changes caused by thyroidectomy m the hypothalams
have been studied 1n the attempt to localize that part of the bram which act ®
2 potenual regulator of the secrenon of thyrosd-controlling thyrotropic bocmoos.
The exntence of sach a hypothalamic centre 1 ruggested by numerows physialogial
and hiochermical studies (for ref see ¢ g Szenthgothas of ol 1962 D’Anged
1963) It has to be noted, bowever that the link between the hypothalamus and the
pitmmrrdiyrmdmm'phyhttmpoaﬂynmdnnwdmmch‘nﬂcrlthm
that both neural and humoral mechantsmus are enodated with it
\W.mdmammmwmmmrmmmmpmdmd
by mmch)m«hdxmmdulmndymthmmﬂ’m’
(Bhit ol 1956 kn 195 Matsul and Engelhard 1960 Ford 1960

80
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Tom:camruhnhnumcuicmummbofgmglmncdhh\henuddd
u\ehypmhhmuhavebcmpn‘lm-med (Mem and hutas 1959 ‘Matur and Engel
Tardt 1960, Talant 1965) bt fir From ell auclkd have been covered by karyomeny
10 sach aetrvaty determb The resule obtaned fn the fow existing dudies are
ther conflacting

nmpdndp!umoflhcmwﬁmwwmhnmmmmmnmml
the changes otervabile sfter thyroid n afl the nucte of the rats
hypodllhmﬂx-hwntnbennlncmptwfmdmchmlruorucmwhcmlhcd‘ungﬂ
in nudear votume of the gunglon cdlls would differ from the corresponding changes
ehenhere In the hypothalamus. Such srea might comtute localized regulatory
centres foc the functon of the piturtary-thyrold axm. In sddudan, the purpme wat
o sy the quanaty and distrituton of nevrosecretory material i the was hvpo-
thalamic-hypophyseal neurosceretony watem after thyrobdectonry

Materal nnd mwethods

oqhog 18124 g were ued They wer fod  basde standard peliet
diet of ldivm, Tep watrr wo v allable in wacoitricted  mouat. All ran.
bmmh&ruﬂmnhﬁ&mpﬂ\mw-nﬂuﬂﬂ—lu C sharing 1be tes.
The of the radsthyroidectonry group commituted  croeption ba that they were kep for
;hpmw-ﬂnﬂm‘mh WPRTRIE rOOCR [ comisent with those

sl too proper The andmaty weve drraded Lo groups whach e prosened

Thirty male albioo rata w.
of conmant

P Ttwm m Nembural
[T N sad

o™y quanuty equsabeat
w1} ml pey sxymal. Ongicafly ron ancaale were thos treated, hoat secrowcopecel examnation t
mmmMmeudy&mmmhumwﬂh
weTe L3ncn D30 meTouDt U the rewzr cootrol sxkaak

prirot The of redsonodd: Krowp

o the growp of eperatn ¢ thyrokdectomy  ef fn the thurne
of onc day 1ol wrmals. The cotownucrd thomals were maerifioed saght mevks fater on the sme da
- omtrol Sacritice wa by rapid decaprtation, and o ammths were Sofled w fthin ooe

Tkl Bodv weqgin,  egh of the bypophys, protein-bond kodime (KT parca
serwm hakexterol of e evperirocatal amsmah. A e

Lfean weight of
“umbrr 3Meas hody weht, §

I s the Wypophiysh, pS LT
= gty b Mesn PRE chotemeral
CGrowp ammeh  Insal Fual = LERM. I ) g 100 mi
Opcratn
Myradecrons 10 9 42 m.n ey
= 143 2 53
Lomtrol =
Comir ] T4 9 MIL0 4oy [
gwoldrnar\ . M4-12 m.le 9%y 18 "
“qer ol b bLPST A1 a2 29
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Tamsex 17 leudmwmu&wﬂmmd&c‘wﬁmd.‘dﬁ
slated w1 pereentapes of the correspandung valucs found for the control  nimak. (Moa

+ S.EM)
Hypothalamic Operative thyroideetomy Radithyradertomy
uctews Controls Ectoeneed P Controby Ectomized P
Area preoptica 100£).06 8752101 <0001 1004127 R9S3LIA0 <000l
Nl auprachias
matian 1004098 79881142 <0001 100£1.00 S470L)3 <00
terior 1004128 86.05+111 <0001 1004170 $3014136 <000)

»  uprsoptico 1004123 93730120 <0001 1004047 S1391148 <0001
» pars entricalarn 1004155 79644134 <000 100120 9301114 <0001
Infund:balarw 1004090 9208+089 0001 [00+1.09 9620124 <003
» vorromedials  1002:1.00 92 304093 0.00! 100:114 93391217 <oO!
darsomedrabis 100£118 97484120 005 100164 SH4721+13 00

Sabet pertveatri-

cularie 1004185 97444180 0001 100+113 84331188 000!

Area doratn 1004064 52963179 <000} 001203 41 2@ <003
domocavdaln 1004230 7993139 <0001 1004230 8273:i66 <00
lateralls 10169 97H£189 »005 1001213 971312358 ~03

Nel, premagultary 1004108 83174100 <0001 100=154 9478:+09 00!
nupramamllarts 1004162 80924122 0001 100201 9647 16+ ~00°
mamillans med  100_0.98 76834092 Q001 100rl3 9I2rl6l  <O00!
mamdleris lat 1001127 M0 130 aat 100~ ¢4 e238:08; 0000

The brats and bypophyin were embedded i paraffin afler flation 10 formalin The
bﬂ!n-‘m-trdon:dlnzg,npﬂ.llphnc seral sections 10 Laery fourth secom ¥
chosen for cvamumairon. Of them, cvcry second was sialned by haems onlmemm  od ey
second by Gomon  aldehyd focha  sccarding to Landing Hall od Wet (1956) Th bype

samcd b aldch defacke

Pbrua, (00, were procemsed Int acrial accteons maron W
¥ add the rt according ¢ Halme  (1942) method for ph besophils
2 o determinarion of the Gackcar crom sortion &res of GgDon coll. . mage of he wlews %
prosected 1700 magnifica onon drawingboard in th md of | amer 19 oo
re

treced
; gungion celb of Bt

each hypothalamec nuckus 1o be nuesua ed »ae mewsared

30 guoghon cclls
1 all  bout 24 000 cefls  err measared -
The amoun of neurceceretory ma erwl 10 differen purf of the b pothalamsc b pophe
DewromecTrtory syrtem wa recorded on the bass of sl ssestoens aod, m the mruhpqvbn;
abo by The sual were refiect he  mount
stalped material  od  sconog svetew from 00 3 m eovployed. Such  nmal anewmen u;:-':
five times and the mean a1 taken of these rephicate oL

tainabl meterad in th  neurohy pophy o Pl Fmr.mba Lo M2
mucrophotomet: 4 e # Bl 7 For cach srcion
(STG 121 er unng obpectve T For cach wcs ;

e
evaluston the resulnn, the quannty of Lgh beorbed was sswamed e direc | propocticosd o 8

smount of darkstamed nearosecretary maternl | tbe speamen N
icknem of the sectom
d"-rﬂ sectioon from differen cxpenmental groups between whach  omparman mkn-p:
10 amount of Dearoeecretory materal was delred were al ) suuned roultancomly in he 9
mundnlntn'-uhmm-ndmema—dur make the muning coodibans
pomsble

Hcr":l‘;mudob-nnmmmd,uxmm o thew ttandard errors  cre akeulsted
Stodent ttew was pplicd In mexns {Fuher 1930,
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Taxtz I Esimated amoan of aldelryde-fockuln-posits  neuroecrefory materm] fm chfferene

Growp LP ME

Mcan 2 SEAL P Afean £ BEA. P
Operars  thryroidectomy 17401 <0001 4502 ~0001
Controbs 41402 +0+02
Radunhryroldectomy 15401 <Q.001 2902 <0001
Caatrols 43402 43302

1P = Infundibuler process, ALE = Medln cminence HHLT = Hrpothelemic-hypophyseal

Results

of the hypothal nncle. — The data are stated in
Table IL. The rerulns have been given, for greater clearnen, fn per cent with reference
to the value formd for the control annnals of each group

The crom section ares of the mucled decreased after thyradectonny in all nucler.
This same tendency was observed sfter operatve as v ell a3 radwthyrosdectomy
S lcall ignifi duffe were bished 1n mamy of the nudd.

The dimbution graphs of the nuckus crom section arcas hed largely umilar
shape in the test and control groups correyponding to each other for fmstance, the
ranges were equal. The sole difference obwertabl m the graphs we thewr shuft towards
smualier values in the thyraxdectomy groops.

Aldehyde-fuchain pentrve neurosecretory material — The dats repeesenting the
virua] amcwrments are stated m Table IT1 The results of photornetric mess srements
relaung to the neurohypophyns can be seen in Tahle T

The resnlty incicate that the amotmy of neurosecretory matertal decreased at a
starhdcaally siguficant kevel in the dhial part of the neurosecretory systemon thyrodd
cctomy The dimmution was greetet in the nearohypophyus where the materal
n cncountered in highest quantity Abo n the median emmence a sathtcally ngnifi
cant difference was bhshed, whereas no It
were lcited in the parts of the systero proxmal 1o ¢ The vanaton i srpount
{ neurosecretory material between ganglion cells seemed to be gremter m the
thy rosdectomuzed anmabs than in the controb. The over all imprevion way gained
lhxlhcmtﬂhlhdxnnmuﬁwynudumnhgbdvdcplﬂ:ﬂ,bulthuwndrmy
dwl not amouny 1o a ¢mtstically sigmficant difference either

Adenobypophven — The cytnlogwal prcture wa  charsctermeed by virtually
complrie dmppnnnccohhclddnph:hmdmmcmncofhrxcmulb—snnohmd
basophih w th aldehyde fuchun-pontree gramulanon. The cefls of the Iatter Hnd
were thyroldectonny el

Discusmon
mmmmmuddxm:uﬂyucmlmt“mthcm
oy of Matun and Engelhardt (1960} anczﬁxmcdmm\nmuupun
vptnmlhyrmdecmmymlhenuncmommynuclnnndmlumﬁuhiﬂmh:
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parts of the hypothatamsc hypophyseul system.

HHT PA\N s0n
Mean + SEM. P Mean £ SEM P Mean L SEM P
317402 ~aas $6403 >005 42302 >o0
40403 39103 45102

19102 008 37102 ~003 40402 >0
42402 42402 44202

tract, PAN = Fara tnmcular pucleus, $ O.N = Supraoptie muxclear

Tamx TV Results of photometric meamurements of th aldehydefuchsinstained sectiom ke
the neurolrvpophym. Percentages of tranemltied Lght.

Group Mean + SEAM P
Operatre thyrodectomy M2110 <0001
Conotroh 37407
Radiothyraldectomy 61411 <0001
Controls 248+06

nnclews, ventromedial nucteus and donamedica) nucleus. The raults of karyometre
measurements on the neurosecretory nucla made previously by the author (Takmt
1965) too are mmuler to those gamed in the present work, Comparbon with the
results of Shibusawa ¢f of (1956) h difficalt beause these authon do not state the
actoal results of measurements They merely state that the nuclear volime of grg
Iion cefts m the neurosecretory nucler increase after thyroidectomy Men and Ko

\J
}41959) and Szentdgotha «f o 11962) obtmined repilts samewhat at variance wilf

thase recorded 1n the present imstance. In their matenal the nuclear ze of gangB
m the paraventricular nucleus increased, whereas that in the premamillary nuckes
berame less. In rapect of the other nucla mvestugated no musncally dgmfernt
difference between the tat and control groups could be establshed.

It 1t rather defficult to account for the contradiction vath earber results. qu‘:'
obvromty largely due to differences in experimental condinom and method
measurement. For imtance another length of & expermmental period was wed 2!
least i part of th previows studies The mme apphes to the procedure of karyome
meaxsurement. e

The earbier results of investigetion concerning the effects of thyToedectonry o2
amount of neuroseeretory matenal are samewhat canflicting Thas 1 readily under
standable, secing that objective measurement of the quanuty of neuroseereton) 54
tenal poses derable difficultes. Shib dd(lQ!;G)nhcwtdnufH"‘;
of the amount of neurosecretion not only m  elb of the neuroseeretory m s
ako along the entire supraoptico-hypophycal pathway expeeally in the
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hypophmﬂ]cy.m{bulendccruscm:hcnmoumofnuumdm\olm
\n actreity of the peurosecretory svitem. According to Shiozaka (1936) total thyroidec
tumymlmuyumamu:cmuhrhmofnzumym“ﬂ‘hcmmph'
yus and abo i the cymphmjofrhcpnglmlnmtp-n\mmmlnnudm
However ulhccndaffopc-mpenﬂ‘tdnyltbcwﬂnlwdeplncd&mnthc
nru:uhypcph\mcvtnmmchmmmlthtlhtlmmtpmt\mﬁrk-lhln
b cverage amount in normal animals In the ganghon celk of the supmophc
nucleus, on the otber hand, Stoozaks noted no change after thyrosdectomty Matvul
and Engelbard: (1960) found that a decreasc in the amount of peurosecretion occur
redinthe Irypophyws and in the infindibular ares, whereas t was even meressed
from noemal 1n the proxmmal part of the namusecretory sywem. Accordmg to Ford s
(1960) smudwes the neurosecretron m the supraoptc and pamventdcular nucled
and axom was observed to be increased by thyroudectoray  Neurchypophyseal
changes were minimal. Thiy was mterpreted to mean that there was mereased output
of neurowccrenon without worage The only change m the nexrosecretion observed
by Arko Kivalo and Runpe (1963) m thyrosdectomed rats 2—3 weels after opern
tron was a shght 1ncrease n the amount of the neurosecretory matenal around the
portal capillarkes In the medman coupence,

The contradichom of the results are thought to arne at least i part from the factors
mtroduced by visusl atimation. The otber factons resporsible may &0 be differences
1n the sytaining method and m the expammental period. Aldehyde-{fucham yields an
better contrust then chrom-bac¢mataxylln o addrtion, the latter alo stains Niml s
wabstance and this may affect the apcmment of the neurosceretron quantity The
cther anacsthela spplied in some studies n anociation with decxpitation may abo
affect the amount of neurosecretion (Rothballer 1936)

In many of above-reviewed previous studies m which the amount and distribution
{ neurcsceretion 1n the hypothalamie typophyseal system have been mvestgated,
the rouln have been terpreted as indicating activation of the system. Conidering
the reduction of nuclear volume n the newrosecretory ganglon celbs observed n
tha study it would secm Jogical that a decrease of the amount of neurmerretron
afier thyrordectomy b called focth by wactvation of the secreton. A decremse 10
retvity was paraliel in both neurosecretory nucles and po tupartition of the mode of
reaction, mich £y was previculy reported (Shiozak 1956) could thin be poted.

Tobcm::,wbutmbcmnid-bwcuwhdanlhupmﬁcmmpmnthndm
)dcnd‘dungum:d}ﬂtyoflhemnmcacturygmgimmﬂybdngmﬂ:ﬂ:dby
changes {n nuclear volume » endorsed. In genersl, the nuclear dre b » senutive
m&c-wd‘chan;clnfumnul-rdwtyormnytypun{ce]}..juobj (1935,
“utheﬁmmmogntm‘h:dmmmaknbct“mnndmmnmimnﬁm
lnamscdncm-kymuhnmm:mngnrcdluudd,whﬂcwymud,“m
tuclenr thrinking However there are same expection 1o this ruje m the case of
exocring aa well as endoenine glandular cells (Sulobon 1955 Halixe 1958) Obsowaly
f:nﬁmw‘ﬁ’;“m‘”mmwd'hkw«mmuwﬂnﬂnsm

etudied oges ng ooxtrut in the mowse’s tuber cinerewmn The method
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thlnbcmmcdln&mdyofwwﬂommpbmm&,pﬂrmuhﬂ}hyl
team of Hungaran mvestgatons (for reference, see Seenthgotha of ol 1962) The
studres were especally aimed to localize the endocrine control functons in the
hypothalamus and ebewhere m the central nenvous system. In respeet of nemo-
secretory cells it 8 to be observed that in them at least the secretory acthvity seems
to be well reflected. Ay a ugn of clevated secretron the nuclear volume increase,
which u clearly observable 1n animals kept m thirst (e.g Bachrach 1964)

When the reductron in nuclear volume occurnng after thyroédectomny in the gan-
ghon cellsabio of the other hypothalamic nucla after thyroldectomy b aaken mio
account, 1t 15 obviows that a decrease in actnvaty of the ganglia of the neurosecretory
nuclel 13 arr indweation of 2 decreawe m hypothalamic total activity Naturelly kane-
metric nvestgaton doos not reveal 1n the slightest what kend of fimenen it & that
updergoes a change in activity Excepting neuroseeretory cells, hittle can therefore
be sud about the speafic funcuon of different nucled, beyond this estahlishment
of a decrease in actimity However no spearfic hypothalamic centre regulating the
pitmitary thyrord interplay could be Jocalzed on the bass of the present study
snce the change observed by karyometry was general all over the hypothalams.
It would seem as if the entire hypothalamus as an entity particrpated 1n th reguls
von. Thrs 15 the same canclusion which has been drawn by the Hungarian school
(Srentégotha ¢ &f 1962) The idea v fasonaung indeed, conndenng that in [kenes
with atber vegetative cenitres of the central nervous syytem, the bypothalamm na
rather primitrve area of the brain, where the different functions are diffuscly &
cimmeribed. At amy rare the result obtained contradicts earlier results of expenment
according to which 1t was ponible to localiee the  thyrotropun-regulating contre
toa fairty small and demarcated arca in the hypothalamus exther by producing lesos
(Greer 1951 Bogdanove and Halmu 1953 Ganong, Fredenciaon and Hume 1955
D Angelo and Traum 1956) or by strmulanion (Harrs and Vsoods 1958, D Angckd
7 1963)

\nélrus Foaedation
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Heart Volume during Prolonged Exercise m the Supine and
Srtting Posrtion
Br
L-G Exrmuto. A. Howuanex and C. O Ovexrome
Recers ~d § December 1965

Abstrect

Exeiim, L-G, A Hotuazex and C. QO Ovexroxs Hesrt rolime oy oolsrd
Terrse sx the supmne and sty postiisn. Acta phnuol scand. 1967 0 88—98.

T dpcalbean oume cficel m 10 bealthry yonsg men dwing peooyed cotsmoe
m?mmmmmpmmmdhsmmhm—mp:rpm
U

Egures

position were 1778 and 1 4.7 bets mm, wnh  mean work tune of 68 0 mm. The cxparure of te
Toemrpen film wms made m end-dmstoke. Durmng the contmuow crerrme 2t consignt hed ST
1 commnuem Gl of the berrt olume i both body puetons b coromom
racreae 10 hewrt rate. Thoe wit  wenificam segromon of total bexrt olome o beart e, The

of changr m heart dime w3 37 3 m) and 383 ml per 10 heats mun change 13 heart rate o

and pupine powans The miximem decrosse was an an m erege 811 ol 2
1105 =l wath an mrresse t» heart it of 28,6 bean mm and o 48 bext mm m the g aod
poaon copremeh (s exhausiem, the boxrt olmme ooreased 1m € of 10 sabgcen o B
g powton by oo an werngr o5l probabiy sgnsfican: od m 3 of 6 m poc tn 0
meage. 4 0 mlm e of  fonber oren b beart e

In earlier srudies Ekrlund and Holmgren 1964 Ekelund 1966 the cornluo®
and reyprraton -.dnpunfmdlmngpmhmgcd,nm—nndrmmummnﬁ'd
mhmth:nnmggndmthrmpmcpndm.Lndﬂbmhlhﬂccxpamanwﬂﬁ'
nom there was 2 comnmmom fall of the srole  olume accompanied by & contmo*®
mecrease m hesrt rate Clrdncwmpmu—umnmnm:dw(::nuﬂ\mh"
prosmre Le. the prosure m the conal T and artenes. S0 at the e tC
The observed changes mght be explamred by a shift of blood lume withm &€
apaan vench fram the centra) arcolanan to the perphery Snchlthﬁlb‘":
yesult m & decrease of the filling energy available to the beart and mght aoe
observed decresse m rtroke volume, o
mmﬂmlmdgummdbymmmdmgm;ﬂf:;d
exercre of IDETEAENG MTEUTY and thus with incresmng haart rate, bas been
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to vary In paralle} with changes in stroke volum  in normal subjects (Holmgren and
Ovenlon 1960 Beveghrd, Holmgren and Jonwon 1960) o todies of the varianons
of the roentgenological heart volume durng prolonged exerche scem to have been
reported.

The prosent investgaton wes undertaken to study further the mechaniims
respomsible for the decrense w stroke volume obrerved dunny prolonged, nonsteady
atate exerche. Under usch experimental conditiom one should cxpert 3 decrease in
beart volume of a magnitade which 15 related 10 the cxpected decreaye i troke
volurpe, if inpaired filing 1 & major deterroinant,

Material

mmwdd‘mm&dmwmwmzu,m(m
19-27) All were stadied in the siong o #éx both | the wetiog and the waplie
chrucal coaminerion kox.

Mecthods

emphoyed for atng,
mp:&dm-ndmlmldbmhbm,mvrhrumudmhrdmprﬂn-rwﬂ
Fleclund  nd Hobngren 1964 Fkcdund 1966) Th determmatom oluree daring ooscalar

’-wih)Lhianrnndlrﬂntpodnm ere performed with the wid of  bi-plune serial Glomv-chamger

Anteroposaror and Lateral Slnm were mnainacomir The made d
o e e S were expoond o ceporures were ariog

m mmmmﬂdhwn- vo of a8 ocsophague ECG Tkuwphq-EéG
vou

-
} [EERE

e
' LLE .}

AECHLINIL Gub e,
»J t

At PN
Fag 1 Time relauoashup betmeen the ox N VJ\J W’-

posurr of the X-ra -l waed for tbe deter Ll
runation of (he hesrt rolume dang ex- MEDA $T5T

ercwe and he chectncal and meckammcal 0 sex
srele tw differesd beart rate (Brecher xrommr ]~

sad Gakert 1963) [
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The focnr-Blm distance waa 10 m. The thom was determined whth the sid of
meter scal inlbcﬁlr-phm(l,u-m ndmlm The heart ohume b
of Rahlorf

.moﬁmpkdummmmw bet cen 6—7
sccording ¢ Sncdecor (lD!B)-ndH:Jd(NiJ)

Procedure

The experiments were first performed In th dmn.pmsm.mlmupwuhm supine poaitica
were pedformed two weeks t tw  months la an elextricaliv
beaked ogometer (Holmgren  pd Afattmon IB.'H) 1 l.h.E r of the seat
was sdjusted 50 that the logy were almost compl ﬂ:lyampdeduu.h pcda.lll.nl.be pocicien
= the upper of the body was beid vrrtical and In  costant pasition by holding the hinds
o0 an adjontable support bove the head. 1 the supine poslnoa the pedal ade of the bicycke nat
located 12—15 cm aben Lh:uble-ndthcmut:ndimnumeurh‘t -
were bove the

Bymdmmhmwyﬂm work Load was sciected whach the sabiects conkd
€ustain for  bout one hour and which increased their hesrt rates t the b eh found i the carber
drculatory imvestigations, £e. after 10 ml  work 148 beaty/mi th arting and 178 beaty/mh i

Resting

th olmgren 1964, Ekelund 1966) vakoes were
1 the tame body pomition as during the sobsequent work The evercre then begsa 1 the
welected load, wi e constapt the whole merit, wod the
untll exhawilon. Expossres were made after and 15 work and then  t dufferent time

g on the heurt rate. The final exposure were always made bout ane m  te before the
! were unable to contue the experiment, {  almost exhauded.

Results

Viaterial

‘The anthropometric data are presented in Table I
The ECG at rat dunng and after work in the nitting position was normal in al
* subjects, The subjects were of ordinary phyucal fitnen with & mean rate of work

T'asic I Anthropometric data [n ten healthy yousg men stodied with beart volume detrrumaton
durmg profooged cverase THb, g = total mount of bemoglobin, W ., kpo/min, =
— rat of work that could be performed at  heurt rare of 170 beau/mm

Case Age, Helght, Weight, Hesrt THb g Blood Wom
Do years em [ vol. ml vol, | kpe/mma
ol g
1 26 186 o8 pi.t] 650 370 830
235 183 70 i 800 615 1000
3 24 188 7 700 a1s 615 1000
4 24 15 ) 795 773 615 1130
N 1 189 78 70 %00 78 130
6 P2 174 75 — — - :;"']g
7 el 186 [ — - - 200
T n 182 74 905 810 623 1 o
. ” 177 63 803 03 3350 :21)0
™ » 176 80 813 70 623 —
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of 1023 kpm/min (range 900—1300) at a beart rate of 170 beats/mn. The relation
ahips between heart volume and total arnount of hemoglobin, heart volume and work
mg capscity and working capacity and total amount of hemoglobin, were within
the normal range of variston reported from this hiboratory (Holmgren, Jonsson and
Sjostrand 1960)

Heart tolumas &t rest tx suping awd stting posiiven

Expanires were made at rest both in sitting and supine position. These exponures
were alvo wed a3 & control of the tnggenng device respoasc to different pontrons
of the ocsophagus electrode,

The exposurcs at rest were made at different {ntervals after the subjects had been
placed 1o exercise posdtion. The indrdual -alues are not given in the table but the
tendency b the same 23 reported by Holmgren and Ovenfors (1960) with a smaller
heart -olume at rest sitting on the bicyele than in the supine postion, mean difference
18.7 per cent (P<0.01)

In the stting pottion heart volume increased on the trammtion from rest to work
from an average at rest of 793.0 ml (n = 9 range 627—967) to an average
of 8254 ml (range 713—970) after 3—0 mun exerene. I the supine pasition, the
resting beart volume averaged 974 7 ml (n=6, range 843—1130) and dunng the
trannuon from rest to work there was & decrease of the same magnitude as the in
creasc in the ntting positon, to an average volume of 935.8 ml (range 850 —1073)
after 3~7 mun work. Nelther the difference ln the ntting podtion nor the dufference
In the wupine pasition was dgnificant, 0.1 <P<0.3

Hrt vehaome dwriag prolomped exeroim 1n the sitiing poniies

In the sttmg position the work load way on an average 760 0 kpm/mun (range 700—
900) which was 70 9 par cent (range 62.5—80 0) of the rate of work performed at a
heart mate of 170 beatnfoun (W 1) or 59 3 per cent (range 51.5—-70.2) of the extra
polated maximal oxygen uptake (Astrand 1960) The heart rate after a mean work
ume of 39 min (range 3—9) was 139.5 beats/min (range 128—154 ) The final
heart ratc was on an  crage 171 0 beats/min (range 150—182) afier an average
work tme of 56.5 min (range 31—75.)

The values for heart olume during exerenc 1n the ntting pontion are presented
mn Table II Durmg the prolonged coatinuows exercise there was a conthnuoas de
crease The t 1l decrease was on an average 81 1 ml (range 22—00) or 104 per
cent (range 2 9—21 7) of the heart -olume valee obtained after 39 mun exercue.
Thrs decrease was highh ugnificant (P<0001) One minmt  before exhamtion the
beart olume fucreased in 6 of the 10 ubpcts by on an a erage, 52.5 m!
(range 3385, in spit of a further increase i beart mt from an average of
166.3 beanfmin (range 146—176) 1 1700 beats mun (range 130—182) In two
cases the beart olume remauncd unchanged while the heart rate increased from an
l'trlgeol'\?b()bcu:'uunw”ﬂ!bcnumln,uu‘lmomrmhdmdb)wm]
w th an increase in beart rat of 8 beass mun. The olverved increase was, however
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Tar If Heart i HR, beatgmis, nd beart yolume ml, 1 vano Umes during prokoesed
exercise | the sitting position In ten bealiby young men

Case pa. Time HR, Heart Casena. Time HR, Heart
Laad,  pmun beaty/min vol me, Load,  min be tfmls wolvme
kpofmin o ¥pajmi !
H 2 0 " 3 5 % 718
100 15 157 783 750 0 157 7
» 7 725 n iy 73
0 e ] m 45 17 680
3 0 728 30 50 174 s8
51 175 ™
2 6 153 a
00 15 169 43 7 ] 128 800
3 176 785 700 18 181 70
0 176 730 23 357 76
15 j1:+] 50 7] 162 760
43 158 =)
3 H 148 80 60 171 ]
o0 17 358 %0 =) 174 5]
41 161 e
60 166 768 s 3 153 a0
750 6 148 m
4 & 143 970 19 166 %0
a0 15 147 a7 &1 154 750
0 138 790 72 170 813
40 134 810
5 59 % q 1 o [
20 160 830 150 s 10 10
70 162 770 20 166 8
ki) 170 720 23 7 &
EN 1 o8
3 6 % 843
200 40 115 m 10 3 133 970
50 187 50 750 9 7] ]
60 L] 795 43 148 905
60 us %0
e 150 ke

not sgnificant (P<0 Q) whuch s partly due to the wnall number of obstrvanors
3f the last determinatons are exclided, there was & ugnificant regremion of ¢
heart volume on heart rate with a negative slope and a cosrelaton coeffioat
r o —0 86

The equaton for this regresuon

HY = 136385 HR,SD = £ 56 n =45 P <0001
T?emnupandm;cqmmnfcr(htuxmbjmwfuchdmmkpanm(bﬁmm‘

woa 1n the supine postion
1V w 1453433 HR, 1 = —0.72 S.D = £ 60, n =~ 23 P <000l
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HY % HV %

%0 0
» 10
w ©w
HR beals/min
] ) Lo
Fig 2 Fag 3
Fig 7 Heart volame, H\ in per cont of the first cxerenc beart ofume [n relatlon beartrae ¥
beaty/min, durhg prolooged everche  comstant work Joad I the sty posltion. i
determl

represent oations obtained ckme 1o cxhaustlon Fall Line fndieates the It
indhidunh of ol alwes cxcept the Enaf ook Broken lines indicat 5.0

Fig L. Heart olume A\ fn percent of be Brat exerose hoart volume [n relation to Lrart a4 §(
beati/min, during probeged evercise t  constant work load Ln the oomar pordtian Symt 4
in Fag- 2 Regresion Linc for six indinduah of all ilncs except the final ance.

If the last heart rat vﬂuuhadlwb:mmmtatduuodxfnummﬂ
equatlon, one obtains a calculated heart volume which n almo sigr £ 4
smaller than the memsured heart v [ume the mean difference belng 42, m( P
< 0.03)

To duminnh the influence of body =z lrehurclﬂr!\‘olm-m;,”‘,”' n
culated. B\ | for cach mdmidual equal to the sctual beact volume pr g,
of the fint beart olume determmed during exericse
The equation for this regreynon
H\p = 133- 0243 HR, r = —0.5% SD = =50, 0= 43 P ¢,
SecFig 2.

Heart slzme daning serise m the supome poution

In the sup ne poubon the work kad was on an average 753 E3m m
00900 which vas 669 per cent range 63.6—692) ol Wy """ T 7Y
or 543 per cent range 30 383 of the exrapolated raagig,, TP wn
The musl haartrat alter m nuorklmoﬂ.'wmiu(nm;_f ‘_H'-?l‘;':apl k
mm range 119134 Th final heart rate wa TR An Mo | ]’::'
range 9167 afer me> work meof64 Omin tmagegy ) ”:;
o 5, worled for 88 mm but  1d <pm revwere blamed ot 22w



92 1-0 EERELUKD ET AL.

Tas x 1 Heart rate, HR, beaujordn, nd heart valome o), 8¢ variorm times durlog prokmged
exercise In the sitley pontion in ten bealthy yorog men

Carena.  Time,  HR, Hesrt Caepo  Thme  HR, Heart
load, i beanfuin volure, Load, rin  beasfmin voluse
kpanjodla ml kpm/min ml
1 8 140 57 6 s 12 78
00 15 157 793 730 10 152 m
s 173 23 2 166 R3]
i 172 730 45 172 0
15 180 728 50 50 174 30
st 175 770
2 6 154 810
200 15 169 4 7 . 128 w00
25 176 s T00 18 151 70
30 176 10 25 157 163
35 T.-3 50 3 182 50
43 168 80
3 9 148 780 60 4 610
00 17 1358 750 6 174 P
41 161 70
60 166 768 8 3 135 50
%0 6 48 7
4 [ 143 910 jt] 160 750
200 15 47 897 61 164 730
L 158 790 ™ 170 .11
40 154 210
52 139 830 9 3 146 ™m
60 160 as0 50 s 160 710
o 162 ™0 20 166 0
75 170 770 25 1 670
L1 174 =]
5 6 1% 83
500 © 161 750 10 5 133 970
50 167 ™o 7% 8 142 0
& 168 795 41 148 900
148 900
-] 150 »0

ot pgmicant (P<0.2) which 5 partly doc to the small qumber of ohservationt
I the fast determmaons are excluded, there was a mgnificant regreason of e
hunvulumcanhmnmcwmlnnpuwdopcmdncmdl&vntfw
r = —066.

The equanon for th regremcon

HV = 1363- 375 HR 8D = + 56 n=43 P < 0001
ﬂ:wndhlgcquluanbrdwdxmbjmwﬂdznbwokplﬂmd‘w

toa 1 the suploe pontion
HY = 1453433 HR, 1 == —0.72, 8D =~ £ 60 n = 23 P < 0001
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a1 the end of work by on an avernge, 42.0 ml (range 30—63) and the heart rate
Incrowsed at the same time fram 133 0 beats/min (range 131—153} to 157 0 beats/mun
{rauge 151—161) In three cases the heart volume decreased furtber on ra average
22.7 m] (cange 1030} at the end of work with an Incrense in beast rate from 149 7
to 1% 3 Nesther change v, however algnificant,

1f the last determinations are excluded there wat & dguficant regrearen of the
hesrt volume on the heart rate wath 2 correlation coeffickent r = —0.57 The equa
trom for tha regremion HV = 1703563 HR, 5.0 = £ 94 n =27 P < 0005

To dumnnh the infirence of body size a relatrve beart volume, HV r, Wi caleu
Inted. HV,w 18 for each madividual equal to the actual heart volume in per cent
of the first beart valume determined dunng exercse. 1F the relagve heart volurne
value b med, the comelation coeficent i higher r = —0.71 The equation for this

TegTCMIn
HVpg == 148 -— 0383 HR,SD = + 42 n== 27 P <000
See Fig 3

If the Last heart rate values in esch subject are entered into che regremson equation
for the relatve heart olame, the calculated relative heart volumes are 3.5 per cent
amaller than the mea ured volumes, but the dufference n not dgnuficant (0.1 < P <
< 0.2

The regremon lme for HV q 0n heart rate has a sgraficanty ugher level in the

supme poditon than in the utting (P < 0.001) but the dope » not sgrufianty
dufferent.

Discossion

The subjects used hn this 1n extygatnn were of ordmary phyucal fitess and had about
1he same anthropometnic data the ubjects used I earlser invesngations of the
effect of prolonged exercire on the circulaton, and respustory adapiagon (Ekelund
and Hobmgren 1904 1963 Ekelund 1966, 1967) I seemn probable, therdfore that
they shoukt be ~omparable with the prevaous subjects as regard the arculatory and
rapmatory responsas (o loag-term non-steady st cxercoe within the range of
working micmaue eoiployed.

The prosent method of determmation of the beart volume dunng cxercise has a
reprodiraibility of the same order a reported foe determinations at rast (Hotmgren
and Oh enfors 1960 Helbirtm and Holmgren 1966) Thus the 95 per cent confidence
devel of a ungle determunauon o of the order of ten per cent

The afrulanon of the heart olume employs the three dismeters of an elhpsoid of
rachmon The aldin of a comparison of two measirements of heart volure

wnder difierent experimental condisonty, depends upoa whether these diametery alt
hange t the same relatrve extent. 1n the present Investigation the rel. t

between the three diameten dud not change dgnificantly i
Togetan beolute alue for the heart volume one must tke fate comideration the
miuence of d fferent heart configurations, a¢ was done when calculating the hears
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1olume 1o the pront poviuon according to Larswon and hyellberg (1948; The hxs
not been done 1n the present imaugauon when memunng dunng cxerase. The
ainolute valoes for beart volume in th Ppront posruon can therefore not be conrpared
with the correspanding velues 10 the supine poution.

The aim of the proent mvestgation as 1o measure the total heart volume at the
end of dustole, just before the beginung of the ivmetnc contracuon. As s e tear
ed m Fig | thn was attained even at heart rates up to 182 beat 'mun.

The value for the total heart volume obtamed in this way is expected to represent
the ventncular volume to a mayor extent wace both atda should be mammally
contracted. The obseried changes n 1o heart -olume should conequently refiect
changes m the end-diastolic wlume to a mayor extent. It n, bowerer imporunt o
comuder that the changes m total heart volume during the heart cycle are meluded
1n the anavon of 4 per cent of a ungle non-triggered determination (Hell trien 2od
Holmgren 196¢

Left ventrrcular volume hay been estrmated by s number of methods. the vabdm
of nhich are still inder discussion (Soloff 1966 The reults pbeerved dunng overeet
m normal subjects are oot constent. Paley and Leonard (19635 and Gorlin et 2l
(1960, both unng the thermodilutron techmque, found no change m left ventracular
end-dnstolic volume dunpg exercrc lasung $—10 mon. Stroke alume woreaxd
dunrg th fint 410 mm of exerene Lut as a rasult of a more complete emptyng
of the ventncdle Braumwald of «f 1963 made & aneradiographic amlyss of the
ventrrcular dimenvom from the morement of s er clips sewn to the  entrxcular
wall m mne patrents with munor heart desease Thae un esigeton fornd a decrexse
m both rght and Ieft  eninculsr dimenvony dunng  mun exexene of low miemsiny
It 1x, bowerer difficult to comen ther obsenatom of hinear change in oot plane
10 ‘olume chanres 1n normal subjects duning heavy exercre

The present obsrmauom of a decrense of the end-dustolic beart olume
w th mareauny beart rate dunng nonsicadv smte exerene, both in the wpee
and m the mitmg powuon, agree well with the reports of earlier mdies n stroke vo-
wpe m the aam exprmental nuatton Ekelund 2od Holmgren 1964 Elelund 1955

The explanavor f both changes ma  be en 1acrease of blood tn the apsct™
veseh  a shift m blood which increases wath dme and » probabl a esuhel2
succarmn e slackening of the  mpathetc tone of thewe  ssehs or a dimnrbed repore
m the ascular wal 1o an unchanged or incressed summubin

It 1 sateresung 1o obrerve the «mall influence of body p’)tluon(md.n’rﬂm'ﬂd
magnnude of the changes 1n beart  alume and stroke olume durmg prolorged
cxercne. The explanavom 1 probabh to be found 1n the lugher ke of mpathetic
1one at which the capacm  enels operate 1o uprnght posiuon 1mdu)a1951;
Body prauon i thes 0ot of mayor umportanc for the magnitude of the hangesin
prosent materal

Tro fpey of rescuons of the brart dmumdﬁcdcz‘:’:mm

swas an mereay m beart rate bewween the two

:{n:;ml,{:immmmdmdcunwmmudﬂmdmﬁﬂﬂﬂf 6ot
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of 10 subjects m the dtting v,mnndmﬂautofﬁind:rcmp‘lncsinccnolufmu
o of cardiac output and stroke olume st that very moment s avalable
duficult © evaluate this obsarvation. \o increase m central venom presaure at the
cnd of hall an hour s heavy work at a heart mate of 170 beats/min wis observed 1n
well tramed subjects (Holmgren 1936) or st exhaustion after I hour s exerche o
ordinary physical fit subjects (Elehmd and Holmgren 1964)

The 1acrease in heart volume may thus be expla ned by ashaft of blood within the
capacity vencls duc to an incresse in the sympathetic tone cawsed by exhawstionor a
change In the cla ne and roguve peoperda of the myocardium so that the heart
fs dilated m spite of the filling encrgy remaining constant. If stroke volume should
reain constant or decrease, this imphes that the function of the myocardram has been
changed.

Thae wudy was spported tonsnataget) Sladhdm,
p:.(hnﬂmmhlrnnd[m&.mhﬁml Rl
Ht‘nlndhm'

ary feport wia ghen  the Xectuag o e 3 edinh Society for Chinicat Physology Stk
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volume in the proae powution according to Larmon and Kjellberg (1948) Tha has
not been done 1n the prevent investigation when messunng during exercoe. The
abolute values for heart volume 1 the prone posifion can therefore not be compared
with the correspondmg values In the supine position.

The aum of the present investigaton was to messure the total heart volume at the
end of diastale, just before the begmning of the fsometnc eontraction. As 13 Mustrar
ed in Fig 1 thus was atined even at heart rates up to 182 beats/min.

The value for the total heart volume obtained 1n this way b capected to represent
the ventricular volume to a major extent since both ama should be maxmalh
contracted. [he observed changes in total heart volume thould comequently refieet
changes in the end-diastolic volume to x major extent. It iy, however mmportant ©
comider that the changes in tota) heart volume durmg the heart cyele are incladed
1n the varmton of 4 per cent of a ungle non-triggered determunation (Helbstrom and
Holmgren 1966)

Left ventricular volione has been estimated by a number of methods, the validity
of winch are still under divamaon (Sol ff 1966) The raxnults pbeerved during exment
m normal subjects are not conustent. Paley and Leonard (196%) and Gorhn et 2l
(1965} both unng the thermodilution technique, found no change in left ventracular
end-diastohe volume dunng exerche lastng 4—10 mun, Stroke volame increawd
durmg the first 410 mun of exercite, but as a result of a more complete empiyag
of the ventnde, Braum ald of o (1963) made & cmerdiographse analyn of the
ventrcular d from the of ulver clips sewn to the \entricnlar
vl in mne patents with minor heart disease. These mveshgators found a decrone
in both nght and left ventricular drmensions duriog 5 mm exercne of low kntemsity
Tt 13, however difficult to convert ther observations of Linear changes in aoc plane
to volume changes 1n normal subjecss dunng hexvy exercuse.

The present obscrvatons of a conunuou decrease of the end-dsastolic beart volume
Twath increasing heart rate dunng mon-stesdy state exercue, both in the supode
0d m the nitmg position, agres well with the reports of cardier tudies on stroke vob
ume m the same expermental stustion (Ekelund apd Holmgren 1964 Ekelund 1965)

Thecxphmnonofbmhdnngumyb:mmmofblwdmmcupxm
venels a ahift m blood which increases with tisne and n probably & result of 8
imdackmmgchhcwmp:dlcucmn:oﬁbscvmdxmld;mmbcdw
1n the vascular wall to an unchanged or {ncreased stimuhus

Itnmtcmungtnoberwubcmnﬂmﬁmofbodypunuononduccwnmd
magmtude of the changes m heart volume and stroke volume during
mmuphnlmmupmhuhlymbefmnvjmmcmgbcrlaﬂohympub‘“
tome at which the capacrty vemels aperate in uprmght pomtion (Vendsala 19631“
Body poaitson 13 thus not of major fmportan ct‘anhcrmgmtweofd:cchxnsﬁh‘
present material.

Twntypnofracuomnrlhchanvolumcwcmohawddmemahlmﬂ’:

In all subjects there va1 an tncrease 1n heart rate between the two Last s

Feart volume arther continued to decrease or
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Abstract
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by hidrogex pelaregrapdy  distribution and cffect of kypoxia. Acta phywol scamd. 1967

70 99—111
Local my fow was mesrored m chesz dogs by e rocording of
drogen desm uraton with ped pla o cloctrode. A potental of 4+ 0.3\ relsty
B et . Wﬁ'dwma.mmmaemmmmmm
The o the o0

Heement v ¢ between tnlectrodc
n coe cmtricie and between tefl
o= tha bydrogen cloarsee coms blood ow 1 the range of 50 450 mijata 100§ ll)ocudh.l
Bow nas om the Kverage L1 per comt kwer 10 the right than In the Jeft vemtncle
walbi and thm p was unchanged d rpratancou ridined

The determunanty of rryocardal blood flow are only partually known Facton such
a perfurion presure, intra myocardial pressure work load, heart rate, nervows
stimuls, hypoda and other metabole stimuli have all been hown or swspected to be
of importance (Berne 1964) Since -entricular premure and work load may be varied
mdependently for each ventricle messurement of local myocardial blood fow n
the left and nght ventricle might serve o clarkfy the importance of thac parsmeten.
This approach requires  method for mmultaneous and repeatabl meanroments of
blood flow 1n the two ‘entricles. Direct methods, such a3 measurement of blood flow
in the left and right coronary artery coromary u us, etc can oaly gn e appraumate
valees for local perfmion of the myoardium of the Ieft nd nght -entricle
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require surgical procedures which may reduce the physinlogpcal ugnificance of the
results.

The dnstribunion of myocardial blood flow at & given moment can be estfmated
from local Rb 3 uptke (Love and Burch 1957 Love and O leallie 1963) However
the value of thr method for studyiog myocardu! hemodynamres Is imlted by the
fact that only onc measurement can be obtained¥'n eath animel, which cannot
therefore be wsed a3 1ts ovwn control

Regonal or local myocardml flow can also be eytimated by recordmy wash-ont
of hrypton-85 or e 133 injected into & coronary artery or 1nto the mmyocardium
(Herd et ol 1962 Linder 1966) but neither of these techniques would seem to permt
simulancous and repeated measurernents 1n two regions. In the pracat study we
have wned polarographic recording of local hydrogen gut dessturation by platingm
dlectrodes, which has been shown to give & good estimate of local myocardial blood
flow in the normal range (Aukiand Bower and Berliner 1964 Neely of ol 1965)
The present paper describey further methodological nprovements. We have abo
examquned the relability of the method over 8 wider flow range, and to what extent
measurements with a smgle electrode are representative for & whole venriche.
Furthermore, as a bans for studres on the effect of selective changes 1n left ard oght
ventricular presure and for studies on coronary artery ocdunon the datributon
and spontaneous variations of left and right myocardial blood flow and the effect
of arternd hypaxemia will be described.

Methods
Polersgraphnc mee rorvment of yfregen trasvn

The clectronic sctup med for altern turg readsmps of three electrode carrents b show i Fig 1
The resistance tn the chectrode curcuit was 10° or 3_10* Obm. A Kevthley Instruments Mo sk

bydrogen enuon,
cen {Ackiand ot of 1964) Ox)&cn
potcatial and it was found tha

Pt slectrodes
Catomel elecir

Vollage source
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(J’-’J‘ %Gg " 1 : :

%—S-phm
Fag 2. Infincace of convection an by dro- 0oy
gro oddation curren (fm )t conetant H Z Pt electrode
cencentrution moeasred with two oo Z

trodes {clrckes and crosecs} | | In per cent 20
of omaxizam correns, obealned t boear Fter

!
;

Q 1 2 3 4 L]
Lwear velocly m/ma

pouth  potential waes the KCl murated caloone] electrode 1 the pO, range of 0—130 nm Hg
Tar Followiog reative cfect of ceanges In pO  compared to kdeatxcal changes f pH were formd

5 at+0IVv2 , andat + 03 Vimthanl , Sioce
By drogin carrent & ratber comtant in the potential renge of 0— + 0.3 U (e Iatter
(al w3 toaed 10 the tetody The flect of bamging pH by 0.1 mnrt] the range of pH
—8 = found w0 be aleo with potential of + 03 )
The knflucnes of com ectson i the mech m on chectrode current waks alo terted ewite. T old
futbulence and  some estart amulate ca electrode
wam plsed o Sephadet column, as thown in Fig 3. Phasphate baffer H7:;T£mled-h.h
3 hydrogen gurim ake was alowed ¢ Bow throwgh endent
from Frg 3 the carren rom tw  chifornt electrodes nfiucoced by fow
.-.Lc. mh:hr\nnrur_(\\'h.hmumm steady sate curront can
il conmtnne to Gl with mcremang bydrogen clume wround the
kcuode (Knhhdrud Lingane 1832)
Fxpermmentel procedere
\cwte

eve performe on mongre] dogs, wesghlng 15— 1 kg Avertbels wes induced
v sodrerm peniobariutal, 23 mplkg | amd manizincd by sabecquen doses of 2575 oy The

atrery for ATvcral biood
i

ooy was bymwj.adleeﬁum
aod Mieman (1956 and = estrmated

b Oxygem antent nnkﬂuedby:brmmnﬂ-fu‘wdl.ﬁmla.'(hmqbun.mmd
PH_ as wreawred saacyobecally b Radweseter pl

The tmoe chectrodes mn.demnumﬂy-ptr\ndymhfd(A-thnddule) with
e racrptoon tha  be thaft was made #0tha the extramural part of the chectrode w.

ephardmm wes ricd but scemed to be of
doubiful alee m he The were checked at the end of each
expenmen | three Plaumum dectrods mounted oo beart ca beter was imacried

Iy drogrm o reaworably mable ( be ul.n-pdruph htfkﬂmdcﬂm‘-ulh.y'
kept briow 0111 T provsde  rapid artenal desaturateon by droges rerpiration win hen sopped
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[rom alope of unbroken Hae,
Trw

lnimmnlln}edn\d!&)mllm hyd.mgm-mrntrdnﬂ.nulm the beft henrt piarted mt e
adfried t constunt mrﬂmrd.uldtqmdn for anather 2060 scoonde. Whes
the jmtraventricular nfimlon wasr cately stopped, the desaturation of the mryocardium was oo
bydlcm.llerccoﬂitn(ﬁmnlmnrt.hm lectroder.

for rewsom piver in hzd-:vhﬂ.un
(;::pttd, mlﬁmvvua\cuhud&mth:nwdqudmm of 10010 % destzndat,
3, andd)

Results

Gengral desrription of the dusiaration coes

Typical desaturation curves obtamed nmultancowly from three elecirodes are shown
in Fig 4 The intermuttent recordingy from each electrode were connccted, tmooth®g
out obviows artifact, and recorded current minus rest current way plodted 0o 2
logarithmic scale against bme, a1 thown n th mset. Althongh the slow componsat
of the electrocardiogram were supenimposed, the reading vrually pressated no magee
pmblum.mdmdcpendauplumngnudﬁowmlcuhdunbynmpaw!ﬂﬂ‘n’
sgreed wathin 5 About one £fth of all clectrode mtey wefe dncardrd beoause e
mult-exponential deaturation curves (¢f Fig 3) However such devianom fom
Lmaraty i dxmahwgphxrmm:d&zdymmummr-mdwﬂd‘““
throughout experiments of several bours duration, and t was obviow that ressocabl?
good extimates of relative changes {n hiood flow could have been bauted abo frof
the docarded curves. When two satrsfactory curves were ot ed 1n aat venteks
themunuflhmrupccnmﬂowvﬂuu\mmuimmmpaﬂngl_ﬁmdﬂah'm‘ﬁ‘

ular Sow

Dustribution of wpecerdial Heod floco

Since the present techmque allowa amultaneous flow
different electrodes, no attempt vay made 1o map out
exthre mryocardium, It way of importance to examune however wi

7

measurcment with only 0E°
the flow drstnbutlon o ¢
hether flow vaios
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4 Origloal curves recorded froms tw  chectrodea in rght enuriche
(luldnl')ladm*mud-hlcﬁvmlﬂck(ﬂy Imdﬂmmdl:(unhmkphxnﬁk-mudm
and dectrode postions.

cone

ohuained from one electrode site may be comidered representative for on ventncle,

and, furthermore, i the myocardial blood fkw o different ln the nght and kft
ventrcle.

Camparssen af trew cloctrode siles i U vemte oemincls

Simul u with two el des 1n the same -entricle were made
vath 15 electrode pairs in 13 cxperiments. Seven pais were Jocated in the left
ventricle and eght n the rgh ventricle withm the areas described above and
schemateally indicated in Fig 4 The dstance between the dectrodes vaned be
tween 10 and 40 mm. An sverage of 3 8 flow mensurernents were mad  under control
condivors with cach pulr The & crage difference for each parr was calculated in
per cent of thar mean flow giving an crerall a erage difference of 126 (left
136andnght 118 ) wth the following distribution 0—10 ., difference 8 pary,
10—20 '(p:lin.lnd’.’o—ﬁ 3 pumn. The “standard errror of the method
perfution o emh entricle, was 119, (Cal
cuh(cdnlhcnqmmmobeemorLbc-qmndeemmhpmrmpcr
cent of thar mean, dnided by twice the number of paurs ) Within the areas in e1-
ugated /0ig 4 wnet) no comvistent reglonal differences were obsenved

Dutnbchen [ Heod florr betreen Left ond right centricle
Simultancotny recordmg  in left and nght ventrcle were made 1n 20 expermment

Tudimg 108 flow dunng contro) cond pomy. The average left
*entncular blood flow m thi sensos wa 99 7 ml/mun 100 g (SE91 n =20 and
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nght ventricular flow was 879 mljmin 100 g (SE 8.7 n = 20) In iodmduel
expsnments the ratio betweer mght and left myocerdial blood flow vaned between
0.57 and 1 37 with an average of 089 (SE0047 n  20) Comparing simultercow
measurementy, the blood flow p=r grem mryocardium in the left ventrcle k thus
ugnificantly hugher than in the rght.

Compansox of dussixrstion curves from left ventricls and coronary suaws
Sunultancous recordings of hydrogen desaturation in the coronary inus and the kit
ventricle were performed with four tisue electrodes in three experiments, inchedmg
a total of 30 dasturation runi The coronary sinus demturation curves soMCtIMC
showed a slight deviador from the desl exponenuel cury below the 0 doatm?
on level suggesung a wrmall slower flow component m the diainage aree for the
coronary sinus. Rapsd initial desaturation wmiggestive of arterro-verous shnrs win
not recorded from the coronary dnus i any exp-nment. For comparison with kit
ventricular flow the practically hnear slope drwn to 90 desaturation wa wed lor
flov calculation. High myocardial flow was induced by hypexus As shown lnFig 3
a fairdy comtant relatonshtp way found between lelt ventricular Row from exch
clectrode ntc and flow calculated from coronarv tinw desaturapon aver a Wit
flow range

Spemiansoxs vertaliens exd gfect of dextran (\lacrodia) infunen
In most expsnments the myocardial flor in control periods remained tarrly cormsart
for several hours. In some instances a gradual declime or more rarcly an inered®
in flow wa observed, and then in the same direction for two electrode dtes I the
same ventncle ay well &1 in the two ventricler. The changa were usualh »
although some vanatram in both Intra and irterventricular ratios were ob%T

oceavomlly
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Tanz I Effect of Macrodex Infinloo on Myocardial Blood Flow in Right nd Left Ventrice

Tme Hertn Meas promare Myocardial bload flow
Aortic L oenr Left Right
i mm Hg mm Hg mijmin 1005  wljein 100k
0 143 55 s 57 6l
) 150 35 » &0 =]
5373 Macrodex 6 200 miL
) 163 e 50 1n 1
108 10 [ 30 199 1%
135 169 as 4 e 14

In a few experiments an intra enous nfuston of 100—300 m! Aacrodex was
g@ven becawnse of & low artenial prossure at the end of the surgreal procedure. This
produced an {ncrease in myocardial hlood flow 1n both ventricles, the nght/left rano
remaming unchanged (Table 1)

Effxt of b pocia em lazel wpyscardial blsed fice

The cffect of hypoda on left and right myocardial blood flow was uudied in seven
experimenty, including 14 hypaxda pemiods with control pertods before and after
In control penrods the average arterial hemoglobm oxygen saturation way 92 and
oxygencontent 131 o, Thea erage blood pH was 7 4] and remained unchanged
throughout each experiment including by poxia periods. In hypoxia perfods arterlal
hemoglobln saturation  as redoced to levels betneen 79 and 20 The myocardial
blood flow m control persods a “eraged 99 1 ml/min 100 g 10 the keft ventricle and
891 ml'mm 100 g on the right nde A sgn ficant ¢ in blood flow wa observed
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Tancz J1 Effeet of Hypoxls on Myncardial Bood Flaw In Rlght and Left Ventricte

Art. O Arterial  Heart
-t Ogcont  tmate
- ml{100
mi

2 148 160
58 94 163
;] 130 160
5 20 170
8t 139 160
10 7 10
93 13.3 168

Mean preware  Myocardial bood  Flaw
Dowr o
Aortle T ventr Right Tt de
mm Hg mm He mjml wlfmin
log 100y
o 8 6 ) i
128 a5 134 177 ki
us o 67 20 "
125 6 127 173 7
us s @ 80 n
“s 0 308 445 =]
120 60 ot & 7

in all hypoxia perioth in both ventricles, with return close to control values upoa
changing to air hreattung (g 6) The flow increment way wsuaify proportional o
control flow as evident from Tabte 11 showing an cxperiment with considerably
higher flow in the lefi than in the rght ventricle Thi v als obvious irom T 7
which gives the pooled data from all hypoxia cxpenments with an avernge right/
Jeft flow rtio ¢ f 0 87 during hypaxla compared to the average control rato of .52
Moderate hypoua usually produced a small risc In synolic prevsure in aorta,
4 heress diastolic ant! menn aortic presures ay well & heart rate thowed po of
Jncomhitent changes. More pronounced hypoxia, bel + 50
a marked rise in systolic and diastolic prevures (mean a ruc pres ure increment up
o 50 mm Hg) whereas heart rate showed mcoml tent hanges. Myecardul blood
w was poorly correlated to these parametery a evident from Table 11

P
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Acwral orygen comtert kot entrs

The percentage Increase In myocardial blood flow in all expenimens showed
‘pontrre correlation to the lowermg of arterial oxygen content. Thi h endent from
Tig 8 where myocardnl blood flow &nd arterral axygen content are presented in
per cent of coatrol valnes, The dugonal line indicatas the flow mcrease necessary to
mamtain unchanged ovygen supply (artenal oxygen coatent > flow) 10 the
myocardium It will be seen that the axygen supply wually reamined comstant or
even ncremsed dunng hypoxia under the conditions of the present experiments.
For comparmon, Literature data (Hacked ¢ o 1924 1936) for the tact heart
mewsured with coronary sinus catheterzation are alw included m the dugam

Discussion
Thcfc\n'bﬂltyofmn:unngloa!m)m:dhlmoodﬂmv n the contracting by
pamcd dog heart by polarographic recording of hy g ha been

demonstrated prevrowly (ampnmbn-cmluulm)mrdulblwdﬁowlnlbc
Ieft ventncle and directly measured coronany “enows outflow thow ed good agreement
in the normal flow mnge (Aulland et &. 1964) In the present study the possibility of
meanmng myocardl flow in both atncles over a wider flow range and over
periodh of sex eral hours was examuned in more detail. The techmque was mod fied by
usng a polarzing potenual of — 03 v

The insertion of th clectrode may duwrb local arculadon od produce & layer
of uncirculated usue blood or tmuc fluid xrou d the electrode Such a layer reduces
dectrode current and abo produces an nital delay m the dasturation curve but
docsnot mfl en thedopeofth un lAukhrdIQGS)Mm:Imionhnpm
mentally supported by the present  bservation of good  greement between ket
ventmcular  d  wenan u W deat  uon curves, even 1 very high myocardial
blood Row Th h d gaho ndi a & that correct absolute flow values are o
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w the left ventrcle mnce venow desturation curves have 1bown good agreement
with mndependent flow men in the flow renge of 40~80 mlfmin 100 gm
the myocardium and up to 300 ml/mm 100 g i the kidney (Aukland o o, 1954},
Necehy of oL (1965) usng n polanzing potential of about 0.2 V aho reparted good
asgrecment with directly measured coronary venous outflow 1n the normal flow range.
It s obwviows that wdden arteral o b mae imp with -
creanng blood Bow The doerepancy between renal \enows outflow and venows
dexsturation rate observed at hugh Bow by “eehy o of (1965) 15 probably duc 1o oo
sov asterial demtumtian, moce hydrogen was grven onhy by resprmation e
expenments.

The rehabibty of the methed 1 aho corroborated by the farly good sgreement
beiween tvo clectrodes i the same ventncle, giving a standard error of the metbod
of 11.9 % Tha vanability obvsounly incledes both metbodologreal errors and ral
flow differences between vanous areas in the same ventricle Although the myocr
dium serms to have a remarkably bamogeneous flow local or regloml difference
are nevertheless likely a abo mdieated by rubldium clearmnce scudie (Chamsky
and Levy 1962) Ocarugnal differences as high as 30 per cent betmern 0 o negh-
bourng electrodes show however that measurement v ith a tngle electrode is nat
sufficrent 1o give an accurste value for avernge biood flor 1t 2 whole entnde. On
the other hand, the proportional varuations m flow values from different ehectrodes
indicate that the directtan and percentage changes i blood flow are relbly reflected
by a mngle electrode.

In contral periods local flow m the left ventricle was abouc 12 higher thania the
right, the difference bemng ngmuficant at the 5 level. A somewhat Ja ger differtoce
has been observed with Rb* uptake stucics (Love and Burch 1937 Chandy and
Levy 1962; On the other hand MacLean o of. (1961) found higher uptake of 1otra
arierial imjected mucrospheres in the nght than in the ledt ventricke The reason fx
the discrepancy n anclear

It is well eatablished that hypana increass myocardial ood fion mualy B
reducing coronary vascular regstance (Berne 1964) a3 evident abo from the proeat
study The obterved mcreass 1o blood fiaw dunng hypooa wa generally such st
maintain or even icremse the amount of oxygen delt ered by arterul blood both ©
the keft and the nght entrcle Tbunlnugrtuncm\mhmulbobmntdlncb'ﬂd
chest dogs with coronsry onus catheterimaton (Hackel o of 1954 19%) w thont
in Fig @ Much mmaller efiect of hypoxia on coronary biood flow th reductoa
ovygen delivery bas been observed n perfined hears by Berme Blackmoa ard
Gardner (1957) In ther experiments, he mvocardial oxygen requirement “‘ﬁ
mﬂn}yb)mrmvadoxygmcxmu}onwhm)lmthmpmpmdanunlwﬂm

In confrast to the present fodings, lmrm.dTyEcr(lS’&j)rou:tddurh)?;lmk:
produces & propoctsonately greater fall in myocardal vascular reantam e 10
than fa the left ventricle, as caleulated from Rb** uptake. Hou ever they donartl:
10 have taken mto account the fll n Rb-cxtracvon with rhing flow (Lose
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O Mealhe 1963) whech might contribute to the obterved difference because of the
Ingher uptake In the left ventricle In control antmals.

The jsnficavon for regectng multi-exponential demturation curves and the
procedure for flow calculation from curves deviating shightly [rom lncanty insemu
log plots is dcuwed 1n the follovmg Non-linear curves mrght be duc to 1) uneven
apillary blood flow in the reguon. of the electrode, 2) rapid dematuranon of thaue
mmuﬂmgmﬂmcﬂquﬂ)d;ﬂ'miunofguthrmxghlhemﬁreoﬁhchnn

1) The single axp ial hyd curves obtaned in the coronan
nnmmdnhotbcnpommlu—cngenmedcnmnﬁonohcrwdnmhﬂ (Herd
o al. 1962) sugyent a homogeneows petfunon of the myocardium. How ever comider
able deviatioms from bomogeneity sach ay niggested by Rb* uptake studies (Love
and Burch 1957) might not be detected by these methods To a conuderable ex ent
such vanzhoms sbould be averaged by unng relatively large clearodes, 1—? mm
long, =3 in the present studses. Such electrodes therefore seem peeferable to micro-
ectrodey, which are more Likely to be fnfluenced by anatons in flow m wmaller
tisue clements.

2) An expenimental evaluation of the effect of mmall arteries seems unfeasible, nd
we have therefore estimated, theoretically the demturaton ratey at vanous dhtancey
from a small artery It was asumed that hydrogen concentranon wathin the artery
s suddenty lowered to, and maintained at zero and that hydrogen i removed from
the surrounding timuc only by the artary A towoe diffunon coeffiaent for hydrogen
of 3 107 cm s wm d from d diff coeffick

for oxygen
and carbon dioode in aorta and other tmsues (Kirk and Laurven 1953, Thews 1960)
ing the dffuss Howent 10 be § 1y proportional to the squere of mole

cular weight. Fig 9 shows destmmation curves aakeulated by Crank Nicholson
mcthody (Crank 1936) on a digitl computer at variouws dstances from center of an
artery wi h mterual dlameter 100 4 The dragrem mdicates thet such an artery may

D 30 B Yan? gec!

scop

soop

tanows demturation of artemal blood . \uuﬂ 200p

B 2 b} 4
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O'Meallie 1963) which mught contribarte to the observed difference because of the
higher uptake in the left ventncle 11 contro! antmals.

The jwufiabon for reecting multi-exponential desatumation curves and the
procedure for flow cakculation from curves deviating slightly from Lincarity n semi-
log plots bs discmsed 1 the follon mg \on-lincar curves mught be due to 1) uneven
capillary blood flow In the regon of the electrode, 2) raped desaturation of hwue
rurrounding umall arterles, or 3) diffumon of gas through the surface of the beart

1) The amgle exp ] hydrogen d tion curves obtained In the coronary
smm and abo the cxponential & erage tue desaturation observed with ket (Herd
«t ol 1962) mggmn}mngmco 1 perfimson of the myocardimm. H wever connder
able devi g such as suggested by Rb* uptake studres (Love
and Burch 1957) m:ghlnmb:dcwctcdb) these methods. To a consederable exient
och vanatrons should be averaged by udng relatively large electrodes, 12 mm
Joug, m in the present stodies. Such electrodes therefore seem preferable to mucro-
clertroder, which are more likely to be mfluenced by variauom m flow 1n smaller
tinoe elemenn.

2) An expenmental evaluaton of the effect of small arteries scems unfessible, and
we have therefore etrmated, theoretscally the desaturation rates at variow dbtances
from a srall artery It was avsumed that hydrogen consentration within the actery
n suddenly lowered to, nd maintained at zero snd that hydrogen b removed from
the nuTounding tiwue only by the artery A timue diffusion coefficent for hydrogen
of 310 am sect was estimated from measured diffinton cotfirents for oxygen
snd carbon duorddde in aarta and otber trucs (hirk and Laursen 1925, Thews 1960)
#wurning the diffumon coefBicient to be inverely proportional o the squere of mole
colar welght, Fig 9 shows demturation curves calculated by Ceank Nichobon s
methods (Crank 1956) on a digital computer at anows dutance from center of an
artery with internal diameter 100 # The diagrem ndxclludmrmhmmm.)

O 3010 Sem? pecd

Fr. 9 Caloalated deu ravion unes o
riows dmtances
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n the keft ventricle, unce venows desaturapon curves hase thown good agreement
with independent flow measurements in the flow range of 40—90 mijron 10 g
the myocardium and up to 500 ml/mum 100 g in the Hdney (Aukland e of, 1964)
Neehy ot o, (1965) 1mug a polarizing potential of about 0.2 v aho reported good
agreement with directly measured coronary venous outflow in the normal flow range.
It 15 obvious that sudden arterial demturation becomes moce impoctant with io-
crensing blood flow The discrepancy between renal venous outflow and venoss
desaturation rate observed at hugh flow by Neely of ¢f (1965} i probably duc to oo
slow arterial demturatron since hydrogen wat gwen only by respmaton in thae
expenments.

The reluability of the method 1 alwo corroborated by the fanly good agreement
between two clectrodes i the same ventnicle giving & standard error of the method
of 119 o Thi variability obviousty includes both metbodological erron and red
flow dufferences between vanon arcas 1a the ame ventricke Although the nryoar
dium scems to have a remarkehly homogencous fow loca! or regronal differences
are neverthelen likely a3y abo indicated by rubidium clearance studws (Chandy
and Levy 1962) Occasonal differences as lugh a1 80 per cent betneen two acgh-
bouring electrodes show however that measwrement 1 ath & mngle clecrode Js not
sufliczent to give un sccurate value for average hlood flow in 2 whale ventrice. Oa
the other hand, the proportionsal vanationy n flow values from different chectroda
rodicate that the direction and percentege changes m blood flow are reliably refiected
by = ungle electrode.

In control penods local flov 1 the left ventrcle was about 12 hugber than in the
nght the difference bewng ugniticaat at the 5 level A somew hat larger differenct
has been observed w th Rb  upuake studiey (Love and Burch 1907 Chamiy and
Levy 1962) On the other hand, MacLean «f of, (1961 found higher uptake of 1t
arterial mjected mucrospheras w the right than i che left ventrr le The resvon br
thy docrepancy b unclear

' It » well establnbed that hypoma increases myocardial blood flow malnly bY
reducing coronery macular rewstance (Berne 1964) #s cvident also froum the preve
study mnb&u-vtdmcrnxmbloodﬂuwdunnghypmuumgcnaﬂ}rﬂfh“”
ruaintaw or even mcrease the anvount of axygen deli ered by arterial blood beth
the Jeft and the rght ventricle Thes v in agreement with results visaloed tn cleacd
chest doge with coronary tnus catheterranon (Hackel o el 194 1956)“'1‘"':
in Fig B. Much wmaller eflect of hypaxia on coronary h!oodﬂm«wihrtdmmmd
oxygen delrvery has been observed i perfised hearts by Berne Bhthm“m

Gardoer {1957) In thelr experiments, be m)yocardul axygen reguircment wt
catoly by increased oxygen extractron which m thelr preparaton was ko in

eriody.

F Ta contrast to the present finding, Lone and Tyler l%blfommil:)m
pmdnculpmponmald) greater fall m myocardial vascular ressiance i
than in the left ventricle, as calculated from Rb* uptake Howrver Lht)db;‘_"d
to bave taken Mnto account the Gll i Rb-extraction with rhing flow (
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Effect of the Supply of Oxygen on the Teasile Strength of
Healing Skin Wound and Granulation Tissue
By
E Kutosay J N\mvmosxr and R. Pextrovex

Rerer od 9 ouary 1867

Abstract

Kuvrovex E ] “ovixosxt and R PENTIINEN Kfect of the supy of o.rpen an e kensk
stremgth of healing shin swound ol gransiaen fsqee Acta phynol scand 1967 70
112—115.

Experimental granulomas were induced in mats with subcutaneomly mopls ted scose celluime-

poogrs. The s wete kepe for 10 dayr { normobare  tmospberes contaming 70 35 or @

‘M After Idlliog, the tenae pirengths of the granaloatas aod tkin w. were mcasred

1 the (emulke wtrengihs were in 21 O 107249 7 g (23 deteromunacioar) {1

O 1902+185 g (4)) m 70% O 22104246 g (25) and m ko wounds 4313+ lrL’;"'

33401228 g (40) nd 374 12329 g (24) respectively The analysm of ananco
L&mﬂlmmm(hmpﬁtﬂrrm\'ﬂhﬂiem(h‘dtl’rlmloﬂn?xnm]
od for the 1kan woands P~ 0.005)

This work was nspired by the finding that oxygen is pecepary for the syntbes
of collagen n incubated 8l ces of sponge-induced granulanon tasue (Kao o &
1963) We wushed to learn whether thh dependence could be extended to whok
xnnmhﬁvingmnmmohnc-mphmwbaelhcmmlmdmyxcnt@ﬁ
be vaned A preluninan report has appeared (N\inkeak: Pentti en and hukoec?
1966)

Relevant observations b the hieratuse are few In rats which had been kept lnker
mittently n hyperbane (2 atm; axygen the wound healing was retarded (Lundgr™
and Sandberg 1965, On the other hand, the regenerauon of wound epithetis
was move rapid at sea level than 1n the mountans of 3 000 m (L tkunz 1938) Abo,
Beckham and Hitcheock (1965, reported that hyperbanc axygenaton of tyoes o
jofoemce beneficully the healing of wounds. Ingra mcular  jectior ofhydrt;‘:
pereside mproved the healing of leg sores (Balla e o/ 1961 They obrerved
m.yumnncuud)hubcmpa{mmudomh:errmoroqgmmuhemuﬂhﬂﬁ*‘
“.}(brd'mlodbclcnﬂtwrﬂg!h

112
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Experimental
Toductio of grmwomct. Tw o four pheca of vivcose cell (Z0x10x 10 mm cach)
were the backs of make raty (14 bear frain, weight The
had been ™ freed to the origing! postion with st
boding 1109 (wfv) NaQ moluthon for 30 rm. The krgth of the shra wound was $ cm and it
- yarn.
St oviations w e ApRY &f 379 The setxp b thown echematically fo Fig. 1
ruis fn cuch box (§) fed with the mandard hboratory deet and water
o udwien. For (e fectling uad lexndeg the bowes wove openmd once escry day cyEaders (1}
conta ned mrvwrey of oy pea end nitogen (O 21 50 4 and 100 fv } 1 the
Txcrers e foncewtral of oxygen were 13 33 wwd 78 TEpOtm. » mceTadned
. h (hodly pleced to omr dopow! by the Depertment of Ph.
Lon of Turkm) Tas COcootentrazion trmda br boreos remchul draviag e Thder
e umdlunxbgcntnnhum The relath In e bowces
- bout ad the tempreanee 13 box e arabeess vemperstere (i Hulphrs #od
Laole 134 Ko mpm of O mtvmcntion, ¢ g convalions poimorary edewa, wers obwerred,
protiably beeawe cvets the highes actaal 1300 of QTR was 30 st that 70 .
Veememour Ten days after the bnplaotardon the ruts were killed and the renslle strrwgtha of
granajonms and of the din wounds

Results and discowion
The & wrages of the tensile srengths are shown in Fig 2. The Groomble effect of
hhmzdmmmmmhoohdmupahﬂymlhenngcdm»ﬂxo
thhﬂmmmmmcm!ewluﬂ%dxh\wmrkwmm
do not ha ¢ am At lower & aqu‘,xm(nbumli‘)
the tenide strevgil are decisnely d in comnparbion with the resulty in afr
135@2i‘zsﬁgfmtﬁnwv\md:mﬂﬂil*lghgﬂnulunn,.—ﬂrwbmh)
mmlmrhddfcddutygmmlhctmdkmmdtbchhngwmmd;
lthmobn:nrdwbmlunq)plyhvlmdmlh:gfmmlb:wmdw

Thia i not  ecrmsally true for the epathelisl rogeneration where perbanc
may be more cfficrent. by e

VRMT A il smmd Tl P f
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Dot
HNONTH
L]
-
o
e (ST
)
™
-
» Fig 2 The emie sireagths of the dis
o erage 1
" wounds and the gramuoma (ren dayy aller lrphinis-
s thon) plotted sgainet the met comerutre-
el t10m 10 the breathing gas. The teml etrength of the
whn wounds o given 10 g/an of heahng wound and
of the gamudomss | gom o the
o arcs. The umber of s indcated b the
parcatheses and the varivon by the  ertieal ban
which evror of the mean. The
ratistical of th effect of the con
centration ju cakalated by the nalyns of =
- - - L} -
orret ot o
Ch [ analyses on the grannk bave confirmed that the effect on the tenslle

strength depends on corrayponding changes in the amounts of collagen hydroTy
proline (unpublished work) The increased supply of xygen may cause cither &1
wncrexsed hydroxylaton of proline, bound In collagen precuror oc 2 lem specific
:dmdx!hnuﬁhcgrmhaﬁhtgnnulmm.Ourd.umnot)rtcmclmcmﬂ!h
to derade between these two altarnanver. A general effect of axygen may be deoxe
strated, for cxarmple, m the higher content of nudleic acids In the granulomas from
those rats which have been kept at th O-concentranon of 35 or 70 %. How &8¢
the synthems of coll 13 regulated by the avaulability of exygen for the hydroy ¥
tion of proline remains to be investgated

us il
et Focto ol s Db . ey Eron o

W8 are lodebted to Dr P-O Barr harolsska Insthtuict Biockbolm, Swedrn, jor ad ke
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Relationship Between Ventricular Pressures and Right
and Left Myocardial Blood Flow
By
kvt Avkeasn Farowsx Aot and Jons hjeauns
Received 13]  uery 1967

Abstract

Auvkiavp ko F hor and J Ky Adstaaskp betoen Lentrcaler presooes el
r1ght cond [eft myecerdial bood fle Acta phywol. scand. 1967 70 116—~126.

The fects of constcton of the pulmooary artery aad sorts on wn ocardial hlood flow messured s

Jocal bydrogen cddenrendvy, in the anseror part of the right and the keft myocardom ke ey

studied In hext degr. The wcrese ia myocardmt Bow hat by o rrctson rarch
mon

veatrrculsr wmcreased
thar the relajonship briwen refatn  flow and  entricalar premure  arxbom preowly deson-
srated for the Meft rentncke abo ppbes 10 the raght catrcle and tha ney ocardial flow s et
odeprodentlyforthet  entrickd, et 1 ERIrEmE perfunon presures

It seerms well established that the ox, gen o P of feft v @
ts manly relaied to the development of myocardial temvon (Sarnd (T of of 1933,
Monroe 1964, Since the normalls lwoqumnmnbwtmmnnww
remeins essennally unchanged when sortec renatance 18 incressed, hanes in Jeft
ventricolar blood Bow and oxvgen coasumptron are clasely correlated, sugresting
that axygen demand 13 the mam regulator of myocardiel flaw Br unwald o &
1958, If these relatons ako spplied to the Hght yemnele m)ov.:lrv:h.c]ﬂcrw\mu)t”-‘lr
dutribnted betwren the o ventrcles sccording 10 therr wall tepnon

However available miormanon docr pot antfrmly upport thyy ncept. Reeet
Attempts to inrease night entncular pressures by comtricung the pulmonary AT
have dther Gasfed to increase right myocardis! flow Rosenblueth of «f 1959 196}) o
increased blood fiow nearly as much 1n the fefl a3 n the nght myocard m Ilmfun
O'\Mealllc 1963 In other studies, increased dght ventncular prawure n lh!l;:!tfw
constant coronary perfisson pressare has bevn fund to decrras nght myocard
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nmung&n&mymrdiﬂﬂcw\mmmmmthc coropary dning
preseuce™ defioed as the difference between aortie and ventricular mean pressares
(Crows Recben and Salnbury 1961 Crom 1962) By perfusing both corgoary arteries,
Grege et &l (1943) and Gregy and Shiplky (194) obtuned a dual response 10 con-
srction of the pulmonary artery In most of their siushes inflow into both corooan
arteries increased, but kn some nght coroman fow decreased, o af the mcreae m
inirs mhocardis] peesure anociated with an Increase in nght ventricolar pressure
apposed coromary flow

The present study wan undertaken in oedes to distmgunh between these vanous
posible determnants of rryocardut flow \yocardial blood flow vas mesured a3
hydrogen clearance (Aukland of & 1967) from clectrodes placed in the anterfor paris
of the right and left venincles m open chest dogy. V entricubar pressures were varied
ever & wule range by constnicting the pulmonary artery or aoria. By thas technique
#t wax sho pouible to examine whether mereasc In the outfiow resdrtance of one
rentncke mftusnced the myocardial blood Baw of the other

Methods
Mougrel doge 15— kg o ety soddzuan »
:ﬁm d  AGA rempentor and the Mw\n e Wq“‘“‘a;:’“k:\-;;
e o chest.
he EnteTIn past

Gewded
crther by mflatiog el ¢ the bp of _catbeter mtrodaced

fermows] aTicry or b sveans of  Blakock cleswp placed
hekd . fxed raughou bl bt ok clioep

eamred 1 Ir(bvuq u‘uw
#haprd thermm ouphes mverted ey 1o e gt »on mmwmr&&mnuu:!m‘m«-

L Vs
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—Oﬁm
B R
t
i O My
7 [
IQQ,LI ’
I B
Il MO
-~
™ Fyg 1 Effect of constnction of morta (AC) sd
" - hypoda (H) onbelt entricular {L\?)
extraction (A—V)0 0w
w LV and

fe0 comumption o))
blood flow (MF) m(ldt {L) od rpht (R} -

injections of 3—8 ml saline at room tempersture were periormed tral oe o the
o pert ather in  central ven

For oxygen determmations  artenal and coronary snus blood, 4 ml was collected anscrobictly
i Lucr glaw syringes with the dead wpace fflled with beparin soluton Spectropbotometre dews
tooe of i nd . ere periarmed ®

og
preslously described (Aukland & of 1967) e

Results

Comstriction of the aoria
Lyft mpocandal fimo (LAE) The effects of wortie comtrichon or left, ventncular
prasures (LVP) coronary artenovenous oxygen extraction, m ocardial oeyged
conpmption and myocardul flow are sthown tn Fig 1 Aortic rea stance was in ths
:xpdmmtlnmmdmmpdoda‘dwﬁmludngmmlnmdmcwtmﬂﬁm
min mdt}mmumrcmcnuofhvdmgmdunnctwmobmmdduﬁngbm‘*d
aoctic resatance. The merease 1n LMI was nearly proportional to the increasc in
LVP In tp te of an increase 1 systolic LVP to more than 250 mm Hyg foc an hout
retease of the sortic comstriction resulted 1 return of myocardual flow o con
xﬂmhlath-n?ﬂmAnmmwwgmdm'mmmlmtdm“"
and the myocardial oxygen consumption increased therefore n direct e
rayocardial flow The maximal increase in LMF was lens than could be fnduced b
arternal hypaxa (Flg 1 last expenmental perfod)

Thed{cctoﬂncrnnngm:ﬂcrcnnnnccnnl.hﬂwuumﬂuln-]lupcﬂmf““
perh-mtdmﬂdogl.'l'}wrrhdonbctwccr\nrlnkomlnl,l\ﬂ'-‘lndmﬂnuph



VENTRICULAR FPRAESURIS AYD X~ rawr.

Ieft myocardial flow (LAF) and
oen et promure
(LVP)

Frg 3 Rebtobep btween
relath

e ]

[CLLY
n

”

///,’

shown in Fig 2. Control mean LVP vared slightly wi .
rlﬁtdwidel\btmnnhvuh,mth-nngcfmﬁoh“
striction of the aorta mean LVP was Increased by 335
LASF w th pressure was almost as Large at low a3 at hyy
of the wide scarter of flow -alucs, the vanatons in LMy,
ahres (LMF and LVP  were examned. Fig 3 show
relat variatuoms fn LME and mean LVP On aconur
true relatsorbip betw een myocardial fow and prome.
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ml/min

on cardiac out- M 100g

LVP 11 greatly increased, but all dats are mcluded 1 the following calculation. The
general equation n

y—1 = biz—1) )

where y = IMF/LMF and x = LVP/LVP and b 1 the slope of the lipe. With p
sets of obeervanans (xy 33) the ope b and & standard error ou were estumated
according to Hald (1952) as

D=1} 1 (26— )] ?

AL N LA fod L AU Y

Em—~1) o [n—x Sl

Unng dzta obamed durmg sertic coostricnon (Fig 3 filled ardey; b = 0H33%
0039, The rel hip between the fi ld;.;yguofLVPl:dmﬂ'nhal
q@:mmdmgmmdmmmﬂ
alto shown in Fig 3 (open arcles) When those data areincluded, b 08470035
Tlﬂshﬂgnlﬁamlylm(p<005)thmunlty(whlchind:calupmpordunldungd[“
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s, MCH
=

Fig. 5. Effext of coumsiction of
hmmmxymymm =

s syl
daa) Sow {RALF) T;‘\";)}‘:
Wt«i

myvocardial Bow and ventricular peasure} (Fig 3 wnbroken finel The Gactonal
exing mryocardal flow’ 1 estimated a3 the positve Intercept at zero presnure, snd

was faomd to be 1747 per oot of control flow

Baght wyscardiol fore (RAF) 1o the experiment thown in Fig 1 RMI remsuned
nearly constant dunog increase of syrobe LVE from 170 to 230 ram Hy  indwcating

nexrhy P h duning d perd: presure. The rellabithy
of the s & ted by the ind 1 m ded RAfE
and LMF duning by poxda, Somiter plete or nesrty ' fon was

obxn-td‘nanpedmulpdxxd;mﬁdopﬁgfmﬁmdcwlkmnfan\'Pmp
to 180 per cent of control values t RMF wercased. The ratao RAI/LMT was tduced
duning constncton 103 of 6 evporumenis on 3 dogr. Complete alnence of aule exuln
on with increase in the ratio RAF LMF dunng constriction was observed n another
dog when mean LV was mercased respeeth oy to 200 and 218 pex ent of omtrol
values. In the laster study cardlae output was reduced by ore than 50 and RVP
wasshghth redoeed In 3 anunaly RV P increased during porie  smtncton. presmm.
ably weondan to increase in left atrial premse In these experiment the sncrenae fn
RMF wies piox ugruficantis farger than that obtained by nercanng K3 P o windar
alwes bny comincung the puimonary arter

Costrichon of e puimenery ersery
Right myacoréeal fiow: The cffects of conyncton of the pulmonsrs  rIeM on eardiy
outpat, i and rdial flow oot areshons a

Tig 4 An wwrease "4 rstolic RAF 10 75 mm Hy had nfueIKe on carri
output LV P and LM whercas RMP noseased The osults o all undie oy, oot
in compensated hewrt of 8 srumab & thown o Fix 3 Ioopte of sy, aen
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e ° o o pastasy ahiy
® — —  taim
omivare Commireta of ewrie ord prm———y

10 124 20 25 10 1% 40 AVPoru /RyParsly
Fig h.Rchﬂcnhrpbmq-mrdahvcdnnsnmmh myocardml flow (RAL 1Fa) and rehath
chanes in rystohe Hght ventricular presare (RVE ayst/RVP yrty) Unbroken iy .)md.vmu
portons} changes, snd the point (1 1) coptral value,

presures, RAF vaned widely between anmahs. Anincrease in mean R VP wayanod-
a1ed m all studicy with an merease 1n RMF

The rdatve vanatont m right ventneular flow snd peesure are shown i Fig. 6
uNled careles) and were evaluated usng equaton | nght spmolic presare correlated
<12 herter than mean pressure with flow The alope of the regresdon line we
U 3-0{0b Thos 1 dufferent from wumty (p<001) The pomtve intercept at zro
~—were was 21.54-7 per cent of comtral flows. Intercept and slope are not e

wzrah different from those of the regreson Iine for the left ventnde,

* 1ar oxperunmity additional constncton of the putmonary artery led to lage
arann of the nght enmde with decreasmg aorte presure and redoction of
R\ Tm gate of munmmed or meresung RVP (Fig 6, open arcles) In one of thee
~ %~ AT and coronany presures were increased above control vahses by consrx?
~ 2112 RMF mareased, but nght ventrcular decompenmation was not allevisted

? we aarshal fox Constnction of th pulmonary artery had no effect on LMF &8
(\AE B @~ resame was mamtuned. LMF did not increase ngnificantly in am
BN -m\'mLkm\\ﬁrtduttdwbﬂJ.narauhnfmmmmum,o:dntmcﬂ
tom ot prosmure were reduced. The relanomlup betmeen the relative chesgo
~ \. and1VD (Fig 3.open arde) 1s expressed by a regrendon Line with sop¢
1Nt that » not agnificantly dlﬂ'amtfrmnthcdopcd’t.bercgrmﬁ"
« when LVT was aned by increasing aortic reustance.

Discussion

N mennd my wardsal How by means of the hydrogen clearancr technique o

w aoandial flow mawﬂmthvcnmcuhr]xumrulnddnuhﬂnamth
cmﬁncdtothcvmtm:lclmdcrmuxdpﬁm
u;&dm\iﬂtﬂaﬁﬂiﬂ‘w

~

A
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brtween animah, probably #3 & conmquence of veriations i hemogloben concentra
won This sonvee of vactatian was climinated by using relative rather tun siwolute
vatucs of myocardiaf flow

For the lelt ventricle a linear relationship between my ocandial fow and ventncular
peerure bay previowly been eatabiished both by measuring fiow into the coranany
arteries (Gregy and Shipley 1944) us weil as by drainage of blood from the coronary
sinus (Braunwald et al 1958) The oxpgen cost 3s veell ag the coronany flow 1 probab-
l)minl\dﬁmmmcduth:rbylbctmnm!myoardulmﬂdmmﬂwnmofdmﬂop
ment of tennon, ance the axygen cont of the gfection period and the subsequent
pened of myocrdmt velaxation seens to be low (Monroc 1964) As myocardml
teplon 1 the product of geometric and pressure factory, & close refatiominp between
ventncular prosures and myocardmt flow would however oaly be expeoted sf
yex tar d ined i h d at tons of outflow
resstanc  Several inveatgatons, from Anrep (1912) to Trylor Cingolani and Me
Domald (10663 have thown that Incressed aortie resvtancs hus lttle o no wmftuence
on beft + entncular dimensom as long s heart rate and stroke volume reman con
stant Srmilar deer for the night ventricke duning obstructyon of the polmonary srtery
are not w aflable However the obacrvation that plos of elatve values of ventnaular
prewrss yidded regremon hnes of somlas slope for both yentricks, would mggest
that geomaine fagion, which may have different abaclute values for the two ventncles,
remained esenually comstant duning each expermemt.

Mean and patolic ventwuisr praware cowrelated equally well to myocardial
flow This findmg fs, for the left venirecle, in good sccordance with previous studier.
As long as dustolie pressuros a e neghigbie, mesn ventricular prosasre o proportonal
o the tme temdon index defined xx the arem under the iyatoh portson of the aoetie
curve Samnofl o & 1938) Sestolx venincular prosarc s clowedy corredated to
the pesd deteloped tomdon mdex {Monroe and T ench 1961) Both these indice
would, under the prewent expenmental cond Lo correlase nearhy equafly well with
oxgen consumptinn of the beft ventricle actording to the daw of MceDonald, Tas loe
and Coogolam 11966 The present niodier would wherefore ruggest thar the concept
of myocardial termon xs 8 magor determunant of moeardal fiow 1w vabd both for
th lelt and the right onine! However t has recenth, been demotstrated that the
vate of development of trmon 2y judged € om the maie of devedogment of veatsculae
prevure mavmal dp do s a e importans determunant of 1 ocardial fow and
agen  onarnpion than the aserage or maxmal tenwon (Senncatilick o o 1963
hyehshir and Bugge Aaperbicum 1966 In our rudies, dp di was not measured, but
i ha previouwsh been thon 0 thar svitolic ventrreuls peessure and cwdimum dp dt
2 hghl eorrelated dunng veranens i outflow  estance (Gleason and Boaun-
w K 1967 Lnder tht prewnt expennmental conditiom t 3 therefore ressonable (o

wamne that entnculsr pressures and macsmum dp dt woadd correlate equally well
W wardat fowm

Tt wa not poenht so increase mocardsat flow so much b 1acresung the outfios
3 Gnee as by arterdalinpoua. By marked  onstriction of te pulmoaarny snien
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Indlngtohrg:rcdu:nominm:ducourpulmdnfaﬂinmdcme RMT mught
be reduced in spite of mantained RVP However 1 these expenments ventricalar
decompensation developed with large lncrease in right ventmenlar volume and
mmmgnghtlﬁdmvmmmmdmﬂymtfurﬂwndnud
dinng decompensation nnce 1n 3 of 4 experiments the dstmbution of myocardial
flow between the venmcles was not more 1n favour of the right ventnde than before
decornpensanoca developed. So far our rejults do not contradict the hypothers
advanced by Fineberg and Wiggers (1936) that nght ventricular decompensation
produced by constriction of the pulmanary artery It due to myocardial hypods, but
mmcru-elnltxucpmcthatmcmucdRMFconndmblyd}drmumpm\cnghl
ventricular fonetson.

The finding of & correlaton between RVP and RMF in the compensated heart i
at vanance with several previons studies. In studies on the isolated heart, Rosenblueth
t al. (1959 1961) found that RMF remained unchanged when RVP mncreased On
the bans of these and their own expeniments, Sarnoff and Mitchell (1963} concluded
that wn increase m coronary perfimion is not & necesaary concormitant of the merease
in myocardial contraculity at incressed remstance to ventricular gection H‘mmcr
unco a low coronary oxygen extracuon is regularly observed in isolated preparauont,
increased oxygen demand might be met by noreanng oxygen extraction miber than
by increang myocardial flow In studies with a cannula tied into the right coronary
artery Gregg ot ol (1943) observed 1n some expeniments a decreats m coronary fow
duning consticuon of the palmonary artery and suggested that the increased myo-
cardual pressure oppased coromary flow Their and our studies are not dircatly com-
parable, noce their observation periods lasted only a few mun. With our technique
tranment changes in flow until a new steady state is reached would not be discovered
Similarly the finding of & high correlation betwren myocardial flow and  coronary

“ﬁ.}wmg pramure  (Cross o el 1961) might reflect non-steady state cond uoms. In
most of our studies  mean coronary driving presure” calculated as the difference
between integrated aortic and ventnicular premures did not even show the sme
directional varmatons with myocardial flow for both ventricla

‘Under extreme soric comtrictson, which more than doubled mean LVP RAML
sometimes increased more than LMF 23 would be expected 1f coronary blood flow
was controlled by the coronary drving prowres rather than by the  entricufar
presures. Under more phymological conditions, RMI did not increase with sorxe
pressures. It 13 not possible from the present expenuments to define the range of right
myocardial autoeegulaton, nince sortic obstruction manly increased gstolic and
mean sortic pressures but had onl a slight effect on diayolic aort ¢ pressure. It =
clear however that RMF was not mewsurably influsnced by moderate aortic ob-

er dircetly ax a consequence of more foreeful left -entricular contractiont,

struction, athe
oc mdirectly through changes in chronotrople and inotropic stimuli mednted throagh
o o effect on LMY that

Our stodies clearly showed that an nerease 1n RVP had no

r
was Dot rélated 1o varations in LVP This finding of a selcetive increaw n R
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dunng pulmonany comtncton s st vaance with previows studies. Gregg o ol
(lMS)nhwrvtdnmmld‘kmmmryinﬂowdmh:gp\ﬁmun constrichon. As
suggested by thewe authors, this merease might not refleet inereased LMF sace both
the cireumfiex and the descending beanches of the et y artery perfuse parss
of the nght ventricke MMore difficalt 1 recoucile with the present findings are the
obrervationr of Love and O Meallie (1963) who foond in Rb* dearance stadses that

of the pul v artery & d LMF It has been clarmed that seetch-
g of the pulmonany artery may incremse sysiemic exmstance #od therefore in the
face of & mamtamed cardime output lncrease xortic pressure (Lewmn #f of, 1961) and
 has also been claimed thae partial occlusion of the pulmonany artery increases
arduc eutput (Taguind and Aviad  1961) \elther cardiac output sor systemsc
Tesinaper tncressed In our stodies. Furthermare, a alight meresse i LVP would not
explain an wcrease of 30 per cent i LMF 83 was found in the rabedimm clesrance
studhes durmg pulmonary copstneuon. The connderable vananon o control flow
between dogr at shoiter ventocular prewure, hawever makes the rends obta ned
with the rubldiom desrance techmque difficult 10 Interpect, since ths techmgue
does not pernit of owng the dogs a 1hedr own controls.

Supported by gresa corvke id R hiere o Norgea
Fombmmpridand L Tt P B e e
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Influence of K jons and Adrenaline on the Adenosine
3, 5 monophosphate Content in Rat Disphragm
By
Lexewaxt Loxonors THEODORE Rars snd axpox Vateos

e e Tound that the phosphionyiate sctiviting effect of adrenaline snd ioprena
fine m bolaied rat daphragm was blocked when the muwscle was mnpended o a
hgh-h  luuon (Lundholm, Mobme-Lindholm aod Vamcs 1967) The phos-
phocy Iascaevivatmg effect of the catecholamines in sheletal muscke v anocted
with L of the peod of ad 3 phosphate (evclic ANIPY
(Sutherand asd Rall 1960) The content of this nocheoticle in skeictal muscle §
abw ineressed ix 200 by adrenaline 1Pomer Stern and Rorcba 1962, 1963)

The eausutrve factor In th blockade of the phosphonvlase seivanng cffect of
sdrenalme n high-K  aclution was assumed to be one or bath of the following
i 1 The 1 by ad Ime of the cychie AMP production was
wnkilred m high-R solution. 7 The effeet of qell  AMP on the phosphioryizs
activation was bodded m Ingh-h soluvon In the stedy dewcribed below the firm
alternative was fnyevignted.

A rat daphragm was diided nw four parts. Two of these party were suypended
m porsal hrcbs bicathonate buffer bubiled with 3 CO m O at 37 € and the
ather taq were espended w4 Aoebs becarbonat buffer In whick a2l N2 had been
replaced in b the ke concent auon being 143 meq | Affer s prtincubstion penod
of X0 mun adrensling n 8 concentranon of 1 10~ g mb was added te onc of the
specmmeny o the normal slution and one n the high-h solutron After a further
$ min sll peamens were anahsed for thar ontent of eycbie AMP Thy conrent

wa determuned by Rall mod ficaton 10 be publibed) of the method of Batcher
oal 1953

The resudt ar gnen n Fabl 1 In the control specamen the ovedse AMP content
wa on the a erage 021 nioodes £ w twoight sod after the add oo of adrenaline
thu content nereased  bou 15-£03d In the rpecen from the hugh K wolation the
cvclic \MP ontent w3 bout mine tomes grester than m that Trom the normal
Roretw sofution  \drenalime aho had  strang stimulateny effect on the cyelic AMP
antent of the spenwen from the kigh-h. solution and a6 out of 8 exps this content
excreded the adrmmaline effect In the novnal solution However no potentoatdon of

itz
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Tasx I Infloence of xdremalin (104 gfml} and K (145 meqfl) on the content of cpclic ALP
(nmolesf wet weight) | bolated rat dlaphrage, Mean + S.EM, P = peobabiliy that |
th cffect was doe to chence. e« number of tests,

Controt )8 Adreaaline K 4 sdremabme
021+00s 1.940.06 3171089 6171045
n=9 -9 =8 -9
Difference between ko nd contral - 1724029 P<O00

Adreraline and control - 2.93.40.68 P<0.01
(K + adremaline) and b = 4.05+0.40 P<0.001

the adrenabine effect in the high K solution could be satistically proved josesd
the . and the adrenaline seemed to produce a sumroated effect.

These revults thowed that the stimolatron of the cyche AMP production {n doeta!
muscle by adrenaline was not blocked in high k. solution. Thu would saggest the
pousdbiliey thas the sumulating effect of cyclie AMP on phosphacylase o scuvmy
was somchow blocked 1n high-R  solutton  Thu mterpretaton would abo evplm
the low phosphorylase & content of dunphragms incubated in high K solations alone
(Lundholm, Mohme Lundholm and Vamos 1967) even though the cyelic AMP
content was markedly clevated (Table I)

The increased cyclic AMP content obierved in lugh k. solations cannot be &
planed readily Power Stern and Rrebs (1963) observed that tetame stmuliton
of rat gastrocnemun muscle @ nfy did not result in clevated gyche AMP conteat,
cven though phospharylase ¢ content and phosphorylase b kinaxe acuvity was
increased. This t does not seem possible to ascribe the change m cyche AMP content |
n high-K sl «mply to depol of the b

The addittve effect of adrenaline and b on the cyclic AMP conteat sy w8
cate that different receptors of adenylcyclase or different kinds of this cazyme Y3
stimulated. The mechanum underlying the mereased cyctic AMP socumulaton
muscle exposed to high K solutlons will be the subject of further studia
W areindebicd ¢ the technseal sastance of Mam Arleen AMaxwell Fmaocal Sh‘.‘;‘-rm

by the Swedib Medical Rescarch Coancil (BS7 14 101-030) and by the
Scrrice 5RO NBO3716-02)

Boroux, R.\WW R J Ho,H C AMxsoand E W
matenab

Lowowmense, L E. Motrwx Lowniornx and N\ awos, Blockade of the
ffect end cyele AMP o gk e, T %
Posxt B R SruamandE G Kurws, | aketeta
e P gl e e

Luse,

Rrv. 1962 ¢ 293290, -
Poras,] B R Stzexand E. G harw, Effect of electrical sthosalaton nd cpeephiiar o8 oy
Mgm'rllx.pbaphnqﬁntlbm od adenoune.d 3 pharpha bl Ches

ez 583,

gorwracars, E W and T W Rats, The relatson of adeposine 3'<5 -phisphar and phoha?
o the action of catechotamines and other hormones. Marmasl A 1900 12 PASS o
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Muscle Glycogen and Muscle Electrolytes during
Prolonged Physical Exercise!
By
Bjoax Amimawo, Jovat Biposraos, LarsGdaax Exxuoe and Esse Huzmuax
Revened 17 Sepxember 1966

Abstract

Amoro B J Benomaon, LG Expioww avd B Hultsax Unsde glrosgen ol
muscls sloctrolyies dormg prabemged plosical exerrie Acta physiol. scand, 1967 76

120142,
Nt shenicers are beeo rrarmned projonged phoscal exevtad tn ethamion 21 Soad
of hnmwmamd“.o.-d;m Aory parmmeters  er oessmured 9 well £2 (e quane
wer of ghy ogen, waser and &mmm{kmmhmﬂcml *prrn
ity & stihyec e bor

authors horogh and Lindha d 1920 Cluostenwen snd Hamien 1938 In ccent yeans
the satope labell ng techmgue ha pernptted direet studies of the metaboliom of
B aosds Ha eof, “memark nd Bor hgrevink 1963 Havdd o f 1964 Determunation
of the RQ has exealed that the part of the encegy rogon cment that n mken  om the

carbohdrate depot  norenses w b inng inienuny, of work Chnvensen and Hanwen
1939

N prefmmary repit om weecke B agen owereree s Ol wred b hwe Anrvwal
. Merturg of the Smedob Mrdical Socaer &mﬂﬁmd&ﬂm- Sucrmber I3CF

L2 R VR PR ] - 129
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However the methods used in all these studies of the part played by carbohydrate
balism 1n energy production are indirect the conclutiom having been drawn
after calaulation of the RQ No direct nenty of the carbohyd
and ther relation to phynical exercse have been made on man. In recsnt yean,
however the necdle bropsy method has provided a means of obtamning muwscle hwsoe
which ean be analysed for its content of clectrolytes and water (Bergytrdm 1962)
and glycogen (Bergstrém and Hultman 1966 &, b Hultman 1967 b) This method
was teed in the present invatigation to study the influence of heavy prelonged
physical exercise on the content of glycogen, water and clectrolyta in workmg
musclee,
The subjects were subjected to contlnuons axerene on & bacycle ergoemeter uatd
they had to give up on account of exhaustnon

Methods
Vesrisd

The subjects were 13 baalthy volunteern. Nine took part in the y
dxlmmmmdwachd mdwmmﬁmm,mr
by Swediah standards, t to the It

were normal £t dam gren by Holmgren, Jonman and Sostrand 1960

Vctheds of drieramua o
Th phydcal marlug chparily wua the matr of wark (kprjmun) the mbject coukd

-
T ta rat of 170 boats mem (Y )
WT{:::: Hcr*m“::.l mourt of olurse beart volume biood prrwre
the tory quothent were determudned sceording to (e methods employd by Eletund and
Holmgren (1964) "
Lacte acsd concentration was detrmuned sccording o Barker and 8 mmeron s modied

Serom (1343)

'1 Mn(n-nladbllublwd od urlne were messured with Bame photometeT
CMordy in blood #nd uruse wias determened by Shales and t tration metbod s modbed
by Brun (1849) mhaghheres by the method of Gomor (1341)

Cimcase in bioad wat nalysed by the ovtbatoluldine mcthod (Holuman 1858
Proiem n blood was nalysed by the Buret ol

Vascls bwpes (rom s eadrarps fmens of the nigh and lef lep 1 ermatel wore prrformcd
with beopey needie The taopey techn nd the weghing of the peeces of musche
cartier desenbed  detadl (Bergrtrom 19G2) At cvery bropsy tw samples were aken for gy copen
nalysh and ane or two for determunmation of water nd dectrolyt conten

Tor girepm anshsks wegbed muscle timuc (3—10 mg)  as bomogen

The
WPDURE( wcki The tume delay between the bodpmy  nd the proten precrpitation u::‘llh:
10 win. Aficr centnfugabon the ghycogen nl-bcprolcm—frrrmrrﬂlumunw“ o
ethyl akohal (10 vol of aicobol t | vol of supcrmatan | Afier 126 ur beth kn-dq:hb\
d-p-ube».n(mml\qrd,udlhcmpcrmnmmtd.mprmpnm was b drol S it
wifire acid | anorven 1120 C for 3h The glucose formed was nalysed by be oc o
wethod. A glycogmn proparation was res ed i beame w ¥ nd owcd as ot
alwc of tbe ghcogen coatent In m guadron fomerr 1n 228 normal wrbnects nUB(";‘:“_Lk
n-mnrk(?ﬁpﬂm ofthe wlua were bet con 093 ndzogpnlt;g 5undardl Ailofo

(8 Dxt 2/ was 0070 g per 100 g twec
memwwwﬁmmémwdm‘-mdmow:q

e a::m-ﬂ of hoa method w in press (Hahuma 13076 o dart

&aFerence was found berween provimal and the dutal part of the gosdar fowor
Fueos ket and right feg rmcie | the eatme rubject
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Tasn ¥ Somne andropossetric dats In S sabjects cxamuned sat rouecle glycogen and ia  sublkoct
1o R, t Jong-term reerche

Bublect Age Helght \Weight W Heast Touxt ke Hood
tyo} (em) xg) (kpmfmia)  vobome oglobln  olume
{ml} i 0]
H F<] 8 87 1700 1% 0 57
2 ko 143 03 1,600 1,010 3 59
3 1 176,35 643 1250 730 00 54
4 2 iy 8.7 1,200 700 o738 6
3 wn 171 671 50 63 At
% n i % 200
7 21 150 3.2 3.000 683 83 47
9 ” 187 7ne 1,050 810 s 36
i M 1775 ®2 950 s (531 45
Q) () [$32 2] {B1.5) {1,000 { 9%
Ry (2 (1830) ™9 (1338) { 87
RQY 20 (190.0) AR Y] [ ] ( T80
(RQ 4 (b (1708} [ed ) 1250 { %20}
RO & {20 {186.0) {106 {3,200) ( 880}
RQE) {20 {119.0) {72.0) {10} { 860)
- n 0s7 9o 1 8o ™ 54
{220} (380 7Y {1173} .14
2121 188187 560270 TH--1 700 L1 1M 643210 4T3
0—27) (172190} (b} b—-833) ( WO—1350)( 70— ¢

Tha oy pecimre ke ter And Chectrobyte dotcrmunation (31 mg)  eve oalysed by
e sy described. ructhods, neutron woalyra beitg wed for o

actirentaon determmxtion of wdsemn,
Ppotmmismn, chlande and phosphoros ( 1962}
The chlorsie hwh w be  eomrparsy

good mesnure of the comtens of

n Ak tmprobable that the
comettn | mor owtent kanges dRring the Erpe oF EXpETIICRL
Eapersmnial vadisron
B mcaits of priot thacke expenasnets the subgeets  tre made famihar &
the Sowd hachr  pecfrmed  The anteroon s tha the cuereme catmee wntid the
eubgects hisd t0 g1 p o axromst of Cxhummoon 1 the
[rabivignd
mwkﬁ;;‘!ﬁhhmmﬂﬂ‘
T mebiTt Mo fated for bowt | B Vfier pereatancow meevoon of | thets hial
wrncrs basst Hood sk eve obtaused burgieys

olherison
Dunog the xrttme the oabyects  &re fiowed to deink ser m
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Tasx I Lmd.dmuun,undmudclim 1 Joog term exercise

Sabject  Work bosd kpm/min Derathn Developed A g glycogen per 100 5 [
min cocrfy free and ghycogen fice sy
Won beol te o kpm ¥ 100
ALY At 3 afier the
et end of crercme
decrese
frow the
reusg
alue
1 1700 1000 59 127 1.7 &7 10 47
2 1,600 900 5 190 171 11 36 18
3 1250 790 5] j.¢] 107 82 20 62
(3G, (1,250 ¢ 700) (36 (163 (11.6) 4 (a6 ay
+ 1,200 800 o7 n 90 G5 TE 2]
(4G) (1,200) (S0} (73 ( 90} (@R} 64) 0 (54
5 7.0 4.0 o 70 32 64 14 40
6 900 30 6l 2 51 47 10 37
7 1000 630 ) 116 73 6.9 a1 62
9 1050 650 [ 170 78 53 09 44
10 830 600 63 180 108 69 16 L
- 9 9 9 9 9 9 9 9
- 1136 710 6.8 1269 23 70 17 su
3D 319 175 I3 523 41 18 09 [£-4
SE of the
mea a6 vy ol

)
Subjects 36 and 4G pot ncluded 10 be statutya

Results

A 1 ithout glucese admimtretion |9 subperts,

The 9 rubjects who took part m the biopsy expeniments cxercrecd at a average boad
of 62 per cent range 56—67, of W eorresponding to 710 kpm mun runge 430~
1000; — see Table 11 The # age cxeranng um was 127 min range 70—190
To obtain & measmre of the total encrgy descoped dunng the cxerase the bad
was multphed by the workume The & wrage quasuty of energy descloped w
9.3 ¥ 10t kpm (range 32 « 10 — 171 + 10,

The correponding figures for the b subjects In wh ch RQ determunauom uere
cazde were Joad 71 per cont of W, range 6278, corresponding 830 kpm'mi®
(range 650—950, exerasmg ume 121 min range 90—135) and quanuty dcﬂﬂ:‘d
developrd 101 > 104 kpm range 77 » 10 — 124 » 100 The figures report
1 the following, except for RQ refer to the § subjeets in the bopsy expenmea-
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B g ghrcopen per 100 gt mmcle

OF aher the A 3 aficr the 607 after e
end of exercine at ood of exercise end of cxereine
tncrenws decrease sncremme
fom 8 from the from 3
after the esting after the
et of YAk end of
excrime exerciae
12 o3 130 [T 1® 57 006
44 on 143 X1 183 o FEstl
18 02 180 s 143 .13 6.0
24y 18y (13 (o3 (0 (o) 41y
14 a1 148 030 s .30 000
3X7) (1.3} {137} 1030} 42 )] {030} {0.28)
% [%] 127 [ o 061 012
o8 —az 108 0.3 ors (3 ~004
14 o? 158 o34 141 on 034
04 0.5 119 o1y 100 am ~0.10
is oz 153 0oy 118 oAt [T
9 ) H ) ] * ®
18 om 533 as 13 adl acs
it oH adt on o [+ [t}
o4 [3L] LREY 0.8y Vo7 o009 003

The heart aie rose snccessdvely donag the contmuon cxerene in all the mbjects
Fig 1}

The rezretzon ala tncreased gradually dunng the exercise perlod (Fig 1)
Blsed pevsar 111 6 subjects) wmn moeasured n & brachial srtery (Fig 1) The swax
boawd pressr crezsed dunng the it 10 man of exerase and returned thereafter
sarceniy Iy towsrds the basal whae (Fig 1Y

The bived sdme roeassred with 1™ averaged st et 561 (range 4 669 now 5)
and after 10 min of exerene 33§ range 4460 o = 5} Blood volume st rext,
obimntd with 1= w ord clehy wath thowe obgataed by tee COBD method (36 and
531 respeetsedy)

The bactic acwd concentraion at ot svemged 064 meqit. Aler 13 mm of everclie
R had raen 10 2.8 mog 3 1t then decressed and remaured lower duning the rest of
the work perlod Fig 20 The 13 and 30 mm valaes otk differed dgruficanty from
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Iy 1 Fig. 2
Fig. 1 Some blood coastituents before, during, sod fler exercne Mean value ard aendard devie-
1on o 9 subjerts,
Fig 2 Sowe phynological parametens before dunng, od  th end of crcrome

o
o

7
the value at reat (p < 0001) Between the 30 and 60 min values there was an almost
significant difference (p < 0 035)

Flarna pretein avernged at rest 70 g per cent (range 6 6~-7 3 Five min after the
eod of exeraase, the proten concentration averaged 7 4 g per cent (raoge 6.9—8.1)
Sixty mun after the end of exercoe the a trage was 7 | g per cent range 6 7—76)
There was a ugnificant difference between the tutil value and the -alues st both
5 and 60 min after exerense (p < 001

The sodram cx In plasma averaged at rest 139 mog/l (range 132—143)
3 mn after the end of exercse 143 meq 1 (range 134—148) and 30 min after exerax
143 meql (range 138—145; There was & ngmificant difference between the vatuer
at rest and 5 mun afier the end of exercise (p < 00!

The chlsrsde Jon 10 plasma ,,—‘-lrcnle:qfltnngclM——“U)
5 mun after the end of excrclse 107 meq 1 (range 102—111; and 60 mm after evere

meq/! ( 103—109)
lmmt:hn:ng;lmmmmﬁmmnnddmrgam (Fig 21 The mam
mcocmrmdwuhmlhcﬁm5nun.$:gmﬁamd'ﬁrrm(p<ﬂ.w1)uﬂtfa‘md
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Tascx HE aser and chertralptes s wwach e before s after exercise
Moade comtitoents por 100 g ghycogenddres fatfree sobide

Sadject RO HOa ®HO 4 ~ Excemba kb v
¥ 3 4 mEy mEq  mEq miq  md
1 Peger W2 34 s 64 X4 1% 413 ns
A 3B 34 »t 64 30 12 436 X0
2 Beforr  $H 49 295 59 15 09 478 o4
Aver 3 52 m 53 1] 15 461 20
3T Bdar M2 E ] &3 91 17 we Wm0
Amer AR a3 161 104 1.8 3 AhA I XY
(3G) Beforc {53 (A1) or (60 (%5 @1 (1) as)
Afser 3™ %) {7 {90y {128 @ ¢ien Q74
4 Bere 348 50 28 59 a 12 453 -
After hrrd “ 06 15 99 Q7 418 -
(3G Befors  (333)  (49) (03)  (37) (8m  an -
After (35) (a2 (243} (38 (%8 {18 —
5 Befoce 347 — - - - - - -
Aher 363 — - - - - - -
& Are M2 8 04 s 0z 35 #6300
\per Wt 57 294 71 00 19 4 04
T Before A% EH 206 51 98 + 46 M2
Aoy 63 kil %9 84 i1e 12 s 74
Bk I st 8 sz .11 14 %01 LI
e W3 3 300 7 121 [ #3 i
10 Beforw b ] 48 s13 37 9 n 511 313
Ater 363 51 2z 9 w1 17 471 EI]
B IS M6 WAl em & 59 4785 wms
x Mo 358 6la 104 TR 1816 1M s w7
Diflerrene 18 12 5% 139 17 -—~0bt ~21 {3
M 203 @8i— 00y 00 001~  DOS  OOM— 200S
003 oes 003 001

{Dnfhrewce Al Bekow )
Subpects 3G and 46 oot mciuded 1 the oo

Between the mitial value and all sther values up 10 60 oin of exercse, F ve min afier
the ondd of exerome the potarium concentration did not differ igpmSicantly from the
imual vadue

The phespharis comerntranc in plasma also oxreased dusmg exercise The mam
e came diniag the finst 60 m o0 (Fig 20 Sygmifican differences p < 0 01) were
fnmd, between the et g alies and the vatues fter 35 30 and 60 mun of exerciee
at the end of exerciie and 5 rown aftey the end of exercoe

Cdw ¢ At appean from Frg 1 the hlood sugar was lowered as the end of exercise
and n the pervod after cxerase It was 8 sgmficant difference between the hlond
glacose concrntrannn beforr cxerose and at the owd of exerase p < 0001 and
10 mun and 60 mun afier exerae p < 001 repening The lowest Blood sugar
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Fig 1 Some blood cocstrtuents befare dimrny, and afier cxereoe. Mean  aluc end ganderd da i
00 1n 9 slgrcts.
Fiy 2. Some phymalogical parasretens before, dunog, and at the end of excrone,

the value at rest (p < 0 001) Between the 30 and 60 min valoe there was a0 almost
ngmificant difference (p < 003)

Plasme protern & eraged at rest 70 g per cent (range 6 6—7.5) Five run after the
end of exeraisz, the protein concentration averaged 7 4 g per cent (range 69—8.1)
Sixty mun after the end of exerene the average was 7 1 g per cent (range 6 776
There was 2 tignificant difference between the snitial value and the values at both
5 and 60 mun afier exerase (p < 0.01,

The ssdnax concentranan in plasma averaged at ress 139 mey/! (range 132—-145)
5 min after the end of exerase 143 meq /1 frange 134—148; and 0 min after exeress
143 meq 'l (range 138—145; There wa1 a significant difference between the valoct
atrest and 5 mon after the end of exercse (p < 0 01)

The chlortde concentration 1n pletma averaged at rest lO7rncqﬂ(mxgelOl—-HD/
3 mun aficr the end of exercze 107 meq/l (range 102—111) and 60 min afier excrei

i 103109,

m’;;‘:‘;.\mm;am concentration wereased dunng exerene (Fig 2) mf:‘;

mmﬁdmlblnlhtﬁnlSmm.Sigmﬁauldﬂmcc(p<ow”"m
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O 1) The inerease of the chlonds spres and the incresse of the chloride zad sodiem
centent were almont ngmficant {p < 0.05)

Unwary swter end clectrafyle  xoretrom. Compared with the conirot period, there
wnndgn!ﬁamixﬂ-oﬁ‘lncmrcdmp:rmmdw\m ;odimu,potunnmmdch}arndt
during the exeramng persod. The phospt was not sigruf Fy
{Tablc IV)

Y eter setake Durmg exercise the subjects sere ghven an average of 11 of water
The absolute loss of waght was between § and Zkg

B. 3 ak glacess admunstration {2 subpcts)

!ndw@mmfnﬁmuwmms-—mmldm giveoee solmtion wa ad
wwsisteved per mun, The two subyects receved 330 and 180 g of ghacose, rapectivedy
As regards beart rate, brexthung rate and hlood prevwure these experiments show no
tendency to differ from the tests wathout ghocoke infuron, The blood glucoe levels
1 the miuron experiments were 310 and 234 myg/100 mi after 60 nain of exercst sod
214 and 238 mg/100 wl, rapecuvely at the end of exerene,

Auwde glyoogen showed & rarled dechne dunng exerene with ghacose adommhtes-
von. The glycogen decrexse was of the wme order of magrmtode as during work
without glucose Infouen, In the expenments with glacese Infunon = ddear tendency

to restabon of mmuscle ghcogen was obervable in the first b after the cod of exercne.
Ser Tabde 1T

C. Studuts of resmration gantent (RQ )

As stated, the RQ was not determmed in conjunction wth the bropsy sxperiments,
The oxygen optake (n = 5) was at rest 296.2 ml (rmoge 254—-367) after 13 mon of
exercise 2018 ml (moge 15452250 After 60 and {120 min of cxercoe and at the
end of exerchie the values were, respectively 2155 mi (maoge (6552408 2315 m]
irange 1900—2570) and 2H9 ml (range 188027001 The mechanieat cffidency
after 15 60, 120 min and at the end of excrose was, respestively 231 per eomt
(ramge 21024 1) 213 per cont irange 1932241 196 por cent (range 17 7
21.2) and 193 per comt (range 17 721 0} The RQ w1 rest, after 19 60 and 120
wmin of excrease wnd at the end of exercise wan, reapeemnely 084 {range 0.80—0 89
058 range 08608911 086 renge OBS-087) 083 (range 080085 and
082 range O 79—086) These ligurar gree with eardier reports { Eletund and Haolm
gren 19640 The 5 mun aloe bugmficam!  hugher than the reniog abae (p < 005)
and aiss than the salue 1 the end of exerdse 1p < 001

Discossion
In xaimal suxdies © has been d that muscle gt » wed during
cwrene, bt no previow n csugators han e reported direct studses on man. We have
cartler stodsed the effcet of exererse on the muscle glvoogen 1n man (Bergstrém and
Huliroen, 1966 a) the same method of snalvsis but under partinlly @ flerent

4
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apenmental condibons. We found that cven relatnely bght exerase caused a
lowertng of muscle glycogen, afthough not of the same order as mn the present
expenments The effect of bea ) exerone bas aiso been studsed 10 some cases, and
redoctrans of glycogen to unmeasurable conoentratam were observed  Berpitrom
and Haltman 1966 b

4 regards arculstony factors duning exerose 1be subjects thowed  socoo ©
f1e 10 pulse rate, conunuous fall of mesn anteral pressure and on increase 1n repT
awomy . Thore wa abo an mnad reducyon of 1be plavma and blood solam
which thereafeer remmumed anchanged duriog the exerese Ekedund and Holmgren
{1964 found smmtler arculators changes afier one h of ching the cardiac potput
was mensured and found to be unchanged. Thes recorded an mitsal mcrease of the
respratory quoucn! at the start of cxarase As obwmed earbier (hrotonsn 40d
Hamen 1939 the RQfellat th end af the exeraung perod, tndreatmng a redocoon
A 1be carbolndrate part of the metsbolism { nder the present crrenlators ¢oodivom
1the duratson of exercise does not appear to be fumned b oroulaten or rerpiraton

ctors.
ﬁ;\r_ba:mdumuuﬂmndbcrhcmpﬁfamnccum and rmunal ok
ghvoogrn content (Fig 3, Thear wasaloa far contlavon beenern muxle ghrogen
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decreste and perfoxmance time {y w 0 0047x 4 0u¥ r 062 p < 005) The wtal
amount of glyeogen i the working musches could not be calculuted ay the wxr of
s mincle man was not known, Sl 1 sbould amount to the rame propoction of
the total mincle mat in ol the subjects a3 they were domg the same type of exevase.
1t is known that there s & fair cocrclaton between muncle man and body swrlace
area (BSA) (Talso o of 1960) Fmthncmmwmuh:p&xdmcdycogmnhm
by BSA and correlated this prodict to the developed encrgy Close

were found both when initial gly cogen concentration (Fig 4) and gly oogen decresse
were uaed (y = 0 106x + 0113 1076 p < 0.02)

All these corvedations indicate that the local glycogen store in the working macles
s & determining fcter for the abihty 10 periorm long-term exerche, de., the higher
the muscle glycogen content, the longer the pevfocimance tme. The rexson why the
posformance diminishes when the ghycogen concentration 1 low i 1ot evident from
these experimenis. However it has recently been shown that the gly cogen concentrs
i 13 eritsend foc the rayntheses of phosphosy ioreatme zad ATP 1 the workang
moactes in man (Holimas and Begattam 1967)

In Mc Ardles discase phosphorylase b lacking in the muscde. Thu rends in
nability to utikae gy cogen via phorphon tation, 23 reflected, by afis, in the sbeenicr
of larnc aerd formation during exercise (Porte of ol 1966) These patkents have »
gresthy reduced phviee! woddung capaaty  which fisthermore reveab the im
portant role of gy cogen wtil in the develog of lar energy during
exerene.

An attempt vwas akso made to ealeulate the working ramcle mass from the decvesse
a mincle glycogen, assuming that the subzed carbobydrate comprue only muwsd
gheogen. In the calculatron & mesn R of G 84 and a mechanical rificiency of 21
per cont veas applied. Lising these figures, the as erage work performed shonld pve the
fountd mean decrease 1o mascl gl cogen concentranon in a smocie many of 97 ky
provided that the glicogen decrease wa omform o the worlaeg mscdkes. The
corresponding muscke mas for an RQ ol 9.81 thould be 7.5 kg Both these figures seem
o be kw for bxcycle work Stdl t munt be remembered it ths exlevtation ess on
the ssunmxion that the averuge decrease of ghveogen o m qesdracep  fomerns adso
takes phace 1 the other wocking rruscles of the leg. P ohably most of the sther museles
worked w th lomer tntenmn nd, guenth the ghyeogen d were cmadler

OF the other phyakotogreal ] during pr d exevcise nane
has shown changes of rach magrusd & 16 ha ¢ l!mhmg:ﬂmmptﬂormxnce
A poxuhl exeephon b the blood ugar which n i cses was comuderably fowered
af the end of exercoe

\ posat of poclal mierest m the two nud 3 of exercie dunng glucow nfirson
wa that the lowering of g} coen wa of the e order w when th subjects exer
ased w thout admyravravon of glooose despite the fact h the glueoe comten

N the arterial hiood n th former experunent was grea i leated Th awegew
that the gheogen cataboh m duning ccercise tales plar st aimost the same ar
wrepectn to the quantt of giue s d Inered © the muwle

e there appeary
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to be an obligatory breakdown of mincle glyrogen. It alw suggests that the musce
glycogen content 15 an impurtant limung factor in the sbility to perform exercie
dmwhmlbcblmdgluwwmﬁlumubrgb_lnmxﬂ:gd}h\ﬂddb)mm
of C' Habelled fatty acd §t was sbovm that the share of the free bty acds in the
energy metabolism dunng exercise was greatly reduced by carbohydrate administr
uon (Havel it al 1963) 1t thus appears as thongh the metabalism of 2dded glucose
rephcu,m-gmtaamt.mbeﬁzmmbmuoudmmgmk,bmmnmmﬁn'bc
energy derrved from muscle glycogen.

During exercue water sodium, potassium and chlonde were lost both with the
urinc and by penspisation The unne losses per mmute however were less dunng than
before the exercue. The inaease of the sodium concentration m plasma derpite

hanged chlord, mght be due exther to an egrens of sodium from
the eells or to a proportionally fower excretion of sodium than of ehlonde in perspra
tion and unpe. It is known that the sodiuvm chlordde rauo in sweat is lower thanm
the extracellular fluid (Robinson and Robwnsom 1934) The same spplied ta the
urine collected after exerease 1n our experyments. Yie dWd not find a definite Jom ol
sodum from the muscle cells (reduction of exorss sodium) during exerane. A nslng

of sodium, and phosphorms in plamm during exerase bas
been earfier reported by among othery, Ewig and Wiener (1928)

In the muscle tnse the chlonde and sodium cootent and also the chlorde rpace
mereased mgmificantly (p < 0.05) Tho ind cates an increased guanuty of extrs-
cellular fhnd 1n the working muscle provided that no chloride stuft tekes plsce acroes
the ceffular membranes. An merease of water Jocally 1n olated muscle has been
reported In comunction with muscolar activity (Fenn 1936 Sréter 1963 ) The

d of lated Ttalar fnd d on the bams of

anulin space) wheteas the miraceltular furd was, o anythng, reduced  Sréter 1963).

r In our expeniments, however the tota! water was unchanged and the redocton of
intraceitular water was pot signuficant.

It s known that mmcular sctmity increases the 300 exchange across the ol
membeane (Hodgkin and Horowstx 1959, Loss of muscle potaroum s a result of
muscular actriaty has been found both in 1solated mncle sod w intact anymals Tean
1936, \Miller and Darrow 1941, On muscular contraction an increaed pousysum
content i enous plasma from the group of muscles in questioa has been dezontiral
edman Farber o/ 1931 Hultman and Bergirom 1962 Bergrtrém nd Hultrman
1966.a; Tt has been suxgested that lack of potasmumn mght be » hmmtng factor on1be
contractility of the mincle Muller and Darrow 1941 shoned in rats, honweves that
the physical working capacity was not definiely dumunsshed oven under ondition

mpoumumdeplnm
ornmdogdpmnuumxo;uhamzhgl)cngmln[i crmwthmle“"?"“"d
by Fenn (1939 and others. A similar relation beineen potarsom and £how

was found s asolated diapbragm Calleos Taylor snd Ha ung 1954 \ chal u/,
 the other hand, found 00 relaten beteen mncle pousum and g CoFT
mwrpcammsulmlnmm with operationy;

-
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1n gur experiments potassmn m the extracellular fuid (plasma) wereased in ail
caser. The eoncentration rose primediately after the staet of work, therenfier incronsed
shightv and fell back again immediately after the end of work. In muscle tisoe potas-
sum {ell i relation to GFFS induating that potaxdum had ieft the working muacle
together with glytogen, The very slight decrease of potasaum (sbout 4 per cent of the
basal value) cannot have bees & hmiting facior on the physicad working rapacty in
these experiments,

During the cxermie there was an Increme of plasna. phosphorns whnle the phot-
phate excretion in the urine was not conantently chasyged. The increase of plavma
phasphorus midicates 8 Joes of phosphorus from the working muwscles. o sgnificant
tywering of phosphonn however was recorded in muscle, perhaps doe to the shght
reduction in relation o total phosphor.

To sumwasze the mort prosotmesd change in parameters measured during
prolonged physical exertve 5 the decrere in local glycogen stare in wocking mucles
Tt o therefore vuggested that Uris ghy cogen stoce iy & deterrmant for the performance
eapacity in thi type of work.

Tha s spporied by grant from the For Applied Modieal Defomce Research, the
$mednh \nmhmwﬂmwwmmmmydu«nﬂu
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Effect of Prolonged, Heavy Exercise on Urmary Protein
Excretion and Plasms Rern Actrvity
B
Lyvsoum Bo2ovig, Jax Casevroms and \Maovis Pcarox

Recerrrd 30 October 1965

Abstract

Botovt, L. ] Casrexroxs asd AL Pocatox. Efec of prelaged bewcy esmous s
Wiy prslers cuvelun ad placme vmx actn by Acs plywol scend. 1967 70

143146
Experivacatally oteameris by renia mpection b phentncn, The sio o
gt v the efiectof prskongest, Bexey e o m-mg
¥ and sty PTG frowp mate o @
Lusiapget 1503 (83 Yon ok race) the v 8 g
sy rce, and seowsn mawn Ty a1 the siast endt the vad of the rac The both in

orereton mi sqrshoun. Danng
the do race (et e pgnibcans cobreiaton betw zen plasma soass sty and protem escrrion

wefl-knoy n. The pinnaco-chemucal nanae of the yrmary protom dunng wod after
exerete han been nudsed by several authons \cdbal and Sehiger 1958 Rowe and
Boctiufl 196} Poortzoars, van herchovcand Javrnaun 1962) Tr e the playma protesns
mamh the serum albuwmun, whose unnan extreton s incressed durng smculinr
rxereme The  wew movt gencrally accepted s that protrmuna 1 cavmed chaeth by
ncreawed glomendar permealshn Poortmans o of XQG?,Zlml-lndFmIBG-I)
\nmmdprmnnmnmm!nxbeenpmdmtd&ptnmﬂuﬂ})b)
wnpe uon of renun, probably dmmmwmmmwuy
Seiler ol 1932 After induction of remn protemur in rats eleetron
ha feran glomerular hanges which are conndered to be related 10 Ineregsed
mlntnax}mglmhxupnmxﬁs&rm\mml%l) The offest of
vonma be adirect Ecﬁmx}xgbmcmhxpu'mcnbﬂﬂrfwhrgem&mlamdh

ery Little & known
r&xdmw&rmmmvmlwnaﬁmmmu !‘Wll‘h
Helmey 1064 mdowmmnudmo(munrdmcdmﬁns.mm‘ uuc]:i

o by le erpometer Bodovve and Castenfors, !%”bﬂh(emmmin
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actrty fs meressed during mincular exercise The am of the prewent study was to
test of prolooged, heary muscular exeraise alp cames an mcresse I plasma renn
actmyaty and if a correlavon exists between thr activty and the urinary excretron of
protem. Thr study formm a part of a more detailed inrestigation on reml function
durmg prolonged, heavy exerchie (Castenfors, Monfeldt and Phaator 1967)

Material and meihods
~\ xmloppet b an B3 kn sk race which takes place onee & year bn Sweden, The ext group coosiscd
of 1 roat In this race. Thar ager vaned betwemn 24 and 63 The skilng tise ws
between 6—10 hra. Far further details sce Caotenfars, Momfeldt and Piscator (1967)

Urinc was collected different occasdont, the mropl wx the morning behre
the race and the second ¢ the end of the race. The e was kept froeen umtll the pralym
was made, A biuret 0 Gom (1953) was tsedd for determining the wriemy
protein. For funber details sce Fiscator (1962) Creatindne wan with am autoursalyser

Owcr
before the start and tth:endc{lhcncr_’l‘hﬂtvmoanrﬂ'wcd t room temperatare, and the
plzma wis deepfrozen. The plasma renin sctivity was detarmined scrording to Boucher o o
{1964} wrth the modihcation that heparin was tmed s snthenegulant instend of EDTA. Current
siadstionl methods were wed.

Results

Table I 1thowy the plasma remn actvity and the urinary protan exereton.
There was a statstically ngnificant (P<0.02) mcrease of plasma renm actnity 8t
the end of the race compared with the plamms level at i3 start, although there were

Tantx | The effecet of pratonged muscrlar exrrcler on srnsry excreton asd plasma remin scovaT

Unmary profein excrenon my'g creatmine Ploma readn sctrrity by aogiateons!
100 m! plosma
Subpect Befarc Durmg Differroce. Bofore During Difference
A s B4 A B A
g % 250 214 260 1810 150
[ 7 - 6 — 500
3 74 o ~n m 2188 ~1e38
4 13 203 ~160 120 - -
5 -~ 91 - 90 10 - @
p ) 2 ~2 110 230 ~
7 0 ] ~ 180 o) - @
s us 175 -~ 12 510 450 - o
9 “ 168 ~14 0 Gl -
10 3 " -2 o %0 - =
1 9 ° - n 120 500 - ‘N
1 0 m ~172 10 0 T e
I 35 s -1 s hid T
a0 -
1t - 192 i 0 T %
13 R 7 ~1e "o o at
[
mean 31 18 -m ';" 0
19
st s a0 0s~89
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Brog the siwace
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Tomt soers
Fig, | Correiation berwcen phosaa renin actni y and protein excretion 1x wrine, before 0d duriog
the 1963 skl race.

wide fudividanl A stathucally ngnificant merexse {P<0 01} in the urinany
rotern duning the rae was sl obnerved.

The correlation bet con the plasma rean activaty and the urinary protan excre
ton s shown in Tig 1

Dunng rest, before the rae.  theve was & statntically ugruficant, positive correla-
um between the ewn excreton and the plasma resun sctnany ¢ ow 0.84) The
protoin excrenon d the ra ¢ showrd no sgmsficant correlation +ath the plamma
cenio sctsvity + = 0 23)

Discustion

An vuerestiog find ng m thes study was the ubuimaiml merease m the plasma seun
acths 1 in connecuon w th the da rac The highest alues are cmparable wath the
wereared rerun values nosome potsents w th ascites or renal antery scenoshs (Genews
<t ol 1954; The ph swlomcal dgmficance and the fuctons causing thn substantiat
merease 1 the releass of renin from the ladney dunng hesvy exercme are nnt knowy.
Ther & amucing evddenc  that renin usccreted In the renal praaglomerutay
celh, but the natur  of the signal for selease percened bn the cell emamns ohecure. A
ecent revsen of the reran npieders nowwstern has been publshed bh Peart (1965)
Ther ar two mam theones, } the renal afferent glomerular artery  acts a5 »
taroreceptor 2 U ma ula dersa oponds € hanges mthe cmpos Lon (sodum or
ormtarsin b of the dstal renal. wbddar fnd Both fartons might ontribute o the
incresse i plauna renin actn o duning otk The  techolamine induced remal
AIOCOMLPICTEON A 4 t o mtrarepal harorecepton andthe o of sodnum and water
owing o persraton ma hange the enal tubadar tondling of wdium, and
wimulate crun eleane The enn gwt nuan lmhmbemrw“pmpx

1A i phpent
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ing ur the regulanon of the platma volume, and it m powible that i decrease during '
exerene aggravated by debydranon durimg such prolonged, severe exertron may
be the sumulus for the increased reqin release

The mcreased protem excretion 1 jn accordance wath earbrer studles on exerene
protelnuna, The hugh correlaton (r = 084 }dunng rest between plarma renin
actrvity and urmary protein excretion 1 surpriting, when taking into consderation
Lh:lnngpmodfarcollccdngunn:mdth:h.cnh.tthcrc\ﬂlonlyon:ph.\mnmpk
at the end of the penod. Ths may mdrcate that remn plays & role m the variation of
phynalogiral protanura. Dunng exercse this correlation disappears, and cren 2
Tegative correlation tends to accur The may be due to the rather pronoumeed
changes in renal hemodynamies which are obecrved during exerche and whxch
cuntribute to the production of the protemuna. It 1 abo ponible that the unnary
Protein excretion &, throoghout the mce, more directly related to the plasma ream
actraty dunng the race, than at it end In ths test group the wide indreidual varh
tiom 1n exercnse protemurta seem to a great extent to be dependent upon a const
tional factor probably located in the glomerular membrane (Camtenfors, Mow
feldt and Phcator 1967) to v bich may also be ascribed the absence of a correla
tion between plasma reun actvity and unnary protein excretion.

2apported by grants from Foremade Lev (Unsted L Group Insmince Company) aad Rikaldroas-
fBcbundets Pohilinikkommitté,
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1n vitro Assay of the Effect on Bone Marrow Cell
Proliferntion of Factors in Serum
from the Irrndisted Rat
By
A. Croezeexn, E Amcanx and T Ryvovasa

Recened 19 Novembes 1966

Abstract

Ceomreas A, E “nxwoex and T Ryrodas. Ja nte sy [ fact m bow
marroey ofl prelifiratua fjm“m—fu-wqump&,‘u
wand, 1967 70 147157

m

Ous the b of partisd differentl cunts (pes comt matens | ared messarements of
o of < (bach perrmed

i anabywed by smorschography} i = conchaded thar tee effect

oo or more factors  huch coment e progemscor ool to the

|
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b
EEY
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1t ha fong boen known thas extensh celt damag  occurs In the hacmatopoletic
sy after massve whole body  rradiatson WBL Injury boromes visble in
the bore marrow shorth Bfter ar Iy pop T, e
bemocrhages  nd cortun structural changes  are mamfested duning the first day
Aficr T whole bods rradution, t has been observed n the rat that nucleated
owie masrow ells ar U mmmmum 3o 4 day after WBE (sce e.g Cederberg
19655 Between da 4 and 6 ugm of focal prolderation can be scen in the bore
rarrew pamant  n ol ng granalood prog mtor cells Thu stage is often called
the abortn gr uksviiome berause 113 followed tn & new drop in cell numbers
Truc egneranon 5 al boae marTow n not wen unnl 83 days after WBI with
TOO el prolifer t e loager occuts n wotuary focs bast rather di ey throughout
the marrow space  ederberg 1963
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Itudu:thnth:mxrkcdcha.nguiuth:boncmnmwwhmhfollw\ﬂlm
-Inrcﬂcctcdmthcpcnphu’llbldehcchnngnindtbloodpncmcmm&
parallel with events 1n the bone marrow however aither from the quanttatve and
qualitative or from the temporal point of view In view of certain spedific inferences
prosented later in thr wrticle, it may be worth recalling that In the blaod the beuco-
cyte count begins to rise 9—10 days after WBI and 1n the usucs cven Iater The
erythrocytes, on the other hand, continue to decrease cven at this bme oa the 9th
day the valoes recorded were less than 20 /o of the orginal level (Cederberg 1965)

Dynxmiuu(lh:rqnndvemhth:boncmmwmwfuﬂymdam
at prasent. It has been suggried, however that certmn phynaal facion, mch s
th:dcu—mngpmmthrbonennrmwunzywh;chﬂﬂlomraurpﬂmd’lbt
haemorrhage and cell debru, plays a regulatory role in the repopalation proccs
after WBI (Lamerton # . 1959) The suggestion u pleusible, but such factors
should evidently be dmungushed from the specfic r gulatory substances which
control mitouc activity 1t adalt mammaks (Bullough and Rytomax 1963} The role
of growth premure” hovever mught be more important under the umque circum-
stances following WBI than in the numerous other imtances in which apparenty
nnular regeneration takes place in the bone marrow Whatever the true situation
tur out to b., tmay at present be wner to conader  growth pressure  not as the
cause of regencration but rather us & necemary environmental conditson.

In the present study an attempt was made to danomtrate the exutence ar non-
exntence of humoral subatances which could be held accomntable for the true
regeneration procen m the bone marrow celly without the concomutant actson o
such (secondary ) factors as “growth pressure  In shart, the presence/sbyence of
)mhmmblbcmdhﬂdutcdnultth:lmdom:tofmmgnfﬂdoﬂ
{10 days aflter WBI) was trsted wr sitre using normal bone marrow cells as target
P

nsIne.

Mauterial and methods

ammah comprwed 20 whit mule rats of Spragne-Dawley stram (bred ¢ Mankkas

Onr;nt;bmumlﬁsmp(ny‘ﬂnhnd) Thetr ages ranged from 6 ¢ 8 months, and  eghts

from 200 to 300 g Tbclnmhhdﬁ-rcmmlaﬂ(‘-\%dlnw e e, coc 2t m
Cﬂ"“d boﬂyn'nd.l.l vent )ird—l

b et e oae slmmzred man 00 asmber the Follow

¢h tube placed racially on  wooden sasd. The dotc

it condinons ton w th #Co. TSD 43.5 cm. nd doccat 22 rads aumie 1
[} laboratary i whach ammals of the same colony were

o el seme 16 e hscreod tha sorme of be rats doed before the omct of the e

en shiowrd sgme of

infection,

dose
rcpts were underable for the prorent parpose the radiation 0 ool
G0 ¢ 1t was thowhs tha fartber redaciuon meght ccs peral complastons b Sl
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ol
medieen ovadwted and 20
wﬁ wly) YHAR PH TdR) mpeciie acthity 3 Cfmdl (The
Asmerika

0, M;mwdnhbd‘;‘nd&dmwmkmuhmumnnm
028w o, ks indiewied e rorudis,
ototed were peepared sccucting o monolayer webnique m docribed by Mer
haxt o o (1960} 1 this syueess the ool from the aupemion  od beorne o the
enbp {10 X 20 wan) hanging froti the tp of  Pyvex-glan thww cultur
whe (@ 1T om) AL wett, tghtly soppered and Incubated & horapewmnal as
we 24 30n. Alr s always oaed 1 the pus in the colivres. W goos kbt Byiog
3 et oxber geacrally peinctpin yo tae colnare work wete alsa
b these shortcrm incabetions.
Afce the destred incubmtion were hanested, the macom of wedum dratwed
o, aod wllowed 1 dry o alr celle meve Sxed e oo {n 96 4, ethaned, wishod
divtilhet wates kad deicd, were then maunicd fate wp ve mbcroscope widkes.
afver hle, hmwmm%m‘mr\n«
expomer in tee of  woall moustof 5o, the atoradiograme
ot procowetd o the lowrctlons ghen by ok, The celh were Rataed with Mape”

In the firrt expenment the cultares were incubated for € and 24 hirs {n the presence
o023 ucral of Hahymsdme Antoeadiographic snshmof cod numbered prep-
amnoms roveabed that tie proportions of labeled cetls were on the sversge 38 and
14 per cont Ingber 1n culiures conaining senos of srrediated rats tha 1 rostrrls a2
6and 24 hours espectvely Tabl [} At 6 hirs the difference was statistscally sigfi
cant at the level P = 2q 2002 accord ng 0 Whoovon s rank @it Although
the mesn labef! ng mdex was higher 1n the WB1 group even 2t 24 hry the difference
between thiy group and the conmrols was not asstealh sgmbican

In the xeond evperiment H TdR mas wied in & conoentraison of 035 e mi
the incubation t mes 1 Uiy cxse wer 6 and 18 hrs At ux houny the controd culturas
tentened J06 06 mean  SEM por ontfabeiled celby andat 18 bra 136 4
a1 The correrpondimg gu & ihe won group contnting of sarum of rats 10
dast afler WHIL were 11 U7 and 16609 per cont, rapecu <y (Fig 1}

—
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According to Wileoxon s non-parametric tet the two-nided significances for the
differences between the groups were Pz 002 &t 6 hrs, and P & 00! st 18 hny.
Analyns of vanence from data 11 which the subgroups were cqualk d regarding the
number of olnervations wodicated that the serum effect (F = 16 3) was signibi-
cant a¢ the level P < 001 and that the “Incubstion ume effect (F m 21 3) was
also significant at the level P < 001 There was 0o detectable interaction between
these two main effects, however (F < 10) The bealogical Interpr-tation of the latter
finding 15 that the wra did not modufy the thme effect” or rur 16758, which B con
smtent with the previous findings (Rytomaa and Kiviniem: 1967, that sumilar sermm
factors do not alter the rate of divinon per labelled celi

The thurd experiment was a forma] replica of the sccond, except for the staining
of the autoradiograms. The proportion of labelled cells way again tugher n the
group contarning \WBI serum than mn the controby, both at 6 and 2t 18 hours (Table
1) On the basis of the infarmation given by the two previeus experiments, estioaton
of the sutrstical nigruficances between the group differences coutd now be based on
oue-nded tats. According to Vilcowon s rank method, the significa ces were P
0003 and P~ 001 at 6 end 18 by, rapecuvely

In the fourth expsnment H TR way added to the cultures in a concrntration of
05 gcfml Alter incubation umes of 6 and 18 hrs the cultures wer  harvated and
prepared for Liquid scint Itanon counting to measure the toml incorporaton i
terms of absolute radsoacthaty per unut poputaton of bon marrow celh Owang
1o the relauvely low counts recorded 1n 100 sec per preparation  ach of them wa
counted twice, and the results pooled This reduced the average counung e
(sample + background) o less than 3 per cent whch wa now smgaificant m

to the vanmuan between amples The raults adicated 1 g 2 that

\VBI senum had hugher total mdioactivitiea than the controls the group differences
‘mngmﬁamlllh:k\-dl’zﬂﬂ'lllbcﬂ-nﬁmd 18 hr.

hoghett sloes of the [B-hr groupe  erc suban ted w b be ropectn
n]:;m tmzmﬂ:mdlhhwmrml err reduced by 4
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LARELLED CELLS {2}
-
Y

TOWAL ACTINTTY {CP3)

HER ) i [
HERREE HEEHET

$ars ALY S by 19 ey
P ATION TE BCUNATION TE
demm&hmhwmamw wzd-n.l
txal ke  holc

n(mxnnd'the ave show
i {connis per wrond; mean + REAL) e the Jefl pert are seen the relath nuban(
hk&d«fnmﬂxmw(m«&&l(.

After the wotal rad) ey, the saroe pr d
mobuinnmtdxognm_?mthcxnhdwclﬂ:dﬁngundnmmd‘ wrual
the reyulta are seen n Fig. 2 and Table I The fimt fulure was ohserved o these
mhm-tﬁlmmd‘d&mm[mmdmadlmmb‘mdmlhcptm
of WBI servm and of normal sevumm At 18 hrs however xsignificant diffevence was
agun observed (P a2 0003; It may deserve emphasy that the large standacd evror
of the coatrof mean at 18 b (Tig 2 and Table 1) 1 due 10 oot preparetion wiich
deviated 1 surongh { om the othery of the group  Although this vagle value could
fave been rejected from the mavmal accocdmg to adequate statstseal eritena
the aluc wa wo larg with P« 0003 thiy wa not done becrise she deviation
vras obviowh due o hance ervor m the autoradiographue aoabviiy, x jodged from
the fact that hqud santllation ommt og did not  cvead wech & difference Funther
more o g o the elau ch fight 3 fluencr w W kovon rank o, of & nngle
devauon no matier how large ths crroncows alue faded to sl 1he statistcal
ugmficanc of the cifferen betw enth o groups

50 that alf sutorsdionr phee meassernent of the four different experiments
could be pooled the raw data wer ¢ anttormoed w0 standardieed fnden figures, This
wa achicved bn dn wg the ndndual per cont poutnites neach group by the
appropriat ont of median The median wat audered moc su tabde for tha Py
po< than the mean bec et des aflecied by such ext eme devations & chat
derected nenpt I\ Duinbuben dag o af e aleulated ndvers demomstrated
that fm allpre uc tpupow [t b ndoadual uevan the ont ol group wer
rocmall dwindne & wnd theme  wherea the € equenc dagram of the epr
mrntal ndues expe ted il § hewed to the nght The mean and thor
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Tasix I Retun nmqu'hbtﬂedodhnﬁnlncnh:dcndmﬂhntmmcﬁhuh
sepeerent inbelling of the celle § refatfon %o the ppropeists rontrol wediacs (= (00)

Nuwmber of experiment H 1

Tncnlmtion time (b} 6 2 3 i

Relutive cwmaber of labelled el Comtrod wvttm 113237 949 0027 04
Mesn 2 §EAL

{Medinn contr = 100) WBI seram 162416 11629 1828 128

Tocrease (per cemt of comtrol) +3 +38 +14 +h

standard errors are guven in Table { §t fy seen from these vafues that on the a1 emage
the relatrve proportton of tabedled ccfls win mbout 24 per cone higher s cultures fo-
cubated i the prosence of 10th day WHBI serum than i the contrals According to
Student 3 t 120, Yhis differenee s hughly significant (P < 0003)

The whole material studred conuus of four sndependent hiocks of
regarding cefl fabellng with H-hymubine and sutoradiograpiuc analysis The
mecavrcments fmve been wfisenced oot only by differences in the serum typas, but
alwy by daffe e i ditloms which were delil 1y varied between
the blocks. These include differences between the animals (16 scrum donors and 4
ecll donons) as well ay brtween the ansy condiions. Among the atter are #xh
fictory as concentratian of the [abel ool number snd sutorsdiographic procedore
It 11 chies wpparent that the fomnt acuon of the diff: } conditt
gruet be unpredictable and unique for cach block of meanrements. Comequently
generalizes copelutions 25 19 the effeet of the serum alone mun be based 0a its sction
Ay dutinet from that of the other effective facton.

For this easun the data were subjected 1o soafyss of anance the types of wma
and she different environmental cond tors belag comidered as the two sources of

Teralts to any ngnbeant drgree
Anslyss of vanance demonstrated that the level of celt labelling wa ugmﬁ?g'g
afferted bath by the type of the serum and by the enviranmental conditions e ‘d{«u
withF er 400 and F = 83 0 eypectively, However wnteraet o1 of these (w0 e
&id nok appeax ugnificant, which iy interpected (o mesn that imterdependence o
hun e diffeyen srbgroups,  Beh #
(T T e L R
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fo the presewce of comrdl and tent sere. The kndex fignres (mesn 3 BEAL) shown In the uble

m 1% Gaand wean

s .3 13 18

B30 10649 101314 M52 106

W92 10a1l 8348 tAEE M
47 ptd —5 +18 ES .

Tasix SE Anahyvie of emelsnce waing indicee obtabned In fire fodependent Macks of messirererm.
Note thut the analyss i besd on tee rohativ efects of the diferent snes trpe

Bextree of FRNAOG S of Degrees ol Mleansgquar F Bigroficunce
"goarey Treedoo r

Effe of Leewtment

(merum type) A 6085 1 upas 107 €001

Eficct of cxperiment

{scrwm baich} B 4 L8 Q85 umagoificant

Effect of Alnurastion AB { T2 4 4133 At ombpuficns

Fandom deriatiom 3043 10 LR

Foext 14 309 2

maun Golon way tather weak or noocasent, Esmentath the wme roult was 2ho
cutained by analyms of variancs based on the awumpcn that the wnnn offec:, «
anmulstion, was proporuoasd o the lnvdd of the correrponding con et value {tmay
e mentioned that o thy anahais, besed on logarithm of the valees the interschion
eBrer was sul) forther redoced

On twe bam of srmpuons of Tengruficant nter ton Fects and of the relatn enen
of the action of the seruam facton, the dats were abio tested in a different way The
anmly sl vear performed wath the adex fgures shown m Table | supplemented with
milar mdscen cabeulnted § om the oml adwactnvatics. \though the renidt of the
ambyus wa epentaliy feored even of the Jan d wndices were excluded,
there 1 good exson 1 consxder ther a1 independem data. This § v based
on the fact that abeence of mgmficant oterxetion between oy onnental condstaony
mod + pe of serum ha made the  ciual dependime rreicvant to che problem,
The ondu of the anal o arc wen o T ble If

For the rake of chanty 1 » emmphasred that the wa 5 whach the different inds o

wor ealoulated fuied + ane  pprecabic hanges i the  randomn devatom ay
ompared with those seen befor
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2 x e Fig 3 Per cent of mature granlocyies (mean +8.E3)
L 3 I cultares of narmat bone marrow ek incalsated fn the
t 7 i ~ E’Dmcrnltﬂilndomdmhot Yl Vet Lncrease
time is sathtically synificant (P < 0 01 serordlng
t oalyds of varlancr)
LET e
BCUBATION TIME

In order to detect any grom population shuft among the bone masrow cells in-
cubated in the presence of each of the two different serum types, some partal
differential counts were made These were performed oo the code-numbered prep-
aratons of expus. 11 and 111 by counting the number of mature granulocy v per
100 nucleated marraw celh. The revults are dlmtrated ln Fig 3 Analysls of verdane
abowed that the shight decrease which occurred between the teyt and control groups
1 entirely insignificant and must be comudered the result of pure chance. This it
quate clear fram the F valuc obtaned which was less than umty th indicating
thet the group mewns vary loss than expected fram the indt 3dual counn. The se
cidental nature of thisdi(Te is further ser henred by the insdgnificant interse
von cffect 10 this cas, oo the F value was lew than unity On the othe hand, the
eflect of the second main varmble, ume, was significant (P < Q.01

Discussion

Detatled knowledge af the specific mechanmy that control the rate of biood celt
production 15 at present meagre. Untll recently anly onc subsance belonging 0
this category has bern fismly established erythroposetn fsce Jacobeon and Doyke
1962} \Mich work has been done with the purpose of demonstrating the existente
of other haemoparetns  but the pesult has wnnlly been new contsadsctony finding
and purzhng hypothess In the opouon of the present authors, the utuanon b
munly due ta the yoint action of two facton the camplex phy siology of blond ccth
and the lack of unambiguous amay methods

It has been clearly stated I some suthors that cortam chinseal and experumental
obtervations indscate the existence of & dual contral mechanzsm for ved ccll produc
tvomt (Brecher and Stohlman 1959 If analog g — and reasms ~ At
applied to the other

blood ek, the cxrstence of st ea 16 spedific cegulator ubyancay
st be Inferved 10 wome extent Un amses from the mutatic ndependenes nftf:
varioos biood cell syrems As & matter of fact, data are accumutating “,Nhfnug
that all mitotic control mechanism have certain common then and that
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various mechanbrry found in different oot systerm wre merehy vanatons on these
themes {Bullough and Rytdmar 1963)

At ket three speaific bave been suggorted to comtral blood cell
production  poreting, chal and {granulocy hatone” (Rytfmas amd
Krviniorm 1967) There ks good expe b evid for supp that erythro-

pointin acty at the leved of pluripoteatial (Ford o af 1836 Becker of f 1963 Duplan
1967) stevo cells, Indueing tham to differentinte mio the erythrocytic sysiem (Lajtha
¢ o 1963 Lagtha 1967) Granulopowtn, i considesed 23 the formal snalogue of
erythropoet o, would have a fundsmentaliy shailar mode of actvorn. Dexpete ol thes,
1t i clear that the total fiux from & stem cedl compariment © granulocytic and
erythrocytie system bs qumotitanvely very mall {Lagtha of o 3965 Past and Malonen
1964 Cronkite wnd Fhedner 1964) An fmportant comssuence thos emerges that
Aoy reshstic poletin effect i necesardly difficult, if not impendb! o detect by, asuy
mzthods snvotving DA labeliing in short torm incubatons of normreal booe marrow
ceth. Ar a matter of fact, this inferenes hay been experimentally confirmed both m
our labovatory (Ryumaa and Rbamemd 1967) and elsewhere (Alpen 1962, Enles
1965; Therefore, thr terults shrerved in thu study are oot explicable m texms of
poltun action.

1t has bern demamitrated by recent partly unpublabed cbeervatdons (Rytdmaa
and hwvinfemi 1967} that granulocytsc and ervihroeyuc chalones, which act s
mitotic mhibitors, wem to onginate { om wature clreulating cefly, It has been
pondble 1 vorart thes, chalones (together) from the partcle-free medivm s which
mtact blood eclls hay  been incubated for short periods of tme as w I ax from
ceriain types of blood serum. These findings wre 1 fulf agreement with those repovted
cariier by Craddock (1960 19621

The wmode of action of  bone marrow chalones”™ appeant to be twodold they
event peogemtor cells from enwening the generstne e and, I kddiron  slow
down ceriain proceney n celhs thae ha e already embarked on ey Je Thus, chadones
aem to projong the durstion of the DN A nonthesss phase a1 fudged from the reduced
graun counn o swtoradography 1t many require emplusty ! tos contest than
purified chalone fractiom do oot contain nucleotider or ottt competitons for
hvmidme which would dilute the ncorpaaatton of H TdR, s yadged from the U\
abworpion perra. Farthermore the halone  flect hay been demomatented equaliv
sueordulhy w th other labelled precursors bessdes th mmdme.

Gruntdoote  astchalone  has bren d momtrated 1o orvian types of rat werm
and thewr fractons Thn Gactor hiss been found to omeert ondy miclontet f om o
choplae G, ¢ generain ocde The pont of action n the main reason why
amikchalone  and granutopoetin are consdered 1w be different facton

1t 0 known (rom an ead er viody Coderberg 1963 that 12 davs after 5 r WBI
trae egeneration B n peocen 1 the bowe martow in the colom of ko med her
ftn  further ndiested by the renafs Feh stdy oted that et the wme tome there
4 trong dermand for gr nulocyies »n the penphery (defimer barmer The sltuation
5 oobnwonddy  analogeus 0 that cunem after repeated leucaphberosay, fn which
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granulocytic sntichalone has been fourd in scrum. Furthermore wnder both dr

the absolute number of locytes In the whole body Is evidently
much below the normal level This, in turn mmt mean that the concentratlon of
granulocytic chalone in the organism 1 subnarmal

The same arguments #pply to erythrocytic chalone, too. Ten dayy after WBI the
rats arc gravely ansemic according to the values reported (Cederberg 1965) the
red el count §s hardly morc than 20 per cent of the odginal, One would thoy

L ly expect devation of locytre antichalone, and nmultaneous reducton
of both chalenes in the WBI sera tested here, Furthermore the modes of acuon of
the test factors suggested that the resporse would pelmanly be due ta ag Increax
the number of labelled cells.

This was exactly the result obtained in the study Not only did the observatiom
agree qualitetively with expectation, but stnkingly well even quantitatively [t may
be recatled that in the carher studies (Rytomaa and Riviniemi 1967) the mean TdR
fncorporation was numerically 4 8 % per cent higher in the absence of all chalones
than in the controly, although thus difference was ot statistically aignifi ant. Beaame
the lation camsed by g locytic antichalone in tum, was 196 per cent one
would expect that with an asay material such as was uted here the overall simala
t10n woukd pasubly be fittle more than 20 per cent As shown in Tabde I the observed
overall sumulation was 23 6 per cent

Despite the exact agreement between the namerical simuladon obrerved ard
predicted, it 1 pot porsble that the reactfon intermties could have been determined
by the test substances alone, parucularly a¢ the level observed in this sdy Afler
a given limut, the reypas of the cell population ltsell hecomar the most
important factor Normal bone marrow cells show such a high mitot ¢ actn ity that
an inuantancows increment in this figure, exceeding some 23 to 30 per cent seamt
hughly unlikely as far as the effect 1s due to tggering of resting progenutor codfy in the
generative eycle VMuch higher values would obviowdly suggest atterauon of el
cycle phasey, or the presence of some artefact. This, ke some additonal entichm
which has been 1gnored in the present duscussion, ndicates that only the followmng
condlusions are sufficiently firm to be regarded a3 establshed 1) At the ume of troe
regeneration tn WBI-damaged bone marrow rat serum conta s one or more factars
which convert resting progenitor cells to the gencratrve cell qyle 2) Th reactions
observed are 1n good agreement with earhier more speafic findings and theone-

Asded by grants (rom he Suqred Jasiless Foumdeton $lctsl 4, and from (e Do R fourer bl
Foad, \ew Y ork
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Excretion of Sodium and Potassrum n Cat
Submandibular Salive
By
Orr Horoxr Prrerees and Jorary Hipewark Poursey
Recchred 21 December 1966

Abstract

Permmay O H. and J H Poursen. Exceiws ¢f wdiom and petarsoon ix cel sutmes-
dibrler salve, Acta phynol scand 1967 70 155—167

The concentrations of loos b the mlrva yary with the secreiory rate Dalferent resulty concerning
sodium concentration in relstion t flow rat bave been found by dificrent bavesugators 1 the

o
and then when flow rate decrrmeed,  nd reached valyey of more than 100 meq/T af sccretory
rates of bout 2 xifmm/g gland.

}

The sceretion of sodium and potasmum 1n sall a bas been the subgect of a great
number of invardgations. In most glands ¢ ha been demonstrated that the concentra-
tion of sodium and potasuum in the sallva aries with the secretary rate (Thaysen
1960) Until recently however the interpretation of the reaulis has been very difficalt
becane the differentated functrons of the acind and the different section of the ducts
have been unknown

Thaysn, Thomn and Schvaraz  1934) proposed that the acina primany scorrtost
had 2 p! Lke comp and was modified N the duct sy tem by cabsorption
of sodum chloride followed caly Uy a small amount of water bea ng th fenal satha
hypomnk,’l‘hnhypm.hcnhl been the ubject of much ensenm (B rgen and Seemat
1958 Burgen, Terroux and Gonder 1939 and Burgen end Terroux 1963 Recendy
the truth of Thaysen, Thorn and Schwartz 1 bypothess has been very much mm':
uated by mucropuncture studies in rat salnany glands (Martiner, "W:Qf,&
Frck 1966, Young and Schogel 1966 and Mangos, Braun and Hamman 1

158
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wm which the componton of the praman, wereton wan direcaly determined with
respect fo the concentrations of sodium, chionde and potasium. It was shown that
the concentrations of these Joms were nearly the sume ;1 the concentrations i
phmmd(hndaccmmnmo{tbcmmxn&mmmdcpmd:mdm
sectetory mate. 1t i therefore now powlble from the cancentrations of electrolytes
in the finsl salova to calculste the amount and direction of the net dectrolyte tramport
fn the duct systen, Lone swumes that the aciru are the anly place where net yecreton.
of water occurs {\ oung and Schagel 1966)
1n ruch cudculations it 1 very important to know whether the messured concentra
s wre “tranuencs” of reprowent & stoxdy siate Burgen (1956 a) described trannent
fugh poursium concentrations 1a the first sumples of purotki and rabmaodibular
nk\xmﬁtdhamwmﬁmgghniln(hcm“wkuhﬂubmm
ed sodium " b been 4. When pa ta prevent
nd]ummm&a\z”\mcuhm,Szmsptm{blz&oo&xnnuudymtzamufor
wdiumn coneentration ko waliva verns scorctory rar with 8 very small spresdmg
Furthermore, the sieady state concentratton of potsssum m the salorn has been
jovestigated, and st bas been shown that the patamum concentaagon which as high
Bow cates s ty kow inthe catsuk bl
levels at very Jow secretory rates
4 peelminary report of thes stacdy has been grven (Peismsen and Poulien 1966 )

walva, can each Alul

Mothods
oglog 2 kg cre moohotmed i chlonalose m—wqumpnmny)
sands od prepared o by Lidel amd Shominglon
1929 Baloary secrcion an vhented by chocteiont suuolal of the

puhnd'mmémum, odiage of 10V and
prbnyicar camale @ the

1 the iammewt oopenuowent  be oflertson of saln  began mmmediatcly nfter the mart

of the
wereuan The fiom olecung prnods er ofball cuoete dey con eack, the. peviods
Lastedt ome mrmwrte
T wemhy mpte abwes U Ay er tahem MrreLon ks
frequency and the gland wiw allowed o secrrme for 30 mas before tee Brs aasopie
£1 53] Srrrviowy fate 30 wxressed 1o Irepency xn yomall stepm Afier cach kil
o ftequency the gland a3 allowed 1o seorete i 10 on bebore e takert.
samnphes were al yaof the arder of 250300 &) A Raard Avotse farne i
Wi 20 ax e, For the of the sadmm and potanmn
nocemtr voisk The acomracy of ehecied i the expertment
of sohroes oolarmng | meg 1 sodsum chlonde 9 meg | potascrn
weh e delnered w19 fes and therrafier Like apien. ¥be
0L ewc iatom o

Ry pdm‘o-vdbvuﬂmm!n'l.5$ 0 {starsdard
error on the oA sad 70 D1 oacq§ esprctwel The 3 of an errov 1o the drtevumas-
bes mdn-m potamrem nmummdmmdudw-ddut

PRI uﬂ-rzd the flarne ph of et
lf-\-:hrnmbﬂ mlomwm|hmum.odnmmmmm e flarne
- of potammrs, 02t sungy bavwren 10 and 190 megh
\\hentknp\'nm had been finmbed be glands oy emned awd n‘bdkudzt be
bie tc evprow he mmmam woreted per mumute per g of gndnls  aght

07-1..5
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[ Fig 1 Effect of varring simet:
¥ atian frequencres o the sex of
< 10 coec the “sodium transents  Trao-
5 shent excers of sexirm coneen-

o tration {the differeoee betwres
- the sodlum concradration @

o tranment tampls wd dee rb-

Results
Traxsuent conceniratroms
In pilot expennments undertaken to invesuigate the redatianshup between the cooceaira-
uom of sodium and potawnnn m the 1l va and the secretory rate, care was aken
0 omit potamum trunuents by eaiting 5 mm after the start of stumulavon before
the first sample was taken (Burgen 1956 &) N\everthelen, the sodium concentration
m the first sampley (sumulation frequency 10 efpec) were signiticandly hugher than
those obtmined later at the same secretory e,

Deperdnce s frequency of stomxiation
The relanon lup bet 'een the megnitude of those sodium tramuenn _and the
sumulatron frequemrcs was then studsed As the sodium concentravon § the alwa
vaner with the secretory rate and a1 the seeretory rate dimunnhes opecalhy dunng
the firnt mnutes of sumulation, the swodwm ransients wére exprewed  the differ
ence between the messured tranuent concentration and the steady star concentna
o0 at the sAmeE $CTEOTT rate Ay it wa ot posuble to obtan steady  tate sodium
concentratrony at the highest secretony mater achieved in the first penidh of sorme
tranuent experimeny, the stead) state concentratoos in these cases wer  obtaed
by extrapolaton of the Lincar part of the curve representing sodium comerntration
versus flovr rate (Fig 3 The dependence of the  sodium tranmcnts on the wmnla
uou frequency o shown in Fig | \\th tnereaung stunulaton frequency th rodnm
tramen increases. The heghest alues found 1n these experuments st a tm lanon
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frequency of 25 ¢ see were sbout X0 meq § b excem of the steads wate concentration
the sodium concentrations weawred n the tanment samples were n these cases

abour 120 meq |
Dependens o éxrerwn [ the precedxg ivsts g perind
The dependence of the  sodsum tranwent  on the dumpon of the preceding resting

et v shown i big 2 W h decresng resting pesiod the  sedmm trambenys”
deereaed and peart dusppeared when the esung period wa bekew § tun.

AW e phnel wend o
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Potasuum tramsients  were notseed in these experiments and showed the same
propertics ax those dexcribed by Burgen (1936 a)

Siewdy state romrniraiians

A typical steady state curve for sod um Iy shown m Fig 3. Thn course  { the sodrum
curse wa foundd in 1? aut of 20 expts In 3 expex. the same ! near relanominp
between the concentraton and the flow rate was exabljshed, but in tbese asex the
slope of the cunve was greater [n the remaining 3 cxpts. & dmilar great dope was
scen, but at greater secretory mtes the curve flattensd omewhat out Thel neas el
wonshap was broken in 15 out of 20 expny in the lower flon mat cangr here the

wdium concentretan was greater than expected from thh relatronship
A typscal potassium steady state curve s shown i Iig 5 Potanlum concentration
wn independent of secretary rate wlwen this was higher than 100 Al msn g gland with
avalue ofabout 10 meg/L At secretory matas belon 100 plyrdn g gland the polanha
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coacentranon rose first slightly and then steeply when the flow rate decreased, and
at Now rates about 2 al/min/g gland values of about 100 meq/l were reached. Thee
very hugh potaruum concentrations ba ¢ been measured 1n the salna of 13 glands
from 11 cats (all the experiments w here rufficrently ko secretory ratea were reached)
The possdbility that the very high potaminm concentratiom could be due o a
large content of cells in the samples ax the very kow sectetory rates could be excluded.
If the wa the true explanaton the whole sairvary samples at the lowest secretory
rates should coramt of cell. Homever the salivary semples at these flow rates have
Juot the same appearance & the mmples aken ar higher secretory rates. Further
marrnmmmlammm:mamudwuotmthupomhﬂhy \ talivary ample
uken at a low secretory rat nas was
mammdlnnheuppcrhycrmdlnmebwwh)croﬁh:nmpkuﬁcrth:hng o
d flerence 1n the potasium concentranca 40 meq?) f the o layes wa found.

1t i intereiing that m Fig 4 and 6 showing sodium and potasium concentration
1 a functbon of the sccretory rate the spreadmg for the sodim alues weemm (o be
somew hat greater then the spreading for the potani m alues. Thes was aho soticed
by Thaywen (1935) InFig 3 t b bowever seen that ths greater spreading in the
sodhum  afues 3 mot due to a greater sprezding for sodium m the indhadoal gland
bt the explanabion n that the difference from gland 1 gland b greater with raspect
o sochum excretion then w th reypect o potastum excretion.
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Discusslon
Asdaawcdmth:muoducﬂor\,lpmmrymonwhh.pkm{&cmnpodum
uﬁlm:dhthcldm.mlmmmporuinvolvcdmthnﬂmdﬁ)nnuhnhavvml
been entirety clarified yet, but Lundberg (1957 a, b, ¢} prescuted strong evidence
mflvonruft.hehypov.hmsthtlnlcdvemmponofchlurk}cwnthcmcmxmponam
step ﬂmwnmppu’tcdbyPctenmnmiPoulscn(lQﬁﬁb)who:bowtdLhum
mhmldcwbichmhﬂinlcmvcbhﬂdcmmpmmlnumbcrofmmryorpm
(Davson lW)unMctumhMtbmhlhcnauoqmemdxheMrypotmﬁhb

in the acins.

InLhcdusuth:pmmrylccrcdonhmdchy}mmnmbyarmhsmpdonofm
without & corresponding subscquent water transport. Young and Schogel (1966)
lbmvcddntlntbcntluhnmdfbuhrg{udthudccuulytermh’arpdmlookphre
in the sublobular ducts which consst of strated ducts and granulated tubules.
As the granulated tubules do not exist 1n the submandibutar gland of the cat (Burgen
and Emmehin 1961) 1t 15 most likely that the strmted ducts are the place where the
electrolyte reabsorption takes place &y was originally proposed by Thaysen (193%)
As this mechanitm h senutive to ovabaine (Mangos and Braun 1966) and the poten
tal difference acrom the duct wall v 50 orfentated that the lumen b negative (Lund-
berg 1935) it Is probably sodium that i the fon actively tramsported It i 1 kely
that part of thrs out ard transport of sodfum s linked w th the inward potanum
tranyport which takes place in the duct nyatem.

Steady state comcenirations

Sadium

Our results concernung the steady atate exerction of sodium 10 saliva, as presented
n Fig $and 4 are canly exphicable on the bam of this mode] and are in accordance
vath previoms revults obtained by among other Thaysen Thomn and Scfmarts
11954) Langstroth, McRae and Stavraky (1938) and Mangos and Braun (1966,
The 1ncrease 1n the concentrauon of sodium with increammg secretory rate can be
cxplamed 1n the following way When the sccretory rate rises, the contact ¢ oie
between the precursor secretion and the reabiorpuve part of the d of 1y tem de-
creases, therefore the fructional sodium reabsorpuon falls (the absolute amouni of
reabsorbed sodium rivs) and consequendy the sodium conc atrauon  the final
sahiva mes,

The 1pcreaung sodium concentratron w th deaTaung secreton rate «eh f the
Jow fow rute range conld be explamed by the modet of Young nd Schoge! 1966
They suggested that io an arex of the duct syztem ntuated oralhv to th <odium
reabrorbing part of the ducts some equilibration between the interstival flurd and the
salna could take place Thur reequalibration would only be mportant st ery low
secretory rates where the contact time would be ufficeentdy long

There 1 some evidence that the sodium reabiorpt © mechansm 1 under nn‘\ﬂ:
control. Lundberg (1955) recorded transductal potentiab (lumen negatn md:h

cat submandibular gland butonh during sumulation. 1f these transductal paten!
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cmﬂdhemkmnngmofnnuuw-od}umu-mpon,thcndaummbnrpmnnould
be under pervow cootrol in the submuandibular gland of the cat. This 1t might be
pomible that at ety ow stimulanon frequencas the sodium raabsorpton would be
armall in relation ta the amount of pnmary secretion. Thn woold provide an alterma.
e or eddinonal oxplanatl n of the increaung sodium concentrat:on wath decreaang
sceretory rate seen in the lower flow rate range.

Potassam

The relationmhip between the p on in the ealrvn and the secretory
rate hm been described by many authors It has generally been found (Thaysen,
Thomn and Schwartx 1954 and Langstroth 2 «f 1938) that the potanium comcentra
tson wae Independent of the secretory mte, except at Jow rates where the concentra-
ton d shightly with d g secTetory rate. A somcwhat umilar pattern
wat [ound 1 the present work on cat submandibular salna, but as seen in Fig 6
the pranism cone don d very markedly at the lowest secretory rater.
The reason why these high potarium concentratiom ha e pot been reported pre
viowly Is presumeably that sufficently low flow rates have not been studied. Re
cently Young and Schigel (1966) reported very high potamum concentratiom
{150 meq/l) in the saliva of the rat submandibular gland at extremely low secretory
rata. However thr gland produces saliva which never contams ks than about
35 meqfl of poarsium even at the hughest secretory rates. In the present work t
was foeund that m the submandibular saliva of the cat at secretory rates higher than
100 gl/minjg gland the p fum cone why independent of the secretory
rate having a valoe of about 10 meq/l. This alue was also found by Langstroth ¢f «f
(1938} m the salve from the sume gland.

Astumuoy that the primary secretion 1n the submandibular gland of the cat hay
the same comp = m the rat submandibular gland th primary seercton would
have  pommrmn concentration of bout 6 meq/l (Young and Schigel 1966)

Tt wan a theoretical pomibility that the hugh potasivm concentrations foand at the
bow secretory rates coukd be due to oxmotie reabsorpon of water m the doeta,

Uting Bargen (1956 b) figure for otmotc water reabsorption in the parotid
gland of the dog 1 is however found, that the varer reatsorption could only account
Sor & very small part of the merease in the potasium concensraton with decreaung
flow rate scen at the bowest secretory ratex It i therefore obviows that an addinoaal
potamom secrrtion must sk place m the duct system.

Trexsient comcentrstwns
Burgen (1963 and 1964) described tranwent hgh sodium concentratoms m the
firt samples of saliva taken alter & esting perbod, from the parotid gland of the dog
In thae expenmenn only brel mterruptions losung 10-—60 sec m & continuots
urru.huunptnodum\ntd.Slxhbndmlcrnq)Lbuwmuhtdlnlunﬂm&dnngn
n sodiom concentration which often showed a biphawuc trend with & ery shomt
dmpmmrrcnmumocnmmgfmgﬁﬂo«rdhyu:mponnmuxﬂw-mph
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Permeabihty of Brain Capillaries to Hexoses and
Pentoses in the Rabbit
By
W F Aosew and Camenmiax Cxovx
Recet od 22 Devember 1967

Abstract

Aoszw W b and G Croxe. Promeshilyy of bran capallones ty heseses axd pentases
the rabiut. Acta phywol. scand. 1967 70 168—175

The ishiad Low i 1be ratilut brar of nou-tiectrolytes towected 1Mo the carothd artery was mraured

with lodicator Diffowon techaique 3-0-mcthyl-Deglacose shared with Dglocar tbe Ll 5 10

puse it the brun by wdmdmn,:ummhammnl of trasport ol be folkos g
ed [> L and Deribose

Litances cowdd not be d Degalac our D They
all pewetsated more sfowly tha  Dglucame

D-minanitol was el ket ( om the lond danng the pamsge hrough 1he braln Thu vbweny g,
wrther with the koown {oabiluy of D-macnital  pess the blood-brars barmer mgpru that
the lowt takes place nt  the endotbem! cytoplarma. They the baval mrmbrane of the
endothe (il ccils 1ogriber with the betal mcmibrane proper rmay drfine Larmer ba
terhucs

" Glucose 1 transferred acro the wall of brain caprilanes more rapedly than nther
non-clectrolytes of umjlar phyuco-chemucal structure (Crone 1969
In view of the apparent parellefitm Lerween the permeabidity of the Idood brain
barrier and cell membrapes m general ¢ would be of intersst 1o determne wbrther
sugan other than glueme  hare the Galisung trassport mechan m e ma
they are known to do n the red efl membrane and wa the musle dll n et rane
Uung the Indiwator Diffuvon techruque /Chitard, Vobugh and |0 1933,
Caone 1963, the capillary permeabulity of the following substances w re det moed
30.methy! Dglucote  Domannoe  Dgalactose  D-arabinene D-nibene and -
manuitol. To compare the pa uge of the tot subsantes w thchat f glu e under
wmilar errewmtan e glucose wa included in the ajecoon sl on ) exprriniente
Afanmiol was selected because st mmt nlikely that ! ubnten e vt mferred
by any mechagnm sther than pa e diffuvon

ocal Fellow & the Lrued Sats Fublc !}
The loststn of Mdical Revearch Howtmrton Memona!

[ hhSen 1% 4 prre  ddme
3 Mimp 8 Paawtenn Californi
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mple b
m;-p-mhwndmmnmﬁmq—su.mm.umm
‘bhea) socuum, 33 wmirserd i w sclhmon. An asterior midhse kciion was made
ey foseeted

ikt 1 the tan of the back of the head over the pamerior berance. A dental datl was med
o make 3 pam bole over the torcaly, and the mmal om s buck; ar this 000
wants of beparin were ghen wts nserted into the b common

™ branch The cricraal carond was them bgated with the nimal

blood stomeliacoomly
the Mocction of the motope myttere inta the T-cannuls m the cirotd artery The mpertion Lased
bowt | sce

T ool | Gan rate wmall amples from the o rabbit toreols, the pparatws show m Fug ©
»m conmructed. The colicchon oebes contained  dous O ¥ mf ench The contamed (1
tvﬂfﬂmnbn.Toulnﬂrnmumvuvdbﬂ\mﬁl:diﬁnonh rampileg tme was

rop-watch
et tioaa Tadi s o g2 referrace cabsiane mmend of E ane Bloe Dy htn-eh
mbrmh-—dmmrﬂ bekty apecall m be rabbe  which

reacily The empertsion wtutor (0304 i cootasmcd 13 g of crehm. Ther ssaowms of il
L mmmmmuawhenqumm-‘Mni-uhh cow ememt

contentranom far chtuncal anatywe T ks a0 addet 5 xC of one of
klfncu-nponnd- iy on/ s 13 AC of ke otber Latwled with tritmm and mxom.

of ewchof the  test obetamors w n-ddcdummmmmdum prepared umi
mud.xmtmpn—nm llannrrrn
e Later part of Lhe seriex be ropecuon solubon = beated g0 37 C becwmse there w L mter
1th the blood Bow throogh the bram when the precaotion was taken
lm-d-mmddybdmudu be end of the cxpermocat blood wavda mmatiancowly from the
he

Iaairical irchmpur \hquoo of blecd aamphs e preaipetated ah \ OH-ZaS0 for ma/m
anah proced e ly propased by bim  ere reduced

1
i
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am
channch wuh sppropria  gain and window sciiings. \ mictmam of 10000 counn were reprered

owd ghause was apalvmed according 1 the method described by Bergroever and Permt (1973
urng plucose otikdase T incresse the crqumedammmﬁm\bc«wnmm-: or
cakculsted from the mean of three »eparat btr;mem;be with  donble determinaton oq ad

&l

:ﬂﬂmmﬂ-uuwmdnrdmmn arterioaenons ghicose differoactt wor
Th swas greant e () v cakeulated from plt of 1al  cacenitaton

semilogarithmie
against tme after - b LiBenficld snd Kowach {19361
The tatim (E) of the injectrd poonelcctrol t0 wae cokmlated B3 {Cror —€am) Gt
where  w n the concmtration of the diffowblc sotm and ey B he of the

{ peetion solution. The i 5—6 mple oblained were waed for determmmateon of the cxTactxos,
hter 1amples mght comtain recirenlatg blood  od could. therchorr not be owd The aocrmtraton
woe thowt {n whole blood.

Several me nbv experimint were earmed ot befare ftarting the  nrmal expenmran ad abo
from time  tirac during the expenmental series (o detorTune the recon o of redoactn matemal

hrdque for determining carbor14 aad tritham m \be e samples worked satesct
A total of 70 socvemfd_ mral experments were carred out.

a4 6 Doarabé Dogal Dribrwe 11 D of and 11
wlocoee The Rediochemical Comre Amenham, England) € 14 Libelled 3-0-meth FD-gha me
Labelled bn the pretiny ] groep was delnered from \ew Ergland \ocl Corp Raston, Mxw

Results

Extrection of ghewse The blood glucose concentration m anaestheured rabbet
1 always hugher than in the wake aumal The ghucow concentravon averaged 181
mg 100 ml S0 =46 n=19,

The imtal extraction of labelled glucose m 19 expas & eraged 077 S.D —~ 011
as compared w th a et extractron of 0.09 (S.D = 0.0 obtamed [rom the arteno-
venows differences of glucose immediatehy aficr the end of the me expernrents.
The mean aneo-y enow differcace of glirose determuned before the e tan 1 the
same 19 anmmals was 16 myg 100 ml, a value comparable (o an a- difference of
ghucose of 13 mg, 100 ml found In Rodrnight Melhwainand Trestze (1959 incomsome
rabbits. The figures for the average wuual mopcnummmmnqnnd-(hlhc
net extraction values, corroboratar the wdea thac there munt be & bdweciwasl
passage of ncase actos the cerebral capillanes (Crone 1965

The cer::rll vesscls in the rabbit are ery sensitve to the injection trauma and
comequently lamge e llabl Wmmmlﬂuodﬂcmocrwﬂdfrﬂﬂff:‘:
ment to experment  Thos dsadvantage, however ga ¢ an oppertunity ‘:dn«

the relation between glucoe extraction and cercbral bleod flow [ ooy

lhc“-huanbm«cenlheumcwnorc—l*glmnd the mean trmst o
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e Leiwo

Fig LA mmdclmmj«i
gha-: hlsw ﬁ-mn:cn

obtabwed the
sares (y =23 —2) H
+ = B £
pomt on the curve represent the » trage of samples from one expenment. The expen-
ments presented on the dugram are those in nwhich it veas pomible to comstruct
tome-concentranon curve and ancss the rearculaton with ressonable cerainty By

meam of thrs relatiomshup it s pomible to convert mean glucose extractions into mean
transdt times,

2 Extrection of $-0-metly! D-glucast D-gelactsse £nd D-mannase

LeFevre and Peters (1966) found m rat experiments that D-gatactose nd D-
mannose distribute in the total water compartment of the bramn and though thelr
studies dud not specifically deal with the rat  of exchange it i obndons from ther
aperiments that the uptake [ these substances m the brain — and therefore the
Pasage acrom the blood brain barner — takes place quite rapedly in the rat. The
edstence of pecal transport mechanrsmm was indsaated by the demonstration of

and : 1

Tasta L Extractson in the brun of galactose mannosc and 3-0-CH,-glucose commpared wih tha
of glacose Each of the subsmances was wpected together  rth glucose

Cliscose \ erage Glacose Extraction () Galactow Alannose 3.0-CH,
Extncton s cxperiments w b Extraction  Evtosction  Glucese
Ch Extraction
Range Calsctose  Manmose  3-0-CH
Glucos
10— 133 (£} 49 e 127 176
-6 { =18 (=4
-3 752 8 e 6 204 19
(-7 (=7 (=7
00 27 - "0 ELEY - 129

-9 a-
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Tama 1 Extractions In (b brai  of arsbinoss od ribose etane,
coerpared witk that of;
the pentosss was infocted together with glucome o kel

Ghucose Arvnnahxwecnnnbn( ) A Ribese
rubinose
exaction (4) o experiments with cxtrmction xiraction
Range
Arshinose Ribose
010 &0 3 33 23
-2} (-l
1020 - 1§99 — 118
(- 14}
2030 248 2y 208 k11

{ =~ -

Tancex UT Emnlammtbehﬂnd’mnnhdcudﬁwhnpcrﬁ-muuknmwldud

Shacose were Injerted togrther
Glucme extractbon () Arverage Gloctse exiraction () M mitdl extrachon
Raoge in Maonlia) expericsents
6—J0 w7 37
-3
010 154 loa
~ 19
2030 217 L3
~ 12y
3040 2 n7

-13

] I the pracnt wnes of cxpertments the rate for 3-GmethyLDglucoe  fomely
’ followed that of glucose whilst galectose and mannose deft the blood more somly
iTable 1)

The figures are grouped in threr clapes according 1o the ghicoar extrarynn Lach
clgns covers a certan range of mean tramit times of the injectron saluton  f Lig %)
The glucose extraction 1a exch of the three groupt was the mame regardies of which
other text substance was present. Thus indicates that the glucos pavsage nan 12+
dependent of the presence of the ather hexoses.

3. Extractien [ D-arebiesse avd D nhase The reaulns of experiments with thoe two
pentoses are shown m Table 11 The a crage glucose extractron n he te groupy
Ie chne 10 one another mdscaung that the presence of the pentome i the jocoon
solutron doey not affect the tramsport of glucose The extractrom of the pent woy wef®
clearty below those of glucose at high flow rates.

4 Extrectn of Dmawnitel The extracuon of mannitol wa Jower than thiat of gluom
(Tabie 111} the difference bang more pronounced at higl flow raes where e
sanmutel extraction was 67 of the gincose exiraction,
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Tas IV Average ratios between the extractions of arioum noaclectrolytes and thoss of ghacose
The bgares arc armanged £ccard.ng to the ghacose extractions which refleet ariations
In mesn tramit thoe of the infected soturlon.
Ratio Event/Egiurone

Glocme  D-Galactese Dilanpose CH,O-  D-Arsbinows D-Ribose  D-Mamabtol
eincton  DGhose . DGlacowe Glocos  BGhaconc

D-Glucose
raage (%) D-Glucome
[X1] LE]
o—10 — - - (#D 03 (5D 023 —
-17) -1l
o (&) 118 are a7
1070 ®D 031 (SD. 015 D 006 — SD 0 (3D 036
=16 - 18 - o=l a=19
osd o o7 o o or
203 (SD. 020 (ID. .19 (8D 004 (3D 025 (8D 015 (8D 0.7
-T) -7 -9 -5} -5 o =12)
1.00 093 102 os1
040 (ED. 006 — (8D 00+ SD 003 — =D 023
-9 n=9 o= -

Tastx \ Clezrance index (crarction X the recprocal of the mean transit thne) at three different
werage giocosc oxtractons {compare T B! 111}

Average
T slocose Clearance kndex
= extracton

Glucose Mannitel
el 154 1.8 134
noe 137 189 143
172 B2 10 166

Clearsnce mdexr £ (T} where £ 1 crtoactos end T u moean taosit time

Table IV gres the extractions of amnow substances relative to the extraction of
glucose This mode of pr ting the resulo emphmsizes the observation that the
differencas i rat of pauage betwern glucose and the other substances drnappears
when there v marked reduction in fiow

Onl  3-0-methy! D-glucase can safely be sard 1o thare with glucose the ability
to paws the cerebral eapillane by & facilitaung mechanism
3 CGewrenc of glacese enf maxnitsl. Tabl V. hows the calculated clearance indexes
of glucose and mannitel t vanowns rates of blood fow The cleprance index bs cal
ulated  E 1t Ths product n propovtuonal to the clearence E v Q (where E
n exiraction and Q 1 blood flow  because Q ks proportonal 10 19 The a erge
alues of glucose cxtracton m the mansutol serbes (Table [111 were wsed to cakulate

the mean tram t tnre of the te3t substance {see Fig 2) The results show = dlightly
mereming clearance Index w th fall g blood flow
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Discuasion

The experments were earmied out in order to test LeFevre and Maruhall s hypotbesh
(1938) that the ability of & L Iyte to paw cell b by mechanbms
other than diffinjon depends on the confar I shape of the molecule The
dxﬁ'crtnmm(mwnmoflh:vmumlulcdinlhcprmtlmd)\ﬂm‘
howrever 30 wmall that it would be unjustificd to draw any conclusons with regard
to thn aspect of the uptake from hlood mto brain twue. Ouly one substance, 3-0-
methy! glucose, can safely be sand to share with glucose the ability fo paw mio
the braun by a mediared tranyport hanism. It 1 posible that the quite large
amounts of carner substance used have, in fact, led to ssturation of & transport system
s0 that dufferences in pasage rate have becore less promanent Expeniments camed
out at lower “loads of the uptake system might have dnclosed differences in the
behaviour of the different pentosss and  hexosey wsed. The fact that glucose was
always present may abo have jnterfered with the uptake of other sugars.

The hnear relatiomhip betv glucase and mean tranut time (Fig. 2)
makes it clear that the uptake of glucose in the brain 15 diffston-hmited At very
low blood flow 1t may bowever becomie flow lmmuted In thrs respect glucose behmes
as 2ll other polar substances taken up by am tinue

The observatron that the ratio between the extractions of the test substances and
glucose (Table 1V) approach onc as the blood flow fall 15 explained by the fact
that the extraction of diffusible substances always approach the smme -alue at low
rates of blood flow where the lom of even highly polar substancey become blood floy
limited (Fig 3) Renkin (1955)

The dearance of the test substances tended to incresse with faling blood Now
(Table V) Thn was a somewhat purzling and unexpected findmg The most prob-
able explanation n that new capillarres open up due to autoregulasory mechannums
n the brain. An mcressed surface area will tend to increase the clearance desprte
\ fall 1n blood flow Ths phenomenon has abo been observed in muscle wussue
.Renkin 1959 1966)

1t 1 still not unequivocally settled whether the diffusion hindrance between blood
and brain tispe resdes m the endothelial cells or 1n the apposed glal nveument.
Electrorlcruscopic studtes (Reese 1966) show that the cndothelial cvtopla m w the
brain capsflanes can engulf protein molecules such as ferntin, but that the materlal
mever proceeds across the basel membrane The present results lend support { the
hypothesis that the luminal membrane of the endotheina! cell exhibar come velect 6
agunst small molecules of almost umilar sire and phyvsico-chemrcal sructure n

E

of tm wwbsances w b di

Livon bet eem bhnd fox
F:J.Cuﬂn bowmg  he grnenal re o i
throogh caplsry  all
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that the luminal membrane does not behave as a barner in the troe seme of the word.
The well known fact that mannitol does not penetrate into the brain from the hlood
(Park, Johmson, Wright and Batsel 1957} together with the findings reported above
that mannrtol s lost from the blood strongly ruggest a difference 1 permesbility
between the harmimal eell membranc and the baml cell membeane of the endothelial
cells in the brain capillaria. Thus, polar substances are permitted to pasm Into
but not beyond the endothelal cytoplasm.

Another explanation of the findings may be that mannitol b lost to an extra ascular
space which 1 20 small that ¢ cannot be dstmguished from the vascular volume.
Expenmental evidence of the exhtence of wrch a space has bren put forward by
Agaew (1965)

Tt fs pot powible at the present time to carry the dncision about this pamt further
The movement of substances from blood to brun trsne must 1nvol ¢ transcellular
tramsport, becawe the position of the brain 1 fluid is lated. The
basl plesma membrane of the endothelial cells together w th the basal membrane
Fupamxghlbtdrlmmlmmdcﬁnlngbbodwnhniachlnna'hh
The powibility that the glial i 1 roponsible cannot be
excluded, though the fact that thds structore b not contd makes this Jexs probabl

The work waa rumthU,S.PuHanhhScnk:(?M:pSupplyAﬂw
wace Award Ko, nmdta{l) and from the Danmh Stat Rescarch Founda
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Fig Z_Sclucrdummd'obcrnlmdthrnhddlmp‘d\ cxterwson ( tacioa) od wsometrc
twatrh contractsn (ordist ;mﬂmmdﬁdmm!«hmm&mmy
oo of e gait. Filled artdes Teudon orgams i 1be proumal part of the saxcle Egipty carchs
Tendon organs In the ds) part of the mrumche

temion e can be reglitered, and eould equally well be recorded when the muscl
is contracupg 1sometncally as when it shortens with zero load.

B Tennm thresholds
The threshold to acuve tmich contraction was determuined for 22 antersor tibaal]
tendon orgam Fig 1b; In arder to avold interference from carly drcharge spikes
the threshold was chosen a1 the mummum twitch contraction setung up & discharge
of greater than 2 5 msec latency from the start of contractson. This would en ure
that the spke anpnated 10 the muscle at sopie ume after the omet of termuon e
Actrve tmtch thraholds aried from 0—-90 g mean 38 g Zero thrabald refer
to four tondon organs finng ponta tously at no recogonnable muscle boad

In contrast to the beha tour of solens tendon organs Jansen and Rudyard 1964)
all antener ubial units responded 1o patine  tretching of the musel w oty
phynological rmt  For instance the tendon orgap shown in bag | seen t dis-
charge at 40 mmp rec &t full ph wologic extenvton the murchke tempn beng 130 g
(fig 1 d) Correspond ng maxmmal pa st ¢ tension  alues vaned fom 14 X0
in difforent axpenments The temsion at the fim wemon, mpul  from tx Grlgt
tendan orgen war meanred dunng livtar 1 cirbe at 18 mmowr up to full
phywologic extamion in e manner deanbed by Jansn and Rudpnd  19G4)
Such passve extension throbolds aned berween 0~ 120 mea 10 g

It appean from Tig 2 that most endon orgam n the present s had peasly
the ame thresholds to pasnve stret h and actn tw tch contracton ndicating &
sumilar terman distribution at the tepdon ongan  tes urder the o rowmstances
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Fig 2. Aand B Ach dinchargieg Golgi tendon organ duriog pasi  llacar
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Six umits had appreciably (> 20 g) lower twtch tennon than pasome extennon
thresholds. When localized in the muscle by mechantcal pressure there tendon organs
were all found to be tltuated in the proximal part of the rmncle (Fig 2) Tl finding
corresponds to the distribution found in the soleus mmuncle for tendon orgams not dis-
charging at full pasive extenaon, and suppocts the explanation of Jamen and Rud
jord (1964) of differencas in the exdting force m differently loaated tendon orgam.
It would scem that tendon orgam sitoated sn the proamal part of the muscle would
not necemarily carry the same local load during pammve mmcle stretdung and
actnt muscle contraction However a tendon organ directhy in sencs w th the
common muscle tendon, would regoter approvimately the same temsdon [n the two
¥ The four wp ly drscharging tendon organs were bocalized one m
the prodmal and three 1n the dimal part of the muscle. The responses of e of the
latter are illovtrated In Fig 3.

Tt appean [rom Fig 3 A and B that th firing frequency of this tendon organ
mcressed with o alight incresses in tension However the dypamme and static
sensit i of pontancoushy dncharging tendon orgams as later described, were
found to be withio th  bormal range of ariation for the antenor pbial series. “Spon-

tancoush ™ fnng units were oot found i the sl muxcde ] nsen and Rudjord
19641

C. Stefic iends  ergan preperins

Th state wmuthan 10 tension senutvity to absolute tenuon level) was deter
mined for all nterior bl tendon orgars during a  fised tetam  contracuons
graded ~ntral root sumulation at 130 H ; Fig 3 ¢ ard b malnualned level
of par  uretch, n the manner described by Jansen and Rudjord 1964) Asappears
from Fig 3 C there was some difficulty 1n mar muinmg a consunt tetanke tension
tevel, duc to the Gt guabllins of this fatt comtracting miscle  \ecordingly the stcacy
#tate ficqueney wat measured at 0.3 sec following the anect of cmatracton. The
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Fig 4 Froqoonos tcowee dugnaos o 1he Golp codon argan sbown s Fig. 3 C. St starr
et made st dffvnt devel of pa exioon apd doring foed tetange s
orotractses a1 3 dferem dnveh of Ml eniemson

lmﬂmmmﬂud}fdlbvwedlh:nntlawnlcdadlpnumulhlfmdfa
sobns tendnn organs by Jamen and Rodprd 1954

o the amt dhstrard 10 Fig 3 C the frequeney deanyed by 106 durng b
peryod 0.3—1 3 s followieg a ramp wiretch 1o full phvsioloic extamon. The mean
valge for tnny finmg a1 more them 20 He, wao 182 (74 220

Fig 4 thowsy the taadh «aie frequene tenaon plot of the tendon organ aln
Dlusirated m Fig 3 C Similar plos bave been rmade for all anterior tikdal tenswon
argems imecu-ated. The hpical cune of the <encs was found 19 be one where an
101t steeper part merged eontinoowly mio a lews steep part at hugher tenuon valoe
Cono { # irane comractions a1 anom Jevels of mim) sircteh fload) overlapped,
conartent with the fact that the tendrn ofgan repsiered a comstant fraction of total
musdle tnnon Howoer 4 cune showed the sam~knd o displacement 10 the right
with moraaung pretetanc Joad as has bren frond o be charatienic of moet solem
1endon oxans Jarsen and Rodjord 1463 Thee unts were stusted 10 the prowmal
part of the aptener Ghal mus! and wat among the grovp with kwer twtch thred-
olds described eardier Dunng fosad tetanc contacum  suponmpotd o1 maim-
1amed Feds of paune strich. thew tndon orgens regutared mamly the acu ©
termrn commpanent This again cao be explaio~d by the hvpotherts of different temsr™
distsibtuca at Joca) musde tendon juncurn degused above. Although 1t v
of:cn perible to fit srareht Enes 1o parts of the frequencr tensroa plots, eg froem S~
1500 g tbe crmpurte anes were deard pever reailinar This malo cnenpary®
of sty valons wath the<e gnen by Jamen and Rodjord (1654 e sl tenden
orram dificnit. Homwever :p;vvnmxc»lopwforlhclmxmt{lh'ﬁw
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Fig 8 A Fregmencytemon d iawn L o, 4 plotted om wale. B—D Repooms
of hrer additional asceror Grues. Strasght Loy have been 6 wed by eye

tennon plots have been found to any from ca. 4—cu 15 He(100 g in dufferent units,
Thut agrees well with the senntivity rnge found for solews rendon argans, and wnds-
eates rhar the statke senutivity to tenyon wt the 500—-1,500 g aren §s approximately
equal for tendon ongans in the two muscles

The shape of the frequency 'terron curves mich as of Fig 4 suggeats that they may
be described as power {unctrona. This i supported by the approximate smught line
rdatiomhips obtained when the mme data sre plotted on log-log coordinztes a1
inTlg 3 I'g 5 A ponds 1o the unit I} d in Fige. 3 Cand 4

Acvordingly the steady state revponee of the anterior 1ibia] rendoa organos & spproxd
mateh dexnibed by an equation of the frm

R~K P

13}
where R 15 the response frequency K a constant P the muscle tenmon, and n a
constant determining the slope an a jogdog plot. Clearfy the exponent n 1 & better
characteristic of the complete (requency iennon relatienship of the tendom ergans
than finear shopey of subdrviuons of the frequency irnwen curve such es given for
sobewn wuts by Jamen and Rudjord (1964 In [9 units where a complete frequency/
‘ennon cunve could be drawn n w3 found to any from 0 41-—0 63 with & mean of
049
The d fTevent general form of frequency termon plots of the  mioiar titdal and
wken rendon organt as gnen o the present study and by Jaosen and Rudpord
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Fle 7 Froquencyftenslon dizgrams of ccodon orga resporsas, ( } Steady siat responcs mesr
lm:dulr?ll{(‘) Peak responscs during nomondal siretching A Amten
Fig 8 A—C. B S$olews wnit thow in Fig 6 D—F e bl s

Fig 61 givenun Fig 7 Tt appears that peak frequency responses dunng stow (1 Hz)

cycles correapond 1o stead) state values for the same tension whereas the peak fre

quency at higher rates of stretch overshoots that expected from the tenson devel
oped.

When companng the relationship Letween peak frequency of finng and 1ate of
sinuscidal stretch of all units, po charactensiic difference was £ und between anterbor
tibial and soleus tendon organs, and their dynamic responses appearcd to fall within
the same raage of anatlon The umilanty of the dynamic srtuvitios of tendon
organs 1n the two muscles 1 further supported by the observauon that the dynamsc
overshoot dunng anterior tibial tetanic contraction tended 1o disappesr in th fat
gued muscle, when ats rate of rise of tenwon approumated that of normal sokeus
muscle.

~
3 Dascas {on

" A more complete deseription of the respanse of the tendon organs would be of great
interest and convenrence. The tramfer function approach provides pomble methods
for such a comprehens © description (Machin 1964) This analyss ca only be
camed out with ewaitude oo receptors with fincar input/output relanomhip
As dermomstrated above the tendon organ respomc is a ponlinear function of m sche
tennion (Fig 4) However the upper range of such respomse curves (300— [ A g}
can approumately be fitted by sinight hnes, aml for solews tendon orx n they
applics to an even greater part of their range (Jansen and Rudpord 164 Th
approumate lincarity over an appreciable range fint fies an attempt (o determune the
transfer function of the tendon organs from th tendon organ characten tics Pund
dunng dyramic sumulation in ths area. If uccenf | 1 ment would be  mare
accurate desenption of the dynanuc as well as the  tatic properties of the ecapior

1n the 500—1,500 g range
If the fused tetanic contraction of the fast contacting anceror ¢ bi ! musel R
regarded as a s1ep temwm input, and the dynamic ovenhont Tig 6 A the
a the
tramsient ropome of the receptor the ume cowme of th tranwent con
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and verifiable predictions of receptor propertics. In Fig 8 A the ume course of the
dynamic ovenhoot of the receptor shown in Fig 6 and Fig 7 A has been plotted
na log-log coordinates. The curve o rearonably well descnbed by a strarght hme
which has been drawn on the plot by eyr Samilar results were obtained for the
trament resporses of 1he other anierior tiblal tendon organs im estigated.

This b amalogous wath the adaptive propertes of the slowly adspaing stretch recep-
tor of the crayfish (Beown and Stein 1966) the trannent rexponse of which s described
by the equatron

R~aPrt @

In this equation R 13 the response measured aa frequency iy a constant determinlng
the sendtmity of the receptor to unit change in tenmon (P) th time, and k a
constant doeribeng the time course of the (ransient raparse On log-log plots such
a3 Fig 8 \, k can be measured directh as the slope of th  regresson live. From (2)
the tramfer function of the receptor can be denved (Chapman 1963 Brown and
Sicin 1966,
The formulation of a tramsfer ' nction leads to two simpl  predictions | Brown snd
Stemn 1966) which can be controlled | the present material
i The peak finng frequency dunng smoodal uretching should incroase a3 the L
power of the stretching frequency
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In Fig 8 B the pesk frequencies of the anterfor tibeal unit previowsdy shown in
Fig. 6 and 7 have been plotted agminat stretch frequency on s log-log scale 1t p-
pears that the power function relationship predwcted by Brown and Steln is supported.
and a straight line has been fitted to the diagram by eye, the stope of which 1s another
measure of k.

In Tig 8 C the phase of peak finng frequency on peak tenwon are presented for
the same tendon organ. As discnuwed in detail by Brown and Stein (1966, these
measurements are pecenarily rather inaccurate particularls at higher stretch fie
quencier. In our material there did not seem to be larger scattenng of phacwe lead
values at different stretch frequencie, than that inherent in the measurement tncerts
tade Probably the memsurement at 2 Hz s a1 representative as i powible under the
ghven expenmental condiom.

The three independent aaimates of k are presented in Table I for four anterior
tibaal tendon organs s brtted to frequency analyms kaalues are abo g on for
four sakeus tendon orgams. Since no approximate tramient respome occurred fof
tendon ergans in ths muscle k was determined from the peal freguencicd nng
unwsordal stretching and phase leads, anly

There appears (o be a fair amount of agreement between the alues of k dert «d In
the different methods The matenal is too small 10 cover the entire 1 nge of anaton
intendon organ propertica, but t appears that the values for 8 tertar nbaal and so-
Yeus tendon organs are rather equal

"Thus the conclumon of the two preceding sections of thiy m asngation on the um
larity of static and dynamuc properuies of Golgy terdon orgam  the soleus and the
anterror tibial muscles v supported But it should be emphavred again that the trans

fer functwon of the tendon orgam remains a rather erude approumation on Accon t

of the nop-lincanty of the receptor
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On the Firing Pattern of Spinal Neurones Activated
from the Secondary Endings of Muscle Spindles
By
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Abstract

JaargJ K 5§ K Nrooraviesand T Runjorn. O the firing paltern of spunel newromes
activaied from the secondaty ends gs of wouscle spudles Acta phyalol. scand 1967 ¢

188—193

of groap of pinal weuroncs  rth axom escending 10 the dorro! teral funche are
reported, re exa bLkadedwnﬂmmn"m Tieesr thrabold
10 ehectneal sum lavon of onocke pem 1 the groop [T ra gr Thew la enun e e
tha Lh:lnllbcpmrplmmrcdmxh'ﬂhrhn;htgmrymnn pprodmatel boeard b
rruscle length. Thewr ducharge pa cra o haracterred relat gh degree of regula I'm
meggested tha they ysem relaying infrmation oo the kengih of mdn sdusl ol or
5y oergutic manck groupd Lo (he bam

Introdaction

The exntence of & group of units runming 1 the donolateral fumicle of the mnal
cord and act ated from the sccondarv encings T muscle spindies was reported in a
prel minary commumication  Jassev and Rudjord 1965) It s apprecuhly more
dafficult to obuun stable records from these axons than from other 1ypes of unit 1
the darsolateral fumele of the cord. However in the course of & Investigauon of the
group Ia scuvated unt wth axon  scendi g in tho part of the cord Jamem,
Nicolsvsen and Rudpord 1966 » cenain mount of addinogal information has been
obuained alo on the group II actnated units Since these gomup 11 unt duffer
characteri ticalls in thewr [ring pattern from the group Ia mits previow)y examined
(Jansen ¢t &l 1966 and un  the properises of thy particular grup ¥ unt ha

not yet been fully described, th matenal even though I mited, appear ¢ drsene n

sy stemanc deacnption

Methods
bred  Ooebodlegw  doners e esept
The aperionca were oa \embunal bon or bk s ety
ki digitonem botwe n::::‘ﬂ'b"um et T A el
cTlemr

3

]



DRCHARGE PATTERX OF SPIXAL NEURONEY 189
cut. The mrusche sendom w ere conoccted to an lomciric
a7 )tn-nydcd'n'dpitkn.Tbt.m microp-
e o e i o e v 208 moegoetic ape Full
detuh hmnhcapu-hncm.dunn'crnenundmu:nud(kd.nh beengneom
ing paper (Juory of of 1966}

m?flph\lhk‘hmidbrmtd t copetant

Results

Ideatificatron of smts All the eight wim of the present report were activated by pasmve
stretch of esther the GS or TA EDL mmda. \one of them werr acthvated from both
groups of muscla. They were all fired by electrical stimulation of the appropriate
muxcle nerve close to the muscle Thar thrahold to dectrical sumulations was al-
ways greater than that causing & manmal contraction of the musde, for some by as
much a3 a factar of four Therrlatencles to single shock strnulation were from4.5 to 7
msec. An cxample i shovn in Fig 1 A, At threshold ther latencies might be rather
variable from trfal to trlal but on ipcreasing the shock wntensity thar tiroe of finng
would become regular The high threshold and long latency of these unitsserve to
dntmgunh them from the Ta DSCT umits of the dorsolateral fimicle. The Iatter all
bay latenaes between 3 and 4.5 msec and thresholds less than a masmal freqoently
len than a threshold (Jarsen o of. 1966) The discharge of the group 11 nts was
characterustically interrupted during the peak of & twitch contraction of the mmncle
(Fig 1 B) Thb indicates that they were not apprecuably acthated from the tendon
orgam of the muscle

Responie fo streick. The response of & typical umt 10 & inear stretch of th mncle 19
Dhotrated in Fig 1 C. Its duscharge frequency incrensed with mereamng length, and
there vwas only a wmall reduction in firing frequency at the tramition from dymamic
stretch to statle extennon This feature dutinguish th present group 11 activated
units from the Ia units previowly described (] nsen ol 1966) A certaln mesyure of
the dynamic scositn ty  of & urut can be obtamed from the difference in finng
frequency at the end of the dynamu siretch  nd duning maintained extention a¢ the
mame length. Thh 1 the 3o called dynamic index (Jansen and \atthews 1962 a)
Tox the aight group 11 activated uruts of the present study the mean dyname Index
wasonh 15imp sccat stret hrat of 17 mm sec Thi b a value appredably smaller
than thatof thel actlvated umis @ d under similar d; (Janmx o of
1966) and it rupports the notion that the group 1 act ated uorts recenve they  main
edtanon from the secondany endings of the muscle spindles

Other tvpleal festures of the beha Hour of the group 1 act ated units appear from
Tig 1 ¢ They wuath showed a resting dicharge when the mscle was completeh
tlack. T pplied to all but onc of the cight wnits examined. Therest! g dncharge
waaalw 3 sl regolar and v frequency varied between 5 and 15 impSec. The
finng frequency of the group Il umt t mawmal extension of the muscle was urually
lews than that of the Ia et ated umt of the same muscle, but two of the prasent
unlts fired at frequencees of  bout B0 mp sec At (ull extenuon and this {s bout in the
riddle of the range of the group Ja on .
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/hg 2 A Frrequency ccxaemon relsnon of O3 unnt. B Narmaled sbaery toes on the Grquency
exicrruon relatron of 3 U8 warn. Ordmats finng frequency e of hr fieqoeney, merrment
due o stret b Abattus degrer of exlennon b pertemiage of alue Data (rom the b 10 e

of eretch for cach um

Frequeany gtk chaton. The mean frequency of (iring at variowy muscle lengths
was determuned dunng & seriex of progresune short stretcher. The frequency way
roessured 0 5 scc after cach d namuc siretch so that the alues should be comparable
(0 thote of the secondany endings determined previoudy  Jamen ond Matthess
192 b Alnzs, Jansen and Rudjrd 1963 \n cxample f the resubis i lustrated
w1 Tig 2 % Jt appears that the finny frequencs inercased appeovimatet binea Iy
nuth fncrearing mncle length over the greacer pant of the rangr The cpome cune
warusmily fesssteepat the umallevtlenphs T thra range there m ght 111 be some tack
tn the mwncle and some of the scenndan end ngs migh 1 not ot have reached thele
threshold An appeaumate bncanty of this refation way shuasned o alt the fre
wnats stwdied in this way The slope valuey aned between 7 and Y4mp ot mm and
thn #s within range of vanation of the stope values of thr secondany endi © of the
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Fig 4 Relabonehip beiween standerd devntion of faterval dwtnbwison and meas bacerval A.
Dta froms o G tn B Dat frotm mx duffereat s, each rnclienied by scperate symnbol. $taded
arta represents the degree of .mhlnfmndmhmml_lmdd.l

mme muscles The entire material n presented in- normalized way in Fig 3 B and ic
ppean that the devianons from Eneanty are moderate and probably not important
t the prosent bevel of desenpudon

Dustrnbatwom [ pring nterials O ¢ of the characterlstic features of the finng pattern
of the group 11 tvpe of units was the relamvely high regulerite This also  ppeans
from the dstributon of inng intervak dunng -arioan levels of mantained stretch,
Lamples from ope cell re shown in Tig 3 The dutribotions are all unimodal and
farrly nmmetrical This  pplies to all the ux unuts for which och observations were
obtamed, and these s cells were examined at 38 different les elsof activity Altogether
these mtenal d tibutom differ from those of the Ia type of wmts (Jamen ef |
1966, by their gmaller degree of ariability
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Reletronshup betneen 1oneinlity axd weex wlervel, As pointed out by Wemner and
Mountcastle (1963) and Stean (1963) this relationship is & most Important paramcter
in the desenpnion of neuronsl bekaviour The data from one cell are presented in [ig
4 A, There appenrs to be an approximatey linear increase in the standard deviation
of the distributions wath increasing mean intervals. Thh simple relationship n in
general confirmed by the data from the five other units exammed Chur entire ma-
tenal 1 presented in Tig 4 B. In this graph, cach umt » represented by & scprate
symbol. Certain deviauoms from the lmnear refatlopstup sre apparent but they do not
appear to be systematic. As an sl description therefore, the lincar relatiombip
between standard deviation of distnbuton and mean interval appcans a1 » fft
representation of the matenal within the mnge examined.

To illwstrate the difference in behaviour the range of varialility of the In type of
units desenbed caclier (Jamen o ol 19665 has been shaded i1 Fig 4 B The present
unts all occupy the region below and 1t is of interest 10 print out that higher order

SD '
asfon

Scwry peurones can fire with a coefficdent of -anation ‘——m‘

a3 10 per cent Fig 4B

Sersal depradency of duxtion of wherrads Th fea ure of the decharge fa crm bas aahy been cxamined
2 the duraton of the mea  mterval 1n the conditonal wterval dutribotions 1 thi kaod of anahan

which has been performed on ibe data from s group 1] pe o Wi, negatn soml oncla wo
betwren the duration of nesgh! w enab au mean  nalof be on
ditimal dustribatson with increxsmg doranoo of cwoditsomng w0 erval (] meen ol 1Y Ths

war oy prominent fra ure of the Lo vpe of b bot moch los omeprcuoet m be prrscnt

the cxstence of  pegath soal dependeocy abo 1m the ducharge of 11 s, bet s degree
w0 less than hat of the I wists, and probally pot of mtetnt to cxplore m he provent e «d
mxtersal,

Discussion

The pen cells examuned 1n the present iy estigation appear to be actnated from the
secondan endings of the muscle spindles without apprecable add nonal actnaron
from group [ afferents The e dence for thus statement was gvenan th rewlt sec
uon. The secondan endings arc less d pameally sensiin e tlan the priman ending
and therr affarnt nignal can uscfull be doscribed a3 a measure of musche kogth
\fatthews 196 In thar ineart Tig 2 and small dymamme sendt 3ty (Jig 1
the umts of the present studh roemble the secondan end gy and they can acvord
mg) be saud 1o medmt mformuummmusdclnmhmmrngionnﬁhclnm!:
)bouldbcpclnlcdomthll]lhﬂuthhcumlo‘flhtpl’ﬂcnll"pc”mh nm in ¢
iL 1 dorol 1 fi i} ofl}ws;nnx]mrdurmglhcumnflbtdrm—ﬂ

P dar
spuo-cerebellar tract there ;lprumlmdneﬂnidmcccmnlmlhﬁfnrrarl‘

termmation.
Spenal nearones with ascendi
have been reposted previomly

ng.mudacunudfmmgrmrpllmwlc:ﬂml
Oscarson 1958 Lundberg  nd Oscanson 1962
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The present unlty differ from the unins of the  ventral spinobulbar tract”™ of Lundbery
and Osxcarmon (1962) 1n that they run in the dorsal part of the latera! fupicdle. The
entral rpnobulbar neurones, furthamore, are actrvated from group 111 and ko
afferents m additron to group IT afferent and there o a Lurge amount of cons engezr
from diflerent muscles to each neurone The present umts were all activated from
clther the GS or the TA EDL muscle, never from both. One of the tnlts was e
actrrated from EDL exclun ehy and unaffected by stretch of the TA muscle,

A final pount of more general interart concerns the relatively high degree of reqm_er-
1y of firireg of the prevent type of units. An claboratron of the quantal excltation 2+
of Sten (1965) was found to account for the finng pattern of the Ia DSCT eyt
(Jansen ¢t ol. 1966) Referning to the same tvpe of modd! the regularity of the typ- (1
naty snggest that thelr un tary nput EPSPs are appreciably smaller than thene £
1a unlts,

Tids wock bt been

Sertyoengrace

by grants from det. The belp of M | Resrarctspar
Arvc Jcomen ls grazclully acknowledged. e

Refarences
W E ] B8 Jame and T Rumpors, Fusmotor acthlty ia the cplnal cat doe sy 4 o

Jlmum—m_ oo centenl i
\uv, J K8, and P B, C. Marrraws, The emmueal control dynsak

rpi—ﬂi 7 Pom. (Lt 192 167 35737, R S
J -y y K.Ilnd B.Clhrmnﬂ::r&tndfmmhrnuu»ukmy

of prowary and mdmk-phﬂuhlhcdﬁmhuaLml._ -
1962 b 55 376386,

J wt ] b5 A \xotsvm  od T Renfoxn, The docharge pa tem of pew P
spivacerebellar tract actma od by mabc extemson of the primary endingy [ 4.,
JJ S 195-5‘._2' IDGIAI_?::. R

anerx, £ end T Rev) dorsal epuoo-cerebeilar ract Reapoes-

v servech. foaer 1964, 149 1109111} lakad -
Lorbaran, A, and O Oscarmoy, Tw  ascending rpacal padin a1 in the yre oy P
mﬁmuuxmym-mm o
Trmae, BB, G, Muscke spundles and Gasr motor control, s, £ 1,
Owaxmoy' O Farther wpinal eacts acth et g 7 M

E3

>\ A,
tla ncricr, {ock. el Bl 1958 35 199213 - v
¥ B A theorencal nalvus of rabdity Bmpbre g 3y
Yo W aad VB, Mormearmis, The srabaly of Acuny et

’Tudhxlupl,c.mhux entral refectan of sermony events. § Ay e

3T Ao phrmed cwnd oA T



Acts phywiol. ecand. 1967 70 194--206

mebmmdwwhrdlnﬁaﬁjuumﬂ the lowtwte
of Hyprene
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Effect of Prolonged Heavy Exercise on Renal Function
and Urinary Protein Excretion
By
Jar Casmroms, Foixe Mossreint and Maows Pooarox

Reched 17 January 1967

Abstract

Castexrony, ], F \loswrior and M Prcator Effect [ prelemped heey wrcse o
remal function ond wrinary preseix excveton Acta phvsiol scand 1967 0 194 - 206,

The uriary proterns in nornal men partcrpeting un an 83-kiometre da cace bekd 1904 and 1903
nere by 5 h ot nd gel Eliratron The wnnan exrret

sodiem, phosphore aad pota
shpmafican? increase m total protan and aibumin mercnon denng be race The prmnn excrerom
aricd coniderably from nc indniaal o asotber | 9 rabperty who porix pated m be b yean
the proteln cxcretion, and ko (he perrentage altxmnun fousd by cectropbornn, thowed 1

The nereased unnary protan excretion after muscular exercewe b been s mn
far & fong ume Leube (878 The dmpimr on and nature of tie urners prcewee
alter excrase sy been twidied by several in estigaton Nedbal and Sel g 18008
Poortmany and an Kerchove 1962 Thewe tudics shomed that the noeose n
protein was prnapally albummn The mecha ums roponuble for th ey ae are
poorly umderstood. \an theorses ha  been proposcd mecharucal trauma Taracl
1910) acsdosss sBjure 1973 changes n the renal ar ulavon S 1920} ks
1960) \Mont studdres on proten excrenon durnng exerche ha  been dom dunog
beavy exercise of short duration and related (o protein excretnn onl W muderd
1t of interest 0 1 oot gate the effect of proforged evhau ting m scula w ok on
pm«:mnm:uouandahom the glomerular and nibulay function

.
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Tastz T Mean valoes and range for sge weight, height, prysical workiog capacity lom of meight
and skiing tine in the 1964 and 1965 st growpe

Maseral  Age Hewghs Wesght Physes) Loss of Siting
sears = g working . cight tme?
kg win
kpeo/min
1964 v 1719 73 1313 150 563
group pra) 172197 -84 13001500 033 438694
-1
1963 L] 179 7+ 1483 178 4%
o 24—63 165—1%0 6088 13001800 1031 341373

-13

Defined a4 physical working capacity at beart rate of 170/min wnder standardmed conditions on
bicyche ergometer (Setrand 1947)
Cakenlated onty foc the § enbicets who particpated both m 1964 and 1965

Material and maethods

The stodies weve made {n 1964 st 1963 ia confunction vath the \ which i wn annual

every year The surface for was better m 1963 tha m 1964 The shoog tme was

T—11 hrs ea 194 ni-hcmb—ﬁhr-mlBﬁTmynb,cm‘m-mdxdml%{-ndwm
1963 Nime of the sabyects particrpated on both occrucds Age, phymcal c:ﬁ.dry(\\,_)
g tame and bow of welsh wn be (964 and 1903 growps are ahow  m Tabbe

wa the ¢rady were well traned ddoens, mouly docton, s good phryecal
1 the 1904 sudy onty the mrme tha was owded xt the cnd of b race waa collecied 1 the 1963 race
unoe  w collected on three ocommont, before, oa completion and, from some

oa time
fier commpleuon of the race Al of the wine colkerted was epontancously omded Both m 1964 and

1953 the mbyects weve aflowed foee hroughom the study The (period
inchaded the orcrmgh mnne of 11 sldects precedmg the race Four subyects

herr 0 tha o thear cases wis of short daration The second mm-

bout 20 mea after armal ot the w -post 110 mubpects 1t was also posuble

et anae dunmg  thrd pered ( 1l ol anying duravon ey ki
e period wcliaded  dmner nd fund trtale

The wime & colleried m plastc bottdes with sodiam ande sx ath and was fromen
wiid nahyed | be [% wody mpla of fob wne e cemnfoped and the schiment was

cxameaed macroscopscally

\ cwms blood 1amsphes  e7e t3ken 1m the mormosg bfore the race and sgun  bowt 28 mrin after
£ | st the iyt The cmoue blood exmples werr cofiocid un bepacizsed tabes, ormtrl

v are
swome s w078 T 001 aad for protem wmm and protem 1 000 s = 072 (P<0.01)
The cxreison in the 19} Gudh 1 cxpressed per gram of creatinme becnwie of the large dead rpace
rror durng these short collevtmg peodh and

tamed callectiom ln
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fplasma creatinine rato Ik these mbjects, HI in which no plauna ample
wes obtaloed the fodhidml tovel med pﬂhdhwnnrdf«lbcnlcuh
Sodum £2d patessiam weve desermned in plaema nd urioe with # A ot It
plasma for of the socdiam n periods [ nd I as obenioed froos 4
srubjects, aod 1 these subtects (be mcw sodi m Lot | of the otber s for these =
used for the calculation of percen age Altered sodrum cecreted. | ptrloj‘ltlll’ he. adn shuat plaras
sodrum beved 1w oved for be cakulation.

wrine mas dev the method of Ileda (1931

Pracator (1904
was determined by tarbe dimetrc metbod (Houck 1937, The standurd ied o

sibonuclease.
eemine acrd- % wats amayed by & direct nmbydrin metbod (Sreotiemas of &l 102 Gl m
ackd was used w1 the standard

Frotein tz eriwr was determmned by the biuret metbod of Goa (1933) wubhama alburtn e tand

ard siter precipltatsan of th protens wah Teochny  resgen sccording Prcator (192 For

pevierar. P per clectrophorous was nm
buffer The separs bon Ut was I brs th current of | mA per wnp. Protem  ere stsaned w1 b

Amido-Black 10 B and  scanncr was wied for quen tat  caluanon
lecirephorerrs Macroald wimr | priooplc sccords g to hobed-

exger (1933 Horwe antscrum sgaiest huma  serum-proteia (N 13490 be Pasteur 1w
P or) mas used. Abworbed antiscrum was obisined by sdding Rormal ermany proveum from peresd
the

gosclbchaft, Gaul gen; under reduced presewre
of wmary pH B b, oung bartatsl \ eronsd

groap
Gel Alirstian For theory ne ppbcavon sce Flodi (1901 2x 1%4 scpararom e dune b
D1 A sodmm pheaphu

Eroups sccond

bjects |— 7—12 od 13 ~19 mere pooked. One ml of each a3 wepara of One md a0 unsan
oncenerat {om man collected & rest, obe ml of bormul plasma asd e ™

of prine oncentrat from  ave of ubulsr proteummta (chrons adm um pason ng wrt sho
sodsed. The concentra ed pocled [racuans were ales metgated by paper el mpbomus 1 be
peotein content was deferemned by be beuret metbod m the pooked (raciom 1 3 obiawoed dunirg
Lot » ot done woder fbe ame cxperiments] condi wen exerpt tha be daa g

prtwas 0 M N2l 001N aoddy o phosplasie pHB O T wo alyects eepar o dome

e entrated wn aam from afl three collectg peond
m&n:ﬂmulmhlwmmwﬂ The ugncanc of wei wdwal diffrrrmees be e be

= P00l
m P<D0O)
l\h-nkﬂ:ummeubynrrue\n-umlmwmwnmdhnmn;mmm
darleg the ace Fell ogtikde 2 SD for the matensl
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Taste 1l Exerethon of protein, ghucose, e-amino sckd N and nbomsckease per 1000 mowm and electro-
pharrtic dinrxibatkon of the wrinary proteins ¢ pH 86 In the 1964 test growp. The
subjects are Eated I order of ncrescing mosmt of proteln excretion.

dmirfbatlon of proteim

g per 1000 mosm pH 86
Sab- Protn  Glucose  #amino RNaxe Alb. & - s 7
Ject w3d-N
1 120 192 218 1 ms — - n+ — -
2 1N 43 177 0B 18 113 184 no s
3 43 ns 138 187 %S — 81— —
4 248 64 181 1.60 W00 - —_ 00 —_ —_
3 266 501 5 217 236 112 168 64 1200
& ™ w5 10 147 403 118 163 s 132
7 4om %5 0 11 312 98 140 78 164
3 A 173 152 106 n 81 s na 160
® 71 @2 254 145 457 a3 158 153 150
10 43 108 a0 1.5¢ — - — — -_—
11 370 00 7 1% 34106 127 163 170
11 e x4 ™ 110 418 48 92 1 A
13 649 n a2 12 2. 01 180 153 182
" T [ba N n4 197 416 &6 139 15 184
13 7 354 LAl 1.2 424 130 141 145 180
16 738 ™ 1 218 435 15 1as 11e %9
17 a2 279 n2 178 42 123 17.5 143 1ns
1 «az ms IR 100 07T oz 4 132 u7
19 1,560 95 s 1.l 9.2 26 1.8 08 a9
0 136 471 % 138 837 18 U7 128 90

Tha eubgect.  ben ebecked by ehemed  normal dectrophorctic pattern m. igh gpecimon,
but m  day rpecrmen glomarehy pattern, of the e tyPe & durmg the akd mce.

Results
Obserratroms at 1964 ace
There were large indradml  anatons both In protein cxcretion and electro-
phocetic pattern (Table 11} Most rabyects showed  bugh percentage of altnmmn
There was a sigmficant correlation 1 = 085 P<0001) between protein excret! n
and pereentaye of alburmn 3 meanred by electrophorests. There was no correlation
bet €en proten excretion and o-amino acd \ and nbenuckesse excreton (r = 0 09
= 002) Between q-anano sdd N nd ribonuclense excrenon there was a sigmf
)ant correlagon =072 F<000l; Fg 1 shows the electrophoretle patterm
of the pooled urme of three groups, subjects 1—3 712 and 1320 with low
moderat and lugh protan excrenon i the urine Tig 2 shows the gel Sltranen
pattern of the same three groups and also, for comparkson, normsl plama, normal
nmxpm\dnmdudmpmtdm[mmumpaﬂcmvthmhdupm(dnmh(thrmm
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A obbe e At

oa

[of » @
»

hd £

E - tw/u
W

AB LI Y ¥ o o oue u
t Fog 1 Fg 2
h(lﬁcn.nneddmm-phuﬂxp:nermdpndfdmm PH 86 of subjects nhC)b\upmln:
moderat  proteim excrrnon, E) bagh protoin cureton durmg aly
an!L-dﬁhmm&nmmd\)rumﬂmwﬁmlymlmmhmhnp:mn
with chronic cadmmum pouoning. C, D E. pooled unmc (rom mubjccts  1th kra moderate £ad

bgh protem exrrevon, roapecin dunng 1ki race Scanned dectrophorrisc pat oros of the proked
vrmc are sbow 1w Fig ] The frer fraction 33 refers to pon-prote subatances

5

]

cadmium poron ng) In all three groups there was a condderable increase in
fractwon no 3 corresponding to scrum all mol wt ca 69000 most ma ked
in the group with the highest percentage of albumn

Table IIT shows that with increaung protein excreton there is a tendenes ¢
relative increase in fraction 2 contalning manly yeglobulin and tramfornn and &
marked increase in fraction 3 compowd mamly of albumun There « a relatn
decrease 1n fractions | and 5 eontain ng respecti el the h ghest and Jowest mole-
cular werght proteim. Compared with oormal proteinuna, hmever there 1 an
sbaolute increase 1n all fractions, expresed as mg proten per | 000 moysm [ the
patlent with tubular protanuria most proteim were found n fractsom 4 and 3

contatrung low molecular weight protcim
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Tanx 1L The percentage distribution of proteint in the fractiom (1-—5) collected during el

flrathen (Fix 2)
Fricton  Berwm Nocmal Pooked Pooled Pooled Tubalar
nrinary urlae wrine weme protelmerta
protcks C D E
1 7.5 07 73 LR} a2 11
2 251 n2 103 125 126 59
3 02 m2 413 510 631 H2
4 22 170 266 36 153 414
s - nse 105 74 36 74
Tastz IV Acun valoes, SE and sgalficant diff of plarma meormred t wtart
and eod of sk race In 1963 text group.
Parumeter . End
X s P T  sr

Phrma creatinine  1.01:20.03 1071004

/100 ml =1l o=12

Flaans potssslom  483+0 14 4431015

meg o=l =1l

Plama sodum 14+4+2 461

meqfl -1 =1l

Plarma osmolabty B4L3 XX 30912

mosmolkg H O =1l -9

Sutwncal difference (sce Metbods

OQbserrations &t 1955 racs
Plesma creatimns Px Pg and Pouu (T ble IV ) There was no change n plarm oe
atinme Plxmulodl\mmmllonmu’mcdlndpommumdecrtaxdlhgh}y
Plazma lality was at the end of the race

Urnery paremater
Table V shows mean ﬂnellndSDoflUm‘hunpunmtmmmm-\:ddmbg
the 1965 race excluding one rubtect who reacted stypically The ndi 1dual values

of thn eabject are shown n Tabl VI The ngnificance of ind vidual differences
between the three periods 1 also shown.

U rowe flocr and renal lewrence There was a thight decrease in unive fiow a somewhat
more marked decrease in ommolal nd creatinine clearances and an increase n
free water clearance ALl these changes were not uatstically sign ficant. The unne/
plarma creatinine o thow ed no ugnificant change during the race. After the race
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Tamtz V' Mecan slocy and SD of ﬂm:m'tdpanmﬂmame]%!um
£roup before (Period
1} dmmi(?ﬂbdll)lndrﬁrr(?cr‘uil”,lhc:ﬂnm?‘benmﬂﬂldlﬂ(nm
betmecn the penods are abo shown,

Urinary Pelod I p' Peed I p Paked Il g
pameters Before I-Il  Dusing U101 \er -1
X£SD N=sp N=sD

Unoe fiow mlmin 0732023 030023 050057
Free w ter feamoce  —15 207 —11 -07 ~21 211
Ormolal » 22 .08 16 08 30 £17
Creatlaioe 11 =% 8 .n 107 236
Urine/plasma creatnene

nuo 187 - 60 191 - 61 47 _ 5. A3
Phosphors  g/gcreaunanc 0.774025  \%\ 043.023  XAN 08027
Potasuinm meq g ereatinine 19 = 14 NXN T4 -0 7 8 1SN

Sodium  meq'y creatinine 71 23 AY 40 -23 X =37
Fer coat A7 ered sodinm ex

ereted Q0-016 AN 0%=017 X\ 0Gi-0n
Total proted

my/g crea mume 33 -1 ANN 16) =76 X\ 7 8l
Albumin g, g graumne 13 _7 AN 68 =4S AN ¢ 17n
Riboagtiear

gt crea inine 101 =033 054 o a2 o3l
samino ackd-N

e g creannine 163 =31 192_3 174 n
Glucvse mg g crestlane 21 =11 7 s LB
Toal protain my/min 04a73 AS 0145 0093

Sutwucal different  (Ke metbnds)
X P<@@ \% P! XX\ P-0001
+

however 1t was ugnificantly decreased compared with the perind of rest before th
mce In period I before the race unne flow correlated with urinc pla ma creaumnc
rauo but not w th creaunine dearances. In the second penod dunog the o
the urme Bow correlsted also with creaunine dearance Table V11

Electrolrte  woreteom The excretson of phospborins decreased and of potas um in
creased, s gnibcanthy duning the race compared w th th pre race alues After the
race the excretion of phosphonn, but not that of potasyum  returned to pre-cuey
cnie evel. Sodium exereuon snd th per cent filtered sod um exarcted Ix dev wd
wxmficantly dunng and returned adter the race to precxerase kevel  The vod um
excretion dunng the finst and second period wa  best correlated with th per entage
of fltered sod um excreted, but there wa no correlauon between sod m tion
in unne and creatmne clearance Table V11

Extretion of prot axd [me el ot szb texee: There wa a gnhoat
.Ibmmn:ndpm(nncxnﬂronmprnodllmmpucdnxhprn«dl butm rgod
sant change in the exaretion of nonudease a-am no ad \ and gluc ne  Aier

a1
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Tastx VT The Indindoal uricary parameton from onc subject excloded from the aiatistical
evahadan of the 1963 1w growp.

Ucrary Perlod 1 Perdod 11 Period I11
Paramseser
Loe Sow [Y:) 21 - 051
0 —10 —04 —o8
Conn 15 17 13
Cer F » »
Lre 164 B+ 185
P oggoa 1.03 21 4 o6
1N 25 - "
\ a2 m o« 2
Blr N exer o33 148+ o8
Prowed -yl g o et 2 173 P2y
Albesrda 73 45 »
Rabooochess » oS 47— 081
samubo ard-N 1 50 - 13
Clucose » 33 120 4+ pel

+ todicates teat the skt fals outside 2 5D of the rost of the materia) {sec table V)

Taxta VT Urine flow and unmry sodmm excrenon correited with ocher wrinary parameters

m perods 1 ad 11

Prriod 1 Period 11

Before the race Danng t race
Corrctavon
X P P
mev%mm —on oot —ors <001
Unme fow — € cresnomae 00t o0 —unz <00t
N eur — fihr N\ ewr o7 ool o ~0.001
Nt G aaumne 0% >t [ >at

the race total proten and alburun excrevon returned towards the pre-excrcise
bevel. The exerenion of nbonutlesse o-amino sad \ and pucose thowed no sgnif-
want changes.

Eiecrraphoresss and gl pliretion Paper electrophorens for the 1963 group showed
the same general trend a3 for he 1964 group

The electrophoretsc and el fltraton parterns of twn subjeco e shavn in Fig
Tand 4 One shows the 13 prral pavern of exertise proteinuria w th an Incrense in
afbumin, scen both 1n paper clectroph acd in gel filtration The other rubyect
shows an  typical pattern with no albumin increase, but uatead intrease fn £
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Detere Al: ,l
v w0 W B
. §HT 0, RF .

!

Mar —nalr
-
Fig 3 Orhnﬂd«impborné:run—u[rmlwmbkmbrﬁn during  nd afer the & race

Fattern,

ey
Aw reled, PR T
Beters b o
8 ele £n reled,
Durwy - o
[ I P F elet,
At o -
Tig 4 Goel Altratuon dusgrans { oo
wo sulgects befor  durmx and
after el ae LI C peat
e tern. D B b oanpecal puters
n oW o -~ rowoaow
Tabe meembet

and y fmciom fig 3 and s relat ehy comuant gel filtration patrern fig 4
Sumlar electrophorenic patterns are obsenved 1n another 2 ubject but the ot of

the mb}cv:u Ih:\( rypu:-l patterns of glamerular type
lectrophoretic  and di i arahwy
skrowed in lwo cases wi h hugh protan everetion dunng exerone that antsenum

absorbed with unnany protean from period ! dsd pot rract with unnar protan
from penod 11
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Comparisen of protnn excetisn 1964 ond 1965, Nine subjects partrapated in the tests
both at the 1964 and 1965 racer. Fig 5 tbows the raults obtamed from 1964 as
correlated with the valoes of the same individual in 1963 for protan excreuon
and also for the percentage of albumin. There 1 a significant correlation between
1964 and 1963

Urtnary rediment. During exercme mereased amounts of red and white cells and
hyaline casts were excreted by most subjects. The Albusiex test was slightly posinve
in three subjects at the end of the race. These subjects aho showed the highest
proten concentraton,

Discussion

The increased exeretion of protein In unne amocated with exercise may be the re
wult of an increased glomerular load exceeding the rate of tubular renbsorption &
decrease m tubular reabsorption without s change in protewn filtrations or & com-
banation of both. Uninary proteins may also originate from the lower urbnary tract.
The urinary TH mucopeotan described by Tanum and Hortfall has been reported
to increase dunng exercise. This protan appesrs 1o be of importance in the forma
ton of wripany cans dunng exercise (Patel 1964) The TH mucoprotein may m-
ceaxe the protein as determined by the biuret method

The wncreasc 1n albumin excrevon found in the wudy confirm earlier findings
(\edbal and Selrger 1958, Poortrans 1962) and ruggeits that exerchse increases
the glomernlar permeakility for large motecules. \elther mmmunockectrophorests,
paper electrophorens nor gel filiraton provided evadence that protems of high
molecular weight not pormally foumd m urine were excreted as a result of cxerchse.
Alteratons 1n the mechanum for tubula  reabsorption of protan are ery dif
Boult 10 meanme  man. In the present imventigation an atempt was made o evalu-
te the tubular reabsorptive mechanmm by studying the cxcretion of the low moke-
cula weight protein nbonockas and anuno ackds, which may be expected o be
Wmost freety Altrable at the glomerular membrane Changes in urinany excretion
of tese substances shonld refiect changes In whular reabsorption if the Bltered
boad remuns the ame The exacvom of ribomuclease and a-amino adid \ did
not correlute with the towl protan excreton in 1964 and dd not significanth

g
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change during the sk sace in 1965 Thy suggests that tubolar reabrorption of these
substances s unchanged during peolonged exhavsting cxerche 1t may be suggested
that thoy also applies to realmorption. of protens durdng exeraise. In smne sulfeen,
however a3 sbown in Iig 3 tubular faciors seem 10 be of impartance for erereme
proteinuria
The componition of urinary proteiny remained reladvely camstant from 1961 to
1963 in & mven subject (Fig 5) This suggests thot an Individuat factor i the ghmer
ular membeane contributes to the wide Individual varations in the urinary pro~
tein cxcretlan in this study This factor may represent small vanatons in perme-
ability of the glomerular membrane The above findingy agree with the onginal
hypothens xccounting for excrcise protanuda (Leube 1878} He propased the
theory that individual differences In der Diclite deas \ievenfilteny explain why
some subjects inereased peotein cxcreton after exercie and some did not. One
subject with one of the mast marked levels of protein excretion during the race
showed typiaal orthortatie proteinuria st m tater check Tlus suggests that ortho-
static mechanhms coninbuted to the increased protein exerction of wome subjects
during the ki mmer
‘Mot studies of exerase proteinuria (Whit and Ralf 1918, Taylor 1939 Poort
mans and van herchove 1962) show that the largest quantities of protein 1n wmne
oceur after and not during exercise In thu study the proten and albumin cxcietion
ertased duning exercise and subuded thereafter Thiy decrepancy may br dur
to the different types of exercise and shorter durmtion of eollecting period  both
dunng and afier exerehe in the abovementioned studses
At the 1963 race an aucmpt +as made to evaluate the change m glomeruta
~iltration rate by measuning endogenows creaunine It way feit that vseful informa
‘(ion would be obtained although us relationhip to glamerule  filtmuon rat
gomewhat varizble (Smith 1956) and the error of clemrance determinatinn » Lirge
during penod  of tow urine flow Tie creatane method uwed 8 oot peeilic nd
romy be mfluenced Iy chromogens The con tant plasma crcaunine concentiat m
during the race uggen that chromogens prolabdy have liute fluence on the cre
aunine determunatiars under these crcumstances. The mean decrease in o 1 mne
chearance 28 per cent s texs marked than the decrea ¢ in innhin cearance alsened
in short scvere cxercre (White and Rolf 1918
Exercise wually causes a decrease in unne flow probalsy due 10 the 1 her ten
of antidiuretic barmone  ADH  and decrease of glomerular [ hravon rar - The
peecie contribution of these o fact v dunng curone oot been o hared
experimentally  Wemon (960 In this study the deerrase in unne fom dwmg
the vace ( —31 per cent) wn of the ame magminde & that of creatinine fearance
The urine plama creatinine ratio which & morr senuth e indicator of water
conservation at low urine flow rate than unne flow telf Py 1903 wavnorugnif
kanty changed The correlation Letween unne flow and unne pla ma ereau io¢
catn did not incremse uguificanty from rost 1o exerrne 7 07 wr 076 bot
de correlation between unne fiow and ereatimne dearaner 1acreased markedly
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{t =~ +00t to r = 4-072) Thh suggests that the decrrased unne flow dunng
the race was to 2 large extent sccondary to decreased glomerular filtration rate.

Muscular exercise 1 anociated with a decroase of sodium excretion in the unine
(Bucht #f . 1933) Thn decretss may be due to decreased glomerular filltration
or to Increased aldosterone scerction or changes in remal hemodynamics. To tha
1n -estigation there was & decrease of sodium excretion in unne duning exerebe and
albo of the percentage of filtered sodfum exereted. The excretion of sodium correlated
well with the perdentage of filtered sodnum eacreted but not with creatinme clear
ance before or dunng the race, suggesting &n noreased tubular reabsorption. The
Increascd plasrma remon actity shown in the 1963 stedy (Bofowni(, Castenfors and
Piscator 1967) and the increased plasma potessium concentratson known to occur
duning exerene (Laurell and Fernow 1966) suggest an increased aldosterone seere
ton during the race.

Potashum excretson wt the urine dunng exercne hay been reported to decrease
sightly or to show no sgnificant change (Kattus ¢ &l 1949 Sinciair-Smith « «f
1349) The ugnificant increase In potasdum excreton both dimng and after the ik
ruce may ha ¢ rany cawser, Th {ncressed number of red eclh 1a the unoe scen
conjunction with exeruse, and abo incressed bemolyws dunng exereme may con-
tmbute o the increased potatmum cxcretion Increased aldosterone peoduction
may contribute to the potxsdum lows duning the race but probably not aftervards
‘The rapud merease In sodinm exeretion fallonwing the race bs strong evidence agawst
1ncreased aldosterane actnvity at this time 1t 13 powible that augmented eatabolic
processas dunng sach long exbaust ng exercrse may rault in moreased potasnom
excretion

The increased excrethon in the urinary sedunent of red and whit cefls and hyaline
casts it In accordance with carher findiogs duming exercuse (Alyes and Parish 1938
Patd 1965 All subyects o this study incremsed thes onnary moteln excretion
during the a~e onh three however reached a level that would be detected by
wual efineal tests, showing a aiighth pomt ¢ Albann 1eat. This tlostrates the
mi ute magnrtude and phyalotogica) nature of exercae proteinurm.

Supported by grasu from Foreede L U red Lf Group Iemeramce Cocapusy) ad Ribs
whrottorbumden Poliklmukkamente

Prckmbnary cports were e be mcrtngs of the Smodmh Sockn for Clinmcal Phymology
Buochbokm, n November (%4 and I%3
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Renal Clearances and Uninary Sodium and Potassium
Excretion durmg Supine Exercise 1n Normal Subjects
By

Jax Carmexroms

Reverved 17 Jomuary 1967

Abstract

Casrrxrors, | Rewe! clesrances and wrpsary sediom and pelatsoom cecten dering sepine
exercise ix mermal subpects Acta phymol. scand. 1967 70 207—214

Clearance of Inntin (C; ) snd pars-asdachlppuric acid (C n) frece water kearance (Cayo)
wrinary cxrreton

In an earber mvestigaton  Castenf 1 and Phcator 1967) th  effect of exerase
on renal clearances and water cxcreton was studked  t two different w rk loads
for the ame indi idual. Exercisc at  heav  load was started one bour after the end
of cxerase talght load when [l parameters had not returned to the pre-exercuse
level. Renal dectrolyte excret on was not measured.

The present in esugauon was undertaken to stody the effect of a hea 'y werk
load en remal function w thout influence from & previows owrene period. The
carlier tud mdicated that marked ydrawon minmuzes the effect of exerase on
1 Ln clearance and therefor hea er ndraton was wed 1 ths uudy In order
better ¢ cvatuat t bular effect on renal lectrol 1 exerenion during exercuse

Materd 1

Teurtcrn heal by make  olwntem, aged "0— "0 nowoe meangated, Al ere well miormed
of he expenment Ther  ork =24 determmed before the dext as
i periorm 00 bx che eromecter  beart rate of 170 brats

B
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Methods
Pare-culaakipperic ecid dcmwludmem.mnru(ml)mndudmnpnmu
u-mwmbcdhymmmduml_rss) wandard error &Mpe;lc;;';

H roeszared wil wittey modedl 72 (eeerected for temperature of wninc)
'Bu:l':ddnmh:lpﬂﬁoiougmp}{mhﬂ'nﬂnd alter the adding of 30—50 ml
dimled e wned I tho -cntpq-h)'

The

10dn klual dEferoaces betw period (period 2) and periods
3-8 wam tesicd by Siodent  taent. (xP<uns,nP<tm( oxx P < 0001}

Results
1 Rrue! kemedsnavnss (Fig 1)
Crag was decreaed significantly in all exerene periods and incremsed again after

excreise towards pre-cvercise values. Cpupp in the thrd penod (5) of exercise veas
gnifanty decreased 4 with the first penod (3) of exerame (P<G01)
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Fig 3 Bﬁtndmmmryrkﬂrﬂyl cxcretion. Mean  sloes of

m uri_r;\tnyh m&bmm-ﬁumw& ram, bd e
prrhch. satitically mgnificant In alt h 2
PH erence perrods ompared @ b porsod 2 8

onme-

rqlmmd'manbrmlotnl,phmlm‘humtr ! potasw m (P ) and plama
Lty (Pen) Mean abocrin [penods regren Thes tatscally ngn fcant difference m all

comparcd wah period 2 & alio thown (See Metbods )

Extraction of PAH Epupy showed a shight but not sigrificant incresse duning and
after exererse (n showed a len marked decrense statht cally notsignifica « wluch
was maxamal n the first period after excrebse thereafter increa ing stow | tomards
preexercue Jevel Filtranon fraction (JT wa sigmifleantly inereased dunng exer w

and in the fimt penod after exerrise

1l Lnne fion axd (no Fig 2

Unane flow and g o decreased ign Geantly d ring and after exercise the maumal
decreasc occurring in pened 7 I\ increased dunng  nd after exerose ms mally
in period 7 Thclowngnﬁmnc of the hangres afier cxerese 1 gt of th high
mean valuos was due tow d winds dual natem | thoe prmod (omand (em
Cyy rauo decreased mgnuficantl  dunng exerene maumall o perrd 5 Mier
exerase they both nereased almost 10 prescxerene Iov )
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Tasus 1 Urtmry rodirm exeretion in penod 3 nd e flom fn period 7 correlated with other
TTioAry parumete

{odependent varmble Dependent varlable P
Lemary Cram 13 as2 0.03-0.10
sodrum excreton Co 13 016 >030
Peood 3 Urdne Sow 13 o <ot
Cro 13 0.56 0.02-0.0%
Ux 13 oes <0.001
o filicred N exer 13 097 <000t
Coem 13 083 <0.001
Urdpe flow Crx " o0 ~0.40
Period 7 -;-’r.\ H+ rs <0.01
Cino 4 a7 <0.001

111 Elxtrshitr exxrerem (Flg 3)

Urlnary sodium excretion and per cent filtered socdium exereted decreased markedly
during exerase maxmally In period 3 After exercoe both increased almat to
pre-exerense kevel. Urmary potsmum excretion showed a much bess marked decresse
than sodium, mafmal wn the 6™ period. Urimary potampum excretion abo ¢howed
wide indrvidiml variatfors. In penod 5 (last period of excrase) 7 subjects had an
hmxdlﬂdﬁndcwdpotmmmcmpmdwhhpaiodll The
urine sod umf riom rauo d ficanthy duning and ncreased rapdly
alter exerase The wrinan pH decrensed ngniftcantly during exerchse (maximal
in the last period of exercise) and returned gradually to the pre-cxercue level

IV Cerrrlatiom betcven srimany peramaters (T ble 11

During the period of maximal antdiurtss period 7; the unne flow was ogmfl
cantly corrclated to Cro and § 1N bot not o C4x In the last penod of exerause
(period 3) th  urinany sodium excrevon thowed a highly sigrificant correlation
with per cent filicred sodium excreted and with unnany potasium excreton and

Lo but 2ot w th L Loneny sodnun cxeretion was abso dgraficandy correlated
to Cpan mmine flow and Cxo.

A Changes i plarms ks Fig )

Hematoerit and plasma pommum increarcd ugnificantly dunng exercise  After
exerene both decreased to pr —exerae el The decrease plagms potamium
occurred w thin | mmn of he end of exercise Fig 3 Plasma sodium and pleama
oamolalit ereascd ngnuficant] | the fast period of cxerense but Later showed
a gradual decrease dun g the cxperiments Plasma sodiom did pot decrease to pre
cwrene level Masma amolahn ctarned to pre<cxerene bevel  the third perlod
of exerchie nd decreared ven further afier exeras
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Frg. 3. Decrems In plasmas potsmivm at end of exerce

Discussion

The decrease b Upayg caused by heavy exercise 1y somewhat e marked, but not
significantly different compared vith the previows study  Castenfors and Pive tor
1967) Epan was not ugnificandy changed dunng such hea 3 exerase sndr ating
that Crayp b & refiable measure of renal plasma flow RPT) under these experima tal
conditrons Cry was pot ugnelicantly decrersed which suppocts the finding i the
previous wudy that marked hydrauon reducey the effect of exerase on nulin
clegrance The resulls indicate that in man the bdney 15 capahle of ma ntom ng
ja relatively unchanged glomerular filtration rate dimng hea 3 exerose i on
of a substanual decrease 1n renal plasmm flow at least under thess expenmental
condivom This 1 probably duc 10 the fact that the afferent anterfola con et
u balanced by an efferent artenolar constriction
Anudiurom during and after excrase in this study seoms to be cavsed 1o a lange
extent In the nereased release of antidiuretue hormone {ADI ind cated n the
sgmficant decrease  n free water clearance (g o and ungnificam snerrase
unne plauna nubn rauvo ;l\ The wgnificant correlanon between unne flow
;’l\ and Cpo. but not (s upport thus interpretaven Tl agrees w ih the
results in the previou tudy  (av cufry and Piscator 1907
Hematocnt was sgruficant!  increased dunng eaeroise a crage & 7 per ent
which agrecs with carlier findings and ind cates a sl gh t hemoroncent 1 dunng
oxercise
The signif cant ineremse n plasma sod um and mmolality 10 the frat per rd o
exermse 13 difficult 1o cxplan o the second perlod of cxerrise and the sughout the
whole txpenment both paremeters gradually decreawed  robabh e mdarih 2
oxrrased d lutron of plasma teduced by the oral Frdravon. The sulyect were in
apble of inducing water diurens becatse of the \Difarclea Ing {flect of cxora
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Thcpllmpoummlc\tlmﬂgnlﬁnnd)incrwtddunngmwhjdl
grees with an carlier report (Hultman and Bergstrm 1962) The ncreased plasma
potasatmn level decreased wathin one mnute after exerase to pre-exercue level,
which agrees with the findings of Laurell and Pernow (1966) that potasuum con
centration had already decresscd to oe evem below basal level wathin 30 sec after
exerche The incressed potasmum level probably originates from the working
mincle during cxercne, secondary to depolarizanon o the musde eells or induced
by the mpd gl ty ymg musel (Bergatrdm and
Hultman 1966)

A decrease in sodium exeretion during exerchie §s reported n mamy studes
(hattus of af. 1949 and Bucht ¢f af 1933) Decreased wrinary rodium excretion can
be caused by a decresse 1n the glomervlar filtraton rat and/or Increased tubalar
reabsorption of sodium. In the present wnvestigauon the d crease In unnoary sodum
excretlon was tughly sgnificant and was alo ngnificantly correlated to per cent
flltered sodmum excreted Thn ndicata that tubalar reabsorption plays a domina it
role m the decrease of wrmary sodiom under these expenmental conditicms The
nereased tobular reabsorption of sodium dunog excrase may be secondary to
changes In medullary blood flow or an aldasterone effect. An inereased aldosterone
production durmg exercise has not been reported 1n th literature, but there are
tw 1ndlrect linax of evidence suggesting that t docs increase Fint the meressed
plasma potamum level during exercise found 1n thi study would stimulat an in
creascd aldosterone production (Davies, Urquhart snd Higgms 1963) Secondly
plasma renin actn ty is increased durmg cxercise (Helmer 1964 Bolavié, Castenfors
and Piscator 1967) probably causing an increased plasma angiotenan level, which
reported to simulat  aldorterone production (Larugh e «l 1960 Buon ot of. 1961)
Thu suggests that aldosterone contnbutes to the increared tubuler reatworption duning

werene. However [t b dificult 10 eaplain the rapd decrease of sodium excretion
during cxtrose becane intra enows  dmmmtraton of aldosterone m Lnown to
ha ¢ a latent perlod of more than 30 minutes Changes In medullary arculatson
may probably abio contnbute to the increased rulrolar sodi m reabsorpion during
excrone suggoited bn the sigmficant correlauon between the decreasc in Cran
and annany sodium excrchion

The mca  urinan poissium excretion was shghtly decreased during and after
eercne o mt of th noeaxd plasma potasium level, though there were wide
undi dual anatdons In the lant period of exerene 7 mubjects showed an increase
and 6 & decrease 1 urinary potamum cxcrenon compared with the pre-exeremne
ratc. Tho agreay w th the results of Katm of &f  1949) and S nelaiv-Smith o of

1949 who in about half of their expenments, reported no ngn fleant change of
potarmum excrrion nd N other expenments & mall and wnable decrease The
effect of exerene on potamium exerction o this difficult to cvaluate. The decrease
wn urinany pHl mggest an ncressed h drogen 1on excrewon which may compet
with the potasium excredom It 15 powuble that the unmary potasumm excrenon
dlmn;ﬂmi:ulbcﬂldmuhof:uﬂdoppcdngﬁummmmhnmuoﬁ
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with H decreanng and the d ald Lari, rnary

potuum excreton. - prodecton o
Excrclse thus cawses @ marked decrense in soditm exeretion and a vanable

cb.ngcinpommumumumecnubuh:hmdﬂngo(md:mmdpm:m{um

dunng exercuse, however scem to be closchy related i thu wudy  as indicated

by ther ngmificant coerclation sn the last period of exercise.

n-uudywtymmmmhuw@um&m
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Effect of Ethacrynic Acid on Plasma Renin Activity
during Supine Exercise in Normnl Subjects
By
Jax Castecroms

Recehved 17 Janwary 1967

Abstract

Castexross, ] Effect of ethacrym acd om placme reais actiaify dnag supowe xeraiss o
sdpects Acta physiol scand. 1967 70 213—220

e acthliy clearsoces of feala (Cox) aoc pera-sinobipprnc ackd (Craa. fre w ter
clearance {Caeo) and trmary cucretion of sxdrem and potsmium were mermered

wmbects at rom #nd cxercies In the supee powcon o0 becycle erpometer jiodginry
toad w34 867 kpm'azin and the duratan of cxercoe 45 mo. Ethacryoic acid, 5 my, wes gected
L mt the sart of cetroiwe. Ethaerynic acld did oot inflaence the normally

Cr x und C; cerlng corrome but abolbed the concontra a
inlabition of sodbrm resbaorptan i the Eacemding loop of Hemle, The mnaary sodium excrcton
Incremecd markedly inducating an mcresscd load of n dimtal tubedes Thes wan councident
whh mcroascd plasma reom sctivity The fndings ndicate that changes in rodbem <o

A previow sndy (Bolovié and Castenfors 1967) showed that exerome Increased the
plasma renin actvity and raggested this to be secondany to the increased sympathetic
acu 1ty irrespective of the renal hemodynamie effect The decremse m glomerular
filtratson rate and unnary sodium excreton during exerchie suggested that a decreased
sodium load in the dutal tabules mav ha e been partly respomsitle for the requn
release (Gros, Bruncer aod Ziegler 1963 W ander 1965)

The preaent imestiganon wa undertaken o stody the effect of Increased tubvwlar
sodium load on the relcase of renin dunng everdse Ethacryruc sad was chosen
becamse of 5 raped and pronounced  flect on urmary sodizm excreton.

and pr
S bealh  male mbyrts, age 22—27 vears, were wneatigaied. (Table [ Ther

ror ment s the amownt of work they coald perform oa  beeyele
crpometer 1 heart rate of 170 boatsimun (W) {Brmeracd 1317
chosen for

A ork load of about D per ent of 18 g wae e sty I'.tnm‘apﬂﬁrmtd the
e postiom for 43 mm | m:aus-mdmsoqdm (Edcerom MSD;

v dowly ifeckd  Cram € o, Comm rioe Sow FL\ tnaary sodaimn snd potastum

crctruon, plasns soden aod polasncs sad cemolality were mooared before, duneg and afier
Eurewe according 1o the procedure sod the methods decnbed cleewbere {Castenfors 1967) )
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Tarix T Age, height, wefght W, work Joad, rydra ion and henge in weight of all nubjecn

Saby, Age  Heght Weight W n Werl liad Hydn  Changel

yesrs cm ‘e Ipmmun ~———————  timml  weightig
kpmomin & W,

L\ 2 1+ b 10% 800 b 00

RO n 180 T 90 00 67 15w —~13

SL 20 178 ” 800 500 10%0 -1

s 27 10 [z 1100 800 2238 +0

cs 2 180 7 2300 300 2,200 —~01

AIF 2 190 n 1,200 B0 07 2073 ~27

Men 74 180 72 975 @7 2224 1
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3 Effect of ethacrynic sced on plama -1 ;
(Pay)  plarma pﬁadnm(l[’,) :—'

e cemt —

—
three subgects 1 of the

Mdpmmmmmmmmq -.l:'-mic“m.um.
be calculated Three eubyerts showed orthosiatc bypotermon at the end

the cxprmment, which

renin was mesrered before at the end of and 40 mun et evercme,

o the
encthod desnibed by Bowcher of of (1904

wcvording
wiih the modification tha kepaym was weed 49 anty
w1 evpromed a3 Lbe amsount of rpotemun

erc ats wically evatuated only for plarma renm sctnty They are gnen o6 mes  alues of afl
mebyecs srucked

Results
Epaw Cran Gix FF Hood prrrar end hewrt ate
Cran decreased and Epam remmined unchanged during cxercise Cox decreased
shghtly duning and aficr exerese FF incressed dunng and decrensed after exerene
Syuolic blood pressure nereas—d duning cxerence and deercesed after cxercme compar
cd w th the pre-exercne prenure Diastolic pressure remamned comparatnely un
changed during exercise
Hematon! Pow (om 8¢ fist C“nod%I\uru

The hematorit neremsed during exerone and therealier returned dowlv o pre-
exerche lovel Poug sthowed & dight Initial morease in th first perod of exercise and
—
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Tasix 1f P.ﬂ’mufnhur;nklddonpimrmmu—d Ity during excrcim

Subp Placna renin acd y
A/angroterein 100 mi placna
Period 2 Period § Pored 8
rem exerrhe ot
Artertal L & [ m
plamma RO oo s py
L 3 108
us s 25 =
cs 13 7 12
MF %5 03 b
Mean ™ =2 st
I3 003
Reoa! 2N o4 18 7
enos RO % 25 670
Plaamn cs o 7 m
Mean i) 40 »

Wicoxon Matched-Pamy Segned-Ranks Test

dearessed again in the folloning perod, after which no sgruficant changes occurred
Corm 1ocreased markedly duning and after exerse Unine flow increared marked)y
ruaaumally in the middle of the exerce penod, and then gradmally decrenved (o

decreased during and afier exercie. :.;.I\ was unchanged dunng exercise and 0
steased slightly afterwardy

Px Px Lx {  and per cont fliered sodiom excriied

* remalned unchanged dunng and deereased afier exerene Py increawed dunng
wxereme. Ug increased sighily dunng and decreased showhy alter excrene Uy and
per cent filtered \a excreted nercased markedh dunng exerose and then deerr wd,
but not o pre-cxererse fevel

Pleoma rovn actirsiy

The effect of excrcse on plauns ren noacty 1ty s shawn n Table I The pluma
senin gcuvin wcreased dunng exerene in anenal pla ma and el enou plaunan
off mtgeas. Lung the Wilcownn maiched pairs ugned ranks to thn o rrrase w3
sdgmbicant (P<003 The post-exereoe artena) plasma emn acu by decr avwed to
pre-cxerchse fevel in 3sulpects. ln two ubgects 1t decreased towardy pr -exerv s b 4,
In ooe 1t iTeared further after exerene Rerun acu iy in renal sonowy pluma e

ereaed alier exerawe
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Discussion

Remal plasma Sow (Cram) and glomerular filtmatdon rate (Cx) decreased during
exererse 13 m noa medicated normal subjects exeranng at comparable work loads
(Castenfors 1967) Thus indicates that ethacrynde acid did not Bgmificantly nftuence
the renal plaxma flow and glomerular filoation rate whuch agrees vath studres dunng
rest (Cannon, Ames and Laragh 1963)

Blood presaure and heart rate reacted n the same way a3 10 untreated subjects
performing almost rdentical exerase (Batovid and Castenfors 1967) which suggan
that ethacryme add had no majoc influence en the central hemodynamics.

The increased urine Bow dunng exerase was secondary o increased osmolar
clearance, and Cx o decreased. This 1811 accordance with earlier reports on the effect
of ethacrynic ackd drmng rest (Goldberg o L 1964)

Thzmin:/phmmuﬂnnm(gm)mnoxngmﬁund)dnn@ddmmgm

di¢, In contrast to pon-medicated subjects (Castenfors 1967) This agrees with earlier
reports that ethacrynic acd abalishes the urine concentration capacity of the odney
mdicating mhibktion of sodium reabsorption in the ascending loop of Henle (Gold-
berg t ol 1961 MacGafTey ct of 1964)

Unnary sodium excretson increased markedly odicating an increased sodium
load in the distal tubules dunng excree. According to Grow o «f (1965) thus
depeen the renin relesse but plasma rewmn scth fy mereased ngraficantly daring
excrcise, even mote markedly than In untreated subyects when the unnany sod um
cxeretlon decreased dunng exerclse (Botovid and Castenfors 1967) The increase In
plasma remn sctivity dunng exerchse, accordingly docs not scem to be attributable
to changes in sodhun load in the distal tobutes.

It has been suggented that the plasma sod um concentraton regulates the renin
relense (Beown L 1965) high sodium depresing and low sodium sumulating the
remn redease. In thy tody plamma sodium was unchanged duwrmg exercise, councident
with an increase in plasma remun acti ity and decreased after cxercne with decreased
Plsma renin activity This suggess that  hanges in plasma sodium concentration
are 0ot resporabile for rerun rekease dunog ceerase

(}nnmlnd.hulmbul‘rﬁuh:lcmwnﬂonmdmeml\ omaculademsahave
abo been muggested as regulaung the remun release an merease 1 rod um concentra
tion (Thurau 1964) or osmolaliy (Brown of «f 1964) stimulating remn relcase.

It s difficult to evaluat changes n dmtal rubular compominon. Results from stop-
flow expermments nidscate that a large doxe of cthaaym  ad increased the sodiom
and concentrat on gh the nephron i Beyer of of 1964) and this
#ho in the distal tubules If this applies t the preent stud  th increased plasma
renin activity during and  fier exercise may partly be due to an [ncrease in sod um
concenination or cxmolality n the dotal tubules. However it Is difficult to explain
the egnificant mcrease in plasma renln  cuvity dunag cxerene in unmedicated and




220 JAX cASTEXFORS

d hydralanne treated subjects (Balovié and Castenfors 1967) by such a mechansm as
it v a5 comnadent with decreased sodium excretion

\erordingly changes in Px, and drametic changss w renal handling of sodlum
dunng exercise did not markedly change the Increase 1n plasma rensn acthaty during
excrase This suggests that the increased plarma renin activity dunng exerclse b
ensed primanty by a mechanism not related 10 sodium within or outside the Mideey
This s in agreement wath the carlrer mentioned results (BoZovid and Castenfors 1967)
which suggests that the increased plasma remun activity dudng exerche i secondan ©
the direct sy } tatlon on the juxtagh ular apy

Tha sudy was suppocted by gra & from haerolimbe Insti utet (Revers thoes daget) Senckbolm.
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Recurrent Discharges Studied n Single Units
of Laryngeal Muscles
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AL MArTENBOY
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Abstract

MArTaxmon A Rrrrent ducharpe  studied i magle wnts of lovages] mueles Acta
phytol. scand. 1967 70 221228

soonulavon ppled 1o the riac lary el muecle
wcondary renmally

relayed
respomes {Miricamon 1963 The firat ection of the presen p-pcrdncnhu-urﬁanﬁ.hcr

10 mrgle woa and prosades conclows tha

cepn dnc but

Doy L) ta ching at the ame  doary
the centrrpetal cirection. 10 the setoad sccuon of the paper expertmen!

» prescused tha the ccarrent dnc thn o be obey the law
Poetuluted for the geacraton of sach n rpusal motoncurns (Ecches 1953

1o & priows mougauon of the dog  lanyngeal mioclos \fhrtensson 1963
it wa  hown that supramanmal szmulauoen of an mmct ruscle nerve sets up, 10
addition to a direet muxcle response alio & sccondany responsc of low amphitode and
lomger latency Tt could be cutablubed that the secondary response was of central
ongn and that both the centnpetal and centrifugal -olleys wert tranmmtsed through
the muscle perve An analyas revealed that the secondan resporsas did not exhitut
propertics typieal  f monosynapne reflex discharges, and it was suggeated that they
thould imitead represent  eawTent d scharges from  ntidromically invaded moto-
neuroms (cf. Rewhaw 1941 Lioyd 1943)

In thr urvatigation further attempts ha ¢ been made to atablih the orlgin
of the sccondary responses in the doy  laryngeal muscles by means of an analywy
of discharges recorded in single units amilar to that recently applicd by Thome
{1966) on the fint doral nteroeseins rmscle m hummans, The results 1o be presented
in the fim section provide conclui ¢ evidence that these rorponset reprasent recur
rent discharges. In the sccond secuom it will be shown that the recurrent discharges
recorded in the dog  intnnde laryngeal mmucles obey the laws postalated for such
discharges In spinal motoncurons (Eccles 1935)

21
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nerve. The identical configuration of the responscs ind cates that recordings have
been made from the same unit. Turther support for this could be obtained by com
bemng the simulations, the stimulis through S following that through §, at an
wntenval shorter than the time needed for the impulse conducuon along the nene
bxtween the 1wo nites of siimulation As appean from Fg ” G, no respomse 15 then
clicited from S,, indicating that & collidon har cccurred between the anudcomicelh
conducted nenve impulse sct up ar S, and the orthodromically conducted 1mpube
from S,

When 1t had thus been cstabl bed that the prnmaty resporues coled from the tvo
uites of sumulation represented & discharge 1n a certan un ¢, sccondan roponsanat
cvohed in the xame unit by means of double sumuli In I"g ? D two stimuli are
applied through S, at an interval of 20 msee, the first generatmg onl a pamacy
raporse the second also a secondany response of the same configuration. The mo
primary respanses appear 1 msec after the timulus areel ot and the secondary re-
sporse 21 msce after the second stimulus. The long lateney v due to the mpobe
conduction from S, through M\ 10 \ In record 5 0 ossnuli are app! ed through
3y, actl ‘ating the same unit and aho In thss case the second stumutus sets ap a second
any response of the same configuranon as that of the two pnimany ancx. In ths
record the lateney of the primary responses 15 9 meec (impubse conduction S — M\
and that of the sccondary rospomse 13 msec (S —NIN—N When comparing the
latency values of the tv o records it appears that when the sumulus  applied through
S, (record D) the primary response 13 set up 8 mser (9 munus | carlwer than whenat s
applied through 3, /record £} whereas the secondany respomst u set up 8 meer
(21 minus 13) later C 7 Iy the impulse prop d ¢ wgalh in the motor
axon has the same conduction veloany as the cenmpetal volley cenually actiyanng

" the motor ason, and the Laster thould thus repraent an antidromucally transmitted

- impulse in the motor ason.

" 8ince the distance from S to the medulla could alx be measured n these experr
ments, the relay ume of the centrally relayed responses could abio be calculated
It was anmated to be about I meec which i compauble with the concept of the
secondary response a3 being a recurrent discharge ¢ Remshaw 1941

11 Determanatrons of sirmealus onditions recwlt xg tn recureend drsckarges

Conchumve cvidence having thus been presented that the secomdan respomcs
tecorded mn the dog s laryngeal muscles represent recurrent docharges from anth-
dromicalh imaded motoncuroms, 1t scemed relevant ¢ studh A these responscs
obey the laws postulated in Ectles (1933 for the generavon of recimrent div
charges in spinal motoneurons. When applying single entral root hocks 10
Jeafferented amumals, Brock, Coombs and Eccles 11953) found that a  wepube
which propagates antdromically ta & motor xxon cRCOERIEN A ToAC of low safch
facvex o further trantmusvion at the axon hulock. In some cells blockage accums
at thi ste, & spike recorded lularh from the dendrite region bo g tben
submormal In g1e (\M-apdee) 1o other celhs the mopulse 13 able to 1 ade the yomE
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dendrite region after a delxy of 0 05 to 0 4 msec, and in such cuses a fully devel ped
actsau potential (8D spikej Is sct up, exhibating a double inflection on the rsirg
phax with & platesu of a duration correspondmg to the delay

Eecla asumed that a re-excitation of the axons ard a gencratian of a recurrent
mmpalse would occur on thote o~casions when the antidromic impulse invadas the moto-
neuton only after a Jong delsy The present investigation has tred o determne
the sumulin condittom under whach recurrent dischsrges do sctually occur m laryn-
geal om, and a P of the results thus obtamned w th those of
Brock ef al. (1953) nmght help to dardy the mechannm for the gencratton of recurrent
discharg,

ex.

In analogy with the expermments described by Brock #f & 8 whole motoneuron
pool wa activated antidromucally by means of two succesnve supramanimal stimuli
Tt then proved to be postible to record recurrent discharges from individual motor
unity 0 spite of the mavirmal stinmlanon a3 judged from the finding that recurrent

disch,

s of identical 5 and latency were obtained 1n scveral recardings
in voc and the sam  experimental series (sce g Fig 4)
In thewr nvestigations on sprnal Brock « af found that on single

antidromee stimulation some crils were invaded after a bnd impulse delay at the
o hillock but others only after » long deday However on  pplication af two sucees-
Ve stimuh ata certamn nterval there 1w atwavs  conuderabl delay before the second
impihe nvades th soma If the condity na for anudronme impulse trapsmurdon ace
1he sume o the Iaryngeal as 1n the punal motonewrons, t may be expected that while
some of the laryngeal motoncurons will be abl  to rransmit a recurrent response on
2 megle stmulus, others may require  double stimulus. That thos 5 actually the
Qs could sha be amblithed 1n the present expeniments. When & senies of supra-
mavimal doubd strmult veas applied t the intact muscle nerve of the cricothyrmd,
#3ceondary response could sometumes be evoked on the trit stimulus but it ocenrred
more frequentty on the second stimulua. When companing records from a serres of
stunulattons t could also be extablphed that a comsiderable number of the recurrent
respomes elicited by the second ymulm repr d disch from
that were never centrally exated by the fint strmules Fig 3 ghver some examples of
recordg of thy fype

In & number of such untts itempts were abo made to determine the least eritical
Hterval required for the chcitato of a recurrent discharge. B roccew oty bucrcasing
the uimulus interval from 0 1 130 mace, with sex eral recardings t each umgle inter

IO e it wemd ot B



F g 4 Recurrent disch nges from one i the tame motor umit { ke cricothy rokd ex aked by pepra-
marlnal double rumubitlon of 1s mscle perve 1 pimulos e ervab of 25 ( 1) 8 (C) nb(’m.-i
14 (F) mecc A hel tervals of 6.3 (B) and 17 (F) meec mo recwrrest In cvoked in the
umt. Lach record g obialned by two superimpwed  eepa. Time bar 10 meec

val it could be atablshed that the minmum cnbeal interval varied widely for
different units, lrom 2 msec for several units up to 35 mec for one cel! Thee values
arc in good agreement with the least critical interval necevany for the spxnal moto-
neurons to el cit & second apike Invad ng the soma alter « Jong delay at the s<on hil
lock (rang from 2.5 to 50 msex)

Brock et &f abo showed in intracellular recordings of spinal motoneurons that with
succemve lengthening of the sumuluy interval from the least entical value th SD
spike exhibited plateaus of long duration over a companatively wide range of inter
ah. According to Cecles hypotheses some motoneurons shoukd transmit a recurrent
duscharge over a comparat vely wide range of ntervals, and this way actually a
characteristic finding 1n the present In wtiganon This, while some units were
actrvated over narrow interval ranges, £ from3to 3 meec, many were actvated over
a wide range, e g from 2 to 20 msec.

Fo some of th cells in this latter group an mtermediate range of ntervals was
found to be enurely incflective to elicit & central activation despute a long hme of
obiervaton Tho range of ineflective intavals arled somewhat from one unit o
another a total range from 3 to & msec being observed in five different cclh Tig
4 A—F showy recordings from one of these cells. For comparisor, Fg 8 A and 51
the paper by Brock ef «f illustrates a cell n which the sceond antidromic i xson
occurs after & long axon-soma delay at sumulus intervals between 3.2 and 3 7 msee
and also at intervals beyond 9 mce, wherea in the Intermedmte wtervai range the
second spike only occurred in the shape of an NM apike According to Eccles
conception no recurrent discharge should n fact be chcited at such intermedsate
intervab

Brock et el also observed that if the first lmpubse mvades the soma aftr a long delay
a2 considerable cntical interval 13 required before the next impulse can in ade the

soma. Under such dircurmstances both impulses would actually be able to sct up &
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mm««m (horevokan recmr
dicharge from some other wmit
(B} Time bar 10 rosec.

mcmmldudmg‘lcmfdlngmthchypomcdlnd\mtdby&dqlndlh present

d this p Thuy, t hay been obaerved that some
ofd\:luyngulmxmcumudutmccnmuyudtcdbydxﬂ:nmmulmmy
tranmut a recurrent ducharg aho to the serond stimulis when the stumulus interval
exceeds 30 moec. At brlefer intervah, ¢ g 12 nosec as applicd in the recordings n
Fig 5 the second stimulns was cither meflective to ebat a centrally relay ed response
(4) or evoked a sccondary raponse from some other it (5)

Discussion

When companng the results obtamed n the present investigation with those de
scribed by Brock et &l (1933) certaun differences in the expenmental situation must
bekeptin mind. Thus, m the expenments by Beock ! «f. rang ventral root sumulation
no propnioceptve afferents were acthvated, whereas this cannot be defimtely e
cluded 1n th  present study It u true that the dog  laryngeal muscle nerves do not
scm 10 contam any fibers from con Tnuonal muscle propnoceptors (Mirtenmon
1963, but the posbuity mmt be conndered that the nerves may contaun aflerent
fibers from atypleal muncle propnoccptorns, and if such fibers should have been activa
ted they may have infl d the excltabafity In the pool under study
Howrver even when mating duc allowance for these and other pomible differences
in the two xries of expenments t scem to be justifiabl to compare the results ob-
tlned. As descnibed abov uch & companson yiclds many umilanues, and hence
the prasent stigaton bas undoubtedly provided expenimental support for Eccles
concepuon  f recurrent ducharges

The method employcd in the present work might also be of some ard for the differ
entanon between recurrent decharges and reflex responses in anlmal experiments
Ganel and Wicsendanger 1965) as well asin clinkcal electrophymological examina
nom [ g Magladery and M Dougal 1950 Dawson and Merton 1956)
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The Role of Phosphorylase a and b for the Control of
Glycogenolysis in the Isolated Working Rat Henrt
By
Ivax Ovz

Recrived 21 Jarmary 1967

Abstract

OvE, 1 The 1ol of phospharylass  and b for the contrel of glycopessirns ix the 1seleied
awrimng ret heart. Acta physlol. seand 1967 70 229—235
cogen brealown aod Lsctate refenac ka  been related 1o b:mol.fy\:qcn e

bw
[ e e carty phaxc of Thh meckanmm st be considered a3 mont sgnfican
the reputation of g copen w exrs when the hearts arc rabyect 0 adrencrpe cootrol.

Studres on  the kincties of muscle phosphorytase (a ! +-glucan orthophosphate
ghxosyltranderase EC 41 1) ha e revenled two baucally diferent mechanims
far coatral of giy cogen breakdown Iy thus coryoe, Gne o 1 rypeead (feedback mecha-
nirm based on the allosteri act avoo of phasphorylase b by 5 —AMPain concentra

tom w thy  the normal phynrological range (Ky 009 mM) This acti -atlon
mhibited compeutively by ATP and gl 6-—phosph st phynodogical
concentratons snd powably abo by other eﬂr“' v\Iorpnu\d. i
1964) The acts ty of phowphorylase b m the b ungeell thus deperds on the focsl
concenirauom of scveral factors acting on th enzyme The other control mechaninm
motves revernbl  trandormation of pbosphorylase ¢ wihuch b a dimer to phos-
Pbonylase ¢, which is  tetramer Thest two ntercomvertbl forms of phosphon laxe
were first discovered by Con and cowarkers Green and Corf 1913 Brown and Cod

Treww addrme Drpartawca of Pharmucokfs Uan ety of Oun, Blsdern, Ol
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1961) and the unmformation procas has been extentively studied by hrebn and
Tuher {for review see Fisher and Rrebs 1960) When phosphory Lese § 11 com erted
to phosphonylasc # Ui entyme Is made cofactor independent

In the present work gly cogen breakdown has been studied In relation to the siate
of phosphory lase under variow expenmental conditions in the isalated, perfused
rat heart. The results confirm that both types of regulatory mechanlons may paroe
ipate in the controt of glycogenolysis in the heart and aho indrcate that the two
baucally different mcchamsmy have distinctly different physiological functiom.

The hearts wore perfinted by (he method
‘which b based on the

har ore

y deserlbed (Oy 1983, Haoge and (1965}

previoal
procedure ongally developed by Morgun u:}:my By thn metbod

pin wologicat type of worl @an be inmposed on the heart s it Rate prosture corvnsry Bos
cwe

8aniphes far lactat determumtion ware withdrawn from the coronry effacnt  denred ateny by
freenoy

pd the experiments were termmated by

th boart  Wolknberger clamp conked b
1963) Gh

ligud e a1 amayed cwcnthally toComblath et L(
was precipetated sccording 1o Waligs and Walass (1950) and asayed by the  hrone metbod of
Carrol ctal (1956) Laca  was swmayed coxymaucally ay described by 1963) ATP was

et

N

bo hezakinse reacion coupled 10 ghocoes:

(
dehy drogroese (Lamprechs et al
pred

_6-phosphat
the formation of reduced NADP revorded ko Parmand speetroffoorimeter and com,
wih NADPH standard resd in  Bockma  spectrophotmeser

Rewults

A rapid fall in the beart muscle glycogen concentraton octurred dunng the first
muputes of perfunion The fall was accompamied by redease of lactate Into the per
fusate In the presence of glucuse the glycogen lovelt were gradually restored
during the subsequent perfusson o rite In the absence of substrata the ghycogen

Glycogen (mglg)

~

~

0
Time {min)

Fig | Glycogen levels s molated bearty per
fubee for 10, 30 nd 60 men. 1l com
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Tasex I Hearts were porfuscd under Raodard condltoss for 20 min. Az this ame they were
subjected to the cxperimental procedurrs Eated In the table for 5—15 min. befare frernng.
Phorphonylase s calculated m the exryme actnity in the absence of AMP cxpremed
& per cent of the  cthity In the presence of AMP Two scparat mmples from esch heart
were amayed in dupEeate and each pamber 1 1he mean of 3—8 hearta,

Expermental condutons ATP pmoleafg wet weight phopbocrlase  per cent
Contral 21 302 70 os
Hypoals, S mln 20 03 182 )£15
Hypoxds, 15 min 07 102 30 o9
DNP 1 s, 5 wn s o2 20)+05
) p < 0003
~04 - ~04 -
E 24 DNP [
- - ! - Adrenaline
2 ! t !
a0z- ' 302- !
£ £ y
g - -
("3
3 1 [ 3 1 10
10 20 30 10 20 30
Time (min) Time (min)
A B
Z04 -
EOL - " E
s i § - Hypoxla
2 ) c, Propranclot :
202- ! e v
= ]
T - R ¢
L ! 3 !
1 [} 1 (I}
02 30 18 2
Time (min) Tlme(min)

c
Fig 2 Lacta  concentratsoms m coronary effiaen uf‘aﬂn'bmmpcrf-d
mbscrutcs Tollourmg  control peracd of 23 aim, the hears were satger o o
mental procechures bited below Lt
-‘\- Wun-dn\'rmhummu-umlnn
3 pyrml.

C'"Pﬂnnobumﬂib)n d-mlkmmwhfm-"

93+ n
13 e ag G} by the prescace of propramolol, 3 mtfinl A“"“"'Hnn,y .
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levels continued to dechine at a rate wiuch was found to depend on the phystal
actintly of the muncle (g 1) Addution of glucose at any time duning the perfunon
promtly increased lactate output by working as well as noaworking hearts. In the
aluence of added glucose lactate output was wmall alter the fint five minutes No
difference 1n lactate output was found when working and ponwarking hearts were
compared. The relati © amount of phosphorylase « was &lso the same in the two
expenimental stuations (Oye 1967) The Increated glycogenolyms during work this
occured without an increase in the levels of phaphory lase a, and wthout an in-
creased refease of laciate from the heart.

In order to text the hypothesls that the rate of glycogen breakdown by phorpbony
lase b is restricted by the ATP/AMP ratio under phynalogical cond:tions, gty cogenol
yHt was stndied in hearts treated with 2 4-dinitrophenol (DNP) oc prolocged
bypoxia. The addivon of D\P to the perfurate caused a alight, trandent me In
phosphory lase « followed 1y a fall 1o levels significantly below those found in hearts
perfused  without additi A more ded biphasdc rapome wa observed
when the hearts were made hypoxe by switching the gas supply from 93 O to
95 5 \ (Table I} In both cases the injual nse in phosphorylase « was inhubated
by the adrencrgic beta receptor blockng agent propranclol (0.25 ug/ml) added to
the perfinate 5 mun prior to D\P or hypoxia The subsequent fall in phorphory Lase
& coancided with the decline in contractile foree and & fall in the concrntrabons of
ATP Glycogen breakdown snd lactate output occured at a rapld rate under thew
cond tons, and in the D\ P group of heart preparations it was posible to demonsurte
mpid lactate release at & ime when the Jevels of phosphorylase € were found to be
fow (Table I and Fig 2A) Thn was in contrast to the observatioms made during the

~fint minutes of iypoua, before the contracule foree had started to dechive. During

¥ this carly phase of hypoxia the increase i Isctate relesse was absent when the trany-

V' formation of phosphory lase b to phosphory lase « was prosented by pre treatment with
propranolol (Fig 2 C and D) The lactate release fier adrenaline wes somewhat
Jess than the relesse scen dunng the earty phase of hypoda (Fig 2 B) A close rela
qonship between the lactate output and the amount of pharphorylase in the « form
was fourd on adrenaline admunistration (F'g 3)

The Isolated, working rat heart rapidly adjusts to hypoxia by a decrease in rate
and cardiac ouwtput (Oye 1967; 1f adrenalme was added, the hearty mad tained high

-
3
-
-

Lactate (& moleimin)
&
!
it
¢
5
4

s
?
i
e
%‘
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Tantk IL The hearts were perffmed mnder sstdard conditiors for 2023 smn. From this thoe
omward they were sabjected 1o the expenmental procedaees Leted for § wio, and the
Mdmmwdwﬁvdq&hﬂndmmmmww
wasadded to  Gmal concenirasion of 0 25 xgfml. Hypowa wis obtxined by rwitching the
o4 papply from 85 O 1995 N\ DNP wi added to  final coocrnaraton of
1 m3L Glyeogen woe pmaytd mtn  acparate somphes froms enth beart, and the  nmbery
gree mean valoe of $-~7 experbment

Expenmacnial roodithors Clycoqen.

oy wet wcight decreas fn per cont of
econtrot

A Hewrd perfaed w th

gucom 10 )l
Controt AN 40
Advensline 1874012 2
Hypoaia 1:016 29
B, Heonro porfcd withou
rucoe
Control 18040.17
Adrewatme 2644017 &
Hypoa 2314020 10
DNY 1715046 »

P OO

rate and elatively lugh cardue cutput ais during the frst munutes of hypoda, but
these hearts were more rapsdly exhamted and were found 10 contain few glycogen
than hearts trented with ewber sdrenalme or Grose nenmng hypoxs alone. Compicte
depletion of the gh cogen norey, how ever dad nat oceur provided the hearny remained
1 8 funchronal ate in theyerae hat 1hey were able to contract agairst the bydrostat
w pressure of 73 mm mercury which was mposed oo the ket veninde n these
experiments.

Table 11 shows the effect of ipoua and adrenaline on the glycogen wore o
bearts perfised w th and without glucose As seen from the table, the higher glycogen
Yevchs in hearts perfused w th glucose o3 a substrate were more rapudly affected by
hypoxia nd adrenaline than the relath ehy fow ghoogen e clrin the group perfumed
W thout substeates. Tt i oncluded that the rat of gy cogen breakdown oa hypoda
or sdreahn adrunntrauon docs not onby depend on the amount of phoaphory Lass «
but also on the stat of th gh coger storey of the heart.

Discussion

Tt wa shown 1n a preveding paper that the levels of phospbon fate ¢ were 0ot -
creased when a phyuological npe of wock wa imposed on the solated, perfused

—
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rat heart (Oye 1967) The results prosented above thow an increased glycogen breal
down an increased work loads despite the low and constant levels of phasphory lase «.
Increased glycogen breakdown dunng increased work ook place wathout increased
release of lactate and the rate of glycogenolyus in these hearts thus appearns to be
coupled to the encrgy requirements of the muscle by & mechaniem that doa not
cause gly cogen breakdown in excens of the amount needed for oddation, An increase
mn the oudative metabolism on increated work loads has been reported previouth
for this heart preparstion (Hauge and Oye 1966)

No sgnificant difference in the steady state concentrations of ATP and glucme
6-phosphate was found when working and nonworking hearts were compared (-
published obscrvations) The Importance of minor changes in the local concentrations
of these factors for the regulation of gly cogenolyns under vartous work loads remalm
unclear However following D\P or prolonged hypoxa, low lavels of ATP were
anociated with mped glyeogenolyws despite the very fow levels of phosphorylase &
prescnt under these condions This 13 1n accordanee with the hypothens of feedback
inhibition of phosphorylase & by normal ATP concentravons (Morgan and Parmeg
giani 1964)

Conversion of phavphory lase » phasphorylase # offers an altername mechanbm
for increamng the mate of glycogenolysix Apparently this mechanum v not 1z
volved 1n my dial autoregulation of giy [yns during work and hypoaa in
the absence of adrenergic stimulation. It has therefore been proposed that this mech-
anum 1 specifically related to adrenergic sumulation (Oye 1967) When phos-
phorylase $ is converted to phosphory lase o, the enzvme 13 made colactor-independ
ent, and the feedback controf of glycogenolysis at the phasphory lase leved n abolish
ed The result u glycogen breakdown 1n excens of the amount needed for axddative

y htetabollsm, and lactate s released from the heart The physological ugmifieance of
\4brc-king down glycogen to lactate under acrobic conditions i not obvious. However
relanvety large doses of adrenahine are required to trigger this process, and both the
notropic and chronotropic effects can be obtained wathout increanng the levels of
phosphorylase « when small doses of adrenshie are admmintered under asrobic
conditrons (Mayer o/ 1968 Drummond @ «l. 1965) Under hypasic condinons the
effect of adrenaline on the transformation of phosphory Lase # ro phosphrorylass « ap-
pears to be p 1 (Oye 1967) Exog drenahne contributes to the reta
tive hypoma of the tismue by tnereasng the oxygen comsumption durmg a state of
houted oxygen supply The potentiation of phosphorylase & to & ramsormavon
mught be due to the fact that adrensline triggers the releasc of additional amounts
of adrenerge transmuttors from local stores by increanng the axygen deflat of mmyo-
Wollenberger and Shahab 1965)
Clrl'i‘“!i(.m of adrenergic sumulation the MII!CAd'I;uAr;;PdJIBU mdchcnypz:ﬂbz
the rato
decrensed phyncal acuvity (Gye 1967) When e “’/ e ot The
aovmal restnction of glycogenolysis by phosphory g e
wmﬂal-mwwumuumemxdgmm,mmm mm"d"dd
23 banc homeostanc mechanisms protecing the musdle cells from the
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fypoda. In the intact arganirms, an the other hand, & fall in pO in the blood will
tave to be compensated for by Increased, ruther then decreased, cardiac work
Condevably adeenargic mecharmms are supernopored oo the hasic howeostatic
mechanismy of the individual cetls in order to cope mith thoe requirements s ree
A mentioned above, adrenaline incresaes the performance of the hypoxic beart. By
wmnltancowly incresnng th leveb of phospharylae # adrenafine abolihes the
normal restriciion of glycogenotyns beferr the levels of ATP drop to concentratons
incompatible with full contractile actsvity Thus the two mechannms of regulabon of
phosphon lase actinty can be regarded as serving baneally duferent physiclogeal
functions feedback control of phorphorylase & s a cellutae autoregutatory roechanssm
mﬁng&cmﬁbdhmmnﬁ.whﬂchlmmdp}mp&qm
b to a 3 a pediic expr diated through the beta type of
adrenergic recepton. The laster mtr_hxuhmmghx be of speciat importance durg
2 mrannent state of reladve oxygen defiat
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From the Tmtrure of Phy iology and from the Sccond t of
e Deparunen FPathology Untrensity of

Inhibition of Vagally Stmulated Gastric Secretion after
Mucosal Mast Cell Degranulation
By
Jorua Hmvovey \ayjo hasrrum and Tong RAskxes
Recehed 33 Janmary 1967

Abstract

Hmvo ex J V Rawrrvns and T RAAVEN Jukiditron S vepally stimulated pasine
secretiem after mucese] mast crll degrasulotron, Acts physiol wcand 1967 70 236—
240.

Total vagoiomy %as carried oot on raey throogh ipareiom) and the endof be g

s surmala td for ape bour afier Sowsg the  eatncle mth e Afier the

thmalatlon, the gastric Buid was coflerted, 5 clume. pH and concentranon o bre HL) wore

meagured. Tree HCD way secreted dgnificantly Jem in the  entricles of raty whose mocow] mas
crile had Dren degramubated by dexamethasone before the vagin gaoulanon, ha o the rai not
reated with

The importance of the syntbess and acoumulsson of hatemnne (o the rman cell of the ganrc
micoas 83 peripheral ok o be stimalatory  hem of gannc serction b dcussed.

In the lamina propna of the gastric mucosa there are a very great number of mast
cells which react much faster than those in the Deum or the areclar tvue (Rasanen
1960 1963) The action of the mast cells in the gastric mucoss cawses, through husta-
mmne lib a L of the parenchymal ceils, thms forming posubly a
peripheral ink 10 the sumulatory chan whether the sumulus in question B nowro-
gene or humoral 1 ongin It s possible that the muast cells tn the gastn mucor
synthetize & conssderable part of the frusmine n the whole organiem, because the
transformation rate of hisudme to hisamipe decreases to oefourth of normal after
gastrectomy (High Shepherd and $oodcock 1963) Hnsamine drappears ot
the gastnic mucosa dunng glucocorticod treatment when the mast cells degranulate
(Fotery and Glick 1562 At the e time, the stymulaton which o narmallv pros oked
by Shay Ligature seems to be inhibited (Haikooen and Risanen 1963

Drring vagad latfan &L 15 b d into the gastnc Boxd  Code
1956) The mast cells in the gastc mucosa degranulate faster 1n b hypog! comid
(han under the infloence of glucocartreoids (Risuinen 1963) During the agsl evdu-
fon camyed by bypoglycemia theacety icholine I'berated from the pearat ends possibly
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acts a1 4t ine hb and mediates the fus to the marenchymal crlis
The perrpberal ink in ths Istory chadis powibly beeaks end the gastric secretory
rerpanse 10 the vagal sumulanon o fohilwied if the mucosad mast eelb are degranu
lated, which can be brought abont veny effecthvely vath dexarmethasone (Rbskoen
1962)

WMaterisl and method

eperinty p«k«mmwmknudwm-kyma.udghum-w;
gmd.waﬁmdlsghm u;zdmu.ubennnmndagﬁmxwmﬂbhx conditwasé
%em_u day and were ommercial

he
The filtered, the volume wod pH woswered end the frew by dvochlo-

™ eeated \hoih\loﬂmmh)hdulhchfn‘l
The s cefls 1 the guone mucots umdctr-nnh denumethaone, (Deoardon, Merek
Eharp & Dohme) ghron mrrataveculerly 5 S1m Vith br on the dam before the operatian.
mm&mmm‘m m b Soor per cowt allabne Phacote. The
Bertions  ere suned wish whndine e for mast cofi

Results

The slectncal vagus stimulation was perforcoed oo 25 raty, of whieh 13 had been
gnen poor desamethasone treatment The volutte of the gastrie seeretion vems equal
n Both groups, but the pH of the gastric fwd from the vatreated s wia deardy
lower than that of the dexamethasene group (p < 001 Table D) The concentertion
o f ve hydrochioric wed was ey ngn fiennthy hrgher in the femer than in the latter
group (p < 0 001 in which an almoet complete degranulation of the mocwal mast

TaRLE T The sid secrenon m the prionc lguird me stomach darmg the riectnc suamiation of
he perspherad eod of the ct agoe, wd after dogra uIADOn of wacosAl e celts with
exaeibaens

Trea ment Sumber of ) obwone pH
rat

Fee HO!
esexy/ 100 ek

Fyioos: Lgaton

Vgt sumulanon 31 t4=015
Mat ot degrambatrm

Py hgatan

Nag ! mmilason 3 302
Arrt eft degramalatson
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g 1\ Normal gaitne body oocoa of mat nch m mant cofh. Abagifiestion 120 B, Low of
lb;n i e celowred granules of mucosa! mast cells afier devamethuons troumen Aag
nufica won

cells could be demonstrated hustologically (Fig 1) In the nonstimulated anumals,
with or without dexamethzsone (13 and 12 ran, repecuvely) the ganrnic secretiom
was 50 xmall that ity volume could not be measured. The pH of the gastnic content
was more than 4 12 both ponstmulated groups, and no free HC was seereted.

- Discussion

. selstively short period of vagal sumulation was chosen in order to & oid a major

¥ sdocnine sumulauan effect on secreton. It has been shown in Rbesus monkeys that
hypogly duced stimul and = d in pH occur wittun oae hour
of nnl n administraton, whereas the stmulation of the patuitary-adrenal sy t m
CRUSCI AN NcTeRse In gasnc seeretion only alter 3 hry, also following vagotomy (French
o « 1933 Thi u probably becawse of the vow conjugaton of glucocorncosds
compared with the mte of action of neurohormones

Cortmone can produce an approx. 6-fold increas in the seeretron of hydrochlonc
acd into the sack of Hadenhaln after the adrenal witbout -agal sumulatem
(N coloff ot ¢l 1961) The neresnng the number and granulation of mucosal mast
cells (Risknen 1961 and more than treble the hutamne content n the rat gastac
mucora (Rose and Browne 1940) make the oversumulation with glucocartcord
possible.

Vagotomy almart completely prevents the secrction of free HCI from the "entnice
with 2 pylocus hgature (Shay hamarov and Gruemtein 1949) &3 well ay 1n this
wtody IldimmhbuLbcsccrrtcrympomc(oLbcmnmﬂhmrmucrdmuhdm
about 70 per cent (Gelb Baromofiky and Junowtx 1961) but makes the gaswic
mucoss fyper fve 1o other sortylchohioelike ph (Muren 1953, Vagolyuc
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treatmrent also antagontzes effecthvely the sumulation camed by the exogeme hista
mine m man (Ragu and Aarichala 1966) sod to docs the vagal denervation with
the hurporat sumulaton 1n dog (Olbe 1963}

The mast crlls are mostly Jocated 1n the superfical part of the gastric mucoss
where they are exposed to traumas camsed by food and peristubers. It fs likely that they

trandorm 5-hyvdroxy tryptophane and histidme to the rep amunes, because the
blood serotonin concentratron falls after partial gmimc resection (Schmuth, henrel
roeser nrd Seny 1958) and the transformation of histrdine to o 15 inhilnted

after gastrectonyy (High et al. 1963) The gastric seeretion induced by histidine 1
Ihibited after mast el degranulation (Récdnen 1966) Hotamuine Liberation and
the secretion In the ventricle with a Shay ligature prolably nereass in the bapinmng
degvanulation phase of mast cely (Hatkonen snd Risanen 1965) The shmulatory
effect of local hi fne Hb can be mhibwted with ic brparine (Thomp-
on o &, 1963) The inhilntron of 1be cffect of vagal decisical sumplation seen 1n
the by meated with dexametharone, posibly anses from the fact that the mucosa
comtained 1o active cells to relesse himmine to mediate the neurs] as well as the
hmnmﬂtﬂmu}m.'l‘hcbbchg‘cdtbc cholinergt uumlpmhmy whuch is the route
by which h ol n powibly dusted to gastric mucom
(Qukru.LlBGi) peobably occurs between the nerve endungy and the mast cells m
the guatric mucose

Thn aindy w aucked by Fands from the Stare Vedsca! Cowsmutee
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From the Imstwute of Experimental Resesrch ln Sergery Unhemity of Copenbagen, and The
Department of Glinical Chemisry Blegdamsbospitaler, Copenhagen

The Interaction of Secretin and Pancreozymin on the
Externsl Pancreatic Secretion mm Dogs
By
F W Hesarxey snd H Wornrvo

Recorved 25 ] puany 1867

Abstract

Hrvproos, T W oand H Wonnixa, The isteractoon of serrion end paencreszron sn the
ariernal pamcreets: srcriition 1n degs Acupb)iol.md 1967 70 241249

The pancreatic secretsn of fwd tacarbonate :hmd:'l‘hnnnt)pt
ﬁb«h&nwhmwmﬂn(l h.')plncr!wrlm: bow ) and

m.u'k[l.-:ﬂ:ot\m q Uhk n{cl.ch} hl]’h}ym nats . ,
ndprwmn!ncomhnni, wed Wy
cocthckenty

of varcition | 7 per cen (Auwd) !thrtcm(‘bla.rbun:lt) wd § § per cent (protem
The pocrrtsm cates of Sand end bacarboos aned after the combemed domulation w th setretio-

Pancrrorymen (1 g bow d‘mh\'«:n: u-yl:h-w:bc-rnbu—dlﬂﬂhnhmd,qmnhmq
\h maal doves of secrett Becretin e pancreosyroin arc thow 1o have  potennatug eficet

o8 e pascroni wecretion of Werbonate, bu only sn sdditn  cffert om tee meTreon of protein.

Tbctffcamlhtplnaﬂﬂcmﬂ}mufnohltdmnlndpamtmymmh}btm
extensnely atudied The effect of combuned seeretn
however bnoulybctu-tudn:dl & lmuted extent Rcccnt]) Huuk', o o (1964
tave wed comtal ima) secretn-pan {mulat
qubleb  ma<imal pancroxtkc sumulus

1¢ hax been the aim of the prewnt a aitganon to stody the effect of combined,

rbmaumal doses of secretsn and papcreotvmn oe th cxternal pancreauc secretion
in dagy

in wn attempt to

Materisls and methods

Towt mempret dogs { e 210 280 ky were teed. Arntqnanntu.. t.tt’rypnn:r lk
doct modifed Thotmas canomls 1991 s caserted ain opprat -

-
10 preveat g aecrenon fiom corerap be dundonem. A gl cniseter toanccted w0
rmrbrmna( short polys wn Lehiende tube was inserted inte the ewin pancren ke

P dcta phymed wvnd Lot T8 T P
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duct through the duodemal cannnly, The pendent planger of the syTmge exerted
ncpllrep;-un dc:d;fpacznhbem&tcdozﬂcmuuﬂ‘d ” i
small mownts of w ter the dogy were fased 18 hours the

fusting pavereatic secreilon wan colicind o 4 lentt on 13 180 pebioe Al e
sccrhon 1he fusce was colleeted In 10 + 10 + 20 - 20 min.
Th stimobnt ppfied weres
g PS«mn(Boou) ] Uni(ﬂgbui)é:::h (bw]or

ncrestym tokinln {Cecekin, Vitram) | I Und fig b
”A."""’"&“ﬁ'*;,’_;*”' e d(.l'umi‘. o o

recently n by Jorpes utt (1966) panereorymin and cholecprtokimen
Tiely one single Rormone, 1 the follow lug. therefore e tqm. pancrescymin . wil be med kzend
of the tetm  pai ystaking

s3mphes were meusred. The concentraton of total CO was determined aceveding to \an Shike
manometri method (1924) calibrs ed by 1eri1 od on
pooled canine pancrratic fulce. The concentranon of otal CO, m refarred t ar  becarbomite
At the ctwal pH [ the pancreatic Jmce the difference it bowt } per cont. The coacentration of
proten wa aumated y t 80 mmafter ppropriat ditunon of th cumpkcs
with S8t t pH 68 The cxtmaction valuas were comverted to concemrabont
of prota by means of  factor empurcally determuned hroagh Kfekdah! nabysia on pooted candac
perTealic jokce.

The secretory exprened a3 secretion 8 of fhod (F ml min  conceota 20 £

roponses were .-
bics bota  (meq/l) secrenon rat of bicarbona (b, seg/mm) and of proten (p o mm bered
o the secyytion in the fim 10 pun. afier sumsulatuom.

Statistics

I each of be dogy the mesn (m) d the standard deviahon ($D) of the thee axperosna »t k
any stfmulant, sccretin () pancreen mm (p) od combused seeretio-pancreory mm p were
enkculsted. SigniBoant differences between 8D the four dogs were pot secn. Coosequenth  com-

SE—JSD.-SDW»SD.,-
3

The test of egmboance of (e dffcrence d was done by Staden

tmd,SEd, almablefor  dog
n. where ¢ w the sim of the odn dwl

The valse t for the of wag eakenlaeed & §
tvaloar odn =4  um| of 1 I both cases be degress of Greedom were 8
Results

L rsinmwlatsd secretion
Parameters of the secretion rates in the four dogs are scen n Table 1 Asalldogpa b €
been used 1n several experiments in more than a vear the number of observzos®
is high. Conmderable vanation in the secretion rates were scen, apeaalh 1 the
secreted volumer. The cocffirent of arlation was between 100 and 134 per cent
Tbcv:ﬂlﬂoninLhcpr(cm,ccrtucnrlluwucom:dmb}ymﬂa“ th cocffrcients

of vanation between 37 and 53 per cent.
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Tastz L The pon-tumsiated ratey of pancreat seereton of  olume (mifmin) bicarbonat  (weq/
i) ad proteln (mg/min)

Dog 0o  oume Becarbonate Pracin
i = 0.06 40 16
0040 01195 0464
143 40 2
100.0 7 34
2 = 009 L¥] 27
0-0.45 07324 0537
i20 4 -
1077 1077 476
s m 004 se 20
0024 03185 11-33
) t7 [
167 116.7 I
4 o 007 ¥ 20
°0—0+42 0527 0654
&7 24 1
1310 102 4 519
m 007 o4 25
Teal 9 113 ™
1200 91 508
*n Maa
Range

Number of e thoos.
Cocficent of  rapon (3D 100 mean)

Stoweglated secretrem
Imepectne of the stimuluy  pplied th  pancreatc secretson incressed  bove fanmyg
Inel w thin 1 mmn after the sumulauon The response after secretin and combined
serTet n-pancreorymin subnided to basal level in about 30 mun After pancreczymin
basal level was reached in bout 10 min Thus s th reason why 10 min secretion Is
wed & the basks for all caleulatons.

T eheme
\aloe for the secrct on it nth dufferent dogy re gnenin T Wle 1T Increase in
the secretion rate was obwerved  all dogs even after pancreozymin, but the co
efficent of ‘anation follow ng thi was rather 1 gho Th reproducibyl iy was by far
the best after combined stimulation w th coefficients of anatlon between 06 and
2.2 per cent.

In all dogy the secret on rat afler combined ¢ mulation exceeded the sum of the
sceretlon rates after seath and pancreannmu T bl 11 Fig | The d flcrence was
Pt Kat sncal dgmficant nather m of th dmp norin th group of dogy as a
whole (p < 01)

o~
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Taset 11 Secretion 53t of f id (ol mfn) [ 1he first 10 min afier umeslagon  ith Scoret] {1 Uy
b ) Paecrconymin (I Uiy bow ) ac ombined Secretin-Puncrermyml {1 Ukg bw of

carh)
Dog po Secreun Pencrevay min Combined ?
t m 123 0.3 163 nt
1.02—1 44 023013 1.63_] @3
171 145 2.2
z - 11 033 §.54 L
0.90—1.3¢ 028033 12— 130
196 133 i
m 51} o 1.8 e
129134 02042 167169
0 325 06
m 198 asz 193 .
124 143 026040 190197
ac ns [¥.3
Al 1350 225 17

™ Mean of three exprmments
r Range
Coeficrent of sthation (8D 100 men
*p  Probability of difference betmren ombared sccrction rate wnd the wm of secroan and pan-
CreoryTma secTEton Mtos

Tastx III Bucarbooat conceutrsuon e/l 1o the pancreatsc juce  the firz 10 nno after
stimalavon w th Seeretn (1 L kg bw  Pancreozyman (1 U kg b o combined
Scorctin-Pascreosymm (2 U kg b of echi

Dog £o Secret! Pancrean ma Combuned pe
i = 1704 8. 135.3 005
11631238 761890 12971435
31 83 36
2 m 129 1015 1346
14 2~1281 91.6~120.9 1267 1422
62 166 58
s = 1300 %2 1338
1241- 1380 761979 131513 1
53 136 22
4 =m 1798 1969 Nt
127 8— 1330 10031163 1267 1190
11 79 43
Al 45 1ms 47 o

*m MMcan of thiee aperopents

Range

Coefbelent of varution (SD 100 mean
sp  Probability of duference bevween b

afyer secretin srmulaton.

af e conbuned rusmixtea wod
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8y

f b 3 .
Fag. 1 The te seeretlon rates of flukd
after mibma ! kbeubason with (1

fig bow

Uty baw ) pancreosyoin (1 U/‘k;h-) and
-nz-xdlen’rﬂ D-pancreorymse

clnl:h) Each column fadirates h‘wd
Y epa

243
o bomate o
Mot rate o
P a

Sewrnti
Padmreenreis
Comblued

o
' H 3 ‘
Flg 7 The pancrr b sccretion rat of bicar

ofSarpu.

TAxx I\ Becrvison rate of bicarbooe  (weq/wun.) m the fint [0 mun after mopolation with

Bceret (1 Ufkg b
i (1 U/kg bon of each

Dog mo

} Pancreoryrm (L Ufkg bw ) o combimed Secreon-Pancroozy

Sceretm P naronymum Combuned P
1 £ 130 24 3 <001
126173 20-19 13—134
161 197 4
z m 133 13 208 <002
1151 to—41 196~216
43 7o 50
3 m 1 19 123 [
16— 178 1741 209-222
34 411 29
+ m 178 13 158 <001
l163—183 x40 250268
4 15% 32
n 106 P 19 <0.001
® lean of three cxpenment
Coeficint of anstion 5D 100 mcan

P Probalullty of dafferenc  betwcen combined secrriion rate and he sum of secrerm and pan-

CTrury ke secreton rates
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Ovenrbanaty Seorvtie B ot bowat Serretin
secretion rate Paacresrrmin  ® wortion nele Pearracredy 8
P Combined o e/ Comiimed .
o8 £

¥
N
o
¥
2

2o 20 -
58 -
i
1
mj ™
3
s P | » .

pr

2 . s L L] r 2 4 L : Ll
Doy me 1 NS/ A betywegns Owg ae 3 Unin/ by bodywwpst
g 3 Dc-:-rapwn' cunes for wcrens iy 4 Wmurwmm
combened

|+12+L44~4ﬁ E,U bw) mml|+l4o46'CU b A}
Tortee) b indicaie the ranger > U8 o bars mbscate the g Vent

Comeniration of bicarbenax
Values for the concentration of bscarbonate in the fint 10 min secretlon after sim-
ulation are given in Table IIT The concentration wncreased after stimulatron 1a all
dogs urrespectsve of the stumulant spplied  The reproducibility was of the same nze af
ter secretm as aftar combuned stimulation, but the mean concentration was higher
after the Iatter n all doga. The differtnce was ngnuificant 1n one dog and n the groop
of dogs as a whole

Brearbnats
The sccretion raes of becarbonate are given in Table IV The secretion rate ncreased
above basal level in all dogs irrespectve of the sumulant used, and a remarkable
decrease in the coefficient of vaneuon, compared to the unsumudated state (Table I)
was observed. Compared with the rate obtalned after pancreon min, the
secretion rate afier secretin was much higher and concomttantly a decrease in the
eefiaent of variation was seen. However the secretion rat obtalned after cormbincd
simulation was the highest and the ducibulity the best (coefB of anation

3.9 per ecnt)
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Tasex | Secretion rate of protein (mg/min) i the fret 10 mum afier simulation with Secretla
{1 Ufgbw) Pancreorymia (1 Ufkg baw ) or combaacd Secreta-Paocreorymis (1 ULy

b of each)

Dog oo Sccretin Pancreosymin Comtancd P

1 m 16 173 -3
47-94 168187 217-242 .
n2 61 58

H m 100 102 24
43129 133120 271-n7 s
®3 244 14

3 m 97 192 e
74113 130236 208328 as
24 97 1

4 = 53 182 N4
3.7—8.0 123263 NN L
419 s [

An 33 FoN) 51 s

*m Mean of three experiments
Range

Cocficent of ariation (SD 100'mean)
*p  Probahity of iffrence bot evm combmed secreton rate and 1ba sam of secret and
pancreorymin secretion rates.

The mean secretson rute after combmed stimulation was hrgher than the um of the
wcrtion rates after secretm and pancreorymmn in all dogs (T be IV Fg 2

The diffe was statiuically significant in dog | 2 and 4 and 1n the group of dogs
2 whole.

In two doga (no. | and 3) the secretion mates after combined sumulaton with
varylng doses of secretin + pancreoaymin were 4, The alucs thus obtained

wr inFig 3 nd 4 compared to the dose — response curves for molated stimulabon
with sccretin and with pancreozymin The rosponsc after stimulation was at all dose
levch hugher than that scen after seeretin lation and 1n all exp but one
bigher than the sum of the responsc after scorctin and pancreosymin.

Pretein
The secrcion rates of protein are hown in T ble V Secretin induced an neresse
In the protein sccreton in all dogs, but the reprodocibillty was rather poor The
reproducibility of the pancromnmin — nduced proten scoretion was only slightly
better After combined umulavon the cocfficient of -anation was remarkably small

€ b the secrction rat on an crage did pot exced the sum of the secretion rate
after secreun nd pancreon min
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Discussion

The umstimulated pancreatic secretion rates observed here were of the same order
of magnitude and with nearly the same vanability a3 those obaarved by Baron s of
(1963) and Hansky o o {1964) C q b the end tmulation of the
pancreatic secretion was neard) identica] in the different n estigatons.

The sccretin preparation med here (Secretin Boots) contauns about 25 Crck,
Harper and Raper tmits of pancreorymin per 100 unlts of secretin (informaten
obtuined from Boots Pure Drug Company Lid, \ottingham, England) The pec-
crearymun preparaton wsed (Cecekin, Vitrum) contaim about 6 elinscal umts of
secretin per 73 Isy dog units of pancresnymin 13 formatlon from Prof L. Jorpes
and Dr V' Mutt, Stockholm Sweden)

The obsenved increase in bscarbonate concentrstion after combined yecreun-
pancrrozymin sumulation as compared to the concencration obained after Bolated
sccretin stimulavon (Table I11) & not expluned by thu seeretin contarmnaton of
the pancreozyyun preparation, as the dosage of secretin contained 1n the pancreo-
zymun admimstered was less than 0 | wit per kg bw The conminaton doas not
mterfere with results obtained for secretion rates, as the responses after combaned
stimufaton Jn any crse was compared (o the sum of the responses obtained after s
cretin and pancreozyinin rapectively

‘The results show that the secretion rates of flurd and liaarbonat  after combined
stirulation were greater than the sum of the secreton rates after secretin and pan-
creorymun respects ely  The lacking suustes!l pgmficance of the fncrease in the
secrethon rate of fluld (005 < p < 01) may ke explaned by the limited number of
expenments.

In contradsstinetion to th the recretion rate of proten after combuned stunulation
)\mmﬂ) identical to the sum of the secretion rates after secretin and pancreozynun
“respectnely

In the dogs used (n this mvaugauon the maximal secretion rates of flud, brear

bonet and protemn after olated sumulation with secretin of pancrecTymin were
obtamed with 6—8 umts of ieeretin’kg b w o with 12-—16 units of panareoayvmun kg
bw The secretion rates after combined secretin-pancreozymun sumalation (] unit kg
b.w of cach) were on an average 93 per cent (fimd) 97 per cont Taearbonate; and
75 per cent i protein) of the maxmmal seerction rates thin obtamned

Baron ¢ «f (1963} and Hamky & &  1964) observed the least anabdity of pan-
creatic sccretion to be obtained at manma! secretion exees  In the present mertiga-
Gon the arfabulity was least after combaned secretin-pancrecrvimn sumulaton with

coeffiaents of mriat:on as bow as those observed by Baron o of and Hansky tof afer
maximal sumulavon. The high reprodualtlity of the searcton of fimd and brear
bonate therefore, seem to be explained by an aimost mamal secretion rate Thw
however seems 10 be fen alid concernng the jow amauon mn the

secretion rate of protan
In sccordance with the definition of Goodman and Gilman (1965, secretin and
pancreazymmin, at # dasc level 1 Lkg bw exert & potentanng effect on the o




IXTERACTION OF SEGRETIN AND PAXCREOTY MIN 249

bonate secreton from the pancress, &y the response to combmed L exeeded
the sum of the respomses to secretin and panareorymin rapect vy However
Gillespre and Gromman (1964} have polated out that thn definiuon is not vald
1if one 13 working wath that part of the dose-response curve where donbling the dose
will more than double the raponse. Dose-response carves for secretun and pancreozy
mn made for each dog in the present mvestigation shov ed that the doee level used
{1 U/kg b.w ) was clearly above this part of the dose-response curves, Consequently
the potentmting effect 1 real. This 1 further substantizted by the fact that the
dase respomse curves for combined laton In & dersble dose-range were
above the fum of the responses to secretin and pancreozrymm respectrvely (Figs. 3
and 4)

The mechaniom of this potentiau g effect o quite unknown. 1t may be suggested
that pancrearymin  n addition to the effect on the secretion of enrymes, increases
the temi Aty of the bicarbonate secreting cells in the gland to secretin,

Thin work hae been supported by grann from Statens Viderslabuiond, The Dankh
Feucdation for the Advancement of Mcdical Science and P Card Petorsen Foundashon.
W wiah 40 thank Prof E Jorpss nd Dr 1 3 u, Brockholm, for the

Preparations they kind! supplied e
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Effect of Cholecystokinin on Small Intestine
By
Pavo Heosan, Hemy Perssox and Gunse Rornuax

Revened 6 February 1907

Abstract

Hepver, P, H Prxsox and G Rorsuax. £ffict of ohelrristobonn on omall oatestme
Actz phydol scand 1967 70 250—25%

The effect of highly boleeysiokinn bisdder and Letestine crtigated

nd lro, The m'rt‘lhlmob(:‘h‘::;umtmumd'm;;l‘::mrﬂaid%y

cholecyrtokinia @
thn Imteminal effect of chabery okinin b socd:ated by asother mechanmm of srtsoa than the effect of
thwm:u;l:.rnﬁadda cholceyntoklnin 1n low concentra oo seem to b sperrfic
effect on the Fart of the Intestioe. It w pomsbic tha the hormone may play ok  the
regulation of metmal motility

In 1929 Ivy ¢f & described the preparation of an extmct of intestinal mucosa that
sontained chalecystokenin activity Jung and Greengard (1933) reported that such
Atracts cawsed a contraction of guinea pig teum in itro, and Sandblom o «f
1935) di d an increased duodenal permtalsiy in vivo following the intra
renows ad of a chol kinin preparaton. Usually this ntestinal
:ffect has been conndered to arbe from imp dtes n the cholecystokiun prepara
dom, However the effect has been demomtrated aho with more pusified prepars-
tions {Dahlgren 1964)

In 1964 Jorpes ¢t al produced & purificd cholecystolanin preparation with =
activity of about 3000 Ivy dog umuts per mg The chermucal properues of thewr prepara
tioo suggested that 1t represented a very high degree of puriy It was conudered to
be of interest to remvestigate the pomble cholecy stolomun effect on nteatinal mot lity
with this punfied preparayon.

Material and methods

Shity-fi goinea of clther sex, weighug sbout 200 g, were wred  thein -mrq;nmﬂ
A.bmnlcmhnlw of the theurn were 1mmersed into 23 ml bath ontam og Krrba sl
e i O hiosonae contrwcrsocm were



EFFICOY OF CHOLECYTTOKININ O SMALL INTESTINE 251
lh:fnndnnmimﬂunpmummoﬂ’-mitheﬂn'mmnlnhtdmmuptlmﬂ\ wip of
Jall-bisdder tasisc whoch was bmmerscd Joto 25 rml of Krcts solutson.

Ten ca of cither cx, welghing 1832 ky, somsthetomad with peatobasbitoas, were cmployed
x Blood

fro experfmentx. Carotid premure, intravesical gall peessure and the preware in the
upper were by fmid filled recording rystems compected to
Grem pohgraph recorder (AModed 3 D) A cannuda for the rephirstion of prowsTe waa
xtrodheced o the:

common or the cyvtic dmt. The hepatic duct wrs fguted. The Intrajchumal
Premare wae meerered aing  polyctbene tube, pemed through the orl caviry Gophaga od Rom-
to

carmerted
rabber tube whach, when (0 pasition e the {mtestine, wom filled with water ontil  ecitable prowore

-

The pardied mdmbcdmlwdo(ndupam' The poteacy
of the crude e (Cooe i Vi AR Stockholm) was 200 nain per
prepars

Results
I In tyire expeniments
} Guwea pug tirem. The purified cbol kinm camsed a of the guinca.
pug fleam which, n the dose range used, was proportional to the dose administered.
‘Thert was a typaal delay perrod before the rap P d. Thus the

occtrred wp to 103ec. later than that seen afier acetylcholine. After the lag peniod
the tomn of the preparation nereased rapidly and often a sexies of thythmie con
tractions were secen (Fig 1) The Latter could be observed Irrespective whether the
contractiom wrre reghitered somctncally or botoruaally  As a rule, the respome
obtained afier the adminmiration of 4 un iy of cholecystolinia = 1 ux was equal
0 or greater than, that of 1 ug scctykcholine chlonde, corresponding to a con
ceotration in the bath of 004 gg per ml. Equal or greater doses of other proten
hormones such as ACTH and insulin had 5o effect on the preparation, nar had human
plarma.

Atropuoe in dots of about 0 1 gg completely nhmwdd::rmuflm
acetylcholine chlonde and of 4 units of ch kinin, Lower conc

atropine caused a red of the rasponses to the two 1

Heramethonium in doses up to 100 pg did not affect the respome to cholecysio-
Torun,

Cholery stollnin had no effect on gutnea pig col nor uterus, when In estigated by
the 13me techrique as that used for the dewm preparations.

Jlmkidmllnhmnm C 3 rgurmoen D 3 wnas
okuain (4000 waus per mg - ‘

Randly supphed by Dr v Mot Sockbelo
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Ach 2uy ek a3u exasy Ach 2py co 2y oK 24U
Imdy

Fig 2 Contractions of yuunen pi 31 bladder in | ro, regiitered hometricelly Ach rands for
cetyicholine CCK for chal MO{]E‘I’\. W th Increas) ¢
o i ey og doscs of chotecystakl tn  steeper stope of

Acomparison between mocholcc)ﬂohninprtpanuomwuuudcudngdxcmpmm
of the guinea plg ileum a3 the parameter The substances tested were the purified
cholecystolunin of Jorpes et «f (1964) contalning 4000 umts per my and th com-
mercially available preparation Cecelun, containing 200 units per mg It was found
that the activity of the purified preparation wan 21 8 imes greater per myg than that of
the crude one. The activities of the two prep were howover about the aune
(109 ) when compared onan I § dog unit bats.

b) Gall-bledder The guinea pg gall-bladder responded to eholecystokinn tn lower
doses than those required to get a contraction of the ileum As a rule the lownt
effective dose was 03 Ivy units corresponding to a concentration of 0 003 pg pear
mlin the medium Even in thete expenuments a delay of the respome o cholecystolun-
in was scen (Fig 2) With increanng doses the lag period decreased. The rexporse
Yeveloped uniformly with time The tangent for the angle between the base line
dnd the reaponse line wan found to be rectfinearly related to the logdosc of choleey
wokinin. 4n axample s given in Fig 2

Atropine 1n & dose of 0.2 pg which inhabited the respomse to 1 xg
Icft the respanse to 0 6 units of cholecyrtokimn unaffected. No reducton of the ra-
pomse to cholecystokinin could be obeerved even afier an increase of the atropine
dose to 50 ug

bl
Y

I [ o experiments

Blood pressure, gall bladder pressure and ntraluminal prenure Jn the jgunum
were amultancowly recorded in the anaesthetized cam. After 2 3—5 wmity of chole-
eystokaman intravenowly (4000 Ivy units per mg) the gall-bladder prexare incrensed
from abont 2 mm Hg to about 10 mm Hg The pressure in the jeyunum wually dd
nat exceed 15 mm Hg In the control peniod  After choleeystokdnin the bavc torus
wiy clevated about IOmmHg-bmrdtmnudlanndlhmmﬁtquﬂl
mpuhofdmdmmnuplowmmﬂg(ﬁg 3) \When the crud  propant
ton of cholecystokanin was wsed, the blood presure remarncd nnaffected. With
pw&dcholwyﬂohﬂnmimcfdtb&mdprmcmmwhnﬂm
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Fg. 3 Effect of cholecystokinin
{CCK) an the prewre o gal- y
hhdd:rnnd{;}mnnl:ﬂ cat,

19%g before (apper
purt) and afier (lower part) 3 my o
airopme [ntravenously —_—

Alter treatment with atropine, 2 mg pr kg bw  the atestinal response to chole

eyrokmm was wnhib ted but the rapome of the gall-bladder remalned completely
unaflected.

Discussion

Highly punfied cholecystolarun (Jorpes o el 1964) has been shown 1o cause a con
traction of the xmall intestme w3 shown in vitro (gunca pig) and 1 o (cat)
The comparison of crude and punficd cholecystohiun showed that th  intaunal
effect was bound to the cholecystokinm actny ty and not to the smount of substance
gwven. These cxpenments thus provide support for the view that the effect on the
Intestine 1s duc to the hormone tself and not to impurites in the preparmton.
Thn b In acroedance with results reported by Dahlgren (1966) who, using a prepars
tha of the mm  high punty found an mereased duodenal perlaalsts i the dog
The dowdevelopment of the response {the gall-bladder to cholecystokinin obsened
In the v tro experiments, contrasts 1o the rapnd one in the ileum preparations. T
indicats a fundamental difference between the actons of cholerystokunin on the
two orgama. Furthermore the effect of cholervmtolinin on the intestine was minbited
by atropine in low doscs Thr # in contran to the eflect on the gall-bladder which
a2 unaflected abo by high doscs of tropaine Thin t seems reasonabl 10 asume a
different mechanlsm of action for the effect on the ntestine compared fo that on the
rallbladder \adto «f «f 19631 were of the same opanion, but, sinee they wed a
crude preparation, non-rpeaific cffects of impurities could not be excluded.
\\Munuiln\iuocqm]duuddwlmﬂohm-ndlmﬂchnﬂncchhddc
camed respoescs of aboat the same uzre in the ileum preparation. Comequenty
the molar concentration of chlervstokimn it ha been lower than that of acetyl-
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choline. As the responte was clicited by such low doscs ut Is lews probable thae the
effect of cholecystokinin oo gunea pig ileum in vitro represents & nan-ipecific
protein effect. Furthermore, equal ot greater amounts of other proteln hormona and
of human plasms were inactive. Al in the cat expenimenty, low doses of chole

cystokuinin were used, and a caleulated plasma co of 00} wg per mi
was active These small anmounts of the hormone being active on the smalt intesune,
may suggest 2 physiological role for chot kinin in the lation of I b
motllity
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Lactate and Pyruvate Concentrations in Blood, Cerebrospinal
Flmd and Brain Tissue of the Cat
By
Lazs Graxrowu and Bo K Smajo

Interest 1n the lactat and pynuvate concentratons of tmoes and Uwue flmds 8
partly doe to the fact that the lactate/pyruvate ranos, or the  exces lactate” con-
centrationt, ha ¢ been claumed to indicate thmee hypoaa (Huckabee 1938 Hohorst
1960) The eason for thn s the coupling between the NADH/NAD and the
lactatate/pynrvate systans  nd, since both lartic and pyruvic aad can diffuse freely
m tmeucs, it has been proposed thet extracellular lactate/pyTuvate ratios can be
uxd 11 & mesvure of the redox state of th  intracellular NADH/NAD* rystems
(Hohorst «f «f 1963) However although attempts ha ¢ been made to correlat

Lctatefpyruvate ratlo  n the cerebrospunal fluid (CSF) to anom neurological
duorders (Rurze ¢f af 1966) there seems to be no study of how thn rato | related
10 the corresponding lactat /pyruvate ratio in bramn tisroc. In the present puper a
report s therefore given of messurements of Lactate and pyTuvate concentratiom n
arterial blood, CF3 and brain tsue of ancsthetized cats.

Spontancowsly beeathing cats were anesthevzed with Phenobarbital (123—1350
mglg) i p The feporal artery was cannulated for blood presure recordmg and for
ampling of blood, and the famoral —m for injections. The artenal pH and Pey
were mearured with mero clectrodes (SF was mmpled from the suboccipatal
cirtern afier exposurce of the  tanto-ocapitl membrane /see Poatédn and Siess
1966) The dura wa aposed over the pa etal corucr. For the measurcments of
Iactat and pyruvat concentrations blood and CST were sampled directly into liqusd
mirogen. Brain thwuc was frozen i sifx by pounng liquid nitrogen on the expased
dura and the subdural cortscal umue wa chiselled out for anatyms. The lactate and
PyTuvat concentratom were measired w th speafic enrymatic methods after homo~
Feolzanon and entrifigation inth ¢ i neutralimunn of the perehlone aad e
tract (pll 43) with preapit von of p perehl nd ub:
centnfugatuon (Hohorst, hreutz and Bucher 1939

The aulnareqen  h (bl The acid base -alues p on refer 10 16 enpts
vih an arterdal Peo 1 between 30 nd 40 mm Hg Measurements of lactate  nd
Pyrunat concentrations wer  made on 15 hiond 10 CST and 7 brain samples. Both
the actal and pyruvat  oacentraton n the CST were larger than thow 11 th

re-
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Tamx ] Acd-bae parameters and Lacrat Prruvate conceatratiom  od ratios i arterial blood,
CSF and beai they of resthetired cat. Means L § EAl The ploma bearhomte
concentratiom wore cateulated from the pH - red the Fep valuen, The lactat nd pynnste
concentratons are cxprewed per kg of w ter

pH ;’ﬂ‘ mm  HCO Lactate Pyrost Lactste/
1;\ meq!l mmddatg HO Pyruraee
Arterial lood 7.508 356 19.9 060 007 4
=00 =07 =07 007 +0003 a7
Brai dsue o7z .o s
2003 ~0.004 =7
(33 116 o192 LA
1 0.0F 0009 103

blood or the usse In sddiuan, the laciate pyruvate ravos n the (5! were Jower
than thow: 1n the blood and much lower than those 1 the thisue. IF the whale Llood
concenimtioms are converted into plasma alues 'Hockabee 1956) ¢he ranos ap-
proachthosx for CSF but amy smilerin may be forrutem unce the blood valuo show
2 much larger spread, probably due 10 8 ardable operathe trauma. The important
resull, however 1s that both the lactate prruvate concentrations and the lacrate!
prruvate rauor of CS3F markedly deviate from the corresponding valnes for the
thsue water It 13 evident that further work » peeded on the lactate pyruvate refa
oo between extra and intracetiular Amds in the brayn before CSF mtanerementa
can be used as a too] for studyrog redox states in the tsue proper

Tha (s exthgatson was s ed by the S cdrb Alcdical Resenrch Conncil (Project B67 14X.203-
03) and by comtract \ (25! 83 ern the ONR, Departmen of the U S N vy and the Lar
vermy of Lund, Sweden
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Myogenic Response of Resistance Vessels and Precapillary
Sphincters 1 Skeletal Muscle during Exercise
by
Jan Loxovait, Sterax Mrurtaspes snd Hasver Spamcat
~ Received 30 December 1966

Abstract

Loxoiawr, J, S Mrriasore, and Srarxs, \[opeuc respeas of resistence eoisels
oud precapillary sphoachers 1 ske¥lal maxcie dering sxerise. Acta phylol. scand. 1967

70 237268,
fhration cocfident (CF! sphincter tooe and yrnoo outflow
O e e iy ol Tromars bt 4ad g moene

work, tranemural peemare in Oreacic 90 mum Hg cavmed 35 per cont decrese
Ia CFC, Incicpting mereascd tome of precapsliacy sphincters ands on the
blocd fow Indicabing amcla

emets
ameregalition of Kliraton exchangs ra ahcrabon of precapellary sphacter tone may be an mpar
Tt aetor preventing grow cdema in the kgt of upnght ma  durmy exerche

The two mechynisms predominanty responmble for the local control of nutritional
blood flow of keletal muscle are related to changa in the metabolic state of the
theae nd in vascular transmural pressure

The metabalic factor was firmt emphazised by Ga kell n 1877 who obwerved an
Increased mus] blood flow amocrated with tetanx conrraction Many studics have
unce confirmed and extended hn obacriatiom on the resstance vemsch of exerdinng
skeletal muscle (sce Barcrolt 1963, Krogh, in 1972, demontirated that the number
blood-containing capillaries per umt area mereascs dunng musc work, Cobbald

1963) and Rjcllmer 1964 a ha ¢ demomtrated that the capillary filtratdon
cocfickent (CFC)  efle ng capallany aurface ares, may increase 2.5 to 3.0-old
doring exerche. Ths rosult agrees with the work of Renkin and Roscll (1962) who
meatured A\ extraction of Rb** od of K dunng excrase and found a 2.0 to
Frowot addrow  Departoment of Phywology Unrrermiy of Lasd, Luod,

Swrden
LT s Depanacst of Phrmoiony  Lancrun of Mickogas, An Arbor Aichipas,

3
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2.5-Jold increase in capullany transport, These changes 1n CI'G and In capillany
transport eapacity probably reflect alterauom in capdllany surface area as determined
by peecapillary aphuncter tone, becauwse there seems o be no tncrease in capillan
permeabihity amocated with muscle exercise (Arturson and Ricllmer 1964)

Baylns (1902) proposcd the concept that a myogeni P o tra {
pressure s important for the local control of blood flow That i, increased trans-
mural pressure causes increased renstance to blood fdow and tree rerse Recenth
the idea that vascular 1mooth muscle of resistance vesels can respond (o sretch
and thus regulate blood flow has recefved wide support (Folkow 1964) Mellander
«t ol. (1964) have demonstrated that 1n both man and cats clevated transmaral
presure abo results in contraction of precapillary aphincters and thus decreased
capiliary surface area. Thas reyporme may e an important factor guarding agumt
formation of edema In vascular beds exposed to high hydrostatic Joad.

My ogeruc and metabolic factors may sometimes cooperate to determine the rone
ofvncuhrmmdxmusdc.u.foraumpk.mmmﬁomo{rrdmdpnﬁmonprmm
and reduced nutntionat blood flow In other circumstances, these factors may com-
petc, for cample in the dependent limbs of man durng evercire. The work of
Cobbold # «l. (1963) and hyellmer (1965) shawing that the metabolic demand of
exerase overrides ictor infl of the pathetic nerves, capecially
on precapillary sphineters, mught suggest that the metabohe effect of exercise would
2130 wn over the myogenic constrictor rasponse duning elevated tranmmural premure
There appear to be no date expliatly dealing with this subject. Aithough it 13 obnfous
that an ncreased blood flow and capillary surface area are beneficial in meenng
the metabolic needs of exercuing muscle # large caplllary surface ares mn the
presence of | d hyd toad could be detrd ) leading to grosy edema.
‘This 15 cxpecially relevant when considenng the arculation of the legy of man
Jmng:xcmbeinupngh!poﬂum

8 nce we know from common experience that exercnsc n the erect pasition doces
not lead to grow dependent edema, there must be mechanuems which miugate
the formaton of edema. Our calcnlations, wming dsta from the hrerature indt
cated to us that the mmuscle pump” incremsed timue prewure, and nereasd
lyraphatic draunage would not be suffiaent to prevent excessive filration { capillary
suriace arca weze  to 3 fimes the restng level

This led w to connder the ponibility that clevated tranxmursl pressure could
result in closure of precapillary sphuncters and decrrased eapllary urdace srea cven
in the presence of strong vasodilator factors related to exerase Thercfore the alm
of the prasent sudy was to determine the integrated response of rest and
precapillary sph veuls to the opposing effects of high metabolic demand
and elevated

) pressure. A prelimumary report of this work has been pub-
fished elsewhere (Lundvall Mellander and Sparks 1966)
Methods ary B

Gaeral crurderatsons. The e of 4 p b for the of pet oid
MW&WHMMMWM(MM]M Changes »n
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shre of the mrface od ths, chamrges o the tone of the precapillary rphinctem,» ers
Hmﬂum"&'c (Cnbl:uldn??&) C}‘C--drtn-nﬂncd bing the venow
premare  known mmount snd of outward Erion aed by tho

tracemral premure, ocasonally
mm&amyb:mdnﬂu-\&\hklhc atue t high traseararel proware dutuag ceu, was
somctimes a1 groat wa 3/ 90 that these CFCa ma htmtrm}mcd(ﬂ”eﬂ:mdﬂr{d 196:4)
CFQ b exproect s ml flald erdp:rmlnuupcrl x mwacke per mm Himmmm
ryhydrmﬂ: (mllmlnxlm'rnml'l()lnbk mguificans CFQ
b bo ndcvulm-!rddu:m\hﬂm—uﬂcdnmﬁﬂ [actor was taken into
mllndxmltnd" {#ce Wjellmer 1964b)
dwet The experiments were performed o0 the lower kg mmcles of 13 &
wembetired W(som;fu) od In most cascs urcthanc (100 ) The kower

teg e has been desenbed In detall by Kjellmer (1964a)  The fim was separated
From the ‘meowcle 90 that {t bad no blood supply but covered the muscke. The paw was removed

Tech

involving CFC meavurementy were performed
NHuu.lnlcnonlyﬂowuummmn-d At the begmning of each experiment,
CI'C was determined t low and hugh transmural pregare In the resting muscle.
Turelve of the 14 preparatians showed the typhal mvogenic reapomse pattern of the
precapillary sphincters, 1 decreased CT'C with dbe ted teansmmural premure but
in 2 experiments alterations of transmural prewure produced no nguificant change
5 CTC. Tindiogs 10 upport the Mea that the decreased reactivity of preeapillary
phincters in these tmwo cxpenments was due to the low temperature of the hlood
perfuing the calf musel wall be presented below

The tally nduced changes in transmural pressure a eraged  oughly
30 1 Hg. \ alues for rterral inflow pressure during low transmural pressure periods
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ared between 60 and 95 with an average value of 80 mm Hg while venom prepure
was low than 5 mm Hg The caloulated mexn eapiflary promure (Pappenhemmer
and Soo-Rivera 1948) umdbttwcml!)uﬁlbmmﬂgm\hmmmﬂgulhe
acerage for all epenmente Thus gives an inds of p ph
premure, which must be dlightly hugher At:lcv-tcdtnmmm-nlpmmncma-nﬂ
biood presure varded between 90 and 125 mm Hy with an a etuge of 105 mm Hy
Vennas preseure war rabved 25 to 35 mm Hy and thus moan capfflery presure vaned
approamately berween 35 ard 53 mm Hy w th an a rrage of 48 mum Hy

Fig 1 shown a representative cxpenment in which artenal inflow prenure venous
outbow prosure, blood Bow and olume changes of the lowrr leg mmdle prepars
m were recorded oo ly CFC was o dred at mtesvabs. The st pare
of panel A thows the flow and CFC dunng rest and = high tarymurs] pressure.
Artenal inflow peesure was 90 and venous presure was 33 mm Hg, with # resultant
mean capillary prosure of approdmarely 44 s Hy The CFC waa 0017 mi/min
% 100g X mm Hg and Bow about 8 mifmin x 1008 Artertalasd enous promures
were then lowered to 50 and 3 mm Hg rapectivedy and moan capillary pressure
wxy aadcolated to be approvimately 14 mm Hg CFC increased to 0024 Flow
remalned ewentially the ame in ypute of the decrrased disienson of the rai ance
verels which st ha ¢ resulted from lowered transmurat pressure Thin, the elaxtic
reeoil munt have been batanced by relasation of th  ascular znooth musde

The omset of exercise n marked by the rrow i prnel A where the adatic nerce
was stinilated at 3 fmphee 1t can be seen that blood flow imcreased spproamatety
twolokd to 16 miimin 100 g The -olume curve show  the tymeal chunge during
eurase, e fint an abrupt Inceaxe due to dibtemwn of capacince omels and
then  slower rse which at & gven ransmural prassure tend 10 level off with tme
This tatter change n due to tramfer of Bud sevom the capiilar membransy related to
8 ruzin hydeosttic capiliary pressure (Kypclmer 19642 P ned B shows the records
afier 2 man  nienal tvolame recorder pen repautioned) when bBlood fow bad
reached & steady st CFC determined in 1hs period of low ransmural pressure
WAy 0033 Thu increase of {TC reflects n mlarged capillany surface area in re
tpome 1 cxerche doe o relesauon of procapillan phincters Traoomuwral pressure
wx then levated 30 mm Hg by rarang artenal peemure 1 90 mm Hg and enous
PreannT ta 33 mm He punet { The (FC decreascd 1o 0 019 mdicating an active
OTtor responre of the proe pellan ph ncter o th weremsed transmnral
Peowur Flow on the nthe hand  nereased from 16 ¢ 20 m! oun 190 g whech
vellecis 3 pawn beha W of b oreustance evel The  olume curve b romewhat
Heeper in thy phaw han B nd at o increared net Bltrmuon CTC was then

during another period of fow transmural prex e Last peet of paoel C)

but berr the perfuson pres urew  bgh ! noreased 4 3 mm Hg in order to Leep
bond flw 1 exactl h wme fenel  n the preceding pentad of high tammural
Premure CFC was 017 swow ng . nen wh o blood flow was bept comstant
CTC was ugnificant!  matier  high han low tanumural pres ure

In the ftery 1 betwern panels nd D perfur on peewrore and hence blood fimw
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was restored to the previous level (artenal pressure reduced to 60 mm Hg) and then
the rate of sumulation of the sclatic nerve was increased from | fmpfiec to 4 1mpfaee,
An increase of the muscle exerae to thr level was assocuated vath a slight sugmenta-
tion of blood flow and CFC incressed to 0 039 {panel D) Tu s2ddition, there was
an incremsed net transfer of fuld into the muscle to Judge from the inclining volume
curve, but zs before this phenomenon tended 1o decline gradually with tume (observed
in the intcrval between D and E) Afer ruung teangmural presure 30 mm Hy
(parnel E) blood flow Increased to 32 mi/min ~ 100 g reflesting 112 more pronounced
way than in G, the pamve behaviour of the renstance vessels. CFC dearessed &0
0030

Summarinng Fig ! at rat, lwerlng transmura! presaure resulted in relaxstion
of both resmtrnce vescls and precapllary sphinctens so that fow did 0t deorease
despte the 1oduced efastic recoll and CFC fnoreased sbout 40 per cent During
exerche with | twitchfsec at low tramsmural pressure, blood flow approxumstely
doubled and CFC increased somewhat more than 35 per cent above the corrapond-
ing value at ret, indlcaung dilataton of resistance vemelsand precapillary sphunciers.
Incresting transmural pressure during this kevel of exerase caused CI'C o decrease
by about 40 per cent, reflecting conntriction of precapillary splunctens. In contrast,
blood flow increased, indicating that the pasuve ditention of the ralstance venels

overaame any active raspome to mcreased 1 pressure. I ing the
metabolom by i ing the rate of Iaton ro 4 unpfec dimumbed, to & large
cxtent, the effect of ncreased ! prewsure on precapillary sp . In

this situation the presyure nse decressed CI'C by onl  some 20 per cent. The pasave
behaviour of the resstance vexicls was even more pronsunced than at 1 impisec.

It 13 important to note thatin the § cxpis. 1 which Fometne tendon was recorded,
no decrease 1n contractile force was otnerved upon tramunon from low o ugh

}trl.nﬂhu'rnlpﬂ:ﬂm't, Ths indicatey that the constnction of the precepallary sphinciens
is not related to decreased metabolic mte

Fig 2 shows dara from wn experiment performed m order to evaluate more
preciscly the balance betwecn passive and active change of reshsnce vesieh dunng
alterstions ip tr al pressurear diffe bolic levels, VWith the perfiron pres-
sure kept tentat 50 mm Hg, tr | prevure was rased i 10 mm Hg steps
first duting rest, and then dunng work at | twitch/sec and 4 twitcheyfsec. Thee
results are exprened asa plot of per cent change m flow againt mean tranmural
pressure, we (P + P )2, where P = artenal inflow prepure and P o= vonom
outflow prenure (Folkow and Lafaing 1956)

The lowest dushed [ine connects pounts obtained with the mmncle at rext Whit
the first 10 mm Hg ncrease in transmural premure caused 2 4 per cent incresse i
ﬂgwmbseqmnlhm{nlnmu:ﬂptmn:umcdmﬂndldw_:nﬂﬂ'
Thae rather small changes indicate that the passved {ing force is bal nicely

the incressed myogen ¢ tone.
b’ﬁcummudsxhcdﬁncubwdauobmncddurmgwultmld#ﬂ

-ndhwhdaahchhtﬂcwnlmmb[tcinuuﬂimlydlghdywhmmaﬂm

~
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Fig 1 The changer ta Bow smocaated with mcresstt in mecs  tranmirmera] peesure (coamant per
famon prewmre) the mmacle repom teit, wocking | tichisee and 4 twnchesjice, aod
ey perfomon with Tyrode's sobenon.

Tt 3 A ermge vatoes from 12 cxphafor CFC and Sow  Jow ard bugh ranecterad prossere (dofferemce
erped 28 mm He dunog rew, nd work | empser e 4 mp s

mural peewicre was rased 10 33 and 43 mm Hg and the subsequent increases 1055
wd 65 mm Hg resulted in 26 and 44 per cont increswes 1 ow respecavely At 4
veiiches sec the firnt 10 mm Hg e in tammural presure camed an inarease of
36 per cent In fiow whilke ubsequent noes ronudted » flow increases of 66, T4 and
80 per eent.

Thc olid line 1 replotied from Follow and Lofing  expenment 11956; mwhich
# mascle and skin preparauon was pertused with T vode  soluton, which probably
cendered the ascular bed completed pam ¢ The fad  clone correlation botween
br cun wnd the cun for 4 twitches ¢ Rygget tha dunng great metabolic
demand the rewstance cascls are ompletel  pasws wath reipert 1o changes fn
transrmual premure On e other hand, i the presence of lesser degrees of metabolic
demand there appean 1o be a compen 1w between the metabolic wsadifator ta
Hoence nd the myogers con ictor response to Inervased transmunal presure
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Fig 313 a histogram summannng the data on flow (upper section) and CFC
(lower sectlon) from all experiments. All data are calculated 1n terms of per cent of
the values obtamed for reating muscle at low tranmural presure, desgnated the
control pertod  The height of each bar indicates the mean value for & gven experi
mental manoeuvre Each experlment showed the tame trend as thet indrcated by
the bans (withheaccpdonofﬂow-th}ghmmunjprmndmingrm)

In the indvidual experiments the levels of low and high transmurel pressures
varied shightly bunheh\duc:dchnngrmmnunmﬂprmurcmofmugmydr
fame magnitude averaging 28 mm Hg The average value for blood flow 1o the
denervated muscle region at rest was 9 mlimin x 100 g #t & perfinion pressure of
100 mm Hg W th regard to the rexistance vessehs, the outcome of the conflict betwerst
the distending force of increased transmural presure and the myogenic reapome
at rost was not pred ctable but averaged no change in blood fow or vasadar
T EX of 1 cauwsed an average decrease in CFC of
33 per cent from the contol valuc of 0019

At low trummural pregure work at ! twitchfsce always Increamed flow the
average being a 2.4-fold incresse Elevating transmural prewure cawsed a further
increase in flow 1n all experiments, the flow then a wraging 3.3 times the control
value CI'C abso increased with exeraise in all expenments, a eraging 145 per cent
of the contral value. Elevanon of tramsmural pressure, however reduced the CFC
to 72 per cent of the control level, a value only slightly higher than CFC during high
tramammural presure at rest Thus, 10 all preparauons the myogenle resporse of
the precapillary sphincters remained intact at this work level,

Increasing the rate to 4 twitchessec caused an incresse in flow 1n each case. At
low transmural presure flow averaged 3.5 times control flow and at high ranmmura!
pressure, 51 tmes control flaw CFC was, at Jow pressure, 160 per cent and, at high
presvure, 120 per cent of the control value Thw flow was again incressed when
transmural pressure was devated. CFC, on the other hand was sull decreased upoa
tranntion from low to high ral pressure, although it was d d by only
24 per cent 3 opposed to 50 per cent during | ewitchfsec.

As stated above, 2 experiments showed no change of preeapellary sphuncter tone
when tramsmural prexure was altered In both of these experiments, the body tem-
perature of the cat was befow normal, althoogl, in other respects, tresc expereatenis
were techmcally sound Therefore 2 additional cxperiments were performed fo test
the pomibility that lowered temperature could aceount for the decreased respon-
sivenen. In one experiment, after demonstrating that increased transmural peessure
cawsed 3 decrease in CFC, the temperature of the perfunng blood was allowed
to drop from 37° to $3* C. Thih manocuvre abolithed th precapillary sphuncter
resporse. This finding was confirmed i the other expenment n wiuch precapillary

ph ponak to elevated tr ‘prmmcwu.bcmwbmﬁmwm:d
darmy perfinlon with blood at 33 C, but returned when temperature was rased

wirC
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Discassion

The senults of the present stidy are In agreement with the concept that the vascular

smooth muscle of the variows functionally differentiated wcctions of the peripheral

vawular bed has different characterisuos (e Follow and Mellander 1964 Mellan-

der 1964) Adopting Bosler s terminology (1948} it sppears that muln-umit smoath

muscle i present rounly i large pillary r un:-)tlndln pact
enacly, while the nngle umt type b more prevalentin smaller pillary
wewscls and precapliiary sphi ‘This & m &g with data that

the control of the capacitance segment s largely neorogenic, that the resivance
sosschs are infhaenced by both extnnsde and tocal factoes, and that the precapiifary
sphanetert are chiefly controtled by local events (e.g Folkow and hicllander 1964
bellander 1964)

The present study wndicates that of the two main lncad comtrol mechanisms,
metabolic demand b comparanvely more important than transmural peessure in
determning the tone of the radrance enclt, while the reverse b trae for peecapillary
sphnncters (Fig 3} The influence of thae two kocal factors s competithve and
diflerencesin ther effects oo rustance “esschs and precapiitary sphaneters are largely
quantitatrve This finding o in sgreement with general concepts of the mechanizm
of variability of rmaoth mmncle resporse (Bohr 1963} It appemns that the muscle of
the smafler precapilary emecls rather cosely mmmes the behmvionr of “primitive®
poc-mnervaterd vascular smooth munscle such xy that of the umbilical artery (Sparks
1964) Though the tone of the precapiiary sphincters mght be largely dependent
upon autormaticdty m ther tngle smooth oxmcle ceils, the wne of the peecapillary
sshtance vessels rmught, n edditon, be dependent upan spread of exertanon from
pacemaker regions ( Jobansson and Bohr 1966) 1t i pomsible that metxbalites can
mierfere with th propagation of impubses which coukd belp o cxplain why the
metabolic factor overrides the myogeni reaponse n the resisance Toel

Two for the autor of krleml mucle blood flow have
reeerved wide suppoct these can be referred to a3 the mrtabol’  hypathens and the
myogenic hypotheas. Previous stuthes ha  ugmested that the metobolic factor
dormmates n autoregulation of hlood Bow and the peesent study clearly demonstrates
that the metbob fector can overssde the mogeme one W svould bie to propone
a1 extension of the concept of aur to modude : of capiilare
fluad Eltration. Thu proposal mol £+ twn dinct locs! adjustments first, regulanon
of the eire of the capilian wuriace 1 ailable for exchange by mesns of changes
b precapullary spncter tone and wcond the reulation of mean b drostatic
cxpdlary premure ree it ratcm ot the precapitiars postcapllany resistance ratho.
Autoregrlation of filtra won ox hange ma  be sccoumphihed by ather of there
echanirmy, depending e na ool ed amd the preva ling arcurmrances,
Tor cample when be rammurmal ascad  presure of L leal minde s altered

tres Milellander Oberg and Odedram 19%4) or during exercise (Mg | and 3
Precapiliary sphincics tome  anes, and thun controls capAllany surface arca and
bitrabon exchange In th  nies ne on the other hand, autocegulatoe of fltranon
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exchange can be accomplahed by shifis i precapiliany /postcapullary resstance
nonoUmtmncnpdhryprmu:hkzp(mmum,u,fwmpk_dm
vasoconunctoc fibre discharge (Folkow of al. 1963 Oberg 1964) Thu does not occer
1n skeletal musele (Mellander 1960) The importance of the myogenic raipoos of
precapullarny sph to increased i lar pressure i3 obviows 1n the case o the
circulation ofskeletal muscle inwhich, during exerche, metabolic demand dommates
the remtance vewsels which, in turn, feads to a decrease of the precapillary/post
capllan rebtance ruo (hiellmer 1964a) Thn latter effect per ¢ would favoor a
nmhmplﬂnnhydmdcprwmln!bcnbmcco{nmw@aucrupmxd’ﬂ!
precapellary sphincters ef of hydrortadc preswre during exercise could result
In gross edema. This consideration may be apecially smportant for the arculation
of the legy of man dunng exerase n upaght posture.

An increase 1n precapullary sphincter tone at igh transmural proswre dung
exrrase would appear to revult n some decrease in the efficdency of the nntribanal
dreulation through akeletal muscle Capiliary surface arca as meansd by CFC,
hrwever 13 not a direct 1nd of diffusion dbst which may be affected
much lexs tmn capillary surface area, Precapiliary spluncters may be opening amd
clonng asynchronously so that caprllary surface ares is decreased but flow dutnbu.
tion ns atll fairly uniform throughout the whole mucle over a reasonable fength of
ume. In addivon the filtration which does occur during exercise at hugh trams-
mural pressure may be important m improving capullary nutntonal exchange, nnce
Mellander and Lundgren (1966) ha ¢ demonstrated that tmie-blood transport can
be ugnificantly increased in the presence of net filtratron.

During reoderate exercise at clevated tramsmural presure blood flow incressed
over threcfold, while there was virtually no tncrease in CFC above rat fevel (Fig 3)
Such an inerease 1n blood flow over a restnicted capillary sectron would require aither
1 decreased capillary rewstance to flow or an increased premure gradient over the
?Lplhnkcumﬁchuﬂ!cdﬂmmghtbcdnmndthrﬂughnm—ﬂumuﬂnl
shannels, but there is evidence which derues thar existence in skefetal moscle g
Dieter 1934 Puper and Rosell 1961) The dumeters of the patent capillanes mught
ncrease a3 & result of the rused cangmun! presure. Although modern anstom
in ‘mtigatsons of the mcrocrculstion deny the occurrencer of gnlficant chacges in
capillary boce to alterations i trantmural prenure ( Zwefach, personal cotnmunsct-
uon) even ‘try mall inaeases might dearease capillary resotance comrderably
if the Pomeuille relatiorhip applies to thus ‘asenlar section An mcressc 1n biood
ﬂowvdodqnnbea:odlmdmlhndcmcmmumﬂcomvmr)u(bbod.
bat thns phenomenan o only seen at very low fow doaties further thrs hardhy
sppires 10 capillancs where s bols” flow o mually exsting A factor of greater @
pomnctupmblbhd\cdnngcinprmmdmp-awm:apdhnbcdl}mocwﬂ
dunnga.u-wr.Alrut,lhhprmncdmpuqm(cmﬂ,paﬁapnmmﬂathm
generally awued. During excreme, bowests there 11 & pronounced rlatation of
mpﬂaryrnnuncewnthw—hx:hmmlndwqmu-dgmﬁummcmpcm\ﬂ
on the artenal nude of the capillary It n concervable that a threcfold incresse 12
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blood flow through a fairdy restricted capillary bed can be accounted for by this
increased capillary pressure drop and by a somewhat decreased remstance in patent
capillanes

When the vascular bed was exposed to the grven increase m transmural pressure
CFC decreased by an average of 33 per cent in the resting mmcle but by an avernge
of 50 per crnt at exerche at | twitchfiee (Fig 3) The myogeme respome of the pre-
clpi]llnlp}ﬂnamlhmlppunwb:gm!n‘uthhmk]c\ﬂdql(:dtm
comitant ¢ fleet of vasodal bolites, Ths finding might suggest that
ﬁ‘pﬂmummwgcnkrupomﬂmd:dt:dlbm'c-munlprmmlcvd Excrase
v 5 decreases the precspillan [posteapillary rehstance ratio so that, at constant
arteral mflow peewsure and venows outflow prewure mean bydrostatic capillary
premure can nise by as much w10 to 15 mm Hg (Kjellmer 19642 ¢f alwo Fig 1)
The prevailing pressure at the precapillary sphmcter level 1s thus probably somewhat
greater In exercise than at rest m the present experiments. Thercfore a supenim-
posed given increase In transmural peesare might be » more effect] © sumulos for

dight augmentation in flow while changes from 45 to 35 and from 55 to 63 mm
Hg eficited deerenses 1n Bow The above hypotbais deserves further imventigaton.

That work wes mupported by grann from the $wedlh Medical Councll (R 67 14 2!10-01) Eml'n
‘st Force School of 7 Medsclne: IAFSI[QSI)-TSI)M Ofice of
rect Rowurch {OAR) U8 Ar Force and from Lbn.nllr-dnnun(ﬂnhh,U.&Pnﬂ.’-c
thnh(&'ﬂl-mw)
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Isolation of a Mast Cell Degranulating Polypeptide
from Ascaris suig
.
B Uwwisand ] K. Wow

Recvived ¢ Janvary 1967

Abstract

Uvis, B and ] K. WoLp Imlatres of & mast crll degrmlating poivpepizde [ om dsceris
A Acta phywol scand. 1967 70 269276

Axwrs s was cxrrared with 60% ctbanol b dikrts formie scid after previoms removal of fat with

orfaxic wh ents. Aftcr dathyss, the exiract wa fwrther prified by ammoolum ),

phase predd,
ton, gratment with Amberlita (RC-50 (XE64) &mmm( cdlnlne
Bhiradoa oo dex G-13 The parifed with » cxgh by nlithin (he
e had basc character 18 hockectric point cr 12.3 i 0.05 31
1 behaved as neasty bomogenesm com o eectrophorests wad oa pel filtranon. Nitro-
comtens 167 %, Fifueen mmo wern by paper chromatography aficr acd
alimae, srguune, cymme, ghyaoe, hirtwdine Ieucume

methionine,
Liume, proline, serne, threonine, tyronse #d valme. Tho purified prodect was degraded
Ildntﬂuudb{lhuprw:dmmmppn}m and partally
ke 13

e-chymotrypsn
P 1y wiast cells, evea mech colk from
tung that the mas cell rerpomee wap be roult of  direct acoon of te
Princtie 0 the mast coll and oot due o a0 eotigen amtibody reacton.

3
7
E
£
B

It has been well cxtablished that polymer smmes such as compound 48/80° and
antgens (horse serum, serum albwmin ete.) cause degranulstnon of rat maut cells
with the subneg release of b A hi Lberatoe™  degranulating
mast eclls by an Mencad e x ety noular b o the agrno oard
#a found to be present 1n cxtructs of Aswwrs (Uvnibs of of. 1960) Vanous authons
Wmcdmdnloﬁccﬂcmof{mﬁmmlnqu;ﬂmth‘nh:eﬂ'm
ined by the actlon of such extracts chasch resembl an anaphylactic shock reaction
8h and Fu 1917 Macheboucl and Mandou! 1939 Rocha e St and Gra-
A2 1946 Boraldo ot of 1961 Since t1 known that direry harbouns substances
with ntigenic properties, the towar  hay been a cribed ¢ these compounds. Thu
Teport describes the preparauon purific tn and some of the chemical propertles
of & presumably non-antgnk man coll degrannisting principle from Axers sas

The pradect oburlacd by the endemation of p-mcthony N 1 L
Pl oyl s N Nemety | phenethy amioe with formal-
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Material and methods

Swine xarts was obualned from  Slakterifaoml Uy The worna w ere froten
sfier collection od were kept ¢ — 10 \mﬂnkmm bn.w ey
Frparetion af Sxcerls L proct Aster woros {500 g) werr deaned | 13p warer ot mto wmfl
plecer tramtfared t Bichoer funnel and the body liquid removed by setion The it
suspended o cetone mfmbadﬂ:ﬂb‘n(cdhlhmmhﬁudlhcn pre-aatracted mco
svely with mme,chhmﬁxm methanal (4 1 h)lndedn:r crptcu—vdy JSmix 1)
of eachsohenr 13040 oder igrow “The organrc extracts were docarderl, The rndel
dedutied material (ca 350 g) was stbrred for | Ar with G0 %, ettanol fu 0.2 N formde o at 80—
Tbeuhn-nﬂmdlhrw;hmusﬁn,nmld;ndmuﬂund.Afnnbat\ COfmeCmT

ced woturlon farnlehed  crade extract (= Product A) 0.3—0.4 ., of the startmg saterkd
{1be ded tcd maserial)
Purrfcstion proceders. T Lbcd-]rudprodm{ulg)ln.qwﬂuﬂa:(ltﬂmh s added wrk
mrrb(noﬂdlm%-mm}pb-( (47,),ntn.70 ssturaton. Aflter 4 =5 the muztare
the

pred] tyzed

overnight pfr-lﬂanl.ngupuu—r‘l’b.: uﬁanm (bydrochlorke exd) ¢ pH 2—3,

6——9-:«1\:}:[] po::nd o m!n‘dA berlite JRC-! (‘(IAt[H) um(b) )m’p:-{
y mberlte IRC-30 H (3gtn» e
Mm&nwﬂmﬁfw'dh ibe resio was ﬂh:rtdnﬂpnhtd

ferred to

The trot for mast all degromelatiey act ity was carscd omt by the rat mesentery test as deacribed by
Ha'ba-g.dem-(mu,mm.mm the cubutma pH was changed from 7 4 o
69

Earrm Trypws. 1 «t., (AMaem Research Laboratories) Pepaln X {Mann Roaurch
Laborstorses) — ch'ymo:’yﬂn,ﬂv'nfk (&mwhwm@,mn
mde, &L&fmﬁwp.tahnd:mﬂm)hphixayu \Worthington Mcthem Corp )
Lolywrers B (Nov  Copenbagen,

Eapes spcrimests wer amcdwlw\dcrtn}ocncln ppropents buffer mywem M for
lﬂhnTh:dz:umﬁany-adaﬂnd,hc-rcd[a!mlﬂm boshog % ter bath, cooled.  nd ceswt-
faged if necomary The resalupg solathon was subpected 1 1be rat weesentery tew, ad o peper

chromatogra
ﬂwam:ml—{“’hm powder €3 T0) was prepared sctording to Colomwck swd

1962
b{ﬁ-bﬂ)lnucﬁtnzdbybud.nlm amplc{ mp)in6KHCI @ 3ml) (105 for TOhr
Mhp« wi carrbed out oo Whatman o, 1 ﬁhap-pcr nh the molvent pysem
A nbutnol uﬂ:k-od water (60 u 25 pjorB sermanad 3 dﬁw:hd;hﬂﬂ:
avt .1 For modl . eloped
whs phosel 100 25 A) Ninkydrie win mecd rowtimely a1 locatios reagest
Mo gl x5 3% pparans em Scloher aod Sl N

Poper eleciopharcly was ploywrg. A e
paper rmmm(dmtdshmd currem of @3 m Afon Rum nere camrd
?}s’f}“" o I D 05 31 boras: buffirs, m the pH reogs 6—12. 4 Amido black or muabdria

resgont.

s =



MAST CELL DEORANULATENG POLYPEFTIDE 211
Results

Thber dulyzed crude extract, product A, comnted of & heterogencous materal that
could be sepanated into & number of P by paper electropt Paper
chromatographic cxamination of an acd hydralymte of the product revealed a
large number of amino aclds Careful acid hydrolyns (1 \ hydrochlontc aad at 100
for 4 h) followed by paper chromatography showed the prevence of glocote {aniline
calate rpeay) probably arbing from rendual glycogen.,

Apart from this carbohydrate contaminant no constitvents other than amino
acids conld be dectected after aad hydrolyms, indicating that the product consitted
almost entirely of proteinfpolypeptide matenal.

An intial frachonation was effected wth phate the preag

ining the mast cell deg factor Thrs was firmly bound to the weak.
cation auctomge remn Ambetlite IRC-50 (\E-64) at peutral pHwvalues and could
be duted with acid or alkali whale the bulk of impurities was washed out with water
Beaause of the matability of the Inological activity in an alkaline medium acd was
employed for elution Chromatography on calcium phosphat  (hydroxy! apante)
and on DEAE-ccllulose wm tried to obtain a more extensi ¢ fractionabon of the
Arcens extract, but without muccess. However further punfication was schieved
by on exchange chr graphy on CM-cellulose in the salt form. Impuritues mere
chutrd with dilute ammomum bicarbonate while the mast cell degranulating com-
pound required stronger clecrolyte concentration to release it from the cotumn,
Some reudal inacti © matonal was cluted with 0.3 M bufler (Fig 1)

The final step of the purifeatlon procedure, gel filtraton throogh a Sephadex
G-25 eotumn, 1ed to & further thght fractionation of the organic material part from
removing morganic saltn present. Escntally the cutve of the mast cell degranulat
Ing activity eolncides with th Folin-Lowry curve (Fig 2) Incorporation of 8 AL
urta n the elutant did ot cawse any alteration of the elution pattern.

On paper e ph product B exhitnted a disunct banc character moving
& & tingle compound towards the cathode in 0 05 M phosphate buffers of pH between
6 and 10 When nm n 003 \{ borate buffers at higher pHovalues ¢t truvelled as &
aation up to pH « 123 where the matenal remained at the sartmg line Some

A FOLIN X DISAUP
wwRr T e @
15 80
Tt Olcellakae colamn 12 23 5. ‘ 0
E) The mraphe (ca. 100 mg of the sce-
Precoutase deeol od 1w 0073 X
bhotrbomase |2 ml  Sicpwme 40

clatos | ammeotsum tecarbonate 0 07%
“'o’a\.:;“d G35, el of &3 holu- 5 s v
. fracuwre collected Fractons 24 40 48 FRACT Mo
p23 1
31 posied xd alated. dorsu dsu sésu N HCO,
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A “FoUN  xpsEe
LOWRY

TION
cove -100
1

15 4 - 80

10~ Io 0
Fig 2 G-25 columa (17 7 Bem
o5 \\ - 40 Tumtmmldumm
-, - (6 ) diewdred [n 0.02 \ forrmic xed (1l

B U6 24 X2 FRACT Mo collected. Fraction 13—29 poled and lealsied

uﬂmlbﬂlhm'hranodxandmdrecﬂhaﬁcdimwobsmrdhdiamg
only & slight degree of heterogenerty Wkhen companng the Ascars product B with
other potent mast cell deg; 4 p ds such as ph pholipase A and pahy
myxn B they all thowed an almost wmiform el phoretic mobility d tng
dullhclhmmb:upmhnzmnodccmcpmmmdtpHnngc 12.1—124 10 the
003 M borate buffer syvtem. Compound 48/80 although possemng no socectsic
point, also travelled on cicctrophoresss very onulardy to the compounds mentroned.
On chromatography on Amberfite IRC-50 (%E-64) aswell a3 on gef fitratron through
a Sephadex G-23 column the polypeptide antibrotic polymyxin B dinely resembled
the Asceris principle in its belaviour

Product B conpuned mirogen 167  (micro-hyddahl; phoesphorus 009 %
{Bartets 1859) and gxve & nearly negatne tat for sulphydn! groups, {SH-coatent
of the order 10~ mmoles SH/g; < Jocelyn 1962} N\either product Bror 1s hydrolyns
products sthowed #11y fluorescenee underthe U V lamp, and no reaction was obtained

Jwnth the Dragendoefl reagent, indicaung the absence of quaternan, ammoninm
compounds.

Aad ar alkaline hydrolysn of the punfied {scens extract followed by exbaos ¢
exiraction of the hydrofymte with cther and subseq) paper chr graphy of
the evaporated extracts sobvent B did not reveal amy spots of hped nature /Rbodam-
ine 6 G spray; The UV absorption spectrum of product B resembled that of s tyros-
ine-comamng polypeptde. In acd wluton 101 \ hydrochlortc aad, it exhubeted
& maumum at 275 mg with the charectermuc shfi to booger wa lenght, 290 ma
at alkaline pH (0 1 \ sodimm bvdroxde  In alkaline solution the desunct tronne —
absorphon peak &t 242 myu vas alo dearly obsarved.

Paper chromatography of an aod bydrolymate of the product Bshowed the pre
ence of the followmng amno asids alammne, argimine, cpstne glyanc, hooding
olenane, leuane methroame, phemylatamoe, proline, serine, threonine, yroune
and valine Judpng from the imenuty of the spots the contents of alamae arpmac,
g}ytmt,kutmc'trclugtmm]xrtdhllhlbtmbcrmﬁumﬂnlddl

Prodnct B was acluble 1n water and in water-cthanol muxtures contsimng up
£0 uf.}cnanI:muno&uh!clnthzmmwxmxm!mumchndm
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Tasex L

i
i

Product yiml %o Degranulation

A 20 60— 70

B 1 0100

Polymiydn B 04 0100

Tamx 1L

Sobstrate Trypsin «Chymotrypein  Pepain Papain Promas
Prod. A — - - + +
Alboncia + + + + +
Prod A

+ Albuaa . — — + +
Ped B + + +) + +
Pohymyxia B — — +

Sebatrate (3 my) and enaymes (1 my) employed.
—~ no +

and low of acthviey (+ ) puatial proteoiyss
20 partial low of wctrvity

ethes acetons, cthylacetate and n-batanol. Tt could be heated at 100 uoder reflux
1n 003\ hydrochloride ackd for 1 hr withont Joss of activity After 23 hrs (he
cbecrved on paper chromatography

The mast cell degranulating actvits of the 4o produrns A, B and of paly
Toyxin B is seen in Table 1
PMMAm;mumdmﬂd@nnuhdmdmmm mast celh
from germ-free rats, i.e. rat frec of antibodsey thns d ing the non antig
mature of (he active principle (Racklund, Gustafaon and Uvals, to be pablithed)
The crode Awcers product (A) resbted the action of the common protealytic
CnFyIoes trypein, achymomypue aod pepun Vot oaly did the mast cell degranulat
17g activity remaun intact but the whole of the material proved resistant to proteo-
'Tmﬁrmlﬂnnddxdmafbmmcmﬂbmmlhemhrume:hcmzym
exerted no proteody uc effect On the other hand incubaton with papain oc with
provase (\omoto ¢f af 1960) cawred coasiderable hydrolyils of A with a concomrtant
decrease of acthaty The punfied product B was rapidly degraded and inactivated
by papam and pronase and also bn try psm a-chymotrypsin and to & small extent by
Pepdn. Polymyxin B wa pan! hvdrehzed by papain and peonase, but was not
Affected by the other th ec enzymes Table 11

IO dew prriel roend w79 4
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Discussion
The pecient results clearly show the polypeptide character of the Awers mast el
degranulating principle. No constl other than amino acids could be detected
and the general propertles correspond well (o those of an amino aed polymer

The reshtance (o fractionation usually constitutes & major obstacle in the examuna-
tion of polymer molecnles, and in the present studses the main problem has been that
ul‘obm:ﬁngthc-cuvcpﬂndpkm-pumlutc.Ammidu-nbl:pmiﬁaumhubcm
achleved, the parified product behaving Ily as & homog pound oa
paper clectrophoresis,and the elution pattern from the Sephadex G-25 column showed
only one Folin Lowry peak, although this was somewhat broad.

Hydrogen banding frequently hampers the separaton of proteing and other macro-

fecules by ch graphy However the p of urea In hugh concentrations,
knoven to ellminate hydrogen bonds, remited trno further fractiomanon, Although
conclutlve evidence 1 lacking for the homogencity of product B it was comsidered
pure enough for further examunation,

The rutrogen content (16 7%} is a nonma! figure for an amino add polymer wherens
the finding of phosphorus (0.09 %) frequently present in varying amonnts
protein materal probably ean be regarded as imdgmificant,

The practically negauve test for free sulphydryl groups suggests that the cysune
present 1 the acid hydrolymate occury as such alio 1n the polymer and b not formed
by the owadstion of cysteine rexidues. Noteworthy iy the fact that all fiftcen amuno
acids identified were aither newtral or baue, a finding whrch agrees with the high

1 pont of the pound.

Concerning the molecular weight (AM{ W ) of prodoet B the only information so far
stans from the gel filtration experiments. The mast cell degranulating prodple
was conuderably retarded on Sephadex G-75 and en G-50 and a marked retarda
ton was observed also on G-23 Indicating & MW of lesy than 5000, The danger
“nuat be emphasized, however of drawing too far-reaching conclunam from thee
expeniments. Under certain conditions adsorption to the gel matrix occurs, leading to
aboormal elutlon rater and subsequent mudnterpretation of the resulu. However
the purified Asans extract chowed nearly identical elution rates at acid and neutral
pH values and also at different salt concentratroms suggesung that the jution pattern
observed o the “true  ane. On Sephadex G-23 the polypepude antibxotic potymynn
B (M.W 1202) was slightly more retarded than product B thuy for the latter a M W
somiewiiere between 200 and 5000 may be expected. Conidenng that fifizen arind
scds oceur in the molecule and that ;ome of them constitute more than one raldoe
it scerns remsonable to asume a M W in the range of "000—3000 fr the Asveys
pdypcpdchlLbarmpdﬂnglyum[cmrdduuhcAmpmduﬂAr:madw:
action of trypin, a-chynwypdnmdpqxﬂn.mdfunbumthnlh:pmdm

letely inhibited the pr Iysis of albumin by these cayma, (Table 11)
A_;gum(umnrdmvmmzumb}cumnuckbyn:::jpfm‘:’;
enrymes twhlchxlpa-anad?'calvcdd‘m:r.mpnnﬂw wees
lﬂmmwmaymwpdnmmmhﬂimmm@wk
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of peotenfpolypeptide nature (Collier 1841 Green 1957 Peanasky and Laskowsli
1960, Peanatky and Szuc 1964}

Aficr punficaton, bowever the Atens prodoct could o Jonger redst the action
of trypein, d-chymotrypsin and pepsin There was some difference In the degree of
pmuiymumdbyurhd'hcmmmzymmgmwhhuypdnmu!mdm
ypiin peoved somewhat less effectrve while pepun
h.dou}y--ﬂghxchcLIththmghnhnpodnuBmmlnh}ghmmmuul‘ugmm
and e makes & good substrate for trypan whase sprcifiaty in olves argimne or
tvune redducs. On the other hand pepein requirs tyroine or phenylalanine for
bydrotytic activity snd judgmg from the paper chomatography thee arnmatie
amino aclds are present only in mimute amounts.

For comparison, polymyxn B was incubated with the same seria of enzymes.
As seen from Table 11 this substance peoved ruther 1nert and was pot cven severely
affected by the powaul protease pronase o doubt due to the umque componnon
of this antiblotic with ity high content of q,p-dlamino-n-butyric acd.

The reason for the present mterest in palymynn B ia that it is the most potent
mast cell degranuiating polypepode of known chameal strocture (Vogler o of.
196%) Thi antilwotic has been repocted to be an active mast cell degranulating agent
both 1 ni (Lagunoff and Benditt 1960) and ts rure (Buahby and Green 1933)
Tt was of interest 10 see of the dsons potypepide ponessed any of the characterstic
features of the antiblotic. However nather a,y-durmno-n butync add nor the faity
aci 6~methyl octanos acd oc any other liprd conmituent could be detected. Whether
the Asans principle, fike the polyntyxiny, bas a cyclic strocture can not be deaded
without further sructural amlym.

A p of \be two corapound 0 ruggest that the dectrical charge is the
only point at which they thow any great dmilarity Moreover their MLW ¢ are
roughly within the same range.

ewton (1955 1956) studbed the action of the poky frysim in bacteria. He found
that polymyxn-seomtive micro-organems on contact with the antitnotic were degra
nulated spparently 10 a way similer to mat cell degranulation. In bactera the achon
of polytrymn i beficved o be due to 1 abnbty to combine w th structares withm
the bacterial cell respomsible for the Tuntenance of the osmotle equilibnum of the
erll. Good evidence et that the antibsot ¢ affecy the oemotic equilibnum by react
g with womzed ph groups of phosphol of the b
lmdn‘*y\nglh:hnmxlc:ﬂw:lLlnhcwoflhnlhmllnumxhnlhehul
d’llrancroflhcmuﬂmkhofgrnl}mpoﬂlnceforlncﬁcme\lmlnodﬂm
appears 1o be known about the mode of ctron of pohyrvon on mast cells. However
itthould not be comudered inconcenmbl  that thus compound — and abo other
beu  hutamine bberaiors a3 the Awerns pohypepd — act by comlnning with
scid groups (n the mast cell membrane chanping 1 ehectnieal charge Wlimately
leading to discharge of granules and  relexse of bstamine The mechanism by
which ¢hos transdent change n the permeabil ty of (he cell membranc i produced b
0 far unknowm. Enerpy 15 o bdently requared for lhcmann:ﬂmpumguxg ths
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;;l;r)ﬂbly blocked by anoxia and ather types of metabolic inhibitors {(Uvnis o

The fact that the Axens prinaple camses degranulation of mast celh isolated from
g:rmfrccnuhnfgru(pﬁndpllm}nﬂnncc_Gamfm:muhammmﬂbody
production and the response of mast cells from such rats cannot therefore be ascribed
to an antigen — entibody reaction but munt be due to 1 direct acton of the Awans
polypc-pddcondlemxnu:llnn'[nce.)’dnnbm it omght be amumed that other
allergic™ reactiom to primutive animals such as caterpillars, parantes, shellfshas
ctc.lndcvmmmmefm)djmxghtbedmmd)armntcmo(b:ncpo}rpepddu
pr;duungmmc:ﬂﬂcgmnuhwnbydhmncdun, not requinng previous sensib-
sation,

Tha § boa was Swartish Medical Rescurch
3T eipaton was mpporied by Coanell 1 632 and NIH Gz
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From the Depactment of Pharmacnlogy Goteborgy Uskrersitet, and the Departracst of Histology
Kardinske Tnstitetet, Seockhotm, Sweden

Quantitative 1n Vitro Studies on
Noradrenaline Uptake and its Inhibition by Amphetamne,
Desipramine and Chlorpromanne
By
Jax Hicurxnal and Boxrn. Hawrerora

Rexetved 12 Jaomacy 1967

Hx J snd B. Ha I e ritre studics en meradronaioee sptaky
oud 1ts kit by emph drtip ad chlerpromerme Acta physiol. scand.
1967 70 277—270

o tme (NA) was blocheeically after mcubation whh NA
Jﬂtﬂ&mnh:mdrhv‘.ctrr&llm:lnnd pretreascd with

racchanisam of the tramemrier Aiffen wa the wo types of

Peripheral dasoes are Imown to have the abulity to accumulate iqpected catechol
amune alo after reserpine pretreatment, provided that monamine codase (MAO)
bas been Inhitated (sce 8 Malmbors 1963 Carlmon 1966} In the brain, umilar
studles cannot be made o rizs, due 1o the blood-brain barrer cxcept m cermain
reglons (Tuxe and Haflarp 196+ Fuxe Hamberger and Malmlon 1966) Stodies m
e on bolated brain theses have provided strong hmochemical evidence that the

concentration mechanmm  (Hamb and Masooka 1965 Hamb 1967)
focated at the level of the cell membrane Malmlfors 1963) 1o the present study
the uptake of noradrenaline \NA mlﬁcﬂc‘bﬁlnnldmdtfmlﬂﬂrm

nt was deteroiined blochernically meﬁ'ecuor(+)-mpt.cmmxx,
dcﬁpr-nd;gu-dchh—pmmnnconthnnpnhmdnundkd.
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Material and methods
Male Sprague Dawbey s (rao—zoo.) were pretreated with reserpine (Serpaals Clbe, 10 myfip,

1218 brs) and the MAO nhl'hhanhh.ruid-e(“ddll’kulmm(k'lh The
nmkmtdbymn(\ﬂmuwnndal'hldbummmcudw«mchﬂc)una,::-

strintumm and vas were Incubsted | 10 ml of # Krehs- bdcar
fogh : ; A s Ringer bm:uhuﬂum
mg/ml) ackd (0.2 mg/ml) and raturted with (P33 % 0u65% COY
described carfler (Hamberger 1967) The theue was fint for 15 min, withoat or ko the
o-n;;(”m (H-T(btrn.l]l Lco,wz;I N, il hyd.roch.l-mdc.ﬂtm,"
A [{—}NA
added to give concentration of 0.1 nl.c:kn) /(m);h.n_(mw-uwm:

for G0 mrdn, The (mems shices werre then ra ﬂmdhﬁuhh:ﬂ'uhﬂnndbymhmlnw

incuded m the experiment. Slices from one or (wo raty wers pooked for esch
aleo aken from th media at the end of incubaton (G0 min after the edditon of NA) ToohA oo
tent was & ding to H (1963)

Rewults

After incubaton with NA, the vas deferems, cerebra! cortex and neostriatum had &
consrderably higher \A content than the controls (Table I) The largest amount was
present in the um. After (+)-amph all three tsucs had a low NA
content, whereas incubauon with deipmmune and chlorpromazine resulted 1n s
low concentration In the vas deferems and cerebral cortex, but & high amount in the
neostriatam.

‘The NA content of 7 media was also determmined 60 min after addition of NA to the
bath, with or without the drugs studied The lowest valuc 006 gg/m] was noted
in & medigm where slices of neostriatum had been incubated with NA only snd s
comiderable amount was present In the aices (see Table 1) The sum of the amount
of \A in both medium and slices was found to be 0 094 £ 0 0076 ag/ml (mean +
2 rem) No value was bedow 0078 wg/ml No correctiom were made for lostes of
NA duming the aumation proceduores,

Tasiz | Amousts of norsdreslloe (arfg) 1o theucs ia e with dreoallne (NA)
with or without additlon of (+ s ds and chlorpromazise The
tmocs were taken froes enineal pretreated with reerpine snd allemide.

Trestment Twmsc

\ 13 deferem Cerebral cortex Neostra oo

Witboat NA 0.18 £ 0031 (G) 0.0+ + 0018 (5) 0O+ 0010 (4

NA [17 £ 0297 (3) 018 £ 004F (5) 368 1 0689 (4)

+ mine

;.7 x 10731 + NA Q11 £ 0014 (3) 007 0013(% 018 xg:: ((:)J

Dalfpramise M4 NA 0.11 +£ 0032 (4) 006 3 0010 (4 181 %

o 3 2371080 (D

Culapromarins 10 3 + DA 024 £ 0105 (3) 005+ 0010 (3

The valots ast g én 83 maan & wem. Mamber of experiments withla brackes
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Discusalon
In the tinues atudied, there b a network of catecholamine tommah. In the vas
dcferens and cerebral cortex they comist of NA iraly whereas the

contalns mainty DA terminals (for references, see Hamberger 1967) It kas been
Hsmdmaﬂythat,nndcrd)eprﬂcnlunﬂimm,lroa-p{ncn:hm!

wnkencanuhlhm:ncne which Ily contan

The main part of the norsdrenafine found in this study after [ncubation with NA

can therefore be idered to be localoed within the nerve terminals, However

it hes been established histochemacally that cells 1n the endothelial wall can accu-

muolate catecholamines ix xtre although at hugher lons in the medium

than those nsed here (Hamberger 1967)

The uptake of NA m brain slices from pocmal antmab has been stndied with

Iabelled anunes (Dengler «f ol 1962, Rom and Rexyl 1964) It was presumed that

smple diffmdon occuns when bating theue m co from 0 1—0.2
pg/ml, whereas there bs an actrre fa at lower (Dengler
«t al. 1962) Howrver n the present study a distinct difforence was prosent between
the NA uptake without and with cg (+)-amphemine at a NA ton of

01 pg/ml. When studying the acoimulation of NA at high concentration in the
bath, washing out of the pamively diffined NA scems to be of importance for dis-
clodng the specific uptake.

The recovery of NA m the present experiments appeared 1o be high, dnec about
90 4 of the amount added was found m the medium and the sfices. This figure b
interesting mince, in other 1 rtre experiments, only aboat 70 % of the motope in the
sfice and lenm than 35 % of that in the mediom was unchanged NA (Dengler ¢ of.
1962) In the present study  the inhibition of monoamine oxidase may partly explan
these differences. A spontancom destruction of catecholammes may alw occur in
experiments of this type (Higyendal and Svedmyr 1967) In our experiments, EDTA
and ascorbic acid were sdded 1n order to protect the NA.

The present experments abowed that (4 )-amphetamine prevented the @ rure
sccumulation of NA efficiently in both \A and DA terminah. The cffect Is probably

due 10 both an inhftation of uptake and a rtlaxoractumuhtchA(Cuhmnnd
Waldeck 1966) Inth wred, d dchl

minhibhth:u-puuinhAm-mLmk,wbrrmthecﬂcﬂmDAtumlmh—lf
any — was of a much Jower degree. Parallel hitochemical experiments have pro-
duced the same type of inhibition pattern (Hamberger 1967) Thatthe NA kevelsin
the neostriatom were in fact, loweer in the presence of despramme and chlorpromanine
than the control values may have been due 1o the presence of a certain amotmt of
A terminab in the materlal from the neostrfatum. It may almo well be that the
extrancuroral binding had been inhitated (of. Hamberger 1967) Histoch

it hay been dhown that higher desipranune concentratlons (109M) did pot lnh:'b{:
the uptake in DA terminaly, while an increase In chlorpromarzine concentration mark
cdly inhibited this uptak (Hamberger 1967)
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(+) Ampl deslpramine and chlorp, ine are known to prevent the

acam:ﬂ-uoud\AmbmbccnuﬂmdpeﬂphﬂﬂNAtmmuh(m:.gDm;{a
Spregel and Titw 1961 Iversenl965, Malmlors 1965 Carluon 1966, Carlnon o of.
1966) B!ochdcoﬁhcupukc-ppunmbeumohbcbukaphmnaud‘agtbc
high \A levels In blood plama of pauents duning phyncal sctivity and long-term
treatment with high doses of chlorp Ane and jm dne (Carloson o &, 1967 and
unpublithed data)

The present experiments focus further atlention on the arcumstance that certam
drugy, shove all the antideprendve imipramneJike drugy, do ot inhitat the uptake
of NA 1nto DA terminals (cf. Garltson # el. 1966, Fuxe, Hamberger and Malmion
1966 Hamberger 1967) This implies that the reserpise-resistant accumulation
mechaninns in NA and DA terminals are different.

The investagation » 4 eupported by grants from the Swedish Medieal Research Councll (B 67 —
e peatrost ey ot g w1 e 1 ch et s
lm}’ﬁm Stndh:ln,w Swcdea (Nlumwd $); Gc;‘?‘www?érb

9); a0d Le, Hikingborg, Sxcdcs (HibernalE)

25,238,

Caximox O 8 | Dixcxan, G Grruarand ] HAoassmar, Aorudrenaline inhuma  bjood plema
Mmﬁewﬁi?whmmqhmdmdw Actn pharmacel.
hbh. prem.

Dt(-uu:l.H.J I A. Mcmaxisox, H. E Seraxt and E Triow, The wptake of labeled
oephrior by ialaied brain and other Lawcs of the cat. A, 7 Acwmpbermacel, 1962, 7 2338

Dawocnax, H. | H. E. Srooxt and E. O Trros, Effects of on wptake of
ncphnoc by cat temscs. Astwry (Lond.) 1961 191 816—817

Aassrom, Inhibison of mise mptake in taberofundibele

‘aruroas and in Catecholamine cefl badics of the arew postremia. J Abaw, Pharaars.

e, r'-'h" by central Lk
F K and N A Horanr U of -dops snd b

rone, Sa 1964 £ 1397
s Az mproved meibod for fsorimctne determination of small amosnts of rdresmlon

and 2 and teny. dow phroel. sewd 1963, 59 242234
Hiooxxnat, J and N Svaowrs, Stwdics on the sdrroabine in wremt solution
bh ) 1967 1

“hw‘ﬂim ,)-—"'m of catechal In lectated s of the Tat. Ade

oroel. mend, 1967 Sappl. 193, 1

Hawszxoss, B. and D Masoxa, Locsliraton of ea echolansine wptake in rat bran shers A

Poarmace! ) 1963, 72, 363368,

Iviating L L, The inbibidon of moratrrosling sptak by drug. | Ak ascrs is Drag Koewdk

4 N)J H‘rpalndh.nfmmmdtiﬁii_z_clﬁ - . .

Afarurond, T Etuditsoa sdrenerpc oorres. e of rat and moas dareet arias
H ::,‘ at celfular and sub Sevels, Acke plriel wamd. 1963

on thelr
us.;pL 48 1-593 o
Rom, Rexvy, Blocking ection of sympetbomuppetic aminty oo the wpiak eratjated
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Effect of Dihydralanine on Plasma Renin Activity and
Renal Function during Supine Exercise
in Normal Subjects
By
Lyusouix Botovié and Jan Castrarons

Recrived 17 Janoary 1967

Abstract

Bolovit, L. and ] Casroxrons. Efect of dikydralacons s plasms rem actinty and remal
Srenctn during supras exeroise in wermal szbyects Acta physlol wand. 1967 70
281—289

Plaesa rcun acthlty mdlmlm(q‘)mmw.ﬁ(c..),
sodhne and

pocssiam cxcreton during mipine exercme were g
mmmwmmw(\wsL )u\dﬂ were
wnirested (control 1 the untrented mbjects there was - st n
Crim and morcase bn fraction. The decresse In Cp n during cuerciec was low in the

dealarine-treated group and the merrase 1n Slration mblbited.
wgrficantly in both groups duning exertne bat retomed sowly to
leved n the dibydralanee renin actmty during excrciee in both
et warkedty o the group. Aller cxerome plauna activity decreesed v pres
exrrciac ievel in the Frowp ineresse i the dibydratarie groop b spite
of the Iocrrased roual blood Bow rooce activity m the
dhydnalirine group and o i meggested

Muscular exerchse increases plasma ronin actvity (Helmer 1964 BoZovid, Castenfors
und Phcator (1967) The mechamom respomible for the relesse of renin from the
kidney remains obsure but some theones (Kohbtaedt and Page 1940 Tolman
1964 Skioner McCubbin and Page 1964) ruggest that the remal vasoconstniction

vasodilatory
(\rpwuoUn'ClB.\)mchmcnbtmnenflupmnmmtdrrnalﬂdehhry
cffect (Reubn 1930) and it inhibitory effect on renal asoconstriction during exercise

(Werkd et al (1934) Renal hemodynamcr, water dinreshs and urmary sodiom snd
Potamium excreiion were abo measured.
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Tazix 1 Age, height, weight, Wiy, of all mabjects

Subjeet Age Height Weight Wi

Liintd em L4 kpes/sin
I 27 170 @ 1100
28y » 170 71 1,000
3rs 27 a2 73 250
4 Dw 21 181 P 1100
s HW 2 185 =] 1100
6C3 n 1% 75 00
7UL 2 182 74 1,200
8 BY ”n 174 = 00
S EG 2¢ 184 8 1000
1081 n 181 & 250

Tascx I Work load, bydration and beart rate recarded at the end of the 45-ataute crercme

Dihydratarine group Coutrol growp
Sub. Lomd % W Han Hydrs-  Sabj Load % VWim Hesrt  Hydra
Kpm/min rate taom ! kpm/w e ton
ol
v 800 2 162 2,480 vE 900 - gy 2,400
8y 700 70 170 2,290 v 900 a 1 3020
;B 500 59 19 2,5%0 PB 600 71 146 2,260
Dy 650 59 180 3,040 DWW 700 64 139 4220
HW 800 7 176 2,750 HW 800 kLl 138 1,742
cs 500 [~ 158 1,800 cs 600 73 152 1,630
UL 600 50 17 2,715 EQ 600 ” 162 2,700
W 600 60 163 2,100 Bl 700 1.3 167 2,730
Mean  6H €3 169 1,300 Meaa 730 7™ 160 2,83
Material
10 bealthy male rolunteers, age 70—27 yers, were lavestaguted. All were well informed  bowt the
of the experiment. Thetr work capactty wes detertadned prioc  the tort av the amount of
work they conld perform o beeyed t  hexrt ratc of 170 beats/mia (1 », (t
madmn'ru:l.bmnque weight and W p, of the subjerts in the
wabjects anderwent 2 mmwﬂh-ﬁmﬁmmm@mrn‘nmmm
ooly omc test, tw whth dihydralazine aod rwo without.

Procedure and methods

Exrrcio wa performed b the mopine posioon for 45 mida Crax, Cor wine fow Cym Cott
wmmmmmmmmmmmmw:
accarding maeibods and procedure etscwhere (Cartendors 1967 ) Plae
mﬁﬂy-’dﬂ‘:;iﬂtdbyltemtﬂndofﬂnxhndd (1984) with (2 modfication that heparia
was wsed a1 anticonguiant Lortesd of
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— bl X g
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o R |
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‘ » * -
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Fig. 1 Fg. 1
1 Effect of dibydralarine on heart rate and blood presare durieg and sfer excrrise. Mean
of 8 subjecs are given dhydralariee groap (———) control groap (—}
Fig. 2. Effect of diydralazine on C s, Cry and FF daring and ahter exercise. Per cent change nd
slguificant comparcd

difference ofall mean valnes tn period 2 are given dibydralerine growp (- — =)
contral groap (———).

drug treatment.
excrche of spproximatcly 160 benf
work load hisd to be chosen In the Neprosobutreated
o the [y the mdrrdual work koad, hydration aod kesrt cate
of the 43win cxerck penod i ol arpsrimants.

was performed.
each group the effcct of excrcise wis caloabsed 23 s i difk of all
perods comparrd to penod 11 sated by Stodent t-test (Flg. 24 and T be IV) {x P<0.03,
xx P<00] xxx P<0.001)
Results

group both during and afier exercise The post-exercac heart rute wa significantly
higher (P<0 01} 1n the dilrydralatine than in the control group (calenlated on the 6
subjects investigated twice)

Urery frdungs

The results for both groups are presented as the per cent change of mean values In
_l;mod.nj_smmpurdwhhp\:rbdi The oripnal valoes of pertod 2 are given In
able 111

Rienal hacwedynare  (Fig 2) Cran decreased sigruficantly during exerase in the
control group but pot In the dihydralazine group Cox was not significantly decressed
In the control group but showed & omewhat more marked decrease In the dibydra
lanine group which was significant in period 6. Filtration fraction (FF) Increased
xvificantly during exercuse In the control group but not in the difydralazive group..
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Tasex 1L \(annlulndhndudmdwln;rypﬂnmcmhpﬂhi!(mbtﬁtmth)

Paramcter Mean valuey apd sendard crror In periad 2

Difiydralasine group Control group

Cpax ml/min/l 73 m 598432 T4 %9
Cow mljmin/l T3 m 10043 11346
FF 169+0.7 jLEXY N
Urine flow mlfmin 145415 173413
Cx e ml/min 99416 127411
Urdne/plasssg inafin ratio 9+2 74
Cons/Cix Ao 42402 361038
Urine Na meq/min 027810030 0273 10.095
Urise K meqfmen a.101 40017 0123 +0.027
% flered N exereted 17102 13302
UrmeNa/Usize k ratio 12303 29405
[l 'T[n‘#’nl.l"ﬁu’
et ~
L e SR ,___j:_, ,
-~ jopmentty
K ko

Fig 3. Ty 4
cent fllzered sodmm excreicd, wieary sodmm (Usy) and
F'_!.Bﬁ'tclt’u)fdib}dnhz-h:mpuwx e e ‘._,;1
of all mean yehsey compared to Tarcgiven dibydralerme groop (- —
: ) rime flow Cpryo amd CopmlCre 1ati?
D O oo hacce 4t Raboumt ibeeeoce of ol s 1o compared
mpu-h:lzm‘imtdlhydnhxbtpwp(-———) control growp (———)
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Taxtx I\ Plamme renin actrvity and Forabees for {nraindh dual differonces In periods 5 and 8

compared wih period 2.
Sabj. Cantrol growp
Pl renin actl Uy #g angiotemla/
1100 10l plasme
Perlod Preriod Period
? 3 ]
v &4 130 60
v ] 164
B 148 74
)il n 16 17
e L) 5 [
fed 13 147 8l
EG bl [~3 H
Bl sl 7o n
Aexn [~] 1206 3%
P 0.03-0.02
arterial blood.

Baly.

vs
5

DW
Hw

By
VL

Mean

Drbydealarine groop

Pluna reain activity ng sngiotn-
4n/100 ral plasera

Period  Period Perlod
s s

»

L Bs8234588

a1

By 8a5ganud
#5% #HEs

¥

Tasix \ Souhancow determination of plama rarla actvity i anterial plasea and renal enois

Plawoa.

Bablect Arterim plases

(=] 13
EQ 21
BI ”n
L &
Mcan 4

Ronal vemouss plasma

rg/angiotcraln 100 ml plascaa
Penod

2 5 1.3

3 1%

30 207 104
n 197 14
o 107
41 178 b

Unw fis (Fig 3) Unne flow and Caryo decressed  fgnuficantly in both groups

exerche mayt markedly m the control group The anne plauna Inolin mtia
incressed ngmBcantly doning cxerense In the control group but not in the dihydralarine
group. In the i penod after exerche Cipo and arime flow were lower and the

trine plasma Inulin te bigher i the dihydralanne group thaa in the con

groap.

y_
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Electrolyte sxcrvicen (Fig 4) Urdnary sodium excretion, per cent filtered sodium
excreted and unne sodium/p Jum co: ton ratlo decreased significantly in
bothgmup:dmin‘acc‘cut,moumlrkcdlylnlh:dlhydnhnncgmup.Aﬁu
cxercnse these three parametens wincreated more mapidly towards pre-axerche bevd
inthccontmlgmupdunludwdlhydnluincmup.Pounlumncrmdﬁowtdl
ln:mlrkzddcuu:dunnguuilﬂcrmlulhcdmydnhm\cpwp!hmln
the control group.

Plaoma romx actrafy (Table IV and V) The mean plasma renin activity increased in
both groups during cxerclse, most markedly in the dikydralanne group (Table IV),
Bcamcufthewid:[nd.{wdmlvnﬁaﬁonthinu—axmon!yugmﬁammtbzcm-
trol group Using the Wilcaxon matched pairs signed-ranks test there was & sigm-
icant increase (P<0 05) also in the dihydralagine group. The post-exercise plesma
renmn actrty Increased further ngrificantly compared with the resting level in the
dihydralarine group but retumncd to the pre-exercite level 1 the control grovp
Plasma renin sctivity increased ahio in renal venows plasma doring exeros
(Table V} The mean values indicate paralle] changes in peripheral artertal and
rensl venons plama.

Discussion
Dihydralaxine had & dearly inhitatory effect on the decronse in Cpapr catsed by
exercase, Its effect on Crx during exervse was lem marked but the mean valie was
slightly and connstently lower These two effecty contribute to the almost complete
ynhibition of the normal increase in FF during exercise The renal hemodynamic
rexponse may be partly caused by a vasodilatory effect on the afferent and the efferent

glomerular vemely. The centaal b d ic effects of d
of dihydralanine 1n man dunng rest were studied by Ablad (1963) He states that the
peripheral hlatory effect of hydralaxine causes a reflex [ncrease in the sympathet

ic vasocomstrctor fibre discharge. The increased heart rate and sysiolic presire and
decreased duastolic presure in the dihydralanne group compared with the control
group in the study are in agreement with his results.

The factors controlling the secretion of reun from the juxtsglomerular apparata
are poorly understood. Several hypotheses have been proposed. The stumutus for
renin release has varionly been conndered as  renal ischarma  (Houstay and Braun-
Menendea 1942) a change lo pulse presrure (Kohlataedt and Page 1940) wretch
(Tobun 1964) and mean promure (Skinner of 4l 1964) of the afferent glomenular
antery G‘mnsumpronm.dmuﬂubuhrplmrehnv:ghobcmpwpotdﬂ
ropulating the renin relesse (Leysme 1964) Others have suggested that a change o
the sodsum concentration (Thurau 1964) or sodium load (Wander 1963 Gromt,
anﬁmdﬂcghl%ﬁ)nronnohmy(ﬂmwnndlgﬂ)mdwdmﬂmh\ﬂa

mity to macula densa 1 the gimuln 10 repn selease.
‘deli:mF:mt:,mwtywngn]ﬁdndylnaatddminguﬂd:mmcnmd
ntreated group which m 11 sccordance with the inereased planma renn acthary
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after prolonged heavy exerebe {Bofowll, Castenfors and Phoater 1967) There
s aho an Incremaed plasma rems acthity m reaal venous plasms doring exerche,
Fids cannot be attribated to the cffect of renal wasocomstnction because, in the
dihydradarine group when the vasocomsiriction was partially inbibited, an even
mmore marked mean fncrease in plasaa reun wcuvity was foond. After exercise the
Plasa, renin acthvity retumed to normal m the control group but Increased forther
in the dibydralazine group m splte of the increased ronal playma flow In the di
hydralurine group increased pulse prewure and strewch of the afferent glomerutar
artery according 0 the wixwe-mentoned theories should inhibit rerdn secretion.
The decreased mean premure in the ditpddone group compared with control
groups say be exprcted to stusulate remn release. In the sody of Skinner of ol
{1964) the mean artena presare hud to be loveered abott 510 mm Hy to stbmulate
renin release, but the difference between the two groups In this study was only 3
mm Hg in the I prnod of rest afier excrene, when the mott marked difference in
plasma renin activity was recorded. Constriction of afferent glosmernlar asterboles
mdprimxrylmﬂxinpmxﬁm!tnlmhrmd}nmmbuxptmlrcm:dw
reduce the pe ) -presore and the
m([qml%)mqﬂfhnmwﬂmmmmmhpcbdsm
the dilipdrabazine groop s difficalt to oxplain sccording to the cxpected changes m
procimal miratubular premue. The stimulus for incressed renin seerction dunng
etertue doty not seem 1o be dependent on an intrarcaad bararecepior according
o the above mentioned theores,
Dihydrataine may have a direct stimulatory effect 00 semin release Howeves
sudres on raia (Bodovié and Castenfors, 1967) ha ¢ thown that ganghome blocking
an prevent the tatory effect of dihvdratazine on remn release, whish indicates
that the Iattey seenm to be medissed Iy & merveus roechan
The glomerular vascutar polc where the juxiagiomerular spparstus is located has
xrach § wich s p 4 o be heue {Harsjes 196%) Tugu
ol (1964) demomtrated thst denervation of mt lndaevs cauwsed a decrease in thel
renin content. This suggests that the nompatbetic nervous system may plxy an impor
ummkmthccmworrmlnm:ﬁm Anﬂhnghmnd)muﬁxcﬁmorkydnhzim

s the 1 urﬁcrhhmmoddmd):
mlmftxrﬂunmumlnthhnui}ﬂm d wyrmpathetic stimmt
acting directly on the | ¢ ular

Tesp of t3 renal hermody
nasnic effect, This uin ageeement mlhlhcﬁrdmg\haxatcdﬂnmmufmlnm
the renat artery (\yathen 1ol 1963 o7 1 Infisaon or o
\hcmﬂmimmd&bcmﬂnnhxmmhcﬁxddo@(\ml%j\ In
the suudy of \ ander the reun clease was eversed or presenited by inducton of oot
i dumess and was therelor  uggated 0 be sceondan W the decrease in ftered
wdiume. The tndenry o decreased Ciy and omneny sodiom exeretion in the di
hﬂnhnmmpwmpucd‘xh‘hcmrdmmywthuhmp«uﬂm
However a marked nerease in socusn excrcton duning exerclse indoeed by intra
momdlu:nﬁc.udd}dmmmbmfvm}x:hmnutdxhcrmlnrdmdmhg
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exerase (Castenfors 1967b) Different speaies and tal

iain e com ory remlts experimental conditions may e
Tb:cﬂ'cdofdlh)dﬂhnneonranlh&ndﬁngo{mtawnd‘lﬁ:—mtdunngmd
after exercise. Diffe 1 medullary circulation andfor ADH refesse may be a2
arphnaﬂm,bu!lbcmuﬂdxﬂ'ammbﬂmthctwgmupydamﬂhwnnhw
xlononhncfacmu'mu:mdywumzdcdgncdrm—th-tpurpox.
Dlndngcxmmmnlmbjcmnhnw-ngmﬁantpoduvcmhuonbcm
renal plasms flow and unnary sodium excretion (Castenfors 1967a) The lers marked
decrease in renal plasma flow in the dihydrlanne group would be likely to mink
mbcdmdcauseianemmarynod]umnm—cbomMyﬂnhﬁnc.bowm’a oused
a ilightly more marked decrease In mean urinary sodum excretion than In the
control group, which suggmts the presence of a potent sodium retentron factor
Al injected 1 ly has & latent period of mare than 30 min. Thh
suggests that the possible wcreate in aldosterone secretion secondary to inereased
plamm potawium and plasgna remin activity may only partly contribute to the
sodium retention at the end of snd after exerdse. Some authory, Fischer and Takdes
(1959) and Fekete (1939) claim that nervows mechanimys participate duectly in
the regulatron of sodium reabsorption 1n the tubules. It cannot be excluded thst
the mpid decresse 1n sodwm excretion dunng exercise may be secondary to sach
a mechanum.

Thus study was supported by grants from b

ks ndmod for faxknln;,mdrmu'{v.mdwe,om-p

Insarance Company,
A preliminary report was gren at the Meeting of the Swediah Sockcty for Chnica! Physiology
Stockbols, Norember 1965,
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1n Exercising and Pain-Stressed Rats
By
Lyusoane Ba2ovid and Jax Castexrons
Reveived 17 Jammary 1967

Abstract

Bolovit, L. and J Casrxvrons. Tiv oficts of penghranic bincting on pleswe rore acolty
o exeroumg dnd pacn-strovsed rats Acta physiol scand. 1967 70 290297

The effect of gruglionic blocking an plaints reafn and plesesa sodrum concentration
exerciee and pain sirew were sudied In rats 20 femple ot were exerched by swimmayg
16 recebred I Infections of 1 mt [0% NaCL Ha¥ of the ardrmale e
ted with  gangliond blockiog driag (Amsclyscn$) 1o both groape there wis dy
plasma ronin activity in the gangllon-blocked with their untreatcd com
trok, which Indicates the of the sympathetic renin rlease. The Andings

A previows study (BaZovsd and Castenfors 1967) indicates that plarma renin acivity
increases dunng oxercse 1n man and suggests that the sympathetic system may have s
direct effect on rerun release, irrespect: € of its ntra-renal hemodynamic effect.
The prexent investigation was wndertaken to determine whether ganglionie blockung
inhibies renin refease 1n exerciving and pain-stresed raty. Both procedures are known to

increase sympathetic actrvity

Material and method
Thirty-six female albino rags, wcight 200130 g, were urestgated. Satwm ood prisomm 18

determimed in plseroe and wrine by flanx photometry
The Asmstecrs wis meamired wath the Inzernanonel Hacmasacnt Contrifage (11,000 pm for 3

nﬂmm;&hmdﬂaﬂdm&qm&mdmumy.ummh‘
tlow that heperl was weed se aotcoegulan netcad of EDTA. Two ml of rat plasma wat sdded 03
el stz aod furtber procrmed by the mcthod of Bowcher Roaia scuvrly was cxpromed a1 ng aage-
teoaln/100 gl phace, formed after 3 bry Icubavon 1 37 L.

Procedure
were fagerted pe wah (Amolyscnl; 1 my/lodyg 1ae
Ewrhlﬂnﬂr e o inwmtcr ¢ tewmp o o teiy 33 Go
. Excremc was pesformed i yoch &

Defors the vat,
angfiank: blocking decreased the abxlity to ewl)
sm:mmmw(amdmk“ww“mmﬂm
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takem omt and alkwed ta rest for thres wiltcs, wboreafter the w1 repeated. The entire

procedere
precedre took 45 wdn and the  werage swimming thoe was boat 13 min. The time scale for each
rat was repested with an wotreated control ankaml, which thoe perfarmed the same amount of

with
ey asd  blood sample was mmediately tiken from the abdowsinal
sorta by
Pola srecy nu Intraperhoneally ane hour before tee experiment whb pewtoli-
wama&wumfh‘-wmlhhmwdud

10%, NaCl a1 the sart aod again after 30 min. Klood was coflected im tie smme wiy s [ the excreie
experiment.

Results (Table 1}
Eiemiw There was a sgnificantly lower plamma renin actinty m the pentolinfum
group cocapared with the control group. Plasma sodium was lower o the pentolimium
group than 1n the control group bat the difference was not statistically ngnificant.
Pan tress Plasma reun activity was agnificantly lower in the pentolinium-treated

smupm-pucdmthzhfconunlgmup.ﬂ:cphmnnhmnmwhumlhc
same in the two groups,

Taais T Effecs of gangtionke blocking sa plass ronin acth iyt und plasma sodizm concentration (o
exerciaing

and painsremed rats

Parumescr Exrrese, vwhomiag o, | mal 10% NaQl Lem,

Control Ao Posto- Coatrol Ky, Pento-

group ar bojem o an flzmam

P growp P roup

Number of rats 10 10 8 []
Plaena sodhyma meq/l 1314217 008 1241136 1430423 142229
Pinorat romo actrvity
g anglotemin/100 ol
Phaems 13701197 <0M 7004103 17904313 <00! 3704121

Nermual rrning raloe  bowt 300 mg/100 m! (wnpublubrd observemoos)

Dlscusslon
The significantly lower plasma renin sctvity in the gangiton-blocked semmmyg and
Paln-stresscd anumals compared with thelr contrals ‘enifies the mnportance of rympa
thetlc activity for smmlanon of reun relesse

“whhhp\mnmnnuﬂirymdtﬂghphmnd}umrﬂmdmimmdzlu
the control group compared with the ganghronie blocked group do not agree with the
findings in man (Brown ¢ 1966) that plama renin coacentration comrelates
negatively to plasma sodium concentrauon.

The pain-stremcd amimals were subjected to severe sympathetic strem and were
130 markedly koaded w th sodium. Treatment wath | m! of 10 \aCl sdded about
l7meqofnod1m-h4chnmmmutonhwtﬁpcrcmtoﬁhxmudluhrndhmﬂn
ﬂ%nummghptm;wdlummwmmdnuhbo{hnmps,mmdwhhmgm

S
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excrasung rats, indicates sodium loading The significant difference in plasma raun
activity in the absence of significant changes n platsma sodium concentraton, be
tween the ganglion blocked pain-strexsed rats and therr controls emphasizes the roke
of the sympathetic nervous system in effecting renin release. Under these experimentat
canditions changes in plasma sodium concentratlon cannot be the determimng factor
in renm release

Supported by a gra t from Forensde LI (Undted Lik Groap Inemrance Conpa ).
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The Effects of Varying the Extraceflular Potassmm
Concentration on the Secretory Rate and on
Resting and Secretory Potentisls in the
Perfused Cat Submandibular Gland
By
Orx Hotoxe Prmonses and Joworx Hioruass Poutax

Receied 37 Jassasy 1967

Abmtract

Prrooe O Hoand ] H Pouvtsex The fects of wonag the  strmceibaiar potassion om
contration u the secrriory rale amel om resting end scretery peleiuels m the perfused ont
vbmanduiar glend. Acts phynol. scand. 1967 70 2932598,

aalsy
Lendberg presented the bypothons e the scermiony potewsiah i aalnary

were die 1o an
o

Lundberg (1935 1957a) ded brcane p b m cat submandibular
asd smblingual gland cells. Tt was shown that the tracunembeane patentisl i the
acumar cefls of the mbmandsbular gland and the correypondmy tobler eeth in
the sublingual giead (a tubuls gland) Mmpdutmmmmuhungdmghrd
Tha hyperpolasieasson was named the secretary potental §n the sublingual gland
Londberg (1957b) orny double-harrelled mucroclectrodes, shawed that the weere
tory potential was mdeprndent of the nze of the csuny potential 1 the range from
~ 10 to 100 mV Lundbery, 11937¢) further showeed that both secretion and weere
tory potential was highiv dependent on the presessce of chioridz saas i she perfusion
fruid. 1t was therefore conclded that the seoretory pottntials were due to an sctive
transpont of chioride sord o the cells through the  ontraluminad cell membrance
mmedeMW(l%ﬁ\ﬂdeﬂlw
unide, wiach inhibits 2cth  chlonde transport N a number of secrciory organs
D 100 1964} tnhubits both scereton p ds and y fute in the wk b
wlar gland of the cat.
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Burgen (1936) showed that salivary glands duning the fint period of secretion b
potasnum to the saliva as well as to the blood.

Tmai (1965) recorded secretory potentials m the perfined dog submandibalar
gland. When the potassium concentrauon in the perfunion fAluid was elevated, the
secretory | ialy dimimished and were pletely abolished at p con-
centrauors above 13 desfl. At these cor jons tome secretron was gl
prescnt. When potassium was omitted from the perfusate, the secretion stopped,
while almost normal” secretory potentals could still be recorded As the resting
acinar membrane potential 1y lexs than the potarium equilibnum potentl, Tmut
(l%i)cmdudcdduttbcmorypmmdnhmcdmmmmcmuipumhﬁy
of the cell membranes to potanaiim.

As Imai s (1965) findings are incompatible with Lundberg’s (1957b) experyments,
it was deaded to relovestigate the effects of different extracellular potamum cos-
ccntratons on scerctory rate, resting and secretory potentials in the perfused art
submandibular gland. The result that the size of the secretory potentals and the
secretory rate depended in very much the same way on the extracellular potsrsum
caner! lon i fully le with Lundberg s (1938) hypothess, while it gives
no support 10 Imai’s (1963) theory

Methods
Y oung cats weighing 1—3 ky wrre anexthetized with chiorulose (70—50 fntry, )

anfd.dmﬂtﬂ.n'irkmda
submandsbutar dact was cammdated with pob cthylene tube.

Proparetion for artificlal porfusin

The common carotid antcry on the feft mde waa traced and cleanced, and all ftn branches except
a0¢ supplylog the mbmandibulsr gland were hyaked The crrermml fguler vem was traced
womne of the tributancs not dralning the submandibular gland were gated. T order to be

153

ﬁcpn:dpdrd\donﬂx-dmd-n-l_u:h solonon with the following commpositson (

1) MNa 142 40,Ca ISMgt 10,Q 127 HCO” 2,HPFO 11

Locke's saletlom with the fallow ing potasiam concentrations were med 02 10, 30 mmoketl,
the sodhirm

In these cases commespondmng change in constant
The foids were eqolibruted whh -6 CO {n O 1 arder to incroase the roowot o
axygen and to kewer oxygon conrmmption of the gland, the perfasion was earncd om o

Toom termperatere,

Shumdatwa of the glomd
wm&hmuﬁmwwmﬁm(mcmiohdmwd
Hr(nﬂna\c,lmﬂpnfﬂybymh}tmd' fine (3 ag) in & tham pot canmula a1
ke the cormomon ceroixd

rud.d; rvaagrerocnt of (he secretory rake  coutimmoss infimion of scetyk
choline (70 mg/me) was vecd.,

Asesarement of Srommmssbrons potontials .
enboml mxcTopipetta were draw by Palmer oscrockectrode pulker
%uxmsnhﬂ,\mwhﬁuwmm tter kestog 10
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of80—83 C. eearoda having from 13 %0 50 210 were wed. The tip
foian wer ahn k-_-w,nc-pﬂve U — S\ l”"’tmmu,..n,1.- than —3aV) The deetrodes were
coomected to mhug cathode follower

throogh  banocular Zeiw

unsil 1 bk 3 min (peoerally 10 tin) bad chpwed afior changioy the perfomion Sekd.
Almnwears! of screiery rates

From (bt duct carmula the mliva wae collected Into  fuberculien yringe.
soewmarer! n the it mimute of seeretion. The pecrctory ftc was mcarared
cach change of the porfusate,

i'i’

Results
All the searetory potentuls in the prexent wock belong to Lundberg s (1935) type
1 group, originating from the acinar eclh.

The dependence of the restlng and seerctory potentiah on the extracellular potas-
mum concentratron i shown i Fig 1 Exmmples of secretory potentiah at diffrent
potamium concentrations art thown in Fig 2.

Fig. 3 shoms typeal cxamples of how the secretory mate in singke experiments
depends on the potrssium concentration.

Infig 42 ): between ihe depend of the secretory potentials and
the secretory rates on the potasium concentraton is sthown,
Atap fon of 50 mnolesfl, where it way very difficult to obtain

sccretory potenuals (the secretion nearly stopped at this concentration) fow secre

Fip ! The sireolremiogand =Y
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J
AT

[+ as 4 e

tory potenmabs with & sze of about SmV were recorded. In a uingle cefl a resting
porential as large a5 —22 mV was measured. This cell hyperpolarized with 5 mt
dunng sumulauon

Dascussion

It was ongmally demonstrated by Burgen (1956) that mbvany glands dunng b
first period of secreton lose porsmum to the mliva as well as to the blood the s0-
alled potarmam rennent; At least 3 differemt mechanisom for the potasthom
tranwents could be proposed 1, The cell b Inerease their p bility ¢
potasuim when the gland u sumulated. As the reyupg transmembrane potental o
abott —20mV Lundberg 1935 Pouksen and Petersen 1966 10 the aat subrnandibz-
lar gland 2nd —42 mV n the dog submandibuler gland Imai 1963, xnd as the
potassrom equilibriom potentral 33 abont ~—90 m\ {Brgen and Emmelin 1961 the
mcreased permesbility would lead to diffusion of potassium ont of the eclh and o
:hfp:polmnﬂunaflhcctﬂmﬂnbﬂmbmpoummwmmmptdm
dmﬂwmmm!;mmmdmmbdmto-dm

drag effect.
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1F poreflality 1) was the nght explanaiton, oot would expect changes m the e of
the hyperpolarmaton (dtmctmypmmdﬂ)m&h&hangﬂm the potasdurn con
centration (camed by changes m the p tial) wthout
memmmhwm{wm
porentosd and servetory rate vaned In the same manner (Fig 4} In oppontion to
thiy Imad (1865) In hus experiments fn dogs found changes in the wze of the weare
tory potentisls followmg changes in the potssmum equlibnium potental without
corresponding changes m the secretory rate, The result presented in Fig 1 thai the
senutyvity of resting potentials and secretory potzntaly 1o chaoges in the potastum
concentration ks the same, 13 meompatitde with Imal's {1963) rypothesis thas the

wecretory potentials sre due to an incyexsed p bility of the cell X o po-
tasm. !ﬂnnh(i’iﬁﬁ)hypmmhmmm\h:mﬂwypmmmhshmldbc
moce Infh 3 by in the p than the resting poten-

uake, Acotdier srgument agaunst tual s (1963) hypetheshs is that both resting and
weretory potennals decreaw when the potasnom concentration i chenged from
05 to 0.2 mumolefl. (Fig 1} Forthermore Lundberg (1957h) has ahown that secre
tary potentish can stlf be evoked st resting potentials greater than the potastium
omﬂﬂMmmmLFmﬂlymﬁndxnghmmkodLmllthuhr
oo of 3 leat {p Lt 2w 214
mV oing Tenal's (1963) ‘ﬂmlmtb:inmadhﬂupmmmmnmwhudln
mmoles}) a serewey potential of 5 mV coukd be evoked a1 a rovung povential of
~22 mV fits well with Lundberg » findunge.
Pomibifity 2} scesnt unkikely
Posaibitity 3) that the s of potsssium from the gland oo should be due to a
sotvent drag effect uits the hypotheris of Lundberg {1958) very well. According to
thiz bypotheris the first step in the formation of saliva u an sctive, electrogenic
tranmsport of chioryde tors through the contratominal aaner cefl membrane Into the
ol As & comequenc: of tha clectrogenic tramsport, winch increases the inteacetlular
egruviy  cations {manly sodun) are pasavely trasported into the celis. They will
Increas 1he intracefinlar otmolsrin, Thertfort water diffines into the cefh, therely
focreastoy the intracellnler peesnoe This cames & filtration through both the Jominat
and the contralumint ool membrane 1f thy model b true, a wlvent deag <fect
tmay be exerted on the potswium rens, caming x tamuport of potamurn from the
celts into both sahva aod extracellular space ’nmm-nddﬁxmmmmdmmmm
of flutd 1n aalhvary gands u enentally the mme a3y Diamond » (1964) more recent
models (Jocul oematis and double y; effect) far ithefial fiuid transport
tn the gall bladder

The wotlioes wah o exprom tyw mdeburdnem and grataade to D N 4. Thewn for bie atmablc elp
mmmmhmdmm
ey PP 7 o o oo o s s S Revarsh
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Sympathetic Control of Rhythmically Active Vascular
Smooth Muscle as Studied by a Nerve-muscle
Preparation of Portal Vein
By
Borjx Joraxwox and Bovor Ljvxo

Recelved 31 Janwary 1967

Abstract

Joraxwox B. and B Lyono Sympathetiz comtrel [ rinthomeadly ectie vascrlar omoeth

muxcle as simdied by morre-mscls preperstion f porial von, Acta phywol. scand. 1967
70 299311

‘The range of control exertrd by the autonomic pervom syitem on ascular smooth
muoscle has been investigated chicfly with indirect methods measaring blood fiow
feg Folkow 1952, Celander 1934) or changes in regional blood yolume ( g Md
lander 1960) More detailed information on the mode of action of the vasomotor
nres upon the mscular  flector would probably be obtained if the reyponsa
<could be srudied more directly Bevan (1962) has utiized an isolated sympathetic
ner ] Y artery p bon for studying neuromuscutar function in thrs
Pparticular vemel. The respomme of pulmonary artery smooth muscle to the adrenergic
trammatter b & tlow contraction which  ppears to be independent of clectrical events

A prefixuaary report prnrm-t-dyrnﬂ\mudn\lllhhndhnh Phydology Cea-
mT-hIM(Acupby-ul scand. 198, 68 Sappl 717
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at the cell membrane (Su, Bevan and Undllo 1964) Smooth muscle in the hemo-
dynamically important resistance veschs of the systemic arculation bs quite difereat
In its functiona! charactenstics as indicated by fts rhythmic contractile actinty which
f probably myogenic in nature (¢ y Chambers 1948, Folkow 1964 Johanwon and
Bohr 1966) Such myogenic activity us present also in portal and mesenteric v
whaclhcp}uncconm:uum}nvcbomdwwnlobcmndllcdm!hpmpqncd
actlon potentials (Funaki and Bohr 1964 Cuthbert and Saiter 1964 Axclpon o o,
1966) It was commdered of interest to find out In what way vasomotor nerve fire
actrvity modulates basal thythmiaty and contractile foree 1n vascalar smooth mce
of this propaguting type. Technlques are desenbed In the present repoct which aliow
direct recordmg, in sltu or 1n vitro, of the temion respanscs ellcited in the innervated
cat or rabbit portal vein by stimnlation of the vasomotor nerve supply Quantitathe
sipects of neuromuscular function in vemels are discursed in the light of the remlis
obtmuned with these prepamtions.

Material and methods

Contrectlle respormes of the partal vein In #tu were recorded In cxperiments performed on 10
rabbits and 4 cats. | 13 caperiments  wolsted nerve-cmwcs preparation of rabbit partal sl
with Intect fn viero.

of changes fn
fow recorder (Lindgren 1958) wwa introdeced Into the sbant cirowit. A proware tranad
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Fig 2 Schersatic drwwlng of moscle hokder and chectrode
rwed for v %0

Lh:prulvvhln hru.O-:mJJLhu-tdcmnﬂm

iulh-mmbc,w-(mtndw side-branch of 1he thunt for recording of portal yeooms owt-

end of the portal vein was anchored o rigid meml rod
of

the mxtesines, was
o ttached b foree trureducer (Gram FT 03) Mechanical artilacts duc o revpirs-
¥y o ements were by makiog by cutting the plarrnic perves
isenly anlmals wers arufichlly at votames sonll enough for the lusgs
berely to remch the dupbragn Thus wes posahle without obriows Wgms of The
of the portal cm wos kept by with physo-
logical mb solathon (see below) bablded whth 4 per cent CO, tn O and kept temperature of
37 C, Exces fuid waa romen cd Eroos the by sactson. Drngs comld be
Socally by addurg them 0 the sopertmmon
Tresponecs of the koogundinal of the portal vem, reflected bn
o were recarded with and
Portal premere on the Grem poly gTaph.

orduare

tiwmal 10 the rate of flow A Graa type 85 was weed far T PP
1 wm often dufcutt 10 krep the rabiats s good condition for louger Crporimental perioda bert the

ot wmally sate and boers derplt the exten-
prepuru

Ir e chrsments Mabbus were kiled by  blow over the neek. The  bomen was

Whe oee bruocha

opencd and

reamog from the ngit cocllac ganghon tow asd the portal tla were dmsected

ndmm.n,/u-o portal vom wae freed froes peritomewss, lgated at both ende asd cut,
The retroprritancal taar on the bl mdc of on

:
E
3
i
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Motor mumcle to perve stfmulation snd to
anlated s otk 0 bro e b s ceprriascrs b s Fobowing weps The s s o e
prrn-dirqlbcldmuhl}n,mhd Ut oleafsed i (h forst mbeascd’

rocan
The physological i wrwed I all experioents had the followlng cpmption [y mose
NQily Ka47 KHPO |18 MgSO 117 NaHCO 149
15 o ki st o 1 —
drugy were ised drenali drine Astra) dI.
dh-.f;h- (llmdlu,e'(.qliA) Junplrvcml;?n"g‘ 'yndtml‘ ntmhﬂ-ad.r )rm-.xpdx
te a te and e (.
Leo) mehmwﬁmwrmmrdum&&w
ad a1 the rapective salt for the otber drugs.

Resalts

A. In crre experrmments
The "spontancous® rhythmuc variations ba tension typreal of the langirudical musde
of the portal vein 15 shawn between the stimulation perdods in Fig 3 and 4 Thd
activity which was ementially the same 1n cats and mbbats, conusted of three to
aight major contraction waves / mun with variable regulanty and amplitude Asa
rule there was po comtant baseline between the phasic contractions indicaung that
relaation was not complete before the next contruction started

Fig 3 whuch illstrates the cffects of graded stimulaton of the splanchaic nent
1 taken from onc of the expermments where portal “enous outflow was recorded
together with arterial blood pressure, portal vein tension and portal venour out
fiow presure. Each peaiod of splarchric nerve sumulanon caamed an increxse In
arterial blood premure and & reduction in blood flow due to constriction of renstapee

-n} w’\__/\-—
o Sn A"'\“ U oy L‘IJ

.
pONTAL - " Lo
o mo‘] ¢ ‘

-

i
i

presare, and tlood fiow
thmdewmfn 2t graded fequentet.
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vemch in the stomach and the spleen. Blood flow did not decrease during the first
10 1o 15 sec of stinrulaton but an indtial inerease in venowm outflow duc to an active
expulsion of blood from the capaatance vemch, was often noted instead.

The recording of portal vein tension In Fig. 3 displays a tendency towards greater
amplitode and irregulanty of the with nerve stimul at 2 imp/scc

became moce marked with 16 and 32 impfscc but the responses to these higher
frequencia were not smtained. The portal venous outflow peemure was relatively
comtant throughout the experiment  the alight variations that occurred were related
raamly to the rate of blood flow throvgh the vein. Therefore, the longitudinal temion
respoasa induced in the partal veln were not pasave effects due to changes in presure
but resnlted from active muscle contraction, Since the adrenal glands were tied ofl
in the expeniment of Fig 3 the portal von responses can be ascribed to activation
of vasomotor nerve fibrea mupplicd to the portal van (see further below) Portal ven
respomses fie those illnstrated in Fig 3 were induced by sumulation of both right
and left splanchmc nerves without any obviows difference between the two sides,

S'Lmnlhmnhnuhmuo[ln(hmp\trmﬂnlmm(ngmﬁnnﬁ)
larger than those obtained by il

'n,y‘ u:-n[ WM Yy

P M wt e W“""\‘M‘i
i . - .
A

- 1%

vt tPaat lf'{M"‘ mm,
_./\

o e ——

——
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Vll A gt WA
ey

B — [

Fip 4. Car3e iy tal Respoumes of e termon amd

L of m;u-:unhm,:mi‘ﬂl“(h'nmc)b'
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ﬂutlhccnnmcd}crupomudlhcporulvunmlphnchmcmukmuhﬁm
1 a direct effect of adrenergic fnnervation 1s shown by the expenment illustrated i
Fig 4 Tho demonstrates changes in portal veun tensfon and arterfal bood presturein
response toleft splanchalc nerve stimulation, to local apphication of noradrenaline o
the portal vein and tof.v 1nfection of noradrenaline. In the control i
tlon of the splanchme nerve at 4 impfsec (A) local application of roradrenahing,
10~ I the solution superfunng the portal vein (B) and Lv injection of noradrens-
line, 3 ng/kg body weight (Q) all gave tension responses In the portal van of approw-
mately equivalent amplitude. Artenal blood premure increased fn A and C but mo
systanic cffect was scen with the local nomdrenaline sdminmtration in B The
experimental procedures were repeated after the vein had been exposed for 3 min
guanethidine, | mg/l 1n the mpafv.dm solution. After guanethidine the poctal

vdnmpomcm,' chnte nerve s was abolished (D) whereas local and
dministration of drenahne stil] caused of the van (E, F)
Anaidbbodmeda&uxdhm:mdlhcﬂpuimbnt!hcprm
to the three sl d were the same {n prnaplke as

the control period. Local applicatk on.h: Iphs-ad: rgic blocking agent phenaxy
bcnnmmcmnmnctntndmo{lmgﬂmmpletdyblochd!bcpcﬁdvunrupomﬂ
withaut altering the systerruc blood premure effects (G H, 1) Thclpo-ntn.m:mn
thythaue contractions of the portal veln were not ok d agnificantly by g

ine or phenoxyb inc in the used. Tt i jurther notable that
splanchnic perve sumalation failed to cawe athar activation or inhibition of the
portal vein afler alphs-adrenergpc blockade.

The quantliative correlation between the mte of ntimulation of the splanchnlc
nerves and the response of the smooth mincle of the portal veln, a3 cxamplified in
Fig 3 wasatodsed in a total of [0 experiments, The resalts of these are summarized in
ythe dugram of Fig 5 ’l‘hcvoltxgumdmehedu:uhuManbcapncudm
imulation of the sympath Tonke fibres In
lhcrphnzhm:nm’n.Thempcmu!odtd]ﬂcrunlmpuh:[mqumaum
quantitated us described above and were ther, in each series of stimulations, cupresed

cowr or
meaar v
T

Bt

swpramaximal e peree
stioralsion t mlu?"”'
- crrqncnduRﬂPm'"

od a1 per cent of revpooss ™
16 imphwe, Men  vahxa 230
s ArF Focicatrd.



NEURAL COXTROL OF LAICULAR FMOOTH MUMILE 303

In per cent of the response to 16 1mphcc. Mean valoes 8§ D are represented 1n
Fig 5 The rapoascs increased steeply 1n the low frequenc; range to reach & maximum
at 8 or 16 1mpjrce whereas a reduction m response occurred at 52 mphee. This
Latter phenomenon wis eveTt more p d In the few exp where aull
hugher [requencics were used.

It appeans from the recordings in Fig 3 and + that splanchnlc nerve samulation
increaged temwon of the portal ven parthy by & pomtive chronotrope effect
i e. by increasng the frequency of the phawe contractions. Due to the wregularity of
the actvity of the in vivo preparaton it wat not pamibie to quantitate thu chrono-
tropec action separately

As mentioned above portal venow outflow ofdginaong mainly from stomach and
spleen, was recorded in five expenments of which onc was represeated 1n Fig 3
After the nital 1015 se¢, where the renstance raponse was maaked by emptying
of blood from the veins, the blood flow recording indicated comstnctions of the
resfstance veasehs that were quantitatively related to the froquency of splanchnlc
ncrve stimolation, Deyte the limited number of expenments and the vanations
nbymtdhnnybcnbdmatthmmp:mu,a:pm-:dlnpcramormmum,
show a rel hip to freq y mmilar to that gi on for the portal van
responses in Fig 3

Stumalaton of the nght or left vagal nerves at —"0 impfsec, 4 meec and 10 Y
gave a slownng of the beart and a fall 1n blood pressure but no connstent changes in
portal vem actrv ty There was, however fn some experiments & slight increase In
the ein temion Local applicanon aof acetylcholine m concentrations of 1 myg/1
In the solation soperfunng the portal vein produced an wncrease 1n the tenuon level
which was abolished by application of atropine. The slight and inconsistent tennon
Incresses produced by vagal nerve sumulation were pot clearly climinated by atropine

or phenovy benmarmine  not were they enhanced by bocal ppli of sy

B Incitre speroments

Several of the molated prepamuons of rabbit portal vem showed a sponmneous
rhythmary quite dmila o that of th o in sitn, However in some of the m
\lnapdmummmAdghwdﬂmtwmdrmnw actiity
conpti g of disuncthy separated pheuc contractions starting from & comtant

S v'mmwwmm.,

i e E 4w e B Bump

‘"C"“m?-« ot the - |‘;V'P“'H I l\J\_t ’L“\)
r*-hudbynm mmualaton il
™ (i rrulardy  econtracusg

—ETII A el scmd Vol T8 3



306 PORJE JOHAXMON AND BEXOT LIUNG

base line (Fig 6) Thus base-Jine represents the passtve resting tenuon of the mincle
s indicated by the fact that its Jevel was not changed by Isoproterenol i coo-
cen which completely inhibited the phadc contractions. This pattern of
regular actnvaty where the peeparation behaved as & true “Rngle unit rmack
was obaerved predomnantly In expenments on relatively narow (23 mm) rings

of portal van. The infi of nerve stimulation on the frequency of contractiom,
“the chronotropic effeet™ 1 most clearly seen 1n recordings from such expenment,
Fig 6 Diostrates resp to stinul. of the pastgangianic fibres in the bolated
nerve-muscle preparation. An xi Yy fourold merease In fon fre

qucncyhlcmll4mp/;ccmdnfmbcrlnanscuobmxdll81mp/wv_Tbcrcll
a clear-cut clevation of the mean tamon level during srmulatron despite the fact
that tbe amphtude of the individual contractzons 15 less at 4 mp/facc than in the
control penods,

In the in vitro exper where no base-H; wup-rocmmdwbcn
spontanecus activity was more iregular the resp to nerve bk
1n &l respects those obtained in the 1 utu preparaton

The reaxponses obtalned in the mn vitro expenments are the renit of sctrvatton of
adrerrergic vasomotor nerve fibres as judged from a pharmacological analyns gmilar
to that presented for the in vi © expenments in Fig 4 The musde response (o nerve
stiprulation in vitro was thus abolished after exponng the preparation to hidi
{1 mg/l in the bath) winch did not interfare with the roponsiveness w0 injected
mdrmaﬁm?hmuxybmnmeliodcdtheadumryrmmbochw
d and nerve 1 High concentrations of normdrenaline (1- 10 mg/fl)
inhibated the spontancous actrvity of the bolated rabbit portal veln after the alphs
adrencrgmblncbdcwh:rwnmrrdnmhmuhsdmcmwmuﬂm The nor

was abolithed after propranotol (1 mgil in the bah,
nctammrnpmwd'theinviu-nprcp;nuonmnrmmmuhﬁmugudtd
fi {tated and ext d in per cent of the response to 16 imp/sec
(an 7} Valuge;ndpubedmuonwu—ckrp!comumovcrdcwhokmuuf
and were dered to be mupr ! when the riaponse to a given
frequency could pot be further increased by changung stimudus drengih. As n e in
-
i
con
v { ML
i 1°‘X)u|11 % reprses
D fCTMOR
L ;::ad by postgumgtoni
Bery m 10 perpe
et of rabixt portal e
m-dﬂ
b ,5“.:3 t0 16 bop?
we, Mcas alwa x SD arc
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ﬁmcxps{mut}mtmﬁmm“umnmxaduﬁmlﬁ impfree. A com-
pnrmx:o!ﬂtfxequm—rupmmmud’ﬂg 5 and 7 shows & tendency to weaker
respoeaes 1n the lowest frequency range of Fig 7
A quastststve companaon between the temlon responses to nerve sumulation
-ndm!ndcdwmtnmmmofmndxunﬁncmdxbuhn;mdcinfomoﬁhc
fn vitro prep The threabold e of rendreratine whith dunted &
lcm&curwpormindmchchmdnbhtporuhmmulmuDl,«g])-ndml_h
the log di g curve way fincar up to | mgl The
rwmmmgj\wnd«cwmmmnmxfuﬂshucmpomcmmnd:mum
1 considercd as 100 per cent the P to nerve i at Bor I6
implaec range in the different expenments from 10 1w 3 per cent. The mexrmat

responses to nerve sumulaton were approdimately equitalent to thow produced by
10100 wg of noradremafine per Liter in the bath,

Discussion
The present report decribes an inervated preparation of thy thmeally active vas-
cular emontk musde frota cat and rabbis portad vean, in which the tention respansey
to e e sumutation cxubd be stndied 1 x quantitaive way with the venel in utu or
molated in the bathe In the sbdominal veins there is & predominantly longtodmal
onentation of the muscle cells (hougelgen 1955) and the uomeine tenston recoed
fogr were done slang this sxu of the vesel,
One mxy speculate over the b o £l

wvnoof the
h)\}mﬁ:-uiﬂlyt}mchnumm(hnpnnmlu\mmmmcuhm n a number
of ;petics. The longirudanal phasce can be d with in

the intravescuds  presure 23 shown 0 experimonts where the portal vern was closed
off Iy ligatures sod connected i @ pressue traosducer afier being fifled with Raebs
wiutoa. It s obvions that the vin thiee activity wall be effective in the propulson
of bood through the ~exel onhy on the condinon that © o mappt ad wth valves.
According to Akrcander 1196%) there are numerons alviler structures withm the
mexeniene s, but they are often rdumentan, wnd  ncompetent to the extent
that the micstmal ascular bed can be araficully perfused i the reverse direction
fwmmnmnnmﬂcdmudcwhpnhbpmuhkthnmch:mmpnmk shws &
-:Un\herh)\}mmmnnnh: hose vems are drriscerices

h that are more anpx in aremals supplied vith a
ponalbctnum hyxowe Fange B!unmnnd()sdund 1963)

The fonptudinal cont actf responses of the porad  em will be used here as sn
experimental model for studh ng nerveu eontral of b thmic ascular smooth muscle
w tthout consdering further th pomibile hemodynamat imphaatiom of the spoatane
Ous act ity 1 thu pericular esel The sim of the By o experiments was first 1o
cluodat qualiaineh the  somoter supply to the portal vein by splanchaic and

g3l renve simulaton and to analvee the rapomes by pharmacological meara,

Stmulation of the nght and left splanchinte nerves both eficted tenson responses
hmvpam\mumm‘mdwmmncmmmmmhnunuhmmm
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were abolished by local appl of g hidine indl that they were ducto
stimmulauon of adrenergic perve fibres which ha ‘e been demonstrated hatochermically
1n the portal onisculasure (Fuxe, personal ) Splanch L

had virtuslly no effect an the rhythmicty of the vern -ﬂuglm;cdndmcorpbmny
benramine which roay justfy the conclusion that adrencrgic excitatory fibres are
the only sympathetic fibres of immportance for the control of the partal veat Tho
mtcmmtubwoull)muonlhcmmupuonlhaubcnvudrupm:padﬁcmprm
mgmmmjncrrdax[mld:ma'gwnmrcndingundhhlochnxﬂphﬂhm
sic recepton, rapectivedy  Rewstance vessels 1 the mesenteric arculation are
comsidered 10 reetave only eonstnctor fibres from the sympathetic outllow (Follow
1933)

The question whether the vagal nenves contain efferent fibres inncrvaung the
vessels of the gastrodntesnal tract has been duficult to decide by experiments with
vagal nerve sumulation and recording of regional blood flow due to the amultaneous
changes in gut motility and scareton which will affect vascalar tone ndirecth
The metabolic factors that may influcnce the rexytance el i such experiments
should be les important for portal van sctivity and It was conndered of interan
therefore to explore the effect of vagal nerve stimulation on the present in wiu prepara-
tion. Slight and inconsistent increases 1n portal vein tenson were the oaly offects
obtuned and they were not altered nguficantly by sfropine, pheparxy benxamive or
synstigmine. They may ha ¢ been secondany hemody nxmic phenomena due to the
marked slowing of the heart and the norease in central vevous presnr E en of the
remults do ot enttrely exclade a vagal influence an the porml ven, partly because
vagal pathways may ha e been damaged by the disections ¢ appears safe to con
clude that, If such an infl exsty, 1t fl compered 1o that of the
splanchoic imervagon. The results ere thar conantent with the thers that agal
Barves are not important for the direct neurogenie control of meventene arculation
“{Folkow 1933 Rewenter 1963

The quantrtative aspert of the sympathetic mflusnee on portal -an temuon wer
P d 1n the freq P cmves of Fig 5 and 7 Changes in the lead ef
mean temsion produced by the different sumulation frequencies were exprened 10
per cent of the response 10 16 mmprec which was the maxtmal reponse obtaned B
the majority of the experiments. Frequency-rapoos curves of smshar configurauod
have been descnibed proviomly with regard to sympatheuc nenots nfluence oo the
i by R {ucth 1932, onr vensels of different asealar
beds (¢ ¢ Folkow 1952, Celander 1954; on consequu e sections of the wulature
(eg \fellander 1960; on the rolated pulmonary artery (Bevan 1962 and 0 seversl
other autonomic effectors These previows studies, as well as the praent one dommr
onstrate that the sympatheuc nervews system exerts 16 full range of smooth mnce
coatrol at fow impulse lrequencies

D@Elﬂmfatmdmt&wmm relationstups described for
the vanows effectony, there are ceratn wteresung dufference "u’clwmrﬂ“}::
tade of the Tevpomes and fn the sterpnes of the froquency repome cun @ &
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stimulapan rates. This may be examplified by the far greater tange of sympathetic
control of cutancow revistance vemehs than of theletal muscle vesels demontrated by
Celander and Folkow (1953) and the secper frequency-respomse refationshup ob-
whapdum»mkmwdtummwinddwmmdcrhfd
fander 1960, The proent expenments wmith somltancouy recordmgs of portal ven
tennon, arterial and poctal vefn presaare and portal llood flow dud not tndscate soy
sgnificant difference between the frequency respome curves for the longtudingd
mmade of the portal vein and for the smooth muscle of the remtance el when
therr rexponsta, fn terms of termon and flow remstance respectively were expraed in
per cent of the response o 16 Imp/sec.

Very high o teee 1 the bath produced integrated tensdon
rexparees of the bolated portal vein that were 4—10 thpes those prodoced by neeve
sumplation ®t opnmal frequency T dearly mdscatey that the fimit for the neuro-
xenic resporse 1 pot sy by satumstion of alf the receptor ntex or by nalulity of the
ekt 10 comtract furiber Falhoe of th nerve fbres 0 conduct sction potentiah
at faster rares docs nextber appenr to be » Hkely cxplanation for the fact thay the
Tespomes level out a1 8 or 16 impjsec, The abaolote refractory period of mammahan G
Gbees §3 30 the range of 4 to 6 rmec only (Douglss and Ritchic 1962) It i generslty
el fmend that it Is the release of trasarmugtey at the neyve end ogy that {mis ag igh
trapulse frequencies (Folkow 1832 Brown and Glllypee 1937} It potable that the
evautory junction potentialy recorded in guines-pag vas deferers on hypogastee
merve edmulation began to decresse 1o ampl'tude slready at mpuhc rates xslow s
3 per see. (Holman 194 Dhffudon dustances will be an additional factor bmuting
the peurogenic influence on yawcular smooth muscle, where the nerve supply o
umally d m a thin two-d Plexws ootnde the medea { g Fuxe snd
Bedvall 1964 \orberg od Hamberger 1964) In portal vein there B alio a derp
pexw (Fuxe, personal compnunication) bot diffupon distances will still be conuder
able, The masimal contrectile resportse to nenve sumulation might come closer o
the masimal reaponwe 10 Injeeted novsdrenaline m musckes like that of the vax
tdefarem where the demwe three-dimennonal plewus of tamnal nerve fibees reducas
v wean diffadon dutances for the reicased traasmiltter It o fikely on th other
hund, that the intercellular conductson between the emovth musd celly of the portal
VTIn represents an Impoctant comp 3 h which gready | the
«ffeein enew of the sparse | men atron.

The changes In the pattern of mud  Actaty produced by nerve mimutanon
dewrves some comment 1n This connecon An incremse in the frequency of the omjor
toniracton wa e of the portal cin t splanchnic nerve sdmulnion was nd: a
by the m ko cxperuncuts bt more clearly shown with posganghonse nimuleton
n the bolared peeparadon « bhiere thythmaty was mace cegutac (Flg 6) A markrd
oeTese in contraction frequency was seen already at 4 {mpjtec and th “poslitve
chrowotropie effect  contnbuted greath to the clrvared level of muean temston dnce
the lndhideal contractions ner of Jower aziplitude than in the contral perod Tt hy_
not poafble to determine from thase recondingy whether the fnerease in f
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was due ta stlmulston of automatlaty In the dngle paceraler that appearcd
operate in the contrel stumnon In Fig 6 or whether nerve sumulation indoced
cctopic activity The reduced contrmction amplitudes at 4 Imppec may signlfy 2
certain degree of desynchrontzatbon of musele activity It 1s evident, at any rate, that
# focal release of transmutter from u sparse supply of nerve terminaly may fncroex
considerably the mean level of contracnle tenmon in a propagnting vascular smooth
mwscle by an influence on pacemaker actvity even If the transmitter itself docs not
reach the majonity of the muscle cells to exert an inotroptc acthon on them. A more
detailed analywus of these phenomena in portal vein will require studres of both
clectrical and mechanical events axsocisted with nervous activation. It b hoped that
the nerve-muscle preparation described above wall be & uscful tool for farther
experiments on neuromuscular function in rhythmic vascular smooth musche.

Ths L eatigation was supported by grants from the Swedish Modical Rewearch Counell (867—1—
—28103) from the Medical Faculty Usirvermty of Gotebor, from Al Toror School of Acrovpsce
Medidne’ nder Comtract AT 61(032) —732 through the Evropean Office of Acrotpace Resarch
(QAR] United S 3 Air Force from U'S. Public Ifealih Service (HE03675—00) od fromm AR
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Spread of Excrtation 1n the Smooth Muscle
of the Rat Porta] Vein
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Bowse Joraszsas and Bexgr Ljwea
Recived 31 January 1967

Abxtracy

Jonaxnox B.and B. Ljuxo Spreed of exsiietion 1x the seseth musite of the ret povtel
rrm. Acta phyol scand. 1967 70 3123927

The fongitudioal musculates of the raf partal vrin & dyarscterised tamcous, hythose
contrsctiom Inducatleg effectrre sarerceludar cooducton s s mmm

prernt study wag doot m arder to he relative mmpartance of and my
the spread of crcitation In an molated pecparatos o thiy veme), A bocal ans
agent, | concntrations which blocked 1m) n utowomsc nerves, faled o mter

pubsc trammaeen
fere wrih condurtion 1 th gmcoth muecke of th Ports] vem wheress byperosmolary whick
conmdered 1o L&Wq’rﬂﬂdqud‘km‘mmtﬂw\m Demcy
lndBa’Erl ) caweed ch dou of the 1k Itn that con-
doction mhnnhrmhmnﬂwmxmnmn that th portal em, In
cwmmmuhcrvc}-:b,-tquppcd b-:. double plerg g(.d:r,‘-..cz‘umﬁtru(l‘mc,
[ for 4 By

personal cosmmunica e
ractions. The iafluence of th  BYPeTOSmo(C envaroment o the chertrscal and meckamcal acthity
af the portal eel Hﬂhmmmmmunth Recror-gap technique The mode of actlon
. aticas

Synch and co-ord of motiity m mncle orgam require that e
atation can spread over tbe contracule elementy fast enough and 1n an ordered
manner The mechannm responuble for the conduction 10 difTerent kinds of smooth
muscle have been studied and reviewed by Prosier (1962) 1t sppean that the Jecal
nerve plexus plays sn important role m thn respect n certam types of i evtebeate
mooth muncke (c.g Promer and Melton 1934) A direct propagation of impubs
between the mdnadual muscle celh, myog: cond 15 conmdered t operate
in most visceral smooth muscles. The existence of true protoplasmat  bridgos for
¢hix mpulse trammmeson from cell to cell B mot bome out by electron mirmscopy
(Rhodm 1962) but Dewey and Herr (1962 1964) ba = demamitrtted Joca) mey
the pexuses, where the membranes ufndj:ccn!tdhm.kcmuumccmuvnlh
cachother These are comidered to be the Jow-rossrance bridges over which electncal

conducton of impubes can take place (Barr 1963,
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vmmhmmmmmmm\mmm“x
.ppanmbcof(hcnon-p'mphnglmmhskdwﬁmcmdmkmm:
vascular smooth smsscle wn general should bedong to the mult-unit  group as ong
mally suggested by Boaler (1938) Howerer weveral vascular preparations, parts
uhﬂyﬁomwmﬂwmd&doxmfmcﬂoudmmhw!ﬂchm wypsaal of
the propagshng, mogleamt” rpe of smooth musche Le. spontancom chythmuc
contrachon, ropomses to pawive stretch cte (ee ey Bobr 1965 Johanwon and
Bokr 1966) Amonyg the larger vensch such actity appears © be maost comsbitent
wad, partsculacy well ryuchronned io the longitudmal muscutaiwre of the poral
and mesentene veins where the phasic contractions have bees thovn to be savonated
wath propagated setion potentials (Cuthbert andd Suuer 1964 Funaky and Bohr
1964 Axclnon of ol 1966}

Tbchm@mdmdmuxkcﬁhccxplm:}mvmfmln&mmmpanh\u
of smooth musle ccih (Sutter 1963) and ntercellnlar contact may be numate
enough K myogenic conduction to take place (of Prower Burmtock sod Kahn
1960) However the portal vein has also ben showa o recarve a nen e supply which
differs somew hiat from thas of most other vesseh. Wheress srterics and vemn in gen-
eralare suppled merely by a thin d 1 plexos of ad fibwes on
the cutside of the medn (e Fuxe and Sedvall 1961 “\orberg and Hamberger
1964) the portal vein has an sddroonal network of adrenergic fibres Jocated between
the muwsce ners (Fuxe personal poa; It n ivable that these

nervows wruciures mught contribute 0 the remarkable propagsting peoperties of
this vascular moooth mmaclke

The presens study 3 an sitempi o evaluaie the relatne mportance of nenro-
gerue and myogeruc conductiom in the nolsted ras portal ven by wiiliting experi-
mmupmcodu:awhkhmybcmdmmm{mmthachatdmmnduc
tion mect T hy A focal bete agent, m tans wiuch mere
shown 1o block, trammenon. insympathetie nerves, s wed to wmierfere with nervous
mechanwors n the portal vean. Hyperosmolanty was med for blacling myogense
onducton. The rauonale betond thn was the Sodmyg by Barr Dewey s Berger
1963 xnd bn Barr Drewey and B an (1965 that the cellular contmt  at the
Rexes were rupiured by expowng the moncies to a hrebs sluton whach had been
oade hvperommotse n ucrose

Methods
- rwpetictx aver T e abhe v we docal ancabeuo ind hyprrosmene stutions
Faprrinch for duffereutia og Y
sdered mecvwan

ueonomsac ey fibees,
with vodun pentobarberal, 40 gy L
wrer  dmtaace of three 3o fomr
3 The proeoal ead wa placed oo brpalar elortrade koed socmewed wish preafine
ey pamed throogh JWN solirtion
W e followig compaution W mumoka | NaCl 118 RC1 4 7; RH 118 M50 117;
SaHGLO 19 Cald 15 detrowe 55 warese X1 nd ealdum doodwen  ersenase 0. This
dtem was bubbied weh 38 O and4 CO and i tore ept ar 37 CoTv ufl b efer
o as surel mkiuon  bebm A Geam simclator type 5C ww teed £6 men sthenulaien,

]
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The thath, rapormes of the meotad g membrane
somulation were used a3 an Indieator of the intactnes of bnpulse ransmismon ko . nene. The
contractions of the membrane by an womeric tenwdon traneducer (Gram FT 03)
an Ik wniting oscillograph (Gras polyy ,_&‘Aﬁarrpnmdmudmpormhﬁkn
b dryseok solution a3 changed to enc with kiewtica!

the al
lonktompahlanbujlhhmcnnuhnyhcmcd 690 maxmoles/] by the addition of mcrase
The resprrcs to sumuiacion were (aomed o 15 o ATwer which s sl st
munmtered to the pene. Aller another scrics of coatrol etledetions Hdocaoe (\ylacala, Acral
m-ddndeA oocentratlon of 0.3 mmale/l and its cffect o0 th reyporses to rent ’imuliins
wm R
1 the Brot of these tw  cxperuments the pern had been dwected t the superior ceneal

lnt.h:lcmndnmmcmubotbcmlﬂcmlnd of th postganghonke mak

0 the temt achution.

ganglion
were freed and exposcd
- achrwn st -dnwdtfibhh'-ﬁr—.m a1 done on the poral
ca-unonu-dmbmmzsomm. sntouale were
and an ruo:mlun‘[hccﬂmaﬁb« cin wes datected oot

by

Axctmoa,
for oihancon recording of ekectrical and mechanicsl cth mmem,m.:mrbelnﬁm
~ adjacent
 emd mocared l.ilu:mnp Ppparate
mocted m p_ppn

yﬂn!npu]nhm}mmnhbﬂt\ 2 repiaced by RCL The secoon of tee i {abowt
lem wen thrwuyh the boraontal part of a narmow T-tube perfused with motonic sucrose mhioon.

ik

tth plasox
| Schemanc dra mg of miusche bokder
T Lt ox ebeetn £xpoare of the ecvral part of

the portal em to the ot schubont,



hepatie waperfmed pryotopial o test solutions. The
e md:: fre comtact with the solotoos af the § euds of the preproy
Wy wﬂldﬁﬂmmt&mml of the hepatic
ond of the meaacke wet dixed foret~doagl d {Cram ¥TU3) The signale
e checirndey and tramadwety e displayed on  dowbie bous owcitioatepe and recorded con-
Chomonly on oy ey Bim. Fa furibe vt Boomock and Seraub {1958} and Axclawon o of
U

H W(bmﬂmhd&munﬁzumhmmx
Fig 2 sumnmarme the effects on the T of the g mem-
brane of exposing the cervieal rympath neTVE 1o I p larity and to lido~

msumuhmdthcpmﬂmlmdofﬂmmltﬁimpm 4 mace and 10%
ehiited well reproducible respanses my Jong ay the nevve wis in normal physiclogical
salt solntea. The mwean of all ropooses obtained durmg the first and the second
amuolpenod:bavcbcmmmlmpcrc:mlnﬂg 2. The relatve change in the
amphtude of the rontractom observed durmg the 15 mm periody of exposure to
hyperosmote sabothen and o normel soluton contaming bdockine are shown fn
this dagram. Stomalation characterisues nere kept comtm throughow the cxperie
ments. A small, nonugnificant decresse 1 the contractile response occurred af the
Preganghonic sympathetic trunk was exposed to hyperosmone solution wheress no
measurable change was wen m the experument where both pre and postganghonre
fbres were subjected to thhy proced E: the venes to bdocaine led to &
complete abobitson of contractile respones withun the 13 mm of exposure I o

ded thar b JLY XY jon of 0.3 mmol 1 effectne in blocking
frapulse tramunessan in sutonomsc nerve bees and dat hyperoematic solubons
fad ta do thss within the exposure penods wsed i thy suds

Eftcts of inperapmelarity enxd lidocotse en condwclion tx 8t povial ax
The loogitudinal mwenlaiure of the rat portal van . haractenzed bn napontancon
mquymdpMWmmMn%MJxm
porensaly snd wparased bn perodvof rest Funal and fobr 1964 Axcluan, Johars-
#60 and Jormon 1966 \xcdaon & 19661 & ding of
Mt m the hepat and me-emtenc sccbions of the s em, a3 m the cxpenmients e
povied belom  bows that exe taton spresds o sutiate well nnchroteed contrretions

Y 1 Changer o the vrpoone of che
a
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The Utathvely recorded mechanical raponsa of the nictiw: membrane to rympaibek
nimula wmmdumlndlanrdlhzhudnadlmp‘kut;‘mumhtbcmam
contractions of the membeane were recorded by an bometric tention traxsducer (Gram FT €3
operating. MmﬁLL‘nlJo-ﬂaanh (Gram polygra, ‘Lan-pumicm rol responacs kad bees

th saht salutioa g the nerve was changed to one wlth Kieotcal
Jonkc compoaltion but with an crmalarity Incresscd to 690 mosmaleal by the addltlon of mcroe.
The responecs to stimulanon were followed for 18 min after which the normal solution was resd-
mnisterrd 1 the norve. After another serbes of control stimalations Iidocalne (Xylocaia, Acm
wia sdded b0 concrotration of 0.3 mmole/l and in fect on the respormses to pervy silmulaten
was stdied.

1 th fintof these tw  experiments the nerre had been disected toth mperior cenvieal
fanglon In the sccond experiment abo the r&mm.-af:'darw gamglionse trosk
were freed and exposd to the trat solutors. | the poe

oa rachromicttue of machaxce atx 1y m the portel it Thrs sty w a1 dooe om the portd
cins of 10 ratx weighmg betwern 250 and 400 g. The ariomb were killed blaw orer the neck.
The bdomm‘um-ﬁm tn cm loog section of the vetn wa dosccted ot

on
Interior of the plastsc well was arculaied with normal solution dun g this period It waa then pos-
the soluton {n th  well, to cxposc the central portion of the  em scheethely
tarity An

oxthetl, "end to

o ity m the v ends of the wsde were both operating in the pormal
e s m.:m o the T pplied to the study
Experoments o atu. -

of clectncal actmity 10 4 by Burnnock and Sta b (1938) A modifcanon
echmque was unlired by Axcheon. Johamoa and Jorwson (1966) and by Axclmon o al (1960)
for ftroultancows. of tectrical and s portad

of hyperasmotc on the electnal actinity of ha m dluwtrated m the present study by
experamens with thn moddfied technique. A two em loag secton of Lhe portal tjacent

of the rupenor mesentene
fnpmq*ux end of the pecpar e
phymologeal salt sohuon wikere \a(l w a1 replaced by hCL The central sectbon of the v (sbowt
1 €m) went through the borizontal part of  narrow T-tube, perfused with ksotoak: sucTose sehutian,



CONTFUOTION I VANKLAR SWOOTH MUCLE 17

rx&SBMﬁmpm&m;,Wﬁnmmnmcmmm
m the well had been shufied 10 oue with identical e compootion but with a 100
mmmnxmm“mmmmmmmmmmm«
dmﬂﬂuumfmmmaf&h:mmkmmnhypﬂmmlmmh
scen to dsmocaate the contractile actn iy in the two penpherat pasts which operated
m the normal solution of the outer bath, The mewntenc end showy mayor contrac
taans with & frequency close to that obwersed during the control perhod {34) wheress
the hepatic end contracts &t & slower rate Apart from the larger contrachon waves
there are somne smalier Jem segular contractiony on the mesenterse nde. Hyperos-
moianty thus seems to fnterfere w th conducnan w this smooth ruoxck 3o that
cxn no Jonger act s & srogle unit” Fig 3 B abio showa that the two temilon 1o
cordmgs were mechanieally independent of each other m tan ype of expernment.
The effecns of by tarty on b: are compictely reverdble as
seent i the recording of Fig 3 C obmined 16 min afier retum to pormad solution
w the v el

Doublmy the aenalanty of the soluton : the well by the addion of mevose to
the normal phnolomical mle soluton caused 8 conrplete desynchronuaoon of the
major camachon WA ey w «lf expeniments a3 5t did m the cxample of Fig 3 B
Tha effect waa not prodoced consstensly of oamelanty wa sweressed by 75 per cent
onafy and & 30 per cent inerease did ot m am) case dwsocuate the contractile actrvity
ol the om completely 1t often happened, however st these more moderare changes
3n cemrolerity that ooe part of the -em began to lag behmd the other w th regard
0 the amet of contraction. One exasmple of thy v abown in Fig 4 In the control
sitoation (4} there = the onual simmimneity m the contractioms of the two ends
of the muscle and ecording ax higher paper speed (nght) dad not daclose sy clear
difference mn thew artmg pownts. Dxposng the coniral part of the wmnele to &
sotuton w th & 50 per cent merease in ovmolarity (B) fuled to break up the contrac
ﬂfx\panu’nn&!(]!pccmx\nmd:dian‘SBbmlum:hginmeym

HHHE

-
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of the bepatic portron did occur Tt seemm panfied 1o conclode that a slowing of
mmiumnn\rloat)lndlccmucoflbcmmdcumpunhormﬂrd)rspaﬂbk
for thss lag m the onwet of tenuon development,

Fig 5 thows the effect of Lidocane on the contracuon pattern of the portal e
A recording ob d 15 min after add of hdocame to the solution in the well
at & corcentration of 0.3 mmole/l (Fig 5 B) does pot differ from the controf re-
cording (A) with regard to contraction synchromy ¢ will be recalled that this con-
cr of the local henc agent blocked nerve tranymesuon effectively 1n the
experiments reported under | Increasmyg the hdocaire concentration in the well

anesthena fails to wterfere with the synchrongason of spontancows portal an
contractons

3. Experonents wuth the moxross pop

Johangson and Jommon (to be puhlnbed)
Fig 6 a shows the burits of numerous spike potenuals whuch re avocated wath
the phauc contractoms of the portal van o prevowly described by Axcfmon,




COFDUGTINY 1X 3 AMCULAR DIOOTR MTICLE st

]dmmjm(l%)lndbr.:\x,dswnud (1966) Shiftmg from noamal
Loluton 10 ous with & 100 per eenr meremse 10 osmolanty  produced by addmyg
rirrowe completely abolished ypike disch and phassc contractions withm the
St smate of exposure (Fig 6 B) The kel of the “raating potential™ ehdied
ﬁnghﬂymx}ncdnmkmoqu»hm&m,mpuedmtbccmdin!‘g 6 &, but
\hbnuﬂchlngcm;ymxbcngmﬁamwbcnohulmdmththtmypmdbod-
1t was shownt in the expennenty by Johaweon snd Joowon, referred 1o sbove,
that the effects om the porizl vern of moderate Increaser m ommolanty could be
counterncted or canceiled ous by ing the p o
the Toedium. Therefore st was deckded to see m the present expermments whether
pmm}miom-mldbelblzwuimuhmtb:‘uuh:mhmmd:dmﬂm
1 pontaneous sctrvisy wis completely inhibited by these high oxnolariuem, Fig. 8¢
aheres the rexult of ywitehing from the Iyperownote solutoa of Fig 6 b to one wath
the same osmolanty but b th & potamium son concentration of 89 mocdefl e, 10
times that of the normal solutien: (NaCl reduced and substituted with equimolars
amourts of RC1) This camed an | doate and clearcut depol and a
reappearance of spike potentisl soocisted with weak phauc contractom. The
tonle nereae m the teskon level seen m Tig 6 ¢ compared to a and b s probably
the result of & gradual  hrmking” produced by the by

The regolar apike sctovuy begmnang m Fig 6 ¢ p d throughott the five mun
period of expx w e np p h yolumon but ]
1 the musche repolarzed oa eturn to byp

solution with normal
oo toneentration {6 d) A complete recovery to the control actraty of Fig 6 a
was obxamed with movmal notonse soluton,
The results seported an Fig 6 show that sp clecwionl sond 3 d
sctvity in the poctal vein 5 abolubed by byperosnote physotogal sl solution
and thay under these of an d p ion

0 0l euoke spike p 1 with weak o i The second ex

permens whickh was doue with the surrose gap technique gave resalts which were
e same 10 prmeiple as thoee shown m Fig 6

Discussion

The proent rerale show that the conduction mechanmm in the smooth muscle
of the poctad o which wre Sor e of fa o

conusactile aetn by are not mitrrdered with by a oo sncsthete agent |bdocame)
T mocentavom  ufficient to block trasrmnson an amonomic nerves. It seems a

Wihe abainy of thre exsed 0 propagate and contract thythmseally canmot be aseribed

i the partcular ar of its adrenergic nerve supply d d by Fuxe
perional coommurdeation) and refesred to above. These neny fibee mfvence the
Irequency plitude of the phas,

{ Jotamvon and Livng 1967) bat
thew are appasentt ot ewential for mathuion o propagation of actvty  This
onchaion n further upported by the ok that ad and ch o

4
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blocking agents do pot interfere with the spontancous actnaty (Axehson of of 1965,
Johansson and Lung 1967) It appeans mare likely therefore, that conductson in the
portal vewn shoufd be myogerue 1n nature

The mechannms mvolved in myogenic conduction in tmooth mscles ke been
reviewed by Proswer (1962) and the different posubilitses chat he discuswed may be
mnsxducdmd:rtgudmmcprucmcxpamuonmu]\m In the spundle
mmdcdcogﬁ-m:tmfuunddut-rapomcmuldnotbcconduacdbqomh
pomnt of mmobilzation and 1t was concluded therefore, that conduction took place
mechanically by pull of one fibre an anotber  (Promer Ralph and Steinberger
1959) Since synchronized actrity was seen m the portal vem in the present experk
ments despite the fact that lts central part was mmobilired 1t s unlikely that conduc
von by stretch plays 2my important role in ths vaseular smooth miscle.

Specalaed  myo-muscular junctiom™ operating by release of peafic transmuiters
have not been demomstrated eonclusively and most evidence speaks m favenur of
direct efectrotonic spread of examuon from one cell to the other in many el
smooth muscles (Prosser 1962, Barr 1963) Experiments by Roddre (1962) indicated
that thn mechanam of conduction 11 operating abo m  wscular gnooth muschk
from turtle arterres and -em. Dewey and Barr (1962, 1964) demomitrated the
speaal contact ates, the nexuses, 1n myocardium and intestmal smooth mincle
ard suggested that they are the low-rabtance brdges over which clectncal con
duction takes place Thrs coocept was supported by the further observatioms that
byperomnolarty mterfered with propagavon and thas the nexwes were ruptured
1n electron micrography from museles treated with bypertonic sol vom Barr Dewey
and Berger 1965 Barr Dewey and Evam 1965  [n the light of these tudier one
might asume that hyperowmolanty 1n the present expenment  nterfered with
syochronzation m the portal ein by & amlar mechanom and that a better dovelop-
ment of aexal structores 1n thrs than 10 most other ascular preperauons b respon-
“ble for s ability 1o propagate.

Tt was found, bowever that spike potentaks could 1n fact be nuteated in the pocal
-ein and recorded with the sucrose gap method & cn under hyperosmotic conditions
by mcreaung the potantum son concentration of the solution (fig. 6 cabove  Ifithoe
spika were conducted, whuch ts roost likely and not merely local phenomena they
munt men that the mechanrms respoasible for intercellular propegavon were stll
functioaung 1 the hypevimotic en fronment The fact that thae pke gave e
in-omly feeble tensan rerpomes docs not necesarily mean that they were no: coeduct
ed over many cellt for the weak contractiom may jint be due to the ur suphng
acton of hyperosmolanty (Hodekin and Horowicr 19 7 It i noubl that the
pmuumn»nmﬂtcnlrnﬂmxuwdmlbccxpnmtofﬁg 6 we w Il above the
coacentraucas whch, under e cond. are to lmunst spie
actraty m the portal wn by prodocing a depolarzauon block. Hvperr molanty
mxh\nnhkpaﬁhmmummnxb:dcpdumnuma{mmnwdﬂ‘ﬂml
potanuan fon concentravon, Tha reciprocal acuon on the porud ﬁ“""’::
over & wide range of 1 aod p e rJ
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h i sl
cumon (to be publshed) A hyperpok g cffect of yp was
{mmmmmdvuhmiaodmodmcdmiqm}nxh:gmmmmmnbmiu
(1966} xd & stmilax mechantom may be responsible for the aboinon of sp

activity n the portal vein (Fig 6 1) That sn merease 1 retmg potentsl” is not
fndseated by Fig & b may be due to the fact that moderate changes in this parameter
are not well refiected m wcrose gap recordmgs but ity abe be worth mention
in thy connection that in the poctal vein sut 1 of Y

P
111 the externad medinm seem to be wwocated with depolackextion ruther than hyper

In vow of theye arguments and obeervatsons we mist commder a reduced excita
billty bry b ki w1 4 mech by which hyp walution
affects conductson through the central portion of the portal vewn in the prewnt o
permments (Fig 3 and 4) The relatne tmpartance of this factar in coparivon
wath the possihle decresse an nexal contact area cannot bt determmed from the
present experiments Thrs questom, which ha been discussed for mrestmal spooth
wanscle by Tormta {1966) does not, of coune, mffnence our mayor eonclimon that
eonduction m portsl Lo i myogemue rather than neurogenic

Expemmenut fike those shiwn m Fig 3 and 4 mught be experted to provide
formaten alw about the locston of the pmeemaker mie 1n the venows preparaton.
When conduction block v produced in Fig 3 the mesentene end of the ven
conumed 1o contract at x e simlxr 1o that seen pror 1o the block whereas the
bepatic porunn began to peraic at & lower fequency This gnves the mpreswon
that mutematicity was higher at the mesentensc end. The same conclowon may be
dramn from the rerults of Fig 4 where the mesenteric part conteart abead of the
Ixpaic one when conduction 1 tlov ed down enotgh to make 2 difference observable
i the mechanseal recordimg Even of momt of the expenments indacated that the

; ity d on the e made ths was not comatenth w0
11 obvwoun that the veslt st be judged w th grest caution with regard to pace
rraber st since sutomatiaty in the dufferent portone of the preparation may be
watly affected by the expenmental conditions, parteularh by the degree of pasd ¢
nretch applied 1o the tmues Thiy question » currensly ubjected 1o fosther et
gauoa,

Simee nevsogens condiscton. dots 1ot aeezs 10 be fmportaat for coordution of
mr\mzkmvmitmmmwmmxhtm\m:m
predomminase 1n e respert abo in other mammatian ‘eswch where the adrenergc
hetve fitwes ar mﬁnedmtbcwumhymdthcmcdn(;rmmdscd
a8 1964 Norberg and Hamberger 1964 Such propagated phenocena s the
axending savoditaton of keletal muscle eviels (Hilton 1962} b, fov imatance fikely

! be mrngeruc m nature: The phenomenon of awulas spaam may abo be expected
10 vpread by mogenic mechanams.

The presenct wad s
o e B

ca sl icbeax obtassied by ome of o (R, § ) dusing
F fabors
Mbor USA. Dr Bobr mx.;""ﬁ;m‘:“dmyﬂdmv i
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Bawias ft al 1963 Varnawka 199 Koreren 1966

Pulmonar,  coets of d fierent an malapers ba - been brrem o rexcs 1o nervous,
bumonal and gaseows surmili e a0 pevelm ewganon (Daly 1958, Fbman
1903 % w2¢ )%EY Hmemm beclgm prof umuﬁhntmkmlmﬁ—udm; afy
for there abulit 1 change pulmonan vuhrmnunrr!P\R)Ad;—m!‘uhn“h
& among tere ha 3 mews marked! alfert FVR Uy ared fos eofixboraton
B b show  that the pulmeran ascuiar brd i the dog i under the mfluence
o adrerrre as ne e amadaton of which can incresse PVER in
wolzted pertused | 4 T K pr ntrmor TDraly 952 Daty 196Y Alligon, Daly
and Wanler | | M v ed 2 ‘;‘hmmum\&nmhmhud,m
Prepa) i w ung . w & wmmary of the pyk ¢
conclodestha the s 3ot T dmﬁmrmhﬁlwk:\vwlnl?:‘
twowhdetha o d be 1 by & vavicoraticion or & 4 atodiatstein
hoowledgr t o F | omoenan asuar peaty may be influencnl ©
Ao amut % "“”"""“"’“‘“”P"ﬂb{cmﬁmgd
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Fig 1| Simplfcd diagrem of tie pefetion armge-
:'L(Rn"‘ﬂl watilawy [rem

Suin‘fmmb-hntemupcuwmdwebcm
vemtricies. For further details sec Ig 2.

Fy 2 Dw.mm./ -
STanprmmd for reivegrads drag wmfuvien wmis bhe kft
L lnfauon pamp M m,mm}.«n
N Pulmonary srtery O Left tnum. Other
rymaboh s m Fag |

stmull on capactance vessels in the lung may be of special interat in view of the
marked effect of such sumuli on PVR A fesr workers have noticed that sdrenaline
may reduce the total intrapulmonary blood volume in holated perfised Jungs
(Gaddum and Holz 1933 Daly 1957) We have examined further this effectol

effect was drsociated from the i one on vascular renstance A preliminary
report on some of the data has been grven elsewhere (Ha ige, Lunde and Vaakr
1966¢)

The animal waa tone (Nembutal
40 eng/kg) Heperin, 750 ﬁd’mwﬂdﬂrdhep-m (\mrd.nnh:dumm m"n':
wmmWyum cbext w3 opencd dun oAb

the heart &mwmmummmrmpmm jghicipisirfio

pd =
wrﬁ-buhﬂo- rduuw:h bak- hr-lﬂdlhtnrﬁ eatncle inte the pull
o e Fig 1and 2) The outfiow cannuta was tied int Ibe left am m (Tag } and 2}
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of separatt CupoTiscai the 30d bleod cemtcat of the 3 they were

whb O niee,

o the was thea momred
Hwem Ruid, Betwern 4 and 5 g of Sieod were ety fowmd 15 be proest fn a paix of Scfand
b witk thle

Beckalqwe,
WmmAw&wdupmf_hmﬂﬂ mp.tn:::r,
mhinpﬁ-duwmm wicg e

This dacret encrzore
i the weight of the preparaton cowld e follew cd with an
sorwreey of £ 005 g Cabibrstion of (k¢ »oghyg arangoseest widka the wcroal rangr of scight
thinges was Farficed owt a2 the beguaciag 28 at fhe md of the HpeTiTon by Paomg
Tk ou the prrparsbnn
W*mhwmmwidﬂ(wﬁh\ bees ghen
by Hemge Luowbe amd ) aader (1! )
i Demgs were mpectert 322 the pultanoary srtcnal rzbing ocar e plmomsry artery
- ehurnes of 0% mi ol 09 NaCl sebution

Drwg ejeciions comld alo be carted ot oo the Left amsme, by the arrangrment Blostrated
Top T The it mrmge whach e deovc ey R ppasatad for Coniaat rat miveen

0331 v B Brawa, Melsmgen, 1 Geroany  was comensed 16 thin palyedeybone
embeirr Th catheter wia bed Gueomgh the Tor carcficm 10 bhood mube the et xtriam, whery f1s
D 1 powuond moar the opeaumgs of the eu. ABr a0 cxperment wich ek ax
WIrEon i Tar Vit ainacm, fae pomdion of the cathreer Gp e m

Nudrﬂl*m-m-d*dhlkihndmumhm
caped Orviag

M nbebior of ewlirets of h (Repitin Ciba!
As mlubuor o feffects of catechalatie poopraachl {Inderal® 1O )

Results
Pn{wu\nmncdw—ummummmdthemﬁmﬁmlhtudml
About 2 mum Larer the fung were inflated and thewr ventilation sarted. The onmer of
Perfimon and parteutarty of cntilauon led to 2 marked and Immogiate ineregec T
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Fig. 1 Sl dugrom of oe porfsion arvmgr.
sl (Rocordmp arangrments snd Lostiotry (e

Fyg Lp-p—.mm;ymm (4
Armpnest for retgrade dreg nfanes wie Se kit
L lafinkon pump, 3 Polyethyhene catbeter
N N!s»ulp‘::my O Left  tium, Other
yebols 11 Tig 1

stomull on capamitance vemsels 15 the Jung may be of spermal mterest in view of the
tarked effect of such timuht an PVR. A frw workers have noticed that adrenafine
may reduce the toml intapulmonan blood valume in isolated, perfused lungs
(Gaddum and Holtz 1933 Daly 1937) We have examhed further thh effectol
wdrenatine and aio of norsdrenaline 11 nolated, perfined lungs of rebints and cats.
Both substarices cauwed & marked redocton in pulmonssy blood volume, and the
effert was d } from the onz on vascular restance A pre minary
repoct on some of the data has been given ebewhere (Hauge, Lunde and Waalker
1966¢}

Methods

Some main features of the prepurston and of e perfunon 1echrigue mil be p n beiow A ot
Aetafied description ba beess given eloewhere (Hauge, Lunde and W asker 196a)
The tmeg ctimy were tybes from matur rabbats of both secen and of bm!ubodrwh‘l‘-
wae ancriheteed betal® Abbort, 30—

than demmmu A

M way froen the preparal
e teion i o loerscd dhromth b s the wal ot Fght ot e ke e
ey loew T 3 21 3) The cutfar cammula sy ted {10 the Ift at
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15 senes of the lmdblmdcommla(thcl - they were
mdmhwﬂcﬁzndmtmdim\k of 8 g wabblss, The welghts of
Ildmdw(ﬂwmmh:)m&mlomﬂgBiaadwlmln
Mm\nmwwww
with (9% m¥ac The ghobin wmm then messated In the
cﬂ'hrmhkiﬂct‘«n4ud5|ufbbudmw|nbﬁyﬁsmdmhmln peir of defiated
lvogs with this
M’u&:uﬁmAimpﬁMdhcnmdlkmnﬂmhﬂvmh 1 The palronary
ascudar bed vt perined | comatant vobwane paleatie mhow wainy  Dale %mvﬁh
ouafiow » a3 almost [nde
which 1he hhkh'udrnrhudm
wmm-— at 7—-35°C by thermostateally e

weater
promure ;-lmn—

fary premzre wa ket at aboct 10 e of wuter cxpiratary pelxionary pressrs m ol

The roangeosent the enance xsd[ertru:ﬂn[lhen:dhdm
\-rﬂo-‘nuduu{btdbyhmudm(lm
1 smphung icvhme mue The preparation w s placed iovide  platie carng, where it was wapended
mrog bed the beart emrldﬂ(n(.lmdn (Thhanmnotped’h-d ..3.;
the wrpenchng wring wa coumected to the buae of  Actrder halaswe, mu_T’"
sensitovity with dampeng of Tha d!d

Addahomal tinm;baal E:Mnu\dmm of the equipsoers owed have been gheen
HMM“‘LMM\\HMH

mycticd o the puimonary arteral mben, near the palcossy srterp
o cumar @05 miof 05 Nall slation .
Drwg mpcctsons coudd aeo be cxroed out ioto the keft atn m, by the
Frg. 2 The lpectoon

i the perfomee
Liot of drmgt xxed.
dnmmmud”-d: i Pookncl b ¢
momchidea e, Phubpe-Rowoc! ks (Systhee ykinkn, B Bacxdow
T (AT (Ademonnt 3 Arpbepieats fstions et o 040 ,_gf;’_
Moancle Sogunz 4 ) )‘mu:‘hndT (PGE, by profcwor Sene
X .mmﬂu Cormmry  Karohado Sommiet, 3 Triresck (dwtliest by
Eubrbrgers
A4 winbace o acflecls of catechbolismmes  phemtolruoe wcthamal; ™
s madubmaar p.ascmu echotanmer propranciat (I-dmu Loy e o
Resultsy
Perfuson wa uarted 1013 min aler removal of the preparation

from the animal,
saned The omet of
lmmcdmei:f’r

hout 2 man later the lung were inflated  nd thar ventilation
perlamon and partculast of oo ladon lod o » mmarked and n
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Flg 3 Left past Effoctr on julowonary arterael (4 -d 3 ok
Mbw—-d’uu.'m-~mrw-“) _-W RIS benet
IPL.) rbbit & 3kg Perfion st coostant of me {aflow Bloodﬂ:

(
through preparation (B F ) 430 ml/min. Lt alal presmere (LA p.) 4.3 cm of w ter Estimat
olasme (PBY ) af er tart of wentilation 13 ml. [ jectlons at arron

blood
Reght part Zfects e Shu prlmvmiry ey of 25 pig of adrmalins m avobhet
Zsm_r 180 mi/man L/Lpum’fn’:n TRy T T

the weight of the preparation. Thy incremsc in weaght was interpreted a3 being due
16 an mncresse 1n the blood volume in the lungy — with thelr extrapulmonary vessels,
- and 1n the left atnum. The blood volume in the atnum was found to be of the order of
1—2ml Knowlog the bood valume of the deflated, non perfused lungs (see Methods}
and the jncrease 10 preparstion weight upon perfiion and vent lation the total
blood volume in the polmonary -ascular bed of the perfined preparations could be
alcylated to be from 11 10 13 g
The tom! weght of a prep dud usually d ish dlowly during the first 1—3
hr of perfunon, whereafter 1t remsined almost stable for another 2 hri The werght
reduction dunng the first part of the perfinron, which will not be discuned bere, was
of the order of 0 01—0 025 g per mn Most tests wath catecholamines were carried
out dunng pertods with stable or almout stable wright of the preparation
During blood perfusion of rabbit lungs a marked increase in PVR mught develop.
and this increase can be counteracted by tri-carevol (Haoge ¢ of 1966, The effects
of jnjected catecholamnes were partly examined wn preparauons where no marked
ln:n;ucinPVRbad)rtoccunvd.mdpnrdyinpmpambomwhmlhecrudbad
been sdded The additon of tri-cresol /4 ug/ml of perfusate) did not tnfluence the

raponse of the preparstions to catechalamunes,
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4 Seopurstion gkt ond m I A p. of mjoctsons vk st poulwamery oruery of moradeeaelme( NA)
Bfﬁ:u;wuwm.m:luwhgw(ndhvw
-h&:rm-‘
1P, bt
obine )

(R})
rabbit, § 3kg BF 730 mljmus LA p. 2 omof water PBN 12 ml. Prrfweon {constant
inflow) parted 1123 am. \est ot = vestlaton overfiow
olame

which eqomle effectny
wroke o wurws 0dal volumse (here bowt 40 ml) The decrouse n tidal
e B o P

The lungs seemed 1o be well maintuuned dunng a 4 hr period of perfunion, which
vt the unl daration of an experiment. The reactny ty of the vascular bed to varous
mjected drugs did thus pot decresse (Havuge of of 19662, b) The tdal volume vwas
geadually but dowly diminshing with time of perfusion, but it could be restored
by rdnfladon of the lungs. There wae no mdicttions of ocdama formation in the
prosent experiments. The waght of each preparanon was stable and showed no
incrensing endency whan perfinion was finnhed after about 4 hra. Abo the ratio
of wet weight to dry weight (cbtained by desiceation) was the tame by the end of &
petfiasion, & in lungs that had just been removed from the animal

The pHl in the blood perfusaie jumt after nart of perfusion ranged from 7.35 to

743w th a mean around 74 A gradual fall in pH of some 0 02 units/hr
lmnﬂ)mdurlnglh:,

was then
the prep bang continuomt 4
wih3 CO inwr

Anrrh“n;cc&:nufld:mﬁnclndaaduwnlo!—ipgmmﬂyuutdlrcdnc
ﬂoninP\’Ru\d‘lnn.rcdm:\buh\lmgh\mdmlumc.ujm!gdfmlnpndﬁu
m preparation werght Tb:s:d‘[ctumm:hml,ornﬂxmﬂmﬂ,‘dlhﬁpg
of adrerafine (Fig. 3) ndlhhdm:wuthactonmcdfarmln;mkxu,T-Hng
\htm\n\hloodﬁmwtolheprrpuxﬁmmdthzdcgmdmmn(amcdbymc
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batile flow into deration the ad, i in the blood entering
thc Jungs after such an injection could be caiculated 1o be about 12 xg/ml

The se of the reduction in PVR auned by 25 wg of adrenaline depended on the
vascular resitance in the preparation pror to the drug administration If high
before the injection the PVR could be reduced by ay much as 40% by this dos of
d \} When a I dn y cffect had been obeained, further in 1
~ of adrenshine sometimes resulted in a rise of PVR.
s Noradrenalne 10 a dose of 23 ag wually gave an imcrease in PYR sometimes
followed by & PVR reduction. Ingectiom of this drug caused, however the same fall in

weight as did adrenaline (Fig 4)

Inmmmdldrmhmwmdmnhmd:dncmmwcmyhrwﬁmow
rupomamthu;xtp:.rnuon(ﬂg{}

The raprd wesght red drenshine injections was & very contant
phﬂmmdmmmﬂto{lﬂp—cp:uumtmoiﬂxvﬁghtfrduﬂhn
caused by a nngle dose of 25 ug of adrenaline corresponded to from 2 to B per cent
of the toua} mntravascular blood content and was usually of the order of 56 per
centof thus content The effect an the weight was present whether adrenaline reduecd
increased or had no effect upon the PYR (Fig 3and 4) In onc experiment with cat
lm\g:,h\}cdhuofﬂ;quhdrmdmcmuxdmlmxlnmbutlnp&iwn‘ghl
reduction of sumilar magnitude (o that seen 1 rabbit hungs.

Tn order 1o see if the eft atrium was involved In the weight chaages cawed by
Injections of ca inf: of adi line directly fato the left arrium

in 2 was used, and 0.25 m!

swere carried out in 3 exptr. The srrangement gven in Iy
mmnmgsw,cgd'ndmﬂnewm[mcdm(bcaudmmhocd‘mm

)
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3 & Pacubelsmine e
Shn_Fl!)nllndn.LA_p.4de“!rr P.B) 13 ml. Perfoudon (con~
want volume hnfiow) started at 10 42 waa. Abbers lationd we m Fig 3

scen on PVR of on prepamation wesght until 30—45 sec after start of the atrial
infmaon, when & reducnon in PVR m well a1 bn Tung waght ocemrred Thas tume
interval corresponded to the total crculation tune in the perfition armangement.
Adrenafine bad this no capaaty effect oa the Icft stmum el but on vascular
wegments between the pulmonary artery and the left stnum.

Th findmg of adrenatine cawsmg & redocton in FVR and at the mme time a
reducton in fung blood volume was rather surprmng, and t prompted a comparson
with anaber substance that reduces FVR in thn preparation, mamely synthetic
prostaglandin (PGE,) The effect of the two drigs on lung blood olume as cvalaat
od by the waght changes in the prepamstion was ery different. When dosces of

wiandin T, snd adrenaline which were eqump a3 regards the reduction la
FVR were compared, adrenaline alvay: caused the marked and rapad fall in prepara
ho weight, whereas prostagiandin E, had dther no effect on the weight or caused
& ery shight and gradual weight reducton only (Fig 5}

Tor further analyses of the roustance  and lung hlood velume effecty of sdrenaline,
adrenergic blocking agents were wed Adrenaline in doses of 25 pg was igpected be
fwrlnddmdtldﬁdmmmpcﬁmmdm“(umﬁg)oflhcldﬂnﬂw
a-recepior Blockang agem phemiotamine {Regitin?y The rovlts are given 1n Fig
+and 6 The addition of thy blocking sgent resulted in & marked reduction o »
compler efimmanon of the wetghtreduding effect of adrenaline, wheress its PVR
reducing effect was unaltered or \Ightly i 4. Phentol had no effect of

iumwmnnmwughtwbm;ddcdwhhwrlmmmntnm
cholamine The addition of p b

toann}
mnlmd,hﬂnmhm‘numch\d\ewughdu\cprrpanuon_mhnn:eln
woght ponded 10 the webght red camsed by the previoms injection?
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adrenaline (Fig 4 and 6) Addjumofphm!olamlncwthepafmcoftb:atlmg
prepasation abo abolahed the weght reducing cffect of adrenaline. After such addi
uonth:PVR4nu—nuug:ﬂ'mo(ndr:mhmmxhcp:qnnaoumchmgudml
PVR-reduaing one.

Add.muntolhcpcxﬁmt:d‘lhcnbbltlunpc[thcndrmcg{cﬁ—b!odlngigm(
propranolol (Indesal®) in doses of 50 pg eliminated the PVR-reduding effect of
adrenaline, whereas its effect on the waght of the preparation was unaltered. Addi-
uonofpmprnnolcl,kv.rcmltcdinanlncruu:dPVR,butd.ldno:a:mcblnguln
the weight (Fig 4)

The effect of the a and Ablocking agents on the reaponser to noradrenalioe
1j were alio d. Pt iamine abothhed both the PYR-increaung
and the waght reduang effect of norad (Fg 4) Propranolol additron to the
perfusate did not alter the welght responss to noradrenaline injections, wheroun the
PVR-ncreanng effect becamne more marked after such addition.

The effect of catecholamuines on preparation weght was ususily of long duration,
sornetmes lasung 30 min or more. There was vtually not a full spontancous reversal
of this effect, which lasted much longer than th decrease in PVR caused by adrens-
Iine infections. It was posidble to obtain & step duction of the preparation weight
by a series of adrenaline Injectsons. The effect of phentolamine when added during
such a series of injections was & reversal of the weight reduction induced by the lest
dose of adrenaline only

Discossion
A decrease In lung weight can theoretieally be dur to erther & reductlon of Jung
blood velume or to & reduction 1o weight of lar umue The weght reduc
uon obsarved 10 wath the inpect] of hol. n belleved to

ect a decrease in the intra mscular pulmonary blood volume This vascular
Fesponte could pot be secondary to airway changes, unte branchomotor reactlom
‘were pot observed in the proxent peeparation The omet of the weight reduction
was very rapid, and most of the change took phace wittun 15—20 sec afier the injec
tion. This rapidity of the response and also its reproducibility indicates that a change
in vascular caliber 13 occurring \When lung capillary pressure 1s altered, traucapll-
lary Aux of find with change in the lung weight will be scen (Hauge of o, 1966d)
Woght changa of ¢ type are, however much more sdow and gradizl in thelr
development Alo a weight reduction ctused by changes 1o tamscaplllary fluid
balance would ha ¢ ta be linked with & reducuon m fung capidlary pressure 1t b
diffieult to believe that soch a change would be common to the adremaline and
nocadrensline infections, with ther different effects on totat rantance. The fact
that hol. mdiced waght red wnthcnmwhnbaﬂr;m

mpxcmuonhm'clrdordmuscdmmdnindm(azhxzm: etron
:Lbcuh'hu-nlm:apauuncevmchhunngphcr_ﬁcqmnuudwmul
of the adremline induced welght reduction by the addison of an a-blocker sho

supports the hypethens.
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“The rosults thos mdicate that cwechol bave n i

lm\-md:hthepulwnnymﬂnbcd_m:ﬁcmmwdqurodlﬂblc
udtwuapp-rmd)dmdncd&umlh:cﬂ'mcldmumdnhnﬂnummuhr
resistance, an effect which vaned comiderably The capaatance venchs acted upon
mm-m&mmmﬁmmmmm
to harve only & emall effect on the toml FVR.
The abolithon by the a-blocker of the weight red
inds that the wtlon wnvolved o medated via a-recepton In
present preparution the effect of drenaline ind thate. ptots are localized
both in the remstance type and in the capacitance type of vemels. Such a dual localiza
ton of the @ receptors bs also indscated by the observations made when the a-blocker
v added subsequent to an Injection of adrenaline. The vasculsr reslstance was
then further reduced, whereas there was 2 concormtant increase in the polmonany
Hood volume vp to the pre adrenaline level (Fig 6)

Injecbon of adremaline cased simul reductions in reshtance and in vas-
cular capacity Tt highly probable that also these two effects, the first one mediated
through f-receptons, the  ther one through a are localized at diffe
mculsr siter During coostant volume inflow perfunon with constant left atnal
pressure a redoction m PVR mint be caused either by vmsodilataton of open
vauscultar channels or by opening up of new hitherto unperfused vemels. A reducton
of blood volume can hardly be explained 1n other ways than as camed by a reduc
tion of vene! caliber somewhere.

Our ohservancns do not allow definit 1 as 1o the local n the
pulmonary vascular bed of the resatance and capaamance vessch

10 cate
chotanunas. Earher urvestgations by Hauge Lunde and Wasler (1966a, b suggest

that in the lungs of rabints the romuance ercls winch react to other drigs must be
situated mainly at the precaplllary kevel, s an increase m pulmonary arteral pressure
P 10 30 mm Hg caused by for example eledotnn or ATP dud not lead to palmonary
ocdern.

induced by holami

The polmonary blood ﬂumdnnguumcdbymcchnhmmunﬂghtwd]m.
large cuent oceur at the venows sid ufthec-puﬂukg.'l‘lmwuldb:mm(
mthth:nm-ummm-lpamo(meqﬂmﬂcdrmhﬁmmm(]admdn"d
Hamilton 1937 Folkow and Mecllanda 196% Wood 1963) In the findings of
Edstein and Hamlton (1957)ld.rmlhn:lndmrldrtnlﬂxluﬁnio(ur:guhﬂy
cacd large shafts of blood out of the forearm veuns. This effect was inhibited by
phentolamine

The long duration of the capaaty effect of the catecholamunes, and the lack of
full pontancons reversal of this respomse, cannot be fully explalned. Nor dn we kncw
win added phentolarmune whkhhldmeﬂ'cndumnunprqxnuonhdghl,d]d
mthewdghlrupouxmrrqnndlngmlh:hnp\mdmcdﬂudm
oly 1tm resson to believe however thlnh:-:ruulumyberdncdmdxlmd:rq
1n the preparauon towards & slow sponitancous fall in the welght, which was seen
dwhdw&’“hdpﬂfmmmdﬂﬂomlhdwmm-&h
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adrenaline (Fig 4 and 6) Addition of phentolarmne to the perfiate of the cat lung
preparation also abolished the weight reduding effect of adrenallne. After such addi
m\h:Wleunng:ﬁ'cunf.drmﬂlngmLhcprepsnﬂunvmdnngndmn
FVR-reducing one.

Additron to the perfusate of the mbbat lungs of the adrenerpic f-blocking wgent
propranclol (Inderal*) in doses of 50 pg chiminated the PVR reduany effect of
adrenaline, whereas i3 effect on the weight of the preparation was umltered. Add-
dmnfpmpmmlolpﬂxrmﬂ\adlnmmmchVR,bmdldnmamchmgaln
the werght (Fig 4)

The effect of the @ and p-blocking agents on the roponses to poradrenaline
iny were also ined. Ph {ami bolithed both the PVR-ncreanng
and the weight-reducing effect of noradrenaline (Fig 4) Propranolol addition to the
perfimate did not alter the weight respome 10 noradrenaline injections, whereas the
PVR increanng cffect became more marked after such addition

The effect of eatecholamines on preparation weght was wually of long duratin,
someumes lasung 30 min or more There way wsually not a full spentancous reveral
of thu effect, which lasted much longer than the decrease in PVR caimed by adrens-
Time inyections. It was possfble to obtxin anep T ion of the prey woght
by & scrles of adrenaline injections. The effect of phentolamine when added during
such a seria of njections was a reversal of the weight reduction indoced by the Lest
dowe of adremaline only

Discussion
A dearease in lung wexght can theoretraally be due to clther a reduction of Jung
blood volume or to a reduction 1n weaght af extravascular tosne, The weight reduc
ton observed 1n connection wth the om of catecholamines is believed to
reflect a d mn the lar pul y blood volume. Thi vascular
‘rebponse could not be sccondary to airway changes, since bronchomotor reactions
“were pot olserved in the present peeparation. The onset of the welght reduction
was very aped, and most of the change took place withun 15—20 scc after the injec
tion. Thos rapedity of the response and ko 113 reproducibility indicates that a change
in vascular caliber 13 occurring When lung capellary presure is altered, transeapil-
lary flux of Aud with changes m the lung weight will be seen (Hauge ef of. 1966d)
VWeght changes of thus type are however much more slow and gradual In ther
development. Also a weight reduction caused by changes in trapscapiliary fusd
balance would have to be linked with & reduction 1n lung capillary premure. Tt i
&iffieult to believe that such a change would be common to the adremaline and
noradrenaline injections, with thar different effects on total redstance The fct
that cholamine-mduted weght reducti was the samc whether the PAR
u{th:pnpnnuonmauwdordccrnlcdlhmnhn(mﬁcualhnmlv:ndm
hhuﬁwd’mapmunmmndshuhngphmmq\umludwmwnl
of the adremaline induced weight reduction by the addition of an a-blocker alo

supports thas hypathess.
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The roults thu indicate that catecholamines have & cffect on cxpre
tance vemels mtthulmmlryvmmrhui’lhnd{aumweﬂrq:mduubk
aod lwnpp::mdydmudﬁumth:cﬂ'mcfthtumcbdxmmumvucuhr
redstance, an effect winch varied cgunderably The capacitance vesels acted upon
mkhtmnmmnrdnﬁvdylugtmunﬂiwd,wbamwcmymaionmd
o have only s ymall effect on the total FVR.

The abofition by the a-blocker of the waght reduction wnduced bry eatechol

NS that the ton mvolved w diated via P In the
mtpmhﬁraduﬂmﬁmbﬂhmmtawmlm
bo&hmth:mncctypcmdindxu;uduncctypcn{vadx&mbndmlbaﬁn
troa of the a-recepton s alw indicated by the observations made when the a blocker
war added subeequent to an inmgection of adrenalme. The vascular reustance was
then further reduced, whereas there was & concommtant inerease 1 the pulmanary
hiood vohume up to the pre-adrensline level (Fig 6)

Inpction of adrenalme caveed ) n ard | v
cular capacaty It Is lnghly probable that sho these two effrets, the first one mediated
through f-receptons, the other ane throogh P are localzed at dufferent

vascular siter. During constant volime inflow perfunon with constant et atral
preure & edochon m PVR mumt be aamed either by vasodilatation of opem
vascular charmeds or by opemng up of new Intherto unperfined vessels. A reducnon
of blood volume can hardly be explamed 1n other ways than sy caused by a reduc
thon of vemel cal ber somewhere

Our chacrvatom do pot allow definite conclusions a1 to the locall m the
pulmonary vascular bed of the remstance and capacitance venels reachng to cate
cholamines. Earficr investygations by Hauge, Lund and Waaler (1966a, b) uggest
hat tn the tungs of rabbits the resstance vesels which react to other drogs mast be
stuated mainty at the precapillary kevel, w an merexse in pulmonary srterial presare
up to 30 mm Hg caused by for example eledonm or ATP did pot lead to pubmonary

The pulmonary blood volume changes cansed by catecholanunes mght well o 2
farge edent ocrur at the  enom nde of th caplltarics. Thos would be 1 agreemens
with the auaton n several parts of the system: clreulation in man (Eckrten and
Hamilion 1957 Folkow and Mellander 1964 Vood 1965) In the findingy of
Ecatein azd Hamohon {195T) adrensline and noradrensline nfumons

<auwed shifts of blood of the
o farge out fa’wmvuuThhcﬂ'cttmmhihmdb,

Thx long duration of the capaaty effect of the eatecholarmin

cx, and the leck
fﬂ“mnummrn.lolthnmpumc,unnmbefuﬂyaphuwd.hordowk::
why added phentolamne w-hkhhadnoeﬂtuo(hxmcnprqnnmmumda
mcnclh:wdgmmpomeocrrupmdlugmdrhnghtndaed‘
owdyd:thmbcﬁe\t.hmc\er that these revulty
& the preparation towards a slow tancon fal] welght, which
éwhg“wﬂ:uhrofpu{mﬁrndnﬂopmt iy iy s

nt the preperation, which dogy
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Lmbnlhly invc‘;l;-eﬂ;dmv pmgn:-m: capadty reduction In the vascular bed mught

Thcdfccudambcdmpulmmuybloodvo)mmmb:mharpadﬁcfw
ulmhdnmhukvaﬂmhumdivcngmu.wﬁchamcmutcddnngah
PVR,hvcprtvimnlybcm-mlpcdurcprd:mcucﬂ'ccumprepndmwngbL
Arterlal injections of 5 xg of bradykinin (Hauge et aZ, 1966b) or of 25 ag of adenotine
tri-phosphate (ATP) (Hauge of o, 1966a) did thus case marked inceases In PVR
in ths preparation. PVR increases induced by these substances, and of the mme
mgmtudcnmmcmmcdbyﬁygdmdmﬁue,mmcmpmkdbynr
reduction in weight. During the very marked PVR merenses caused by larger dows
of these substances, the welght of the prepamtion war — if anything — increased.
Thix finding has been interpreted a1 doe to dutension of blood venels proximal to
the comstricted  precapillary vascolsr segments (Hauge et al {966d)

Sumulation of rympathetc nerve fibrey to the lungs has been demonstrated to
eame vasoconairiction both st & pre and &t & post-capdiary level in the pu'monary
vuscular bed of the dog {Ehahim sand Aviado 1961 Daly and Waaler 1961} In
studies on the effects of sumulation of sympathetic nerve fibres to the lung the mala
ewphasiy has been more o0 changes in PVR, bowever than on pomble capadty
effects With the masked effects of catecholanunes on the vasxcular capacin of the
pulmonary vetsels in the mbhut in mind, st seemy unportant o analvie more cosely
the effect of ymp nerve fibee {ation on the ascular capacity of the organ.
Such experiments are In progren ;m our [aboratory
The uthars expeem ther pprmaunnml‘m&-mﬂ!rqu rom, Department of Chemstry hars.
Umks Joathute, Stockbotm for the supply of prostaglondin (POE,) and ¢ “ows Indaun A/S

Sor tbe of powscred W abowuh! tha k R. Sorl for skitful
wmiance 4 ugeg:“b!tn Raz:ﬁ‘?t‘ﬂwd be Norwega  Rocarch Councll for
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Carculatory and Behavioural Effects on Electrical Stimulation
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Abstract
Bowwe P, S H Naay, B vabmdLR.WAu_r_vma Coexlatory and bohas onrel
effects om elecincal / of the mp ilator areas 1 the kypothalemss

ond he moTacephalon 2 anascsthetiord deg Acta phydol scand. 1967 70
334346

Blood;n’mbcnnru deﬂovmlhchmdhmbmdbduwnn’tundxdmmnrb-
dogy during topecal et catfow 1 10 the brpochatazms
and the mercncephalon The obtaned an sumulanon were 3¢ 1n blood pres

rupar-cl
tachyeardia and - lso an merease 1o hund Db blood o w hoch couid be | bolhed by :mptne
The effccts on cirtula wn camed by sumslation were cmestally the e the coonckos and
the pnacnbetired dog The beka soural chaage oa stumulanos were relatsrely soal) and conseied

upramedullary structures results in a characterntic cardion avcuar reaction patters.
A pronounced increase n the skeketal muncle blood flow 18 produced  Eliason of of
1951 Efiasson, Lindgren and Uvnks 1952  caused by an cffect of the vasodilamr
perves on precapdlan renstance evwels Lolkow \ellander and Olerg 1961 Renbs
and Rosell 1962, Roscll and U nds 1962\ aodilatation  the 3k fetal musclars
apparenthy cholinergic 1n nature a3 ¢ can be abolished by atropine The muscular

casodilatanon cannot be mmunuuned in spit of conu von umulaton I«,n;ort
Latory alued

than about onc min then the blood flow gradually retumns (o provt

Coearmonms present o
Fellow 194—4 en, Department of Anesthesiclogy Coltegr

Pbyudlmn;]:nw—.&hmhabmﬂmy \e-‘wri(‘v LSA
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CENTHAL SYMPATHETTO YASOIXLATOR $TIMULATIOY 35
(Lindgren 1935 Folkw  Meflander and Oberg 1961 Renkun and Roscll 1962)
Stimmlstion of the vesodilator perve outiicw ako produces vesoconstrichion in the
MlndM\mh(ﬂmddeﬂ)u\cﬂnh\hcrﬂul\mh
(Fegl, Joharawon and Lafving 1964) Cobbold of o (1964) showed that the vaso-
comtriction in the reshtince veucls of the mieninal vascular bed iy pronouneed

[ 1 " frmulation but aftes
during the inidal period of hyp y fixtor outfow
l—?mmdutﬂmd&owmm—mmmndnhain:ph:dwnmmxﬂmnhﬁm.
Further el i i in the hypotbal of the ik nerve out
fiow prod releme of catechol

(Gram o of 1938) tachycarda snd sug
smentadion of cardiac contracile force (Roabn 1961) The net resudt of these cartbo-
rncuhrnspcmnnmiwmxinlhcwdncmnpuxwhkhk,uk:nimd;ﬂ)
Antribored 1 the thelena] vouscier.
mmﬁﬁu@m&mmcmn&wm‘mhmhm
att that setreataem of the vasodilatoe outflow might be part of & response to fright,
rage wod other i1 wdden lar effort. Abrab Bilwon snd
Zheoryna {1960, 1964} held nmular contentionm and claimed that sctvation of the
wyepah: vasodilator s peepares the arumal for defence reactions.
Escepx for the observations by Abrabams, Hilton sod Zheoryna (1960 1964) on
comcioms cats, our bnowledge and conserpuent speent

sbout the phynclogaal
digrifh of the sympathet? di ' are bascd on stndies on
amweuhetzed arreals.

1t contd also be speculated that the dal h muyght have & more
groerel phynologieal m cieculatoey b than juat being con-
cerned with defence or other emergency neactions.

prompied s to undertake
% series of studies on comdowr dogs sose of winch will be described below The
nuopathene  aodilater outfiow was actnated by tomeal clectrical stunmiaton in
the b poth and the P The cardh 1

1 oy

Metbods
Pdop ooy berwern 10apd 23 ig o uect Under pentobarbual  nesthesn (30
a3d WM serpic coheique the  belormsmd aoris i Al
Swenecw & palyentene catbeaer Cla Adame PE 203 was uweried
for the meumremient of

arrerial prowart No bgatare a1 used 1o Bx the catheter 1o the vese!
The o0 end o e thriey 3 pomaed hrowg the tuvabar oroches aad smboutancous swoe
40 the doreum, exerpng w0 bt micricapelis Tepon The wacthod 13 modibed froes it waed 15
Tt Weeks nd foorn 1960 Fer the menmremen of arteral bood Bow 10 be huod tes
P oy abbrated w fowmeter probe of  pproprate murmal d meter
Bacrd wrwmd the cxtemal e artery Loads from ke probe o pased o the mrerca,
opow o fard 1o the ik 4 ik lopp me part around (e suke 1ieey dostad 0 O probe emerpng
:;h'vwn W pullirg the thread 1t wae powidle 10 ocrlmdc Be riers and themce ¥ obtam ger
T oo doured, | prererrumte for rekable quaniam  alaes of the flow

u-«nud uoa wades hloralose ancgiens (100 my by, Aty an kel of 1 bewst
e i cherirode  cre wtrodaced he b poikalarros and the ssenc

Nﬂﬂﬁzvﬂwn Hertoune Twsomwes aMd P in & wrupolar electrodos,
hwer e ek wet, soecilated s o o from e Up, were wmerted wouall brare poles.
x:, e dull The ol ing TeIorme weer by the
Pebalacos 183 raew rearal ko the mmcraaTal plane, 1o-3 o seral s,
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plane and in the mesencephalon 11—16 mm rostral to the fntcrewral plane 2—3.3 s Latera!

mmw\\umwmmmmnmw
untll there was ao increase in the e blood fow After testing with tropine (0.1—0.3 /by,

fa) which bolshed the response the electrode was fived in fts with acrylic coment od
:ﬂmﬂﬁzd to & microconoector anchored to the shufl. The was provided by screw on the

Afer  recovery perlod of 14 days, experiments were perfocmed whth the anfmat in the coo
sclows siat  The dogs were bheld I quict room sanding | restrainss. They became famiTiar
wfmmemcmﬁqmspm:mdﬂymwumwbedhwdwbyw

wEt meanmed with  Statbam transducer (P23AA) coancetrd to the
fowmcter! The

recorded w ordinate
wynek (Goldschdt Uvd(rrnlm)ADrrcnrdln-g'hmmdton Gras model 3
V\ascular redstance | the hd Limb was derived from the mean blood pressue (MBF) and the
blood few (BF)

Foe clectrical stimuls jon of the b the mosencephalon,  Gram moddl 51D
stimulator was weed with s stimube doum]‘heuhr\ﬂntmkrddlqmrcmnnﬂm
duration, 0 8—3 olts in intenmity nd mumlly fequency of 80

Atropinc e '(OI—OJm.jlg)m.houd-nnmmdmrunﬂuﬂylhmu(hlhcuﬂk
<aatheter to animal in the conactous state t crily the nature of the rasodalatation ehefted on
contral simulstion.

1 three dogs fowmeter probes were alo implanted around the mzperior mesentcric artery
“The artery was cxposed through  sabeostal nciseon on the nght mde Leads from the peobes o

threaded to the intcrscapular regron 1 theye mmak blood flow was recorded both
the hac od the superior mescntcnc arieres

T recheck the powton of clevtrodes in the arews and the d
ellerted respoosc, termmnal cxperi: nder doucml{nnbcdq-.
In 2 of thase animah the Lab waa skinsed and hpmnrxd-mmdlhf e to compare the
vasodilator raporse in the pare muncle preparation with that of the wtart fmb,

T all dogs the braum were perfused s ady with 10 de solution. \fler prropeiat
fixatlon the braine were gromly cramaned to 'orfy the pasons of (be dlectrode  pu

Results
Obssrrations sn Conscrous Degs
a Gralatwy espomses In 15 dogy with 41 different clectrodes, topieal stimulation of
the sympathetic vasodilator syxtem in either the hypothalamus or the mesencephalon
The flowmeter wis dengned by Allan W enerten and manufactured by AB Ekedus, Stockbolm.

| (2 Com
the —dnmu ne A Core
Toamliare MI = Aama medcvasccha, Teg =

Feymenttzm, H = 11 pophyss, FO = Fors.
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with threthold or supralimnal currents increased the external fliac blood Bow
withfn 23 sec. Fig 1 shows the aress shmulated by the electrodes. Atropane (0 1—
03 my/kg, 1.a.) abokished or markedly reduced the vasodilatation following stumula-
thon Indxcatlog the cholinergic nature of the eficited respome. Alang with the increase
fn hlood flow tachycardia was alwayy obwerved In the cxperiment Nustrated m
Fig 2 hypothalammic stimulation wath 1.5 V increased the blood flow from 90 to 140
mlfmin. The arteral peessore was practically unchanged and the calcalated vascular
rosttance 1n the limb decreased from 18t 1.2 The heart ratc incressed from 120
t 220 beats/min. Surmulason with 2V resulted ma more pronounced respoase. The
blood flow and heart rate were doubled and the arterial premnire rose. The caleulated
Tantance decreased to 1 0 After atropine (0.2 mg/ky, La ) the vasodilator responses
% repeated stimulations with 1.5 and 2 V were completely abolished In fact,
stumilation after atropme produced sl reduction of the blood fow probably s
relt of i ctivation of ictor fibres to the hrad lrmb. In some of the
other experiments an increase in artenal pressure was observed even with threshold
sumth intemity When the intentity was rawed above the threhald Ievel, edevation
I arterlal presrure occurred m almost all cases, mdscating that vasocomstdetion in
M—mhrlrmwgrdrrnlhh\ﬂﬁkdﬂrdn:mtputhldmmcmpmud
the  mrodilatation in the muwcles

In'3 dogs the vasodilator resporse to central stimnl weth variom fr o
o studied. Stinmlus frequencies ranglng from 10 to 500 cps were effertive (Fig 3)
Matmal response was obeained within a range of 30t 100 cpa.

In 2 dogs the blood flow was recorded at the mme oceasion 1n the extarmal thac
and the ruperior merenteric artenes. U pon central stimulation of the vasodilator out
Bew & vasodilatation fn the lilac -ascular bed was accompanied by 2 vasoconstiic
S n the meventeric area (Tabl 1) 1n one further dog the blood fowr was recorded
12 the mesenteric artery alone Central sinmulaton wa performed in the hypothal
Azmic vasodidator area, a tated p by The iction 1n the

ic

SN deta piyial, ot Tl P 34
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Mmmmmxll-lsmmdmmwmz—u latern
1o the mid-line. With contuteoas electrical sumudation, cach dtvumitmnd'-ntrd;:muﬁl

After
-dnnmtc'l'bedq-umbddln-qdﬂmomumdln‘ rrnnhu.‘f‘bryhrcnmehmﬂh

o mremed wli
sgrak (Gokdschmedt and Liodgren 1962) Al recordings wor made on - Grawm mod! 5 Polygraph.
Vescolar resistance fn the bind hmb wes derfred from the mean blood preware (MBF) and the

Blood flow (BF)
For clectrical of the hypothal or the hak Grom aodel BID
n}m-hlar-n-cdwhhlunmu}mhz[-ﬂmnnit.ﬂzemmﬂcaﬂndn{-qmrcnvunfzm
duranon, 0 8—3 voln in mteruty and usally & fr of 80 epe.
Atropune t (0.1—0.3 mu-mmnd throwgh the sartke

Iotraarterially
catbetey to ammal in the conacons stat to verfy tbe nature of the yasodilatatson chelted on
#termwilation.

1 three dogn flowmcter probes were o implanted around th supenor mosnteric artery
The artery was exposcd through lubuwdin:bumnnlberwddalamﬁunlthmham
smmalarly threaded  the interseapoalar region. 1 these ammhs blood fow wes recarded both i

cric rtenet.

woder wern done oa 12 of the
Tn 2 of Unie amizoai the b s daoned s the ankle 1o compare
reeponee L the pure preparston with that of the intact bmb
1 all o the bramm were perfused e s with 10 ¥ formaldchs Uon, Afier pproprate

Results
Obserratioms sx Coscrons Dags
2. Cuvnlatery rrsponses In 15 dogs with 41 different electrodes, topical stimulation of
the nympathetic -axodilator system (n erther the hypothalamus or the mesencephalon
The Aowmeter as3 demgned by Allan Werterrien and mansilact red by AB Eledia, Stockholm

e ockes —33 mm hierat
the tral Ca = g
tenor Dg- A = Lot

Chursrma
memllare, A1 — Mana ity Teg =
rmn 31 = Hypophysie, PO = Fors
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A B Cc
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Fag. 4 Dog 15 kg Simulanon of vawdilator pathways bn the mesencephalon.
A Efiect of seimadation with the dog comclove.
3 ffect of etin doriog 1 cxlx (100 myfig iv ).
C. The mme s B sfier skinning of the od ket
D The mee s C xtter edominisrution of tropine 03 my/kg ba.

Tantx 11,

[ R Ll |
IS W W e

" Se and haBic vesadl .
Gow (37 ehectrode tn 14 dag) T = Threshokd stimalos Intensley fr produciog mescs-
Iar sodilastun. For explanation of the bebas focral repovme sev text

Stinoados x

\ngre Anztow Eaxrhied Rage
Tatenelty (V) porponse

T 2 12 3 2 —_
T+0s 3 I [ " -
T+ 2 1 ] [} -
T+i3 — 2 1

n order to test that the blood fiow pattern in the mtact hmb cwentlally reflected
‘hth:aﬁhlumpomclnlhcmlmln.meltg‘nlﬁnnedm2dupdmdt
termema) experd under hloral hema. There was po qualitatrve chang
In the response o central tmulaton after sianning (Fg 4 Band G) 1n Fg 4 B,
with the hind hmb intzct sumulation with 15 \ incressed the fhac blood flow
from 95 o 150 ml‘men andw th V€ 10 mlou  In 3 G, after the log was skumed
the resting blood flow was H) ml mun Sumulavon with 13\ doubled the blood
Bow and mith 2\ the ncrcase was more pronounced.

b Brhestowrel respease 1 he beha soural responses wsnmmlation differcd I o anfomal
W anlmal, Table [l womanses the  actons 1o uixresung  trmules Intensin
Stmalation w th threlodd  atenat  for producng vasoddatation 10 20 out of 37
ypermments faled 1o flect the beha  ur to an dignificant degree, This can be
setn in Fig 8 where umulaton w th he freqoencies of 10200 and 300 eps did
Bt give rise to any pouceable beha wural  apames in aplte of the dirculatory

contbsting-of rachyrardia and  asod lataton i the Jund imb
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As the frt sign of behavioural reaction to stimulation in the vasod:lator
n:cu,tbcdugnkcdmhudlndlookndlmund.mhﬂgrdﬁcdbgthtm
ewere When the stimulation intensity was Incressed somewhst more the dog
became gnrews It would manifest a stepping movement and vigoromly twmn I
head around, whine and might also uninate. Still further increase in Intemity gave
nise to excitomext The dog barked and attempted to cacape, urinated as a rule, and
occasionally defaecated. The pupils regularly dilated When the stimulation intensity
was mncreased cven morr, the reaction in most dogs was just a more pronounced
exairement. However in 4 dogn, when the intennty wea ralsed 2—4 V above the
threshold intensity for produdng vasodilatation, ragr was evoked. With rage s
meant that in additton to excitement, the dogs bared the tecth and tried to attacl.

Atromne injected intra-asterially did not appesr toafTect the behaviour Moreover
the behavioural resp on stumul were unchanged P il d
¢ In Fig | where the dog was aware of sumulation with 1 V and anxious with
13V both before and after atropine.

Tafluencs of Axacstheia on the Circxlabry Respowses
In consclous dogs stimulation in mest aumals produced some Increase in arterial
pressure. Duning chloralose anaesthena the pretsor response was len pronounced
Thy is Wustrated in Fig 4 where A represents the stimulstion when the dog was
comsclow. Snmulation with threshold intensity (08 V) g ¢ rise to tachycard and
an increased blood flow Wth | V the mean aricrial presure increased from B3
to 125 mm Hg In B the dog was under chloralose amaesthesir The heart riythm
way more atable and the sumulus threshold was elevated. On sumulation th blood
fow and heart rate increased but the arterial pressure rose only shghtly — from 105

115 mm Hg with 13V and to 120 mm Hg with2 Vv

Further t was cader to make the dilatation persnt by continzous atimulat on of
‘ ar vasodilator outflow during anaesthena than during the consaous state This may
be due to the fact mentioned above, that the concomiant proysor respome on

imul during h was abolubed or lems p ed than during
COmMOLIT e

Infuence [ Gentral Depressants — Chlordiazepessde axd Slorphne — on the Beberowral
oxd Cirralalery Respomses

In 5 dogs chlordmzepoude (Libdum®) was g1 en 1y With & dosc of 5 mg/ig the
stimulis threshold for behavioural and premor responses to sumulation wa etevated
while that for {ilatation was unchanged. A rep periment s shovn
in Fig 8 Beforc the drug was gren (A) stimuladon clated a typheal response
15 V caused techycardia, & slight incroase n the sricnal prewure and a doubl g
of the blood flow The caleulated vascular roustance deereased from 0.38 10 0.31
The dog was alerted With 2% the vascular raponse was more pronounced and
the dog now became excited dunny the stimulation Afier the admini of
chlorduazepode the dog became sedated but remained standing dunng the observa




CEXTRAL SYMPATHETIC VASQOILATOR $TOMULATION 341

A . c
s
- .‘ - - e
e
-t

z li‘h—.m-—h._

iy
e

—

Fie. 3. Dog 183 Sdnmhﬂu-drnudzhwrp-hﬂnlﬂﬂkhpodnhmbtﬁnu)uﬂmu
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Before morphme {A) the threshald stimul 25w i d the heart rate and
blaod flow with no change in arterial pressure. The dog became alerted. The resfrtance
decreased almast 30 per cent from 2010 1 1 The mamal circulatory response way
obtained with 3 75V Mlhlmlrkrdu:h)'nrdulndllﬂghtmcmm:ﬂdprmur_
The blood flow Increased 3 times from 60 to 180 ml/min and the resistance decreased
to about 1/3 of the 1utal value from 2010 07 ‘The dog showed signy of anxiety
Aﬁcrmorphnmlhcmoodﬂowdzauxdfmmﬁﬂwwml/mln(B)lndlbernbuncz
increased from 2.0 to 3.2. The dog was sedated but did not sleep The simulin
threshold for arculatory responses was atill 225 V which produced tachycardia,
increasc in blood flow but no change in arterixl presure. The reastance decreaved
about 50 per cent ay before. The dog was not alerted ather with 2.5 or 3V With
3.5 V the dog became aware of the sumulation Stmulation with 3 75 ¥ resulted
in a marked tachycardia and an increase in artenal blood pressure. The blood
flow 1ncreased about 9 times, from 40 to 130 ml/min As before morphine the
remstance decreased to about 1/3 of the control value. The dog was aware of the
stimulation,

Discussion

The technique of tmplanting an artenal catheter and clectromagnenc flowmeter
probes allows arcufatory studies on consciots ammah fo  perrods up toseveral weeks.
However without relible zero polnu, the blood flow recordings are anly qualitative,

Since most sine wave electromagnetic fowmeters in me lack a reluble electrieal

zero other reference values have been tsed In the present experiments zero pounts
. were obtuned by total occludon of the artery umphy by puling a unng placed
around the artery dustal to the records g probe and thus allowing us to male
q 1y reluble dings of the arculatory changer.

When study ng the fi H fi of the sympatheti hi matem,
wnterpretation of reulys requires the pombil'ty to dati guish between & blood Row
increase due to vasadilator nerve nctivity and that due to inhibation of vasoconstrictor
acuvity and other hacmodynamic changa. As pointed out under Methods we ha ¢
sdentified the vasod lator response obtained on I a3 cholinergic by udng
the specific blocking action of atropine

The cardiovascular roponscs observed on Iypothalamic and meseneeplalic
ecctrreal sumulation m comcious doga were nmilar to those previowly desenibed
e anaesthetzed cats and dogs (Eliasson 1 «l. 1951 Elisnson, Lindgren and Uvnds
19%7) The predonuoant findings were nereasced mncle blood Bow accelerated

rate and decreased mesentenc blood flow
}n]f(hclmxmmcﬁdprr-monmmuhuunwunmudnm:nguhrﬁndmﬂ
{n the comcious than in the anacshetized dog This preoor effect appeared to lo
fucnce the vasodilator reipeme to some extent When a pure vasodifator rapome
withoat increase in artenal pressure wasobtained the increase n blood flow coudd |
be mamamed for at feast 30—40 sec wathout changing the rumnhrs intenuty ‘
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Attempts to mantain the duatation by keeplng the L for a longer durath

were afisl especially in those where there was a concomitant
prewor respomse, This fact mght Indieate that vasoconstrictor fibres to the vexels
of the muscles were activated together with the vasoditator fibrer, This may tho
refiect 8 cortain amtagoalim between the adrenergic yasocomstrictor nerves and the
chalinergic vasodilator nerves at the arterlolar level, as has been suggeted by
Folkow Oberg and Rubinsteln (1964) They sctvated the vasodilator perves
centrally in cuts and found that the -asodilator response could be almost abolished
when the vasoconstnictor tone was elevated. Bolme, Ngal and Rosell (1967) have
Irvestigated the intermction between vasodilator nerve and vasoconstrictor merve
lmﬂihhd:g;AwhhmmpcuDoﬂlxm(he‘mnndthc‘m
dilator systemns was shawn to exist both m consclous and 1n anaeuhetized dogs. It
wht conclnded, however that thy compention, apparently much lew than in aty,

& ly of minor phyuological importance at leart in dogs and that a redden
demand for increased rmuscle blood flow can be met by activanon of cholinergs
voodilator nerves even dunng with 1 ictor tomn.

Undzor physlological conditiom the flation could bly be

epected to overcome the prevalling vasoconstrictor acuvity at lcnnrlnidally This
suggeston Is supported by the fact that 1n many dogs with {mplanted dectrodes,
and

stimulation apparently activated both it rctor fibrex shmul
tacomly However the cholinergl slwayy app d diately upon
elmaladon. On the other hand the 1 lly dimunished after some
1 3¢ and became masked by the fion. The physol

umportance
of the cholinergic vasodilator nerves may thos be restncted to the iutlal period of
A request for increased mimele blood Bow In order to mamtain the dilatation for
longer persods other mechanksms are certunly more effective as# ¢ the accumulation
ol local metabotites followng muscle work (Kjellmer 1963)

The obaervatons by Or6, Wallenberg and Bolme (1963) might abo indicate thay
the phrrrological role of th dilator system 1 restricted to short periods of uwdden
Dtrdhhamcdunndchloodﬂmvmdhm«lnvl\rdlndtwd’uwdﬂw
daring Joog term excrene. When the bypothalamic vasodilator outflow in
nhmmulnu:lma:‘umngnofmmcrcanclnthcphmrmf.“y‘dd(FFA)
tel. On the other hand -ugmﬁumnxmdlcFFAkvdmwum
timilation in two aress m th - braun atem not anocited with Kmpathetic cholj n‘:
voodilatagon kot with increased blood prexre and heart rage Iy gy g T:m
oﬂvqnndhu.xdmmgnmxthc-kdcnlrmnduummw\rm-dl
s a3 2 soorce of energy (Carlson and Pernow 1959 1961 R W;
Scrong 1960 Friedbery ef ol 1960 1963 Ha e, \almack and Borehigreyy “9;5)
Furthermare, the sympatbet ncrwmqurmphn-ﬂgnmummk‘mhcm

00 of FFA fromm adspose usmoe Ha f and Goldfien 1958 Rogey 1o Om""“‘m
therclore speculate that if the functson of th asodlAtor Dervey way 1 - w‘}‘
Yoog term evereme ”““*“”"[’“ﬂ“ﬂp‘wﬂuﬂdhﬂ;’:uﬁw
uvation of the vasodilator system In Gnour of the e om, chat P*
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sympathetlc vasodilator systemm does not wnterfore witk the selease of FFA are the
findings by Mgu Roaclland Walkenberg (1966) that stimulation of the hypothatamic
vasodilator outflow does not affect the arculation in subcutaneous adipose tissue.

It has been ¢ dk d that the sympathetic vasodilator nerve outflow
should fundlonup-ndﬂ:cwdlmmhrmalmpnnmumnxlr:dhuibu-
tan of the blood fiow to the akeletal muscles 1n aatiap of a mafor I

effort. This rexciion pattern hay been dcumed by Ellason o of. (1951) a3 & reyporsc
to emergency stuations, as alarm reactions by Folkow Mellander and Oberg (1961)
2od at defence resctions by Abrahams, Hilton and Zbrozyna (1960 1964) Thex

hypotheses about the funcilonal significance of the sympatbetic vasodilator utflow
xre based on circumstanual evidence In the cat vasodilator activadon is observed
to occur together with the above toned joually tinged fon1 or at Jemst
by sumuli capable of cliating such reactiom provided a sufficient stimulus intensity

& wsed. In our opinjon these observatiom may jutify the hypothesls that activation
of the vasodilator nerves b part of a preparatory cardiovascular reflex in connertion
with defence reacuons. However 1 the function of the vasodilator outfow restricted
to such speaafic dreumstances? The structure of the hiypothalamus b complex and
topecal stmulation with clecirodes by apt to xcuvate vanous mechanhim whn:h may
or may not be functionally related. Concludons as to the phynological
dmcunmnrup«ucpn(tumobumdhavcwbcdnwnmlhmamm
In the consoous dogs emovonally mrgrdbdumuruaxom»m:nmdum

terlstic nor constant festures of the resp to af dil. areas In
the brain stem. As described under Resulty, 1o the majority of expeniments the
pred: fmding on 1) was ather no behaviourad respomse

at all, or a0 alerting” of the anmal. The alermens could be enhanced 10 excy e
ment” by nrreasng the stimulus intensity Iuﬁﬂonly#ourd’lsdog:dnph)rd
™ rage dunng such sumulanon, provided that the tus internmty was o
|)rl.m:d above the “vasodilator threshald™
~ Abmahams, Hilton and Zheozyna /1964, stated that in cats scuvation of the
vasodilator nerves occmred conconutantly with the earhest signs of alerung The
typical defence reactuon did not develop untd & more intense stimulation was gven.
Thas fact was taken to support thre ption that il way part
of a preparatory cardswvascular refex connected with defence reartions
The prewent olmervations on conserous dogs agree with those of Abrahams, Hilton
and Zbrozyma (1960 1964, on consaous caus usofar that vasoddater scthvation
occurs together wath alerting reactons, They disegree from thost of Abrahams Hi-
lnd metym m that defence reactions shonld be & concomuitant respome 10
hy i Thus species difference in the rescison patiera
u)mxdcd with vasodilator acthvation calls for eautroutness when dn-;ngfcoud;
concernsg the fimebonal dgmficance of the vasodilator outflow 1o fimet
:;nno(bzrmﬂcttdmpnidpdmlnddmtemﬂmbmmbnalhc
nervors adymitment of the muscolar blood flow in exerche ukminlupr‘z:::
tory phase. Perhaps the vatodilatar perves exert a tanic Infiuence on the
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musde vemels, the vasodilator tone being related to the level of alertnens of the

C.\'S?ThxuujoLh:rqnﬂthmunmlybcmlvtdbynuﬂuuncom:lmudmh.

&Ihnm{hmr:ﬂalm\moflknwdﬂaummmpmgm
Chilordiarepande reduces the premor response obtained on clectrical

stirmulation
hth:hypmhd.mmndﬂmnnntcdby&rmﬂdi(l%l) We have thown that
with chlordhzepoxid il o

Council Y 142 14 -40-01
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Effects of “Diving” on Cardiac Output in Ducks
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Recereed 9 Febwuacy 1967
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Fosow B, \ J “uuwox and L. R Yovor Eferts f
duds Acta phynol. seand. 1967 70 347361

Arkeral word ecatrul venows prewaires (AP and VI carchac owtput {C0) asd keart rate (HR)
St toeooded, wad stroke  oduma (SV ) tocaputcd, m wwake ducks beore Suring and after sub-
e, ocial Hentaon beng pasd 1 the thoe e aned exsest of the owdnced cha ngvs, Dering
3 w09 elimm (S D 113 HR 24/ (0D Y and S\ 6 bmi (8.1 15 Txncdinsely
= sbacnion HIR fell siightly and then shoned  morr
dacion withn 12 s 5V decreased moderately deapte
Foeocduss | ~2 w< pomtdn penod HR mcreased to 300300, xum, with & sharp rise
AP bk CVR D Wahin 10 13 e prekondt oo wr
"““‘(mu&w(/Ommd!m—m oun Mwm
MMu‘thmwmme-pww sthin 1<
1z, QO then retmrmed rm arch oet et ot 68 s Resadts s *a! and eyoepathern: Bockurg
M0 vagpen the liow Log nenrogeoc o oot Duzrog smubencriwn wibabated eympatictac actbvicy
598 hoart b commpled wieh | greadhs sntermicd gud docharge. redacy £ho - ewtricnlar contrnedt.
:uﬁ?,":"""‘ wocaamnctor Sbre # sharply wcreescd On emersion _ompiets
e s5d dferensiaicd patier take plac withua 12 mor. The recepion
S mechamicns oo a1 brsefly dhvcimed rad

dring ou cerdiac smipt in

The physiologieal revporses elicited 8 diving tpeaes opon
ol mterreiated manentatons, winch hase stracted conmdera
e thcal nodses of Paud Best 1870,
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Effects of “Diving" on Cardiac Output in Dacks
By
B Forxow N J Nowox sand L. R, Yovxz

Recerred 8 F bruary 1967

Abstract

Foow B, N ] “nwox and L. R. Yovcr, Efts of diring” o card ac wutput 12
dxcky. Acta physiol scand 1967 70 347—361

Aectil sad ceatral veooow presares (AP and CVP) asdlac oput (CO)  nd hoart rase (HR)
0 rerded, und wroke oluoe (31 ) computed, in swate duck Aher wab
SRR, srcial attenition being puad to (he tlao cotrse and extent of the tachcrt changes, Daring
™CO 111309 mifmain (3 DL #43) HR 244/min (.1 83) und S\ 6.6 ml (8.D L) Tmmediaredy
Wt mbmcizion CO and HR fell eiaghtly and then showed & mare w1
‘ﬁuﬁnm\—-:m;s\dmuzdmm 10—20 ;i Hy focresss (a CVP
Derog the rmocrbmie §—2 sec poatdns period HR t 300—300/min, with
AN Mie CVP &0 Witkea 10—13 sec  prokmd vascdile

seduang sho contraenl-
™) e g mpatene  mocoommcior Abre duchsrge U tharply ocrraaed. On excrsion

* Commplete
“N(mh:mmwmmmp&qmﬂx—z-gmm nd
Ol meckamigns b otved e bricfly ducumsed

—

1d.

The phytlological responses clicited In d ng specdes wpon submemon he ¢
menl terretarcd dom, which have d o le interest since
the thasacal studies of Paul Bert (1870) The mout obvious and perhaps mow widely
memm@ﬂ:kmmammhmm
radycardia during submersion must either be d by an

insroke vol meorby  peripheral ascular comutriciion, nince mean arterpl
Ptrare iy maintained or even  creased 1 most diviog animak.
Inving (1934) cuggested that the bradycardia occurring during submenton forre
Ndnw.dgpradnndpmfwndmﬂa-d;uumzo[lh:unﬂmnmhrm
* eqazized that the owgen reserves  present in the blood and the respimatory
'THOm are preferentiall distnbuted to the cxsential timues, the brain and the heart.

“"{m-&m Department of Phrmology Lemenity of “orth Corollna Chapel 10, ¥ (o,
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Subsequent cxperzmental dats, thongh mastly sndirect, strongly Indicate tha
rcﬂ:xﬂmnrmdxmocuminrlnmu\ixuhrkuhmhadnnzbcmrbnjq-
corooary curculation

lnlrtcmtmwwAnd:nm(lQGG)dnwnnlbex-ndotbaupcruahbcdhmg
rnpomcnndhepomumtbepluotyn(dnumnmningzbccﬂ‘mufwhmedmw
auducourpun)(cudaufmmarhcrmﬁﬂg:mmhavzmthhrupeabemhr
ferenval, suggenmg that cardine output must decrense sinee the artenal blood
Ppressure can be maintamed depite the nteme bradyeardis. However Elsmer o al.
(1964 1966) ha ¢ recently measured the pulmonary arterial blood flow with an
smplanted ultrasonic flow meter 10 8 sca bon. The eardiac output was decreased
dnnngtpunuucmncrmmmmdd}vu.bmthcmmm&gurumbdxotelbc
extent of the decrease. Eliner stated  Carduc output vaned in dose sccordance
with the heart rate.”

Shelton and Jones (1965) meanmmg sroke volume of diving Grogy, fousd &
deereased stroke volume s well a3 8 decremsed aardine output during submenion.
More recently \furdaugh «f ¢l (1966) have meanured carduc output n diving seals
(Phoca vitulina) by the Humilton-Stewart dye diluson techruque. They found that
the cardiac output duning the dive decreased 1o 636 per cent (mean 12 per cont)
of the predrve valoes, with no connstent changes in the stroke viume, The postdive
valucs were not commstent though they suggested an ncressed cardme output and
stroke volume beyond the predive level.

The purpose of the present study was to determmine 1n ducks the cardiac output
and stroke volume dusing predne dive and postdive persods and to anahyze the
neurogenic mechantms imolved A preliminan report of the present and some relat
ed data has recently been publishied (Folkow \ibmon and Y once 1965)

N Methods

mere atr & total of 20 domestc docka (Anas boscae 17 ~3.0 kg During
Bt e o e s oot
23\ Stathsm uznectwcer for r1er2a} bdood premere amd heart rate When the crmiral
tnc-;re—-l;relnnhol.obr cannuls was inscrted 1o the beft brachial cinto  polt
wear the rgh tnum [—12 an) hmmmmmmmwm--m
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For determinations of the cardise
hen
nght The and 1be mine (0.2—03 ml)  room LEMperature worf fmject
polird e iy : the syrmge Thedy ot paced m the

mmsdtancocaly throogh b mira eoows uslng the same y
dead spare between the synnge snd the duck and the dug of alise wet med to pas e & o

the
A thermmtor placed $—7 cm int  the keft bracha! artery woth i Up 1 the root
of aorta, wio used mldmmmhl:k ecthad

the el oount of

- cxprem pprraution 0 De P Normer and (v Eng. Lo Stage for their
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s Wood was re-infused  © the same rate. rhr:hd’thupcmn?humu-kuﬂ:
lacberwed ther the grachral desaporation of the eienal blood durioy the dive prriod did mot per
g B4 bathor for (he recording. — A small amows of beparin w1 given to w oid coagulation
i e iz see] the eyriage.
The arerial £0d cowtral yYenous blood pressares and the were recorded
w  Grmm pobygraph, Model 3, while the eardiogreen dijution carves wert rreorded ou hipp
recarder These cur & were later oo extrapolared plotting on semflogaribmbc

VE the aren woder the curres wat dowermiotd sl plas

ia wrem ding the mtes of lation were in d Jocalne for local
v, $ad the duck was allow ed 1o recover at keast 30-—60 min from the harbitorate o
ot the st experloment wan started. The wae placed in w box deslgned to aope
et 2] Zowcleng tebrtive] [ree movements of the body amd Timbe, The head prejecied throagh
bginrhe bt patursl angic and the dack waa dhed™ by lxmerton of the beadfn  small
tziuer Wl wytet wesally for lost tham two mooutes with {lexst 10 min  rest before the mbequent
4. Tocacimal s ety 1o this and wrualty toleratend the enforced
Hmmmmvd@h«mwmw‘uw
t:dh weacty pomtion and “deving " wat accoarplibed by raising the water kevel b the con-

¥ Hifmin (S 83) The individual venanons were thm lurge, and quite often
e il gradually incronsed the beart rate duning the course of the expenment.
When the head of the duck was submerged 1n water the heart rate immediately
decreased 10 80—90 per cent of the control value. Contrmued submeron for 1—2
‘”mﬂym-pmgrcmvebndywdn,dammﬂlunummdmbuu]mm
at 2lnes 33 bow a3 1015 beats/min were not infrequent. In fact, after the ducky
badbeen “fabiruared™ to the enforced drve by repeated short submersions they often
*PPartd moce related, even drinking snd accepting food, and then the bradycardia
duiog prokonged submernon tended 1o becomse more profound and regular —
Wiz 13 e afier cmation of the mubraersion the heart raie increased 1o ks
‘:: ere tally well over 300 beats min, occasionally going &3 hgh & 500 beany/

ﬁ:‘ﬂnwumdmmmmmxnmmlnmdmdnm
ool phase and genrrally changed very linle dunng the di g penod. The
Mmmqilidmmglhtdmbtﬂmn{l:ﬁ[huv
wd:mnﬁcmd,mm-dghlh ncressed syatolic pressure. Dhormg the
memmwmwmmMmH,
e 3 ser, 20d then decreased gradualh back to the contral levet 1n 20—60
l::“m 0ot prewure, which durmyg resung condibons was waalhy dose 1o
&m‘mmvch dunng submeruon up © 10—20 mm Hy when the
m:’?’*ﬁtmlmtmqn)ud.gtdfmmdtmmlnlbnd\mdn. The trye
fn) mhdlmdrmkimumummhrmthtnmcum:
ﬁ\n:“"‘ﬂﬂ'tdntbpmm(ufmh-nd)mdu. Upon the Interruption of e
lﬂ“‘:‘:’:’:ﬂﬂmm&ﬂﬂpﬂh‘ wanally reachung umnmhumh%
md\cc!cdbynmu!umnncﬁfd}ngsdlhcmphawm'
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el A ke dck, 28 kg
Recordlngs of arterial

ental
C.Tbemcmd:madm:ndtbccn—fypu«ﬂ\ prriod; not  the Tlmuﬂm
rix 0 mean arterfal presire  od beart rar and the rapid fall In central caoen premere

lhnthcghmﬁgmufainminamuﬂ|mmum:rqrucmdntmfy
transmural rise 1n prevamre.

Fig 1 illustraces the characteristic changes i heart rate, artenal and central
venous peemures in ane duck during the “predive™ contral state (A) dunmg the
“peak” of the di ‘e rosponse after 50 see of submernan (B) and at the moment of
emendon and durning the easly  postdive” period (C) In tha particular duck heart
rate decreased to about 17/min dunng submersion, at the same time as centl
venows prasure rosc 1314 mm HE Thedevelopment of these two changes followed
each other closely both starung as a shight but xlmott smmedaate shift, which doriog
the subsequent 40--60 sec berame intenstfied more gradually — Note further the
immediate onset of tachy cardia and arteral pressure rise upon cmernonand the faurly
aped return of centm! venous pressure towards the contrul level
B Cerdisc output Since the changes in cardiac output could be expected 10 be both

~ extenave and rapid and therefore mught invohe difficalires in meanrement, cfforts

were made (o cardfully standardize the procedures for messurements, to check powible
drtifacty and 1o compare the rwo methods used

For such purposes the aardiogreen and thermodiunon metbods were checked
agaunst cach other 1n 41 determinatioas on five ducks dunng rest, the cady diveand the
portdive prriode The sgreement was very good dunng rest and during the pridee
period, the correlation cocflicsent, £ betag 085 /p 0 00)  w th essentially all record-
ings falling well within the — 20 per cent lnex, The thermodiluton method proved
especially valuable during the portds © peniod with ats hugh flow valoes and rapid
recirrufanon since this method o far levs disturbed by ndicstor recrculatlon thaz
is the cardrogreen metbod

However there was an expected marked deviauan of the values obtained by the
nxdpymmcdmd.nddvcthamoddmmmﬂhoddumrgthefuﬂydndoptddmn‘
response, The sharply decreased flow through the aardrovascular sytem dunng
this lase phawe of the dive must cause thei v mjected remperature s1ug to equikbrate
10 2 comarderabie extent with the tissue teroperature durmg the slow pasage 1hrough
dlehﬂnudhngLThcnmundﬂdttbermndﬂmmcunemufornthw
be decidedty smulher than expected beeaise of tns *lon of wdicator™ Furthermore
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Mtwlhnnomﬂhndldawdnftintnxﬁntdmhgdwhadmbmcrdm
Theredore when the thermodilution curves obtuned durmg prok d dives could
bemed for aalculations, they alorays gave hnghr values for cardiae output than the
wﬁugmmm-gmuumﬁrbmcrmwhp}mudlhedncwhm
the B reduction was only moderate, but here, 100, shifis In the central temperature
of the duck could produce a disturbing drift of the baselne.

\\nh\hqnmmdfmmmumgmdmamnd:tﬂmdommlhlhc
m&hpmm\}wdmu!dh:md:uulyunccdnﬂngachdlh: drves” On the
ﬁhﬂlnnd,mpntcdmnmnnmummthnhcrmodﬂumnmmhndwmpuhm:d
in 0me expermments drmg the drve penod, bt this methed tends o overotimate
artia output more and more as 1t becomes reduced, o mentioned eardier However
ta the easly dree period, where the cardiac oatput decrense was still moderate, the
thermoditation method provided some general informaton about the time courte
of the decyense 11 cardiac omtput. Furthermore, to determne ity time course more
ety durmg the dive and postdive pertods, srveral dives were performed afier suit
abk rest perods, and the cardiac output was determined with the cardiogreen
method at dufferent times during these repeated dives. The develap o the
bradycanfia could be wsed a3 & check that the reflex cardiovascular adjustments
were about equally well developed in the different dives. The cardiac output deter
umtlom from comsecutive dives conld then be plotied on the ame time coane to
sherw the approamate retationship of vanous phases of the drve. As could be expected

h‘ﬂﬁmdfrvmtb::mumnm\blhnth:chmmurdmoulpullndlh)m
(e rame tmme comrae a3 that of the heart rate change.

I Exiet of chonge v candiac setput

Bt 2 thows the refanonship brtween cardiac output, heart rate and siroke volume

belore, dring the “peak” of the dive and mmmediately afier the dive m five

Y

“Eich thowed expecially fnterme and well ducibl L
P por won
Dherlng restng” condutions the mean cardiac output of 49 determmanory fa e
ozl was 1509 (S.D 245} mifmn m the predive period, and the mean strcke
Ml was 66 (S D 16) mibear as coerected for & body weght of 27 by, Sareke
‘mﬂumdmhnnmm-nmmhﬂdégnm
‘mwmmmmmmeﬁmdnnmm—
d‘!dnv.“hmdm Rﬂmg"mﬂhcwtpurtmﬁncdrdamdqra—m in
'P“t_h:!hch.lﬁamknht:nnm !
. tucﬁ\edncb‘mnmmgcd[mpa—hdua(lszm 2tesl £15drvey
m“"n Fig 2 dmmdmmmndtuumdwﬁ&—fﬂn!mmmd
mm‘dnmtdmmcdl.b——%lml/'buﬂnlod!hcuﬁ'a o wisy changed
l-fd\mmu—nscd\M.‘Zml"huxm%dnu. o -
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during rext (Flled circles) dunng the peak of (be dive response ( ) and
ere performed n

rrpcurdpcrhd:ofnbmcrdor-.mhm:xdncmpnhnnmmm“m that “resing
cardlac cutpat bs iy constact, depet wade muomlnbrlﬂnle;\l]lht:nmhrtﬂtnt
oatpat and stroke olurae are corrected for  bodyw eight of 2 7Lg

The low values for cardc output and stroke olume d nng the dive period
reflect the capaaty of the cardiovascular svstem to adjust to submersfon. However
mesn valuey for cardiac output and stroke volume were not calculated for the dhe
and the postdnee periods, since the strem conditions of the laboratan procedure on

¢ duck could not be well controlled. It was obnrous that the intemaity of the diving
.’;ﬁa was often markedly affected by the epvironmental ntuation The more relaved
¥ id hablumted” the ducks were to the situation, the more inteme and regular was
the diving resporse Therefare, the lowest alues for carduc ouipur and pulse rate
during submersion should be the most relevant ones for the evaluation of the capacity
of the diving reflex, nace external dnturbaneay were then peobaldy min mal.

Tor such reasom the ume coune and extent of the d ving response of one duck
which rep dly displayed pe ed and regular bradvrarda duri ¢ the dne
13 shown fn Fig 3 in some detail The mean heart rate cardiac output and stroke
solume of three prednve perods in thus duck were 100 besa mon 1300 mi mam and
6.7 mlfbeat, ropectvely Two dives of about 90 sec each were made and the cardiac
output was determined in the final 20 sec. The heart rate dunag these dhves decreaved
to 13—14 ban/min, the cardac output decreased to 66 mifmin and the stroke
volume to about 5 0 mi/best. In the immediate 30 sec follow ng the emersion of the

duck four mexsurements were made and the heart rate increawed o a peak vahoe
of 3901w t 'min, with & cardiac ontpat of 3535 ml/min and a stroke volume of




A, e compured wizh the dive, whie l v-{ZaL -
fncrenserd o m 1 -
o oo o

A mlbeat, \lh)a‘-obulncd5—7m.mlfmrlbcmb'ma1mpcwdmdialelhu
the dock bad then almest returned to the predive level.

L Efcts of Macking sympathetsc axd cagal merses ie the haert

PR 415 the record of another duck showng the wume general type of response,
ough in thus case the bradycardia during submersion is ast inteme, only decreasing
143 bea'min. This partuenlar duck strigzled and sbowed conuderable sigm of
b while mbmerged and the bradycardes was interrupted by repeated bref
Penoch of tachy carde, Lasting four 0 ¢ bears ac a ume fn this respect the duck
thown in Fig. 4 duffered comderat ly from that shown 1 Fig 3 Cardue output
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Faﬂauingthcxcm&olmdlng,lmgfigu{-btmhkﬁinglgm\(}ﬂﬂc&ﬁflﬂ
Brindstrom o al. 1966) vus slowly infected intravenomly into the duck, Beides being
nvaypatmtbct-b*ocku-d:hdmgcxu'unmcbeummuhﬂngcﬂmoﬂum
so that jts admunistration Implies a slight but soained beta receprac activation
withrupccnulhcmyuardluzn.Itwﬂl,undu-othzrhxnd,murdyblochhctﬂm
normally induced on the heart by [t adrenergic nerve fibres,
Curdncnutput,hanntcmdblmdprmemnow:gahddanﬂmd
during the predive, dive and postdive perfods. In the predive period heart rate b
down slightly and cardiac output is up slightly therefore, suoke volume has 10-
creased, though not to & ngnificant extent. The consutent decrease in heart rate,
scen in alf ducks grven this beta blacking agent, which exerts a slight beta sthmulating
effect of 15 own, supports the view that the sympathetic fibres to the heart of the
“resting  duck exhibit & definite tanic actsvity
Dunng the drve the reflex bradyeardia 13 greater than before the beta blockade
{n this particular duck and the cardiac output Is decrensed more. This will be braefly
disaumed below Further the stroke volume is also 1n thiy case comiderably decreased,
suggesting that the negauve inotropic effect on the heart—s farly regular compoaent
n the diviog reflex of the duck, especally conudenng the raised central venoms
premure — cannot be aseribed only 1o an wmhibited sympathetic discharge to the
heart
During the postdive period after beta blockade, the cardiac output, xx well as the
heart rate, did not increase to the high values obtained before beta Glockade in
Dict, It was sometumen of the same arder of magnuitude as the predive vatues (middlke
securon of Fig 4) It appeans, therefore that the sympathetic control of the heart 1
the primary factor resporu’ble for the sudden large Increase in beart rate, carduac
output and stroke volume beyond the resting bevel occurning immediately after the
~emernon of the duck. A central inhibition of -agal tone duning the immediate poit
sdive period 15 present but is not by iteelf very effective in Incressing the heatt rate,
earduac output, or stroke volume beyond the predive Jevet
Intravenoms atropine (1 mg/kg) after beta blockade ebiminated the typical diving
rapense ance beart rate now did not decrease at all and carduac output actually in-
creased during ubmernon (right seetion of Fig 4] The mean arternal Wood peesure
tends 1o increaxe afler atropine pr bly a q of the 1ncrease in eardize
output that occurs during submertion whon both the  agal and sympthetlc conudl

of the heart is blocked
The further descnption of the i t results calls for & boel eomment

p
concerning some of the resuls already shown n Fig 4 From thh expenment t
wuulduppuruu'dxh:u hlockade temiafind the reduction 1 heart rate and cardic
owtput during submarnion However duning the enforced subsmension thre dock
chowed clear sighs of alarm a cond tion that was mare or ks unavoldabie o the
scunl laboratory conditions. The posible influence ol a superimposed state ¥ alarm
oulhcd:vhgnﬂcruob\m}yofmpurunc:fordwmmnm}ymohhcmﬂun

mcchanummmhcdmlhediﬂ"!ffﬂ@
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Iluneﬂkmwnt}nﬂmrandl}mptbﬁ}cls&\nywdmhunlnduch)mdu
hqurﬂpamdxhzm-umd defence reaction  in mest sncmals and alo 1
dm»dhmrcpax:d}ydmvudbmnhhmpam:m:hrmcmndmdymm
fre and  compete with the ctherwne Interse and regular beadycardia dunng
mhﬁn,mch‘wmpc&nginﬂumcempnﬂnbhﬂmpmulm
hd\dhlkmzapmmuldnmmulb:ubbdﬂu:dmluhmrtdm
wch:nm&mmnwouldbcaqxdtdmm:mfydxd]ﬁngmpmm,mddch
® the more  alarmed the duck was to start with. Ths i3, sn all likefthood, what
fappened In the experiment in Fig 4 and this expermment abould therefore not
lkmbeukmmindiuwxhaurcﬁmtnuas:inmnpaﬁmdudmfgemxhehan
erﬁgulﬂcmxpmtof&wmﬂdw{ngrcﬂm

Tnaphtdﬁanpcnfmthcrfmdnchmcpandmrrpmwdmthw
thers afier x b pine blockade of shew vagal heart fibres. Submer
“mwﬂ&n&nmiu:duaminhunnm,whmhmnmupmmpthmmbmd@t
la exsent (1018 per cent) capecaally when compared vath that seen before the
\agal Biock, A subsegoent admimstration of the beta blocker eluminated thus afight
redacton b heart rate, induced by the sat g that there b ih
3 e of inhfbited symputhet i ta the heart in the doang response

Discussion

mmmzmdmmngmcﬁhcmmaﬁmhcddmucdwkmnmmlmmll
557 uncer the present laboratoey eonditrons. The weght of the heart was 1521 g,
% thr comparsble with the heart of the cat Y et, exts with the sme body weyght
bave, during superfical anesthenn, » cardiac outpus of oaly 5600 mijmm. In any
e, it i apparent that ducks, with more then twice the candiac output of cats for
Use e bodywesght, must ha e s veny tugh Bow of blood tosome areas. Inagreemment
with thes 1t eas bevn cbsersed 1n ducks bghtly anentbetized with nembutal, that g
Texmg” mmeke blood flow 1 usually very high, 34 umes that in e ot when
wadied 10 urmids expenmental ciee (Folkow Puceand S tresn 1966)
‘;:Lmnmlhhodﬂmvcnp-nnwrkcmlnnmdyJﬁmawmm

The questin sraes whether this hugh cardiac cutput might represent at least
Poh 2 Mungion perfonen brvond the acmal metabolic needs of the dock
g“hlmﬁw;&h(wnmﬂcmmmtmﬁﬂntht\wmnml
kipt expecially, high. The large bood olume 1 drving species per s ahso cmpl ex
* Larger rovgen resen ¢ avadlable n the blood than in non-drang xpecies. Tn anothes
iy of meararements of the oovgen content in astenxd and mixed enous blood
docmg ro o 8 ducks §was, however found that therr AV oxygen d flevence
355 wlf100 ml of blood, was the sme or neurdy the sme, as in moat other
*pecics {Folkow and Yonce unpublbed) This means that the bugh resting oardise
Pt fn the durks, on the whole parxlikied the bholle d da, which are
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h:gh.i\purtfmthnltm;ght,o(camrc,bcpum'blcmalmdn-hg-pcdunhzﬂ
phat of mncreased aardlac output, beyond the metbolic demands, sometimes
precedes spontancous diving 1F 50, thus would be a farrly cfioent way 1o charge
the o<ygen stores of the venous blood for the intended dove

Whatever the case, the present results show that during a dive the cardiac autput
can be drastically ruductdmmnwumuincdmaialbloodprmm In cone
Junction with our present und ing of the diving response, this can only mean
lhndunng'hcd"tdwbmnhmnllnulnglortmwbloodwduchhcbbodmpply
zammtaLhu:hummﬂmdydmmmc\munp In general the fower the
cardiac output at & mantained arterial prosure the better are the clance for the
submerged ammal 1o utileze the axygen of the blood and air sacs for the ervential
organg, the bramn and the heart. However It then actually calls for a complete o
nearly complete dbarruction of flow 1o most other panres. Len intense reductions In
flow will only mean an increased local extraction 1o the ovygen in the pasing blood
mr_hnomluvingonhczoalnygmnm:,prmdcdthnmuﬂwdoamxpnn
through shrmts. Even with respect (o the heart, which like the brain b also very sen-
rtve to oxygen lack some ovygen will be wved. The remson s that the Intemse
bradycardiz with correspondingly reduced cardins output mwst sharply decrease the
oxygen requirement of the myocardium Some aspeets of the dutribution of the
reduced cardizc output during diving were briefly cutlined n & prelimimary repoet
(Folkow Nimon #nd Yonce 1966) and will be desenibed n deta] n a sulsequent

P‘&f{m respect to the ume courie of the cardsvascular changes upon submenion,
the heart rate showed an immediate, though slight or modeyate decrease, confirming
earlier reports (Feigl and Folkow 1963 Andersen 1963) The by far largest decrease
{n keart rate developed gradually however over & period of 1-—2 min with the most
profound reduction occurnng wttua the first 3030 sec. The reduction of cardhac
output showed & pmilar tme course £ did abso the nse in central senan prenure
while mean arterial pressure remmned relstively constant throughout Threse data
indicate that t] ¢ nerease in the panpheral vascular reusiance during the submersion
penod muat be well correlated with the cardiac changer, The stable maintensnee of
the arterul blood pressure throughout the disng period suggests a control Ly some
afferent modal ty Tha strict balance between easdiac output and flow reshiance
does ot scem to be onhy or even mamly dependent on the baroreeepton since 3
rapid withdrawal of anenal blood durng a dne sufficient to lower mean arterial
proyure conuderably wea found 10 ka  the heart rate largely unchanged, The
unavoidable unjoading of the barorceepton would, other thungy being equal, l.ub“
caused a reflex inerease m heart rate in thy atuation Con enely arapid {r;jn-c

of blood Intra-artenally 1o reise tie pressure did not produce any signibicant mnn;;

faation of the bradycardla The mechanso, wfu-:hduﬁnxmbnwnbnnarmald“

talance the reduced carduac output to the Increased peripheral mmsncemnz

i axh o way 5 (o maintain g selatively unchanged arterial pressure are

oot fulty understond
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The decrensed cardme cutput during submeron was found to be the result
nm!yoflh:d:mdbannm,bmlhhwmﬂycmnbincdw{lh-dmcd
ﬂﬂitmhm:ﬂxcﬂ'nctoflh:dmmcdhcnnntcmurdhcmﬂpu!mmdu
Pitd,bmlh:dcu:ntdumkcvdnmcwunnpr{dngbcnmcuﬁhco&mpmfmmd
ﬁtnﬁﬁngprm—me(lo—mmﬂg)dm'ingd,edh’t.AakhmudJuhmcn(]Bﬁ-})
whthhandthedmkmumxdinmdurh}gndwc,
'hhlhprumtﬁnﬁugdntcmuﬂvmmmmmdduﬂngthupcﬂod.
Forther inanoth study tt hors (Joh and Aakhus 1963) also recorded
nlnn’nz:ufu:ntnlvmomprc-med\nmgmbmaﬂm
\dmntlnnmlzmlmc,occumngwhcutheﬁlﬁngprmnmmunmly
mw:ummwmum-m‘ucmmm&
Wc&mmlﬁ:mmmh:m}mrd]nmduﬂngdlﬁn&prmbl)ofnmw
o where both the vagal and sympathetic componezts may be mvolved. The fact
ﬂmth:nmk:votmdmmcdddew;banaudmlmmxmd.bm
blocking drag mmm:ﬂullvlgﬂncgntrvc‘nouomcdcmmllﬂ'ccunglbodt
‘eatricks , indeed, involved This was substantiated In other expeniments, which
»ete briefty mmmncdln.pmrm-,mpon(ro&wm-unmd\mxsss)
"dlhﬂertmluwi]lbeprucmcdhlmhwqumtp-pﬂ
I‘myhﬂtbc]mnﬁtdwlnanptwlntcgntclheprcmtﬁrdlnglondxmduc
uwhbo!.hcro‘:-trvudnmmnmnlnglhccrgnnmucmu('hc drang
refex Tl!mmplanndpufoundcmu-ﬂnm-omld}mtmcnudlhchnnlnd
P“'l]’hﬂilﬂoodvmdlmwidmdyuiggn—uibywmmdvbotnllﬂ'mu
Renlis by Fegl and Folkow (1963) and Andersen (1963) suggest that submernon

ofthe nares initrates a reflex response whnch inciodes a shght but immediate beady

m‘mmtdhterupm diated at least pred tly by tngermunal
fmu(AndmmMs) secms (0 act 41 8 “permbem * or facllitatory factor for

tubsequent establishment of the fally developed

don diving rexporuc 1 clearly dependent on the gradually developed

are inderd of crucial mmportance for th developmen
‘ri“‘-"xmpnme u(bemdmmnunmwdlbbrmnwanl:\:d:ty?m
Prther known from Daly and Scort (1950, 1962) stucles in dog g o lth
*Uvation results in s asocomstn "‘mmm“’dc»'unlndimmjm‘m‘
beart rate, if the samultancously mduced refl TR 15 resparation fy decreascd
:Lprhm;nmhu,whgmmamnmdm Avoldod. The
drve.

N more rapudly Inftiated, are seen
1 therefore most Likcty tha the efferent dncharge

Puttern  volved in the

?Wyln:knl hﬂnormp(ﬂf"f"a.ﬁmmthnhmichnmkd"h

g rexpomae further that thn Wm!d-iﬂumhmuym.(nfcrctd"‘d"mm
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some extent antiepated by the more prompt actvatlon of ather types of receptons
and nerve influences. As mentloned, the prnimary influence seems ta emanate from
the nares, and also other  somatle” receptor sitex may be {nvelved.

The so far mentioned influences are relayed at the bulbar level, ance a strongly

developed diving resp can be obtaned in deceret animals ulwo (¢f Andersen
1966) However !ththolﬂ:m‘ydutmcorlulmmplcx conditloned responses
from higher brain centre are Involved  the ic adj taking place

during mibmersion can, for tstance, be mimicked by and re-infoeced by topical
stimulation in restricted hypothalamic mesencephalic structures (Folkow snd
Rublnstein 1964) Morcover it Is known that ¢ ¢ scals can show prompt brady
cardix even before therr head b bmerged (Scholander 1910)

The present results nuggest that these different types of afferent fnputs, feeded
for the full development of the diving reflex, lead to an efferent duscharge pattorn
which 1 in principle orgamzed fn the following way The heart i exposed to a greatly
intensifted vagal activity affeeting not only it rate but also ita contractit ry (Follonw
Nilson and Yonce 1966, Folkow and Yonce 1967) while the prevailing sympathetic
activity ta the heart scems to become inhibited. On the other hard, the sympathetic
discharge to the vascular bed 1 greathy inoreased wnth one noteworthy exception
in form of the comtrictor fibrey to the AV to be d 4
in more detail 1n a subcquent paper (see also Folkow Nilron and Yonce 1966) This
mecans a profound differentiation of the nympathetic ducharge with Inhibition of
the toale actlvity o the heart and Intenufication of Uk tort aciivity to the Dlood
versels, with exception of the cutancous A—V shunt

Immediately after the dive this characterdstic reflex dscharge patiern changes into
sty absalute reverse There 1s a practically complet  nh tion of the vagal activity
~ombnmed with a greatly increased sympathetic discharge to the beort and, at the

= time the sympathetic dischange to the vascular bed appeans to beeome virtuall
[Ilbnluhcd throughout all accomplished within & fu seconds, The abohichment of
“the vagal influence on lieart rate occurs almod momentarily and, moce central
venous pressure b sill high thns will lead to a prompt inerease i carduce mtpat
However as judged from olservations in other speaies, | may be cxpected that the
shuft from Intense vasocontriction 1o full Rsod latalion v not qu 1c a3 sapid taling
perhaps 10 sex, even A sbe comatinn of comtnctor fibre ducharge o mmediate The
ahightly delased penpheral vasodilstation peobably explains the temporary olien
consuleruble rise in arterial premure in the immediate postd e period (Tig 1)

In general the menvoned opporite changes tn activity f tic v mpathetic nerve

1o the heart and blood <avels are contrary 1o th old con epx that the nm
pathetic acuvity should ahwayy be more or lews generalized  They represcmt one of
soveral examples 1o indicate that the nympatlretic system devgned for 1ighly
diffesentiated action which, when needed & z:d‘-.he dnmg r‘apom aliows for

tncreased to one arca and decreased d rge to another

The ni:::?nd afferent pathwayr w olved n this remarkable and r;ﬂmP:
roversl of the efferent discharge pattern are not fully known e affcren
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rmpulecs from pulmonary stretch receptors and other parts of the respaatory system,
Infisted when respirstion again starty after the dive, scem o be involved (eg
Follow and Rubimtein 1964) Further a1 3000 as the blood leaving the lmgs »
tpan oty gomated and reduced 1 13 carbon dlowde content, the chemoreceptor
drrve fn fine rapedly reduced and subsequently & moe gradually along with
the normafiration of blood pH as the lactic acld in the blood is dimmated.

The power of these specific nervous descharge patterns to adjust the cardsovascular
syuem daring and after & dive are lmpressive even fn such a relatively poor diver 1
the dock. I some of the prescnt expenuments cardisc output decreased some 20
tmxa below the resting cootrol value within 1—2 min of submenion. A few seconds
afier cmanan of the dive cardizc owput was found to increase up to 50 tunes above
the valoe recorded duning the dive, reaching figures that were 2—3 times above the
ooy dunng resting coeditiom.

Intetierence with anry of the neurogenie Links Involved 1 these dramatic cardro-
Mucnlar adjrmioents will grody derange ot even largely abobsh the chanactenstic
Semts deming and immediately after & d . T, when atropine or vagal denerva
ten thiminarey the decresse in cardiac output dunng the dive, the balance of the

reflexas seemm to prevent the intense vasoconstricnon, and the anmal
M zapadly drown of kept submerged. Likewne, » beta blockade elonimated to a

Freat extent the tachycardun and the cardiac output merease during the postdive
Peied, winch s probably of great moportance for the rapd rotution of the
Pctabolic equilibrum.

These blocking drugs abwo help to shed Dight on the neurogemc mechantums
Mokied. Thus, t beeomes clear from the expenments where s beta blocker wat used
% 2 et nhibntson of the vagal effect on the heart normally supplements the
nmpatketic excitation of the heart in the postdive petiod nnce there was still some
¥oxrene in heart rate in this perod after beta blockade. Similarly the observation
Unt & dlight but clear reduction in heart rate 1ok place upon submersion after a
4l Hock, but vanubed afler sddivon of a ben blocker suggests that dunog the
ne 2 sympathete nbibiton to the heart s normally Asociated with the clearh
“Hm‘“@lcd\uml‘hzmamllnhmmbthanmmmmnmrpmal
ﬁhmmmmwemmmmmmmum

\thack in & drving state thus adpnts o the anoc environment by conserving the
:\Nmnhmmmmlmrmmmoﬂmmmum.m
the dlarmed ptate will unally ttempt to excape by fying awsy The cacdlovaseulas
Yhimeny, in form of the  defence reaction” which are requved and Lovn to be
Sefted in the alarmed stat are, in peactieally all respecty, oppostt  to those of the
€mAg mate and can be licited alio in the dock (Fagl snd Folkow 1963, This

reacton [y characterized by tachy cardia, an increased carduac outpat and
% decrased peripheral rosstance 1o the ikeletal muscter, at least wn the eacly phases
9 the reaction The phymological balance of the utonermic control of th heart and
Yood evels will namurally become  fected in simatiom where thee oppos
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some cxtent anuapated by the mare prompt activatian of other types of recopton
and nerve influencer. As mentoned, the primary influence seems to emanate from
the nares and sleo other somanc’ receptor sltes may be involred,

Thcnofarmenmncdmﬂumcumrdaycdntth:bulbnrlwd since a sirongly
developed dving response can be obtained in dectrebrate animals alia (ff Anderses
1966) However it is abwo likely that more or less complex conditianed reapooses
from fugher bramn centres arc Ived  the ic ad takimg place
dmngmbmnoncxu,formunnec,bcnﬂmkhdbymdrzm{arcrdbywpbl
stimalation in reuricied hypothalamic mesencephalic structures (Folkow and
Robimtem 1964) Morcover jt Is known that ¢ g seah can show prompt beady
cardls even before thesr bead b baterged (Seholander 1940)

The present results suggest that dhiese different types of afferent inputs, nerded
for the full development of the diving reflex, kad 1o an efferent discharge partern
which i3 1n peinciple argamzed in the following way The heart Is exposed to a greatly
inters fied vagal activity affecting not only its rate but also 1ts contractiliey (Faltow
Nilson and Yonce 1966 Folkow and Yonce 1967) whle the prevailing sympathete
activity to the heart seems to become inhibsted On the other hand, the sympatbets
duscharge to the vascular bed s greatly incressed, with one noteworthy exception
10 form of the constrictor fibres to the cutaneous A—V anastomases to be discmed
in mare detail 1n a subsequent paper (sce also Folkew Nilsson and Yonce 1966) Tha
means a profound differentiation of the sympath Jischarge, with inhib o
the tome actrvity to the heart and intennfication of the tome activaty to the bieod
asels with exception of the cutancous A~V shuats,

Immediately fter the dhe thiy charzcterunc refiex discharge pattern changes into
13 absolute reverse, There 15 & practically complete Inhibtion of the vagal sty
combined with a greatly increased sympathenc drscharge to the heart and, at the

4 same e the sympathenc dischasge to the vasculer bed appears 1o become virtmlly

v;abolisbed through ali pluhed within a fev weconds. The abolishment of
“the vagal influence on heart rate occur atmort momentanly and, since crot]
venous peessure w sull hugh this will Iead to a prompt increase in cardisc ot
However a3 judged from observarions m other species, it may be expeeted that g
shift from intense + rction to full Jatation iy nat quite as rapid (akint
perhaps 10 sec, even [ th cexsation of constructor fibre discharge s Jmmediate, T
sfightly delaved penpheral vasodilatation probably cxplafns the temporsn) ohen
constderable nise in artenal pressure in the immedmte postdive period (178 1)

In genenal the mentoned opposite changes in actraty of the sympsthetle none
supply to the heart and blood vewsels are contrar mxbcnldcoucc-ptmanlxr):
pathetic acthvity should always be more or leys generalired, They reprocnt ot
several cxamples to d cate that the sympathetic system Is daigned for h‘(‘;;
differentated actron whuch, when needed av in the divmg respome allows
tacreased discharge to onc area and decreased discharge to another nd

The receptors sad afferent patiways involved In thls remarkable procpd

revernl of the efferent discharge pattern are not fully known. Hemever alfereat
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directed responses are sunultancously induced. As already deseribed In “Resls §
was frequently observed how the ducky, when alarmed, showed wregulante b
their diving responses in form of intermittent periods of tachycardls, beief perwore
s, etc. suggesting an intermittent breakthrough of a competing  defence reactwn
Ths cvidently tended to again enhance the reduced cardiac sutput, as suggested by
the actual measurements in such situations and also by the much accdenated e
off” in the yatolic presyure pulse whenever such a breal through in heast rate occurred
The calmer” and moce relaxed the ducks were, the more intense and regular w8
usually the diving resporse

The ntuation may however be very different in diving ammals where abm
situations normally lead to diving as the natural way of escape. Here 1t may be experted
that the autonomre adjustments typleal of the diving reflex, rather than thoe
charscterinng the above mentioned  defence reaction  are preferentlally Indoced
when such animals becone alarmed Thus view is supported by the observaton i
sudden sounds, threatenlng movements, etc., unually eliat a prompt brad) cardia b
acals (Scholander 1942) rather than the tachyeardla typical of the defence s
uon seenin e.g docks when similarly exposed. Therefore while an alarm suato
in the duck tends to nterfere with and suppress the diving refiex, as was often seen It
the present experiments, 1t might re inforee the diving reflex in species fike rbe st
This might be the explanation of the finding by Elmer o of (1966) that card®
slowing is much more profound 1n sca lions and harbour seals when forced to b
merge than when trained to drve on command.,
Thia srucy v empported by gracis froem Arr Force Sctaol of Acrorpace Mebeloe sds Cont?
L o e T
Medical Research Counal (B 67 14 16-03B) i

AB Haml Got bovg, Swrden, has gemerowaly covered tho employment of  techrdciz
supplied the beta blocking drug, Hamle 36/28.

from te
L' R Yooce Ph D wms supported by 8 Fellowship, ho | T3-HE-19 334,
N Granal It t of Health Beitenda. 34, USA,
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degrtonum Jongus muscles. The present report concerns some qualitative observa
tom on the Inhibitory interaction between these two paurs of ankle muscler

Methods

The experionents were performed on nembutal anesthetived cats. One hind

or the mrvaces tmder sy Theae were the — od o

{FDL) mmcuhhﬁmahmd?mmmh:‘w (TA-EDL) TbtanﬂTA’?EgT.
Mmooy could be loaded with woghts, The TA- EDL tendors were ted 30 that these
wmcla were stretched The

simahtancomty
et imays cut. The actnlty of tmgle Avons was pwcked op by micropipeties
mﬁmmﬂﬁmmmmruﬂmwmthnmm
In_preceding paper (Jamaen of oL 1966)

The expestmental procedare was to identlfy In DSCT wakts (s described b Jansen of o 1966)
from ekber of the Innervated mmcles and to ezamine the posibie effects of stréteh o coatraction
o 16 of the cther aruchea. Inkibltory effccs were then rocogoied s redaction In the fring fo
oit

Resnlts

CSefects o T4 EDL wuts Contrary to our expectations pandve stretch of the gas.
trocnemitm soleus muscle had rather httke effect on the finng frequency of TA Fy1
La units AMtogether 17 such omts have been examined during stret b of the ¢

mscle. Foe murmcmmmdmmmﬁnngfrtqumcywuuodaubhdudnurhp.
stretch. The other seven umia showed a weak to moderate reducting nfinng fe

DN
n Tﬁc’n‘ml [ il I A 111 i b e T T

A
N el RN 12 Te Wt ol dond [“’9
FR Qg TN '
b c
¥ig | Effect of GS strewch  1d coutractom on TA-EDL wit. o T,
e O3 hongth v ot it 4 s b than full v of G Turrn & bemson Bcoust
Therd trace actom posentials of TV EDL unn Tougnlban _,u:'-rhnmmm
Top trace GS trmmson dwnrrg tarches, swoed by mibraaxioay] b Vo emt
Rame wnl Te mcsw—mdnlmm,h“b' e M b g
(100 ver o 51 cntral rmot Load oo TAEDL 10g ¢ 4y 7 Sbmuwe o pl
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Acts physial. scand. 1967 70 367—368
Pmlbclmﬂfnkd’hmvp&yﬂdo.yl.udlmduﬂ of Physiology Unhversty of Oslo, Norwry

On the Inibitson of Transmission to the Dorsal Spinocere-
bellar Tract by Stretch of Various Ankle Muscles of the Cat
By
J K. § Jaan K. Nrcoravamx and L. Warsax
Received 10 I'ebruery 1967

Abstract

Jaxex J K § KA. Arcotaveex and L. \Varcar, Ox the inkibioen of trexowsisoon
40 the DSCT by sirvick of vervews ankle muscies of the ca? Acta phyniol seand 1967
70 362—368

Dol tract acuroncs va rd from prioery eadinp of muscle spundics (L

apipocerr-bells
DSCT units) are adequately exared from ooe nuncle of FYDCTETN gTOUp of mewckes
lmmmwmawummmmmnmm
froo: the

durorum Joages (TA-EDL) musxchs The mbubanon of TA EDL omts wa mawaly sdweed by
GS comtracuoe Th FDL I \-m-errmhbm:dbv‘ry:mvtmmhdcs 1w sggemed cat
G tenden were copoamble for the Yubiion of TA EDL wauty a0d tut G3 prsary endums
were cepanublc for the wlibwtion of FDL unjs Thes, there ppeans to he a bigh degree of speaifio-
y she m the wmhitutory actions oo be DSCT peurona

N

[here are ¥ typex of tretch recepton i mammalan skejetal muscle The sgmabs
{ram each of these are rels ed to the cerebeltum through three fargeh separat
groups of neurones i the (larke coluran whach b the arigin of the doral plnacerebet
Lar rract {DSCT; Th sgnals of the second order DSCT cells are cermarkabhy simular
10 the ugnals of the correrponding receptors ( Japsen and Ruodjord 1963 Janwen,
Nicolaysen and Rudpord 1966, 1967 The main difforence betneen the ngnabs of
1he first and the sccond order neurones of the nstem 1 the Inegulanty o finmg of
\be laster Simph, conudered thus iregulanty only representa the intmduction
“nore {nto the signal, and teleologically one expects & better justbicauon for the
presence of the Clarke column svnapoc One agreeable nsgwrstion o that the nxna)
can be modifitd by nfabuony interacuon duneg the synaptie trunsfer Inhibatory
effects have been demoestrated for the DSCT eell {Laporte, Lundberg and Oxan-
you 185 Holmquist, Lundberg and Oscarvon {956, Lecles Ghearsion and Wlliv
1961 Hougo and Okada 1966 1t hay commonly been stated that inhibetory effects
are partreulagdy powerful between antagonsstie muscle (Oscarsson 195

162
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redoction In firlng frequency even with this appreaable load on TA EDL- A few
wmts that were ouly weakly excited by stretch of GS were more powerfully inhibited
fram TA EDL. However on account of its tmosient mature and incomtancy the
TA EDL effects on GS Ia units were not invesugated in greater detall,

GS ofcts s FDL wmuts Stretch of the tnceps muscle regulashy camed a reduction in
the firlng frequency of FDL umns. An eample of the effect 13 shown In Fig 2 A.
The effert waa gest durmg and i distely after the dynamic stretch. During
the following second there was tome recovery of eell firing but the inhibitory eflect
rtmamed us long s the GS stretch and thn was the waal finding Simillar observa
toes were made for 7 of the 8 units of this kind that bace bern cxamned. Fig 2 C
& to Wustrate that the inhibinon was rather more marked during the dynamic
phase of the stretch than during the ensuieg static extemwon.

Fig 2 lustrates the finng pattern of a TDL unit dunng 2 GS tw wch. There wasa
period of 1pcreased finng during the nang phase of the twitch which was followed
by & period of Inhibition dunng the Later part of the tw tch. Comparable observa
03 were made m the o other umts 1n which 1 was invotrguted. The tming In
relation to the twatch of this inhitation in FDL wuts should be compared to that n
TA EDL urnts llustrated in Fig 1 B.

An fmportant factor must be considered before accepting the GS effects on FDL
ooy a3 cavsed by fru Infubition. The GS muscle lies over and Intimately related
10 the FDL mincle. Taking the high scnntinty of parucularhy the primary endings of
e muxle spindles int  account ope antiapates a certalo degree of mechameal
coupling  between the two muscles That & to say that GS sirctch may influence
the FDL primary endings directly even though we tried to  oud this effect by the
etperimental errangement. This has been m esugated 1n oo expermment in which
the revporse of 9 FDL prupary endings was determuned at different lengths of the
sincle with and without simultancous tretch of the GS muscle up to approxmatchy
Fall physiclogucal extension of the muscle Of the 8 FDL umts the finng frequency of
four of them was Dot pereepably oc only shightly affected by GS stretch. Four other
wts moderately increased thelr response when the GS nmncie was extended, and
only one umt showed some redocuon n finng frequency on GS stetch and ths
eflect was ooly seen at o of the five lengthy  t which st was examined, Thus,
the conelmslon was reached that there was some “mcchanical couplmg between the
GS and the FDL muxles in th  prasent type of experimenty, bt this was usually
{n the direction of additonal exatauon of FDL priman endings oo GS extemuon,
and can therefore nat explan the mhubstony interaction described  bove The other
types of stretch reeeptors [ aheletal muscie arc les | teresting in the present context.
The entence of peripheral wteracton between the GS and FDL mmdle makes,
bwerer u quantitat v tudy of the inhilstory effects Jess ttracu

To avold the mecharu al nteraction between the two musdes the cffect on
FDL I uni of lectrneal sumulauon of the central end of the GS perves has alw
been examined, An example of the results by Blustrated in Fig 3 The GS nen was
mimuated repetin ey ta ¢ of 110 sec with shocks dightly len than necded
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Plaabaesadirin B L s i s omisanat m 1w 1
F‘!mdmmmdmmmmmeL wacke fully extended., Pevfod
of O3 atinratation t }10/ace and inr, dbna”.ofm;‘mmﬂyldk‘kdhrw
tinpomy loe howlﬂ:,a:polﬂuhl G3 nen oot peipherally Record and b e oo

elicite & muximal group [ volley Very soan after the anset of stimulation the unft
stopped finng for more than 200 mier and recovered gradually during the following
second The Inhibstory effect, however pesusted during the 4 5 sec dust the nimala
tlon was continued and there was some rebound increase in fing after the end of
the inhibdton. Simflar observations were made an all the soven units that have
been examined so far The lnhibitory effect was only shight with shocks of Jes than
30 per cent of group 1 maximal strength and Increased with increaung sze of the
shock. For two units & moderate further increase in the inflation was found with
thocks about 5 timves group 1 threthold At low rates of CS nerve stimulation (about
10fiee) the inhubitory effect was barcly recognuald It increased wath Increasdng
stimulus frequency up to 100scc, but the  seady sate  nlulatory effect wa anly
slightly Increased on further increase to 160 sec Simdar sliere nios were made an
the inhibition of T\ EDL Ja units by electncal sdmulation f the GS perve

These experiments with electneal stimulaton of the £S5 nerve support the cene
cluston that mechanieal eoupling  from the U3 muscle does not account for the

hibition of the FDL units The amilanty i time counse of tive adequately snd the

l fectneally elicited snhitution suggests that abo the former was mainly & group §

‘rilect and finally the prolonged penod of steady nfubjton appeans to be sijtable
for & more dewded quanutatne study of the interactron betweent exclation and
intubution 0 the DSCT Ths will be dealt with n a sulsequent ecommunicatlon

Diycusvion

Two mipects which deserve some addinona) comments are rancd by the olnerva
uons presented The first concerm the type or types of recept s ropomibic for the
stretch evoked inhitation Initially 1t should be stated 1hat the prevent 1ype of expert
ments docx nov permst eonchnive staterent abnut the o of the intbation.
One may portulate & number of more complicated mechannm which would explan
the obecrvations So the am of the discussion mu t be to find the 1 mplest explany
wwont that sccounts Sor the experimental retults #o far obaincd
“Three prints about the GS intubiton of TA EDL In unts ppear to be partsularle
relevant. 1t ocourred eachy dumng the twitch and Lested onlv uno J1s falling phaw
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lnuunlymkumlhcmdmn;pndvcmccchunh:GSmmdc.tnd&nauy
2 wa mitated by clectrical stimulation of the GS nerve of group I strength Al
trte findings suggest that this inhibition onginated in GS Golgi tendon organs.
The moderate effect of pasnve stretch of the muscle 15 explamed by the observation
b Jazaen and Rodjord (1964) that many of these tendon orgam are only weakly or
Dot at all exated by pasmd ¢ extention. Tetanic contraction of the mucle on the
atber band, is always a powerful tendon ocgan tmules and bad regulardy strong
mhibltory effects n the peesent experiments (Fig 1 O)

The GS effects on the FDL Ia uruts presented & different pattern. The Inhibition
wwommcddmmgdxbﬂjngpbncdlhcmmllldmewhmlhcmm
eadingy of & muscle wally fire & 1gorow burst of impulses o bemg reextended
T&deﬁhmmmdtdhlpabddudumumhm
Phae of & twitch. In this penod th primary endings are slent o i weell known,
Furthermore, t was more proounced during the dymamic phase of pamive streteh
(szmbu(commnhpmllbodmngmmww.ndw"
omparable fntabitory  fect undalcdbvgmrpltﬂ.muhhoun(lhtcsnmt
Considered wogetber these buer sons suggest that the GS prupary e
bigely raponsible far be nlubitens eﬂetufmthnmmmemw!Lhuﬂ, Ny
bzt additional effecty from the sec mdan fﬂdlﬂ!""‘m‘ﬂdndcd_.\dj,gnm.m
Monration of the ¢ tat ¢ cxplanation of the orign and bme of the inkibe
oy effeets s o en Fig 4 Tt abow -Gsm(')"ﬂhhﬁﬂn!mnmd
4GS tendon organ b and & prumary ""ﬂn‘(d)l"dlh‘“’ﬂﬂ'pmﬂnglnbbum\
o2 TALDL urue | nd FDL umt

Coesidertng mexe xhlummﬂumﬁumd&gmﬁhmﬂmwmmﬂ
Tlaiively mple fact ppear | be obinhed, mouns of inbibition &
be produced by adeq at smm humdmudzn%dmmmdﬂw hat
relymy through g, en DSCT ?hﬁ%dm%d‘mmm
meded t produce nl Hlmrﬁmammmxh%mm’_mﬂr o
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occur dunng phymological actrvities such aa walidng There appeans

degree of specifirty also In the fnhibltory aetions ai the DSCT cdh,mG}:l:nlﬁ
organs mhibit ankde fexor unuts while ity primary endingy inhitnt FDL uni.
Shnﬂarlpcdﬁuwhuﬂmdylnmdmnm:!cd{orxhcadmm, actiom on DSCT
eclls (Lundberg and Oscarmon (956 Jansen and Rudford 1965) Thu means that
the ngnals meduated by the DSCT Is units are not simply functrons of length and rate
of change of length of the appropnate muscle, but are Instead rather more complicat
ed functiom of length vrlocity and tension in & number of interrelated musdes.
Most appropnately the DSCT signals should brobably be described 1n refstion to
limb position, movement and degree of contraction in the various musclos, A very
extemsive plece of work remaus before the full complevity of the situation har been

revealed

This work bat been supported by grants fiom Nammenfondet, | luable dmcumomn with At T
Rudjord are gratefnly acknowledged. W\ thank Ml } Reusandaksel for crhnxcal roance
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370 L. JANKOWSKA ET AL,
{ated that DOPA (through Iberaon of tranymitter frama descending noradrenerghe
patt way) inhibits trammiwlon from the FRA 10 the termbngh of the FRA and abo
:clussmﬁm;nlu.}rnhlbhary control transminfon in a pathway from the I'RA to the
cermunals of Is afferents. This inhif control is normally
(e Tt ey tory nol exerted by acthity
The present paper Is concerned with the organkzation of the pathway tramunltting
effects to motoncurones alter DOPA. It will be shown that reaprocal inpervation
b achieved at an Interncuronal level and that thus perrits & dmcharge of flexor or
extentor motoneurones much a3 may be inferred from Graham Beowns sdess
about ‘half-centres Data g Inter itting the {ate effects
afier DOPA will be reported in a following paper Preliminary reports have been
gven (Jankowska «f of 1965 Lundberg 1963)

Methods

An were made on mg:duh.-ﬁthmmﬂym

auted or deecrebwated &3 dacribed by Andén of . (1 } § aacelfular records g from motomeu-

rones was reade with Blicd with  eolutian of ¥ M potasmum atraee For sther

b;

reflex (e Pap Mﬂxf‘k ual; CPSP i
erents; potentml; exOIatony prstrynapte couad  JMAF

sahlbitory pastrynaptic poten DRP donal root paten PA.[),rmnry t depolarie-

hamsinng PR% posterir

thon; Q, quadricop) vmit, vaitus Pt martoru Saph @aphesis

temdioonrs FB, porterior blocps ARSm  astetior tacep-semumembrecass AR, aa-
terior bleepst ten, tepubmimue Sur s G-%, e G g ~ol
sobew M, plamtaris | t FDHL, flexoy digitormn et halluen longos ub aat, bt *ror
SF superficla) DP

peroncal EDL, crtensor diitorum ooyt b R, ventrsl root)
L ipuilatern! co, contralateral) lat, lateral; cond., condltomog

g
§
§
i
:
{

Results

L Snapiic actmes erated from the FRA afier DOP A
), Efirent ducharpes Andén o o (1966 a; briefly reported that after DOPA
vollrys in the FRA evoke a Jongl. drsch 1n apail: ] flexar

and in cg L I extemor Fig 2 ) d this with )
of muscle affe of both hindlunbs and 1 records from floxnr and

extemor efferents on ance uide. (learty the drscharges are evoked from hugh threshold
afferents in the expenment of Fig | exchuuvely Trom group [ afferents. So fate
effects were cver cauted by volleyy i group | afle but in somme exp

they appeared at stumuly strengths between 3 and 5 dmes threvhald tadjcating

effects from smptlscs in group 11 afferents. Fig 1 il 1 the sefcctnaty fn sctiva
tion of fexor and extemsor When the ip 1 nerve b stimulated
efferents o the Acxors bt not in thoe to the

masive dischi n
Z—mllgd':h‘ﬂ}::hcmmcmz!:n sumulavon of the contralateral nerve (F—15)
Sumulaton of the ipalateral FRA evoked discharges in cfferents fo the Hﬁlzz
muscles gartorry (medial and lateral) gracils semitendinosus  posterior E
verbams and tibals anterior  Corrmponding effects were evoked [rom
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sav]
TR 2 Efecw of DOPA on the EPSPs evoked In flexor
mosoncaroom by volleys
“_::wmmwmmuwmmymhphcm_lkw
o lrem three differea PBE: motonearonas and ware taken before, M—R
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PESt In Isml ¢ ijit D  coy
M"\..._'-

Omasc —
DOPA  100mg/kg

E | surn} F 1 . o H

A

2mvl 200mse

Fig 3. ModiSication by DOPA of the effect evoked from the FRA in Bexor motontirone
The
Mgﬁrrmm)m&ml&nmmzmmnlmm
hEPil:f;ﬂmhA Pshﬁvke]t!lbynmhdmﬂmhlbemhla——ﬂ Lower traces are
from dorml root entry zone. Time calibration below A |
H gord y o rhmt A and bekow G s B—~G.

duchsrges were evoked in the nerves to the toe muscle FDHL and EDL i the tvo
expenments 1 which recording was made from these nerves. Turther experuments
are required to find out of thae miscla partrespate 1 the reflex.
b) Intrecellular recerding Tha has been employed o find out the mechannm by which
the late dncharges are evoked. Fig 2 distratey the mmplng procedure The 1=
cocdy are from three flexor motoncurones, A—F before DOPA, G—L soon after
the mjection of DOPA and M—R after the recovery from the effect of DOPY.
After DOPA there s the expected depremron of ahort latency cffects from high
threshold mucle afferents and cutaneow afferents (H—J; (cC Andén of & 199%a)
and a longlanmg EPSP sppean (h—L) which wa not praent before DOPA
{E, F) Two hours later the cffect of DOPA ha subuded. The short-lstency effects
Vﬁ'mnd}cmh.ltmppamd(\*P}lndlhcrtmnnh(ccﬂccumlhedow
records (QQ R; Smice m expermments of the rype shown in Tig 2+ rtually all flexor
motoncurones recened the lare EPSP 1t b inferred that the shartdateny effecn
before and the long latency effects after DOPA art evoked n the same motoneurones,
Thut conclinton kay been confimmed with recording from the same motoneurone
before and after DOPA as iiustrated 1 Fig 3 Such recordings are ddficult to
obtan beaawse the sayectmn of DOPA gnes rise to considerably increased vaw bar
pulsaroms, wually Iading to damage or Jots of the motoncuroncs umpaled by the
microelectrode. The late EPSPy were evoked i flexor motoncuromes from the
lpﬁluuﬂm.ndlnammomnmwnlmlhcmmrﬂnrﬂlm(ng t;
and 10 motoncuroness with fast and slow afterhyperpolanzations indscaung that the
chcu-ﬁchOPAmchmcnmeumnaofbmhﬁlmddmmmon\dmkﬂ
o o 1938) Tbedn:rumuflheEPSPﬂ'nktdfmmlhchz\ameOPAman
wathun wide limits. Usually st lasts between 04 to 1 sev but evidencr yngrostmg
rawch more prolonged actiom has frequently been ol d both with recoeding
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charge gradually subudes from an fmtlal maximum, Indirect
the longlasting effect after DOPA doca not represent mmmx?nﬂtl:cnicn:rg:‘l:a‘hr:
but i an entirely gep ph (cf Jankowska of &L, 1967) In fact o thoe
few occanony wbmhmufDOPAd}dnmladwzhzuppmnmdny
hm:ﬂccainpnmrynﬁbrmumdmomuvnu,nwuobsmrdthnlhemun
ax of the afler-dcharge (E, F Fig 4) &1 would rather be expected froo
the postulated Inhibitory cHect on the short latency FRA pathway

It 1, however occanonally difficult to clasdfy the orgin of effects 1n motaneurones
after DOPA, particularly when volleys in the FRA evoke a motoncurona! dischange
after short latency Probably thoe are, at least partly caused by activity rematnlng
in the sbart Ixtency pathway but it o powible that the pathway rehewsed by -
Jection of DOPA may somectumes tramvmut actions with a latency that not much
exceeds that of the short-latency pathway (Fig 9 D}

2 Recyprocn] mwerration
8} Efireat discherper  In asocauon with the late longlasting dicharge there b
of hston (o Ts In Fig 6 the dochage in
tenumimus efferents v evoked from ipalateral high threshold muscle {ferena (B)
and in effe to lateral from contral, ! hugh threvhold muscle
afferents (C) D--1 show miteraction of these volleys from the © o hindlimba at
different Intervals with the prdlateral stimulaton Jeadirg in D—F and the conim
fateral in G-—I Wuth strong stimulation of the iprilateral rerve (66 timer threzhold)
there & mhihinon of the dncharge to the extensor while the dacharge to the fiexor
remaum, An extensor discharge occuns only m F at a very long conditioning testmg
interval and then only after the comation of the flexor dhcharge In] L the yml
Interal nerve b sthnulated at a weaker strength and now the discharge in extensors
tvoked from the o L ! FRA d Itbough hat redured the
l'.’ch-ugt 1 the lateral gastrocoemum cfferent remany (K) while the discharge
wt fletor cfferents s almost completely nhibwted. At the longer mierval n L the
flexor duscharge occurs with & delayed omet after the cenation of the man dncharge
Ia the extensar efferean. In conclumon  the discharge i flexor eferenss can be
accorapanted by inhibivron of X to extemor oneyand ERT I,
under other condstions the dacky n extemor may be aswocated
with {nhibiton of manunision to flexors.
b) i reonding An ting feature Ja Yig ) and i Frg 6 » that the
mwhﬂmmdhﬂmummmmwmmly
accompanied by & reduction of the resting duchrege ta antagonht moloncurones
Tios suggots that the reciproeal effect, duclased by the mm;uon expernent

(}‘:gﬁ)mnﬂtnccmdhmmcdb,, puc inhibi
However nfuuwmaneumna-rcmnmmdmdcﬁmumndwmc:nb:
drawn becauxe the discharges in Fig 1 and 6 are mamty in pefferents. Neverthekes
thnﬁndm;nttmulcdnfunhcr analyun with intracelluta recording Tbcrtccrd;
n Fig 7are froma PBSt motoncurone and & test EPSP nv cvotad from jpiilaters

tahih
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Fig & 1 hibiton
froe the [pd-

i

Gs
A OH2Z B g0 M i e et
Nt mmwﬁm
—
p ond 1 ot E""“““ g ocond et e
and of
[ AR TP o Yy eimiivio]
combined stumilation of fpa-
r—— contralai

r—— T
5"'”1 m mracellular records,

Zl‘iglllhru}nldmu:ﬂcnﬁmumB.Amudldomnngcy&nmdwmnmhmﬂ
gives an earty EPSP follov vd by a fairly Jonglasting 1PSP Combined stmula
tion in C remit in a profound depresion of the test EPSP only the wtial part
dtthPSPrwuimMﬁndmgmybcmnvbndﬂﬁaﬂxmnuapruhcmwn{
the fact that the condiboning volleys 1 tha acurone gne an IPSP The fact that
d)cmllulpnnoftbcEPSPramm.whamlhchxcrplno{Lhelangh'ungEPSP
s wiped out, strongly suggests that the depresron 5 cawsed not by post srapic
changey m the motoncuronal membrane but by inhib ton of trammivan of the
synaphc excitatory action to the motoneuroae. This mhubxuon could be aither at a
primary afferent level or at an mntomcuronal level The former alternat ¢ anbe
excluded because the inhibi oceurs at cond: testing intervab exceeding
the duration of the crossed DRP evoked by the conditioning volleys, 1t mmi be
recalled that oaly the fint component of the craned DRP which in the prevent
experiment lasted 100—150 msec s due to a PAD in the FRA (ef R A Lecla
‘al’ 19642, b) The late crossed DRP 1 enurely caused by 8 PAD in In afferent
;rmunals (Jankowska of of. 1966) and would not grve any wnhibition of transmraron
[rom the 1pailatera] FRA to flexor motoncurones at primary afferent level
Corresponding findings have been made with rapect to tranomason from the
contralateral TRA to extensor motoheurones as dlustrated i Fig 8 Volln n
contral ] cutancows affe {C) and high throbold muse] afferens (B e
» very longlasung EPSP Volleys i the ipsilateral hugh threshold pomt afferents
cvoke an IPSP afier ghort latency whsch subsides much futer With combined
imulation of il 1 and © ! | nerves (test aloae homn in L) there 1
complete nbibiton of b from the © Isteral ude (F) Giea ) with
tha loag conditioningtesung intenval, the mhibation cannot be cawned by a PAD
(¢f above) furthermore st occurs afier an interval when the 1PSP has neardy wb-
dded and very lutle conductance change would be expected. For a final proof that
the inhibiven, iMlustrated in Tig 7 and 8 Is cxerted at an interneuronst level It
wmﬂdbcdmnb]ctopa’fo«mconducummnmrcmmuinlhtmum
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YRaptic effects arc evoked from contralateral afferents (B) The toating volicy
= the sural nerve gves an CPSP w th a double configuration. There s an inital
ml’nﬁan}mlmcmymd after & varying fnterval, the haracteristic
P appeans. In different tests the interval between early and lLat EPSPs varked
the extremes shown  ( where ¢ exceeds 250 msec in D where the
toglasting EPSP armer almast from the sunmit of the istal EPSP The sereq
of records fn E~I and the urve below show the effect of combined stimuls
thony complete inhubution of he late LPSP wath Iittic or 5o effect on the carly
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Fig 10. Delay a the oasct of the fect cvoked from the FRA with  profongairm of the repethh
ml—c.md- from & Alatacn of the L7 veateal rood fapper races) and H{—] froa
RCrYes ¢ sokeus (pper traces) and extersor digrtorum boogte (ker tracry) mmcies The
u-.cu FBSt mwotoncurone, the krwer traces 3 A G are from
gmmdouhkmmD—Gmoﬁmd ar
ptcdz.DOPA(L wmmmmm&rumnummm.-w
K

erjor hecrps
uhdaclltdh‘A—C.D-—Flm‘!"-—fn:q;rﬁhdy ﬂkbmd’dd‘mrmknnhh—lvwlbcn
show the duration of the repetiive simi whenmever artefacts ar  diffcudt

cordy dateom, 1he
\wdhingukh.\ u‘emwfﬂlblkmmemahmmﬁwﬁt
fespecth vertacal columns,

VLPSP It therefore powtulascd that the inhibition of the late EPSP 15 mot cavsed

by & conductance change in the motoncurone but occurs at an mtereuroaal level
the curve i Fig 9 shows the durstion of the inhilatron, Ay with the longlaung
synaptic excltauon there n complete recovery oal) after about 600 mec An Inter
estug ferture n the curve 1 the almost all o none appearance of the late EPSP
in the Intervals betrween 290—620 msec in 14 truals the LPSP faled 1o appear Ix
timet bat on the etght occasions when st appeared it had almost the same slee

cach ume.
The effective reciprocal mhibiuon 1 presumably cawsed largely by thn lnter
| Inhib but in mdnidual motoacuroney postsymaptc inhibation of

motonaurona (cf. an 7 and 8) may contribute The orgin of thn postsynapue
fnhilstion m 5 not known. It may be due to incompiete
ln}szmonl!yDOPAofuuumh:m:ancdm&my pathway or Rembhaw
inhibinon secondany to the motoneuronal ducharge The third porubility i that,
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owcacd with the pathway gving the Jonglastin 1 exci there
s 3 petbway govang reciprocal postyynaptic Inhibiton in aniag

We do not faecrar the latter hypothbesh for the renson that in many mctoneurones
thert war po evidence of IPSPs evoked from the FRA of the other fimb to that
hring the late BPSP (Fig ¥ G and Fig 9B) 1t would be surpruing if » reapeocat
bbory matlhway existed but would fail 1o grve woy effect althongh the exciiatory
ction s 30 proswumced.

ith sinllar conditioning-testing exprrbments ba acots spinal
T e SekTtution of the txt Iatency effects from
N e e

el be 37 saordaed wish he pthwny

3. Ocler e tory Sheasancss
Andén o, {1966 ¢) demonstrated that the late PAD cvoked from the FRA in the
sk of Ly afferenty afier DOPA could aho be inhinted by volleys in ihe FRA,
It w30 poututated that the mbibition 3 cawed by actvity in the shoctdstency
pubway from the FRA to she terminals of the FRA and that this process explains
¥y trassmamaon m e pathway to the terromals of Ja afferents & inhibuted o the
e il cat withow DOPA, when actvty i the shost farency FRA, pathway
& enfly eviled, The rmlanty between the longlastg offects to primary afferents
2 1o motomerone suggeated that a smilas nivaton could exnt for trammibsion
hmﬂmmmmm&mmﬂpm(h%mﬂ—])
m‘h“r Nong: of the rep i] delays the onset of the late
dacberge, which nerun ooly at the end of the sumulauoa. The intaceffular re
M%melmmmm&hmuumm.dwm
L the PSP 1 the Thus of the Jonglasting effects afier
mPA&Mmmaunbcbmhemxcd-ndmmbmodlomdwumecﬂ‘mu‘
this srongly suggeats & unilar orgamaation 1o that for primary afferent
':M‘t\hutbckn;hxcnm, pathiway from the FRA ta motonsuronss which
*:f; l:;uA‘DOPAh nocmally whabated by setiviy In the short taency pribivay

When DOFA s given after a pr ofa oxidase Inhik
lanide) targe poataneow Buctustions of b P fal are "
““thmmuummfmwmmmawuq,mm
ff“fmm«bcmmmwmmummmmm.nm
mpdmﬂd(\_m:knumcﬁmt,uhwwﬂmﬂmr)ghmhw

b produced and ¢ e evels (C D) & roderate hyperpedsriza-
_I“:mm 1 cach case the memb N polined 11 pame kvl
tion could be an TPSP which docs ot appear In A ber U the
;:;b‘u‘ﬂﬂrudyndwequmMmpmmﬂdkt&!PSPbm‘hgmm
h;:f“ﬂ’“m“m“mmwhmwmm;

-
equilibnumpxmm‘s:mmmmbwﬂw"ﬂe
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10 the removal of excartatory synaptc bombardmens anung at an Interneuronat
level. Inesugauons by Jankewika «f «f (1967; indicate dhar the interpenrooes

poosible are those tng the Jongiating dnc harge from 1he IRA. Hence
the byptrpolasizatiocn sugxmts the exstence of an mhubrton acton of the FRA
on these muemeurones.

4 Other tpes of cxnitatony respreses

The sprilaters) Sewmr and the contralaiera] cxsemor reflex desonbed in the Gt
section doftunate the refiex preture after inpectom of DOPY, Lut sber types of
reipanse are occanonall seen, g as dhearsicd 1n Fiy 12 tn wht b umudiapeous
records #re shown fram the perves to Glals anteror and s Lefore DOPY
{A-D, tbore b & marked after-dncharge i the flexnr ferent o ked from the
ipsilateral nerves but no discharge 1n exther flexor & extemor nerver (- cvoked from
- the contralateral Immb  Afier DOPA E—~H 1 dlev 1 the conualateral nerve gre
the expecied longlasung ducharge in extensor efferents H) and wollys an dhe
ipilateral menve & corresponding effect in the flexor effereats (F L) Howeser
)d:mumlfulmnthulhofmdx:pulucrﬂnma-dmhlrgcntmktdﬁn
the extemor cffarents. This effect o not altogetber cxcrptronal and hu bren olnerved

A red 8 e N~ 1&r D ok
1 Ok bbbt e
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mwm/kv
E
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lholnnrrmloﬁﬂumnﬂutoﬂowmusda.dmnupondbgpbmmu
Hustrated m Fig 13 with § Ah ding from & PBSt B
dm1mc!onglnmgqnzpurcﬂcuﬁomipaﬂnedhxghlhru}mldjdmnﬁcmu
butrbccudemmAﬁ'ommnmhtcrﬂcuuneomnﬂnmnHmrmdz
cvmburxdldmnhﬁoninCrmhth:tmrmhdonfmmlpﬂuwnmth
ulndﬁomthccoumhttnlud:_ﬂm:einthbuxtbcdomma!mgdfcd&mnl&
contralatera} dde Ix excitatory fmstead of the more tommon mhitstory described
1 tection 2

As described above when DOPA s given alter Nialermide the resung potential
may diplay spontaneowr fhuctuatiom. Under these conditiom there may oecur
resting discharges in efferenty and interesting responses sre abo evoked when the
FRA are stimulated Fig 14 b from such an experiment and shows that sequences
of altermatmg descharges may appear 1n flexor and estonsor efferenss. The memple
records in the figure are shown to illustrate & great variablity The reflex effects
mkcdfrmnx}mconmhm‘dhmbdaﬂynnbedambtdnqimintppma
Ako in the experiment of Fig 15 DOPA way given afler pretreatment with Nials
tmide. There are m thiy case aaly dight resung fluctuatons {4) but with simulason
of bigh threshold muscle afferenn at increasing arength (B—F) a rhythmse procest
fx revealed A wmall lace wave appeans in C but in D and L a1 27 tima threshold
the EPSP 1s intermittent, sppearing in three or two waves, With further neresse
of the stimulation strength this phenomenon duappearcd and there v un 1 ondy
one late EPSP wave Prosumably the appearance of the fint phay.  pow prevented

by the operation of the inhilutory hanim descnibed in section 3

Discussion

In mtany respects the late longlasung drscharge evoked from the [ RA 1 motoneu-
™ roncs after DOPA paralfiels the effect cvoked from the FRA on the termunals of Ia
W afferents after DOPA (Andén o ol. 1966 ¢) and the mechanim may be analogom,

Le tranymussion in one spina) pathway may be releared from an lnhibitory conerol

0t m fo whether he inbubrtson B posoya
mpmumhdmrw\yA-m:d
\nlbcmrplld.ul(udwﬂDOP/\#-ndumhu thway ¥ oo
hat e eficet i tratmenited 1 s foute After P'\‘.rdm(:
mh»nupnlh\yAup‘rmﬂYﬂmM“ﬂh

Ibcration of tacamiser (rom a descemdmy ey
w7} therchy remaviig e phubion of iw!‘h‘“{:

the lute Jooglasting EFSF b evoked Dotencuroat A g
latermewrone m the disgrasm way Crpreanst

Betronet
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axrted from another spinal pathway This hypotbess b ontlmed in the dlagram
o Fig 16 with A reprosenting the short-latency pathway from the FRA to moto-
wexranes and B the pathway trammrttmg effects after DOPA. The inhitatory con-
aection from A to B expluns why pathway B s normally closed In the acute apinal
catand why after DOPA, which inhitrts pathway A through llberaton of tranamitter
fom a g i d gic pathway (cf. Andén o ol 19562, b) pathway
B relemsed as acinvity in A decreases. This hypotherhs alyo explains why thibltion
of the late dbcharge can be cvoked by volleys in the afferents from which the dis-
charges are evoked (Fig 10) Otber cvidence supporting the exhtence of an in-
Litwory interactive conncenon from pathway A to B has been given above (Fig
1t ls)bultha:rauludonmr:qmmyfurdm’cummnhcm,mm
swxilar fndmygs n relation to the pathways to pomary afferent termunab have al
ready been discomed in detall (Andén o ol 1966c, Jankowka of of. 1966)

The bypothess schematically thown 1n Fig 16 will explain our fisdings but ks
““Ed'ﬁcuhmpmvtthnnthatofdmnhtwhwwfmmdmwmpdmuy
Berent teminals (Andén o ol 1966¢) The difficulty stems from the fact that both
Pahway A and B in Fig 16 coaverge onto the same neurones and exert the aame
Yoaptic actlon, wherews the cffects from the FRA on primary afferent terminaly
before and alter DOPA are excrted on termunab of different types of promary af.
kfmh!aﬂym&ehmofmdlnp&ommmumﬂunhdﬁﬁmhmadmk
Eotutely that the changes which occur after DOPA are not camed by a functional
chnge In the pathway transmirting the shoctJatency effects before DOPA. However
endence by been pr d sugg: that the disct after DOPA ¢hould e
fifierentated froc the alter-docharge that may Gllow the short

from the FRA in the acute spinal cat without DOPA (Fig 4 and 3) Tth abo duffieys
®© mmagme how DOPA could have changed the function In = pathway to eqhance
B afterischarge while suppresuog the intial discharge. Recording from e,
%Mm‘h“m‘ﬁ“wPAmmmby%
\himmﬂyd:wmﬁmﬂwdlﬂwﬂu&mh«il%n oL,
m&w&mdmmmﬂamhlmmwmhh
been contrasted wath th recruting type nthccm-cdmmmﬂa(d(}&d
ol 1932) However t wat belicved that the recruitment rathe
U&nww.mﬂnmmummm@léﬁmﬁmﬂm
1932} The relexes evoked from the FRA afier DOPA, on the oy g © &
Probably exampicar f genuine recritmg reflexes. The Intracelyy,, band, arc
motonenrones show that the loaglasting dichanges are came pe .- 08 from
The amplltde of the EPSPs may be connderable, 1020 py M“":::d EPSPy.
xbummmnmm:unnuxpucmmmhmd;ﬂh% h no ob-
'h:;mngghemmp(kEPShutnhmhmw Joca

FRA. Proumably the kong durauon of e effect B almey o 00 from the
e long daration of the ympdtblm:hudmmLmFuu::&dTaq)hclﬂ by
netronal pathway can give such longlarting dischargey yip |
mhxmm"diw.ﬁniq}cnmﬁf[)OPAum%%d P
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[ FRA co FRA

Flg 17 Schemaixc repetacstaton of the priociple orpanteation
) () BEREERHSEEE
an

tioe as Is Fig 16, A (atknay B o Fig 16

Thcmajnpmonbcprnmzpapcrhubccndcvmndwzhc-mlmanbcﬁnx
hmﬂomnmﬁouof!hepaﬂnnwmtbclongh:dnxdudurgulﬂnDOP-\
(B in Fig 16) The dominaung reflex pattern s an ipsiisters! flexor reflex and a
cromed extemsor reflex. The recording from efferents to many different mmclo
has revealed & parallddsm with the shovt-latency effect in motoneurones in the
acute sponal eat which was the baady for Shermnngton s onginal davsficaton of mm-
cles 3 flexors and extemsors (Sberrington 1910 Eccles and Lundberg 1958) We
bave briefly reported that other reflex actrons may occur both puliteral extenion
and crossed flexon. The conditions under which these effects appenr ha  not been
mvatgated in detal  the rearon being that our maun aim wa to study the reciprocal
relatonshup between fexor and extensor dncharges, which & mout clear]  demon-
strated with simultaneows recording from flexor and extensor efferents when dis-
charges are evoked by interacting volleys in the TRA of the fwo lundhmis The
znalysly with Hlul. ding from hay shown thar tramms-
ron of the late longlastmg EPSPs to flexor motoncurones can be very effectively
P}nh{x:dbymﬂqumtbccmmhmﬂm-mi.mmn.dmwmn}nmd
~sresponding synaptic effects from the contralateral FRA 1o extemior mateneurones
can be mhubsted from the ipsil ] FRA. Ths inhik may occur at conditrorung
testing miervals when EPSPs of ather fypes are ot influenced from the mncbﬂunx
volley (Fig 9) One can therefore exclude the postibilicy that the man cawse of the

hilutlar & posmante o she ) ot The anhdwt oo ot ocoir st
an nterncuroual level 1o the pathway transmitting the Jonglsumg LPSP from the
FRA to because the d. of the ihintory effret by far outlas
the PAD evoked in the contralateral FRA cf. R. M. Eccles 1o 1%, b) Tth
of coune very refeant for our praent problem that, although the rowctt DRP
evoked from the FRA has a -ery long duration, oaly the inita) component b caued
by PAD w the termunals of the FRA, wiule the late componen! b cachriedy la
1a afferent terminabs {Jankowika of &f 1966) Our conchaions, summarired fa the
diagram of Fig. 17 are bawd cutirely an the present findingy but b wlo strongly
u;ppon:dhymhcmnluoluuvd«ilhmdm;aflbcdmwd‘mm

(Jankowaka ot ol. 1967)
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Iz moxt reflex pa ys T I postymptic Inhibition of it moto-
umhmmmudwmpancutoflhercﬂ:x.l\omchin}u’hmrypaumyh
wckaded 1 the dgram of Fig 17 although inhit i

ptic actions may
m&mwmm:uﬂmmmmmmmmx7
=4 ®) When thiy imhition occun It may reprosent & remaining action through
the thort-latency pathway from the FRA or ehe Renshaw mhibitlon secondary o
the actreation, of L. In many howerer there
immdmmpmmhrmum&mnﬂnuppamummgsms)ud.hk
srogly suggests that reciprocal posnynsphic inhibstion of motoneurones s not &
Terate part of the reflex.

Reciprocal postynaptic inhibetion of motoaeurones has the eminent advantage
tat It acts on all excitatoey effects convergmyg onto motoneurones of L
Reoprocal inhibation of mter ding to the scheme In Fig. 17 prevents
axitton of the motoncurone only from thix particular pathway so that the exaitatory
*ton b evoked cither in flexor or extemor motoncuronay. This type of redprocal

ebbenon ob ly cannot infl other Y achons FIng onto the
mmzuxm,mdkhnmpomtmmmlduzbclunhdmohmdpmmlhubn.
o operating on b may be [nflocnced by

tberreflex agtons bt it shonid be noted that both the Tb patbway asd the short
bizey FRA pathway arc inhiblted when the long-latency pathway operates
{Axdén ot o 19662.) The Ta reflex, on the other hand, could provide 2 complicanon.
For cample, danng a flexor reflex through pathesy B in Fig 16 the flonon of the
Emb would cause a drscharge of Is impulses from extemsor mumscles that, i the
Maence of reaprocal postsynap: hibl conld gve axcintion of extemoc
Botonearoncy, From tha polnt of view 1t b of conaiderabl interest that corresponding
“xh the late discharges to motonenroncs there 13 a depolarization In
the central serminads of Ia aficrents (Andén of ol 1966c) Hence t h posable that
Prev mapetic ik of from Ia aflc to the may
P“mwﬂammnofmugmnuor m other words, serve as = sulwtitat for
reciprocal Further 1 tg; of this
oechannm are cequired, & wmbdnamﬂd*mhdmnfm
unecpons from the FRA to Ia affrens terminals scems to bhave # functional
“’Gnln&thﬂclthd;fﬁrultmcmdmmmi!bcugmﬁclmofmlnyoflbcpmh_
171 10 prlmarv affercnt terminab.
The interneuronal organizaton m the diagram of Fig 17 seenss emmently suited
© tubrerve rhythmic alternatog movemenn of which stepping and the scratch
Peflex are the ples best known (Sh 1906 Creed ot of 1932) Toillow
e the for prod n ol activation by the nctwork in Fig 17
h"ﬂmmedummenoml:mcumml pooh do recervean pprommately equal ex
ciatory action However a knufecdge balance with an equal discharge i both kater
Dtﬂrm.lponb:;m-o(bem.nmulncd lnydamhuntc.hownw‘uah,_.qu
I ome of the  terneuronal pools incresses the mhubstion on the ather pool and
bence Leads 1o & decroased inhibeson of the alrady domunating pool. The change

N ety phyalet wrend Vo T I
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will proceed until there b maximal activation of thy pool and mavimal inhibstzon
of the other \ith mataned activaton there s accumulation of refractorines,
the reciprocal mhfbldondcu'n\ulndlhcmhcrlmcmmmulporﬂu}.nmu
”mcclnlllcnnlclah'lﬂcnwmmrﬁbngudkamulon actfon 1 exerted
on the two interncyronal pools. Theoretcal aspects on & neuronal network of thn
t)'pchvertcendybomdunmcdbyﬂnrmon(l%ﬂ.ndby}hnnmlndlnn

(1966)
Graham Brown (1911) d d that spinal stepping may permst afir
complete dezfferentatson of the lunb extuinting the He concfuded that

the alternating rhythmi movements of the spunal arumal are enentially 2 central
spinal process. In his hypathens about spunal half-centres —one giving exaitation to
flexor the other to extemsor muscla—Graham Brown postulated that each
‘half~centre could mhibit the other In the original defimtion the primary half:
centres denoted the motoncurones (Graham Brown 1911 1912 and the pos-
sibility was discumsed that reciprocal innervauon might depend not only on oppmhe
effects from primary affe 10 of muscles {Sherrington
1906) but also on muual mhilntion between the two primary half<entres The
tem interposed half<enues was wed 1o describe the intemeuroacs ntercalacted
between prumary afferents aod the ‘primary kalfcentres Graham Brown povulated
mutua! inhibition between thowe interposed halfcentres and abo nlulnuon from
cach anteyrpored halfcentre to the anwegonht pnmary halfcentre In a later
publication the ‘half-centres incloded both the interposed and ‘priman half
centres (Graham Brown 1924)
The 1 petwork sch kcally shawn in Tig 17 could reprosent the
neurona! correlate of the “anterposed half-centres  but there is oo eviden ¢ for the
other types of ‘halfcentre inhibition postulated by Graham Brown [t & not knovm
o the ‘half-centre onganizstion b unsque for the reflex pathway that 1 daclosed
‘#ﬂtrlhcinjccuonofDOPAcflbc!hcrnucmdvommhcrrrﬂnpllhvrn) with
double reciprocal organrauon. At present this cannot easily be toted bev ine
wl the dufficulty of excluding that an inhitstion evoked from coatralateral nerves
11 presynepic camed by the cromed PAD (R. M. Eccles e ol 1964 2. by However
it }s noteworthy that volleys in the contralatera) FRA evoke PSPy m some dorsal
horn interneuroney which receive exaitatory action from the ipsilateral F RA Hongo
e af 19G6;

Farther expertments are requred in order to decsde what role the longla ung refies
actiom which are revealed after DOPA may play in progresuon and other rhythmw
alternating movements, The main refevance of the present work lies 10 1he demon
wraton of the orx; jon of the inter | connecpom hown i lm 17
through which the rpunal cord » programincd at a segmental tevel for shythmee
alternating movements. The doubl  reciprocal organsmausn of thoe connectont
makes them particalarly inferestimng 10 relation to steppung Prosumally ';;‘PP“’:
mbcnnkcddxmughlhnrrmodnomnlybyrdh-monrmpnmnl Z?:’k

mem‘m’mmwd‘o lry sutochtonous actn Iy
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intrrmenroncs. It 13 therefore of interexr that stepping can be evoked by strmulation
of the cat rurfacc of the cervical spunal cord (Rosf and Sherrington 1910 Sherrng
0 1910} and from an holated region in the spinal cord by admimstraton of a volatile
searythetic—the ‘narcosm progresion (Grakam Brown 1913 1914)—in all likelihood
by local depol don of the b Steppmg could ensue oot oaly i both

intern 1 i to flexor and extemsor motoneuronss rerpec
trely were activated {cf. above) but ako if only one of these pools was acthvated

Gt that static y-motoncarones (cf. Marthews 1964 Appelberg of ol 1966) are
reflexly actvated after DOPA (Grillner of . 1967)
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wﬂlprocsedumﬂthmumuumlamdonortbkpaimddemuhhﬂﬁnbu
of the other Vith i ed there & 1 of refy :
!hcrcmproallnhlhmmdtmmdlh:mhu‘imaﬂtummlpmlumm
Hmumnltum!cnmunouumoocurulonguth:adnmryuﬁmhum:d
mtbctwummmmﬂpmhﬁmndalupcaxonlunmlnmﬂuﬁhh
zgesgvcncmlhbmdmmcdhyﬂnmou(l%)mdby}hmmdlﬂh
Graham Brown (1911) 4 ated that sp oal atcpping may perdst afte
complete deafferentation of the lmb exhibitmg the movement. He concluded tha
the alternating rhythmc movernents of the spinal arumal are ewentially & centn
spmal proces. In by hypothess about ‘spmal half-centres —one giving exatation &
flexar  the other to extemior muscler—Graham Brown postulated that ead
halfcentre could inhubit the other In the original definiton the ‘primary hall
centres  denoted the motoncurones (Grahsm Brown 1911 1912) and the pos
sibility was decumed that reciprocal innervation might depend not only on oppostt
effects from promary afferents to motoneurones of antagonst muscles (Sherringtor
1906) but ako on mutusl minbion between the two ‘prmary half-centres  The
term ‘nterposed half-contres was used to describe the intermeurones Intercalacted
between primary afferents and the ‘prnmary half-centres Graham Brown postulated
murual inhilton between those interposed half-centres and also inhibinon from
each ‘Interposed half-centre 1o the X half-cent: In & later
publication the half-centres included both the “nterposed and ‘primary half
centres  (Grabam Brown 1924
The mterneuronal network schemaucally ahown 1n Fig 17 could represent the
neuronal correlat of the ‘mterposed half-centres but there B no evidence for the
other types of halfcentre mhibition postolated by Graham Brown. It bs not known
if the ‘halfcentre organmation s unigue for the reflex pathway that s disclosed
after the injectson of DOPA or whether it occurs also m other reflex pathways with
‘?double reciprocal organmation. At present thm cannot essily be terted becaune
J\Jd\c dificulty of excluding that an inhibation evoked from contralateral nerves
n presynaptic cawsed by the crotsed PAD (R. AL Eccles of of. 1964 2. b) Howrver
1t » noteworthy that volleys in the contralateral FRA evoke 1PSPy in some dorsal
hoen interneuronss, which recerve exaitatory action from the ipsilateral FRA (Honge
etall
Furﬁapcmummq\mtdburduwdwdewhtmlcmcwhﬂmsm
2ctiom which are revealed after DOPA may play m progresion and othet rirythmic
;lmmungmuvtm:nu.Thtnulnrdmnccofﬂmprumxwodchmdmdum
strapon of the organization of the inter | connections shown in Tig 17
throagh swhich the spans) cord B programmed at & segmental lovel for thy e

homt
altermaf movements. The double reciprocal organizatian of thae coancct
- relation to steppmy Presumably stepping

makes them cularly interegting in

unbcml:dpthmmughlhkncfuaimzmlyhyrdkxlnhnﬁunpdﬂmrylﬂhm;

boy abo by dowtdlngmﬂqulndpfnhblylhoby-mmhlonmn sctrnty i tbe o
A
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from the flexor reflex afferents
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Abstract

Jaxcowxa, . AL G M Jrxms, § lmnndA.Luvmun,Thc@d!{Dop4
-thr[mdmt&de-mmwdembumlfwﬁn
the flexer refex affervts Acta phymol scand. 1967 70 389—402,

fohl
contratstersl FRA s inkibited frooa
the mA, O acnvared from both the FRA. The
Kicice and ocher critveris crphoyed saggert that type A aod B tranemh
;:cnmdm dy and

Fropecmbic for the bong lasency and duranon of the

In previow papers of ts serses t was shown that sfier an intrvenow Infecton of
DOPA volley in the fiexor refle< afferents (FRA) have late longlaaung refiex effects
0 the terminals of primany afferents and oo motoneurones (Andén o o 1966b
Jankowika ot of. 1966 1967) Thus paper 1 based on extraceflular records made from
those interneuroncs wiuch  ppear o be d with the 3 of the
reflex effcets evoked from the FRA after the injecbon of DOPA. Speeial attentron has
been grven 1o the rerprocal organization of cffects from the two hindlimbn on many
of thae intemeurones A prefimmany  eport fas been given (Jankowska o of. 1963)
INRO-UNESCO Fellow
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Methods
scat spraa! cats. For gencral cxperimental proce
huldd.n: dnwﬂi(lm)hmﬁmmmhwu
m‘o:ld.(lﬂ) cnnn:ﬂnh:mu\‘hbcm‘n:dt‘dkmkrodttuvdam
:dtih sobution. The for deteymimung the location of the intemeurencs was

b,ﬂ-gui(mo)r.nm boch ventrolateral fimickes were damected
® the lemer thoracic region and mmmdﬁwﬂmhwumd-dmmﬂn‘m;\nm
"‘""m-dmvnpmd were from Jtorncarones, e nourones whick coald not

b actraated from exrher the lower tharackc regees of the ventral roots (L7 and 81)
Fox sbireriadions sec Juskowska ot o, (1967

Results
L Tipes am exterarerones

Explration of the rpmal cord with mcroelectrodes showed that after Ingection of
DOP3 (100 mg/ig) nterneurones actrvated afier » long latency by volleys in the
TRA are found manly in the doryolateral part of Rexed’s layer VIT (Rexed 1934)
F!l—!:ﬂme!h:ducbugeddﬂ&mrq-paofhmwmm&mm
i cach case after tnferinon of DOPA.

T A The ducharge of the interneurone flustrated in Fig 1 s evoked from 1pu
Beral bugh threshold jouns and mindle afferents (G H, b, L, N) but there is no
exrtaponding dacharge evoked from the contralateral side (I and M) Volleys in
Eancous afferents were abo effective 1n prodocing the late discharges, buc volleys
group I (]) muncle afferents never did. In some cell  wlleys in group 1T mucle
erents prodoced & discharge (K) but for many of the eell volleys In group 111

e B o H | surdl DP 1 joint
w AW
ol
E, cod1 GS F  tetcaH G condeest H | s bolf
|
—— ¥ s ] | S
0.6 sec wm""c
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S’tﬂc‘ of siomlation ol Be | G-8 merve. Otber indications s in Fyg |

incrensing srength
Preparstion indecred with 100 mg/kg DOPA,

afferents were requored and when group 11 volleys gave an effect thare was sheap
an ncrease in the dy of the ducharge when aimal was {ncreased 1o
activate the higher threshold group 111 alferents 'V olleys in lugh threahold sfferents
from fiexor and exttror mmncles were rqually effector in producing thae late
discharges. Fig | M—P shows the eflect of combined gtimilation of the copials
teral god 1palatersf FRA. The conditondng volleya from the contralateral dde by
steclf (A} cases no discharge but very effectrnly inhibits the teat ducharge from
the spsilateral aide (O} the test ducharge alone o xbown in N It should be noted
that cidv inhiby occury at . g testing interval caceeding 300 msce
and hepce cannot be camed by eressed PAD in the terminab of the FRA (¢f Jan-
kowke o &l 1965) A further faature in Fig 115 that records were also otramned from
thus intem before the iny of DQPA (A—F) There is an iregulsr sponts
neowr duscharge bt 5o defipte exatatory effechy are ovohed by spallatersl o contrs
laterat valleys (D—F} spparendy the characterptic late dheharge can onh be
evabed in thu d alter adi ton of DOPA and docs oot ocrur in the

normal acuie spinal state

S 4 Locaton of 27 interaenrina
weth late exaatatory _ctioes for 1 FRA
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Tyi B Other interneuroncs in thn reglon of the spinal cord are avtivated from
the FRA of the lateral but not the ipaillateral nerves (Fig 2) combrmed shima-
fitvn of the FRA of the two hnndiimbs revealed {nhibiton from the ipiilateral nerves
o 2 tt discharge evoked from the contralaternl nde (E—G) This whilation aho
octan at Jong conditioning-testing intervals and therefore, like the late inhibition
e n Type A interneuranes, caunot be caused by PAD 1n the terrmnals of the
FRA.
Tip C A final type of mterneurone received late excitation from the FRA of both
tbe ipeilatera] and contralateral nerves (Fig 3)
Of the 47 interneurones sulfiaently studied, 31 were activated only from the
tpdteral FRA, 12 oaly from the contralateral FRA and 4 were actrvated by the
FRA of both hundlimbs. Fig 4 showa the location of the mterneurones activated
Eom evther the ipsilateral or the contralateral bmb  there Is a alight tendency for
the latter type to bic more ventrally In several of the expenments multh-unit record
i@ wire made which were not suitablc for analysh of the reciprocal actons from
e two hindfimbe, but which provided good localiration of the mter Ith
our {mpremion from these multi umt recordingy that the great majonty of these inter
eoroney are located at  depth of 2.6—2.7 mm from the cord doraum in the dor
tolateral part of Rexed s (1954) layer VII and the scattening m Fig 4 may not be
totiedy representative. Recordmgs made on many occanons from alightly more
medial reglons never gave any discharges of dither single oe mulu-umt type.
1a secthan 3 below it will be shown that many of the mtermeurones with & late
discharge may aho be activated from the FRA after a short latency

2 Fakikctim of the lats discharge by Imglesing sirmelaton

The late effects evoked after DOPA in primary afferents and motoneurones can be

Whitnted by volleys in the same pmary afferents from which these effects are evoked

(Andéa et of, 1966h) Hence 1f the mterncuronts described in the last section are

“PRged m mediating these acnons w similar ph would be expected. The
in Fig 5 recerves the typical longlasting exaatation from the ipeilateral

FRA and these discharges could be inhibited by volleys 1n the contralateral FRA.

The records in F'g 5 show that when the rep lation is prolonged the
95ct of the discharge occurs after & progremtvely longer latency Hence t can be
eonctuded that ion tr these wnter can be Inhibated a1 outlined

B [ B E e
T 3 Totermemrone S
shownng delay 0 the onect of the lptr

SpTikive strmelution of the rpailatersl woral dlacharpe with prokugation of the
*hmr\&mmmhml rere. Recerdlng was made aher Injection of 100
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3 Other exvitatery dfects
In all expennments the effect o L of the p fand L 1 spinal
cord in the lower thoraae region was tested 11 order (0 exclude that any of the cells
belong 10 jing pathwayr A d ding volley in the palateral spinal  ord
gives rise to a large monosynaptic focal potental in the regron where the interneu-

rones are located (Fig 2 H) Correspondingly many of these cells receive a mono-
synapiic excitatory action as illustrated In Fig 6, G for an interneurone activated
from the ipsil | FRA and mnhibited from the ) I TRA. Tig 6, L and

A P8St 40 B

o .

500mmec
terpenrond nied

(b Iat longlasing decharge from the FRA  bach wn sddition it a<tn
t;n:m.l.o‘cm-munﬂ:r shorter latency (E. F) Record: [‘nuuﬁrlfr!mfn.mﬂlmﬂ'\l

DOPA.
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22 duckarge. Recordung way made after miection of 100 mgficg DOPA.
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'yhm‘m that cootralater | lhnlnthhcu\vucn:rudmln}ymd:
Lviad tha [ate dmcharge the irtertenTooa whose acthrity wa recorded. DOPA
01 myg) kad berm grvcn,

F with the corresponding faster records H and 1 show that this monorynaptically
“*td‘ﬁsdnrgem-mbm}umdmu.mmmﬂbymdamgmum
wm'FR-Aﬂfdwcnnmtanllhnb.bmno(u:ﬂ'tcﬁvdyndthuw
roked from the fpeilateral FRA

of the interneurona which recerve the hate 1
m“lhuudtuilﬂuluhmhtrmyﬁcmthc
e tternenrone of Fig 7 the typical tate drcharge s evoked from all perves but 3n
%Mu.mmmmwm)mqmnmm
%“ﬁtuﬂ)dndnmmnﬁm&ﬂm(ﬂnmzbcﬁn‘m

onglastng activaton from the
vame afferents (Figy, 7—89) In
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cvoked both from hugh threshold muscle afferents and from cutancows afferents, In
Lh:gfentmajontyoﬂnmmmulhﬂ:umimcﬂilbﬂmtheendoflhcuﬂy
discharge and the onset of the later However wrth atrong stmmulation of cutancous
nerves tending to prolong the eardy ducharge and shorten the latency of the late one,
thoe discharges may be almost contiouom (Fig 8 Hand 1) Attempts to imvestigate
whetber the carly discharge remuns after recovery from the effects of DOPA were
not successful and we are therefore umable to state if the eady dnchargs occur m
these cells in the acate spinal cat not infected with DOPA. Fig 8 fMutrates that the
carly ducharge occurs at somewhat lugher stummulatzon strength than the late discharge.
The effect of conditioning volleys from the contralateral limb oz the early snd lue
discharges it shown 10 Fig 9 Transmruons of both actions are inbibited but the
atter much more effcctively During the complete whibation of the Iste docharge In
C and D the number of spikes m the earty ducharge n redoced from 4 to 3 butata
longer interval (E) when there s still effective inhibition of thelate discharge there
1 rto decresse in the number of spikes of the early discharge.
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In $ interncuroncs out of 80 there wis monosynaptxe amtaton from group 1
mude aflerents. One of these interneurones & Hlostrated in Fig 10 with the mono-
symaptc actrration shown in A—C  these records dearly suggert an acton from In
affrents. Records D—H are shown with two traces m each record to Tlustrate the
grat arhability Nialamide had been gven 1o the cat pnar to the adminsstraton
c{DOPAudd:::ponmmusdndnrgunwtﬂnzbenmbﬂhyhcmhddh—
charges are typscal in these conditoms{¢f” below) The fact that dunng the early part
d&:m-dbchzrgchmkcd&mthctp:ﬂamﬂ?“-ndnpmc&mnmc
tuumhmﬂmggcmthnthnh\mdmﬂbcd.mrﬁcdumemcmhg

i and 1 inhik However later 1n the tace
there 8 umultancow activanon from both hindlimba, which makes & definite
dmﬁamn"r ible. The other with monotymapte exatation from

troop [ afferents were alao difficult to damfy sinee in each ease Nialamude had been
men
L Correlatron mith erents ta swiomexrones

Further evidence that the interneurones with the late longlartng discharge are
engaged in ing effects to s been oball

sport B c
o A P NP
D E ' F
ml ‘?&1 . '}..It!a .!55 \lh

6 1ABSm %0 H 18ar 65 |

W}W‘d

m"ghm%

-ru-ruy-ndo(rﬂ'ptnnu
Jmmmd —C. 61 mmu"m)._b"ﬂkwhl.udn[:“
L, extracetialis yecords Recording afier sdouawration of 10 1
¢ ig o DOPA. Tntraceflular recordurg with DC amplifis wh.,.':mnhnﬂ*"‘
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A . B A8
W Oty
Fig (2 Comparisan of Focts from the
c Inf.?_m Intern. act, :};\'m wm.;mm(mw
from {FRA D from co FRA (G, actreated o the § FRA D
m_ m Fig 1 and D, actrrased from fhe co
FRAasin Fig 1) The | FRA e
h }g J_])hﬁ somulaced m all revords,
was made after upertion of 30 g iy
——e DOPA af e pretrcatment  th §
500maee kg habsoxde Sev ear
in which DOPA was given after pr with the oxrdaxe phiblior

Nialamide. Under thewe am D [if s of the m mbrane
potential occur 1n the motoncuranes (Jankowks o o/ 1967) Correrponding!  there
are alio spontancous bursty of discharges wn the 1aterncurones i whech o late
discherges are evoked alter DOPA. Thos 15 iltestrated 1n 1ig 11 with records Irom a
gastrocnemius motoneurone in A—C and frum an interneurane 10 D—1  Afler
pretresanent with \ialamde wa o of EPSPs are sometimes evoked from the TRA
after DOPA. In the gastrocnerum motenevrone of Fig 11 the valley in contrs
lateral high threshold mucie afferents evoked a late EPSP (I} Vollas n the ipar
Tateral FRA give waves of EPSPy and aimilar events also occur in the interncoronai
records (J and R)

The secords in Fig 12 were again obuioed after pretreatment with Sulamsde
all the records being taken within & pertod of 30 mm A shows the EPSP wn a flexor
wotgneurone and C below an interneurone activated from the poilaters] FRA.
After about 350 msec theye 1 a removal of the LPSP followed by tts re-cstsblutrment.
Correspondinghy there b also deceleration of the dacharge in the internowrone O
B shows that during the period x reciprocal EPSP is cvoked tn the cxtemsor motoncn-
ronc and a bunt of Impulses (D) 1n an |, which way of the 1ype that
ma:n istc actnavon from the coatratateral FRA The ﬂygﬂﬂd

recerved 1ts

corespond I the establoh and the removal of the EPSPain the
and the 1 disctk ;h-clunqgwmfmt}n\mﬂm

these are d with to a

5 Afur-discharge 1x ether pes of nterancmes
\hnylmmm:sh\thedorulhammdmlmdnrymmmm ated by
volleys in the FRA (Eccles of of 1956 Eccles ef ol 1960, Hongo et al. 1966] Siagle
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P 13 After-doscharge evoked

ptegl thm \TWA.'J‘” M

shows recting discharye, B—F
diackurge v oked from the FRA- E —
Cat mot Injerted with DOPA-

I the trudlal discharge Is particalarly interse there may be a short interval before the
oosct of the after-dincharge (Fig. 13 B) It scems likely that these after-discharges
aplun the longlasting tall of synapt action often cvoked in motoncurones by a
tram of volleys in the FRA In the unansesthetized spinal cat (Jankowaka of of. 1967
Fig 5 Recordings from many interneurcnes in th domal horn and miermedmry
region before and after DOPA have failed to ndicate an increase in duration of the
after-discharge or & change in its temporal characteriuics so a3 to become of a more
fecrating type after an injection of DOPA. On the contrary 1t i cur Impresdon that
the afterdcharges in th intemeurones 1 the dorsal born, in the mtcrmediary
reghon and abso in other parts of the gray matter have a thorter duration afier DOPA.
Howeyer to be certain about this t ks necessary to record from the same internewrone
before and after the Inyection of DOPA, becawse the afier-discharges vary enormousty
from cell to eell.

Discussion

The reflex actions from the TRA n an scut spual @t injected with DOPA differ
n verydannm[uhlonfrwndmefomdlnlhcnmnnllm spinal cat (¢f°
Andénd of 1966 b Jankowiks ol 1967) Among the features that guided s m the
warch for the nterneurones, which may trammbt the reflex actions aftr DOPA, were
B0t only the long latency d and ¢k recnuming ch of thee
effects, but also that transmmion could be inhibled by volleys In the mme afferent
from which they re evoked. Furthermore interneurones trammitimg effects to
dificrent pewronal syrtems would have charactenstic differences in the receptive
field from which excitation ks drawn. 1 terneuronts transmtting the lat PAD
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Aﬁcrm!ttnnuuhwoﬂdbta:pccudlabcudv.wdfmm‘b‘h  recept
{nterneurenes transmitting the late EPSP to ﬂ&a'matmcurm-;:;:um an Ip-m
:"P‘mufadd' ‘”d;h:}:;;‘ﬁpmdlﬂs Imtceurones transmutting exciation to

temvor motencuran recetve excitatian (rom a contralateral fiedd By ali
these entena the praent report dentlfies the e o g the late
louglasting  actions to primary afferents and to motaneurones afler DOPA, They
arc Jocated 1o a fairdy Linited reglon in the dorsalaternl part of Rexeds (1954)
layer VII doraal to the motoneuronal nuclem, No corresponding late duschargey
were found 1n internenrones 1n the doral hom and intermediary regron.

The interneurones, which receive excltation from ether one or other hindlimb are
of particular Interest. The latency and durstion of the drscharger end the et that
!.htylrcnotmkcdwilhomDOPAmlhelrum.pdmluz (Fg 1) virually sufice
to 1dentaly these interneuroncs with those transmigting effects (o flexns and extermons
rapectively and further strong sapport for thi identificaton bs provided by the
finding that transmenion to them can be very effectively inhibited from the hindiimb
oppatite ta that providing the exatation. Such a reciprocal orgenixation of effects
{rom the two hindlimbs was postulated an the baxis of the anatyws of transminion to
motoneurones and it is clear that the present recardings from interneurnaes strongly
support the scheme given by Jankowsks « & (1967) wn thear Fig 17 Very strong
cvidence 1s thw provided for the Aelf<crire mpoxcanem of the iirancmmes auomitting
the gects te motvacxrenns &fker DOPA

The extrenely long duration of the eflects from the TRA afier DOPA daserves
special discusson and should also be coasidered in relation to the long latency after
which the eflect may occur With the b ) recording docharges lasting
well over a second have bern obsarved and records from motoneurones sugges
that the Inrerneuronal discharges evoked from the FRA may last 30 ecc or more
{y[umugaddmhuguncd‘gmuﬂlmmmmh:hn 1o the problem how

nal reflexes can contribute to movenents. Mont nawral movemnents are aow
~{tycu:nc:cm:um:lbytmuincdmo(onﬂ:mnlldlm—_hzrge By contrast most reflex
actions previowty studied are of & d emblée 1ype (¢f Crved ¢ & 1932) and wonld
rcquu:-mmnulncdnﬂamtcﬁxlmgclnmdcrwpmducenmmmmm)dnchugt
of some durstion. Hawever with many reflexes the reflex movements may unlosd
the receptor and decrease the afferent duchasge. Refiex actiops, which can be w-
tained because of & long durstion of Intraspinal proceses, scem therefort well wited
(g subserve natural movemenn. The present rouln do ot give sy wnforrmabon
regarding the mechanism by which these Jonglasting dichanges are produced. The
mompmfbtﬁtyuapmmvcftcd-bmklnvdrmgrnmﬁnmmndmcdchzh
of interncuroncs (¢f Lorente de N6 §938) However we cannat exclude the alierma-

disch nuybegmcrntdm:lbqrﬂd‘"’"-

thve posibihity that the longfasting s
ulh;\:r)‘lnwr Iy tong ing synaptec tra sction, or by a delayed
hich under certam coudstions may fallow ¢ singhe rpeke

depolanzation of the 1ype, wi
m\h:wﬁd\map(ormmomintbclolmvlnd\rhichmy

ferpulses (Grampp 1966)

evoke soveral hundred
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The org lateney of the ducharge is 2 more puxzling feature than the loeg duration.
Tt bardly Iikely that latencies of D1 t0 0.5 sec arv caused by transmsmon through
2 large pumber of wterneurones cach activated afler a short delay It o more prob-
abie that transmruon octury through an mterneuronal chan with & relatreedy ymall
number of celly, some of which may require coouderahle temporal mmmation for
them actreauson. Tt 15, however of cormderable interest that 1n many interneurones
wctrration occunt 1n two phases. There Is an eardy discharge afier a relatvely thort
Ltency whnch after an wnterval Is followed by the late, longlasting cischarge (Fig
7-5) The early ducharge peomuts a clasafication In three mamn types 1) Cells
whh early and Iate dicharges from all nerves 2) Cells with late decharges from all
Rerves but early discharges only from a few of thexe nerves. 3) Cells wathout earhy
dicharges but with late dicharges from ol nerves. Vanow ciremit dragrann hane
been devmsed to explain these three types of discharge but t would serve little par
Ppose 10 present these dugrams pow unce onhy farther experments can show ther
rahee, In any case 1t Is likely that the exmtence of the eardy ducharge will be a factoe
of great Importance In future attempts to analyse the procemes responsdble for the
Youg daratlon of the discharge in these interneuroncs.

Examples of other problom that reqaire a further evperimental aoalysis aye
Where is the inhibitron exerted that 1s produced by mpulses in the afferents from
whith the late docharge Is cvoked? Is the carly ducharge as the late one released
ther DOPA, or s tunkzdlh)bdmelbemjctmno(DOPA?\\'hublben{gmﬁ_
cance of th monosynaptic discharge evoked from Ia afferents in some of the wter
eeuroney \Wiat m the function of the descending roonosymaptic connections can
alternating sctivity 1n the balf-centres be evoked alwo by descending fmpubes?
However the main problem i the mechanism for the intubxtory action that comt
Iutes mch an esentlal clament 1o the half-contre organsation, re. the mutual inhibe
tory interaction between the mterneuronal paths transmitung excitabon to Rexor
5d extemor motoneuroncs. [n tha connectron it is of  terest thar the carly discharge
b Jem effectively nhubsted from the other Lmb than the latz (Fig 9) depit the fact
that the latter action secm to ha hugher safcty factor of rantminion (Fig 8)
Thew findings auggent that the late ducharge n inhibited a1 wome critiaal sre,

E‘ ok wax weppocted by the Suednd Medxcal Revearch Counal (Profect o 143 94024 and
)
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The Effect of DOPA on the Spinal Cord
7 Reflex activation of static y-motoneurones from the
flexor reflex afferents
By
§ Groixxz, T Ho%oo! and A. Linowrrra

Recehed 13 Feboary 1967

Abstract

Grive, 5, T Hovoo and A, Luroszra. The dfact of DOPA ex the ghnal comd. 7

Refex activation of static y-mstoncurones from the flexw roflex afferents Acta physol.
scand. 1967 0 403—411

Ry of ymotoocorones (10 erar mmce

Wexo roflex afferents (FRA) haa -wd&mmd::m (k) from the
aficrenn. Aher jnjection of L-DOPA the oency Increases | Bereon
secomcary lndvdkyimlhtmnﬁ: i

the reficx pathway to KaUC pemOtOBeRTTON
cwmed I relanoo . other refiex cffects o oked from the FRA

The spinal refiexes produced from the FRA (flexor refiex afferenty) after an intra
renow Infection of DOPA are characterized by a late longlating discharge tn o

been analyzed prev ously (Andén et of 1966b Jankowska £l 1967a,b) The present
Paper deals with oo arpern on the late reflex ducharge in jomotoncurones
Many 1 ig he < d d that y are co-activated with
¢-motoneyroncs n cortain punal refleces (Hont 1931 hobayubn of of. 1932, Eldred
and Hagbarth 1954+ Hunt and Puntal 1938, Voorhoeve and van Kanten 1962)
Wth the recent demomstrauon of dymamic and static y-motoncurones (Matthows
1964 Bemou and Laporte 1966, it is necenary to consider that there may be differen-
<3 i reflex connectroms to these types. From experiments with recording from nuscle
Froseot addrrm  Department of Phowology  Tokyo Meducal nd Deatal Unbrersity Teky
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spiadlc afferents Alnacs of &/ (1963) have postulated that dynamsc y~motoncurones
parucipate in spimal reflexes but there was no evidence that statc y-motoneurones
were involved Appelberg ot o (1966) have shown that the seuvvity of sccondary
endsagy o increased from smauc but not from dymapuc y-cflerents. In the present
mvestiganon recording from afferents with secondany endingy bat shown hae
stalic y-mofoncurones are reflexly actvated from the FRA afler an injection of
DOPA. Some of the reuits have been discused in # review (Lundberg 196)

Mecthods
All +i cre mad on by Jow spunal cats  bkb  ere decerebeat=d by later

[
colacular rransection. Both hundlimbe were denery ed exeept for the bt tenmmrmws muscke The
merv ( thh muscke was disected free and placed oo ketrodes bot was sn siset oanccton Wb

respome
for Remilatson. Bhoet raums of summli were g1 e to cvok  be reflex effects For other expenmental
and drigs, of. Andén @ of (190n
The fallow g abbreviations art et snterror brcopy-smumemnbratosss, ABSm poxtersor

t; Gs Ten Amals, Ser Aexor
flerents, FRA primury #ffcrend depolarization. PAD

T 200 resteg Bekry  DOFR r
" L
LS il s
—— —_—
T 244 DORA  00mg/hg

Lem
r@am;“t&(nd short traun of odbevs i the piala eval wnl ner [ Dd[l;)o:‘:lhm'
bd.'a«(LF Hand | JO minafer ncﬁunnut(lmd[)‘)i‘\,\mm\; Unﬂm‘hmﬂ-{
& an focrease o the roung dischargr £ and  longias ng mctkers m.::udby Aiteripa

m-rnl (H1 1 tbe loner evords b and ) the resung reowen 1m te umm"dﬁ' e ls
tbef:\':u«:d E&w—:nqol be raung dacharge » ower bt o derable ac

T Superimpeed traca lo A and B wnghe tracey €5
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spindle afferents Alnacy of af. (1965) have postulated that dynamic y-motoneurones
participate in spinal reflexes but there was no evidence that stauc P-motoneuTones
were invohved. Appelberg ef af (1966) have shown that the semitivaty of secondan
endings 1 increased from static but not from dynamic y-cfferents. In the present
vestigation recording from afferents with sccondan endings has shown  hat
statlc y-motoncuroncs are reflexly actrated from the FRA afier an Infection of
DOPA. Some of the rewults have been duscussed 1n & review {Lundbergy 1966)

Mcthods
All experiments were mad on ananacsthetired low spinal cats which were decarcbrated by nter
colllcular transecuon. Both hindlunbe were denervated cxcept for the beft tenumstmms The

nery 1o this muscle was disected free and placed on chectrodes but was in Intact connection bl
the muscle The teonladmus mascke was severed ¢ the level of the koce forns and the coniral cnd
connccted t stomn gange The discbarge  spindle (lerents from temuladmus was recocded from
thin damal root filaments (L7) The afferents were clasmred according to thelr conduction_elocky
and response during stretch and contraction. A namber of ner os 1 the Ieft hisdlimb were disected
for rimulation. Short (rakms of stimul were gl m 1 evoke the refiex effects, For otber experimental
procedurcs od drags, of. Andén of of (19662
The following _bbreviations re oscd anterior biceps-semsmem branosus, ABSm; posterior
o ety

PES: g e, G-S Ten  suralk, Sur; flexor
afferents, FRA' primary fvent depotanzavon, PAD
T 267 resing Brice  DOFR nr

1 Reficx activabon (rom cataneous  fTeremts of
Upper traces are recordings from an affaen
:::'mnnunuhud t threshold for the axonin A od t srength adeghily bov B
B. Silmolws streogths are @ en 1 moht phes of threshold strompibe uctn loctty
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there yas no apparemt dynamic senutivity Record C shows the pause d con-
m%mmgdcnnhd by sumulation of the tenulssimuy n::v bcr::ngon

were taken before DOPA. G shows the offect of & tram of valleys
in the sursl nerve with a reflex contraction m the munde, and durng this penod
there s & pausc in the afferent ducharge, Aficrwards the dischasge rate is ropmed
with no evidence of & late accelerntion, Records E,F H and 1 were taken after DOPA.
The resting fength of the mincle hasnot been changed bat there is & dear mercase fn
frequency ofdtrcsungdhduxxeﬁ‘om”/ucmDle/vcinE {¢f also I'g 2)
Stmulatien of the sural nerve (H} now gives & smallcr carly and a late reflex contrac
ton, both being expected from the efftrent reflex dicharge cvoked after DOD'A
{Andén «f ol 1906a) At the same ume a clearcut longlasting acceletauon of the
afferent ducharge 1 found Thn B cven more clearly visilde in the lower recogds '
and I which weve obtained at shorter resung fength The resung dischanger now less
than th sl onc before DOPA Lut neveriheless the acreleration fallomng
sumulstion of the sural perve 13 very marked,

Fig 2 illustraia sumlar effects evoked from higl thrabold musel afferents, In
both group 11 afferents dhustraced 10 thes figure there i 8 iate reflex acceleration
afier DOPA but there iy wome diffarence In the afferent from which J- P uere
taken there {12 masked iate acceferntran after a small dose of [MGPA n 1he absence
of amy late extrafusal contracuon After arore DOPA had been inpected th acordera
thon could be evoked by olleyy 1hat nether cvoked an carly nor x late cvrafuea)
reflex contraction Hence there s evidence thatin the late refiex evoked after DXOPA
y-motoncurones may be scuvated at lower thrahold than a matoncuroncs (ef
Hunt 1951; In the aflerent from which A—H were aken the frequency duriog the
reflexty evoked extrafisal contmcuon G s almost the same 85 n il ¢ revung record
(D; and an acceleraton 13 produced only with the stronger afferent sumulaton in
H Prevumably the unjozding effect of the extrafinal contraction in ( & wnpen-
Red by an increased s-discharge Fahows that a decelersvon of  fTevent dix harges

1} occur duning the extrafusal late reflex contraction. Kecords I3 1 are taken
& indicare paralle) actvanon of @ and y-motoneurones 1n the late reflex

Tig 3 dlustrates that there i a sumylar dischange cvoked in fa afferents large
pike; In this expenment the L7 and §§ entral roots were ermmsected and the refiex
wetrvation occurs chrough a fow efferent fibres in the Lb ventral root

The sensitnaty of muscle spuidie receptors 1 influrnced by moeadrenaline Hont
1950; and 1t was necasany 10 imvatgate ff DOPA could exert it awm a1 & pr
nipheral fevel, The control experyment nlig 4excludesthin The wntral ronts L6541
wrere severed before DOPA was given and stemulation of the muncle fferens s pade
m(hc\mn'llrcl)tllllutng\hchmenvatmpnmAxm:dftn-lm\?‘drm“
There 1 0o late zocrleranon in the dnchange rate afier DOPA (ontrol expenments

alio exclude that the dicharges are caused Uy acti 0y 7 th sympathrene perioot
systcm because afler iramection of all the efferents to the tenurssimus na fate afferent

L tfon of ©
cecleration of the duscharge was found after supe 1t
:r muscle afferents. §1 ean therel e be coacluded that 1he acceleration It cvoked by
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L&t
lﬂnkynﬂ.:r-dmluhn&md'mnujltbor u recorded in B fn Cand D the ners, ,,,“"'Rmhc
1D there b mmdmgm‘ﬁ;;?-mﬁwu%mmnm

refiex he
traces In A, singhe In B—D tatx com n
Before DOPA
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DOPA  88mg/kg
B Ten D [ J
{#M AL &Ui_ﬁ_ﬂ il
25 cweo (A)
€ 250 myec
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Fig. 4 Control rxpenment oo de-cforrated muscle Upper trace (o A—3, recorded i thia dovsal
Tost filamens, are from  cnuwmse with wpike In A wes e cked
Froen e tenusmumia mer and he coodocton  elority of the axom = gncn. Streteh of the
Mown wremche croled which pai contraction of the wnuschs () The verrtral
o LG—81 were traneecied, the central end of L7 waw mownted end
L7 ud 81 for summlation poscd @ A, mogle m B—] | the lomer traces the
oteom i the mbacke w ecorded (sewestn oty &3 inducated) 1 and J are of the reflex actha-
Hom frows AR&m w  yeotral root filumemt befare (I) aod after (J) DOP . The resting sct ry
before (C) and after admunmtratoa of 60 DOP\ 6 recorded in C—F. Therew  chaogs In the
Tring from 10'ser before t 22 sec after DOPA. The sligh change b probably net
SgeReant 1 F—H tho effects of suprameumal summulauon of the ventral roots of L7 and 51 are
freorded. There m oo 0 the to moealstion after DOFA. \ ote different re ecp speeds
INE and H. races o A, moghe o B—)

the late reflex descharge that 1 evoked In y-motoneuroncs afier an infection of
DOP4.



408 L GRULXER ET AL,

Discussion

::’;: :)z“mmﬂ::m that supraspinal centres can exert a differential control
1962 Appelberg 1962, A sermtrvity of the muscle spindle (Jamsen and Mauhens

ppelbery and Emonet Denand 1963} 1n fact the expmn
mental lnzijlbomngdnmumccofd,w;nd,uucrm orrgimat
cdﬁ'umobscrviumuanlh:ruprmp[mlmmuﬁhnwum) Otber experments
by Alnscs et al (1963) have reveated that a differenual control alio eamts at the
spanal reflex fevel In spinal cats simalation of nene trunks will reflexly change
the sensstiviry Oflbcmmcl:lpmdlelnlm.lnncrlhnluouldlx:xptﬂrdifdm was
a reflex actation of dynamic but not of staue y-motoneurenes. In view of the
differences in reflex effects evoked from the FRA before and after DOPA {Andén
ot &l 1966a,b 1967) 1t was of obnioms Interest to wvesugate if state F-mOtoneWroTeYy
are acuvated from the FRA after DOPA.

It}mhcmncunnnmrﬁndmglhubcduchug:mnﬂhmummltwndu)
endingy mncremscs in frequeney dunng the lat reflex effect afier an injection of

DOPA. Our control experiments exclude that th effect s penpheral or meduated
*1a the sympathenc renvous sy3im and on the basws Jf the findings by Appelberg
«f &l (196611 13 therefore postulated that statc y-motancuroone are reflexly sctrvated
from tlre FRA after an npectson of DOPA In confirmauon of Alnacs of «f (1963)
it was found that there i little or no evidence for reflex actnatran of stztic j-mato-
neurones m spunal cats pot myected with DOPA 1t s therfore postnlated that the
reflex path to sttt y-motoncurona ) b bited in this preparatton Thn 13 analogowy
ta the tomic nhibiron of the pathwa from the FRA to I afferent termmmals ( Andén
#t &l 1966b So far owr expernnenus ha ¢ unly been concerned wath the ipsilateral
flexor reflex. For the further dscumson 1t will be a wmned that sanc “~motn~
neurones are also actnated tn the lar crossed extersor reflex cvoked after an injec

Bon of DOPA  Jankowika «f ¢f 1967 Oor results ndicate that in thiy reflex there
52 close lnlage in the actnanon of a ones and atic urones bnn
some evdence was obtamed suzrestmg that the threshold relstionslup of these tno
component of the reflex 1s n t absolinely fixed Fig 2 from the record by Jao~
kowika ¢t f 196 a 11 can be concluded thay the reflex duscharge in 1pulateral
y-motonenranas (o flexors can be inhbited In volleys n the contralateral FRA in
thesam way #s was found for @ motoncurones. In analogy with e fintdings regard

1ng COONECT ON3 10 @ MACNIUTODTY it N therefare surgested that alio the rellaxa to
,~motopcurones from the two hindlimls are reaprocath orgasuzed wih inhninn
exerted at an wntemneuronal level ¢f Jankowakact el 19772 Y,

Aficr DOPA tv.re w an mncreasc i the restmg ducharge from setondany epd nm
Since there 13 no corresponds g effect 1 dbe de-effermnied muscle the mmt bikelr
explanation 11 an increased restung discharge 5 tat mot mmzrnes Howaer
wh n companing efferent ducharges tn the tenuisstmus ner tucfore and after DOPY

\odén raf (1952} and Jankowska e 1¥ & (wund on moifics 1 chare”
dibefr -noyin the whole rating ~discharge The proont rosult therefore rane
st whether an Increase m rest g dnchange m 1anc  motoorurenel I
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back represm _ \
o the FRA, imbibetion of frame- t/ (R
el =

froml to] Herents, s
acthation of dymamic o- \]#—-—" \”_—/
burowes. The right
the actbons found aiter DOPA. After Inhitation of the

b the puthiwn th 73 in the
ok ¥prast there b oo AD From the FRA fn § aflereots and acth tom of siake posmotn.
[ostedy

fﬁthrsc-lnmsﬁndl:uffmu‘thpnmanmdinpmxbuhcmfmd,bm
ilanm(bcc:mdudcdﬁ'ommlrrmﬂuthnlﬂmcﬂcc(uc.uxdmdr_lybymﬁu
huhniuno(mueymmwmu.Thcprnm!ﬂanm‘snuhhmmnmly
about the perticp of stauc y in the late refiex discharge and 1t {5
0ot Lnown whether or rot the dynamie ones are activated.

Even without this knowledge it may be approposte 1o vummarze some of the
Cﬁcﬁ;mgudlngrcﬁcxnbcfurtlndnﬂﬂDOPAinrd-umtoLbeﬁnd(nadnt
#atc motoncurones are engaged m the late refiex rtapovse. The left dugracy fn
Tig 3 shows some of the connections o th_acute spunal cat not injected with DOPA_
There o short-latency activaton fram the FRA to dynamic p-motoneurnas, Throughy
thn reflex there will be an mcrcased dvnanuc serutivity hh‘ﬂ'ﬂmuhnmd,_
dnrxtmok:dmmpllnﬁ‘amu.l‘hcnu-ncglﬁrewmukm\
(Eecles 1 of 1962) groing premymaptic nhibaton dlhthmmh’nﬂﬁum._hm
afferents (Lund » o 1965} 1mwm“ﬂ‘m‘0dmuglhe¢mwcﬂ-cdur
ipulses 1n group 11 afferents evohed ndependontly of the pday T3 4
aho thows an intubitory Mntmmtbnd@'bcﬂb,wi”m,
which tranamlwion | rm La afferents of fiexons 10 I afforeny goryy It weill be s
hiluted st an interneuronal level ﬁmhthuhhn:u-ymhm‘m N
there can occur a removal of a background PAD i

hdzm.nah
in Ja afferen
ttrranals, aod hence faciiaton of wanmmison o [ R T

02 10 frrng, )

Md@mmmmml‘lﬁﬂmuhmm S
for the aperation of the La yJoop. optumal
The right hand dgram m 112 3 thows the -
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anlublung transmission from Ie to In affevents but fnvend a reloass of transmudon
in the pathway from the FRA to In allerent tesminahs (Andén of of, 1966D) The
reflex activation of static y motaneurones would give tmpulses in group 11 afferents
with
‘}d sccondary endingy buc aisy (n Ta sfferents with peimary endings, It is of con
m Z::I{;mt:rm that mi{a’;{cﬁ: iechnckhl‘rwn the FRA now seems
tramymisan herear there v prosynaptic fnhabi-
tion of transmiaion from la afferent evoked not only from the FRA {(Andén ot of
1966b) but als from Ix #ffercrits when the mhibitary interactive mecharssm of Lund
ef o/ (1965) does not operate, Hence the total pattern of reflex connectroas Is besy
f hie for fon from In afle and scems to be lawd out for operation
of u group 11 y-loop
The coneept of a group 1} ploop s tentative and further expernments will have
to show If 1t 15 useful. The only known reflex effects from group 11 afferenty are those
caused by the probable participation of these afferent amang the FRA (Lecles and
Lundberg 1959 Holmgvist and Lundberg (%1 Lundbery 1966) The schemean Fig
5 may get a pletely different ngrl if athrer reflex action from afferents
with secondary endings are dacovered. At present it s only posable to forward te
wuggestion that group 11 dicharges may contnbure In manminng the forglating
activation of a-mpotoneurones. Jankowsks ¢f sl 11967} ponulated that an intraypinal
pounive feed back h the pathy ay from the TRA to motoocuroars v an erentlal
mechanum i the production of the longlamng docharges afier DOPY External
7 foops may alwo coatrbute it maintalning these dacharges The teflex acti aton of
staric y-raotoncuroncs from the 'RA may ghe further acination of a-moioncurones
via group I afferents and thus effect may be enhanced by the pos ible c»acuvation
of watic pmatoncuroney giving an external possiive ferd back loop Thre y-dhcharge
ako cvokes # longlavng discharge ir Ta afferents, which may bring about sdded
exaueation af a~motencurone The latter effect would be counterscted by the pre-
synaptic inhibibon of trarsmmuon fram Ia afferens cvoked from the TRA afrey
~DOPA but st seems unlikely chae chis mbubltory process would be able to mitch

completely tratumitnon from Ia sfferenta. The presynsplic elfect i 12 afforents
utkort from 1a aflerenn o the

\hay be u mech for regul o the
ot glasting reflex excitadon It rema s to be demonntrated of thu b a mor indul
idea than the above sugg that the prosynap ik of tras dan from

haﬂ'rrtnumm,bcconccmcdmthand(chfmmugrouphtu-gﬂmp”r-lm;x
Thh work umppu‘wdbalhcﬁurdnh&hdrﬂi{mrrh(mﬂrhwﬁ X SLA od
1.3
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Uptake and Release of « Methyl Noradrenahne in Vitro
after Reserpine Pretreatment
A Histochemical Study
&
Bemyr Hasmsrorer and Torpjory Marsons
Rerel e 13 February 1967

— Abstract

Haupexcer, B and T Mavurors, Lpete aed relcase 8/ o mcthl-weradrenaline 1x 110
after reserpone pecireatment Acta phyiiol scand 1967 70 412 —418
The rescrpinerousert  plake and sorsge of o-methb)l-noradrenaline m #w werr  cuagated i

the adreperpic nerves of the xf mm Afler reserpine peet catmenst et sccumulation of
drengline ook The Buoe remaused mtraoeu onall for sy eral

etnethyt pace :
boury mhco mcwbated 1 amunedree mednem WLTbemrp’ﬂmpp«-nk bangrd
e was wptrancuronat

structure, wiich mught be the xmoe srorage gracuta. | crfirenc  th encrgy gewera won o the
berrcal & o el cacdpw

roedlam, sz well, by m,
Inhibried sccumulatron and camsed  raped rrcase of e-maky Froinptylioe knhob-
tly and ho enhanced the diua) of

norsdrenalioe
sccumulaied sounc Althosgh (« jampbet moc was lrw potert I prevemtiog pake ¢ prodeced
raped refease of the amuine,

§ d 1 NA) can ac late i1n adrenergic nenvey of reverpine
preireated aumals, provided that a monoamune oxtdase inhubitor ba been g1 en in
advance Hamberger of o, 1961 Carlwon and \Valdeck 1905 \Malmfors 1963)
The dutnbution of the exogenows amne 33 revealed m the fluorescene miero-
wcope differs from that s an unt eated aumal VMalmfors 1965 i 1 on aff
probability due to blockade by rexerpane of the ATP Mg dependent uptal nonase
mechansm m the amune strage granules Cartoon Hidlarp and Waldeck 1963,
Carlsson 1965 Euler and Lishajho 1965; In the present study the roerpine-revtent
uptake of a-methyl \ 4 wwed 1astead of monvaguie oudise inbabutor and NAY
the refease of the accumulated amias and the fTect of chemscal deprdartzaton and
of drugy wrere investigated or ritre bn meams of the hitochemic [ flvorcscence method

of Talck and Hillarp (Falck 1962 Falck o1 of 1962 Carrodi and M llarp 1963 1964

Carrod and Joawoa 1967]

| 412
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Material and Mcthods

Aol s {Spraque-Dawley 170200 g) were with reserplne (510 me/ky, 4 or 12—
18 kns before the oxperiments) The rats were by decapastion under t ether ancst!

bafler
Tha trides were then moved to 50-m! incubmtion s cont 4 5ml of bufler snd the flaln
tedin metabolic vhaker for 15min,wnlly t37 C.In on sccunralstion
o eweiy LN\ and s prientlon, the medfum modification or the dnzgn taed were peesent
dorimg profocnbation, after which NA was sdded. The timus was lncubsted with amine
for 30 i, and sretch tiorm were mad
1 the experiments on of ety bNA, the tamee was Incube od in the standard
kﬁlhanﬂmmﬁ:—:&ﬂVAhﬂ«wmmkﬁa\mmmhk
ﬁdu&mhmlommdmﬁﬂhhﬁammhudfmfu%h
e experiments, pedium modifications or sdditien of drugs wers made fn the Laxt ton
ctum Yererch preparatioos were then mmd o the tnda,
1 secac experiments, roserpmc-pretreated rats wery injected whh e-methybN\A, 0.2 myfiy, L
Afler 13 mia, the raty were kilfled, wmall plece of an irls was stres a contral,
revalnlyg indes incubated [ urs for arying times without oc L the presence of

sormo
tnaocaly pamed w i ifropen ®35 N 65 % CO (f Hamberger 1967)
o the ﬁmlmmdlflc}y‘:.tdftupbphorw

after untreat
o the mme reaction vemel Two wida were lovarubly treated idemtically
I each experiencnt, and one of them fudged w thout Xnowledge of the treatment. At lenst
R scparate each v tremrment.

Dewps Eﬂu?ur‘}mpull Ciba) by NA (Gochesllt Hocchst Aallin, AB); 2 4-
‘-hvhnd(l ) (+)-amphetarma (rotphate Mgma); protriptyline (Concordin®
erck, Sharp & Dobime)

Resuits

'Fﬂhdm-pvu-mbl\Aljhmwmm When ndes from rats
treated with reserpine 12—18 hrs before killing were incubsted in 2 Krebe Ringer
bearborate buffer with @ methyl NA (Tabl 1) the result was & concentration-
dependent floorescenee 1ntensity In the adrenergic merves, whertas control thsue
imnhudwmnutu.mnhﬂ-r\Al}mtdno!pcuﬁcﬂm {f
1967} The restituted finoracence was distributed in a pattern different from that
“‘hﬂﬂd\mtrc-:.:dnu(ne\mﬂml%fb) T'henrlcoduuwcn:lc-}:rmmmucd,
5d the nerve terpunals had a smooth ppearance Furthermore non termmal axons
thomed strong fuorescence (Fig 11 Indes which had been forther incubated in the
*aadard buffer without a-methyi N A at 37° C after restitution of the fluorescence
had & completely diffrent appearance In addition to & slight reduction in fuo
r:mmmmtymh-.dmrrg:lummh(tchhleH) the flnorescence was
locallzed mainly to the ‘ancosites, and the noo-terminal axons exhituted Jow
:"‘u’:&m‘d miermty (Fig 3) The appearance vas, In fact, moce ke that n an
iy rat (Tig 4) Thcxch-lngﬂmldlxwmulom\nlﬁcrmbamn
wﬂﬂnwh}nmqmml\Alndmmrlcdlﬁalmmmcnmmpho.
dnflgﬂ'mctxr\cdwhmnuwmmﬂmlcdmlhrm4hnbtfm
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Tamz I ﬂnmmuﬂ:ﬂ-ﬂmkncmmhhﬁdnu{mﬂmmﬁn
ted rau afler
incobatlon with a-methylNA for 30 mis (Awmber of experimenis within brackets}

#MethyLNA

concratration

wg/ml

1 6x10an +44 (10)
01 ++ [g]
001 + )

0001 (5 x 10 A (+) Ied}

8lightly incressed background fluorewcenc

Symboh for the average fluorescence witenoty o th adrenergic teroinaly + = trooge
++ = moderat + = weak — = none [ bew of #me varhition between preperstions treated
ideotsaally certain intermediate grades are Ao used, by bracketing the List plut sgn. The momber
of plin slgmy are not quantitath efy related, but are companable t coatrohs i the same cxperiment,

killing Reserpune 1na concentration of 10~ M did not influence the restitunion and the
resututed fluorescence after 180 mun but jnduced generalized yellow fluoracence
in the toue

Effect of taterference ath energy pracration o depelaritatom with peinsstem on the xptele and
storage of a-metlol \A after rescrpene p (Table 1!) Resti of fluorescence
with a methyl NA m e was largely prevented by incubadjon n media w thout
glucose where no oxygen was present or where dinltrophenol was added  see also
Hamberger 1967) When the incubation buffer was well ax) genated and contained

Tastx I Floorescence ittty of adrenergic ternnoals la [ndes of reserproe-pretreated rau of o

=

= Rrebe-Renger bacsrbowate buffer contamung glocove (18 mgml) od ciward b
(Numaber of cxperiments w thun brackets)

Restitigion of flocsescence by m

Modification of medium
cubation mith a-methybNA

1 sg m! 30 min

7 cC oc
\  moddication ++ 0 0(3)
N 4+ CO wibout glmcose -~ 1]
Dmftrophenal 5 % 1073 wrthout glecos -~ =]
Denitropbenol 1073 without glocosc -+ 9
O % cachanged N 0K = 4

o 3)
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glucose, retitated fluorescence pensisted Inwr lly for a iderable tume
If, however glucose was excluded from the medium, and the medium was saturated
with nitrogen instead of axygen, or if dinitrophenol was added, the fuorescence
Intemity declined rapadly with time (Table IT) Lowering of the incubation temnpera
ture by placang the incubation flasks in an lce-bath completely prevented restitutron
of fingrescence. Incubatbon for 180 mn at 0° G with a buffer saturated with oxygen,
amd containmg glucose or nitrogen without glocose, did pot reduce the restored
finorescence. In thrs case, the nerve terminals retained their tmooth appearance
and the non termmal axons remalned d (Fig 2) D phenol in hgh
coacentraton only (10~ M) indmxdlrcdncﬂmmﬂmc!: {ntensity after 180
min, cven at this low temperature. Both at a high and a low temperature, dinitro-
Phenal camed the fluorescence to dsappear earfier in the nerve termmah than in the
an-terminal axons.

Depol on of the axon ; by exchanging sodium for potasium mark
edly prevented rest tutlon of fluorescence. When all sodium was exchanged no
resitaton eould be detected. The rate of disapp of the reatituted
'“lbmmglymcrumdbycxdnngmgwdmmfarpommn.mduﬁcrﬁom
cubatlon, no fluorescence was detectable, At 0° G, the effect ws uncertun
Efict of (-+)-cmphtarane end protripirion ox the wptake end stocage of a-metkyl NA after
e pretraetment. The restitutlon of fluoracence after incubabon @ e with

e-oacthyl-NA (Table 11T) was strongly mhibited in the p of (4)-ampk i
“‘dmptylmc(gf Hlmbcrg\:r 1967) Pmu-kptyunewumpocmm.u (+)
ting r ion. The dimpp of restoced

lﬁuhmhqmnwnht}mdmg-dwwcdthn both drugs accelerated the disappear
kocx, but that (+)-amphetamine was definitely more potent.

Incxhetion o maodied media

5% 0 100 65 % CO waa uacd s wandard mediam

ter in n d mn‘Emwl&-qnnhﬁ_ oghal
hnh,ﬂ'clu&ﬂ-lmudnmmlmmd:y -4t AL

me

- e

15 smin

= 30 min 60 min 160 min 60 xin 180 min

++

H‘; gm THE @ () A0 () (B T4+ ®
Q; + ™ (+ o) the (D

+ +) 3 ++(+) O

. g’, @ o @) @ o+ O

W g ° @) )

—_— o @
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Taxtx (11 Humroeence {ntembty of sdrenmrgic 1 reserpinc-pretrea.
erminah | Irides of ted
fier fncubation with {+}amphetamioe and protdptyl ne "

All incubation were made t 37 C. (\umber of experiments within bracket

Drups Reatitutlon of r I of B e
by Incubathon for 30 min  Incubation | medivwa { Thost drwp)
with w-methyl.NA with only emethyk-NA, 1 pgiod for

3l or Gl sx/rl for 30 ol
Intlal reat cuted Auorescence | senadty

-t
1agimi O} aglet 13m0 60 min
Do drux +HE D) w4+ @ 4+ @) +(+) @)
(4 JAmphetsmmne 10 M 4 4 (3) 3} H+) (3 o [&)]
Protnpiyline )0\ + ol ++ @

{

In3 expte. the fluorescence was resiared by i crew infect on of a-methyl N3 after
which the irddes were incubaicd 1o witre with {4 )<amphetam ne ar protriptyhine,
The same obscrvation were made #1 aller w st restitutlon thhy 2pplicd 16 both
morphological appearance and effect of drugy,

Discusslon

The sppesrance of an {ny from an untreated rat wa ormpletely dufferent to that
‘where a methyl N4 way aken up after rewerpine prevreatment (Hamberger of ol
Gi Malmfoes 1965) a Methy)-NA wa ned In the prevent study ttead of N,
\, 1ek 1t was not nocevary o pretreat the rats with a monoanune oudase inhuidior
\{umally th  vancouties are excrermely pronounced  This is probal ly becawse the
maln part of the endogennus \A iv prrsent 1 amiae porage granules situated in the
vaneosities. After reserpine pretreatment, on the otier hand the terminal fiave &
smonth appearance + lu h uggests that at least part of the @ methy]l \ A taken up
exusts outside the normal storage utex. The prosent experiments bave showo that the
1ame mocpholoqical appearance 1 olnened afier o ti/re uptake a1 well Incubancn
of an fris from & reserpice peetrented rat with a metiyd VA followed by further in-
culmtlon atd? Lt notat 0 ¢ without aminein the medium -hanged the appicar
ance of the terminals towands a mor vanwose prcture Ssmidar morpholomeal clianges
have been observed o tree « Malmfors 196%

These findings suggest that part of the @ methy! N4 taken up 1 Doard 10 e
Seuraneuronal structure with the same distnbution as the aminc storage granuia.
The ammune storage granule may in fact be the nt of thi bind ng of a-methy} AR
nince halned sucl) granules seem to take up N A when it § present in | gh coacentea
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Fig 3. Imof  reserpine-pretreated rat incubated with emethybN\A, 1 ag m! 30 min, 37 C ﬂ‘

then {wrther locubated to medsum wrthout ™ ope tor 180 men, 37 G, The nen h‘!‘
rlccntier mdar (o those of  umtrented rat uauyumm._««mlmx i

() can aba be seen. 400

Fig 4 Iria of 2n wotreated rat, Nen frymunal with wtenscly Suseescrnt rkmlmmn«-. A\l

bundlc of wcally fworescent poo-termusal axoms () can aho be recogaised. 100
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ton I the medumm, even after reserpine treatment St y25y m
bajlo 1965) Moreover it s highly probable that bugh cateqy,, Taldrr and 1)
ocemr Intrancuronally under the present experimena) ©
mmu-puknquA-nda-muhleAbymch@m [
o e bas also boen observed (Lundborg a0d St (o7 5 70 hearyy

Sung 3ny
197) Lundbn
Onygen deparvaucn or addition of dinitrophend (

3 d Green 193y, S
with of glucoee, pr of & o erabingtyy
berger 1967) and accelerated the disappearance ‘,“,md“" e ahy |y

The effiets were, in all probatality duc to interference wiy ro,

coeryy i
whereas the releaxmg effect of high mmmqwm
awmned to have a dufferent mode of action. utr(;m:vb_

Depalarrzation of the cell membrane by
prevented the uptake (¢f Hamberger 1967) and Incregpey ‘:"i TRy
o-mnhyL\A.lncmpam'bl::hnmunp:drdax.nu%% B
Lheph)uohg:alrciudeAﬁ\hmuanW“Q ‘"""ﬂim
wrm to be fnefectrve nrduungl\Awhldﬂ:mbcmukmwp‘;‘;nnh
treatment (Mabmfors 1965 thmdalmd}-hhnfu\,whm)i o o
ed that— apart from the depolariradon 1telf — further .h'b"‘:’"‘x
mechanbums are involved in release ofdtlﬂmhlawlmmﬂp%
b admtacuated by th finding tiat lowenng of the incubagy, [ T
redease of a-metiryl NA when th cell membmane is "’HE:::Q.Q\
feneration at 0° C mght abio be related to the e .‘aj.,h:‘! N
&mdummlhAmwnmtd-zmhh;m?%%

Both protriptylinc and (+)-emphetamine | lublted g "
the former being more potent (¢f Cartwon and Vway, “The o
Hamberger 1067) When addcd to the incubation mry

L b
"

a
amethyl NA, protnptyline moderatel enhanced the & \\«rk l-n,::&
complete Inkibition of uptake of the spontancouly ¢ ' txe. ,‘b‘d;
wnine caused mare rapid disappearance { the acruzmy, ot e rep,
m0t caly related to wnhdbition of apake unce proty. ~, Rationy o
Probably to be sscnbed to an act: ¢ releasing aethon e s M‘ml
Mahnfors, 10 be publ  The refease with (d-}angt, A gy
#ower than w th d nugophenol or chemical depoln, ,3:::%
3)
B e e
- are or
Eﬁ).um‘ﬂfﬁ'&"am Bucden (Corlme 304 & whele v,
o, Bweden (Comcordin )
k‘“;"udl
.
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Intracellular Ion Concentrations in Single Crayfish Axans

By
B. Guroax WaLum

Recehved 20 March 1967

Abstract

Waun B. G Intracellula ton concentrations i stagls rayfish aronr Acta phystol.
scand. 1967 70 419—130.

‘;:M!' rrucry pxmthll:ndhrmb;‘h_rm
o todom, potasshom and nen woas detall. Only
33 x 10 Nwer axoplsm for the jon analyses and comsequently it has been
pordbie b0 take 2 mmplcs from lame exon. allows for  comparison of the Inirs-
cellelar jon compositions at different corditlons with good sccwricy The pornul joa
comentrations | erayfih are found o be (m WM IS E) Na 174104
K251 18 e QO 127 4, todicating that probably none of the joms k disribated in
equibbmum, 1 B abo tha  the dietrfutions of sodinm and poorsrmm
are directly on an ouabain serstin  metabolic patt ¥ bat that thi doss not seem
t# be the casc for
The d of i flular on como th b of major img for

the study of pen  membrane fanction. Several mestgatiom hae bern made on
whole perves ( g Feun ¢t o 1934 Schautt, Bear and Silbe 1939 hmjei¢ 1955
Shaw and Sonen 1958) Unfortunateh theae expermments have the drawhack that g
detrrmination of extracellula space i necemry for evaluation of the rewulis, It 4
difficult to find an ideal mbstance for exuaceltular space determinations apd be

considenable crror el sodnum and chlonde concentrations. An additons)
mp&ndmn&z&hmmallh)ﬁu?udimmmhmemhuamlmpm‘ﬁm
different from that of the axoo wsell (VUagas, Vilegas and Villegay 1965) If tha
umummxomnlmmmmmmmhwm
most redable nuhsbltbccnobwrrdu‘mgnngk‘hm.mm <o
P’mfmnxhnmtb‘"ﬂwmm’MMd"m‘Mmmm
wed for a singhe determmuanion of one of ‘M“Dh“(iﬁcnrmds i
1939 Webb and Young 940 Steimtac 1M1 Stembuch npg Spirgelman 1913
Amnes and Lewts 1951 Rocchlin 1953 heyoes 1963 Bt{u[qw&,))

Thu paper gnes & detal'ed presentaton of a tecknuqye

that pesmin meser™
ocnts of sodiurm, potasum a5d chlonde 11 & 80gle axog 304 orretaney thse €O
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¢ fons to the 1| ly measured b potential. At |t s also possible
toulemored:nnonenmp#efrcmmcumenm.ummpamonanlrn-ndr
of the i Tl sition at d The resulty fodscate that in

crayfnh -_wnnamolv.belhn-ckw-ppenn to be dustributed acroes the membrane
indc:trochcmknluqnﬂﬂmm&rpcnmcnumlhombujnpohoumgwmmln
dntetbn!beduuibuhcndwdnnnandmu:mm,butnmdutdcbkmdrk
y dependent on an b bolre pathway

Prelmmary reports on thus method have been proented at the NI Scandmayan

E

Methods
Materral. The medual ghunt avoo of the veptral nen cord of the cra fhh P scambar  cerid
hat been oeed. animdls mere by ai from Californ, USA 0 Uppal,

Sweden and then kept m 2 w ter bath 1 reoperatures an oo betwern 6—10 L, depesdow
upon the wawn of the year Ao smmal way imed earler than ape week after m ) The
were at room (£0—22 C) over oo year with the ex

r
{ Harreveld 19351 of the fol
KC 3¢ C-ID: 118 )1|Ch 6, N uon, 23

lhed:kmvdcwm o an unt gun thode folower hroush  Ax \xtd checurode
Reuimg poicota) was tecorded w th  pen recorder nd sctin potentml mon torcd oo an
~
i
Shopcack
o smpldwr
Socten
2
IH MM,
0
Sunt
aren

T\\\\\\\ SRR —

Schematic pecturt raperimental ot Tbtlrﬂp:mal«bc
?\klp\nx:mdrpmprnmt arhmmuf\be—lnh-h
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Bolsted gant mron
Mineral oll

Mrerat olt

|

//
Fotentul recordny elecirode
IM NN, 1 mH RHO
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wrrow {n the of the pecture the clcctrode system w meericd advanced to the
Powction \Whew roting. nial had rtabulired be of all was started. Befors asd after the
e S anple action potcntial meamred oa s osciliorcope and a1

aal Tha pperte & ou o
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onxcally taperesd agar bader contaimng 3 31 XH X0y — 10 @dl NN
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fally no change of restoe or cbon potentlal occurred (F,
o bl Al " {Flg. 3) Howeer if the fn o
'hldmmbmmr mkmmtmNmmm&m
A elyticel prec du ¢ Amlnua(rodhm,poun.mmdcb.lmdemuvundnmnm
had taken.

.)J:luﬂnpmbkd&rlbcnmh been
(1um tastum were uncoudy I a Integratine Mame oeneter
and Walla 19%7) The samples of \-mbbm:zﬂmn
prion sam cup (Biliclad Clay Adama, New Yorl, USA) and filled with mereral o]
i "l%e"l’ll:r:uhlkrd Pipet  From thew mal  tampies olume of

e, constant  ohume

Htdo Teflon cup filked w th 065 o5 sllcone of (Aldland sﬂxummhd:ndﬂe-im,m MW’”)
For the conitruction of nuch prpetten see for Ramuy (1950) Prager Bowman and
t s then
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most of t)
recovery  auwed from expenoen 10 exporanent but the mea n-nho(lzmrryn}-:-:mmn
wat 1058 % 3 10 (mcan * SE) for sodrum and 1001 2 13 (m: 2 3E) potas
slom. In sew of all rewlts  ert corrected for bn these [ puree

n method dexnbed b

b} Chiond w23 determuned hcrametne foh uung | miTo-
—~-Ramazy Rrown and Croghan (1833 Tor ach anabws by OF x 10 lter a1 aken fron
wenalh prsubie

war made (rom Anow  “oncevtratroms of sodrom or potamyom chlende
accordamce with the fudiors of Raman

o proved ¢ ft lowely to rraught hne
eample tA.LLu’uunrn o shown in Fe 4 1 ﬂllbfu:‘!"

< 1o (1955 tn ruch
oy methad, 50 cmples containme equal smounts

18 x 10F moies w 7ed grinx  coefis of cagon of 23 . Weordex o

shoald be liweh unaffecied by other subntiners s !

mean = $E) and b all chlonde  dlues ordual

Ster go { the camples e badoloxca D‘:‘melrrL’urd ld;rdb;.ndfmrd en ml
(twsd bave been Olerg 1 67} \n monal prmblem

o " nd Walli (1967} bae sbon o ot

The tip of which bad been dipped @ 100 mif NI oHMO
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Fig 3 Plot ol the & of verem the mearused internal
potrmam (  xod chlonde (b mmﬂuumlpmnmwtm-ﬁ{n}l'ﬂr
apper curves syt mesmured  aloes with - S E. for cach pourt wocluded a3 ertwcal ber The Jower
curves are the toocontratons that uuldh.n-bemrrpmed.fpawum chlende  ere dratni-
baird m sywlbrom amurorng cgoal acnay xﬁomnmhmhudﬂnhhe

A1 the present technique could be wed €0 take tno samples from the sarme axon it
wls mmportant 1o test whether er not the miemal compontion wa chanzed bn taling
the first sample or f progressne changes occurred with time 1o a wnes of expen-

two rampks were therdore talen from the same axon under dentaal external

‘ﬁ'mmmebn\trmtbemonmplan‘a ared between 3 and 121 mi

@z expermoent the egrance bole was Ieft open but th othtn it was clowd bra
<anze. The exults are shown in Table 11 1t 5 cvdent diat the differences be
tween the two samples are gmll. there 1 00 clear meorrre of the cdhanees wath ume
and there sceow to be no difference beween the open or  dowed” avon I 2l
expermems are grouped tomrther be menns differ by less than 6 ¢ and according
to the t-1e3t the differences are not huchh srndicant Becawse of thrs. no correenen
for “tacigroand hanze has been made m the rods Thn does not exclide the
ponibilite that a larger stanvical aampling would reveal a mall but eenilicant &f
ference of a magnitode mdicated m Table 11 berween the mo samples However
oven of & comecbon were made 11 would 80t m am wa  change the nterpertaton
o(tberﬂulsumrdmthhnlrtnmtdndnysuﬂuﬂmand\\xnm
196t the membane porenmal of amfih axoos s.av3 unclanged Jer rather
teng persocds of tme Bzl 19053 poted the xame fer intefoal concentratmm 1
Jobeter axo, In contas 1t 1 often found (hat m sqmd avems, mterml oo
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Taxts 1L Control experiments where t o sumples of axoplaim bave been aken under sdenthal
cxternal condltions from the mme axon with diffirent thoe interval. Symbols re the
ame pa o ebie L. Indicates that tbe pipettc entrance hole was cosed off by legatarw
after the first smple had bern taken
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CHANGE OF INTERNAL CONCENTRATION

trapons change progressnel wrth tune St nbach and Speegelman 1913 Aeyors
and Lewn 1951 A possible explanation may be that squud (but not cra fr! and
fer asens have small branches which are cut dunng the dmection alloming
k.n—nul so! ton to slowh leak 1n
Lffct of wabar  As the resuln of Tabl I seem to indicate thar non of the
hree 1nterpal 1ons 1 distributed i ebectrochemmeal equilibrmm acrow the mem
brane a wmes of expenments were performed where the effert of 10 moles of
cmbun was tested. It s well known that ouwabamn blocks the vthraton of enerny
via the «odirm and potas wum  tmulated ATP-ase svatem and also mhiwt the
acton of the sodum extrowon mechani m m mam cell o references sex for
exxmple Ghmn 1964 In analoqy with earber expenences one w wld therefore
expeet ouabiin 1o cauee an increace of mrermal sodsum coscentranon and a de
ercase of potassum. H th chlonde ditrib tron alo wa directh dependent vpos
etabolic cnergy one could potibh expret intermal chiond  encentravon to de
create after the spplicaton of ouaban The rosult are proented in Tabke 111
Interm! sodium concentraton clear! increases progrevnh w th the duranen of
the ombamn treatment, and for potas um the trend 1 opprte but with gr ater
varmbility As m the case of pots mm on 1v mea nng rather gmall diormce
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between two large bers, the vark s not wury B ¢ gy ecough
boscer the mternal chlorde concentration does not change much cven when the
soditrm and potasuum changes are large as 1 the 76 and 110 min experiments
Bicmbnncpumtnldocsnoacknngtmm:huthermdﬂﬂ\edrﬂmchm!ul
potential dufference for chloride 1 caleulated for all the the mean
rmﬂnfwum;icllndﬂuﬂrmbewmnﬂ)dﬂfutm.Tbcmuhmm
indwceate then that when utilzatron of encrgy for the sodfum exinumon mechannm f
blacked an exchange of sodium and potaruum occuns without any apprechable net
chlonde tramport.

From these expenuments ome can also obtamn an estimate of art sodium Inflox
nhen the pump o blocked. In Fig & the increase of internal sodium concentrations
s approroated by the solid cune Even though the later part of the cunve b ey
wncertain, the muaal slope Is reamonably well defined and net sodum taflix can
be cabeulated. Asamrung o olume changes occwrring and utilzmg 164 4 s the
mean value of the measured diameters net sodium Influx 15 11 0 prooles em® sec.

Discussion
The peocedure outlined bere hus an edvantage I that It provides informaton about
mmpamnlnndmmdmmmpantmhlbenmelmnmdﬂamt
oanons That the rewults rep 2 phynological tion o supported br the
carmatons which show no wmparment of membran  fuection of ooe uss the
'tﬂmgnndncncmpotmmlummh.&cmcﬂythcxpmmu]mdmcdm
not seem to be more rolent than ntemmal perfusion of the axon which n now an
scerpred method for stdying nerve functivn.
It b mieresting o note that ahhough m these experniments the axon Jumen ap-
prarrd macreacopacally blocked by the ol drop. the conductron of action potentials
acrom this bsiructed segmens was ot interfersd wich. This indicates an elecencal
kalage path for the & tron cwrent between the ol drop and the laner wrface
wertbwane suggesnng that the tgected ol 1 not in microscople contact with the
membrane and comequenth, does not affect th acton potenthl Other evidenees
mﬁanngm;(;mphmunbeduphcrdarrtphredmthoutmuymm
fembrane funcion bas been demomtrated earber by the internal perfuvon
trchnque (Tamak ¢ of 1962, Baler Hodglin nd Shaw 1962)
Tn mou electroph skologwal o estganons glas mucro-clectrodes filled with 3 A
ROl are wed for ntracellular potental record ng 1 order to avoid am ponibility
of potasium  hlonde keaking from the Jectrode ammonrm ahrate has been uted
inttend in thes cpemimenss As the mobsbittes of ammenhon and nstrate foas are
very umnlar che liquid junction potental between pipettes and intermal and ex
termal solutiom should be e smalt U mg Henderson s equaticn for bqusd june
ton potentiak, th caleulated differene m bqud punction potentiady between unng
3M K2 ar ung M NH NOs 10 m3M NH Q1 filled leetrodes B 12 m\
The alues for membrane potential obtaned w th any of these two tpes
clectrodes ol ould 1herefore be quit  ompamable Thn wppmu-dg,y‘htl
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Dalton (1959) and Stnckholm and Wallin (1967) who found resting potentals of
~—83 and —83 mV with 3 M RClelectrodes in croyfish nxons, which #s cam.
parable with the results obaned here.
mamumwoimcmmmmnudintmliuxmnmmd:pmd:nm
only on the sccuracy of the actual methods of anafyns themelves, but aka on the
samping protedure and the handing of the mmple after 1t has been taken out
’I‘bcchmbknuha\nbemdcahmthmthcmbckacnnndnhoh Oberg ¢t &
(1967} and Hellman ¢t of (1967) It may seem strange that the compositon of
the axoplasm s affected 50 little by removal of & sample However the total length
of axon avatlable for sampling s about 2 cm (from metal clamp at one avon end to
papette entrance hole) whereas the Iength of the sample itself taling an average
axon dmmeter of 150 ¢ o only about 230 4 Thus roughly one per cent of the
available axoplasm i taken out and therefore the almost unaliered compontron b
oot o surpriung  In spite of there comnderations and although a change of internal
compomtion is not statntically venfied in Table 1T one should nevertheles be care

ful when d ing the ficance of small « fon changes.
The values obtained here for internal fon concentrations with low sodiwm and
chlonde but high p are qualitatively nmilar to findings 1n

other imertebrate nerves (sce Bonlgy [965) Quandwinely ho ever both the
value for internal sodium and chloride concentratrons are much lower than found
in carlier mvestigations on several different speawes. Thus from the table gnen by
Bnnley (1965) most alues for mternal sodium fall between 40- 100 m\M and for
chlonde between 40—150 mM Part of the reasons for thee didferences may of
courte be species vanation as well as dufferences in blood csmolanty In ¢ s where
whole nenes or whole nolated fibres ha  been anah ced, 1t 13, however pos ble that
the resulung sodium and chlonde alues ba ¢ been too high, berowse of Shwann
cells being analyzed together with the axen proper (¢f [noley 1965\ leg
et al. (1963) demomstrated that Scl wann eell cvtoplasm 13 nch in wodi m nd
rrde compared to the axon itself and therrfore this b a detnct powibalit
¥Fhe only carler direct measurements from erayfish avons were made by Stnch
ym and Wallin (19651 who measured the internal chlonde acti ity witlia ol er
siverchloride dectrode  Assumung an wnternal acusity coefficsent of 0 2 they found
an internal chlonde concentration of 35 mM + 4 (mean * SE. wlich n can-
nderably higher than the alue gnen here It 13 difficult to be ure of the reasons
for this diference Stnckholm and Wallin (1960) Lept ther crayfrbes a1 mam
temperature whereas in the work presented bere they were st red around 6 10 ¢
and if the stead) state temperature 1 of ymportance for on d wnbutoen this may
be a posible cause Secondly a3 1 evidenced by the tandard crrur the scatier in
their weries was more pronounced than that of thr paper with some eny heeh
alues. One cannot altogether negleet the possibidin of d fect electrodes 3 the
cawse of these values, For example 1f a microscopee crack wer not detected In the
glan msulation of the silser or plaunum wire utilued the recorded actaty would

be In error
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It has heen mentioned above that the obeerved value of 12.7 mM for internal
chlorde concentration 1 higher than the 7.8 mAT that would be expected if chloride
were dotributed 1n clectrochemical equilibrum, As the absolute dulerence between
the fwo alues Is rather small one could of coune anpect a systermtic expermmentl
error The reproducability and seasitraty of the chlondometer is rather good (see
Fig 4) and thercfore an error in the actual anshas & onlilely It b abo not very
ey that a conmmnatron or admuxture of external solution has ocaurred, a1 one
would then also expect & loner -alue for Internal potasmum. Another posibility n
that the internal actraty coefficrent for chlonde » about €0 % of the external in-
#ead of bemg equal jotermally and extermally as has been ammmed. This cannot be
exctuded on the bath of the roults presented here but some other obsenatrony
make it rother unlikely Addrttonal studies {(Wallin 1967) show that when extermal
= 3 d, intermal chlonde concenmrauon abo increases.
but in such a way that above (R} = 10 m chlonde appears distributed 1n eectro-
chemiaal equilibnam. Thus at (Rl = 16 7 m\ mternal chlonde concentranon was
185 m3M with the corresponding equilibnum ec ion bang 187 mAL It u
difficult to belizve that an increase of Intermal chlonde concentmatwn of 6 mil
should change the internal actis ty coefficsent from 60 & to 100 < of the extermal.
In squid axons, heynes (1963) has abo found ntemal chlonde concentratron to
be hgher than the predicted cquilibrnm coneentration. In addibon he measuired
the acti uy of the extruded axop.an and concloded that the intermal actary
cocfficent was equal fo that of the external solution. Furthermore heynes could not
demonmtrate any effect of usbun oo chlonde flines. This ko agrees with the
finding of this paper that m erarfah axcms mternal chlonde concentraton was
largely unaffected by ouabam treatment. As far as can be judged from these facts,
the distrfbution of chlonde foms at normal resting potential 8 rather ¢milar m
#od and crayfish axons. In contrmt to the bebaviour of squid and cravfih axoos
with repaed to ousbain, Casteels (1966) has recenthr demonstrated that m smooth
muxcle celly from the guinea-prg s taean colt nternal chlonde concentrution de-
creases ugnificantly when the muscle i trested w th ouabam,
From Fig 6 the pet mward sodnum flux after ousbein treatment was estmated
19 110 proles cr? tec The reosulis of Cakdwell and Reynes (1959) fodyeate thar
tbout 16 of the toral sodiun efflirs remuns in 1quid ax001 when yodum evtremon
b ocked by uabaim If thus b appbeable 10 ayfoh saon and amuming inflin
normally equals outflux ¢ woulkd ghe a toral unidirechonal soium f1ux of 132
ooy cm® sec | the extmg o fsh avon Tha 8 2 fafrr Jow 1l compared
% sodnm fluxes muolh found in squad avoes, 1780 progle oy sec (sce Broky
md Mullim 1965 ""’m"‘mbk“m“'hlbt\dmdjpmda
m’;ummhmmkv(lm for Jobste  avom,

T lmemrga wa a8 by LS Toblic Heah fereioy g -
712 Frenh Sulliknper 15 Medsmsk Fonkome, Mockhol ant 73 L R i
Unhiernty of Upprala. aculty
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The Relation between External Potassium Concentration,
Membrane Potential and Internal Jon Concentrations
m Crayfish Axons
By
B Goera Wanx

Reorned 20 March 1967

Abstract

Watine, B, G The r lats » betreen external potasnum co ceriration membrage
potential and mternal o  omcemtrations in rayfish axons Acta phymol. scand.
1967 70 431—H8.

In sogle crayfish oo simultaneows determnations wers made of membrane potentlal and
Intracelular

obeervanons were made mdleating an mcTeescd
Peware ] terze of the constunt frdd equabon, 1t appean s i the nato Py Fg and pos-
shiy aho Px, Py screacws when the nxon o potesium depotarized.

It b well known that the rosting potentis] of squid arom b ey senume 1o
¥ m external posium con whereas it appears rather mseraitne
™ sodum vanatons (Carts and Cole 1942, Hodgkin and Ratz 1949) From such
eperimenn and abo from adicactne flx meswements (¢ Keynes 1951
Bnley and Mulins 1963) and internal myecbon and perfodon expenments
(Gnmdfext, Rao and Alummirano IQHMBJltr Ho::::yndsh:w 1962h) ks
Teoenlly concluded that the resting »quid a oo Permeable to

Jos but has erv bow sodium and fairly low chloride poamiu
Strickholm and Vallio (Mﬂmdkdthuvhlbnbcmmmmmmm
mmummmmmmmhmﬂmm:mw{mmm
expected renults. Ax it 13 dufficult to draw coocloons bout lon permeabilities from
Teansrements of steady state membrane porentals they recordeq the fmmediare
Potental change resulnng from mapd extermal fon ufis Aldough the
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resting potental was faudy imenmine to chlaride varavons the seoddhaty to
chiorrde increased as the memibrane was depolarred by potasium. In an attempt to
quanttatze the obcriations utlmng the comtant field cquation, some of the re
sults, notably caleulatons of wternal jon concentrations at elevated ntermal potas-
slum concentratiom, appeared in eror Becawe of this, and abo because 1t 1 largely
uuhmnbowmtcm]toocaumuomdungemmnrhhmmﬂmlpoumumk
vaned, measurernents of Jnternal fon concentratoas were undertaken. Thes paper
describes the results of these measurerments which allow the determunatron of
membrane potental and mternal concentrauans of sodium, potasstumn and chlonde
m & ungle axoa at different external concentratians of potasuum.

The results show that when the crayfish axon n depolanred by lugh external
potasum this beads to ez ard movement of potatanm and chisrde with a resulung
volume nerease No mward movement of sodium occurs even when the resing
potenthal 1s close to rero.

Prelrmunary reparts on part of thexe rewdis have been presonted at the N1
Scandinavian Phywology Meeting Turku, Finland and in Nature (Waullin 19662
and bY

Mothods

Imiated medial gant axom of the cayfoh Precembe larls were used throughout Do
wecuon, imerwm of ehectrede astern, recording of metmbrame potentlal and tie procedure of
and pahpng mtrsecluls samples has been desenbed by Wallm {1967)

Sol trms The pormal mlne ( Hameveld 1936) bad the followiag om-
pontion (in m3f) N\ C1 205, KU 54 CaClhr 185, Myl 26, \ HCOn 23 In ode w0
change the extermal potarmom coocentraton sodiom was exchamged for nm oo for
meske kerpenx total cwmolanty comant [ each expernnent one of be fc § chaners was
made from the ooroal external potralum concentravon of 54 mdl | 20 10 167 40 I8

Expertmental prec d When the pupettes bad been uverted and the ol drop mprcied
}umu:-humtbtln'uumpkmulm akw )} under pormal cxternal oodions nd waled
-

{otarmum om but when external potamium was resed 1 75 or 190 mM the
pocen wl did not become stable unnl fte 43 70 mm 1 control xprimeats was chow
that f the 1me between wmples was mor  than 3) min  the bower potis Lem  angrr the
woternsd concentratoms did not chapge wemficandy After the second aamp'c w  taken the

of the axote recavered and from 130 mM po one recoseted pesther feting oor £ trn pot aosl
At (hp = 75 mM oo ddference m teral Geentabom n poted brnnn woox that

and thowe that dod not
ofame wmrarm omic ¢ 1 hock caloalured olume  hunces expermoemt were prefonoed
where soa voluoe wa emated on the ba s of damet  mesauremenn From xh el
wern cord both medial axom were dosected it be il was one of bem cannulised
with  potential reconding clecirode and trd off lowe to the entranc hokb\llﬂhl)llt;
Il resusg sod #chon potenta] e lambictony e cann fated  von the dumerent
bﬁm»mmmvd:h:hdnmh:w: muenifuancn 4 )
af ovcted segmeRts. erna) potarmom
mﬁsmmzmen‘mm(m\m be tembsane powntl bad

en  mew valoe pew dameter meuurrents e Lben
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Tartx L The resmlts of mersaremcnts of mocmbrume potental and nterml foo compasition £

dufferent extermal potamtum cooceuttioos. (Symboh  [Xa] [K] and {C7] i the con
chloelde,

of sodinra, and y lndices (and  refer to fnedde
and outede solutions

Ve ~ mcmbrane potestial, » = number of chvervatoos)

1 2 3 4 H [

. Va [N KL (T N J+HKl—{aL
(m3) (mVISE} (mAiSE) (o0ML5E)  (o0I3AE)

{=IXD
[LSES B A
20 —EEl2 130437 25139 1271508 2393451 n=8
34 M50 174404 w5418 127304 2T 18 s
1 —764£0.7  148+1.0 236442 137206 2973144  p.3
&7 643408 IB5ZLS 277264 1M3109 231166 -6
0 —428509 99106 26148 431207 8180 med
I —78.3+09 120418 256138 738123 1942449 n=i?
150 ~I1%.1+05 7714 1624 1763223 1274426 nef

Results
The collreted results of potenoal measurements and amhws of mternsl con
wiratians in relatoo to the exicnal poawium concentrabon are shrown 1n Table 1
Al intracellular concentratons, except those at [Kl = 54 mM are cbtained m the
wrond tample from the axom. The values bay notbtmcamgdformy"huk
ground change™ (compare Wallin 1967)
From the table 1t 1 clesr that the | Tlul
kniymmthmugbandru}okungrdrnermlpmu:mmmmmmm
As potasram &5 the mamn internal catron tus might be expected of mternal osrmolarity
B to renain constant Inanlcbennsurcdcmcmmuamafmxtrmlponmm
are plotted agumat dhe sanul p ! and with the
equilibmum coacentrabons mnddlor , Equilibrh
R&nmhmmﬂmmmmmhwﬂm“m
dmributed m electrochemical equilbrum (assunnng equal acinaty coefficents on
both ndes of the membrane) It 1 ex dent that the mesrmed concentrations are
hogher than the equilibrium concentrations except when the membeane potentzal
& ddase 10 ser0.
The tntermal sodmm bevel, whieh already at pormal external potasaum i quite
Jowe decreascs down to bew than half the oaginal when the 5
potential changes from — 866 to — 131 m\  Hodghn and Reypes (1955) have
shown that sadurmn cfflux increases when external potasium b elevated. The resuln
dT-HeIckaﬂyhdbmthmdtwdxmmmcdummmjm\ﬂyd
fecthe mven i & hughly depolarized axon. One mnt, honever remermber that with
qumﬂmlmmmnmo{tbemﬁlhdt;

remany

TetTim At phynd wend T
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15y 227 1l was furdy apwrenn 1o dliomde samawms e #I taty to
Porrd et ard s b aren Vraee wis depolssed In praws . Inan ateop
Jaas 'l the Aaenss wms sidmim the comtant sl cquation, s of the o
¢ 7 sty sk datenn A yernsd pn ooneentatens 2t elated soterna) poia-
v T ratean appeysed s ervor Beavs of thos and alio becau 1t g fargely
24 er o berw an ranl ncmteyvom changs m pene when exernal Poraroum
stumd g ap suent A pterral pm nceuteateon wete undertalen. Tho papr
drv ittt pa s A fhew temaememt wlach Wlae the determnauen of
tors bratie porential snd sterns) oneptistor 4 sodium, potasium and Gdwade
m ozl wxon st dfferent externad Cnentratons 4 potavsum.

Ihe grault b that when the anyfi b axon n depolaried by lugh extermal
pran srthnbad 191 ve d morerr tof gpotasnuen and chl nd with A reulime

1 leme t ¢ & N prard genennt A vebiom occun qen when the pontmz

prrerrsal s dbnr ty e
Pr dupuary peports n part A e smults he ¢ been eented at g AT
eandipassan Phy sdory Metn Jwk  Finland od i Nat re (WMallm | %63

3 )
Methods
IvAs 3 pediad gar xom A U H L Fewember ferl  wer wed baoosd o D
A rembisne paental and the procedure of

et on et oA e de ym rurding
A sulyaor moe lule sumple s bemn desenbed by WU 197

Aol tmem The poamdd ph dopcal doe (1 ee 1 1950 had e following  om-
> m mig L2 FOL 54 (AT 135 Me3 20 N HCOs 23 I order o
Jia pr be ez oypal potanrun w1 om wd om w7 humeed for ur mob for
Ar b ey tgal mAd w1 mh  periment one of be follow ot chusen
mawde { an (e pornal Fx et ) potes um omeen mof 54 mM ( 20 10 17 4n 73
-

14 M

poom td prec d Bl the pprt o hud been moerted wod the o drvp e o
e xon hefn w ke wat ben fe ) nder wmal cxternal cod e ond e bed

w3 3 Then g s eape ot e wonow  sed A wih otk bgst e ound the
' )

o

[ mwidliede | w | Lir Aler

tuwed s De beopmong e el bad i d

amphe war Fen Jhe trtmre W owanr bt W b Laer e 4 ex ol

- m n am b wlen Fx el ptaasm wa Reed

| dd 1ent e ane Ll Tairr 4% 70 mm J com A expe mment hom

that o e o betw et sumpm i ) mm ) kower potam @ be

oy ndfnm | ore rtficantly Afer b sccond simp

wm I maum o A ow brosrht bk ¢ memal and  etng and act o potentul
[t a1 m bod been be wee £ 4D mM e men oy

when rxsermal pots m had been 75 mM only aloor 3

Wfthe wm rm  dand( an 1) mAl ooe mosered heithe T bl por B KN potenl)

At Jbp 75 mM o di enc o ol axem (o ow noted bet 1 wom R

men rd nd bl ld pot

Jolm = et Jo bk k| ond Dme baoee peyment were performed
wet an Amme wa ot ued o the by ddun-:‘] i ot

e ord tAh med | on wer dusec e un the wial vy oo e Wy
wth u pearntial  ord pR Irctrde and wed ol b b en rans bobe by ulhlvpl-r:’
Hm xand Pt wore s [ otory e nnulated xon, be deawren
Ludl 1o were meaw o w th L m-nrnﬂ;r m.crlmfv( m 45 ):-r:l—':‘ﬂ:”lﬂ('ﬂ

Sone e Jespth of the drectrd sexment pal prwuum  ooc
ﬂ""-d( am 54 oethe 107 40 73 or 1A st xnd -u—l e memizane potentlal had
R%)

I kad m  pew  Jur pew d mrter e ormen we?
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lww
" (mxmnmhnn
i

POTENTIAL
4 5§ &4 5 B 8 EX
7

'] S—
H 3 0 20 E) 0 200 mu
EXTERNAL POTASSUM CONCENTRATION
% 2 Vst of obsered and peentual for pocta-
M () wad chlorde () iy . ik oo !
POty

Pl for and w rom Vg = RTF o Ry K7V 1 w the eqmbbnum
1
cakeulared 3 1

# &alcalated from an equenalen rquatvns 1 the emlcuwatses
Mmmﬂmmm.&uﬂmwm

Wmmmd{mxmmumhzmdnrbzdﬂumlmmhﬂ:m
Uend mould of courwe be the wme Howeser until uch mes urement xre
€ T be very careful when discumng the smphcatans of Table 11
ancdxmamm the miermal  Alord  concentmation dhows
%ﬁm%;ndnmnmxbl 10 nmes while exterml potassm
PRS0 vaney betmeen 20850 m3 The mam mncreate of chlorcle occurs
‘*“-nmmpmnmmmmnmn:m mM

t sty for a correponding mt
change Ay discuwed t Walin 196 the mtrrnal hlonde con-

normal revting potentad higher then would be expertrd o chiorde

dlectrochenucal eqp dibrum Howerer when external prtar

0 m3 the meacurrd hlond  eentraton becomes alment

aqu tibram emesntrauon £ § Although the abwoluts

FmCeTteation a¢ sormal restung bl uooaly about 4—5

wr, potential the difference o owr proviounced. Thu n Hlustrated

2 M themmbrane porenral asnd sequiiber s potential for povewhem

gy o Potted agaimst the bopanthm of the evtamal potsivame |
Xlnn Asirned that actrvsty eorffiarnt for meerna! petardor

.
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are equal to thote of the externaf soluton (thu asumption 1 discused on page 12

and also by Vallin (1967)) It thould be noted that the wope of the curves i

tugher potasnun concentrations 15 close to 38 mV per tenfold increase in extermt
um.

Reynes (1963; found that chlonde probably was actvely tamported wto the
squid axon ot normal sering potental I thn w true in crayfish axom too (20
direct proof B available) the results presented here wdicate that this trapsport &
erther 1nhibited or swamped by a pame permoeability socrease in the potanium
depolarped axon.

T olume changes

The dasa for internal concenirations m Table I (column 6) indleate that at kegh
K} the effecne concentraton of other Internal anwons than chionde mst have
decrrased. ‘\hbmxghmhcrcxphmaancoukibeputlmud,ummoulﬂdyh
probably lch:ﬂmu‘\dumvo{tbeum.mmo!mcha\dumednngcanbr
roughh d from the following elec ity condstron wiuch nrudt bokd
at all umes,

(1) Ml + (A= [Gh+ [¥]

bere Nal [k} and [CJ] 5 the mraceliular concentration of sodium, porarn
a2d chlonde respeetnch It o xmumed (1) that chloride u the anly permeable
amon and [\ then repracnts the equnalent covcentration of all other soterral
amon b that 1o other interual wn concentration 1 chaaged to any aigalficant
degree
\s\ua.uumcd:mpvrumbkdnm;,jmp“rol\in(heumnmmt:lnLBY
applung € 1 1o the miacelular aneent &t two different conceotratiom of
external pmuumn.oneuulhaﬁmym,hcmmungmummmao!\dnh
4 figure for the ofume change
Yo
Solp [X)r

mic Vel 1 the of me and indices refer o stuanon 1 and 2

Fig 3 thow the resubs of uxh rolume caleulanons foc all eqermal potasuom
tovels and with the results from (hmwmmmﬂuw
cheded for companson In th- fower nuxgolmmulpm,mhrb the r:ur::
agree ey well That the e d olume change 15 smalkr than ¢ cxla
AP h= 150 mMunot qmgOmwuumm}snuuumdﬂﬂ“""':;
that the length aof the axon had u wd,|hmwkn;g1h¢\ﬂfmwmun
from dizmeter measurernents onl nmﬂ&cuni}yuum‘mmjucd:
this hoghly depolarzed membrane | dpes keaky pesmitung some of e o8

anroms ([N} oeg (1 ro escape f mdwum&xhxlonhm’::;‘::;‘:;
1he calculated volume changes o bie Tb(mnumomre-nhmndrm

e Shanes (1946) and Lyebernun and Woght (1965) en crab 3



CETERXAL POTASSITX AND CXTERNAL ONS TN AXOXS 43

-

m:mvotw‘!cwl
aﬂéﬂagg

" it

unmlommmmmm

EXTERMAL POTASSKSY CONCENTRATON
Fir 1 Compariaon brrwees obeerved () and culadaed 9} volunme changst with varrmg
ozemal mmmmm«mmﬂm«muﬁ&u

B s ex e mrans cbeamed from duremer messremena o four
# and 78 m)) ov ax awows ((Rje = 130 mAL}

.o {1934} and Freesmn «f &l (19661 pave shomwn compasable remlss from fofater
oy

From the calemlated dmdnngﬂmmcbumﬁquormmmpﬂnnl
e setilorg

3} Co = Vol [Cle — Vol [Cle
‘bﬂtcublhcma;mpormdnmmddtmmqwmu(c  the neeymal
Wn[m:nmgmmmdmlnndlrdrmnqwmmwm!sndQ
"‘ﬂmmwrmdmmuhmmwmmxdwmdmnspo«rd mem should
ot the sum of trumsportad cabons
Fig. 4 thows the rewlts Jf sach ke hooa for sodnam. potwm nd chinmde
mmm[aaﬁ:mmFu+uakuhnd!mdvd!fwrrmrm
Yoo e of (s wmrermal eocentraton  the atwred (Khmalur od mexn @ che
sormal (Kjeralue i the sme axons ot he wlues for saemacell e me
‘mmlmm’r,h&l(umcmﬂml‘ky £ 54 mM o the mean o ol xem
sodier.+ Theyefore the exact sumbers for Nan By nd €3, Aot te At wd
froen Table § Furthermore As m mott 2o Aumrr mens prapent were v moede
Lbem[o(\;,r}.umd(l,,mmrnnmﬂrrm(nmﬁrrrnvplzun At
fol olume Vot Fag 4 domponstarey that when the membes » (L lae ¢
Cepalarmzed 3 et wrwasd TAnSpoTt of gotieam nd Puade » sv g add e
W,mum,\.,;dmpmdrdm Ubemst f berwer  mconfe tws
extessal potssarum The alrulated ume cury il el dedin e s el at
spprocsmately fotlows he potasuum chlonds theerty a4 tsd flyos it
oumolangy tracelutasty .



438 B GUYNAR WALLIN

mH %
2 120
" -

. 2
L w0 3

Volume

2 = 60

= X

g 0

ot o

¥ » 20
Op -~ 0
2

0 20 40 80 80 WO WO KO D mM

EXTERNAL POTASSAM CONCENTRATION

Fu 4 (}kuhlrdmbntﬂmpoﬂ(cq.!)mdmbrwc}um(rq.!) ensas the external
potam um_concentration. Calcubasam are bawd on obened  lse for internal pon concen
tratons  Posith  sign mewns tramport int  the wu.'lbemmtramnnhnprrwd

pe [her axoplasm of the fiml olume (Voly} For (ariber cxplananoos sce the
text

In early experiments utiliing thes technique 1t was thought that th  widenue
vhanl of the glass pipettes sealed off the hole in the axon and that 3 olume chang
would result m a dmmeter change This may be true if the volume changes arc
mall and o the pipettes are oot raoved. once they have been positioned However
{or the rampling procedure 1t wa necerary to move the papette a litke back  nd
mh and when the volume changes were big as at [Rp = 75 or 150 mM ot be
came very chear that axeplasm was lealing out through the entrance hole The
evidences were that the dameter of the axen did not increass very much and that
the o) drop started moving out towarde the opening after the luft of  xternal
solutiom. The ntuavon u illustrated sn Fig 5 situanon 1 When the membrane
potental had stabilized on a new value th ol drop also sopped mov ng and re-
maned in a postton somewhere between the mipette tip and the opemng of the
azon. Fig 5 stuanon 2 As the mpette upy were in the enckred rrgaon to the keft
of the oll drop. no admxture of external <wlution had to be { ared but a dilutson [
the axoplasm had occurred The problem amses here whether the  olume and Jon
tramport figures from an a on that ba a leak m on end rrprewent a true teady
state Ope my argue that if there cxst a d {ference n ollowd csmotic provtre
between inude and outsde sofutiom no hydrostatic prewur can develop Imde an
open avon to balance such a d fferenc  because  xoplaum would flowe oat { the
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Prosttes

l[

° @

Ty & Scbemate plcrary o e clue flow b0 an “open_exon whe cxremal

eoncentrution b locrmsed. Simapon | Mstratey the transent phare when the ofl drop &
lumu\‘hch: cnatramce hode and stuaton 2 b the pow stesdy uu-hmdnol]
dmph.lm:p;td

open axon till the ddlerence had dimappeared. In order o check whether or not
thers would be apy differences between the intraecllolar concentrations in an
open or closed” axon, experiments were done both at [K} = 73 and 150 mM
with the axon closed off near the enwrance bole by a 1k lgature. The results at
Kk = 75 mM are summanzed in Table IIL No mpoctant differcnce between the
cowd  od open axon was found and comsequently the mean value of all observa
ooy have been used 1 Table I The result of these cxperments suggests that
although ane cannot exclude the beence of  real steady wate I the open axom,
the deaatwn o fawd small and o not detected with the messurements of mtermal
toacentraton made here

When the axon was ted off the axon dameter increxsed ey clearly when ox
ternal potastsum was elev tod and the movement of the ol drop disappeared or ¢
mned very dighth 1o th opposte direcion In some experiments, when the second
Emple was tabea and the sample was 10 be enclosed by oi) & was necemary 1o cut
the bgature to be able to mov  the papett 1nto the ol drop. On theae accanom h
was noted that as soon as th ligature was cut th oll drop started moving rather
np'd}ym,m‘ud,mgopmuqmlhtumlnmtﬂptﬁnrnl‘ha:[h),h;d
beent rased to 150 m, the ol drop even flowed out through the npemng Thi
weme o be lear evidence for a powth b dratmte premure ha 1ing developed malde
the axon That thn should oc ur sweem 12 her remsomabl 1n - tew of the fact thag
the axon w  consderabh mollen under these orcurmances snd w th the avon
bemg enclosed bs  la er of Schmann el wpd connecti  trve oo wou d pot
expect thiy struct re to ha perfect plaate properties. It i been thown easher by
Interna) perdioxm expenments (Baker 1 #f 1%2a that 1n squid axom a hydro-
1ane presure dufference of 30—3) mm HiO between nude and outude sl
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Tasx 1L G between i T Soa
p I oopen amd  clomed™
vonu. [he=75 mAf ¢

Vm [Na]u 18] Qan
{mV}) (m)p) {mM) {m3)
open. closed open eloscd open. cdosed  open choacd
—29.5 —.0 152 a8 278 2+ 8.0 .0
— —285 78 84 274 240 6.0 $7.5
—~270 -85 161 7.3 258 24 59 53
—280 —295 94 128 7 234 69.0 L.rX)
~—270 —275 105 LI 213 121) 0z nr
—285 a7 pis} 34
—290 LE] 248 4
Mean --278 —2.5 1.8 121 268 148 63.2 ”i
X8E + 06 + 03 +16 130 +43 420 +18 +38
P>01 P>05 P <0.0! r>ot

was needed to keep the axon ipflated to its pormal aze If the bydrostatc presure
was higher than 50 mm HjO the action potential started 1o fafl The obsenatrom
mentloned here seem to indicate that variations of hydrostatic pressur  can occur in
Derve axons, As hydrostatre preseure sarfations play an important part in Teorells

oscillating membrane model (see for example Teorell 1967) 1t has been atempted
to male q he of presure \arl m these crlls Prelminary

results (Licberman and Walln) seem to confirm that an increase of external potas-
sium causes an increase of hydrostatre pressure in crayfish avo.

Discussion
T olume clations
In Fig b a smplified picture s ginen of the jon selatimdups 0 these avoms ¢
Kl = 34 mM (2) and [R]e = 130 mM (b) A umple model far describeng the
relation between son concentrations and volume 13 the Doanan equilibnum, used for
exampie by Boyle and Comway (1941) Amurming potassitzm and chlonde as the onh
permenble jom and amummg equal total concentrations and hydrestatre pressures
00 both sides of the membrane and also neglecting internal sodn m, the Doanan
equilibnum 1mphes that
a
gy Dk 1Gh
[LSTI (=)

and frem eq (2) and (4)
Voly  ([Na] + [B]:

B S ak F (B



EXTYRNAL POTASSIUM AND INTERNAL JIONS IN AXONS 441

T o
(LD o) m ) o)
it —d— — —
W wm
- — -—— -
240 - F F
20 - P "
% -
xx - -
us T
w IS . Lg
«a < -
¢ e <= —
®

croal aod extermed bon concentrations in
).ndrx)n—xsamn (5) B rrprewns che wam of

inchaded in the chlorido
234 nL, The dmmeter =t (Ko o 130 w01
cotumn (3)

[Blineq (5) represents the sum of external magnerium and cabum jon equrvalents.

1t b rather obvioas (cf. Fig 2) that for the nruation m Fig 6 (a) redation (4)
dom pot hold, but that 1t i apprommately correct for high concentrations of
oxternal potssennn as m Fig 6 (b} However T ble IV shows that the volume
Tatios ean be estrmarted falrly sccurately from eq (5) a9 well as from eq (2) whrch
w3 based on impermeabilty of the  1ons and drd nat requure 2 Donnan asump-
ton. This seems to roggest that quantmxtn - messurements of volurne changey only
would not detinginsh a Donnan wtuanon from the existing Joo dhtribuben pattern.

b) Potenssal nd permealihity relat ons
In order to describe the amation of steady state membmane potential with external
o0 concentrations, Hodghin and hatr (1949) showed that & good agreement
could be obtaled using the constant field equation, oviginally derfved by Goldman
(1943)
RT, Px [Na]i + Px[h]i + Pa[Ql)s
V= — =t

O Y= 7F pnival 4 FelKLL + PalQle

where Vo the membrane potental, Py Pp and Po b the permeability of sodhum

Potasium and chlonde respectively and [Naj, [A] and [CT] are the correarponding
concentratrom with subscripts § and o referring to the 1mide and outside
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Tasexe N Compﬁsaud‘rnlumenduclknhkdtmmtq.(!)lldﬂ)ldo&rwdﬁ’m
Mmuﬂmmmmkﬁ\ﬂhm;pww
obume ar [Klo=54 Vol ks the volime ¢ say of the ebevated [ Jyderele

[ @ ® 0
[Rs (md5) Nal, Vol (cg.5) Vol Voh(eg.2) Vol Vol obseryed
34 1 1 s

0 Loz 1.04 —

167 105 1.06 1.03

40 116 tit 10

” 141 139 37

150 252 107 17

A correct utilmanion of eq. (6) requires ron actnatres being used rather than con-
centrations, The obn rows weakness of the following trestment 13 the Jack of knowl
edge of internal activiy cocfficrents in these axom. From the rosult of Hinke
(191) and Lev (1964) st may be suspected that the mtemal octn n coefficent
for sodium 1 lower mtermally than externally  As internal sodiums comx ntravon 18
ieny low tho will, bowever not greathy affect the resuls. Hinke and La did ot
find any large difference in artpaty coefficrenys for potassrum betwern imide and
outnde solutrons and Revoes (19631 got umilar resulos for chionde Their results
form the justficatron for carrying the discusnon through asuming sctnity co-
cfficients equal on both ndes of the membrane Neserthels bl actuwad measure
ments of internal activites ha v been made in thl nene the onclusam must be
regarded as tenmnve

It chlonde s dnmbuted 1n electrochemical equihrium eq 69 reduces o
~ -

(7 Vm= —Elnh'[\.] Pelb)
F " Px \al + PxiN]e

..s the resufts of the weracellular anahses (Table 1 and Fig 2 sndscate that in
crmfith axons chlonde 15 approumately in decrocheraal equilibnum from
[K) = 10 and up eq {7) 15 appheable for thew ntuatoms. lnsertng the meawred
salues of roembrane potential and intemal concentratrane, the permeability ratro
Py P can be obtained for the anous expenmental points, and they are sum-
maroed m Table V

The caleulation of P Py foc Table \ contum die expres on th —~[Kh
exp (—V\FRT and when (bl increases th evpreswon will b Jowe to rero
(mndscatmg that potassum 5 close to 0 equilbium Jtuaton Comequently At
the hagh (R]-lcvels small experaental errors m (R] and V will @1 ¢ la ge erron
i Py Pp calculated i ths s nd therefore oge & uld be carcful when
ealatng table V' With s 1n mind, the s umes icease w P Pe "";\:d'

tween [kl = 10 and [Rls = 75 m)M becomey rather uncertam. An fncreaung e

5, boweser poudle and as Mestrated in Fig 7 1t could 3 h oseape attentes
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Taxtx \ The rado Py, Pxnd:ﬂ'amlmtrm]pou.lmltvthuknhttdﬁumtq [y}

(Kl (m3) Ym(mV) Pr Px

54 —868 (<0015)
10 —76.4 0011
1687 —615 0074
40 —42.8 o040
73 —1 0062

130 —I11 <0

The value for Pxa Px at [Rlom34 M 6 maximum valoe obiained from eq (6)
{Pq Fyistobe postive mumber Px, Py must be low than 0015,

WEMBRANE POTENTIAL

3

2 5 n o 50 w 200 mMd

EXTERNAL POTASSAM CONCENTRATION
F. 7 Plo of obserned membrame potentals ar differens external potasyum concentratoo
() Curve ( ) o caleulated from eq (6] wolzmg be obsenved slucs for inmermal fon con
and the permesbdin rance P L 01 Cun (b} b caleuhated
™ the same way a3 () but with permesbility atos bemg P P P = 0011 1 1

sraph of membrane potential wrvs the loganmthm of extermal potasium concen-
twn. In Fg 7 cun 13} 5 cbtamed from eq (6) unng the expermmental
values for mterml concentraveons but w th  conuant permeaabidity ratms
(P pg P ~00I1 I O1) This confimn that the Py P, ratw ony e
tightly affects th potential alues at hugher external potassum levels (cf Adman
1936

It s alvo Mummtn to connder the mﬂmcn{d:edx}ondeprmnlﬂ‘ry Aboy
[h. = 10 chlonde i electrochemical equilibnum  nd eq (6) wumpl fies into
{7V A omequence of this i that the sre of I does not (fect the potentml eun
abm [k} = 10 mM This is thown by cun (b)\-ﬂnlz\-'l’t7hhxth
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axons. The two groups may have a somew hat smilar relatrve chloride permeability
at pormal resting potentsal butpuno!d\cconﬂxungﬁvdmcouldbcexphm«{
xflnlqudlmmmerdamrdﬂmptrmabﬂnydouwlmmlhdepdan
mton as was suggested for crayfish axons by Stnckhotm and Wallin (1967} Very
litle can be mid about the functional sgmficance of amy of such a difference
Squid 1 a mollise, whereas crayfish, lobater and crab are arthropods and therefore
it may be of plrylogenctic ongin. Structurally squid and Jobater asons have a rather
similar appearance although they show some differences In the Schwann cdl and
connectlve tiwue layer (Freeman ef ol 1966) To Judge from voltage clamp and
ﬂuxmennmmtnulheaamdunpmcmmmmbedmﬂarlnxh:t\ngrwp’
(Julan et «f 1962b Banley 1965)

Boyle and Canway (1941) studed the effect of mereanng the external potassium
concentration on frog strated muscles and they foand an unchanged internal potas-
num concentration but an mecreased cell volume and abo an Increased concen-
tration of intermal chiorlde. Adnan (1956) confirmed therr findings and fater on
Hodgkm and Horowicx (1959) demonstrated more directly that stmated muscle
cells have a high relathe chlonde permeability The results obtained here are
qualiminely smilar to the results from strated mmocle cells in that ey {nh avon
take up potmsdum, chloride and water when depolanzed by increamng external
potaruum, On the other hand, Casteels and Kurrpama (1966} hay  demomstrated
that the situation 13 dufferent in 1mooth muscle eclls of the guinea prgs taenh coll
There an increase of extermal potassum up to 20 tmes dd not change intermal
chlonde concentration and cell olume It bs, however interesting to nat  that there
is no difference 1n the beha rour towards sodi m 1om. Both in stnated muncle cell
(Adnan 1956) smmooth muscle cells (Casteels and Runvama 1966 heart muwcle
cells (Haan, Glitsch and hern 1966} and the crayfith axons used here the | termal
odiutn concentration decreases when the membrane 13 depolarired by ! igh external

tagsium It seemns to o that a high b potentm{ 18 1o requrre-

“ent for the f octon of the sodi m extrunon mechannm. That 4 membeane
otental 15 not required wou'ld be expected if the sodium and patasu m acinated
..TP-ase from crab axon homogenate described by Slou (195 s to he identilied
with the sodium pump as ad ocated by Daker (1965)

At normal resung potentul {(hh = 34 mM) the rano Py Py 1n these axon
scenns to be lest than 0015 (see table V) Compared to the alues olrained for
squid axons, for example 0.0t g en by Hodgkm and hatz (1949 thss « mather
Jow On the other hand 1t agrees well with the results of Brnley (1960) for lobuer
axom. \More interoiting however 1 the posibility of permeabibty ratos increaunt
with decreasing membrane potential a3 suggested m tables V' nd V1 T ha been
noted before e g by Baker Hodglin and Meves (1961 who found 2n ncrea ing

tio whem the squid axon was depolannd by at mal perfunion w th
recent work of Sandblam

Py Prm
decreanng potasAum concentratons. According to the
and Ekenman (1967) ths s to be expected when the sonic trength 1 not kept
cmmmandcqmlmhxhndnddmmnbﬂnc a3 mn thow expenments Sand
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biom and Esenroan also show that if the membrane & permeable both to anioms
and caboms the permesbility ratios of the resting membrane can vary with mem-
brane potential even though lonic strength b constant. The renults of thys paper
and of Stnclbolm and Wallim (1967) seem to be in agreement with these theoretical
conwderntiom.

This Mvestigation was yepported by US Pubbe Health Service, \.LH. (grant nr \’1-03712)
Srewda Sklkdapet for Medicimk Fordming, Stockholm aod The Faculty of Medscine
Lanerity of Upprala,
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Uptake of Monoamines by Mouse Peritoneal
Mast Cells 1n Vitro
By
Oravi ExAxxd and Stex Enx Jarwow

Urlng radioactive notopes, Furano and Green (1064) showed that mast cells take
wp exogenows htamine (H) 5-hydroxytryptamine (5-HT) o e and o tutre but
oot dopamine (DA} or noradrenaline (N) Adams-Ray o of (1966) presented
idence that mast cells of the bamster ear take up o roy dihydroxyphenylanine
(D) and 3-hydroxytryptophan (5-HTP) but not DA, while Ertnkd and hauko
(1965) demonsirated that mesenteric mast cells of the mome take up not only
3HT and D bat abo DA and N m rizv Day and Stockbridge (1964) found that
txcites tumour mast cells take up 3-HT H, N and tryptamine from the mediam,
The present paper deals wath the amine uptake by normal mouse peritoneal mast
o wire

The cells were obtained by impecting 2—3 ml of the hrebs malt solution, pH
7anpvlmxnmdwd\uhnmcb!m!delndglm(£rlnkﬂnndmﬂm1966)
ko the peritaneal cavity The fluld was then collected and the eell mspemion
Incubated at 37° C in the salt solution, into which the amine were added dimolved
in the salt solmton. The total mcubation volume wis 10 ml with about 4-7 x 10*
eelhfml, both mast cells and leukotyta. After centnfugation at abont 10 g for 10
Eun, the ceils were washed 4 timer by rampennon In 3 ml of Krebs mit solution
without added amunc and collected by fugat! n. Smear p of the
sediment were then exposed to paraforrmldehyde vapour to make the anune-con-
ttnmnn,cdhﬁmnt(xchlnm-ndhuknl%s)mﬂmrmpbnm.
mcrography the preparations were stained with tolindme blue and reph

The results are praented 1n & schemanc farm in T ble L It B obvions from jt
Ilhxb-lftwuukmupmmhmomrndﬂydnnmuﬁhcm}nmhuxummd,
foggesting a specific uptak  mechannm for this amine in the peritoneal mast cells
Fluorescene observed after incubatson with 3-HTP may have been due in part to
overnon into 3-HT Leukocytes  ther than mast celly, Le. cells not staunable wth
tolubdme blue did not becom  fluarcicent after Incubmbon w th amy of the sub-
ances teped
The obecrvations dexcribed mdicat  that the penitoneal mast cells of the mowme
ontaln ey lde, if any mmonc D DA, \ 5HTP or HT However all of
-

13—CI0 Lota phymed seond bot 7 3
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Taxtx 1 Intensity of formald indoced # in perd mart cefle after Incubauos
i different mncmmﬂanafnmbtmd mlncprmnm

Substance added Concentration (wg/mil}

aot L3 1 1010 £
Noue {comtral) - - - ~ -
Dihydrovypbenylahanine - + ++ A+t +++
Dopamine - +4 +++ 4 F4
Normdrenaflne - + ++ ++ +++
S-hydrovytryplophan - - +— + ++
3-bydroxytryplamine + +++ +++ 4 44

Ecplemsinas; — npo foorescence, + weak  ++  moderate, ++ + intense Aoarescence

these compounds are mken up by them from the incubation flwrd m rim, apecially
5-HT whose uptake was marked even with kow amine eoncentrations Studses are
in progrem to further imestigate the speaficdty of this uptake mechanbm.
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Tachyphylaxis in Rat Uterus to Some Prostaglandins
.17
U Apawsox R. Ernasovand B Wmiro

Tachyphylatle respome to prostaglandms has been observed on molated smooth
muscle organs like rabbat and rat uterus (Elaseon 1939) cat doodenum and guinea-
pig leum (Anggird and BergaarGm 1963) but abo on brain stem neurona (Avan-
zmo, Bradley and Wolstencroft 1966) and nolated perfined rat heart (Vergroesen,
Boer and Gottenbos 1967) Elamon (1959) noted that the bolated rabbit and rat
uteris could show a tachyphyl top ghandins E, and F g wathout
hxﬁnglhcuntrq)unep-nmmlhepnrnzﬂy provsglandm extract,
In the present study the reactivity pattern of bsolated rat uterus to prostaglandms
E, E, and F o B reported.

The cxpermmental conditsons were as dacribed by Elamon (1939) The reactivity
dlbcummebcrmmﬁmwncdwhhrepnmddmufuzytocmmdth:lmd
way adjosted untll a good dose-response rel hip was obtained. The stimul;
drugwuld'lmamuctmththcomnunﬁlthemﬂmnm hdghxorconm
tioa had been pamed. Washing was donce twice and there were three minutes be
tween the applicatioms of the drugs.

In relation to PGE, (= 1) the activity of POF a was about 1.2 (range 09—
1.53) Due to the occurrence of tachyphylan, the rato b only approxmate,

PGE wmstestedin 1] PGE,m 6 and PGF an 8 expts. In all there was & marked
tachyplylact respome to PGE, (Fig 1) The nterun showed tachyphylasis agamat
PGF @ 1n s of exght and agaumst PGE, n two of six expty. After & marked tachy
phylats bad been recorded for PGE, the resporse to a following doe of PGF a
appeared normal and ewv ez (Fig 1) Thuy, there was 0o cron-desemitmnon
between these two prostaglandm

When the senstirvity to & gven prostaglandin had been depr

d, 1t could abo
be restored to pormal alter 1 or n some cases repeated application of another
mooth micke sunmlating substance g oxytoan, vmsopresin,

In 4 cxpts. we noted a marked tachyphylaxhs to PGE, without any concom tant
decrease 1n the response 10 PGE, (FIg 2) In one experment it appeared posible
lhatmchyphyhxthGFq‘umpan}cdbylmppn-h\oILhcmm
ako (o a rubsequent dose of PGE,.

The observation thmt the nolated rat utenm, atter ha 'mg developed a decreased
semitn ty t PGE,otPGFamﬂmpﬂnd:namﬂymLhzolhcrmghn_gjn
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El El E) Fl Fl F, El E| E Ei El
l“xg.lT-r.hrphyhnkrﬂpnx‘nbnhudm Frg_Lhuhk-drllulnunhmh’n-ﬂ-fd
uterw ta E sod Pra. Bath  tachyphylsctic repanse « PGE, (06 pgim)
volume § ol Tempersture 30 CE, = 0.8 pg  without ka ing the samse peactinty pattem for
POE, jml ndF,-—).zpr;PGF..y‘mL PGE? (1.2 pg/mi)

strongly indicates that the rt myometrium contaim d flerent receptons for these
two compounds. Whether there are specific recepton aho for PGL, ks not clear
but some of our results support such & view Dafferent acthons for PCE and PGL,
have also been reported by Rloeze (1967) who found PGE toinhilnt the adenosine
diphosphate induced aggregaton of platelets rom man, pig and rat while PG,
in the same dose range enhanced the aggregauon of the platelets from pig and rat,
It b thus obwiows that & two-receptor (1.c E- and F-receptor) theory for provuglandin
actipns does not 6t all experimental findings available (¢f Pickles (967}
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Quantitative Studies on the Transmitter Relense
at Adrenergic Nexrve Endings
By
Browx Forxow and Jax HAooennar

Rewjn obtuned during studie of T involved in the eli of the
adrenerpe trapmutter (Folkow Higgendal and Lmander [967) together with
figares for the noradrenahne (NA) comtent 1n adrenergic nerve vancosities (Dahl
strom, Higgendal and Hakielt 1966) scem to allow an appeoxmmate deductson of the
NA amount, refeased per stumuhs at the idividual nearoeflector junction.

in ) od cats all the fibera to the aalf muscles were electrically
simulated at 6 impfsec during a state of nearly maximal exercise hyperenna under
ready control of the calf blood flow The NA amounts in arterial blood and in the
venows efffuent were meanmed fluonmetrically (for details sce Carbou, Folkow end
Hiaggendal 1964)

The

s conndered 1o be inactivated by principally three
mechanyms 1 Reuptake 1nto the nerve varicorine by a membrane  pump* mecha-
nim, 2. Local enzymade destructian, probably mainly by catechol-O-methyl tramfer
ae (CONT) 3 Escape 1o the blood siream. — The fint mentloned mechamam ap-
pears under certain conditions 1o be of dominant impestance However dunng exer
me hyperemia the NA escape to the blood stream generally incremsed greatly and
adminutraton of COMT and moncarmne oddase inhub toey did ot further incresse
this VA overflow” mgnificantly On the other hand, additon of membrane pump”™
blockers n small or moderat amotnty was found 1o further enhance the \A  over
flow  while large concentrations of such drugs  ppeared to suppeess the NA relense.

The highest NA amonnts found to be reltased were wmalhy around 100 og per
100 g calf musche for a perod of 100 sec of stimulation af a rate of 6 impfsce occn-
1 oaall alues some 50 per cent higher were obtsured [t 1 Likely that these smounts
reficct near]  the wtal amount of ranominer released sme NA would In the s tustion
be | runated practically only rra the blood stream I£s0, 0 150 25 ng NA would be
refeascd per timulus from (00 g of pruscle which, in total, conia ns about 8000 ng
1t follon  that round figures, 2——4 10~ of the total \ A coatent 18 refexred per
stimutus. The figure may be compared with that foc the cats adrenal medutta,
which ean be calcutried from Celander x {1954) dam to corerpond to & refrase per
strmulus of about 6—8 10°* of the total catechol amine content In thh
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Practically all \4 in skeletal muscle 15 present in the varicontes of the vas
constretor fibres (Fuxe and Sedvall 1965) and on activavon of an adrenergic neuron
A appeans to be released from all its vanconties (¢ff Malmfors 1963) The present
techruque for stimulation will activate vartually all the vasoconstnctor netrons of the
alf muscles, hence essenually all the adrenergic vancoutic. Thus, the fraction
2—4 10~ may as 2 rough average hold also for the individial varfconty

The \A content per variconty 1s about 5 10-* pg fn the rat (Dahhtrdm, Higgen-
dal and Hokfelt 1966) and suggested to be the same in the aat (Dahlstrém snd Hig
gendal 1966) One impulse would then release about 1—3 10~ pg Stace the weight
of the NA molecule 15 2.8 10-# g, one impulse would release around 500—1000
A molecules from each vancoaty

Clearly thesc figures must be Jered as very appr e, but they neverthe
tess make it ikely that only & frectim of the \A content in & vaniconty granule o
released per stumalu, since each vanconty eontamns on an a erage oaly some 1500

Jes, at most (Dahl Hiiggendal and Hokfelt 1966) The akenlated amount
rdnscdpcrmmulus,wou]dmrru—pondmlunhlnSpcrcm(cﬁhc\t\cnnlrn!ln
one granule.

Even if onhy 500—1000 \A molecules are released per stimulms from the average
varicouty this might nevertheless imply a very high concentration st the neuro-
cffector junction, at least at stes where the junction gap 1 narrow Suppose the

“contact”™ area 11 1—2 u and the gap say 1000 A, concentrations of the arder of
1 pg/ml would occur being several hundred nmes higher than thow aver reached
wn the arteral blood at intense phyviological acth of the sympatbetic synem

Howover 31 13 not known how large 2 fracuon of the a-receptors that are durectly
axposed to such transmstter concenuations, neither whether these concentrations
evoke graded or all-or none responses of the directly innervated vascular effectors.
Direct parallels 1o the nenom control of skeletal muscle or distinet motor unit”
soth muscle cannot & prient be dravn.
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