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Effects of Hypothalamic Lesions on the Erythropoietic
Respanse to Hypoxia in Rabbats!
By
Sverre HaLvORSEN

Recewed 6 August 1963

Abstract
‘Hacvorsey S Effects of hypolhn)amw lm n.r on Ui erythroporetsc response to
Mypoxa n rabh s Acta physol scand 1964 67 1—19 - Previous stud es
h: € ndicated th timalat on of th
poess (Se p el ol 1961) and crythropoet np oduct on (Hal orsen 1961)
The cffects of hypothalamic Jesions on th e

ropo efic lspamc to bypovia
ha cbeenin est gated nthep esentstudy The lesioned rabb t1y € exposed
10 low oxygen and the erythropat t cre panse evaluated by means of tetioate-
epizcounts Elesen outof 26 rabb tssho _ed anormal response to hypowa whule
15 showed 2 reduced response Of these 157abbit 6 3ho ved 2 normal response
when ACTH was g ¢n prior to the hypowc test indicating that the reduced
response to hypowa 1n these rabb ts 1 as due to ACTH deficsency rauom
the bvpothalam ¢ lesan The les ans 1 these 6 rabb ts were 1 the yew
and median part of hypothalamus Seven out of the 15 rabbuts Sesther e
spond d normally to hypowia alanc nor to hypowa following AGTH mjec
tons The les ons 1o these 7 rabb ts were 1n the postenor part of the hypo-
thalamus It 15 concluded that an extra piturtary influence on erythropoiesis
mav be exerted from th s region

Previous studies 1 thus lab y have ind
participates 11 the regulation of eryth
of the hypothal

d that the hyp

P m rabbits Electrical stimulation

d the r locyte level and red cell mass tn some

of thc nmmals (Scxp etal 1961) Plasma from the rabbits responding to hypo
withar locy and an el of red cell mass

creased erythrocyte uptake of Fe®* and reticulocytes when imjected into starved




2 SVERRF HALVORSEN

that the hypothalamus participates 1n the regulation of erythropoletin produc
tion and erythropoiesss and that this regulatory h 15 not mediated
through ACTH alone
The working hypothests for our studies on the hypothalarme regulation of
erythropoiesis has been that the oxygen tension 1s regsstered in the hypothalamie
area and that the erythropoietins are produced 1n one or several target organs
stumulated via hypothalamus by humoral or nervous routes Althongh hypo
thalamic stimulation increased erythropolests ablation studies are necessary to
get conclusive evidence for or against the hypothests of speaific regulation of
erythrop by the hypothal
The effect of hypothalamic lestons on pituitary function has been reviewed
several times recently (Harrs 1960 Ganong and Forsham 1960 Fortier 1962)
Although there are some differences of opimon on the localzation of the hypo
thalamic areas regulating pitustary hormone secretion there 1s general agree
ment that the output of adrenocorteotrophic (ACTH) thyrotrophic (TSH)
and gonadotrophic hormanes 1s regulated via hypothalamus Recently Reichlin
(1961} and Franz ¢tal (1962) have provided evidence that the hypothalamus
also regulates growth hormone (GH) secretion
Several studies have documented the influence of pituitary hormones on
erythrop both 1n hypopt 4 and 1n 1ntact animals (van Dyke et al
1924 Evans etal 1961 Halvorsen 1963) The hormonal control of erythro
poests has been reviewed by Gordon (1959), Linman and Bethell {1960) and
Remmele (1963) There 1s general agreement that ACTH and corticosteroids
crease erythropoiess both m mtart and hypophysectomized animals Testos
terone and thyrown also sumulate erythroporesis and most authors believe
that the eflect of these hormones on erythropoiess 1s due to thexr calorigenic
effect (Evans et al 1961) The effects of GH on erythropoiesis are more complex
The hormone causes a hyperplasia of the erythroid elements of the bone marrow
and a peripheral retculocytosis when given to hypoph d rats (Meimeke
and Crafts 1956) Remmele (1963) states that GH has an effect directly 1n the
bone marrow
Previous studies on the participation of the central nervous system mn regula
uon of erythropoiesis have been reviewed by Seip (1953) hommya (1956) Seip
etal (1961) and Remmele (1963) The eflects of hypothalamic lesions on
erythropotesis have previously been studied by homya and Hayashida (ot
homya 1996) who found increases in hemoglobin and erythrocytes following
lesions in the tuber rinereurn Linke (1958 1959) has produced hypothalamic
lestons 1n rabbits and exposed the operated ammals to hypoxia In some of these
rabhuts the reuculocyte response to hypovia was reduced but the possiehty
of pitwtary defictenry 1n the operated ammals was not discussed Pihero ef al
(1962) nvestigated the erythroposetic response to long term hypoxia in rats
with hypothalamic lesions and found no difference between the operated and
sham-operated ammals
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Lattle 13 known about the role of the autonomc nervaus system 1o ervthro-
potests There 1 some direct evidence of speafic partapation  Reuculocyte
release has been found foll of chot drugs (Sap 1923}
Expenments by Somogy: (1938) on the effect of extirpation of cervical sym
pathetic gangha and by homya (1996} and Takaku etal (1962) on the effect
of splanchnic nerve resection all indicate that the autonomic nenous system s
an unp hnk n the 1 of erythrop r to hvpoua at
feast m acute expenments As the hypothalamie area plays an wportant role
n the integration of the autonopuc nenous system (Ingzam 1938) lesomng
P may ik fi whach danily may affect ery thropoiests

Several previous studses indicate that the hypothalamus exerts a specific us
fuence on erythropowesss The studies by Saip el of {1961) provide the most
direct ewidence in favor of this asumpuon None of these studies have how
ever been conudered conclusive and st was the purpose of the presentinestiga
tion to study this possbahty further 1 ablation expenyments The crucial prob-
lem 15 to separate the role of the hypothalamus and the role of the pituttary
gland and the report deals with these two questions Do hypothalamic Testons
nfluence the erythroperetic response to hypoxia ? If the ervthroposetic response
to hypoma 1s reduced followang hypothalamue lestons do priatary hormones
nermahze the response”

Material and meihods

Hypothalame lesions have been produced electrolytically s 46 adult male rabbirs
Twentv of these died during the operation or postoperatnely and the matertal cansists
of the 26 suraiving rabints During the first part of the study the rabbus were snesthetized
with Chloralose Urethane s v and Usethane ) p whule the lass 8 rabbits recened 5 4
“embutal In a few rabbits ACTH normal saline and 6 per cemt glucose were guen
postoperatnely All the rabibuts were placed in a temperature regulated chamber (26 C)
following the operation

During the operation the head of the rabbuts was immobihzed in 2 standard Horstey
Clarke carriage with the specral head holder for rabbits descrbedt by Sawyer ef af (1953)
A monopolar electrode 03 mm thick and moulated cxeept for |5 mm at us up was
nserted through 2 small burr hole i the skull and aniented by the use of the stereotaxic
caardinars, descnded by the e webor Rdatend keens were avenpied wm all e
perimnents by insertion of the elecirodes 1 mm from the mdling on both sides In the
first 33 rabburs one lesion only 3 23 made on tach nde while m the kot 13 anmals two
powits 2 mm apart were electralvzed on each side 1 order 10 achies e a more extenute
destruction A drect current of abowt 5 mA was passed through the mseried clecirode
for 33 10 60 sec the indiflerent eleetrode bewg placed on the cdge of the cut skin

M the terrmnation of the experrments the animals were kidied the brasn removed
and the whole braw was fixed 50 10 per cent formahn alcobol for at deast 7 days after
which a block of tissue the hy i wai eut out m paraffia
semsally sectioned 1 a frontal plane at %0 p and every tarnueth section mounted and
suned vath thiorune Later the number of sections was supplemented so that at Jeast
esery sonth section was exsmaned i the region of the leion The location of the lenions
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that the hypothalamus participates in the regulation of erythropotetn produc
tion and erythropoiesss, and that this regulatory mechamism 15 not mediated
through ACTH alone

The working hypothesis for our studies on the hypothalamic regulation of
erythropolesss has been that the oxygen tension is registered 1n the hypothalamic
area and that the erythropoietns are produced 1n one or several target organs

lated via hyv hal b) 1 or nervous routes Although hypo

hal d } ablation studies are necessary to
get conclusive evidence for or agamsl the hypothesis of speaific regulation of
erythropolesis by the hypothalamus

The effect of hypothalamic lesions on prturtary function has been reviewed
several times recently (Harns 1960, Ganong and Forsham 1960 Fortier 1962)
Although there are some differences of opimon on the localzation of the hypo
thalanuc areas regulating pituitary hormone secretion there 1s general agree
ment that the output of adrenocorticotroptuc (ACTH) thyrotrophic (TSH)
and gonadotrophic hormones 1s regulated via hypothalamus Recently Reichhin
(1961) and Franz et al (1962} have provided evid that the hypothal
also regulates growth hormone (GH) secretion

Several studies havc documcntcd the influence of prtwitary hormones on
erythrop both 1n hypor d and 1n intact ammals (van Dyke etal
1924 Evans etal 1961 Halvorsen 1963) The hormonal control of erythro
poresis has been reviewed by Gordon (1959) Linman and Bethell (1960) and
Remmele (1963) There 1s general agreement that ACTH and corticosterords
ncrease erythropoiesss both 1n intact and hypophysectormized animals Testos
terone and thyroxin also sumulate erythropoesis and most authors believe
thay the effect of these hormones on crythropolesis 1s due to their calongenic
cffect (Evans et al 1961) The effects of GH on erythroposesis are more complex
The hormone causes a hyperplasia of the erythroid elementsof the bone marrow
and a penipheral reticulocy tosis when given to hypophysectomized rats (Metneke
and Crafts 1956) Remmele (1963) states that GH has an effect directly n the
bone marrow

Previous studies on the paruapation of the central nervous system in regula
uon of erythrop have been reviened by Seip (1923) Komuya (1926) Seip
etal {1961) and Remmele (1963) The effects of hypothalamic lemions on
erythropotesis hasve previously been studied by homiya and Hayashida (et
homiya 1956, who found increases in hemoglobin and erythrocytes following
lesions 1n the tuber cincreum Linke (1938 1939) has praduced hypothalamie
lestons 1n rabbits and exposed the operated amimals to hypowa In some of these
rabbits the retrculocyte response to hypoxia was reduced but the posubility
of piturtary defiriency i the operated amimals was not discussed  Pihero ef al

(1962) imestigated the envthropotetic r:sponsc to long term hypowa n rats
wath hypothalamic Ie sons and found no d the of d and
sham-operated anumals
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Table I shows e reticulorrte vesponse fo foposan wn wntact gabdits In this and the followsng
tables the reteculocyte values tobulated ave the mean of tvo vounis before (Imniat) and the mean
of the tua highest counts detu.cen the second and the sixth day aflet the hypoxi test {He hest?
The witial retsculacyte talues marked ) are based on ane count only T third columa of
seficuforyte values vepresent the difference Betiween the meon of the $.x0 Rughest and the

mean of the ymtial counts

Retculocyte responsc to hypooa i mtast rabbts.

Reticnfocytes per cent

Rabbtno Hoursofhypoas  Imnal ¥igher Difference
ct 8 192 460 2068
az 8 180 3383 213
a3 8 135 378 243
C4 3 235 48 250
s 8 118 k¥ 253
[+ 4 a8 485 287
[ohd 3 148 288 140
cs 5 123 3o 2.3%

Amount of bleeding

mifkg
c9 i 300 537 237
cip 20 255 557 307

Resulis

The mean retcalaeyte cune sn § intact rabbits followang hypova of the
described degree and duratton 1s shawn 1 Fig § (dotted hines) The vanauons
n reuculocyte response from ammal to ammal were small This was espeaially
true when the dufference between the mean of the two Eughest values 2 to 6
days after the hypowia 13 compared with the mean of two reticufocyte values
before hypowia (Table 1) The mean of these differences s 2 46 per cent with
a standard deviation of 0 19 per cent ‘Table I also shows the renculocyte re
sponse to 45 howrs of hypoun tn three rabbuits and to bleeding (13 and 20
mifkg b w) m two rabbuts

The reticulocyte respanse ta hypowsa i the 5 intact rabbits exposed to 8
hours of hypewa has been considered to be the normal respanse with the de
senbed degree and duraton of by powa and m rabbits with normal hemoglobin
fevels and a sieady state of erythroporests hefore the hvpoxic test

Based on the results i mtact rabbits reuculocyte mereases smaller than 1 7
pes temt {mean — 4 siandard deviatons) measured as desenibed above bewzen
the second and swxth day afier hypowia have been considered as reduced re
sponses increases abote 32 pes cent (imean - 4 standard deviations) as high
tesponses and mcrcases between 1 7 and 3 2 per cent as pormal responses
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Table I shaws the man experimental data tn the group of lesioned rabbits with a normal or
hagh reticulogyte increase following kypoxia  The time of the hypoxic test after the leston and
the hemoglobn lercl ab the time of the test are tabulated Rabbit no 15 and 38 also
responded lo anemc hypoxra with a retienlogyle increase

Group I “ormal reticulocyte response to hypoxia

Tame
:lf't}elle’::; Reticulocytes per cent
Rabbut no (days) Hb (g) Tnitial Highest Difference
4 7 102 230 405 175
7 9 154 143 318 175
8 8 138 118 490 372
9 5 96 050 353 303
n 2 125 213 675 462
15 15 143 180 350 170
25 16 134 140 330 190
33 10 125 260 430 170
39 9 123 328 652 3.2¢
43 g2 114 125 513 388
44 1 116 088 37 287

b ded

Of the 26 rabbits winch survived and were sub) d to hypoxia, 11 resp
with a normal or high reticulocyte response to the hypoxic test while 15 ex
hibuted a reduced response Two of these 15 ammals died before further studics
could be performed whereas the remaiming 13 rabbits were given ACTH prior
ta a repeated hypovic test Six of these 13 rabbuts responded with a normal or
high reticulocy te response to the repeated test Thus the matenial may be dwvided
nto four groups

Group 1 “ormal reticulocyte response to hypoxia

Group 11 Reduced reticulocyte response to hypoia normal response following pre treat
ment wih ACTH

Group IIT Reduced rencul xyte respons  to hyposia with and without pre treatment
with ACTH

Group 1\ Reduced reuculocyte response to hypoxia Incomplete studies

(RN

The data from Group I are shown 1n Table IT which as the following tables
guves the interval between the hypowc test and the operation the hemoglobin
at the time of the test the means of two reticulocyte values before hypoxa
the means of the two mghest reuculocyte values after hypoxia and the dif
ferences between these two means The local, of the hyp 1 lesions
15 shown 1n Fig ]

The data from Group ! are shown in Table III In some of the rabbits 1n
this group the reticulocy te responsc following ACTH and hypoxia was markedly
increased One rabbnt 14) was given ACTH without subsequent hypoxia and
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47]3!)9% a:su«
dashoaaoizad e NEENEE ENERE
Fig 1 Localization of the hypothalamuc les ons in the rabbits with  noermal or hugh erticulocyte

1esponae to hypoaa {Group I} projected to the m dsagurtal plane and in transverse sections
through the planes A 2 and P 1

Table IIT shous the data for the rabbits respanding to hypoxma followwing pre treatment
with ICTH

Group I Reduced rettculocyte response 1o hypoua Normal reuiculocyte response to hypomia
follor 1ng pre treatment with AGTH

Time
of hypowia
after lesion Hormone ~ Ret culocytes per cent
Rabbitno  (days) b {g) therapy Tounal Hghet  Difference
10 4 ity “one 053 168 115
11 105 Neone 10> 180 07
8 105 ACTH 215 415 200
1 76 Cortisone 250 523 273
14 i3 126 None 050 153 i03
21 130 ACTH 1 730 553
20 9 14 None 1o 235 073
19 104 ACTH 270 605 3%
23 9 130 None Hio 23> 125
2 146 ACTH 180 463 283
3" 3 134 None 193 303 115
3 125 ACTH 160 510 350
41 Cortusone 163 430 767
33 27 "6 “one 30 49> 122
44 M6 ACTH 21 413 193
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Lo
e RETICULOCYTE CURVES AFTER
7] comsone HYPOX A MDNE 6t
R TH & HYPOKIA (ool ]
sf 1111 CORNIONE + HVPORUL 3
E3
~5 g
g4 )
K
£3
& ‘
~
2
—
// 7~<\ Fig 2 The reticulocyte curves fol
s lowing hypoxsa alone and hypoaa
e after pre treatment with ACTH and
Cortisone 1n rabbit No 10

24 32 33

hasz ommizs s BREH SEfR it

Fig 3 Localzation of the hypothalamic lesions i the rabbits with a seduced response to hypovia
afonc and a normal tesponse following pre treatment with ACTH (Group 11) proyected to the
rdsagntal plane and m transveese sections through the planes A tand ¥ §

[

there was no increase in retculocytes Two rabbits (10 32) recerved cortisone
pnior 1o hypovia and this had the same effect as ACTH in normalizing the re
niculocyte response 1o hypowa (Fig 2 10} The lesions 1n this group are shown
mhg 3

'I'hg: data from Group III are presented 1n Table IV and the hypothalamc
tesions 1n Fig 4 Thus group 1s divided 1nto subgroups 1n accordance with the
results of the further studhes
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Table IV shows the data 1 the group of rabluts whick did not respond to hypovaa wrth and
wrthout pre treatment with ACTH

Group 111 Reduced reticulocyte response to hypowia alone aud fo hypowa following ACTH
J1I & Normal rettculocyte response to hypoua foflowmg AGTH plus GH

Time
of hypovia
after lesion Hommone 1ot culocytes per cont
Rabbstno  (days) Hb (g) therapy Tn taa? Highest  Dificrence
2 9 163 ACTH 228 353 125
42 146 ACTHGH 29 123 428
5¢ 123 GH 148 403 257
90 183 None 245 400 155
46 5 None 100 088 -012
14 ACTH 108 23> 127
23 125 ACTH+GH 158 355 197
111 b Normal reticulocyte response to aneau hypowa
Time of
hypoua  Amount
after of bleed
Rabbt lesion  1ing Hortnone Reticulocytes per cent
no {days)  (mixg; HD(g) therapy Tutial  Highest  Difference
2 7 128 “one 13 215 080
45 ACTH 208 293 08
168
57 17 105 Noe 115 470 355
3 18 128 o 14 175 030
28 134 ACTH 193 32 132
41 ns ACTH+GH 213 258 04
54 143 ACTH+Test 303 403 100
ACTH+GH+
5 TSH 4 Test 00 368 o6
130
75 20 0s None 050 287 237

a} Two of the rabbuts (22 46) responded to hypoxiz when ACTH and GH
were given pnor to the hypouc tests In rabbit No 46 ACTH and GH with
out hypowa fatled 10 increase the reticulocytes + hile 1n No 22 ACTH and GH
combined and GH alone increased the reticulocyte level on the first day after
the last myection  but with a fall 1o previous levels on the following days Ac

cording to the description of the normal reuculocyte response to hypota this
short term effect 15 not i through ery
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Table IV (cont )
Group IIT Reduced reticulocyte response to hypoxia alone and to hypowa following ACTH
111 ¢ Reduced reticulocyte response to the hypoxie tests

Tume of
hyposa  Amount
after  ofbleed
Rabbit leson g Hormone Rettculocytes per cent
no (days) (mljkg) Hb (g) therapy Imtial Highest  Difference
30 5 103 None 145 155 010
3 156  ACTH 105 270 165
52 161 Test 088 23 150
ACTH+GH+
69 168 Towiter 07 208 130
83 16 e Nom 070 om o000
111 d Tncompleted studies
Time
of hypowa
after lesion Hormone ~ Reticulocytes per cent
Rabbitno (days)  Hb(g)  therapy Tnwl  Eighest  Difference
2 7 s None 310 435 135
32 125 None 235 175 —060
2 140 ACTH 078 213 135
41 6 128 None 125 19 065
16 s ACTH 068 153 085

b) Two rabbuts (31 34) failed to respond to hypoxia following administra
tion of hormone but had a reticulocyte ncrease following anemic hypoxia

¢} Onc rabbit (30) failed to respond normally either to hypoxic hypoaa
with hormone pre treatment or to anerme hypoxia The hemoglobin 1n this
rabhit increased from 10 3 to 17 0 g The reticulocytes were rather low through
out the observauon period The weight remained constant The RCM was not
deterrmned 1 this rabhie

d) Two rabbus (26 41) were subjected only to hypoxic tests with and with
out ACTH pre treatment and died before further tests could be done

The data from Group IT are shown in Table V In these two rabbits (13 42)
only one hypoxic test without hormone pretreatment was performed

Although the reticulacyte counts i many rabbits were low following the
hypothalamic lestons only one rabbnt {42) showed a definitely different pattern
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23 s s 23 % e
dase tamizaa s NEggann NEEZN
Fg 4 Localizat on of the hypothalamic Iesions 10 the rabbits with a reduced responsc to hypoxia

with and w thout ACTH pre treatment (Group 111} projected to the mudsagattal plane and
through the planes P 1 and P 3

from the others Seven to ten days after the hypothat lesion the locyte
count mcreased markedly {max 10 6 per cent) and was hugher than usual there
after The h lobsn and eryth d constant In this rabbit a
red cell mass determunation was performed to sec whether any polycythema
had developed but the red cell mass was 16 3 mlfkg b w which 1s sightly be
lIow the mean previously found in rabbits In this rabbst there was a large cen
tral lesion m the preopuc area

MMost of the rabbus lost weight dunag the first week after operation but
the weight Joss was usually shght and of short duravon  Of the rabbus alne
more than 14 days after the operation 3 (8 15 39) lost weight markedly about
50 g/day and develaped a cond simular to hypothal cachexia (Szen
togothai et al 1962) All three responded with a high or normal response to
hypowa alone Many rabbits had mcreased appeutes and a few became obese
Four rabbits (13 26 38 42) put on more than 15 g/day One of these (38) had

Table ¥ shous the data tn 1.0 rabbuts uhich d ed Sefore further studhes could be performed
Group I\ Incompleted studics

Time
of hypowa
after lesion Hormone Ret culocytes per cent
Rabbut no. {days) Hb (g) therapy Tnital Highest D flerence
13 13 123 N ne 780 34 065
A 33 1”3 None 35 51> 140
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ANIAD HYPOTMAL € LIS OKD

WANEE.

AN Pl awcusy

nvmu

W
\
e

i

Fig 5 Mean reticulocyte respanses

- to hypowa in lesioned rabluts group-

- ed according to the main localization

of their lesions (solid fines) compared

Q‘m.

KET ULOEYTLS pER EONT

s POSTER OR WYPOTKAL G LESIONS. with the mean response to hypovia

n five ntact rabits (dotted lines)

. act The cffeet of AGTH prior to repeat
11 ed hypoue tests 1s also shown

N E\nlr:\nm; h;'polha]amxclmem Rab-
] 1t No 910 11 30 4
Ve £ /7N~ Median hypothalarme lesins Rab-
S bitNo 8 14 20 24 25 32 33 46
Posterior  hypothatami¢  lesions

\ o

ypot
2 . o 7z & & Rabbit ‘\o lJ 15 22 26 30 31
LIE} s 34 41 43 &

4 low normal response to hypoxia alone the other had reduced responses Four
rabbits (10 20 24 33) put on between 10 and 15 g/day They all failed to re
spond to hypoxia alone but responded after pre treatment with ACTH

Correlation with anatomical data

Most of the operated ammals had relatively large lesions in the thalamic
and hypothalamic regions The lesions cover most parts of the hypothalamus
except the lateral hypothalamic areas which have not been symmetncally le
sioned although some animals had umlateral lesions 1n these areas

The rabbuts in Group [ had lesions both in the preoptic area the ventral
thal the and infundibular regions and in the mammllary
areas (Fig 1) Thc lr_smns 1n the preoptic and supraoptic regions were relatnvely
large and symmetnical Symmetrical lesions were also produced 1n the walls o
the third ventricle m the middle infundibular region and in 2 rabbits in the

Hary and lfary areas as well Only one of the lesions i this

group extended down to the infundibulum

The lesions i Group I all involved the midde supraoptic and infundibular
regions and extended downwards to the floor of the third ventncle although
a direct connection could not be ascertained in all cases (Fig 3) The Jesions
could not be separated enurelv from some of those :n Group I

The lesions 1n Croup 11 1re shown in Fig 4 All the lestons in this group de
stroved the posterior part of the hypothalamus and most of them affected the
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v and llary regrons  \lthough there was some overlap
with the lesions 1 Group 1 the localization withn the groud was fandy wnr
form.

The leaons m the two rabbus of Grozs 1T are not lleswated Rabbir no 42
had a farge sy 1 lesion 1 the preopuc area, and go [3alesionmtte
\'vnt‘ml dibul: d iis TRTIONS

‘The leoned mbbxu have alo been grouped according 1o the localizaton of
the lestons Fig 5 shows the means of the retieulocvte responses to hvpoua
rabbuts with [esions mamniv in the anterior median and pos ertar hvpothalam o
tsohd lines) compared wath the mean response to hvpoma m > muact rabliz
(dotted lines} The rabbits which did not respond cormally to hvpowa alore
have bren gnen ACTH pror to @ repeated hvpowac tes ard Fig 5 alo
shows the means of these respon es Antentor hvpothalacec levons have no
fluence on the renculocyie response to bvpona Median and venwmal bypo-
thalamie lesions reduce thus response and the responte s naemalzed when
ACTH 15 guven prior to the hvpoxie test. Postenior Evpothalame lestons reduce
ke renculocvte response 1o hvpoma both without and with SCTH prewrear
ment

The levons m the rabbus showing the most marked weight changes were
scattered throughout the hvpothalamus but common to all vere 2 medan
localization 1n the structures elose to the third venmele The number of obeerva

unas was too small to differenttate between these with waghe loss znd o &
with weight mereate

Comments
Reuculocvie counts have been used as p 1o tes the ervthrop

responses in the present study Sep 1953 formd renculocvie counts o be 2
reliable tndex of ervthroposess mn man when an accwrate comnung metkod was
wed and i previous studies we have found renenfocvte counts reluable al o n
rabbits Sewp efaf. 1961 Halvorsen 1953 Two exceptions momt honever
be considered In condinons with great charzes m the rumber of aralanng
ervibrocvtes the renculocvte percentages must be corrected for thr chanzes i
number of ervthroevtes or the changes 13 red cell mas  The revenlorvte mav
aho appear mn the penpheral blood at different stages of marmranon and such
chanzes mas influence the counts The tuze of the renculocvie peas ot owing
2 sumulus 13 1mportant 1 thus eonpecnon The efect of retculocvtes relmz 2
will appear wichin a few hours while effects du to ncreated ervtbr ouy
have a miumal renculocyte peak 3 to 4 davs af e the hvponc sum foe e
ert thropotenin injecuon From own stud.es of the rencuflomvte curves ¥ s
hupaua m mtact rabbus and rom smdies of the recculoovte cumver ¢ v

ervthropoienn ijection 1Gurres ¢ ¢f 191 one mxy corclode te. o
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within the first day or after the sixth day cannot be considered to be the result
of erythropoietin increase following short term hypoxia

When daily reticulocyte counts are performed curves rather than single
values may be compared and thrs grves a more reliable index of erythropoiesis
In the presentation of the data in this study 1t has however been chosen to
use the means of two reticulocyte values before and two after the hypoxie test
and to express the response as the difference between these two means The
actual values can then be given and the responses may be more easily com-
pared !

The reticulocyte response to hypoxia was tested 1n 8 intact rabbits In pre
vious studies Jower oxygen tensions have been necessary to produce an mcrease
1n erythrop: mn hypop! d animals than 1n intact ammals (Feigmn
and Gordon 1950) and as low as 6 5— 8 5 per cent oxygen has therefore been
used 1n the present study Four to five and eight hours of hypoxia were tested
and 1t was found that with both periods a defimte reticulocyte increase occurred
Eaght hours hypoxia was chosen because the response to this duration of hypowa
was relatively constant

It may be questioned whether or not a response to hypoxia m expenimental
amimals with possible changes in erythropoiesis shortly before the hypoxic test
may be compared with the response 1n intact amimals In a senies of 8 rabbuts
followed for 14 days with 3 to 7 counts i each rabbit the highest cufference

)bclwcen single values 1 one rabbit was 1 76 per cent The mean increase of
reticulocytes following hypoxia was 2 46 per cent with a standard deviation of’
0 19 per cent Based upon such considerations 1 70 per cent has been chosen
as the imit between a normal and a reduced response although this Linut
cannot be given too much in borderhine

Hjypothalamic lestons may change the output of prtwmtary hormones An in
creased output may mcrease both oxygen consumption and because of this
the erythropotetic response to hypoxia Reduction of pituitary hormone secre
non may however reduce oxygen consumption and the erythropoietic response
to hypovia In order to overcome a possible pitustary hypofuncuon in the le
sioned rabbits pituitary hormones have been gven before the hypoxc tests if
there was a reduced response to hypowa alone

This expenimental set up 1s vahd only when the piturtary hormones or p1
ttary extracts do not have any speaific effect on erythropeiesis Osnes (1960)
and later Shirakura /1961) postulate an effect of ACTH on an erythroporctic
principle produced m the kidneys while most other investigators mamntain that
the effect of ACTH 1s through cortisone and through the calongenic action of
the latter hormone (Evans ¢/ af 1961 Remmele 1963) Somce observations seem

to mdicate that GH mas have a direct effect on the bone marrow (Memeke
and Crafts 1956 Remmelc 1963) In the case of GH supplement before a hy
poxic test )t may be difficult to tell what 1s due to the hormone and what to

hypoua
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The r 1 counts foll g the hypothal lestons vanied In most
rabbits (15 out of 26) the counts were lower than the mean of the 8 intact rab
bits previously referred to (1 66 per cent) while m a few rabbits the counts
were defimtely higher th in normal In one rabbit (42) there was a spontaneous
nse 1n reticulocytes This rabbit had a large lesion m the preoptic area Al
though the reticulocytes were low for a long period 1n some ammals only one
developed anemia (no 10 Hb = 76 g) The cause of the Jow reticulocytes and
the anema m ths rabbit was most probably a reduced pituntary function be
cause the reticulocytes increased after hormone myections and hypoxia

Eleven of the 26 lestoned rabhuts responded to hypoxia with a normal or hugh
reticulocyte mcrease (Group I) The lesions mn these 11 rabbits were mainly m
the anterior hypothalamus but two of them also 1n the premammullary and
mammullary areas None of these lesions have reduced the erythropoietic re
sponse to hypoxia

Six rabbits had a reduced response to hypowa alone but responded with a
normal or high reticulocyte mncrease when AGTH was given prior to the hypoxc
test {Group 1I) Although ACTH without hypoxia was only tested 1 one rab
bt 1t 1s most Likely that the mechanism was the same in all b ammals @ ¢ an
increased response to hypowa and not to ACTH alone Cortisone had the same
effect as ACTH 1n the two rabbits which recerved both hormones indicaung
that the effect of ACTH was mediated through the adrenal cortex It must be

luded that the latory h of eryth was intact mn these
6 rabbuts foll the 1 procedure The hypott Testons 1 these
6 rabbats were all in the ventral parts of hypothalamus 1n regions where 1t 15

known that lessons may produce reduction i the prtwitary hormone secretion
(Fortier 1962)

Seven rabbits did neither respond normally to hypowa alone nor to hypoxa
following ACTH treatment In 5 of these rabbits further studies have been per
formed Although these rabbits differed 1n response to the further tests they
represent a group (Group III) m which hypothalamc lesions have reduced
the erythropotetic response to hypowia and m which ACTH did not mfluence
the response If hypothal has an nfl on erythrop other than
through the hypophysis 1t probably onginates in the areas m which these scven
rabbuts had therr lesions The lesions in all the 7 rabbuts were 1n the postersor

patt of the hypothalamus and none of them extended down towards the i
fundibulum

Two of the 7 rabbuts responded to hypoa when GH was given m additon
to ACTH before the hypouc test (Group Il a) Although ACTH and GH
alone did not increase reticulocytes in one of these rabbuts (46) they did
the other (22) and ths effect may be more complicated The retculocytes are
not rehable indices 1n this situation because of the reticulocytosss often seen
when GH 1s gnven The lesions 1n these 2 rabbits were m the postertor hypo-
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thalamus and they destroyed a common area in the posterior part of nucleus
paraventriculans

In 3 rabbits of the 7 which did nerther respond to hypoxia alone nor to
hypowa after pre treatment with ACTH, the rcticulocyte response to anemic
hypoxia was also tested Two ol' the rabhuts (Group III'b 31 and 34) had a
nsemnr locytes foll bleed It1s not likely that there are differences
1n the mechanism of rcspons: to dnﬂ'crcnt types of hypoua, although such a
possibility cannot be excluded Because of reduced responses to several hypovic
tests with and without hormone pretreatment an imparred ery thropotesis re
gulatory mechanism may however, be suspected in these 2 rablits One rabbit
{Group 11T ¢, 30) responded normally neither to hypoxic nor to anemic hy
poxia but there wasa shight however reduced response after being pretreated
with hormones The hemoglobin level increased from 10 3 t0 17 0 g an increase
which was probably not due to the 4 short hypoxic tests } ~formed As the red
cell mass was not determined one does not know whether this represents a
real polyglobulia The findings 1n this rabbit may be related to previous observa
tions of sncrease 1n hemoglobin and red cells following hypothalamic lesions
The lesion 1n this rabbit was large and symmetrical 1n the mammullary arcas
and extended more posteriorly than in the other rabbits The two rabbits (30
34) that were studied with a combination of several pituttary hormones re
present the most direct evidence 1n this study that the hypothalamus has an
Jnfluence on erythropotests separate from the regulation through the pitwtary
hormones W hether this influence 15 a speaific influence on erythropoietin pro
ducuon or erythropoiesss or whether 1t 15 secondary through changes wn ar
culation ar resprration cannot be stated and further studies wath lesions 1 the
posterior part of hy pothalamus are necessary to clucidate the possibility further
One may conclude however that the h of hypothal fluence
on erythropoiesis cannot be explamed only on the basis of changes 1n the secre
tion of piturtary hormones

The present study confirm Linke s observation that hypothalamic lesions may
reduce the reticulocy te response to short term hypoxia It further shows that the
reduced erythroporetic response 1n the lesioned animals may be duc to prutary
hypofunction but 1t also shows hat an extra pitustary mechanism may be the
canse of the reduced erythropoetic response to hypoxia i rabbnts with pos
tenior hypothalamic lestons The discrepancies between the findimgs i this
study and the studies of Pilicro ef af (1962) may be related to the size and loc shza
uon of the lesions

1t 35 interesung 1o observe that the 3 rabbits wiich developed 4 cachectic
condition all responded normally to hypowia Starvation usually reduces oxvgen
need and erythroporesis and 1t 1s most likely that the reason for the postine
response in these rabints 1s connected with the obsersation reported by Szento-
gothai etal (1962 that the metabohic rate 15 increased n animals with hypo-
thalarme cacheua
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Conclusions

‘The effect of hypothalamc lesions on the erythropaenc respogse to by poxia
has been tested tn 26 adult male rabbits The lesioned rabbits were exposed to
6 5—8 5 per cent oxygen 1n nitrogen for 8 hours and the reticulocy tes counted
daily duning the following 6—8 days Renculocyte increases expressed as the
difference between the mean of the two hughest counts after hypoua and the
mean of two counts before hypoxia smaller than 1 7 per cent hasve been con
sidered as reduced responses In rabbits with reduced reticulocyte response to
hypoxia alone repeated hypovc tests were performed following pre treatment
of the amumals with pitutary hormones

Eleven out of the 2b lestoned rabbits showed a normal or high retculocvte
response to hypoa (Group I} while the remaimng 15 rabbits showed a reduced
response Thus the present study confirms Linke s previous observation of re-
duced reticulocyte response to hypoxia 1n amimals with hypothalamic lesions

The mechanism of the reduced resp may app: Iy differ depend
upon the site of thelesion In 6 rabbats i the present study (Group II) the cause
of the reduced response was probably decrease m ACTH secretion becau.e
ACTH admmstranon before repeated hypoxic tests normahzed the rcsponse
Corusone had the same effect as AGTH m normal the
that the effect of ACTH was mediated through the adrenal comx. The hypo-
thalamic lestons in these 6 rabbits were 1o the ventral part of the muddle supra
optic and infundibular regrons

In 7 rabuts (Group III) ACTH given before repeated hypoxc tests did not
normalize the reticulocyte response Two of the 7 rabbits responded however
normally when ACTH and GH was given before the hypoxc test and two
showed 2 reticulocyte response to bleeding One rabbit responded normally
neither to hypowuc nor to anemuc hypoua Although the 7 rabbits 1n this group
differed 1n response to further hypowe tests 1t 15 concluded that the hypothalamic
lesions in these ammals have reduced the erythropoietic response to hvpowa
through an extra pitwitary mechanism The lestons 1 these rabbits were all
localized mn the postenor part of hypothalamus

Three rabbus with marked weight loss had a normal or high reticulocvte
Tesponse to hypowa probably related to an increased metabolic rate

The correlatson between the results of the hypovic tests and the anatomrcal
data 1s not complete but 1t may be concluded generally that lesions 1 the pre
opuc area did not reduce the erythropoieuc response to hypowua Lesions in
the ventral part of the hvpothalamus may reduce the respon_e but this response
1s aften normalized when pitwstary hormones are given before the hypowc tests
Lesions 1n the posterior hypothalamus may also reduce the ervthropolenc re
sponsc and pre treatment with prtitary hormones has less influence in rabsbits
with localizauon of the lesions to this region It 1s coneluded that an exira
pituitary mfuence on erythroporesis may be exerted from this reqion

—643015 £t phy S 2 3ol 6
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The present study elucidates the caution needed m mnterpreting effects of
hypothalamic ablation studies on erythrop without dering the hypo-
thalamic control of the pituitary hormones and their influence on erythroporests

The author wishes to acknowledge the support recewved from the Norwegian Research
Council for Science and the Humaruties He also wishes to rxpress by thanks to Miss Helene
Lassen and Mrs Llse Meclstrom for valuable technieal asuistance
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( The abbreviations wsed i Fig 1 Fig 3 and Fig 4 are mamly accordig to Sawyer ¢t o
1954)

AC  — Anteror commsure PO — \edial preoptic area
M — N anteromedialis MT — Mammllo thalamic tract
AP\ — N paraventriculans anterior NF  — Infundibulum
AV — N antevoventrals OCH — Qptic chiasma
€C — Corpux callosum OT_ — Optic tract
— N medialis dorsahs PED — Basis pedunculy
DAt N Gomemad o hypothalam: PTH — Prethalamie nuclex
FX  — Fornix S\ — Stna medulans
HIPP — Hippocampus SOD — N supraopticus diffusus
lateral s anterior SP — Septum
s = Do hypothalamic arca YEN — Ventnle
LPO — Latera preoptic azea VMH — N ventromedial s hypothalams
— Mawa intermedia [\ — Third ventricle

\I\i — N mamm llans medialis
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Abstract

Dangvist A and D L Tuwowson  The d gestion and absorplion of lactose by the
miact rat Acta physiol scand 1964 €7 20-33 — The digestion and ab-
sorption of 2 different doses of lactose was compared with that of equuvalent
amounts of glucase and galactose The sugars were admimstered intragas
tncally together with a water soluble non absorbable marker polyethylenc
glycol 1n order to study the rate of movement of the sugars through th. gastro.
intestinal tract and to deterimune their site of absorption QOnly the larger dose
of lactose showed an effect on the ratc of transit of the sugars and this
effect 1 as confined to the distal third of the small intestine When the mono-
sacchandes were fed they were almost completely absorbed 1n the upper
two-thirds of the small mtestine glucose being absorbed more rapadly than
galactose Lactose was absorbed in all parts of the small bov et and after the
larger dose asmuchas25  of the amount of sugar ( d v as absarbed from the
colon Large amounts of sugar were found in t ¢ d stal small intestine and
colon as long as b hoursafter lactose admunistrauon The ecacal contents con
tain large amounts of lacta ¢ a considerable fraction of which 1s enzymatically
d flerent from smal! ntestinal mucesal lactase Thus caccal lactase is probably
of bactenal oragin In the small intestine the rate of hydrolysis of lactos was
rate hauting for ts absorption In the large bowel factose was hydrolysed
more ramidly than the monosacchandes could be absor

Lactese 18 a disacchanide winch has considerable importance in mammalian
nutntion both from the quanutative and qualitative points of view It as the
only carbohydrate present 1n large amounts i milk and its admimistration in
fluences the intestinal flora and the absorption of ealawm and related metal
s1ons (Pigman 1957) In large doses 1t 1lso has a laxative effect These cffects
may be related to the Jocus of absorpuion of lactose 1n the gastromntestnal
tract the rate of passage of lactose through the intestine as compared with its
corresponding monosaccandes (glucose and galactose) and the length of ume
that sugar remains in the ntestine after lactose feeding

2R Samuel McLavghbn Traselling Fellow Present address The Montreal Ceneral Hwputal
Montreal Canada
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In the present we have therefore studied the ption of lactose
in the intact rat and compared 1t with that of a glucose gralactose mixture An
bsorbabl has been used to calculate the rate of passage
of the meal and to determune the site of absorption of the sugars The technique
1s the same as that recently used for studies of the absorption of other disaccha
rides (Dahlquist and Thomson 1963 a and b) The rate of hydrolysis oflactose
1 tivo has been compared with 1ts rate of hydrolyss 1 z1tre by homogenates of
the different parts of the gastrointestinal tract

Materizals and methods

Ammals Male albino rats of the Sprague Dawley stram weighing 193 1 37 g {mean
+ SD) were used The rats were fasted but allowed water for 16—~18 hours before
cach expenment

Diet The rats were fed on a commeraal pellet diet {diet no 210 Annamex
Stockholm) which ding to the d248° protemand 379
fat On analysis of this diet wath the anthrone method {performed as desemibed by
Scott and Melvin (1953) but with heating at 100 C for 7 5 mn instead of at 90 Cfor
16 mmn) wefound 51 carbohydrate using glucose as the standard Of the carbohydrate
fraction 86 4 was preapitated by 70 ethanal {polyracchandes) The ethanol soluble
(oligosacchande) fraction on paper chromatography (Whatman paper no 1 run
descendent with ethylacetate acetic acid water 9 2 2 for 20 hours) showed two
spats one with a mobility sumalar to that of sucrese the other one similar to lactose
Enzymic assay of sucrose with the method descnbed earlier (Dahlguist and Thomson
1963 a) and of lactose with the method descnibed below showed the obgosacchande
fraction to contain 72 7 lactose and 24 sucrose Thus the diet contans 44 2, poly
saccharides 51  lactose and 17 sucrose

Su,ars Lactose (4 (8 D galactopyranosyl) D glucose) monohydrate and glucose
were obtamned from Baker Chem Co (Phillipsburg N J U S.A) and galactose from
Merck A G (Darmstadt W Germany) All were of analytical grade punty

On complete hydrolysis 10 g of lactose monohydrate will yield 05 g of glucose and
05 g of galactose

dbsorphion teste The techmque of the absorption tests was smular to that previously
desenibed for sucrose (Dahlqvist and Thomson 1963 a) The sugar was administered
together with 50 mg of polyethylene glycol in 4 ml of water through a stomach tube In
one scries of expenments 800 mg of sugar (cither factose or an equmolar mixture of
glucose and galactose) were gnen to each rat i another senes 400 mg After the ime
allowed for asorption the anumals were killed and the stomach upper middle and lower
third of the smali intestime and the farge intestine b d and analysed

Analvtical methods The determunation of polyethylene glycol and the precipitation of
protein before sugar analysis were performed as descnbed earhier (Dahlg 15t and Thom
son 1963 a) The assav of sugars 1n the protein free filtrates was performed as follows

Determ naton of free glucose The amount of free glucose present was determned with
the tns glucose oudase reagent as descnbed earl er (Dahlqwist and Thomson 1973 a)
Lactose and galactose do not react with this reagent

Determination of lactose This was assaved by determimng the ncrease m free glucose
after the hydrolysis of the lactose by a fungal lactase preparauon (Lactase F obtamed
from Roninklyke Gist en Spintusfabrick NV Delft Holland! A buffered lactase
solution was prepared by shaking 25 mg of the lactase preparation with 50 ml of 0 1 M
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potassium! phosphate buffer pH 6 8 (6 95 g of hH,PO, and 8 54 g of k,HPO, dissolved
m distilled water to 1 000 ml) for 5 mun and then filtering When stored at + 4 C this
solution s stable for at least 3 days To assay lactose 1n the protem free filtrate of the
h of the g ] tract 001—010 ml (containing 001 to 0 10 mg
of lactose) was diluted with water to 0 1 m] then 04 ml of the buffered lactase prepara
tion added and the tubes incubated at 37 C for 1 hour Dunng this time the lactose
was completely hydrolysed Then 3 0 ml of the tris-glucose oxidase reagent (Dahlgyist
1961) was added the tube again incubated at 37° C for | hour for development of the
colour and the amount of glucose present after lactase digestion measured 1n the spec
trophotometer by the method used for the assay of free glucose. To check that the lac
tose was hydrolvsed completely a lactose solutton of knawn concentration was atwavs
assaved together with the ammal samples The amount of glucose hiberated from lactose
‘was calculated as the amount of free glucose found mn the assay described above minus
the amount of free glucose before lactase digestton The amount of lactose was then
calculated by multipheation wath a factor of 2
Determination of free galactose To determune the amount of free galactose the total
amount of sugar present (lactose plus glucose plus galactose) was first determined with
areducing sugar method after the lactose had been sphit enzymatically Then the amount
of frec galactose ongnally present was caleulated by subtracting the amounts of lactose
plus free glucose found with the methods descnibed above The lactase digestion and
reducing sugar assay werc performed as follows 0 05— 1 0 m! of the protemn free filtrate
was diluted to 10 ml with disulled water } 0 ml of the buffered lactase solution was
added, and the tube then 1ncubated at 37 C for | hour Then 2 0 ml of the 3 5-dinitro-
sabicylate reagent of Sumner (1924) prepared as described by Hostettler Borel and Devel
(1931) was added the tube heated 1n 2 boihing water bath for 10 min and then cooled
with t2p water After dilution with 20 m! of distslled water the colour was determined in
a spectrophotometer at a wayve length of 330 myz 1n cuvettes with a 1 em Light pathway
Tor g of the sp a blank without sugar was used and the
famount of monosacchandes was calculated from a standard series with 05—2 0 mg of
_glucose Glucose and galactose have the same exunction cocfficient with this method
Spectfictty and accuracy of the analytical methods When known amounts of lactose glucose
and galactose were mixed with scgments of the small intesune from fasted rats and then
homogemsed and analvsed by the above methods for the separate determination of
cach of these sugars 97—103  of the expected amounts of the sugars were found The
secovery of polvethylene gheol has been discussed previously (Dahlquust and Thomson
1963 a
Cala:[nlwn of the results of the absorption lests The calculations and the terms used for
the results of the absorpuon experniments hate all been defined previowsty (Dahlgvist
and Thomson 1963 a and b; The 1 L used were perfc d il
to Bailey (1959) The abbrevrauons used are SD = standard deviavon and SF =
standard error of the mean
Determination of the rate of hydrolysis of lactose 1n tifro by preparations from the different parts
of the gastromtestinal tract of the rat Fasted rats were killed by a blow on the head and the
gastromtestinal tract removed and divided as follows stomach upper middle and lower
thirds of thr small mtcsine caccum and the remainder of the large intestne Lachseg
raent was placed 1n a small beaker and weighed The caceal contents were first removed
with a spatula and transferred (o a separate beaker but the other segments were not
od The contents of each braker were homogenized 1n an Ultra Turrax homogenizer
with 4 ml'g of sce-cold 09 per cent \aCl The tube was chulled wath crushed ice dunng
the The h were not fuged sincein prel y expent

¥ This fungal lactase 18 activated by potassam sons and mhibited by sodum sons



DIGESTION AND ABSORPTION OF LACTOSE 23

Fig 1 Gastnc emptyng caloulated from the
amouat of polyethylene glycol recovered from
the stomach at different tames afeer the ad
rumstration of the sugar polyethylene ghycol
solut on Lach pomt represénts the mean value
obtained from two or more rats @ = 800 mg
lactose fed () = 800 mg glucose L galactose
fed, m 400 mg lactoscfed [} = 400 mg ghe
cost + galactose fed

PERCENT GASTRIC EMPTYING

4 1 2 3
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ments centrifugation was found to remove part of the lactase activity i accord with the
results of Doell and Kretchmer (1962) The b were assayed for lactase with
the method of Dahlquist (1960) using the trs buffered glucose oxdase reagent (Dahl

qvist 1961) To reduce the turbidity of the solutions used for the spectrophotomerric
measurements the lactase reaction 1 the assay was mterrupted by the addition of [ ml
of ZnSO, solution and 0 1 ml of Ba(OH), solution adjusted to give an son free super

natant (Somogyr 1945) nstead of by boiling Then the solution was diduted ta 1 0 ml

and after 05 ml of the was taken for glucose assay as usual

One unit of lactase 1s the activity hydrolysing 1 0 mg of lactose monohydrate 1 60 mimn
under the specified conditions!

Rat panereatic juice was obtamed by cannulation of the Jower end of the common
bile p duct with polyethyk tubing Bile was removed through another
pols ethylene catheter sn the common bile duct near the hver to avoid contamination
The operation was performed under ether narcosss and the antmal was then placed i a
restratming cage and the pancreatic juice collected for 24 hours in tubes chilled with
solid carbon dioaade

Determunation of the snfluence of pH on the lactase actirsty of homogenates of small intestinal
mucosa and caecal confents The small intestinal mucosa of fasted rats was scraped off sith a
glass shide wesghed and homogenised with 4 mlfg of sce cold 09 per cent NaCl m the
Ultra Turrax homogenizer The tube was chilled with 1ce dunng homogenisation The
caecal contents m another tube were h dinthesame way L was then
performed on these homogenates with the usual procedure using the followmng buffers
pH$—55 005 M sodum acerate pH 6—7 005 M sodiumn maleate pH 75 0025 M
sodium veronal The buffes concentrations grien are those m the reacthon mixture A
separate set of tubes with the same reaction mixture was used for the assay of pH with
a glass electrode both before and after ncubation The mean value of these measure
ments was used n plottng the pH/actiuaty cunes

Determination of the rate of hydralvsis of lactose n rizo The amount of lactose hydrolysed
at any given time 1n the ab: lculated using the that all of
the lactose that had d d from the 1 tract after had been
absorbed and hydrolysed durng its absorption The amount was thus caleulated s the

In recent publ cat ons_ the unit for disaccha idase act sty bas been d fined as the actuity
Iydrolvaing 1 umole of substrate per mn in acco d w th internat onal agreements for enzyme
unis (Freeman 1961) In the present study the older 1 cras un t has b cn used m order to facil

tate the comparison of rate of hydrolysis of lactose  ¢¢ with 18 ate of hydrolysis and absorp-
tion in tiio
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Toble I VMean transit of the sugar polsethylone glyeol solutions through the small wntestine
at vartous times after wntragastric admmstration

Time
after  No Small intestine
wm of
bation am Amoune UPper third  Middle third  Lower third
(hrs) mals Sugar fed (mg) Mean Range Mean Range  Mean Range
05 3 Glucose + Galactose 800 64 45-75 28 20-33 0 -
2 Lactose 800 79 75-83 47 36-58 5 o=
2 Glucose -~ Galactose 400 7% 72-80 41 32-50 4 0-8
2 Lactose 400 79 72-87 40 3543 3 0-7
io 5 Glucose + Galactose 800 84 75-91 55 40-70 2 o-10
2 Lactose 800 91 9093 69 61-77 73 0-717
2 Glucose + Galactose 400 97 9693 91 - 3 2-5
2 Lactose 400 97 90--95 53 50-57 5 -
20 3 Glucose + Galactose 800 97 92-98 8+ 7697 3 2-3
2 Lactose 800 95 9496 69 59-79 54  40-63
2 Glucose + Galactose 400 99 58-100 9+  87-160 41 26-57
2 Lactase 400 9 9498 61 5369 30 17-4
40 2 Glucose + Galactase 800 53 - 98 96-100 60 51-70
2 Lactose 800 100 ~ 100 - 78 7681
2 Glucose + Galactosz 80D 100 - 9 93-93 99 3100
} 2 Lactose 800 100 — 8 - 9% 9-97
1o 2 Glucose + Galactose 200 % 97100 98 97-100 100 -
2 Laciose 800 97 97-98 92 87-98 8 82-91
imount of sugar whith had d d from the 1 tract plus the amount

ffree glucose and galactose recovered from all of the segments The rate of hydrotysis of
actose i £t © (mg/hr) was calculated from the salues obtaned dunng the first 3 hrs

Mfter tntubation

Results

Gastric emptyin, In spite of the difference in molanity of the solutions very
little difference was obscrved 1n the rate of gastric emptyang after the administra
tion of lactose or the corresponding amount of glucose and galactose (Fig 1)
When 400 mg of sugar were gnen the stomach emptied more rapudly than
when the larger dose was used Gastric emptying was over 93 %o compleie
two hrs

Trannt throuk the small wntestire \o consistent effect on the rate of trinut of
the sugar polyethilene glycol solutions through the upper two-thirds of the
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Fg 2 Total amount of sugar absorbed at different tmes after the mtragastnic adminstrat on

of 800 mg of Jactosc {@ ) or B0 my of 2n equ molar muture of glucose and galactose {O)

Fig 3 Total amount of sugar absorbed at different times after the mtragastric admnstration
©of 400 mg of lactos (m) or 400 mg of an equimolar mxture of ghicose and galactose (1)

small intestine was observed after lactose admimustration (Table I} When 800
mg of lactose were given transit through the lower third of the small intestine
was defimtely more rapid than in the other cases No diarrhea occurred after
Tactose admmistration and the 800 mg dose used by us 15 well below the amount
previous authors have found necessary to produce diarrhea (Fischer and
Sutton 1957 Coryell and Chnistman 1943) Several rats were kept in individual
metabaolic cages for 12—18 hrs after the feeding of 800 mg of lactose and
after this tiune the stools were solid and contaned only 10—20 ¢, of the poly
ethylene glycol given The remainder of the marker was recovered from the
large intestine

Rate of absorption of the sugars Absorption proceeded practically hnearly for
2 hrs when 800 mg of the glucose galactose mixture were given dunng which
time over 90 %, of the sugar was absorbed (Tig 2) Durng thys period the
monosacchandes were absorbed at the rate of 376 4 26 mg/rat/br (mean =S E )
When 400 mg of the monosacchandes were given 407 & 21 mg/rat/hr of
sugar were absorbed (Fig 3) Absorpton was completed 1n 23 hrs when
800 mg of the monosacchandes were given and after 1—2 hrs when the lower
dose was used Glucose was absorbed somewhat more rapidly than galactose
when their rates of absorbed rates of absorption was calculated separately in
agreement with the results of previous workers who have studied the absorp
tion of a mixture of these two monosacchandes (Cort 1926 Coryell and
Chnstman 1943)

When esther 800 or 400 mg of lactose were admumustered absorption took
place much more slowly than when the monosacchandes were gnen (Fig 2and
3) Inboth cases the rate of absorption was virtually constant for 4 hrs while 60—
73 95 of the sugar was absorbed and then the rate decreased The 800 mg of
lactose were completely absorbed i 8—12 hrs the 400 mg i about 6 hrs
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Tablz I Mean absorption indsces for glucose -+ galactose and for lactose for the various
segments al vanous time intervals after intubation

Time Small intestine Large
after N{“ Stomach  Upper third Middlethird Lower third  ntestine
mnte of

o o
bation am Dose g ® E B 5 Eq 5 é:, s é{,
(hrs) mals Sugarfed mg) 2 & 2 & & & H & I

05 3  Glucose+ 800 6 49 18 0-3¢ 65 61—74 75  ~

!
|

Galactase
2 Lactose 800 9 3-16 O - 8 0-17 74— - -
2 Glucoe+ 400 2 0-4 44 31—-58 81 79-83 91 83-97 — -
Galactose

4 La tose 400 © -~ 6 013 11 N-12 n - - -
106 5 Glucose+- 800 1 0—4 16 0-23 74 67-89 & 79-88 — -

Galactose
2 Lactose 800 9 - - - 2, 24-27 10 5-16 2% 21-27
2 Glucose+ 400 — —- — - - - 33 - - -
Galactose
2 Lactose 400 © - - - 17 17-18 18 16-20 — -
20 3 Glucose+ 800 — — - - 83 82-94 98 96-100 — -
t Galactose
2 Lactose 800 — -~ - - 30 21-3% 25 15-34 22 O0-44
2 Glucose+ 400 — — - - 96 - 100 - 100 -
Galactose
4 Lactose 400 ~ — -~ 42 29-55 39 37-41 38 —
30 2 Lactose 800 - 37 31-43 38 36-41 €1 -
2 Lactose 400 - — ~ 75 - 66 64-68 70 51-8t
40 2 Lactese 800 —  — -~ - - 60 53-67 57 49—€0
2 Lactose 400 - — - - - 71 6377 8¢ 7791
60 2 Lactose 800 — — ~— -~ - -~ ) - 66 60-73
2 Lactose 400 — - — - - 96 97 100 9} BF-97
8o 2 Lactose 800 — — - - % - 9 - # A

10 1 Lactose 800 — — — - - - = = 100 -~

Absorption 1ndices w re only calculated for those s gments i which 18 {5 mg) or more

of the admimustered oty thylene glycol was recosered
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Fig 4 Mean amounts of glucose and galactose recovered from the different parts of the gastro-

intestinal tract at vanious t mes afier the intraga.tnc admmistration of 800 mg of an cquimolar
mixture of the ¢ two sugars

Duning the Imear absorption period the 800 mg dose was absorbed at the rate
of 142 4 15 mg/rat/hr (mean - S E ) and the 400 mg dose at the rate of 86 -
5 mgfrat/hr The difference between these two means 1s significant at the
19, level

Gastric and wlestinal absorption indices Very httle gastric absorption of the
sugars occurred (Table II} When glucose and galactose were fed almost all
of the sugar was absorbed in the upper two-thirds of the small intestne and
after one hr over 85 %, of the monosacchanides had been absorbed from the
portions of the solution fed which had reached the lower third of the small
mtestine

Lactose absorption took place in all segments of the small intestne After the
feeding of 800 mg of the disacchande more than 60 °4 of the sugar remamed
1n that portion of the soluton given which reached the large intestine in the
first two hrs When 400 mg of lactose were gnen small mtestinal absorption
procecded more nearly to completion than after the larger dose

Ohrer 90 ¢, of the lactose was absorbed after 6 hrs when 400 mg were given
and after 8—12 hrs when the 800 mg dose was used Since less than 20 °, of the
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Fig 5 BMean amounts of glucose galactos and factose recovered at vanous imes afier the intra
gastnc admimstrat on of 800 g of factose

amount of polvethylene glycol given was recovered from the stools in 12-—18
hrs and since \irtually no sugar was found 1n the stools after this ime, almost
Al of the disacchande was absorbed The amount of sugar utilized by the
mtestinal flora cannot be estimated in these expersments

Amount and b pe of sugar vecorered from the carous segments of the gastroindestinal tract
When 000 mg of the glucose galactose mixture were fed no sugar was recovered
rom the large intestine and very fittle sugar even reached the lower turd of
the small gut (Fig 4) The amount of galactose recovered i any small intestia)
segment alwass exceeded the amount of glucose

Large amounts of sugar reached the lower third of the small bowel and the
zalon when 800 mg of lactase were given (Fig 5) Over 20 °, of the amount of
sugar fed was found 1n the colon even after 6 hr In the samples recosered from
the small intestine nearly all of the sugar was present as the discchande
shawing that the rate of absorption of glucose 1nd galactose exceeds the rate of
hydralysis of lactose a thus sue Glucose and gilactose accumulated 1o 1 con
siderable extent i the colon reflecting the much slower rate of absorption of
these monosaccharides at this fevel of the mtesunal tract When the 400 mg
dose of lactose was fed a smaller fraction of the sugar was recos ered from the
colon
The localration of lactase in the rat sntestinal tract The distnbunon of the o1l
lactase actinity of the gastromtestinal tract and caceal contents of the rat
measured 12 21fro 15 seen an Table I Virtually no gastne lactase was found
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Tabf Fff Lactase aciuty of fhe vovious segments of the gastro-wntesinal tract ond the carcal
contents of the rat measured tn vitro tn homo,enates

Units of
Jactase
S-gment actity
Stomach 06
Upper third small tntestne 356
Middle th rd, small intestne 196
Lower thud small intesine 21
Caccal contents 867
Caecal wall 277
Colon and rectum 64
Total acuwty 2267

“The small intestine of a rat s able to hydrolyse about 110 mg of lactose/hr under
the conditions of the m ritro assay The higher lactase activity of the muddle as
compared to the proumal third of the small intestine 15 sumlar to the findings of
Cajon (1935) 1n the dog The very ngh lactase actity of the ceacal contents 1s
strking This 15 especially noteworthy 1n that the other disacchandases are
essenually absent from the caccal contents of the rat (Dahlqwist 1963) The
caecal wall also shows some lactase activity but this may well be a result of

with l-content lactase Rat p juice contaiming 40
mg of protein/ml and with a high amylase actinity did not contain lactase (less
than 0 1 untsfml)

The locus and rate of lactose Aydrolysis m ziwo Parcnterally injected lactose 1s
largely excreted 1n the unne (Verzar and McDougall 1936) After the mtra
gastric admimistration of 800 mg of lactose to rats we collected the unne for up
to 8 hrs The unne contained very httle sugar (lessthan 20 mg) Thus mour
experiments  Little or no lactose escaped hydrolysis i the g
tract duning sts absorption That fraction of the duse of lactose which 1s absorbed
11 the small intestine can be hydrolysed by the amount of lactase we found n
the small intesttnal mucosa Since a considerable fraction of unhydrolysed
lactose reaches the large intestine when 200 mg are gnen and nce ths fraction
15 split to monosaccharides and c\cntually absorbed the lactase of the caecal
contents also secms to i the physiol dig of this dose of
lactose 1a the rat

The course of the hydrolysis of lactose after feeding 800 and 400 mg 15 seen 1n
Fig 6 From the values for the first 3 hrs 1t was calculated that the rate of
hydrolysis 1 r1 0 was 169 & 13 mgirat’hr (mean = S E ) when 800 mg of
lactose were fed and 120 - 10 mgirat hr when 400 mg were given

The difference between these two values 1s sgmficant at the 12, level
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Fig 7 Influence of pt on the Jactase acinaty of a homegenate of rat small intestinal mucov

Fig B Influence of pH on the lactase activity of the caccal contents of the rat Three separate
experiments cach using different symbols are shown In each cxproment the mixerd caccal
contents { om twe rats were used

Since the total Jactase activity of the gastromntesunal tract of the rat was
found to be 227 units representing the hivdrolysis of 227 mg of lactose,hr
{Table 111} the observed rate of hydrolysis found 1 11 o can casily be accounted
for by the amount of enzyme avalable

The artgen of the caccal content lactase The remarkably high lactase actnvaty of
the caccal contents may be caused esther by enzyme released from desquamaced
small iniestinal mucosal eells or by bactenal enzvmes To mmesngate these
posstbtlittes we studied the pH actnaty cunes of the lactise found sn smli
mtestinal mucost) homoy enates and homogemzed cvecal contents

In repeated expenments the pH-opumum for the small intesnnal enzyme
was found ta be 533 8 The pH acuvity curve 1s scen i Fig 7

The pH-optimum of the lactase actsssty of the caccal contents vaned from
expenment to experiment (Fig 8) In one case the enzyme showed a pli-op-
nmum considerabily tugher than the small intestinal enzyme (about plf 6 5) n
a second experiment she optimum was closer to the small mtestinal one and
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1n 2 third experiment two distinct optima were present These findings indicate
that at least a considerable fraction of the caecal content lactase 15 enzymatically
different from the small intestinal enzyme Since the caecal wall has a low
Jactase actiity the second enzyme 1n the caccal contents 1s most probably of
bactenal ongin This concept 1s supported by the fact that practically no lac

tase 1s found in the caecal contents of germ free rats (Dahlgwist Bull and
Gustafsson — to be published)

The pH optimum found for the rat small intestmal mucasal lactase agrees
well with that found for intestinal lactase from other mammahan species
(Hexlskov 1956 Dahlgvist 1960) Heulskov (1996) has also shown that the pH
optimum for the lactase m extracts from E colt 15 considerably higher than for
the anumal enzyme

Discussion

Lactose 15 known to exert a laxative effect both m man and anmmals (Fischer
and Sutton 1949) WWith the doses of lactose we used however lutle effect on
the gastromntestinal motility was observed The only clearcut effect the more
rapid passage of lactose from the lower part of the small intestine into the colon
when the 800 mg dosc was fed can be explained on the basis of the osmotc
effect of the Jarge amount of sugar reachuing the lower part of the small bowel in
this case This finding supports the conclusions of earlier authors (Fischer 1925)

In absorption studies in man  the absorption of lactose has been found to
oceur n the upper part of the small intestine (Dahlgwist and Borgstrom 1961)
In the present investigation lactose was absorbed at all levels of the small bowel
in the rat and particularly with the Jarger dose of lactose 3 considerable
amount of the sugar was absorbed in the colon As lactase was present both in
the whole of the small intestine and 1n the contents of the caecum 1t may well
be that the major stte of absorption found 1n a particular experument 1s a re
flection of the amount of sugar fed With the 800 mg dose 1n our experiments
the capacty of the rat small intestine to hydrolyse lactose was considerably ex
ceeded and at least 2 9, of the sugar fed reached and was absorbed in the
large intestine Also the ability of the small intestine of the adult rat to hydro-
Jyse lactose as compared wath ats ability to hydrolyse other disacchandes may
be relatnely lower than that of the human intesine Human jejunal mucosa
possesses a lactase activaty comparable to that of mvertase (Dahlqust 1962)
The small intestmal lactase activaty of the adult rat found i this study 1s less
than one third of 11s invertase actvity (Dahlqvist and Thomson 1963 a) This
relatne lack of small intestinal lactase 1n the rat may partly explam the lower
locus of lactose absorption found in this spectes

‘The importance of the lactase of the caecal contents eems to have recened
little attention 1 the past (see review by Fischer and Sutton 1949) The high
lactase activity we found n the caccal contents of the rat seems to be caused by
bactenal enzymes As all of our rats recened the same diet which contained
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51 % lactose the effect of the diet on the lactase actvity of the caecal contents
cannot be determined 1n these studies When large amounts of lactose are pres
ent m the diet the lactase of the caecal contents may well play a considerable
role 1n the normal digestion and absorption of lactose

Lactose 15 known to have a speaific enhancing effect on the absorpuon of
calcrum and other alkaline earth metals from the inteste (Irving 1957) After
studying the absorption of radiostrontium n adult rats Cramer and Copp
(1929) concluded that the ileum was quantitatively the most important 1te
of absorption They also found that absorption continued for at least 4—6 hrs
after the administration of the isotope  Although the mechamism of the effect of
lactose on the absorption of these metals has not been established the chelation
of the metal 10ns by lactose has been proposed to be responsible for at least part
of this effect (Charley and Saltman 1963) Our finding of large amounts of
lactose in the lower third of the small intestine for up to 6 hrs after 1ts ad
mimstration shows that chelation could occur at this site throughout the time
that these metals are being absorbed

The finding that unhydrolysed lactose reaches the colon fits well with the
known influence of this disacchande on the large intestinal bactenal flora
{Fischer and Sutton 1949)

Grants that have been obtatned from the Swedish Medical Rescarch Council are graccfully
acknowledged Mrs A Rarst~15%0n and Miss h Rlang are thanked for skillful technical assist
ance
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Vascular Adjustments to Increased Transmural Pressure
1n Cat and Man with Special Reference to Shifts
in Capillary Fluid Transfer
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Abstract

Mettasoer § B Oserc and H Obetram Lascula adpustments to in reased
transmural pressure sn cat and man with sfreial veference to shifts 1 caf llary flard
transfer Acta phvsiol scand 1964 67 34—48 — When a vascular bed
18 exposed to an ancreased transmural pressure as occurs in the lower ex
wemities 1n man on standing adjustments of the vascular tone take place
which tend to protect the orgamism agamst excess  transcapllary loss of
ewrculating flid tnto the cxtra ascular space Thus frst by closure of a
number of the precapillary spbincier vessels thesiz of the capillary  rface
area d rectly avaitable for blood flow and hence for fluid exchange 1s reduced
and th rate of filtration correspondingly decreas d Second by an increase
of the ratio of precapillary to posteamllary flow resistance which increases the
pressure drop across the precapillary resustance essels the nis 5 capil
Jarv pressure will be lesa than expected from the observed increas n artersal
an1 venous pressures From a quantitau ¢ point of view  the reduction of
the capiilary surface area s ema to be by far the more important prot ctne
mechanism  as 1t was shown that 1 ¢ ¢ human foot the rate of filtration
per unit teanscapsllary pressure difference was decr as~d to only 113t 1/8 of
normal when th regional transmural pressur was inereased by shifting from
the supine (o the erect posture

The vaseular reponte pasterns doc-ibed 2re evidently brought 1nto ploy
mainty by a ranforcement of the jotal iherent anonat oy of the va cofar
smooth muscle induced by (e rased trans Tural pressire but in all proba
bility can be intensificd 1o some extent by superimpo ed extrins ¢ vasomotor
fiber influence Thu act ¢ vascular adaptation to hydrostatic 1 ad seems 1¢
beof greater importance than extrava cular mechamsms {1 preventing edema
f3rmation 1n dep-ndent regms 1n normal st jecos during qu et standing

A pronounced increase of the hydrostanc blood pressure in the lower extrem

stses will occur 10 man on shifting from the supine to the erect posture Fro-
vided that a continuous column of blood from the heart level to the feet exasts
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not only on the arteral but also on the venous side of the airculation (see Pollack
and Wood 1949 Hojensgird and Stiirup 1952) and o counteracting mecha
rsms arc brought mto play the artenal venous and eapillary pres ures m the
foot of the adult human should mncrease by about 75 to 89 mm Hg on standung
Such 2 hydrostatic load will derably affect the b dy s of the de-
pendent vascular crcuits In add to the p ed it of
blood that would eccur m the highly distensible  capacitance vessels , regional
hydrostatic capillary pressure would greatly exceed plasma collod osmotic
pressure causing a rapid outward filtration of mtravascular fluid with a conse-
quent tendency for edema formation Using the data for the capillary filtraton
coefficzent (CFC) 1 the human forcarm gwen by Landis and Gibbon (1933),
(0005—0006 ml flwd filtered/min/100 g tissue/mm Hg capillary pressure
Tise) 1t can be calculated that m the erect posinon the find loss wmnto the tissue
spaces 1n the human feet would amount to 0 5 to I iter/hour Itis abwious that
edema formation of this magnitude does not take place m healthy subjects 1n the
erect posture (Turner Newton and Haynes 1930 Waterfield 1931) It must
therefore be assumed that some potent mechamsns that protect agamst exces
sive flud loss are brought mto play on standing but the exact nature of such
mechanisms does not secm to be fully understood at present Factors of impor
tance 1n this connection would seem to be an increase of tissue pressure an aug
mentation of lymph drainage from the tissues and the action of the muscle
pump lowening the venous pressure and hence also the capillary pressure o
doubt these mechanisms may be operating to prevent edema i dependent
tegtons dunng active muscle movements such as walking as will be discussed
below During quiet standing however such factars do not seem to play an
amportantrole since then tissue pressure appears to be only moderatety changed
{eg Wells Youmans and Miller 1938 Day Hinshaw and Walder 1960) and
regional venous pressure approaches that expected from the magmtude of the
hydrostatic load (Pollack and Wood 1949 Hojensgard and Sturup 1952) and
finally lymph dramage 1s then very small (see White Field and Drinker 1933
Yoffey and Courtice 1956)

Itseems however quite possible that adjustments of regional vascular tone
reflexly and/or locally mduced can contnibute to the lumitation of transcapillary
flid Toss 1n a region exposed to raised mtravascular pressure for the following
reasons The rate of the net filtration 1nto the ussues 15 ulumatelv dependent
upon the extent to which mean capillary pressure 1s raned and upon the 1ze
of the capillary surfacearea that s available for filtration One of the main deter
munants of capillary pressure 1s the rauo of precapillary to postcapillary resist
ance It 15 known that acuvation of the vascular smooth muscle generally
feads to an increase of this ratio which per s tends to reduce mean capillary
pressure (Mellander 1960) Furthermore changes of smooth muscle tone 1n
the precapillary sphincters will determune the size of the caprllary surface area
that 1 a guen situation 1s directhy available for blood flow and thercfore ta
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transcapillary flud exchange (Folkow and Mellander 1960 Cobbold 2 of
1963) It seems ltkely that on shifting from the supine to the erect position there
will be an d vascular tonen d regions partly duc to reflex
vasoconstrictor fiber excitation and partly due to reinforcement of the mherent
smooth muscle automaticity consequent upon the rased transmural pressure
(sce Folkow 1962) If now n the erect position such changes i vascular tone
occur and these lead to an d pre /p p 4 ratio andfor to
a closure of a fraction of the precapllary sph s then these ad

would tend to reduce outward filiratton by imiting the capillary pressure i
crease and by reducing the capillary surface area available for exchange

In the present mvestigation quantitative methods have been used to follow
the vascular reactions and the rate of net capillary fluid transfer occurring ma
region exposed to raised wntravascular pressure Special attention has been pad
to the problem of whether and to what extent the size of the capillary surface
area and hence the tone of the precapillary sph s ght be ch din such
ar Aq e of the size of the capillary surface area
was assessed by the determinauon of the capiliary filtration coefficient (GFC),
as described by Cobbold et a! (1963}

In one series of expenments such studies were made 1n the human foot with
the subject 1n supine and ercct body position Another series of experiments was
performed on cats i which 1t was possible to follow 1 much more detail the
vascular adjustments induced by raised transmural pressure In this preparation
1t was also possible to study separately the role of local mechanisms 1n terms of
mtninsic myogensc factors in these vascular adjustments

Methods

General constderations

Atech which permits 1 ding of the reactions 1 different  senes
coupled sections as well as net transcapillary fluid shifis 1n a vascular bed has been
deseribed previously (Mellander 1960) In the present study this techmque was mods
fied 50 as to permut recordings 1n the human foot and 1 a calf muscle-skin preparation
1 the eat The reacnions of the resistance vessels condd be assessed by recording, artena
inflow pressure venous outflow pressure and regional blood flow By plethysmographic
volume recording of the organ 1t was powible 10 follow contnuously both vananons
1n regional blood content (capaaitance function) and changes 1n net fluid teansfer across
the capillary membrane Changes in the size of the capillary surface area and bence
changes 1n the tone of the precapillary sphincters were followed by determinations of
CI'C (Cobbold esaf 1963) CFC was determined by raiung the venous outflow pressur®
a known amount and recording the rate of outward filtration caused by the consequent
snerease in capillary hydrostatic pressure (see §appenheimer and Soto-Rivera 19¥
\ellander 1960) To estimate to what extent mean hydrostatic capillary pressure w3
affected by a grven senous pressurc increase the pre /pastcapallary resstance rauo mest
be known (Cobbold ¢z al 1963, [herefore an evaluation of this ratio was done in these
studies whenever CFC was 1o be determined
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Expensmental procedures
2 Cat expenments

‘The vascular reactions to increased intravascular pressure were studied in 2 calf
muscle skin prep n 5 cats anesthetized v 1th lose (10 mg/kg) and urethane
(50 mg/kg) The calf preparation was done according to the method descnbed by
Rjellmer (1961) After removal of the paw the calf was placed m a water filled tempera
ture-controlled plethysmograph using a skin flap for water proof closure After hepan
nization the cognate artery and yemn were severed and then reconnected to the femoral
artery and vein respectnely by means of farrly long silicomzed polyethylene tubing In
this way the calf was perfused with normal ox)genated bload from the main part of
the ammal The calf was then separated completcly from the ammal with careful hemo-
stass The animal was placed on a table which could be elevated some 65—70 cm above
the level of the isolated denenvated calf 1n the plethvsmograph By zdjusting the height
of the table this preparation made 1t possible to follow the vascular reactions in the calf
duning normal and greatly increased transmural pressures but with the perfusion pressure
head remamny constant The artenial inflow pressure and venous outflow pressure
1n the calf were continuously recarded at the level of the plethysmograph Calf blood
flow was continuously measured by a drop recorder umt nserted on the venous side
With the plethysmographic technique changes 1n tissue volume were recorded contin
uously CFC was determuned at intervals

In this way the reactions of the abovcmentioned vascular sections were followed
‘when the vascular bed v as exposed to normal and 1ncreased transmural pressures After
this chloral (0 5 g1n 20 ml Dextran Tyrode solution) was slowly mnfused intra artenally
mto the calf ta abolish the 1herent activity of the vascular smooth muscles remaming
after vasomotor denervation (Folkow and Lofving 1956) The behaviour of the vascular
bed during normal and high transmural pressure was then studsed

b Human experments

Experiments were performed on 8 healthy young men The subject 1 as placed on a
tile table with his nght foot enclosed i1n a water filled temperature-controlled (35 C)
plethysmograph fixed to the table A thin latex stockine covenng the foot was fixed to
the entrance of the plethysmograph ta ensure water tight closure In the erect posture
the werght was borne entirely by the lefi foot while the night foot was held at vest
comfortably without loading Room temperature was kept at 20 C The water level
n the plethysmograph was kept constant n bath the supine and the erect position
Changes of foot volume were recorded continuously by means of a piston volume
recorder d to the pleth ph For d of CFC venous outflow
pressure in the foot was raised 20 to 30 mm Hg abose the resting value This was ac
complished by instantaneous mflation of a blood pressure cuff placed around the call
and connected 10 a pressure contamer \ enous outflow pressurc was measured contin
uowsly by means of an indwelling catheter 1n a vein on the dorsum of the night foot
the tip of which was placed 1nside the pleshysmograph and directed contrally Venous
pressure was recorded with a strain gauge transducer conn cted to a direct wniting
escillograph (Mingograph Elema Co } the transducer being placed at the lexel of the
up of catheter 1 the vein Clotting was prevented by flushing the catheter at mtervals
with 2 hepann 1 saline \rtenal inflow pressure was measured 10 the popliteal fossa
of the {eft feg according to Riva Rocar's method Functional mean artertal pressufe was
taken as the duastohic pressure plus 1,3 of the pulse pressure Blood flow i the foot was
determined by venous occlusion plethysmography

In cach experment CFC and foot blood flow were first measured repeatedly 1n the
supine position  \ficr this the subject was tilted to a head up pos tion 80 from the
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transcapillary fluid exchange (Folkow and Mellander 1960, Cobbold e af
1963) It seems hikely that on shifting from the supine to the erect position there
will be an mcreased vascular tone i dependent regions partly due to reflex
vasoconstrictor fiber exaitation and partly due to reinforcement of the inherent
smooth muscle automaueity consequent upon the raised transmural pressure
(see Follow 1962) If now n the ercct position such changes in vascular tone
occur and these lead to an increased pre /postcapillary resistance ratio andfor to
a closure of a fraction of the precapillary sph then these ad

would tend to reduce outward filtration by hmiting the capllary pressure tn
crease and by reducing the capillary surface area available for exchange

In the present mvestigation, quantitative methods have been used to follow
the vascular reactions and the rate of net capillary flmd transfer occurningina
region exposed to raised intravascular pressure Special attention has been pud
to the problem of whether and to what extent the size of the capillary sutface
arca and hence the tone of the p 11 pt rught be changed in suck
arcumstances A guantitative measure of the size of the capillary surfice ared
was assessed by the determmation of the capillary filtration coefficient (CFC)
as desenibed by Cobbold e ol (1963)

In one series of expersments such studies were made 1 the human foot with
the subject :n supine and erect body posttion Another series of experiments was
performed on cats mn which 1t was possible to follow 1n much more detail the
sascular adjustments induced by raised transmural pressure In this preparation
1t w1s also possible to study separately the role of local mechanisms in terms o
mtnnsic myogente factors n these vascular adjustments

Methods

General considerations

A terchmgue which permits smultaneous recording of the reactions in different scres
coupled sections as well as net transcapllary flud stufts 1n a vaseular bed has been
described previously (Mellander 1960; In the present study ths technique sas modt
fied 50 as to permit recordings in the human foot and 1n a calf muscle skin preparatiof
1m the cat The reactions of the resistance vessels could be assessed by recording artend
snflow pressure venous outflow pressure and regional blood flow By plethysmographi©
volume recording of the organ 1t was possible to follow contimuously both sanation
1n regional blood content {capacitance function) and changes n net fld tramfer acros
the capillary membrane Changes tn the size of the capillary surface area nd hen;
changes 1n the tone of the precapillary sphincters were followed by determimations .
CFC (Cobbold et el 1963) CFC was determuned by rasing the venous outflow Pf"““"
a known amount and recording the rate of outward filtration caused by the com"l"';;
increase n capillary hydrostatic pressure (sec Pappenhermer and Soto-Ruvera 19 A
\ellander 1960) To estimate 10 what extent mean hydrostatc capillary pressure ':nt
affected by a grven venous pressure ancrease the pre /postcapillary resistance ratio ,r"nc
e known (Cobbold ¢f al 1363) Therefore an evaluation of thus ratio was done it th
studies whenever CFG way to be determined
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Expernmental procedures
a Cat expernments

The vascular reactions to mcreased intravascular pressure were studied m a calf
muscle skin prep in 5 cats hetized with chloralose (40 mg/kg) and urethane
(50 mg/kg) The calf preparation was done according to the method described by
Kyellmer (1961) After remoralof the paw the call was placed 1n a water filled tempera
ture controlled plethysmograph using a sk flap for water proof closure After hepan
nization the cognate artery and vein were severed and then reconnected to the femoral
artery and vem respectively by means of faitly long sithicomzed polyethylene tubing In
this way the calf was perfused with normal oxygenated blood from the mam part of
the animal The cally as then separated completely from the ammal wath careful hemo-
stasis The animal was placed on a table which could be elevated some 65—70 cm above
the level of the ssolated denervated calf in the Plethysmograph By adjusting the height
of the table this preparation made 1t possible to follow the vascular reactions in the calf
dunng normal and greatly sncreased transmural pressures but with the perfusion pressure
head remaming constant The arteral nflow pressure and senous outflow pressure
1n the ealf were continuously recorded at the level of the plethysmograph Calf blood
flow was continuously measured by 2 drop recorder urut inserted on the venous side
With the plethysmographic techmique changes 1n tissue volume were recorded contin
uously CFC was determuned at intervals

In this way the reactions of the abovementioned vascular sections were followed
when the vascular bed was exposed to normal 2nd increased transmural pressures  \fter
this chloral (05 g1n 20 ml Dextran Tyrode solution) was slowly infused 1ntra arterially
11to the calf to abolish the mherent actmity of the vascular smooth muscles remaming
after vasomotor denervatron {Folkow and Lofving 1956) The behaviour of the vascular
bed dunng normal and high transmural pressure was then studied

b Human experiments

Expenments were performed on 8 healthy young men The subject was placed on a
tilt table with hus night foot enclosed 1n a water filled temperature controlled (35 C)
plethysmograph fixed to the table A thin latex stocking covenng the foot was fixed to
the entrance of the plethysmograph to ensure water ught closure In the ercct posture
the weight was borne entirely by the left foot while the nght foot was held at rest
comfortably without loading Room temperature was kept at 20 C The water level
in the plethysmograph was kept constant 1n both the supinc and the erect position.
Changes of foot volume were recorded continuously by means of a prston volume
recarder connected to the plethysmograph For determmation of CFC venous outflow
pressure i the foot was raised 20 to 30 mm Hg above the resting value This was ac
complished by instantancous wnflavon of a blood pressure cuff placed around the calf
and connected to a pressure contamer Venous outflow pressure was measured contin
ously by means of an indwelling catheter 1n a vein on the dorsum of the night foot
the tip of which was placed mside the plethysmograph and directed centrally V enous
pressure was recorded with a strain gauge transducer connected to a direct writing
escillograph (Mingograph Elema Co) the transducer being placed at the level of the
6p of catheter i the vein Clotung was presented by flushing the catheter at mterval
with 2 % hepann 1 salineArtenal inflow pressure was measured 1n the pophteal fossa
of the left leg according to Riva Rocar s method Functional mean artersal pressure was
taken as the diastolic pressure plus 1/3 of the pulse pressure Blood flow in the foot v as
determuned by +enous occlusion plethysmography

In each expenment CFC and foot blood flow were tust measured repeatedly in the
supine position  \fter this the subject was tilted to 2 head 1p post 1 80 from the
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honzontal plane CFC and blood flow were then recorded repeatedly 1 the erect positien
The rate of fluid Il 1 the foot P ly duning standing was
then recorded for penods of 15—230 mn Finally the subject was put back in the supine
position followed again by repeated determinations of CFC and blood flow The foot
volume was determined at the end of the expertment Smce volume changes can occur
only in tusues outside the skeleton the weight of the bone was excluded i the calcula
tions of CFC The skeleton approached roughly 40 9, of the total weight of the region
studied to judge from the wet weight of foot skeletons from adult humans

In an attempt to study moare separately the importance of local intrinssc mechanisms
m the vascular response pattern produced by raised pressure an add !
senes of experiments was performed in which reflex vasoconstrictor nen c influence conld
be essentrally avorded The subject was Iying flat on this back first with hus night leg
stretched so that the foot i the plethysmograph was kept at the same horizonta)
plane as the trunk Then hus leg was bent at the knee joint over the edge of the table and
therefore the vascular bed of the foot exposed to anincreased hydrostatic load correspond
105 to a column of blood extending from the knee to the foot CI'C was determined 1n
the two different posttions of the foot Since some pooling of blood will occur 1n the leg
exposed to increased hydrostatic pressure which reflexly mmght engage the vasocon
strictor fibers the amount of blood pooled was kept essentially constant duning the whole
experiment by shifting the position of the other leg opposite to that of the leg studied

Results

a Cal expertments
Fig 11illustrates 2 representative experniment sn which artenal inflow pressure,
venous outflow pressure blood flow and solume changes in the calf prepara
tion were recorded In A and B the basal vascular tone was maintained 1¢
one after pl, denervation and presumably duc
manly to the sp h myogemc actnity of the vascular smooth
muscle 'Folkow 1962) In C and D this basal tonc was largely abohshed by
chioral admmstration The perfusion pressure gradient across the vascufar bed
was essentially the same m all four sections of this figure while the transmural
pressure was normal 1 A and G and was greatly elevated in B and D by
increasing both arterial inflow pressure and senous outflow pressure by about
50 mm Hg The calculated values for regional penipheral resistance (Green
1948) are indicated 1n the figure (PRU) as well as the values found for the filtra
tion coeflicient
Companson of section A and Dan Fig 1 demonstrates that an snesease n the
transmural pressure B, increases PRU from 14 6 to 172 apparently d i to
remnforcement of the myogenic activaty of the vascular smooth muscles 1n ¢
resistance vessels Folkow 1962) In add the raised 1l pressure
produced a slight d of the cap vessels (mamly postcaptiiry
yessels) which was shown by a rapid increase in tissuc volume (not shown 1n the
figure) If the raiscd transmural pressure had produced a renforcement of the
mogenc actvity of the capacttance vessels also this would have been noted a3
2 sccondany decrease of volume after the mual passne increase This did
however not occur which ind; thata of the myo-
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Fg 1 Vascular react ons i a skin muscle preparation (seight 130 g) n cat dunng “normal
(A'and G) and clevated (B and D) transmucal pressure_the perfusion pressure kept costant Jn
Aand Bibe bassl tone was mamtamed in C and D it was abolshed by chloral At signals,
venous outflow pressure s clevated for det manation of CFC.

gemc activity 1n the postcapillary vessels did not take place Therefore the
ncrease in the flow resstance produced by the rased transmural pressure
seetns to be almost completely confined to precapillary resistance vessels It can
then be calculated that the pre Jposteapillary resistance ratto has shifted from
4/1 1t A (taken from the data of Pappenheuner and Soto-Rivera 1948 and Cob-
bold et al 1963) to 5/1 1n B (or expressed in PRU from 11 7{29 to 14 3/29)
CFGC was determuned 1n A and B {signals) using the abose mentioned ratios 1n
the calculanion It was found that CFC was reduced to less than half the oniginal
ratue (by about 60 °,) when the transmural pressure was elevated indicating a
corresponding decrease of the capillary surface area directly asalable for
exchange

The present study also made 1t possible to deduce approwmately the extent
o whith mean hydrostauc capiliary pressureand effectiv e filtrauon pressure f1 &
mean hydrostatic eapillary pressure munus tissue pressure) were increased i this
vascular region when the transmural pressure was rased from \ to B Wath a
pre [posteapillary resistance ratio of 5/1 and an increase of artenal and venous
pressures of 52 and 50 mm Hg respectively m B the clevation of mean hsdro-
static capullary pressure can be caleulated to arount to 48 mm Hg (see Renkin
and Pappenheimer 1957) 1f the ratio had rematned at 471 thus pressure increase
would have been 51 mm Hg Thus the { pre- p pullary ¢
rauo during this hydrostatic load imphes that the capillary pressure increse 18
reduced by some 5 to 10 ®, As can be seen in Fig 1 B the nse of transmural
pressure produces 2 continuous gan of tissue solume owing to an increase of
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effective outward filtration pressure and the consequent transcapillary flud
filtration from the airculation into the extravascular space When the rate of
this outward filtration and the value for CFC are known, the nse mn cffective
filtration pressure can be calculated Tt amounted in this expertment to 47 mm
Hg which 15 mn close agreement with the value for the mean hydrostatic capiliary
pressure merease of 48 mm Hg calculated above From this 1t seems reason
able to conclude that tissue pressure and plasma and tissue colloid osmotic
pressures were hardly at all affected duning the peniod of raised transmural
pressure

When chloral was given so as to considerably decrease or elirmnate the 1n
herent actinty of the vascular smooth muscle there was a marked dilatation of
the vessels (PRU d d from 14 6 t0 6 3), but a very small dilata
tion of the capacitance vessels (not shown 1n the figure) This again suggests that

basal tone 1s confined almost exclusively to pr llary re vessels as

d above Following the shight capacitance resp there was a contin
uous gan of tissue volume indicating an increased mean capillary hydrostatic
P and q d filtration of flud (C in Fig 1) Sinceartenal
and venous pressures were kept constant this capillary pressure rise must be due
to ad d pre /p llary r ratio Under the present condstions
with abolished vascular reactvity this ratio could be determined according to
Pappenheimer and Soto Rivera (1948) It was then found that the outward filtra
tion caused by increasing the venous outflow pressure 10 mm Hg was counter
balanced by lowenng the artenal inflow pressure about 20 mm Hgimplying 2

postcapillary resistance ratio of 2/1 — CFC determuned in C amounted to
1017, indicating 1n comparnison with A anincreased functionally avatlable cap-
~llary surface area due to relaxation of precapillary sphincters In D thetrans
mural pressure was raised to the samelevel asm B Incontristtheresults obtamed
before chloral ad regional peripheral d d h
when al p was raised ob ly due to a passive elastic distension
of the vessels Since now wirtually no  active adjustments of vascular tone
within the resistance vessels seem to occur upon elevation of the transmural pres
sure the pre /postcapilary resistance ratio in D was considered to be the same
asin C CI'C was then found to be 0 016 or roughly the same asin C indicating
that now also the tone of precapillary sphincters was largely unaffected by the
elevated transmural pressure The fact that CFC was reduced during increased
transmural pressure when basal tone was mantained (B) but unchanged
when 1t was abolished (D) clearly d that the red of CFC
obtamed 1n Bwas due to an increased locally induced actiaty 1n the precapilia
ry sphuncter vessels
It can be seen 1n the figure that the rate of outward filtraton (gam of ussue
volume) 13 considerably greater 1n D than in B due partly to the greater CFC
and partly to a more pronounced increase 1 capillany pressure conscquent to
the reduced pre /posteapillry resistance ratio. The capillary pressure was thus
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Fig 2 Recording of volume changes 1n the human foot At signals venous outflow pressure
13 72 sed for determinat on of CFC duning the supme postute (A) and the ercct posture (B)
Note that CFC decreases markedly during standng

calculated 10 increase by 52 mm in D as compared with 48 mm Hgm B the
nise of arteral and venous pressure bemng largely the same in the two cases

The nise of effective filtration pressure in D as calculated from the rate of
outward filtration and CFC amounted however to only 49 mm Hg This
difference of 3 mm Hg between the nse of capillary hydrostauce pressure and
effective filtration pressure might be ascnibed to a corresponding increase m tissue
pressure due to a gradual accumulation of extravascular flwd A tissue pressure
ncrease of this magnitude does not seem unlkely as 1t could be esimated that
up to this point of the expeniment roughly 15 ml fluid corresponding to about
10 % of the mital ussue weight had accumulated 1n the nissue spaces

The results reported above can be considered representative for the whole
senies of cat expenments since the data obtained in the other ammals were
quantitatively approumately the same as those described above

b Expernments on the kuman foot

Fig 2 shows a representatine cxpenment in which the CFC was determined
1n supine (A) and erect position (B) In A (signal) cuff pressure was raised so
a3 to increase venous pressure 1n the foot 24 mm Hg Thus resulted i an mtial
rapid increase 1n foot volume due to accumulauon of blood 1 the capacitance
sessels amounting to almost 40 ml After this there followed 2 continuous
slow volume increase due to outward filtration (cf Mellander 1960) The pre-/
posteapillary resistance ratio under these resting conditions was assumed to be
4/l The CFC was then found to be 0 0077 mi/muin/100 g'mm Hg This values
m good agreement with the data on filtration rate m the human forecarm
given by Landis and Gibbon (1933) After release of the cuff pressure ussue
volume was restored to the mital level Note that before and after the CFG
determuination the volume curve shows a slight dechine (dashed hineat bottom)
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which 15 interpreted as the effect of a spontaneously occurring slow continuous
1nward filtration  of extravascular flud into the circulation due to the ex
ternal pressure of the water in the plethysmograph (¢f Mellander 1960) Blood
flow 1n the supme position determined by venous occlusion plethysmography
amounted to 40 mlf100 g/mn From this value and the prevailing mean
artenal inflow pressure (90 mm Hg) and venous outflow pressure (36 mm Hg)
regional peripheral resistance (PRU) was calculated to be 135 The fact
that resung venous pressure was relatively high 1s 1n all probability dependent
upon the external pressure on the foot exerted by the water 1n the plethysmo-
graph as will be discussed below When the subject was tilted to the standing
position there was an abrupt and fairly large inerease 1n foot volume due to
regonal 1} of blood dary to the repional hydrostatic load
Section B of Tig 2 shows the volume recording a few munutes after the tilting
Note that there 15 now a spontancous slow upward deflection of the volume
curve (bottom dashed line} 1nd ga fil of flund from the
arculation to the extravascular space This recording provided direct mforma
tion about the net fluid loss from the circulation dunng standing The rate of
this extravascular flud ac 1 4 to 0067 mlf100 g tissuc/min
or 40 ml/kg tissue/h At the signal CFC was determined in the same way asn
A the increase 1n venous pressure here amounting to 22 mm Hg The imal
volume increase due to filling of the capaatance vessels was considerably
{ler than 1o supine posiion about 8 ml, probably partly due to the presail
g distension of the capaaitance vessels caused by accumulation of blood on
_ tilung the subject and partly to a compensatory reflex increase in venous
smooth muscle tone (Page et a! 1956) In the erect po tion CFC was found to
be only 00017 or 4 5 imes smaller than in the supine posiion The pre fpost
capillary resistance ratio used for this calculation was 4/1 Blood flow determined
1 the erect position amounted to 39 ml/100 g/min Mean arteral nflow
pressure was now found to be 170 mm Hg and venous outflow pressure 84 mm
Hg and therefore PRU 21 5 or about 60 9, higher than 1n the supine position
Such a change implies an increase 1n the pre [postcapiflary resistance ratio to
greater than 4;1 which 1n turn means that the CFC would be even somewhat
smaller 1n standing position than caleulated here as will be discussed below
A charactensuic change 1n the volume recording was noted on shift from
supine to crect position In the supine posison there were solume osallatons of
fairly great amphitude synchronous with the arterial pulse As1sscenin B these
oscillations were almost completely abolished in the upnight ponuon Tius
may reflect an altered distenssbality of the  Windkessel vessels  possibly duc to
a reflex change i thesr smooth muscle tone and/or to the distension caused by
the raised tranunural pressure The somewhat larger arregular vanations
1n the volume curve tn both A and Bare probably ducto  spontancous changes
1n the tone of the capacitance vessels and the conscquent minor changesin region
al blood volume
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{1 Supine
3 Erecr

¢ of CFG m the
foot of 8 adult human subjects
on shiftng from the supine
the erect posture Each value
represents a mean of 4 to 6 de
termunat ons

Fsg 3 shows the changes of CFCn the foot obtaned 1n the 8 subjects when
shifted from supine to erect positon Each value plotted 1s 2 mean of 4 t0 6
determunanons in the same subject It can be seen that asa rule CFCdecreased
0 1/3 to 1/6 of control when the subject was tilted 1nto the erect posinon The
values for the CFC n a given positron vaned to some extent in the individual
subject but on no single occasion duning standing did the CFC amount to
more than 2/5 of control

In all expennments venous pressure 1 the superficial foot vem rose n the
erect position to values corresponding to a pressure exerted by a column of
blood extending from the night ataum to the site of recording as long as no
Limb motements were done by the subject

In the senes of expenmments 1n which flexion of the knee joint with the sub-
Ject Temammng 1n supme posiion was performed the vascular bed of the foot
was exposed to a hydrostatic load of about 35 mm Hg No change 1n vasomotor
fiber discharge seemed to take place dunng this procedure to judge from the

fact that no mcrease of heart rate was obsenned CFC was found to decrease
ta about 1/3 of control duning this hydrostatic load Tlus strongly suggests that
the reduction 1n CFC obtained dunng raised transmural pressure toa greatex

tent 1s dependent upon a f of the local inherent myogemcactivity
and that this change of CFC s not necessanly due to an increased sympathetic
vasomotor fiber influence

Discussion

The rate of fluid filtration from the airculation to the extravascular space in a
region exposed to a high mtravascular hydrostatic pressure 1s aboue all depend
ent upon the extent to which effectn ¢ filtration pressure 1s raised and upon the
size of the capillary surface area that 1s available for filtranon The present
experiments have demonstrated that both these vanables can be affected by
changes of regional vascular smooth muscle tone ehcsted dunng hydrostatic
load In this way an effectine p can be bhished against
loss of circulatory fluid 1nto tissues at rest The most potent protectse mecha
ntst seems to be accomplished by closure of a fraction of the regional preca
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which 15 interpreted as the effect of a spontaneously occurnng slow continuous
mward filtration of ctlrawascular flmd into thc arculation due to the ex
ternal pressure of the water 1n the plett h (cf Meltander 1960) Blood
flow 1n the supine position determined bywcnous occlusion plethysmography
amounted to 40 ml{100 g/min From this value and the prevailing mesn
artenal inflow pressure (90 mm Hg) and venous outflow pressure (36 mm Hg}
regional penipheral resistance (PRU) was calculated to be 135 The fact
that resting venous pressure was relatively high 1s 1n all probability dependent
upon the external pressure on the foot exerted by the water in the plethysmo
graph, as will be discussed below When the subject was tilted to the standing
posmon there was an abrupt and fairly large increase 1n foot volume due to
! of blood dary to the regional hydrostatic load
Secuon B of Fig 2 shows the volume recording a few minutes after the tilting
Dote that there 1s now a spontaneous slow upward deflection of the volume
curve (bottom dashed hine) indicating a continuous filtration of flud from the
arculation to the extravascular space This recording provided direct informa
tion about the net flud loss from the circulation during standing The rate of
this extravascular fluid accumulation amounted to 0 067 ml{100 g tissuefmin
or 40 ml/Lg ussuefh At the signal CFC was determined 1n the same way as o
A the increase 1n venous pressure here amounting to 22 mm Hg The smitial
volume mcrease due to filling of the capaatance vessels was considerably
alfer than m supine posttion about 8 ml probably partly due to the prevail
tng distension of the capacitance vessels caused by accumulation of blood on
tilung the subject and partly to a compensatory reflex increase in \enous
smooth muscle tone (Page ef ol 1926) In the erect posinon, CFC was found to
be only 0 0017 or 4 5 imes smaller than in the supine position The pre [post
capullary resistance ratio used for this caleulation was 4/1 Blood flow determined
in the erect position amounted to 39 ml/100 g/mmn Mean artenal inflow
pressure was now found to be 170 mm Hg and senous outflow pressure 8+ mm
Hg and therefore PRU 21 5 or about 60 9, higher than i the supinc position
Such a change imphes an increase in the pre /postcapillary resistance raio to
greater than 4/1 which 1n turn means that the CT'C would be even somewhat
smaller in standing posiion than calculated here as will be discussed below
A charactensuie change n the volume recording was noted on shift from
supine to erect position In the supine position there were volume oscillations of
farrly great amplitude svnchronous with the artenal pulse Asisseenn B these
osallations were almost completely abolished 1n the upnght position Thas
may reflect an altered d bulity of the Windkessel vessels possibly due to
a reflex change in their smooth muscle tone andfor to the distension caused bv
the ramsed transmural pressure The somewhat larger irregular vanation®
wn thevolume cunve in both A and B are probably duc to spontancous chanzes
1 the tone of the capaciance yessels and the consequent minor changes 1n region

al blood volume
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The fi of the ab d smooth muscle adjust
‘ments for the net c::pz]]ary flmd transfer 1n a vascular arcmt exposed to lugh
transmural pressure 1s clearly d d 1n the exp on a human
presented m Fig 2 If none of the abx d vascular adj had

1aken place when the subject was nlted mto the erect posinon CFCand pre/
postcapillary resistance ratio would remam about the same as i the recum
bent position (00077 and 4fl respectively) The increase in mean capllary
hydrostatic pressure n the foot on standing would then amount to roughly
55 mm Hg calculated from the recorded increase in artenal and venous pres

sures (see Renkin and Pappenheimer 1957) Using these values for capillary
pressure increase and CFC the net outward filtration 1n the foot would then
have amounted to 255 ml fludfkg tissue/h This hypothetcal value greath
exceeds the amount of flud that 1n reality was found to be accumulated 1n the
foot on standing (40ml/kg/h) Owing to vasomotor reactions produced dunng
the increased hydrostatic itravascular pressure on standing CFC was reduced
t0 0 6017( using pre fpostcapillary resistance rato 4/1) Itcan then be calculated
that this mechanism by tself will lumt the net transcapillary flud filtration to
55 mlfhg/h which only shghtly exceeds thevalue of lnd accumulauon actuzlly
found (40 ml) This small discrepancy mught partly be due to the fact that the
pre [postcapiilary resistance ratio actually does increase on standing leading to
a less pronounced nise of capillary pressure than assumed and also to a CFC
shghtly below 0 0017 Reliable quantitative data on shafts 1n this ratio could not
be obtained m the present experiments on man The fact that resistance to blood
flow mcrcascd about 60 2, 1n the foot suppons however the assumption that
the pre /p llary r ratios d on d smnce 1t 13 known
that a ncurog:mmlly induced merease of flow resistance probably here rein

forced by a myogemec effect always 15 associated with an mereased ratio
(Mellander 1960)

The small discrepancy between the above calculated (55 milfhg/h) and ob-
served (40 mifkg/h) fluid loss 1nto the tissues could also be attnbuted to other
protectine mechanisms aganst flnd loss such as the action of the muscle pump
tending to lower the venous and thereby the capillary pressure an increased
tissue pressure tending to reduce eflfectne filtration pressure or an increased
lymph drainage from the region It 15 evident from the above calculation that
duning brief quiet standing all these factors are of httle quantitatis e importance
as compared to the great | of Mary fhud loss caused by pre
capillary sphincter closure reducing the cFC

The fact that the restng venous pressure 1n the foot 1 the supine posion was
relatnvely hugh (20 to 35 mm Hg) desens es some comments In these expenments
an external pressure on the foot was created by the water m the plethvsmograph
and also perhaps to some extent by the latex stocking To keep the veins patent
the intravaseular pressure must exceed this external pressure (compare the so-
called water fall phenomenon ; (Permutt Bromberger Barnea and Bane 1962)
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described 1n hidneys (Swann, Montgomery and Lowry 1951) and mn plethys-
mographic preparations (Ryelimer 1963) The m<e 1n venous pressure to about
85 mm Hg on standing will due to this lugh resting venous pressure, imply an
effective pressure increase of only 50 to 55 mm Hg Under normal conditions
therefore the effective increase i venous and capillary pressures on standing
can be expected to be greater than 1n the present expertments and the accumula
tion of flind consequently somewhat greater than estimated above
It should be emphasized that the observed net accumulation of fluid an the
resting foot on standing (40 mlfkg/h) by no means can be considered nsignifi
cant Itis probably responsible for the shght edema seen in the feet on prolonged
quiet ding and 1 depend. bilized hiumbs The 15 1 all like
lthood quite different when active muscle movement takes place in the depend
ent hmbs Under such crcumstances, the extent of fluid accumulation mght
be much less than at complete 1est The pumping action of the skeletal muscles
then tends to reduce the pressure mncrease 1 veins with competent valves
(Pollack and Wood 1949) thercby Limiting the increase of mean capillary
pressure also It 15 also possible that tissue pressure rises to higher levels under
these reducing effectne filtration pressure Finally lymph
dramage 15 increased to some extent by active muscle movements (Jacobsson
and Rjellmer 1963) which will reduce net fluid accumulation 1n the tissues
Of the two abov d vascular ad which 1n this study have
been shown to be engaged in counter balancmg outward filtration dunng
Jydrostanc load 1¢ a reduction of the capillary surface area by sphincter
ure and a reduction of the capillary pressure increase by rassed pre /post
illary resistance ratio the first mechanism seems to be not only more cffec
wie but also more suntable from the hemodynamic pomt of view If the nise of
capillary pressure were lumted to a greater extent by an increase 1n the pref
postcapillary resistance ratto there would be such a pronounced mcrea.c i
the total resistance to bloed flow that the nutrition of the tissue might be jeop
ardized It has been shown previously that in skeletal muscle an increase of
this ratio leading to a fall of capillary hydrostatic pressure of 10 mm Hg s
2_sociated w1th a total flow resistance increase of 500 to 800 °, (Mellander 1960}
On the other hand a reduction 1n the size of the capillary surface area by
closure of a fraction of the precapiflary sphincters causes only msignificant
changes of total flow resistance 1 the region due to the low pressure gradient
across this particular vascular section Closure of a number of these sphinciers
per se, will therefore hardly mterfere with the volume flow of blood but it
amplies that the available blood 1s diverted through a smaller number of capil
Janes It 13 truc that flow velocrty in patent capillanies then must be increa ed
shortening the time availahle for exchange and that the diffusion distance 10
the tssue cclls may be prolonged temporanly Since howerver the rate of
diffusion for mast relevant molecules 1s extremely high (Pappenheimer 1923)
a moderate decrease of the capillary surface area wil) not necessanly cau ¢ any
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sigmficant impairment of tissue nutninon  Furthermore  there are reasons to
believe that the mndividual spt constrict ly and out of phase
with cach other so that blood 15 alternated through d:ff erent capillary channels
The functional net effect still will be a reduction of the capillary surface area
(Cobbold et al 1963), but blood flow will become more evently distributed
within the capillary network

It 15 of interest in this connection to note the results of Prerovsky ¢! al (1962)
who found that the cl of suk 1y angected It d
n skin tissue 1n the human foot on shifung from the supine to the standing
posiion This was interpreted as a decrease of capillary blood flow In view of
the present study 1t seems likely that an additonal explanation for the decreased
clearance would be that on standing the size of the caprllary surface area avail
able for exchange 15 dimymshed

To yudge fram the present expenments 1t seems that the described vascular
smooth muscle adjustments following rased transmural pressure to a great
extent depend upon a remnforcement of the mherent myogeme activaty of the
vasculature This seems 1o be a well swted regulatory mechanism since the
vascular adj agamst loss of arculating flwd will
be most powesful 1n the \ery regions where the increase of hydrostatic pressure
and the consequent tcndency for aunvard filtranion are most pronounced That
such a ocal may be further supported by
the findings of Pr:rmsky et al (196'7) that T clearance was more reduced n
distal than prouumal parts of the human leg skin on standing There 1s no doubt
that extningic vasoconstnctor fiber influence ehated on shoft from supine to
erect position may intensify the abe vascular ad) Thus
may however more generally engage the vascular regions in the orgamsm
regardless of site and hydrostatic Joad since no evidence s as yet available that
selective activation of the \ascconsmctor ﬁbcns 1 dependent pans alonc will
occur in such The fi of
fiber discharge on standing may therefore not pnmanly be to pro!cct aganst

transcapillary fluid loss m dependent regions but rather to produce more
\J 1 hemod:

to ular
For example nervous influence in contrast to my o"cmc reactions produces a
constnetion of the eapacitance vessels which will it accumulation of blood 1n
dependent regions and thereby help 10 mamntain venous return in the erect
position
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on the Metabolism of Collagen
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Abstract

hevirso K 1 M Nowvissroand O Lastises Further fudies on the art on
£ thyroud Bormones an the metab lum of ollagen Acta phvsiol scand 1964 6/
43~5% ~ In experments onrats the off cts of tiodosl-thyronice and of
Bypothyro dim induced either by propylth ouractl or 1 on the wmary €x
exet on of bydeoryproling weve studied Furth ¢ the content of 8 45 M \aCl
spuble coliagen P w the skin 1n the expe
on hypothvro dum In ex ents wth chick embrya the effect of the p o~
pylthiourac treatment on free hvdroaypraline and 1 A AaClacluble colla
& nhyd oxyprobnes asstudied The amounts of both free and totat bydroxy
proline excreted in the unne of raty wmereased afier the adunstration of
truodo-L-thyromae and decreased greatly affer the admimstration of propyl
thouraest or I Inthe skinofrats gnen [ or propylttuouract the content
o0 43 N NaCl satuble collagen hyd oxyprol ae dimushed. butthe decrease
after propylthiouracil was not statist cally ngmficant In chick embryes the
refatne amaunts of free hydrovyprohine and of | 3 NaCl-soluble collagen
hydrocyprol ne expresed as a percentage of the total hydroxyprohne and
the 10tal amaunts of kedroxyproling per embrye were lower an the propyl
th ouracif treated embryos than m the contvols

Our eather study (havinkho et al 1963} indicated that the excretion of

hydroxyprolise m the unne of rats 3 after the ad of L-
thy The exp were d by stud: the effect of truodo-
Leth and of hypothyroidism induced by propyith 1 or? Ton the

unnarv excretion of hydrosyprohne 1n rats In the hypothyroid groups thecon
tent of neutral salt soluble collagen hydroxvprohne i the skin was also deter
suned Furthermore the effect of prophylnouraai on the relats e amounts of
{ree hydrovypraline and neutral salt soluble collagen hydroxy prolne expressed
as a percentage of the total hadroxyprobne was studied in chick embryos

A5 41 phy ol £ L6 48
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Table I The effects of trizodo L thironine on the urinary excretions of free and total hydroy
proline and on the ueight of the rats The hndroxyproline values are expressed as . per
24 hours (Mean + SD) the body weight in grams (Afean + SD)

Determtnat on. Group Imual value  After 5days  After 9 doys
Weaght Controls 222416 230+18 20+ 17
Truodothyronne 223415 212+ 26 20824
Free hydroxyprolme Controls 817122 63831 716420
Truodothyronme 640 + 14 749418 1083+ 22
‘Total hydroxyproline Controls 588 + 135 484171 520 £ 111

Truodothyronme 555118 634£138 900219

7 rats 1 each group
After 9 days the value for P was P <00l both in free hvdroxvproline and 1 total
hydroxyproline when the values of the treated group were compared with thosc of the
controls by the f test

Materzal and methods

Expersments unth rats

‘The test ammals were male albino Wistar rats which were 2 1/2—3 months old at the
beginning of the study Two series of expenments were made

In the first series the effect of daily intrapertoneal administration of 20 pg 3 5 trnodo-
L-thyronme ( 1 1 als Cor ) on the unnary excretion of {ree
and total hydroxyproline was studied

In the second scres one group of rats recened 0075 per cent 4 (6) propyl 2 thiou
raal (Ch Latly and Company) in their drinking water and another group | mG per rat
of 3311 at the start of the experiment (day 0) and a further 0 5 mC per rat 10 days later
A third group served as controls Urine was collected before the start of the experiment
and thereafter at 20-day intervals untl the 100th day and further at the 140th day
Two of the prop)lthiouracil treated rats died after the 100th day of the cxpenment
After 140 davs the amimals were killed and a preee of thar dorsal skin was removed and
analvsed for 0 45 M sodum chlonde sotuble collagen hydroxyproline

Collection of the unine and preparation of the 0 45 M sodium chloride sotuble cotlagen
fractions of the skin were carried out as wn our earlier study (havinkko ¢f a? 1963)

Experiments with chick embryos

4 (6) Propyl 2 thiouraerl was ingected darly an 02 ml of 0 9 per cent sodium chloride
inito the are space of embryonated tgos on the %th—15th daysof incubauon The dal
doses were adjusted to the daily weights of the embryos known from an easher study
(hnvinkko 1963) The daily dose was 50 ug/g and the total dese gnen dunng 7 days

2 mg

After 16 days mncubaton the embryos were removed from the eggs weighed raprdh
and homogenized 1n cold (£ 0 €1 1 M NaCl 2 mlig wet weight of the embryo he
horaogenates were fractioned as described earhier (Ravirkko 1963) with shight modifi
cations and analysed for free hydroxyproline | M sodium chlonde soluble collsgen
hs droxvproline and total hydroxyproline '

Hidroxyproline was determined i all expeniments by the method of 1 rockop ’“‘r
Udenfriend (1960) but the volumes of all the reagents used were reduced to one-hal
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Table I “The effect of prapslthuauran! (PTU} and of 21 o the urnary exeretions of free
and total hydroxsproline and on the weght of the rate The ked oerprolims zalies are
expressed as pgl 24 hours the body weight 1 groms Vean values are gicen and %

the sniial and finol colues the standard devzations alsa

After After After  Afer  Afier  After
60

nusat 20 100 e
Detenniation Group value days  days  days  davs  dan davs
Ve ght Controly 2348 774 780 293 299 300 3034
PTU 210413 207 209 1% 183~ 24221
my 28414 24> 227 24 2 20 299xh
Free Comroly 4674176 507 548 3L8 297 330 09287
hydsotyprofne  PTU 2994146 282 227 163 WE  ~ 14221
g 5314902 478 205 708 200 277 173488
Total Contrals 456163 443 861 300 23¢ 318 367464
fhydrovyproline  PTU 5134106 287 146 13¢ 106~ 10737
w1y 505488 812 20> 213 20 3% 172147

7 vats u the control and ¥ groups & n the PTU group alier 108 days 4 wm the PTU
group
After 140 days the valoe for P was P <0001 both 1 fee hyd oxyprobne and m totat

hydrovyproline when the valuee of the PTU treated or 331 reated groups were compared
with those af the controls by the ¢ test

Resnits
Expervments wath rats

The effect of truodothsrorare (Table 1) — There was some decrease i the weghts
of the rats 20 pg of dotk daily ¥ 3 of both
free and total hydroxyprohne were excreted eien after 5 myections and after 9
njections the increase was stil greater

The ¢ffects of propylthwuracl and 1 - Duning the course of the evperment
there was only a shight retardation i the wesght gam of the W reated rav
whilst the weight gamn of the propylthiouracl treated rats was completels n
fubated {Table 11} The exeretions of both free and total hydroxyprobne de
creased greatly in both groups during the course of the experument Table 11)

The content of hydroxyproline s the 045 \[ sodwm chlonide soluble collagen
fraction of the skin after the 140-day experiment was 59 = 80 ugig wet weight
of the skin 1n the controls and 430 - 64 {p < 0 01) pg g 1n the Y treated rats
In the 4 propylthiouracl treated rats that were abve after 140 days ths vaiue
was 502 L 5% uzfg whach did not differ sigmificantls from that for the congrols

Experiments seith chik embryos

Two sumlar sertes of experument were made  The admumistraton of propyt
thwuraal was followed v some retardanion i the weght gain of the treated
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Table III The effects of propylthiouractl on the hydroxyproline talues net uerghts and relatice
dry wetghts of 16 day-old chick embryos Propylthouracil was guen during the 9th—I5th davs
of icubation The values are expressed as mean + SD

Total 1M
hydroxy NaCl-sol
proune  Free coll
Relative [ bydroxy  hydroxy
dry Total  100mg  prolinc  protinc
VWeight  weght  hydroxy dry ( of ( of
of (mglg proline  weight total total
embryos  wet (mg per  of hydroxy  hydroxy
Group &) weight)  embryo) embryo) proline}  prolinc)
1 Controls (6) 1423 165~ 202 858 446 662
=131 14 +32 £108  xl00 %108
Propylthiouraail (5) 119> 148 169 963 1332 55¢
L0604 413 £130  +048 090
11 Controls (7} 1479 162 227 953 30 637
+115 6 11 %75 +042  £05
Propylthiouracl (7) 11287 150 209 1074 e3 5560

*171 x11 + 41 =70 +038 +072

Number of embryos within brackets,

The fi of the dffe as with the controls s denoted by =P<005
:‘=f‘<0 01 =P<000)

embryos (Table I1I) Furthermore the propylihiouracil treated cmbryos con

tained less dry substance per g wet weight than the controls The absolute
amount of hydroxyproline per embryo was lower 1n the propylthiouracil treated
embryos than in the controls but the concentration of hydroxyproline per unit
dry weight was higher The relative amounts of free hydroxyprohine and of 1 M
sodium chlonde-soluble collagen hydroxyproline were lower 1n the propylthiou

racil treated embryos than i the controls

Dsscossion

‘The results of the present study wndicate that the amounts of both free and
total hydrox proline excreted in the urine of rats arcincreased after the admunis
tration of truodo-L-thyromine and decreased in hypothyrosdism snduced
cither by propylthiouraeil or by 11 The results are in agreement with those of
our carlier study which indicated increased excretion of hydroxyproline 10
the urme of rats afier the administration of Lothyroxine (hivinkko ¢ of 1963)
In addition 1t has quite recently been reported that the excreton of hydroxy
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proline 1n the unne 1s sncreased i patents with hyperthyroidism (Dull and
Henneman 1963 hivinkko et af 1964) and decreased in patients with hypo-
thyrordism (Ieiser and Sjoerdsma 1962) and chuldren with eretimsm (Jassmet al
1962) The finding that the concentration of hydroxyproline n the serum 15
also mcreased 1n patients with hyperthyrowdsm (havirikko ef ol 1964) indicates
that the mereased excretion m the unne 15 due not o renal changes but to
changes 1n the metabolsm of collagen

According to the present view collagen fibres are bwlt up from tropocollagen

lecules that are synth d lularly and th fter transported into
the extracellular space where they combane to form fibres (for review see ¢ ¢
Ravinkko 1963) Wath neutral salt solutionsat 1s possible to extract tropocollagen
molecules that are not yet aggregated into fibres or that are only more or
less loosely aggregated depending on the yomc strength of the saltsolution
used (see ¢ g Jackson and Bentley 1960) Further 1t seems probable thatin
young animals a considerable part of the uninary hydroxyproline 1s derved
from these soluble collagen fractions (¢ ¢ Lindstedt and Prockop 1961, Jasin
etal 1962 Jasmand Z)ff 1962 Procop 1962) Therefore in our studes attempts
hasve been made to determune changes 1n the content of the neutral salt soluble
callagen fraction of the skin of rats These determunations have revcaled a shight
decrease 1 both hypathyroidism (ths study) and hyperthyroidism (havirkko
et al 1963)

Since the changes m the content of the neutral salt soluble collagen fraction
were relatively shight 1t 1s not possible to draw defimte conclusions as to theair
significance The decreased content of neutral salt soluble collagen hydroxy
proline an the skin of young rats in hypothyroid taken 1 with
thed d of hydroxyprolne mn the unne suggests that the rates of
formation and turnover of collagen are decreased m hypothyroidism The
decreased content of soluble collagen m the skin of young rats mn hyper
thyrordism despite the sncreased excretion of hydrotyproline in the unne might
be due 1o increased catabolism of the soluble collagen m this condinon It 1s
ot possible to establish on the bass of these studies whether the catabolism of
the insoluble collagen 15 also increased or whether the rate of formation of soluble
collagen 15 altered 1n hyperthyroidism

The results obtamed with chick embryos are in agreement with the suggestion
that the rates of formation and turnover of collagen are decreased in hvpothvrod
usm for the relative amounts of free by drovyproline and 1 M sodium chlonde
soluble collagen hydroxyproline expressed as a percentage of the total hydroxy
proline and the absolute of toral hydroxyproline per embnyo were
lower in the propylthiouracil treated embry os thanin the controls The increased
concentration of total hydroxyprolme in the propylthiouracil (reated embryos
may be explamed by assurmung that there was an even greater decrease in the
rate of formation of some other substances which would result 1n an ncreased
concentration of collagen Since the effects of propylthiouracil were simular to
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those of I 1n the experiments with rats 1t seems probable that the effects ob-
served 1n chick embryos were due to hypothyroidism However, a direct toxic
effect of propylthiouracl on the metabolism of collagen i chick embryos can
not be excluded
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From the Department of Pharmacology Karolnska Insttutet Stockbolm, Sweden

Intilntion of Gastric Acid Response to Sham Feedmng 1o
Pavlov Pouch Dogs by Aadification of Antrum
By
SvEN ANDERssoN and Lars OLsE
Rece ved 16 September 1963

Abstract

Axpersson 8§ and L Owpe Inhbitwon of gasine ard response 1o sham t:a'mg
w Py ! v ponch dogs by ad fization of antrum Acta physiol. scand 196 6.

— The nervous phase of gastric ac d secretion was studied on slum red
Pavlov pouch dogs s an iated sancrvated antrorn The sham feeding
response was not inhib ted by antral acdificanion 1o pH > 25 Ashght but
Iighlys gnificant inhubition otcurred at antral pH 2 and a substantial mhibt
ton atantral pH 1~—15 The esults suggest that on vagal stumulation gastrin
15 released from the antrem at aneral pH = 2 1n amounts suficient to augment
significantly the nervous secr tory respon ¢ Inhub tion of the eding
response by antral way d by a very low
da e of mt d gastnin in wath the h

hat depress on of vag:l release of gastrin 15 the matn wmhbitory mechamsm

chested by antral atification during i e nervous phase of gastc sed seeee
ton

Aadification of the antrum has been shown to inhibit substantially the gastric
secretory response to msulin hypoglycenma 1 Pavlov pouch dogs (Shumizu
Morrison and Harnson 1958 Andersson 1960 a Johnson Jr ezal 1960 Thom
son Lerner and Tramontana 1962) In these studies the pH of the antral con
tents was usually reduced to ! 0—1 5 by instillation of 0 1 N HCl1nto the antrum
However no atiempts were made to detcmnnc the critical pH level at which
the antral mhit 15 activat

Scveral altematves are avarlable to :xplam the mechanism by whichaaids
ficauon of the antrum mhibats the nervous secretory response of the stomach
(1) Inlabition of vagal release of gastrin (Maung Pe Thein and Schofield 1909
Dyhus ¢ of 1960 Jobmson Jr o of 1960) (2) Laberavon of an snhabstory
humoral agent from the antral mucosa (Shimrzu Morrison and Harnison 1938
State and Morgenstern 1928 Thompson et ol 1962) (3) An mlubitory reflex

The purpose of the present study was to mestigate the mhibitory mnfluence
of varying antral acidity on the nervous phase of gastnc acd secretion and
the mode of action of this inhibitory mechanism
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Fig | Operatwe procedure Pavlov pouch and innervated anteal pouch

Methods

Eight healthy mongrel dogs (A B G—L) were provided with esophageal fistulas and
innervated gastric (Pavlov) pouches A duod. 1 lshed by a
double mucosal wall between the corpus and the antrum and pylorotomy with resection
of the pyloric nng were later performed 1n all dogs The distal part of the innervated
antrum was brought out to the abdominal wall (Fig 1} Gastrointestinal continuity was
restored by gastrojejunostomy In the first 2 dogs operated upon (k. 1) the mucosal wall
was placed on the presumed antrum corpus boundary according to anatomical cnteria
but in the remaining 6 dogs (A B G—J) on the antrum corpus boundary after localiza
tion of the distal border of the acid secreting mucosa according to a method deserib d
by Olbe (1963) The secretory responses to sham feeding were determined after each
operation Operative and 1 procedures have been p ly described 1n
detail (Olbe 1959 1963)

Before cach expeniment the dogs fasted for 18-—20 hours In each experiment the
fasuing Pavlov pouch secretion was first determned for at least one hour After sham
feeding the secretion was collected for 3 1/2 hours The secretion was collected 1 13
min penods and the amount of frec and total acid was determined by titration against
001 N NaOH with Topfer s reagent and phenolphthalein as indicators In the tables
and figures the secretory output 13 expressed 10 milliequivalents of total acid 1
of solutions of varying pH nto the mnnervated antral pouch generally started 15 mun
before sham feeding and proceeded for 3 3/4 hours In2 dogs (A B) acad was introduced
nto the antrum also one hour after sham feeding The solutions used for antral iengation
mcluded 01 N HCl 01N HCI diluted with physiologtc saline McIlwain cutnic aad
buffer (pH 3) and Sorensen phosphate buffer (pH 6 7) The instillation was performed
at a rate of 50--100 m! per hour The solution to be mstilled was heated 033 Gand
mtroduced into the decpest part of the antral pouch through a tube 3— 4 mm 1n diameter
Indogs A B G K and L the solution flowed from the antral pouch without obstruc
tion In dogs H—J the techmque was modified  the solution flowed from the antral pouch
through a tube the outlet of which was placed about 10 cm above the top of the antral

uch ‘The solution from the antral pouch was collected every 15 mn and its pH was
determined electrometrically with a glass electrode

In two dogs (I J) gastnn was ly infused 1y th h the sham feeding
expenments while the inira antral pH was kept at ) by ansuillaion of acd agamnst 8
pressure of 10 cm HyO The 1 v infusion of gastrin was started [ 3/4 hours before acuds
fication of the antrum Gastnin was administered 1 a dose of 6 7 (dog 1) and 15 ug/k&/
run (dog J) which was the lowest dose which by stself produced acid secretion The
gastnn was prepared according to the method of Gregory and Tracy (1961) but the
punfication was stopped at stage one The gastnin preparations had a secretory activity
of 106120 hstammne units (Lynas and Emas 1961) per mg The histamune content
of the gastnn preparations was less than 0 10 g free histamine base per mg gunn
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Table I' Influeney &4 artral pr o ke 3.5 Fours LTy response g sham feeding
n

¥ Palos poych, dogs. Sollowing UM dunensim excluszo;

AMean SCETEIOrY response 10 sham feeding (Megq 1. SE)

Before antra)  After <xclusion wyp, concomutant angr,y acidificaton
excly PH 10 antry antral piy

Dog sion 6~7 10~17 T4-1¢ 20--22 25-2¢ 29—

33 36-44

- 814 4. 12034 12144
058 169 037
) &/} ) ] ]
B rosy 660 4. 184 #34 g5, 7784 648 4
020 g4 061 032 ros 009 063
) ©) @ @) @ @) )
G i3y Bt rgy 599y _ 7374 o 7294
017 45 025 092 077 027
(5) © @ @ @ @
H o434 S T 27/ _ 39+ 460y
010 43, 010 049 027 g5
) @ 3 3) (2 O}
T o049, 1885 g5 063 204 6, 2% gy,
007 pop 00+ ggy 020 gy 069 g6
) ] ®) [©)] @ @ ) 2]
050 3. 3964 0854 gy 257 4 394 350 -
007 ooy 01 gq 56

Within pareny
1tra anteay pyf 3-6

€SS refer to fumber of EXperimenty

Resnlig
4 Pogy Exelusso, Antral ppy The pH of the
secretion by the Pouch of the g uS ya5

1€ secreto, Fesponse o sham l':cdmg n Pay]gy, Pouch do,
ased l'ollowmg Reutralizaon of the :mtral—duod:nal
e hypmecrcmry
) were not dxmmuh:d by teduction of
the antra) py 025 Ay an angry) PHof 3 the h)’pcrxccrcnon was Partially ,n_
hibiteq (the Dfference between the sham feeding ¥esponses g¢ neutral apyry)
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SHAM FEEDING RESPONSES AS PERCETAGE OF THE
POST EXCLUSION RESPONSE

sesore AFTER EXCLUSION WITH ANTR 1 IHSTLLATION
& cuusiow OF SOLUTIONS OF b FHERE T A OITY.

Fig 2 Mean acsd secrctory responses tosham
feeding 1n Pavlov pouch dogs before and afier
antrum-dvodenum exclusion with postexchy
non vanation of intra anteal pH as percent
age of the postexclusion reyponse  Ead

symbol yepresenis one dog

e S winy ™
L
o
1
065!
oz
H » ]
-
- e teekey  umet s
“ 4
] Fig 3 Mean acid secretory response to tham
feeding 1n & Paviov pouch dog following ant
a) rum-duodenum exclusion with and without
ol antral nstitlation of atud dunng second bour
after sham Ececung (dog A)
* : Savry

wulicu and those at antral pH of 2 was highly ssgmficant p < 0001 accordwng
to analysis of vanance) The reduction averaged 28 per cent At an antral pH
of 1-~1 5 the hypersecretian was almost chminated Howesver the post exclusion
sham feeding sesponses at antral pH of 1 were still higher than those before ex
cluston (Table I} {the difference was sigmficant p < 0 01)

1n dogs H and J the mhibinon of the sham feeding response at antral pH of i
was only moderate when the aad flowed unobstructedly from the antrum
mean sham feeding tesponse was | 61 meq (4 expts ) and 2 73 meq (5 expts )
respectnely (cf Table 1) However when the acd from the antrum flowed
~gainst a small pressure of 10 em H,Q theanhsbition of the stam feeding respan €
an dogs H and J was of the same magnitude a3 that 1o the other dogs (Table n
The sad inhibitson of the sham feeding responsc at antral pH of ¢ in dog Fwas
the same waths or without the ase ol autllow pressure of 10 cm H,O i the antrum
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Table 1T Influznce of sniva antral pH on the secretory vespanse to sham  Jerding 1n Parle poush
dogs follocins antriom duodenwn exclusson wrth anid secreting musosa left sm the excluded
antral pauch

Afzan secretory response to shar feeding

{Mzq 3 SE)

1st hour 20d hour 37d hour
Dog K -
Before excluson {& exp) 1844018 067007 @710
After excluton {4 &xp} ntra antrad 1662029 1152028 063016

pH 10-12

Buffer solut on of pH 67 i excluded antrom 408+ 031 176 4£030 ©G8:£017
duriog 1t howr (% oxp)

G 1N HO i excluaded antrum dursag 161016 105 +018 0662018
Ist hour (4 exp)

Do 1

Pefore exclunon (4 exp ) 0035003 0111004 013 & 00t
After excluson (¢ exp)  ntea antral 030006  DI0L00S 0L 01
PH 1318

Buffer solut on of PH 6 7 1 excluded antrums 0753003 0562 00> 0235 008
dunng Ist hour {4 exp}

BN HC i excluded antrum dunng 821 + 004 038 014

Q19L 006
st bour (¥ exp)

In dogs A and B the antral pH was reduced to 1 one hour after the sham
fecding (9 expts ) The hypersccretion was chmunated afier about 1530 mn
and reapp: dually following of the antral acxdsfi {Fig 3)

Dogs h and L had 2 connderable amount of and secreting mucosa i the
excluded antrum resulung m an antral pHof 1 01 2and 1 31 8 respectively
dunng acid secretion in the corpus In these dogs the post exclusion increase of
the sham feeding response was absent {dog b.) or moderate (dog L) The post

exclusion sham feeding respanses were unchanged by wanllation of acd of pH
1 into the antral pouches H

the resp were sut ty aug d
by installation of buffer solution of pH 6 7 into the antra (Table 11 Fig 4}

C Skam Feeding Responses at dntral pH 1 Durng Concurrent ddmmestration of
Lxogenous Gastrn v Minimal Secretory Dosege — In 2 dogs contiuaus 1% 1m
fusion of gastnin atone resulted 2 secretany responsc of 0 810 08 meg per
13 sun wath free acid appeanng i 4 out of 6 expts The sham feeding response
at antral pH | was conniderably augmented by concurrent admumstranon of
these small amounts of gastrin and equalled (dog J) or exceceded (dog Iy the
sham feeding response at nevtral aatral mulien Fig 55
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Discusston

Thc gasmc acd sccrctoty Tesponse to sham feeding m Parlon poauch dags s
d by ad {Olbe 1963) The
hyp wat almost abolshed by antal 2addfi to pH 10—~151m
the present study consistent with the marked minbition of the secsetory response
10 tnsulin by poghy cenua by antral perfusion with © 1y HOwhich was obsenved
by Shimuze Mornison and Harnson (1998} Andersson (1960 a) Johnson Je
ef ol (1969) and Thompson Lerner and Tramontana {1962) Duodenal
aadification as well as antral aadifi has produced the marked wnltub
of the secretary response to msuhn hypoglycemia {Andersson 1860 a) The
hypersecrerory sham feeding sesponse following antrum-deodenum exclusion
an Paviov pouch dogs 1s most probably due te ehmnation of and whibuon
from the antrum and ducdenum The mechansm of the hypersecretion probs
ably molves augmented sagal release of gastnn from the newtrahzed antram
{Maung Pe Then and Schofield 1929} and a subsequent synergasm between the
action of gastun and vagal dlschargc on the HCI glands {Olbe 1963} w the

absence of any aad nhibstory from the duod The fact thax
chd:nham pmmh sccremry responsc tos v admmstered gastan s mhiinted by
1960 bY 3 the sigmfi of
duodenal h w the post excl hyy of the present
study but mromplete & ledge of antral and ducdenal acid mkubrory mecha

nisms presents satisfactory evaluauon of the telatne unportance of antral vs
duodenal nevtralization

Perfusion of the antrum with 0 1 N HClinhuduts Hesdenbain pouch secretory
response to sham feeding (Maung Pe Them and Schofield 1959) but does not
reduce its secretory response to large doses of 1% adnunstered gastnn (Gilfespre
and Grossman 1962) These findings suggest that antral agdification interferes
with the vagal release of gastnn from the antrum sather than with the effect of
gastrin an the HC! glands by a humorat intubitor The present observation that
the intubitory effect of Jow antral pH on sham feeding respon ¢ yn Pavlov pouch
dogs 18 ¢ 4 by small of gastrin {Fig 5} ss further
evidence agamst action of a chalone from the aadificd antrum at panictal cell
level Another theoretically possible mechanism of zad mhsbition from the
antrum during the nesvous phase of gastne aad secreuon 1s reflex intsbanon
via afferent vagal fibres Afferent have been d d wm vagal
fibres from the antrum on apphicanon of acd 1o the antrat mucasa (iggo 1927}
Howestr when acd of pH 1 was introduced smito the antrum dunng the course
of a shars fecding response in the present study the inkibiton required 1530
un 0 deselop and gradually disappeared after cessation of the antral acidifica
uon (Fig 3} Such slow deved and dnapp of the mnh may
be taken as evidence agawmst a pure reflex mechamsn Furthermore snhubition
of the sham feeding respenue by antral aodificanon was ebmunated by sy
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4 atton of very low sut 1 of gastnn (g 5), which does
not support reflex inhibition of vagally induced secretion by antral acidification
The results speak n favour for depression of vagal release of gastnin as the main
inhibitory mechanism ehiated by antral acidification during the nerous phase
of gastric aaid secretion

Duning the course of the mvesugation we recogmzed the wmportance of
filling the antrum with acid agatnst a small outflow pressure 1n order to obtam
maximal mhibition 1n each dog In 2 of the dogs (dogs H and J) simple instilla
tion of acid of pH 1 into the deepest part of the antral pouch did not produce
any pronounced inhibition of the sham feeding responses However, when the
acid was mstlled agamnst a small outflow pressure (about 10 cm H,0) n the
antral pouch, the mhibition was of the same magmitude as m the other dogs
{Table I) Apparently, i some dogs a shight pressure in the antrum 1s necessary
to eliait aad inhibition An intermttent increase of pressure n the antrum

P during phystol 1 d since 1 1 pressure waves of
an amphtude of 5—10 em H,0 occur in the antrum of fasting dogs and these
waves are not influenced by sham feeding (Olbe and Jacobson 1963) One
possible effect of increased pressure 1s to bring the acid anto closer contact with
pH sensitive receptors which may hie 1n the crypts of the antral mucosa

In 2 dogs (A and L) antrum duod 1 was perfi d before
development of the method for strict localization of the antrum corpus boundary
during operation (Olbe 1963) In these dogs the antral pouch was found to
contain acid secreting mucosa ging the antral secretion a pH of 10—18
following sham feeding The sham feeding response mn these ammals was un
changed (dog k) or moderately mcreased (dog L) by exclusion and the post

» exclusion sham feeding response was not further depressed by antral insullanornt
of acd of pH 1 (Table 11) The results suggest that continuous artificrit
acadification of the antrum starting immediately before vagal stimulation
ehats no ger nhib than physiologic antral acidifi by vagally
induced gastnic juice The inhibition evoked by artifictal antral acidification
the present study therefore probably represents a physiologic mechamsm In
these dogs with acid secreting mucosa 1n the isolated antrum the post exclusion
ked! d by antral wnstll of buffer

sham feeding response was y
solution of pH 6 7 (Fig 4) which corroborates the view that the inereased
foll ! exclusion 15 a conses

nerious secretory resy g antrum d
quence of climination of acid mhibation from the antrum and the duodenum
The hypersecretory sham feeding response foll g antrum duod
exclusion was not reduced by antral acidification with a pH > 2 51n the pres
ent study At antral pH 2 a considerable part of the hypersecretory respons¢
stll ¢ d (Fig 2) although a ughly fi Tt occurred At
antral pH [ 6—1 5 the hypersccretion was almost elimunated (Fig 2) The vety
small part of the hypersecretion that remained at antral pH 10—1 4 could
possibly be due to the postexclusion climunaton of duodenal acid imhibiton
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The results suggest that during the nervous phase of gastne aad secreton 2
sgnificant vagal retease of gastrin from the antrum does occur as long as the
antral pH 2 2 However Nyhus e2al (1960} found i Herdenham pouch dogs
that the secretory response 1o vagal release of gastnn was abohished by antral
acsdsficanon to pH 2 Tt s posuble that the amount of gastrin released from the
antrum at pH 2 by vagal sumulaton s msufficient to produce secreuon from
a Heidenham pouch (Nyhus #f ol 1960) but i sull sufficrent to enhance the
pervous secretory responst via synergum with the vagal effect on the HCL
glands s a Pavlov pouch (Otbe 1963) It has recemtly been dernonstrated that
the vagally mnervated HCE glands are far more sensitise ta gastrn than the
sagally denervated glands (Andersson and Olbe 1964)

Very fow data are avatlable concertung the pH at wiuch gasenn release from
the antrum by mechanical and chemal means ss inhibited Gastnn release by
mechanical stimulation of the autrum 15 mhibited by antral aodification to
pH 2 {Gregory and Tracy 1960} and 15 probably abolished by an antral pH be
tween 13 and 1 7 (Woodward et el 1957) The cnueal pH for pronounted in-
huibition of chemicat release of gastnn from the antrum 15 probably below 2
{Elwin 1960) Theresults of the present study suggest that vagal releasc of gastnn
from the antrum 15 pi dependent in the same way a5 release of gasinn by oher
means indicating that the same mechanstu may by responsible for acid mhiby
tton of both centrally and penipherally mduced gastnin release fr om the anteam

Financal support for th sk f \ed ¢ sk Forskmng haro-
hnska Inshirotet Magnus Bergualls Sudtelse and Snﬁthzn Gustaf och Tyra Svenssons \anc »
gratefully acknowledped
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of very low sul of gastrin {I1g 5) which does
not support reflex inhibiion of vagally induced secretion by antral acidification
‘The results speak m favour for depression of vagal release of gastrin as the mam
mhibitory mechanisin elicited by antral acidification duning the nervous phase
of gastnic acid secretion

Duning the course of the investigation we recogmzed the mmportance of
filling the antrum with acid agamst a small outflow pressure in order to obtain
maxmmal intubition in each dog In 2 of the dogs (dogs H and J} stmple instilla
tion of actd of pH 1 1nto the deepest part of the antral pouch did not preduce
any pronounced infubition of the sham feeding responses However when the
acid was instilled against a small outflow pressure (about 10 em H,0) 1n the
antral pouch, the inhibition was of the same magmtude as in the other dogs
{Table I} Apparently, in some dogs a shight pressure 1n the antrum 1s necessary
to ehcit acid inlubition An intermittent increase of pressure in the antrum
operates during physiol ! cond since 1 I pressure waves of
an amplitude of 5—10 cm H,0 occur in the antrum of fasting dogs and these
waves are not influenced by sham feeding (Olbe and Jacobson 1963) Onec
possible effect of increased pressure 13 to bring the acid mnto closer contact with
pH sensitive receptors which may lie in the crypts of the antral mucosa

In 2 dogs (k and L) antrum duodenum exclusion was performed before
deselopment of the method for strict locahization of the antrum corpus boundary
duning operation (Olbe 1963) In these dogs the antral pouch was found to
contan and secreting mucosa giving the antral secretion a pH of 1018
following sham feeding The sham feeding response in these ammals was un
fhangcd (dog K) or moderately increased (dog L) by excluston and the post
‘exclusion sham feeding response was not further depressed by antral instillation
of acd of pH 1 (Table II) The results suggest that contunuous artificat
aadification of the antrum starting smmediately before vagal stmulaton
chats no stronger b than physiologic antral fi by vagally
mduced gastric yuice The inhibition evoked by artificial antral acidification 1t
the present study therefore probably represents a physiologic mechanssm In
these dogs with acad secreting mucosa In the 1solated antrum the post-excluston
sham feeding response was markedly d by antral nstill. of buffer
solution of pH 67 (Fig 4) which corroborates the view that the increased
nenous secretory response following antrum-duodenum exclusion 1s a conse
quence of elimination of aad imhibition from the antrum and the duod:num

The hypersecretory sham feeding resp 11 g antr m
exclusion was not reduced by antral aadification with a pH > 2 5an thepres
ent study At antral pH 2 a considerable part of the hyperseeretory response
stll d (Fig 2) although a highly fi Tt occurred At
antral pti 1 0—1 5 the hypersccretion was almost eliminated (Fig 2) The ";’Y
small part of the hypersecretion that remamed at antral pH | 0—15 could
possibly be due to the post-excluion elimination of duodenal acd mhubition
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From the Histological Department Univernity of Uppsala Sweden

Palmutate Utilization 1n Obese-Hyperglycemic Mice

In watro studies of eprdidymal adspose tissue and hiver
By
Bo HetLyaN and Siorird WESTMAN
Recesved 18 September 1963

Abstract

HELLtan B and S WESTSAN Palmitate utehizatson wn obese Knperglycemic mice
In wstro studses of ¢prd dymal ad pose issus and freer Acta phystol scand. 1964 61
72 — The wn it outil atwo10f C, palmstate wasstudied in ep didymal
adipose tssue and hver sl ces from obese hype glycemue m ce and thewr lean
lttermates Starvat onand o addit on ofglucese to thencubation med um had
less eflect on the palmitate metabolism of the epicidymal fat pad 1n the obese
mice than n the lean controls The 1 3
acantly lower recovery of radioactive carbon diovid and tussue fatty aexds in
the controls no such effect being noted 1a the obese muce In both types of
mice starvation decreased the mcarporat on of palmitate ¢ bon 1n the hp d
fraction of adipose tssue mcubated n 2 glacose-contaming medm. Fatty
acid release from the tsolated ep didymal fat pad was also less affected m the
obcse mice than 1n the lean | trermates by starvation and add tion of glucose
The mearporation of the substrate palmtate into hepatic tssu 1 pids d d not
differ s gnificantly between the twa types of mice when tested 1n the presence
afglucose In this case starsavon resulted 10 _educed amounts of radioact vty
1n carbon diox de and nsoluble res due only for the Liver shices tahen f om
the lean mice The results are discussed  ith regard to previous metabolic
findings in the obese bvpe glycenuc syndrome

The central position of the adipose tissue n carbohydrate and hpid metabolism
1s now well estabhshed and much of our effort to elucidate the metabolic
anomalies assoctated with the obese hvperglycemic syndrome has therefore
been confined to the fat cells (Hellman e of 19623 b 1963 Westman and Hell
man 1962 1963) The lower number of fat cells per untt volume as well as the
accumulation of non fat cellsin the fat depots of the obese hypergly cemtc mice
make 1t difficult to compare directly the metabolism of adrpose tissue m normal
and obesc muce (Hellman ef af 1962 a 1963) The response of the adipose
tssue to different sumuli provides on the other hand a more satsfactorv basis
tor comparsson  Previous studies showed that the hipogenests from acetate was
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less lated by glucose in the obese hyperglycemic mice (Hellmanetal 1962b)
and only a shight mfluence on the fatty acid release from the adiposc tissue was
noted 1n these anumals, when starved {(Westman and Hellman 1963) The
present communication deals with the tn o utthzaton of MG, palmutate in
tissues from starved and fed obese hyperglycermic mice and their lean Ltter
mates The possibility of a defe cell resy being a more general
metabohe feature in the obese hyperglycemic syndrome was considered by
performmg these studies on both the epididymal fat pad and non adipose
ussue (Liver) with and without glucose added to the incubation mediem

Matersal and methods

About 8 months old obese hyperglycemic mice from the R B Jackon Memonial
Laboratory Bar Harbor Mame USA and ther lean siblings were used Eleven obese
mice (AO mce) and 12 non-obese ammals (AN mice) were allowed free access to food
(calonc composition carhohydrate 54 ¢ fat 16 ,, and protein 30 9,), while 12 obese
mice (AOS yuce) and 11 lean controls (ANS mice) were given only w.ter for 48 hours
prior to death All amimals were killed at the same time of the day by a blow en the
neck and decapitation  The epididymal fat pads were carefully dissected weighed on 2
torsion balance and the most distal parts (about 70 mg) taken for incubation Inaddition
the liver was weighed and thin shices (about 70 mg) prepared for mcubation Macro-
scopically the livers of the AO mice exhibited an obvious fatty mfiltraton

Epididymal adipose tissue was mcubated for 3 hours at 37 C under oxygen n 05m!
of a modified Rrehs Ringer phosphate buffer (calcium omitted) either n the presence
or absence of 0 1 %, glucose The medium contained 1, palmitate (potassium salt from
The Radwchemical Centre Amersham Lngland) and carrier (total concentration 2 mM
corresponding to 5 ;C/mi) 1 substitution for sodium chlonde and 5 ©, human scrum
albumin with a content of approximately 1 6 mmole fatty acids per mmole albumin
All liver shices were mncubated in the glucose contaming medium  the procedurc betng
wdentucal with that for the adipose tissue

The respiratory O, was absorbed in NaOH and measured for radioactivity as ac
cording to Villes and Hastings (1949) [issuc hiprds were extracted with chloroform
methanol (2 1) and washed (¢f Folchetal 1957) Inthe two phase system thus obtamed
the tnglycendes and fatty acids remain tn the lower chloroform phase Free fauy anids
were separated from neutral fat by the method of Borgstrém (1952) and parts of the
o fractions mounted on lens paper-covered planchets (¢f Fntenman ¢ of 1917)
“The nsoluble residuc left after chloroform methanol extraction and dissofved in 013
\aOH for 24 hours at 20 C and the upper phase were measured for radioactnity  The
release or uptake of free fatty acids during the incubation was determined sith the mod:
ficauon of Dole s (19,6, method as deseribed by Trout et al (1960,

Results

The bod; weights as well as the weights of the eprdidymal fat pads and the
Iners are gien in Table I The results obtaned when the epichdymal adipose
ussue was incubated with 1C, palmitate 1n media with and without ghucose
are summarnized m Table 11 The addihion of glucose sesulted an 2 s nuficantly
lower i} of 10 the AN mice (¢ = 4 3] P < 0001}
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Table I The bods unight [2) and she weights (1, ) of the two egndidymal fat pdti( and the
lizer 15 fed and starced lean and obese hyperg®wernc wice Vean valves & S.E VM

Epd dywal

Body weight adipise tissue Laver
Arurmal 53] {mg wet wiy (g ek st}
AN B84 1 FHT & 53 1475 £ 67
ANS 243405 306 £ 53 18324 47
0 560114 1283 L 149 3106 % 146
A0S 4635112 B9 i 427 2,366 = 136

Table IF mptmales palmutate vonverted snio carbon duoxde and different froctions of the epedidymal
ad pose trssue The yesulls are expressed per 100 mg wet un i Aesn colues £ SE M

mpmoles palaniate uthzed per 100 mg ad pase usue fwet wi)

ta
Gle Upper “cutral Fatry soluble
Ammal wse €O phase fat acds rendue
AN - 91 %10 39112 15031385 41,7 44z08
AN + 45505  §3:£02 HPO4BT  49BL96  §7.07
ANS - 8o 17 8811  PEL.S  MITXW5 7509
AN + BOLES 5903  IMWII645  HMLTL 4T 8I~ 1B
A0 —  E774£28 46106 1274185 616191 glaill
10 +  B24xE3 433208 2ASBLM3 S2Txd4y  $9-06
108 — 244 45210 1BI0LI62  HIBL B B4~ 1B
A0% + 197222 352056 IMOL1 ISR B2 KD LDE

but no differences were noted 1 the ANS muce or w the obese muce Staration
sncreased the formation of GO, only 10 the lean nuce for the glucose contasming
medium (1= 257 P < 002) After withdrawal of foad the tean muce exhibited
a higher mcorporation of radicactnnty 1 the upper phase for both media no
sigmficant effect of this Jund beng noted for the obese antmals  Additon of
ghucose d the imcorp of rad aty wto neurral fat by as much
as 170 °; n the AN mice (¢ = 403 P < 00061} and bv onhy about 49 ¢, w the
AOmue (t =270 P < 002 In the ghucose-contatming mediym stanation
resulted 10 a lower recoreny of palmatate carbon from the adipose ussue hipids
of both types of muce In the absence of glucote the nutntional state did not

ficantly affect the rad, af this fraction n exther of the o tvpes of
mce Ooly the AN mice showed a ugnificantly Jower radioactvare for the free
fatty acds after addinon of glucose 1 =~ 378 P = 000l) Regardless of the
medium used starauon wereased the amount of radioactvity reconered i the
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Table Il The release wnto (4-) or the uptake from (—} the medium of free futty acrds (FFA)
by the eprdidymal adipose Uissue expressed as pEq folly acids per 100 mg wet werght and
3 hours incubation Mean values - ST M

#Tq TFA/
Ammal Glucos 100mgwet wt
AN - +011£016
AN + —~G3B£ 012
ANS - +143£016
ANS + +093 4015
AO - —~010+£028
AO + ~006 008
A0S - +049 3010
A0S + +0104012

Table IV mpumoles palmutate converted 1nto carbon dioxide and dyfferent fractions of the liver
slices The resulls are expressed per 100 mg et weght Mean values + S E M

mytmoles palmitate utilized per 100 mg liver (wet wt}

Upper Neutral Fatty Tnsoluble
Animal co phase fat acds residue
N 129 £ 05 39+ 04 1853+ 162 612487 10313
ANS 90+08 36+ 05 559476 731470 53%10
A0 9008 42+08 1429 £ 200 658+ 58 77409
A0S 9912 $1£07 732+78 816467 2507

free fatty acids for both ty pes of mice The radicactinaty of the insoluble residue
was not affected by the availabihity of glucose either in the obese mice or m the
lean controls

If expressed per unit fat pad weight all obese mice exlubrted 1 hugher oadaton
of the substeate palmitate than the lean mice When caleulated in this way the
amounts of radioactinaty recovered in the tissue hipids were an the other hind
lower m the AQ muce than 1n the lean controls for the adipose tissuc meubited
with glucose

‘The release or uptake of free fatty acids from the 1sohited epididymal adipose
usstic 15 shown n Iable 1T The fed lean mice showed an uptake of free fatty
actds 1n the presence of glucose Withdrawal of food resulted however n 8
fatty relerse which ws more pronounced after amiwion of plucose The fitty
acid release from the epuhidymal it pad was less affected by stanaton and
addition of glucose m the obese mice than in the lean littermates “The starved
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obese muce displayed a fatty acid release only if the incubation was performed
without gluco e

The resuits obtained when the hver slices were mcubated with ¥C; palmutate
1n a glucose contammg medium 15 presented 1 Table IV In the AN mice
starvation resulted in a ficantly lower oud of the sub ratat
(t=356 P < 00l) a considerable reduction of wmcorporation m(o neutral
fat (=704 P < 0001) as well as lower values for the radoactivity n the
tusoluble residue (¢ =337 P < 001) Also for the AO mice withdrawal of
food was seflected in a reduction of the radicactuvity m the neutral fat {1 = 3 36
P < 001) A companson between the two types of mice revealed a significant
depression of the ¥CO, formation m the fed obese hyperglycenne mice (f =
353 P < 001) Nether the lner shces from the lean nor obese muce showed
any fatty acid release irrespective of the nutritional state of the ammals

Discussion

The 1solated adipose tissue not only mcorporates fatty acids tnto the neutral
or glyceride component but also oxdrzes fatty acids to carbon diowde (Shapiro
etal 1957 Mlstemn ¢t al 1959) Both processes are markedly influenced by the
nutntional state of the animals and the availabihity of glucose (¢f Raben and
Hollenberg 1959) The present experuments corroborate these findings the
epididymal adipose tissue from the fed lean e exhibited a sxgmtlcantly
lower oxidation and 2 markedly increased mc

P of
carbon atoms into neutral fat after 2ddition of glucese A spanng cﬂ"cct of glu
cose on the i s1tro oxidation of fatty acads has been described also in the adipose
uissue from the rat (Bally e o/ 1960) The glycerophosphate required for
synthesis of triglycerides from fatty acids 1s derived from glucose The enhance
ment of glucose on ths estenficatton process was reflected 1n the adipose tissue
of the lean mce by the greater radioactivity 1n the neutral fat as well as by the
lower recovery of the palmiate carbon 1n the free fatty acid fracuon After
starvation of the lean mice a smaller of the
fatty acid appeared estertfied while there were greater amounts of radioactive
carbon dioxide A proportionately greater oxidation of fatty acids i fasted
ammals than in refed ammals has previously been reported by Shapirg ¢ al
(1957) and attnbuted to the larger free fatty acid pool obtawned by starvation
It emerged from our previous studies that the sumulation of the adipose
tissue hpogenests from acctatc obtamed by addmg glucose to the mcubation

flurd was less d 1n the obese hypergly syndrome (Hellman et al
1962 b) In thc present imestigation starvation and;or addition of glucose had
less effect on the pal bolsm of the epididymal fat pad 1n the obese

muce than in lhcxr lean controls The presence of glucose resuited for example
1n a sigmficantly lower recovery of radioactive carbon diowide and tissue fatty
acids 1n the controls no such effect being noted 1n the obese muce After starva
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ton the amounts of radioactivity tn the upper phase and mnsoluble residue were
ficantl d 1n the epididymal adipose tissue taken from lean mice but
not from obese animals The absence of a marked response to fasting or adduion
of glucose apparently represents « more general metabolic feature for the ept
didymal fat pad 1 the obese hyperglycemsc syndrome Up to now at 1s difficult
to assess to what extent this non resp ness of the diary adipose
ussue metabohsm may reflect an mmpawrment of the glucose metabolism
Christophe ef af (1961) reported the glucose utilization to be depressed in the
1solated eprdidymal adipose tissue of obese hyperglycemuc ammals ether
when the metabolic data were expressed per umit mtrogen or wet werght

An impaired mobilization of free fatty acids has been suggested to be 2 meta
bolic defect of significance for the etiology of the type of adipositas represented
by the obese hyperglycemic syndrome (Marshall and Engel 1960 Lebocuf
etal 1961) In our previous studses a more pronounced effect of fasung was also
noted 1 the lean httermates when the incubation of the eprdidymal fat pad
was performed 1n a2 medimm contaming glucose and enly those fatty aads
bound to the unextracted albumin (Westman and Hellman 1963) Inthepres
ent expenments 1t was proved with 2 higher imtial concentration of fattv
acds 1 the mncubation medum  that both glucose and starvation have some 1n
fluence on the fatty 2c1d release from the 1solated eprdidymal fat pad of obese
hyperglyceme mice but to a much less extent than noted for thelean littermates

In a companson of the hpogenic actavity of the epididymal acipose tissue from
normal and obese hyperglycemic mice Hellman ¢f af (1962 a) demonstrated

the different number of fat cells per umit weight made 1t necessary 1o €x
gpress the metabohic data directly per fat cell The relative mtrogen content of
the epididymal fat pad r d h d 1n the obese mice 1 spite of the
marked reduction tn the number of fat cells per umt weight The more recent
obscrvation of a greatly mncreased mast cell content 1n the adipose tissue from
obese hyperghy cemic mice stresses the importance of taking into account the
number of fat cells when companng the adipose tissue metabolism in normal
and obese hyperglycemic mice (Hellman et ol 1963) The choice of parameter
for the metabolic data seemed however to be of minor importance in the pres
ent expeniment where the effeet of glucose and a short term starvation was
tested using the same type of mice as controls Evenif the adequate comparison
between the adipose ussue metabolism of the two types of mice was confined 10
the reactions to glucose and starvation the previous observauon of 2—3 tmes
more fat cells per unit tissue wesght 1 the adult lean mice (Hellman o
1962 d) gises some 1dea how the values listed in the Tables will change when
calculated per fat cell ‘ef Hellman et of 1962 a)

In previous analyses of the lner metabolism n obese hyperglycemic mic
1Cglucose labelled in different positions has been used as a radioactive pre-
cursor (Hellman et ¢/ 1961 1962 ¢) Whle no sigmficant changes from the
normal lvel were noted for the 1 ertro utihzation of glucose in Iy ershices devord
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of macroscopteal fany wmfiltration the prcs:ncc of a marked liver fatterung was
found to be dwitha h p d abihity to lize glucose
also when the results were expressed m terms of fat free dry weight In view of
the accelerated lipogenesis from acetate described by Mayer et al (1935) as
charactenstic for hiver shices from obese hyperglycerme mice 1t 1s worthy of note
that the synthesis of neutral fat from the substrate glucose was shghtly depressed
mn our experiments (Hellmanet af 1962 ¢) It should however be noted that the
abservations of Mayer et af (1955) of 2 greater hepatic ipogenesisin the obese
ce refer to expeniments performed without glucosc 1 the meubation medium
In the present expeniments no fi were ob d for the
palmtate ncorporation 1nto hepatic tissue lipids between the obese hyper
glycenuc muce and therr lean httermates The finding that starvation resulted
1 significantly reduced amounts of radicactivity 1n the CO  and 1nsoluble
residue for the lean but not the obese mice 15 probably another expression of
the disturbed metabolism 1 the obese hyperglycermc syndrome In an assess
ment of these results the possibility of a differential dilution of the labelled
Pprecursor with endogenous fatty acids 1n the two types of starved muce should
be considered Zomzely and Mayer {1959) found that the ditution of labelled
acetate was of the same order of magnitude when the animals were allowed free
access to food but that the endogenous acetate pool was proportionately greater
1 starved obese hyperglycerme mice

A release of considerable amounts of free fatty acids has previously been
encountered for rat hver slices incubated in different media and the conclusion
was drawn that mn addttion to adipose tissue the liver represents a source of these
compounds {¢f Hamosh and Shapiro 1961) The absence of any release of
fatty acids from the Iner shices taken from the lean and obese mice may be
explained by the presence of glucose and the relatively lugh concentration of
fatty acids 1n the medium
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The Measurement of Input Impedance and Apparent
Phase Velocty mn the Human Aorta
By
I T Gapet § harsetr I G Porpe and B Rupewale
Rece ved 26 September 1963

Abstract

Gare T T J hannenr. I € Porgt and B Reoeward TR measur ment
of wnpul wonp don ond oppa ent pha  xelocity i the human sorts Aeta phesiol
scand 1963 £ 1383 Nleasurement of the wmput mpedance wm the
aorta w 3 patteats wuh sheumate mitra) disease 5 described The aortic
flow was meamured by recording the pressure gradient along the ascend ng
aorta with a d flerential manom ter through a double lum 5 cather © 2
separate sir2 n gauge on due ude of the sysem enabled the are nal presss ¢
to be recorded wmultanrously Recards wese made befo ¢ aud du mg the
adm nustration of 1% uo adeenahine Computal on of blond Bow apparent
phase velooity and ampedance was perfarmed on a digital comput ¢+ The
modal of sortic wput mpedance decreased with froquency over the first
few karmontcs both before and durwg nor ad enabne but were tugher durning
nfuvon The &amm of impedances teaded to suggest that some reflection
was reactung the ascendung 3oria thus was alsa suggested by the high vabun
obraned fo apparens phas selocuy at fow [ equencies

The caleul of peripheral vascular ¢ {rom toean cardiac output
and mean aoruc blood flow s a common and simple way of assessing the load
whisch faces the left ventricle Howerer the load consists of a branched elastic
artersal systern and both aortie blood fow and pressure have large oscilfatory

p m these a description of the load 1 terms of
resistance alone is imadedquate and a more general approach is clearly deswable
One such approach 1s the calculauon of the acrtic snput smpedance  \McDonald
and Tayler 1958 \{cDonald 1960)

The concept of mpedance 33 widely wsed m clectsic alternaung-current
theory and s also usefully emploved m h and The cal
culaton of smpedance can only be carmed our if the \aruons of pressure
011: e e of a grant from 1h Wetoome Faundaton and th Suedsh Mod cal Research

ol
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and flow are smusoidal or pertodic Although the changes of pressure and flow
1n the artenial system are certainly not sinusoidal they are almost periodic and
both pressure and flow waveforms may be expressed 1s Fourier Series that 1s,
each may be shown to consist of a2 mean term and the sum of a series of har
momcs The rato of the mean pressure to the mean flow 1s the conventionally
calculated peripheral vascular The complex ratio of each
of pressure to the corresponding harmonic of flow 1s the impedance at the
particular frequency 1involved

The principal object of this communication 1s to present measurements of
the mput mmpedance of the aorta of three patients before and durng the
nfusion of noradrenaline Essential to such calculations are measurements of
aortic blood pressure and flow waveforms The recording of blood pressuse
presents no great problems, instantaneous blood flow 1s still, however measured

with some difficulty EI g and flow meters cannot be
used without a great deal of difficulty on ntact man and the only practicable
method of measuning aortic blood flow at present 15 by a pressure gradient
techmque (McDonald 1955 Womersley 1955 Fry 1956 Porje and Rudewald

1957, 1961)

Methods
Apparatus 'The differential manometer and double lumen catheter have been described
previously by Porgé and Rudewald (1961) The differed from previous

models i that the volume displacement was smaller In order to measure the arteral
pressure and the pressure differcnce smultancously a Statham P23Gb strain gauge was
( mmounted on one side of the differential manometer The system was so connected that
“the single sided artenial pressure was recorded from the opening at the tip of the catheter
“The manometer system was filled with recently botled distilled water containing 05 °
benzalkonum chloride Records were made on an Elema 4 Channel Drrect Writing
Recorder No el 1 or additional hydraulic damping was employed The frequency
response of the whole system was tested with a smusoidal pressure generator (Ball and
Gabe 1963) and both the differential pressure and single sided pressure records show
a resonance at 31 ¢/s the amplitudes at relative 1o the de at 001 /s
were 47 and 4 5 respecuvely The ampliude and phasc distortion was measured and
this data enabled small corrections to be made during computations
Techmgue At the ume of study the patients tigated were und
cardiac h and d hy for mutral stenoss and
1ncompetence Al the patients were 1n sinus thythm After pressures and samples had
been taken through an ntravenous cardiac catheter the double lumen catheter W3t
sntroduced percutaneously mto the femoral artery through a modficd Gidlund cannula
(Rudewald 1962) The catheter was advanced under fluoroscopic contral to the #%
cending aorta 5o that the catheter opening at the up was just above the aortic vabve
Biplane radiograrms were taken to record the positon of the catheter Records of the
differential pressure and aortic pressure were made and during this ume the cardisc
output was measured by the Fick method A slow sntrayenous infusion of nor adrenalin®
was shen begun (at approumately 05 pg/kg/mim) and pressure records once n:;ﬂ
were made dunng thus period  the cardiac output was also once mare esumated Finslly
an angiocardiogram was performed and from this the mean diameter of the ascending

! ue
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aorta could be calculated as well as the effective distance between the pressure sampling
pomts The effectiv ¢ distance was between 6 and 7 om tm the 3 cases

Computations Application of the Navier Stokes Equation to the flow of a Newtoman
flud passing perodically along a ngid cybndrical tube makes 1t possible to determne
the flow f the pressure gradient along the tube 1s known, We may express the pressure
gradient mn ferms of a Fourter Senes

4 + 34 cosmt +Basinnot)
=1
“The appropriate expresston for flow due to Womersley (1933 1957) 1s
p,,:g‘“_[(,;c.«;-nv)smmw(d.p — B G.) cos mt] m
e

where F, = the volume fow of the nth harmonie
R = radws of the tube
¢ = density of flurd (taken as 1 06 g e for blood)
@ = 2« X fundamental frequency
2% (arl)
b last)

the non-dimensional parameter Rv 2%,  bewng the kinematic viscosity (taken
>

C and D are the real and imagmary partsof 1 — where @ 1s

as 0 04 em? sec—! for blood)

‘The calculation of flow using this equation may most converzently be carmed out
by 2 digital computer The heights of the differennal pressure and pressure records
were measured at 10 msec intersals from a convement common basehine begurung
2nd ending at succesuve R waves This data together with information on calibrations
radws of aorta density of blood value of @ for the fundamental frequency and the

corrections to be apphied for d and phase of the and
recording system was punched on to 5 hole paper tape A suitable programme for the

of the Fourter coeffictents of diffe pressure and aortic pressure and
for the dervauon of the y of blood flow was wnitten for the

Unwersity of London Ferranti Mercury computer Included m this programme was
the computation of mput impedance of the aorta from the complex rato of pressure
to flow at each harmonic The toral tme taken for the computations from a single
pulsc was between 2 and 3 mun

It was deaided to carry out the computations to ten harmonies It 35 to be expected
that the accuracy of the values obtamned for mpedance will decrease with frequency
The magnitude of the harmoncs of pressure and fow diminishes with frequency and
the signal to-noise ratio consequently falls In addition, the measurement of the pressure
difference between two pomts a discrete distance apare 1s a subsutuce for the ideally
required pressure gradient at a pont Esumated flow from the pressure defference
waveform s for a pont midway between the two measuning sites The assumption 1s
made i calculaung impedance that the computed flow ar this point differs little from
the flow pattern at the entrance of the aortic segment (where the single sided aortie
pressure 33 measured) In the low frequency range (up to perhaps 5 ¢fs) the error which
1 largely one of phase should be small but at higher frequencies the error will certamly
be greater “evertheless it was thoughs that 1t would be of mnterest to give the results
to ten barmomies because precise evaluauon of accuracy 13 not possible with present
methods

The pressurc gradient along the aorta 1 produced by two main factars first by the
aceeleration and deceleration of blood and secondlv s a result of viscous forees, In
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Table 1
Before noradrenaline Duning noradrenaline
Penpheral Perpheral
Cardiac Tesistance Cardiac resistance
Mean BP output dyne sec Mean BP  output dyne sce
Pauent (mmHg) (1/mmn) cem® (mmHg)  ({/mm) em~?
B S age 37 83 58 1140 114 65 1400
S N age 39 94 62 1210 126 54 1870
IS age37 97 49 1580 138 59 1870

the ascending aorta of man the inertial factor 1s dominant and we may sec the effect
on equation 1 of assuming that the flurd has zero viscosity by making a infinite It may

P CRED)

be shown that the real and mmaginary partsof 1 — — T then become umiy
a1 J (ot 1)

and zero respectively and that

R
Foe ;E (Ansin nest + Bycosn o)

(2)

Thus the oscillatory components of flosy in this case may be derived by simple integration
of the waveform of pressure gradient 2 method that has been used 1n the human aorta
by Porjé and Rudewald (1957 1961) In order to compare the results obtamned by the
exact solution of the Navier Stokes Fquation with those obtamed by assuming andeal
flud the computations were repeated with the mstruction that g for the fundamental
® frequency was to be taken as 10000 (and 10 000yn for higher harmomcs) a vafue
high enough to ensure that equation 2 would be computed with neghgible error
} Since the absolute pressure at one side hole of the double lumen catheter was known
~ as well as the pressure difference between the two side holes caleulations of the apparent
phase veloaty at each harmonic could canly be derved from the results of the two
Founier analyses. If A radians 13 the phase difference of the absolute pressure wave
forms per cm length of aorta at a frequency f cfs then the apparent phase veloaity 55

2 1f]B em sec=

Results

The calculated aortic input impedances derved from single pulse pertods
of di hne are shown i Fig 1

before and dunng ther

2and 3 for pauents B S § N\ and 1 S respectively It will be seen that in

each case the moduli of the first few h i when
resistance (Table 1) The fact that the modubs

was given as did the penpheral

q

of the early harmont

with freq y (with the exception of T 5

before noradrenaline) suggests that the mput impedance of the norta at these

frequencies 1s capaatatine and this 1s supported by
sndicating that flow 15 leading pressure in phase With mereanng freq
the phase angles become less negatne The accuracy of the values obtan

the negatine phase angles

uency
ed for

the moduh and phase angles will necessanly fall wath inerease of frequency
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(see aborve) It wall be seen in Frg 2 and 3 that the phase angles of 3 harmones
exceeded - 90 and these anglcs mu.sl certauily be 1 error Fig 4 shows the
mean values of ped g results from 3 pulse pertods
from each pauent first before and then dunng noradrenaline  Frequencies
were grouped into class satervals of 1 ¢/s

If the assumption 15 made that the viscosity of blood 15 zero {or that a s
wfintte) the error which will then be made s the caleulation of the flow
harmonics and consequently 1n the values for impedance may be deduced
theoreucalls 1t can be shown that

N i)

Uy

SOOI sl R PPNTY
a'—al2 41
where I°_ and F are the derived flows at imtmte @ and appropniate 4 respec
el and My, and £, arc functions of @ and are defined by Womenley 11903y
Fig 5 shows the rano F, F plotied aganst 1 The values of ¢ for the funda
mentals 1 the three patients ranged from 16 0—24 2 It will be seen that the
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Fig 3, (Left} Aortic mput impedance as a functon of frequency before and during intras encus

nor adrenaline Patent I §

Fig 4 {Right ) Mean values for aortic mput impedance The values derved from the analysns

of three pulse periods from cach patient were averaged first hefore and then during the ad
of nor adrenaline Freg; were grouped info class intervals of 1 ¢s The

verucal bars indieate the standard error of the mean

error 1o be exp d 1n the of the dulus of flow when viscous
cffects are neglected 1s about 10 ©, 1f @ 15 16 the phasc angle 18 then in exror
by —35 These errors dimmish at higher values of @ The flow harmonics
caleulated using a value of 10 000 for the a of the fundamental (and 10 000} %
for the ligher harmonics) were entirely compauble wath these predicuons a
fact which served to check the correctness of part of the programme and 15
exccution

An example of the effect of assuming zero viscosity on the synthesied wase
form of aortic blood flow 15 shown in Fig 6 The continuous curves in Fig 6
are the same wasveforms of oscillatory aoruc blood flow denved using, correct
values of @ The value of a for the fundamental sn this case was 191 Super
1mposed on the continuous cunnein Fig 6(a) s the waveform of flow calculated
using @ value of 10 000 for the o of the fundamental this flow cunve 18 alio
shown 1n Fig 6(b) but its amplitude has been reduced umformh by ge r"'l'
the purpose of comparison cach curve has been drawn about 1ts indnidu
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from the solanon ta the Navier 2

Stokey Equaton appted to o

viscous Buwd vz lang eybade

cal tuhe {Equation 1} -1’

Tig 6 Symhemsed waveforms of aory ¢
Blood fow sm patient § N dunng the
adm nutration of nor adrenaline  The 45
fusst ten harmonses were wed The con

5

unuous cunes 3re the same How ware

forms deed by Equation § The dot 39
ted cune supenmaposed on this in Fg

wre 6 {a) 1s the waveform of flow obtam 209
ed when values far o were taken to be >

J0000 that 1 the blaod was 2ssumed — (ool
0 be wathout viscos ty The doted curse

2 6{a) has been edrawn m 6 {4} bur o
sts amplitude hay been reduced 0 scale

bv 8 To faci tate tompanson cach

cups g has been deann about its ind vidual 9,
mean and the mean forward flow has

not been netuded n the scale The value 200
af a for the fundamental in this case »as
191

DSOULLATORY SLOW mih

92 G4 w6 oeg 0F 04 06 08
WEL ¥ IME ey

mean and the average forward flow has not been added 1t 15 exadent that the
error produced when viscouty s neglected 15 much reduced by the change of
scale even though the atempt at correction 1 crude all the harmonics are
m effect reduced by 82, in amphiude wlsle the phase relationshaps are un

affected The use of a sumple factor for correctng the Awd mductance of an
sdeal flnd was first suggested by Fry (1959)

In Fig 7 are shown the apparent phase veloaties denved from the analyss
of single pulse perods in ¢ach patient before and dunng noradrenahne Four
of the values calculated were negatne and these have been omutted from the
dagram In each case the apparent phase vefocties of the earh harmonies
were higher while noradrenaline was bemg gn en shan before. The mean values
obtaned for apparent phase veloaty i the § pauents ase ginen collectively
m Fiz 8 For the prepamton of ths dagram resulis from the amalyss of 3
separase pulse periods recorded from cach pastent were pooled st befare
and then dunng noradrenaline The frequencies were grouped o class iater
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Fig 3 (Left ) Aortic input impedance as a function of frequency before and during snteavenous
nor adrenaline Patient 1 §

Fig 4 (Right ) Mean values for aortic tput impedance The values derived from the analyss
bf three pulsc periods from each pauent were averaged first before and then during the 3

nor 1 were grovped into class intervals of 1 ¢;s The
vertical bars indicate the standard error of the mean

:rror to be expected 1n the estmation of the modulus of flow when siscous
effects are neglected 1s about 10 % 1f @ 13 16 the phase angle 1s then i error
by —5 These errors dimmnish at higher values of @ The flow lrarmonics
caleulated using a value of 10 000 for the « of the fundamental (and 10 000}
for the higher harmonics) were entirely ble with these pred
fact which served to check the correctness of part of the programme and 11
execution

An example of the effect of assuming zero viscosity on the synthesised ware
form of aortic blood flaw 1s shown n Fig 6 The continuous curves i Fig &
are the same wareforms of osaillatory acruc blood flow derved using correct
values of @ The value of a for the fundamental i this case was 191 Super
imposed on the continuous curve in Fig 6(a) 1s the waveform of flow calculated
uaing a value of 10000 for the « of the fundamental this flow curve 13 10
shown 1n Fig 6(b) but its amplitude has been reduced umformly by 8 % }";
the purpose of companison each curve has been drawn about s ndsvidual

L3
a
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only be the same as the value obtamed for penpheral resistance (denved from
the ratio of mean artenal pressure to mean blood flow) if the system 15 hnear
through the ongin The situation s sumular to the problem of resistance 1n 2
non linear electrome device For example penpheral ressstance may be
cansidered 2s 3! to the equvalent d ¢ of a thermiontc
valve ~— the rato of total anode potennal to total anode current This m
general differs from the 2 ¢ anode resstance which 15 the ratio of a small
change of anode potental to the resultng small change of anode current ata
particular working pomnt It 15 unlikely that the non hinearities of the vascular
system are 5o great that the penipheral resistance will be of a different order of
de from the at zero freq at the mean artenal pressure
but 1f 1t 15 decrded to express impedance non-dimensiopally as ZR. (Patel et o/
1963) where Z 15 the modulus of input mmpedance and R 1s the peripheral
resistance  the distinction should be borne in mind
It 15 of nterest to consder whether the results suggest the presence of reflec
tons 1n the ascending 2orta It may be useful to recall the phenomena which
we should expect to find 1n a highly simplified model system when reflections
amse (Taylor 1997) If a rubber tube filled with a viscous flwd 15 occluded
completely at one end and cennected at the other to a pwnp generating
sinusoidal fluid flow  the input 1mpedance may be gready affected by reflec
nions As frequency increases from zero the input mpedance will be capaaitatne
and will fall untsl a purumum s reached when the tube 1s one quarter of 2
waselength long The phase angle will then be zero Further increase m
frequency results in a nise m wput mmpedance with a positrve phase angle a
maximum 1s reached when the tube 1s half a wazelength long In bref the
mput of such a system extubits a series of mumma and maxima at muluples
of the frequency at which the first d The de of the
vanatons will depend mainly o the percentage reflection at the distal occluded
end and on the viscous losses along the tube
The branched tapening elastic arterial system 1s much more formudably
complex than the closed rubber tube model but we may reasonably expect
even in such a system that systematc vanations of mput mmpedance with
frequency will occur if significant reflection takes place Before nor adrenakine
changes 1n 1mpedance with frequency are small and must be mterpreted with
caution (Zeros i Fig 1 2 and 4 are suppressed and changes may 1 con
sequence appear to be magmfied ) In Fig 1 2 and 3 we sce that before nor
adrenaline there 15 a mummurm at 28 ¢/s n Pattent B S at 51 ¢ s 1 pauent
$ N\ andinpatient I S there 15 hitle change n the modul to be obseryed
In the first two patients maxima are to be seen at 70and 98 ¢ s n a sumple
rdealised reflecting system we should expect from the frequency of the first
rumma that the first maxima should be at 5 6 and 102 s
The apparent phase veloaty in the sumple tube system 1 also affected by
reflections being minally higher at very low frequenaies In 1946 Porje recorded

6643013 ¢ phywl 16 4} 16T
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i man the pulse waveform 1n the subclavian artery and 1n the abdominal
aorta and made calculations of the apparent phase velocities of the first three
harmonics, the value obtamned for the apparent phase velocity of the funda
mental and frequently also of the second harmomic was considerably higher
than the foot to foot veloaity [hese findings were mterpreted as being the
result of reflections Inspection of Fig 7 and 8, which show apparent phase
velocty in the ding aorta as a fi of freq y, reveals hugh values
again at the low frequency end and supports the suggestion that some reflection
reaches the ascending aorta
In 1961 Caro and McDonald studied the relation of pulsatile pressure and
flow 1n the pulmonary vascular bed of the rabbit by superimposing, a sinusoidal
flow generated by a pump on mean steady flow By this method they were able
to vary frequency continuously and were not commtted to studying impedance
at mtegral multiples of the pulsc [requency They found that the input impe
dance was high at low frequencies and fell to a mnmum at 3—4 cfs They
poimnted out that the fact that this was approximately the normal pulse fre
quency for the rabbit possibly had relevance i mimmising, the oscillatory load
an the right ventricle Such evidence as has been obtamned in this present smalt
series in man suggests that for the ascending aorta the first smmum of mput
impedance 1s at a frequency above pulse frequency If no change takes phee
1n the peniphery an increase 1n heart rate would tend to reduce the impedance
for the fundamental and the second harmonic
The moduli of smpedance for the first few harmonics are greater dunng
noradrenaline infusion than before Such an effect 1s to be expected when there
“1s ancreased vasoconstniction peripherally The rubber tube model considered
above was completely occluded at one end 18 resistance at zero frequency
would be mnfimte If the end were constncted but not occluded the resistance
at zero frequency would be finite and the 1nput impedance would be lower
as frequency began to increase than in the case of total occlusion However, 3
stmilar effect could be produced by cl the compliance of the tube There
15 no doubt from the nse 1 penipheral resistance i the three paticnts when
nor adrenaline was gi en that there was then increased peripheral vasoconstnic
tion and that this could account for the higher impedance at low frequenties
A\ concomitant increase in the tane of the larpe artencs would also tend t@
increase impedance although probably this action would be relately Jes
smportant than the acuon on the arteroles
The accuracy with which aortic input impedance can be measured 15 d¢
pendent manly on the 1ccuracy of the esimatons of snstantancous Liood flaw
Flow measurement by the pressure gradient techmque requires the futfilment
of a seres of assumpuions well stated by McDonald and Taylor (1955) In
brief 1t must be assumed that the tube — 10 this case the ascending aort2 -;:;
long cylindncal and ngid that the flow of blood 13 Jaminar and that the bl
has Dewtonon viscous properties \one of these restrictiv e assumptions can
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completely satisfied 1n the case of the aorta although McDonald and Taylor
give teasons for supposg that the errors svolved may not be great Because
of the hugh values of @ m the ascending orta 1t 15 clear that mertal effects
domuate over viscous factors Treating blood as a viscousless hquid does not
greatly change the waveform of computed oscillatory flow as shown mn Fig 6
and 1t may be seen from Fig 5 that calculations of mput impedance made on
this basis would not have altered the pattern shown n Fig 1 2 and 3 at all
significantly
The actual calculanons in this work were done on 2 digital computer
Certamly this 1s preferable to manual p for once the program 15
working satisfactorily the chances of error are small The most time consummg
part of the procedure 1s the measurement by hand of the heights of the waveforms
of pressure and pressure difference at 10 msec intenvals The use of an analogue
to digstal converter would remove the need for ¢hus and would provide data
tape which could be fed directly to the computer
Other methods of computation are of course available Recogmsing that
viscous forces 1n the ascending aorta were small Porje and Rudewald (1957)
computed aortic blood flow sn man from the pressure gradient by numernical
the use of el 1 g was d bed by Rudewald (1962)
Fry Noble and Mallos (1957) have described an analogue computer for the
dernvation of flow from the pressure gradient this was further discussed by
Fry (1939) and was used by Barnett Greenfield and Fox (1961) The operation
of the computer involves certan smplifications 1n the equations of flow but an
attempt 18 made to allaw for the effects of viscosity The seasonable assumption
s made that m the ascending aorta the flow 1s virtually zero at the end of
diastole and the control determinmg the magnitude of the viscous effects mn the
computation 1s so adjusted that this boundary condition 1s fulfilled Howeser
this conditton might appear to be difficult to satisfy for essentially 1t 1s required
that the small pressure drop sesulting from the mean component of blood flow
be accurately measured the pressure gradient assocrated with all the osaillatory
components of flow averaged over an ntegral number of cycles must nec
essanly be zero and therefore the contnbution made by each of these can
give no information on the posiion of true zero Thus if the flow within the
aorta 13 S lmun  the diameter of the aorta 15 25 cm and the coefficient of
viscosty 1s taken as 0 04P 1t follows from the Hagenbach Posseulle equation
that the mean pressure drop over a distance of 5 cm would be 0 018 ecm H,O
Detection of such a small pressure difference along the aorta presents great
difficulties It may be noted that corrections should be made if the catheter
openings are not in the honzontal plane Since the specific weights of blood
and saline differ a pressure difference wall be recorded if a vertical distance
scparates the two catheter operungs  this amounts to the product of the vertieal
distance and the difference 1n the two specific weights A pressure difference
of 0018 em H,0 may be produced if the verucal distance 15 only 3 mmm
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1t man the pulse waseform in the subclavian artery and in the abdonunal
aorta and made calculations of the apparent phase velocties of the first three
1 the value ob d for the app phase scloarty of the funda
mental and frequently also of the second harmonic was considerably higher
than the “foot to-foot velonty These findings were mterpreted as beng the
result of reflections Inspection of Fig 7 and 8 which show apparent phase
scloaty in the ding 20rt2 as a fi of freg reveals high values
agan at the low frequency end and supports the suggestion that some reflecton
reaches the ascending zorta

In 1961 Caro and \McDonald studied the relation of pulsatile pressure and
flow 1 the pulmonary vascular bed of the rabbit by supenmposing a sinusoidal
flow generated by a pump on mean steady flow By this method they were able
to van frequency conunuously and were not o to studs ing amped
at ategral multples of the pulse frequency They found that the input 1mpr
dance wzs high at low frequencies and fell to 2 mimmum at 3—4 cjs They
ponted out that the fact that this was approximately the normal pulse fre
quency for the rabbit possiblv had relevance 1 minmising the oscillatory load
on the nght sentrcle Such evidence as has bren obtamed 1n this present small
series in man suggests that for the dmng aorta the first of wput
impedance 1s at 2 frequency above pulse frequency If no change takes place
1 the penphery an mcrease m heart rate would tend to reduce the mpedance
for the fundamental and the <ccond harmome

The moduh of mmpedance for the firct few harmonices are greater dunng
noradrenaline infusion than before. Such an effect 13 10 be expected when there
15 increa.ed vasoconstneuion penipherally The rubber tube model considered
abore was completely occluded at one end 1ts resstance at zero frequency
would be infimte If the end were constncted but not occluded the resstznc®
at zero frequency would be fimte and the input unpedance would be lower
2s frequency began to mcrease than 1n the case of total occluton Howerer, 2
similar effect could be produced by <k the comp of the tube There
15 no doubt from the nse m penpheral resLiance 1n the three panents when
nor zdrenaline v as grven that there was then increased peripheral vasocontnt
tion and that this could account for the hugher impedance at low frequenacs:
A concomant mncrease m the tone of the large artenes would also tend 10
increase ampedance although probably this action would be relamely fes
important than the action on the arterioles

The accuracy with which aoruc input mmpedance can be measured 15 de
pendent mamly on the of the of 1n blood flow
Flow measurement by the pressure gradient techmque requres the fulfiimest
of 2 senes of asumpuons well stated by McDonald and Taylor (1999 In

bricf 3t must be assumed that the tube — n this case the zmdﬁaﬁbﬁ
=~ d nzd that the 8 { blood 13 lamisar and that
long eyhindncal 20d ngy e flow of s can b

has “ewionion viscoLs properties None of these restnctive assu,
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Ahbstract
e Poand D R Goxrrs The esat bon of thalamez nerones by acepl
holne Acta physiel oot 9 — Electrophotetically ad

munstered acetylcholine {ACh) excited neumn:l located within the ventro-
basal thalam ¢ complex of cats an sthetised with pentobarbital All ACh

sens tive neurones were fired by volleys 1n cut ner e fibres
thalami yelay ncuroncs which were fired ant dromically from the primary
sensory cortex tve than In co npa tsott

with Renshaw cells the excttatory act on of ACh was of slow on =( and pra
Ionged durat on the spontancous spindle activity of some cells was depressed
pror to excrtation Possible explanations of thesc time d fierences between
the excitant of ACh upon thalamuc and Renshaw cells are discussed

For many years there has been considerable interest 1n the possible role of
ACh as 4 synapuc transtmutter wathm (he mammalian central nervous system
There 1s evad that thas sub: y transmutter of the spinal
Renshaw cells (Eccles Iatt and }xokcksu 1954 Curtis and Eccles 1958b) but
until recently the evid concermng a function 1n higher centres

has been mdirect (Feldberg 1945 1950 1957 Hebb 1957, 1963)
A npecessary |

q to the 1dennfi of a sut asa
acting upon patticular neurons 1s the demonstration that 1t has the same action
upon the pi \: as does the In order to satisfy
this rcqulr:mcnt u 15 essential that a method of admunistration 1s chosen which
permuts ready access of the substance to ats supposed site of action It 1s now
posstble to ad h ! Ily actise comp Is from €l
near sclected (Curbis 1964) This muicro-electrophoretie
lcchmquc has been used to demonstrate ACh sensitive neurones 1n the spinal
cord (Curtis and Eccles 1958a) brain stem (Curus and hoizumi 1961, Bradley

Rockefeller Foundat on Felfow present add ess Insutute of Anatomy Umvernitv of O lo
Oslo Norway
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and Wolstencroft 1962 Salmoiraghs and Stemer 1963), lateral gemculate
nucleus (Curtis and Davis 1963} and the cerebral cortex (hurnjevic and Phillis
1963b Spehlmann 1963 Crawford and Curtis 1964) The present repott con
cerns the excitation by ACh of cells in the veatrobasal complex of the fehnc
thalamus animportant relay nucleus in the somesthetic pathway A subsequent
paper will deal with the pharmacology of this action Preliminary reports of
this 1nvestigation have been published (Curtis and Andersen 1962, Curtis
1963b)

Methods
All experiments were d upon cats h d with barhstal sodum.
The of the was d at 87 & ! C by two heating

pads The neurones were located 1n the region of the Ieft nucleus ventralis posterolateralis
(VPL) and nucleus ventralis posteromedials (VPM) and were 1dentified by the re
sponses which followed el H of the 1 nfra orbutal meduan
ulnar superficial radial tibial peroncal or sural nerves The infra orbital nerse was
stumulated with needle electrodes inserted into the infraorbital foramen and the other
nerves were mounted on platinum electrodes 1 paraffin pools The feft cranal vault
was removed and the dorsal surface of the thalamus exposed by partial removal of the
overlying cerebral cortex, without d; the thal rtical p to the
post cruciate area Thalamic were located lly by passing 5 barrel
mucropipeties mn a verucal plane using the co ordinates published by Jasper and Aymone
Marsan (1954) Usually the electrode was passed through a hole m a small pressure
plate which was held 1n position by a second mampulator The head of the ammal
was fixed 1n a modified Horsley Clarke type of head frame and both the pelvis and
thorax were suspended above the base of the ammal frame These manoeuvres over
came many of the difficul duced by resp y t of the cerehral tissue
“The exposed thalamus and surrounding bramn were continuously flushed with mam
mahan Ringer solution of 37 C Bipolar platinum stimulating clectrodes were placed
on the surface of the primary somatosensory cortex and were surrounded by cotton wool
soaked in paraffin (B P ) to prevent drymng of the exposed cortex

The 5 barrel micropipettes used m this investigation had a total tip diameter of 4—
8 the centre barrcls were filled with 5 M NaCl and the 4 outer barrels contained
aqueous solutions of the substances which were to be tested The dry micropipettes were
Filled from above with fine polyethylene tubing and filhng was completed by centnfuga
nion Al pipettes were examuned mucroscoptcally before and after use Retamung poten
tuals of the order of 05 V were applied to the individual drug barrels in order to control
the diffusional efffux of actise matenals In general solutions of 8 1—1 M were used
and care was taken to fill the micropipettes with solutions of the same molarity when
comparnmg the potency of different excrtants Active catons were gected by aa outward
or cationic current and anions were ejected clectrophoretically by an anronic current:
All currents are given as nA (10~ A) and were measured with an aceuracy of 4 0524
VWhen companng the activities of different substances care was taken to eject them for
prolonged periods (up to 3 mun) if the potency appeared to be low Furthermore MI
cutants were compared only after several ejections so that each substance gave a mavma
responsc for a particular electropheretic current Thit procedure also ensured that r:r
sponses occurred with a minimal latency (see Curnis and Watkns 1963) The mﬂﬂ‘ml
cessation of drug actioa following termunation of the gection were compared aftﬂhteqw
firmng frequencies had been obtamed and when after-diffuston was limated by tl
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Fig ! Duagram of the
\np\?}m‘ > ypomtor and
ecord the responses of 1o
e thatagut newones (sec
Text)

of exvessive retaming potentials Oue harrel of the magortty of micropipettes contaned

an @2 M salutton of DL homocystesc acid (pH 8 haOH) The ejection of such an ex

cxtant amino acid proved to be of considerable assistance when assesaing the exritant or
of other suly {see Curus and Davis 1963)

The recordmg nucroelectrode was connected by means of a small Az—AgC yuncuon
to & negative capacstance cathode follower [Frg 17 After swtable amplifivation (AMP)
the sprke potennals {negatve — passtine U2-05 mV) were duplayed upon an oscil
1oscope (CRT 1) from which photographic records could be made Inacidruon the spikes
were nsed to trgget & pulse generator {PULSE GEMN ) Both the ontput pulies of thus
geaerator (30V 100 ysec) and the spike potentialt were obsened upan a double bram

pe {CRT 2} che tiggening fevel of the couid then be adjisted wath
a potentiometer P in order to select only the targer spikes The pulses were tounted by
means of a rate metes {Nuclear Enterposes \E 5401) which was madiBed to give time
constants of 0 ¥ 02 05 or 1 sec for the range 0— 100 pulses per sec The output of the
rate metee was displayed on an 1k recorder (Texas Instruments RectsfRiker) upon
which side marker pens tndicated penods of drug ejechon. The response rune of thy
recording system was comparatnely slow (see Fig 4) byt the contanuous display of
firmg frequency  both spontanepus and drug nduced was imvaluable for determining
the potency of the vanous cholinommencs and for observing the actions of bloclng
and potentating agents Because of the slow paper speed which was used (1 1 2 wches
per min} the latenaes of onset and offset of drug action could not be measured at
curarely unless these tunes exeeeded 25 3cc Honever shorter mtervals were eeadily
measured from photographic records

Tisaue Blocking of Micropipettes

A magor defBeulty was encountered mn thus ins esugazion which has aot beea observed
1o the same cxtent m previous studtes of thus natore Onace single neurone were locarcd
1t was cormmon (o Gind that cells having extracellular spike porenuals of the order of 0 2~
035 mV {negaine potrtne} appeared to be relatinedy inscositve to the wxenant achon
of Leglutamie or Dl-homocysters acads Finpg of these cells (hereafeer referred to as
the magor neurone) was delayed for 3~60 ser, snd was uswally preceded by hugh fre
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quency finng of other cells which had smaller spike potentials and which were pre
sumably further from the onfice of the recording electrode than was the major cell under
observation When the amino acid induced firing of the major cell 1ts time course was
very similar to that obscrved when spinal interneurones were activated hy these pac
ticular amuno acids (see Curtis and Watkins 1963) On rare occasions even DL-homo
cysteic acid failed 1o fire neurones although other nearby cells became sa depolanzed
by the amount of amino acid ejected that the spike mechamisms became mactivated
In many cases it proved possible to rectify thuis apparent inability to exaite neurones by
withdrawing the micropipette 5—20 z¢ from the site of recording but the resultant re
duction 1n the amplitude of the spike led to difficulty 10 1dentifying the
particular neurone amongst other nearby cells

These observations suggested that there was a barrier which hindered the passage
of ejected 10ns to the cell from which large spike potential could be recorded Invariably
there was an associated increase in the electrical resistance of the various drug containing
barrels and the resistance of the central recording electrode often doubled from an ong
malvalue of 4—8 M2 O lly difficulty was experienced 1n passing el )
currents greater than 20 nA particularly i the cationic direction Furthermore the
electrical coupling between the various barrels increased and this raised the possibility
that the potential set up across this resistance by the passage of current through any
one barrel could interfere with the ejection or the control of the diffusional efflux of sub
stances 1 the other barrels Confirmation of the presence of such a mechanical barrer
was obtained when the tips of the micropipettes were a4 pically using
2 water immersion objective The tips of the o barrel micropipetees were found to be
surrounded by a roughly spherical outgrowth of diameter 10—30 ¢ portion of whith
presumably partially plugged the onfices of individual barrels After storage or rmsing
m water this was converted to a cap of matertal of hugh refractrve mdex which tapered
‘off along the shaft for a distance of 5~80 s¢ The thickness at the electrode tip was of the
order of 1—3 ¢t and the caps often dusplayed a layered appearance as if the electrode

1 lated cellular f; or myelin 1n 1ts passage through cerebral
russue It was not possible to remove these structures by a high pressure water stream of
by organic solvents Removal was occasionally suceessful using a fine camel haw brush
or by drawing the tip of the micropipette between the thumb and forefinger such rela
tively drastic cleaning techmques often resulted 1n damage 1o the ip A considerable
time has been spent 1 an attempt to determine a cause for these caps as they were not
observed in early experuments of the sertes or 1n a previous mvestigation of the lateral
gemculate nucleus {Curtss and Davis 1962 1963) Caps have also been observed upon
pipettes used for recent imestigations upon spial and cortical neurones Vanious types
of hard glass have been tested different methods of cleaning were tried retanmg poten
trals were not used 1n case the constant electrophoretic currents axded the forration of
the caps chemical compounds from various sources were employed and ammals of d .
ferent ages were investigated None of these measures was successful and the cause of

this dr turbing occurrence remains unknown

The presence of these tissue components attached to the mulubarrel micropip
rassed two mmportant problems In the first place 1t has been observed m thus present &t
vestigation that the exatatory actions of ACh and other cholnorumetics had 2 c<7t:s
parativelv slow onset (see below) That this was not dur to the obstruction of the acct :
of these substances to the cells was proved by the finding of sumilar slow onsets when s!:”
caps were not present It may be argued that caps were always present and t_ha}; E:S:‘ .

1ot showing them were desheathed as they werc with from the tissue e of
the tume course of action of cholinomimetics could always be compared wr e
acdic amino acds 4nd many cells were 1nvestigated under circumstances wl

ettes
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effects of the cap were either absent or mumal The other problem arses from the
posstbulity that observed alterations mn neurone behaviour might anse mdirectly by drug
acton wpon nearby structures either neuronal of even vascular It 1s concenvable that
alterations in the firmg rate of the neurone which gave nse to the largest extracellular
spike potential but which was shielded from drugs ejected from pipette onfices by a
cap could be produced synaptically by drug induced activity of neighbouring neurones,
oreven though less Itkely as a consequence of alterations 1n blood vessel calibre induced
by ejected substances When capping was present it was frequent 1o obserie that the
firing of the major cell was preceded by that of other cells having smaller spike potentials.
It 13 unhkely however that the observed drug effects were produced mdirectly for the
following reasons
{t) Obscrvations were made on many ceurones which responded to gjected drugs
without the prior finng of other cells
() In those cases where excitation was preceded by the frmg of other neurones all
of the cells were usually of a strlar functional type and were clasified as soma
tosensory relay cells {Andersen Eccles and Sears 1964) In some cases 2 mayor
neurone for one position of the microppette onfice became a minor umt s hen
the tip was advanced shightly yet sull responded to chohnomimetics
(n}) Thalarmuc neurones were fired both by cholme esters and by excrtant amno acids
It 55 unlikely that these compounds affect blood vessels 1n a simlar fashron.
Cholinoceptive neurones were found 1 close proamty to those unaffected by ACh
thus rendenng a vascular ongn of the excitauon wnbkely

{v)

Resnlts
‘Two types of thalanuc neurone were mvestigated and records were obtained
from 348 cells 1n 17 preparations The most common type of cell (75 %) was
fired synaptically by umpulses 1n only one afferent nerve The spike potennals

were usually repetitive (Rose and M le 1954) and posed upon
a negame field potennal generated by nearby cells The minmal latency of
finng was of the order of 68 msec after 1 )t of \! 1

forelmb cutaneous nenves Occasionally cells of this type responded to volleys
1 several cutaneous nerves which had refated penipheral fields but one nerve
always evoked responses of shorter latency than did the others Many of these
neurones were also fired d Iy by it of the 1psl; I primary
sensory cortex the spikes were of all or nope character and had latencies of
approumately 1 msee, These thalamic relay neurones were located wathun
VPLand VPMand as has been reported previously (Mountcastle and Henne
man 1949 Gaze and Gordon 1954 Poggio and Mountcastle 1960) neurones
responding to stumalation of forelimb and facial nerves were usually located
medially to those activated by hind imb nenves The other type of neurone
(23 %) tended ta be shightly more superficaal to the relay cefls and was fired
by rmpulses in 2 or 3 afferent nerves Again finng was repetitive with a longer
tramn of spikes than the other tvpe and the latency usually exceeded 8§ msee
for cells responding to fore imb volleys Since these cells could not be fired
d cally by cortical I 1t 1s unlikely that therr axons pass to
the pnmary sensory cortex and they have been presumed to be either mtra-
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10 MSEC

Frg 2 Porental recorded extracellularly near a thalamic neurone {tnegatuvity upwards) and
upen g parae] tathe ¥ anyof th ) There 2 tel)
2 muec between sweeps each sweeD octupred approtimately 135 meec
A ~— spontaneaus ﬁgngh recording amphfier ume ?o’r‘n:lam 30 msce
uced by Pl g o b
amphfier ume constant 3 see
Time marker — 10 msec 1 see for rate of movement of the flm

(22 nA) Recording

thal wter (see also And etal 196%) or peuroncs withis the
postersor group of nucles (Poggso and Mounteastle 1960) having large receptne
fields The percentages of these various cell types given above do not reflect
the natural distnbution of the cells since the prime amm of the anvestigation
was to determune the chemutcal sensitnaty of the thalamse refay neurones Ac
cordingly many of the more superficial cells Jocated by the electrode were not
s estigated fully

Occasionally dufficulty was found in selecting a particular neurone out of
the many which were fired synaptically Due to the close packing of neusones
within the ventrobasal thalamus vecords were often obtained of two to four
spike potentials of afmost equal amplitude These cells could wseally besep
arated by therr different thresholds for synaptic excitation but separation
was ot 5o readily obtamed when they were actnated chenucally exther by a8
excrant amuno acid or by a cholne ester In ordes to analyse the behaviow
of one o these neurones 1t was often necessary to move the electrode slightly
so that one of the spike potentials was larger than the others It was thus P‘;‘f
ssble to tngger selectively the pulse generator of she counting system witht u: le
Jarger spikes but care had 10 be taken to momtor spike shapes commuod !Y
upon the oscilfoscope  partienlarly when activating neurones with amino &
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With many of these substances and with fining rates which exceeded 5060 per
sec there was an alteration i spike shape the negatne poative extracellular

spikes became less negatn e and more pommve {cf. Corns Phallis and Watkinsg
1960)

Spontarneous actey

Throughout these exp e actsvity of thalamue neurones so
terfered with an accurat of the temporal parameters of drug -
duced finng Contrary te carlier reports (Dempses and Vorson 1943 Monson
Finley and Lothrop 1943) and m confirmauon of more recent imesngatioss
{Galambos ¢ of 19327 Andersen and Sears 1964) maay neurones i the lateral
thalamic projectan aucter displayed spantaneaus spundles  Each spundle con
suted of a serses of spikes or bursts each grovp contamning 110 spikes of fre
quency 100300 per sex and the groups had z frequency of 2-—~12 per sec
{Fig 23, These spndies of a parucular cell (se2 \ erzeana and Calma 1924
recurred so that when the discharge of the eell was displayed on the paper re
carder the finng was pesiodic with a frequencs of 816 per mzn Fig 3} An
analyws of the spontaneous acuvity of several celfs was camned out with a re
cording system which had 2 jong ume constant (1 sec) The spikes of each burst
were followed by a prolonged pontne wase winch was ofien aceentuated In
the gjecuon of an exatant ammo aad (Fig 2B) Uader these arcumstances
the overall frequency of finng was inareased  but dunng the spmdles the average
frequeney {ell becavse dunng these postne potznuals the finng was wier
rupted and groups of spikes occurred at a frequencs of 5—10 per see  Fig 28
and 3 These abservations suggest that ths tvpe of spontancouns actvity 0
the thalamus 1 the result of an between v and
synapuc influesces the observed postiie potenuals are of wmlar mgnm.de
and ume course w thase which follow exarauon of the call bn perpheral or
corucal sumulauon rsee -\ndtncn and Eccles 1962  and which have been
shown 0 be due 1o large s of the thal
newrents  Andersen Brooks and Ecda 1963 A mort detauled sudh walf be
reported elsewhere 1 Andersen and Sears 1964 and i will be sufiaentfor p es-
ent purposes to indicate the cifficuttues thas such actan caused when artempt.
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were made to determune the onset and offset of drug induced finng and the
frequency of discharge evoked by an excitant (see Fig 3 4 5) Pharmacological
studies carried out on this spontaneous actiity are reported 1n the following
paper

In other neurones the spontaneous firing was of a more random nature but
often, when firmg was produced by the electrophoretic gjection of an excaitant
penodie fluctuations in frequency occurred not unlike those observed with cells
exhibiting spontaneous spindles (see Fig 6A)

Excitation by amino acids

An intensive investigation of the ammo acid sensitivity of thalamic neurones
was not carned out As with spmal interneurones DL homocysteic acid proved
to be 2 more powerful excrtant than L glutamic acid (Curtis and Watkins 1963)
and a prpette contaiung a 0 2 M solution of the sodium salt (pH 8 0—8 4} was
used routinely in order to test the excitabihity of thalamic neurones N methyl
D aspartic acid was even more powerful than either of these amino acids In
contrast to the recently reported findings of hrnjevic and Phillis (1963.) upon
corncal neurones L () glutarme acd was only once and a half to twice as
potent as D (—) glutamic acid an observation which 1s similar to that made
on spnal cells (Curtis and Wathms 1963)

Excitation by acetylcholine

Practically all of the thalamic neurones which were tested with ACh were

und to be excited by this substance This was 1n marked contrast to the m

vty of cells located 1n areas more superficsal and deeper to VPL and VPM

which were readily fired by acidic ammno acids but did not respond to cutaneous
volleys In very many cases particularly wath thalamic relav neurones respond
1nw synapucally to volleys in only one cutaneous nerve the depolanzation which
re ulted from ACh admimstered with current of 580 nA was sufficient to
produce spike potentials and the finng frequency could be measured directly
The sensitivity of these cells to ACh appeared to be stmilar to that of spinal
Renshaw cells (Curtis and Eccles 1958a) In other cases the depolanzation re
mamed subthreshold 1n spite of the use of electrophoretic currents of 100—
150 nA but was readily revealed when the exaitability of the neurones was
tested with erther an excitant amino acid or a just threshold synaptic volley
These latter neurones were usually thalamuc mterneurones which were exat
synaptically by volleys in two or more cutaneous nerves to give a long tran of
discharges and which were not antidromucally fired by cortical sumulation
ACh sensive cells of both types were located 1n 21l preparations 1rrespeetve
of varying degrees of anesthesia In several cases the 1 v admmstration O
small doses of pentobarbital (3—10 mg/kg) converted random spontaﬂ;":’;
finng to spindles and reduced the of thalamic to bo
ACh and DL homocysteic acd
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Fig_4 Froquencies of firtng of a Renshaw cell (A, B} and a thalamic neurone (¢ D) mduced
by DL-homocysteic acid {A 78 nA, C-4 nA} and acerylchohine (B-35 nA D 3014) Abscissse—
tume wn 10 sec periods The clectrophoret ¢ cjections are signalled by markers beneath the fime
andicators The broken hines 1n each record show the response of the [requency recording to 2
50 spike per sor calibrating signal

The charactenstics of the exatation of thalamic neurones by ACh differ
from those of spinal Renshaw cells although there were no essential dufferences
between the responses of these cells to excitant amino acds These pornts are
Wustrated in Fig 4 in whach are plotted the freq of finng of 2 Rensh
cell (A B) and a thalamic relay neurone (G D) evoked by DL homocysteic acd
and acetylcholine (ACh) The responses of the thalamic neurone were abo
filmed and sections of these records are reproduced 1n F1g 5 the symbols m
Fig 5 A and G indicating the onset of electrophoretic current flow those m
B D its termunation The onset of finng of both neurones by DL-bomocysterc
acid was comparatnely slow and o the case of the thalamic neurone al
though the onset of amuno acid firing 15 difficult to distingwsh from the spon
tancous discharges there 1s a latency of approumately 2 1/2 sec Smularly
the rate of onset of finng of the Renshaw cell was slow and the peak frequency
of about 50 spikes per sec did not occur until 8 sec after the onset of current
flow In both cases these cjections were made from micropipettes upon which
mummal retaumng voltages had been maintamed and out of which several
ejections had been made immediately preceding those which are ilustrated
These crrcumstances ensured that the onset of drug mnduced finng was minimal
(see Curus and Watkuns 1963) and thus the delay was unlikely to be associated
with the extrusion of the amino acd from the micropipette At the ternunation
of the current flow the cessation of finng of both nrurones was delayed and 1

the case of the thalamic neurone finng continued for approxumately 4 3 sec

These slow rates of onset and offiet of finng 1nduced by DL-homocysterc acid
are simular to those observed with spinal interneurones Curtis and Watkins
1963) and are i marked contrast to the rapid onsct and cessation of finng
produced by L-glutamic acid (Curtss ¢t a! 1960 Curus and Andersen 1962)

As with spmal interneurones and Renshaw cells the finng of thalamc neurones
by Leglutarmic acid usually began within 200 msec of the onset of current flow
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Fig 4

Filmed records as 1a Fig 2 of the spike potentials of the thalam c nevronc of

}(;ginfi D Fach cobumn 1% o be read from Shovs dowmsrds The biack tnangles ngnE-‘ t[h;
nset and offset of elertrophoretic ejertions A, B — DL-bomocysteic acid (Fig 4C)

o
Fig 4D

mm::ok—mlé et fo)r all records 1 sec for rate of movement of the film

and ceased within a simular tme interval of its terrunation (Fig 6A) Th:;ﬁ

was thus httle or no d b the ume ch; of the exal

tion of spinal and thal by these diffe amuno acids




ACH SENSITIVE CELLS IN THALAMLS 9

A B

o 0 *
Ay
= -

e ——
' ( [

Fig 6 The ficquencies o g of o halamue acusoncs are plotted w th respect to t me {mn

srorton
steo

‘:A finng induced by L-glutam ¢ acd (L-Glut — 401nA) and acetylcholine {ACh —
36,

B— finng nduced by acethylcholine 9 nA

In cach casc clectrophoretic cjeetions are signalled by the marker bencath the frequency
trace

In contrast, there was a considerable difference between the excitant action
of ACh upon the two types of neurone When ACh was admistered to the
Renshaw cell, fiing commenced within 200-—300 msec and the maxumal finng
frequency was attained within 1—2 sec (Fig 4B) At the termunation of the
electrophoretic current firing ceased within 500 msec The onset of inng of
thalamic neurones by ACh was imvanably delayed and 1n the case of the cell
1llustrated 1n Fig 4D a persod of 4 1/2 sec elapsed before finng commenced
(see Tig 5C) With other cells this Jatent penod ranged between 2 and 30 sec
(Fig 6A B) In many cases when the spontancous spindle bursts were present
this spontaneous finng was temporanly depressed dunng this nterval (see
Andersen and Curtis 1964) The actual freq of firtng of thal
by ACh was usually difficult to assess and 1n some cells the discharge rate often
fell durmg the ejection of the excitant by a constant electrophorenic current
Thus 1s apparent in the records of Fig 4D and 64 but 1s more obvious 1 Fig
6B Thus latter cell had a very low spontaneous rate of finng which increased
9 sec after the onset of the electrophoretic current to a finng rate of 70 spikes
per sec Thereafter the finng rate fell gradually n spte of a constant current
flow of 9 nA through the ACh contamming barrel This fall in frequency was
not assocrated with any change 1n the spike height or shape and since 1t was
not observed to such a degree with other nearby cells using the same mcro-
pipette 1s unlikely to hase been assocrated wath a duminution m the rate of
ACh ¢jection throughout the peniod of current flow In some mnstances the

of thal fell with rep d On several ocea
sions cells which were readily fired by the first admimustration of ACh using
currents of the order of 20—50 nA for penods of 30—60 sec rapidly became
msensitive so that thereafter the excitant action could be detected only by the
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simultaneous admmstration of an amuno acid the sensitivaty to which remammed
unaltered throughout the testing penod Most cells however did not display
such changes m sensivity and 1t was possible to obtain reasonably constant
‘maximal finmg rates by repeated periods of ejection This permutted an analyss
to be made of the action of blocking and potentiating drugs upon the ACh
evoked responses of thalamic neurones (see Andersen and Curhs 1964)
‘When the electrophoretic current which ejected AGh near a thalamic neurone
was terminated there was mvanably a delay in the cessation of finng Because
of the spontaneous activity the actual time over which finng ceased was often
difficult to measure but peniods of 5—60 sec were observed In the case of the
cell llustrated 1n Figs 4 and 5 the tume was approumately 5 1/2 sec whereas
the cells of Fir 6 d to fire for app ly 14 sec (A) and 30 sec
{B) after the electrophoretic currents ceased to flow
These prolonged latencies of firing and cessation of fining were unlikely to
have been due to differences between the time courses of the ejection of ACh
from rucropipettes 1 the vicmty of thalamic neurones and Renshaw cells
Although the latencies of onset and the attamnment of maximal finng frequency
of thalamic neurones could be shortened shightly by repeated ejections at mter
vals of 1030 sec and by a red n the P 1 which pre
sumably reduced the delay between the onset of current flow and the ejection of
ACh (Curtis and Watkins 1963) the pattern of finng obtaned with Renshaw
cells (Fig 4A) could never be reproduced The mimmal latency of finng m
vanably exceeded 2 sec Furthermore the use of an exressive retamning poten
nal never reduced the penod over which firng ceased to the short mtervals
Avhich were observed with Renshaw cells Thus after diffusion  due to the un
controlled efffluxof ACh (Castillo and Katz 1957) 1s unlikely to be an explana
tion of the prelonged finng of thalamic neurones In general there wasa rough
correlation between the mummal latency of finng and the time of offset In most
cases where finng persisted for more than 10 sec after the ACh ejection ceased
the latency of finng was sularly prolonged When the latency was of the
order of 2—5 sec the offsct time rarely exceeded 10 ec but n other cases when
finng ceased withm +—10 sec the onset of firmg was comparauvely slow In
many of these instances the finng was preceded by a reduction m the spon
taneous discharge rate (see Fig 10 Andersen and Curtis 1964) 1n others the
onset of finng evoked by DL homocysteic acid was also delayed and 1t 15 thos
probable that tissue caps upon the micropipettes hindered the diffusion &
ejected substances to the neurones

Discussion

depol of thal neuroncs
v this sut and receptor
nc structures a disoussion of 9

Although 1t may be d that the
by ACh 1s the result of an b
which are located upon pre or postsynap!
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nature of these sites must awart the pharmacological analys:s presented 1n the
followmng paper However the dsfference in the sensitivity of the two functional
types of thalamuc neurone which presumably results from the number and ac
cessibnhity of surtable receptor sites suggests that the ACh seceptors are related
to synaptic processes
It 15 pertinent to enquire tto possible explananons for the slow onset of the
fing and the prolonged duration which follows the termunation of the ACh
ejectionr These times stand i marked contrast to the short onset and offset
when Renshaw cells were fired by electrophoretically admustered AGh {Curos
and Fecles 19582 Curtis Phillis and Watkans 1961) Since electrophoretic cur
zents of sundar magnstude were used to egect ACh from solutions of the same
concentration into the vicimty of these two types of neurone 1t 1s usldely that
differences 1 the relationship between the current pulsc and the gecnion of the
drug aceount for the observed time differences The major portion of the Jatency
of finng would mnclude the ime taken for the gyected ACh to reach the ap
propriate receptor sites an adequate concentration together with the tme
necessary for the mteraction between ACh and the receptors to become suf
ficiently effecune to produce a membrane depolarizauon which excreded the
threshold for spike snttiation In the case of thal an add 1
comphcanon was introduced by the eccavonal observation of a prehmman
depression of the spontancous discharges by ACh Thus depression whach has
never been obsened prior to the exatation of Renshaw cells presumabh
delayed the onset of finng by g the app hreshold for exataton
Factors to be considered w regard to the eessation of the firnng when the gjecung
current 15 terminated mclude the rate of diffusional reduction i the ACh con
centration the rate of enzymuc and of other types ol inactvation and the rate
of dwssocsanon of the ACh receptor complex
1t 13 passible that partal ebstruction of the onfices of micropipettes by tissue
companents accounts in part for the slow action of ACh upon thalazuc neurones
but m many cases there was no slowmng of the onset of firng by an exctant
ammo aad ejected from adjacent barrels of the same micropipette Further
™ore mcropipeites used in recent expertments upon Renshaw cells have also
been observed o be capped by cellular debns (D R Curtisand R W Ryalf—
unpublished observations) et there has been tude or g0 dedav an the onset of
finng of these eells by ACh These observatons suggest that the presence of
such caps was not wholly responsible Jor the difference between the responses
of thalamic and Renshaw celis
It iy generally assumed that Unlar spike Is are ded
the icimey of the soma mual segment and poruon of the bases of the larger
dendntes of nerve cells 1f the structure of talamie neurones was such that
the ACh sensitrie receptons were located upon dendnites at some dutance from
the sprke generaung arcas of the cel the tome taken for ACh to diffuse to these
receptors from tts site of ejection close to the recording microelectrode coutd

TSNS 4 phy d AT
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simultaneous admimstration of an amino acid the sensitvaty to which rematned
unaltered throughout the testing period Most cells, however, did not display
such changes 1n sensitivaty, and 1t was possible to obtain reasonably constant
maximal finng rates by repeated periods of ejection This permutted an analysis
to be made of the action of blocking and potentiating drugs upon the ACh
evoked responses of thalamuc neurones (sec Andersen and Curus 1964)

‘When the electrophoretic current which ejected ACh near a thalamic neurone
was termunated there was invartably a delay 1n the cessation of fiing Because
of the spontaneous activity, the actual ume over which finng ceased was often
difficult to measure but periods of 5—60 sec were observed In the case of the
cell illustrated 1n Figs 4 and 5 the time was approximately 5 1/2 sec whereas
the celis of Fig 6 continued to fire for approximately 14 sec (A) and 30 sec
{B) after the electrophoretic currents ceased to flow

These prolonged latencies of finng and cessation of firing were unhkely to
have been due to differences between the time courses of the ¢jection of ACh
from micropipettes in the vicimty of thalamic neurones and Renshaw cells
Although the latencies of onset and the attainment of maximal finng frequency
of thalamic neurones could be shortened shightly by repeated ejectionsat mter
vals of 10—30 sec and by a red 1 the g p 1 which pre
sumably reduced the delay between the onset of current flow and the gection of
ACh {Curtis and Watkins 1963) the pattern of finng obtamned wath Renshaw
cells (Fig 4A) could never be reproduced The minmmal latency of finng 1
variably exceeded 2 sec Furthermore the use of an excessive retainng potent
t1al never reduced the period over which firing ceased to the short tervals
“which were observed wath Renshaw cells Thus after diffusion due to the un
controlled efflux of ACh (Castilloand hatz 1957) 1s unbikely to be an explana
tion of the prolonged finng of thalamuc neurones In general there wasa rough
correlation between the minimal latency of fining and the time of offset Inmost
cases where finng persisted for more than 10 sec after the ACh gjection ceased
the latency of finng was similarly prolonged WWhen the latency was of the
order of 2—5 sec the offset ime rarely exceeded 10 sec but in other cases when
finng ceased within 5—10 ec the onset of finng was comparatively slow In
many of these wstances the finng was preceded by a reduction i the spo?
taneous discharge rate (see Fig 10 Andersen and Curtis 1964) in others the
onset of finng evoked by DL-homocysteic acid was also delayed and 1t 13 lh“;
probable that tissue caps upon the mucropipettes hindered the daffusion ©
ejected substances to the neurones

Dascussion

Although 1t may be assumed that the depolarization of thalamc HC“;";::
€]

by ACh 15 the result of an interaction between this substance and rect P e
which are located upon pre or postsynaptic structures a discussson O
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The Pharmacology of the Synaptic
and Acetylcholine-Induced Excitation of Ventrobasal
Thalamic Neurones
By
P Aspersent and D R CurTis
Recened 2 October 1903

Abstract

P Anpersen and D R Comtis The phannacology of the synoptic and acey!
choline tnduced excitation of ventrobasal thalamte nevron s’ Acta fhysiol scand 1964
6f 100—[20 — The p 1 prof o icholine (ACh)
sennive nrurones in the sentrobasal nucleus of the thalamus of cats anes
thetised with pentobarbital sodium have been myvestigated by the electro
phoretic method of ¢jecting from mul
Carbamoylcholine acetyt £ methyl chol ne dl muscarisie and picotine were
effectve excrtants when compared with ACh  other choline esters and refated
compounds were less active Physostigm ne and neostigm ne ncreased 1l ¢
effectsveness of ACh and in add tion were cxcitants The excitatory action
of ACh was effectively abolished by dihydro-f-erythrordine and by atropne
the action of atropine however was not very specific It 1s proposed that the
sensitivity of these neurones to chohnomimencs indieates that ACh normally
functions as an exeitatory transmitter within the thalamus the synaptic
pathway mvolved has not yet been identified Cholinomimetics 5 hydroxy
iryptamine and some related substances also depress the excitabif ty of
thalamic neurones

In the preceding paper it has been reported that neurones in the ventrobasal
plex of the feline thal which are fired synaptically by volleys 1
cutaneous sensory nerves are also excited by elecirophoretically admlnlS(Cer
ACh (Andersen and Curns 1964) The greater sensiivity of thalamic relay
neurones compared with that of thal: gested that lh;s
sensitisity to ACh may be related to sypapne mechansms Although
complete figures are not avallable for the vanous thalamye nucler of the C?'e
the moderate amounts of ACh cholme acetylase and cholipesterases 10 the
ol

Rockefeller Foundat on Pellow  present address Instiute of Anatomy Cnwersty of

Qsto Norway
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Todle I Compornds fourd 1o be excrtants of thalame neutones

Group Compauod Potencv?
(\} Sumple o Tt Ay bromude - {4]
and Tetracel bromude -
esters of choline Acetylehol e bromide +
Prop caglehaline sodide -
= Busyrylchohine 1odide +
Acetyl f methylcholine chlonide ENEY]
Acerythomochel ne chlonde +
Carbomethosyethy | grmetd chtonde -+
Carbamoylchol ne chlonde +4+
Sucamylcholine bromde +
(B) Complex quaternary  ™weostigmine brom de {4y
ammon ums t 6-Hexane bus {trimethylammontum) rod de -+
) Nascanne and @l Muscamne chlende +{+)
denvat ves D{~I\Muscaronc chlonde -y
D) M sceflancaus Arecohne hyd obrommde +
Gallaryne snetb odide -+
Nucatine bydrochlonde +{+}
® tacarpe hydrochlonde )
Puysast gm ne sulphate >

Fiq6e — 2% —K- 6

Totency expressed relatne 10 that of AT 4+ {sce texs)

thalamus (\Maclatosh 1941 Feldberg and Vagt 1948 Burgen and
Chipman 1951 1952 hoelle 1951 Zettler and Schlosser 1955 Hebb and
Siver 1906 Hebb 1997 Gerebtzoff 1959} support the proposal that \Ch has a
wransmutter function within the cutaneous selay nucler {Feldberg and Vogt
1948) However canfirmation of thus function of ACh requires the demonstration
that the pharmacology of symapuc excitaton be 1denucal with thar of e
exertation by ACh Consequently expenments were designed to determune the
nature and possible loration of the chohinoceptive sites upon thatarme neurones
and to mvestugate the phammacology of synaphic excrtatory processes within
the ventrabasal complex The methods have been desenbed i detald wn the
preceding paper

Resulis
Excitatory action of chals and related compourd:
In the present my vanous ch were d with

ACH 5 exonants of thalamie newrones When practeable these agents were
pased elecrrophoretcally from soletions of cqual malant,  generalhy 0§ M)
and it was assumed that the rates of etectinn of delferent carmnaninde wars then
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Fig 1 Inths anlin mostother figures of this paper the frequency of firing of thatamc neurones
was plotted by means of 2 rate meter and paper recorder Drug ejections ate signalled cither
by means of marker pens at the top andfor bottom of the traces or by solid honizontal lines
“Time 1 minutes 1s indicated beneath the frequency traces

A — finng of a thalamic neurone cvoked by two ejections of acetylcholine (ACh - 20 nA) and
ene of carbamoylchohne (Carb 20 nA)

B — finng of another thalamic neurone in response to acetyleholine (ACh ~ 35 nA) and f
cthy] RC — 32 nA)

€ D — finng of a thalamc neurone evoked by acctyleholine (ACh — 10 nA) dl muscarne
(M ~ 11 nA} and micotine (NIC — 10 nA)

proportional to current flow It must be realised however that equal rates of

ejection do not ly produce equal extracellul even
when everal compounds are ¢jected at the same distance from a particular
Thus diffe es1n the | of two sut may be associated

with differences in extracellular concentrations as a result of enzymuc macti
vation or adsorption upon hssue components rather than to differences i
effectiveness at neuronal receptor sites

The compounds of Table I are arranged according ta their structures ani
the p as of basal thalamic are £xp!
relative to that of ACh The number of symbals 1s not a direct measure of
potency but indicates greater 4+ or less <+ actinity than ACh ++
Thus activity was measured cither by the frequency of firing when the depolz
rization was adequate to fire neurones or by the amount of potcntiation Wh;’"
depolanzation was detected by the use of amino acid induced firing {see c‘"m
and Davis 1963) Substances more active than ACh mvartably produced ngﬂ‘td
rates of finng when ejected with the same electrophoretic current as that ¥
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to ad the reference compound Comp were ustally made upon
510 cells 1n at least three different preparattons and new mulubarrelled
and fresh sol were used for each ammal The enclosure

ofa symbcl 1 brackets indicates that there 15 some doubt concerning 1ts true
value, but m these cases the order of the acuvity was such that further 1n
‘estigation was not warranted In general the maximum catione electrophoret
ic currents were of the order of 100 nA and substances which when ejected
wath this current for 60—90 sec nexther fired neurones nor facihtated the finng
evoked by the simultaneous ejection of an excitant amuno aad were rated
zero 0

As shown 1n Table T, many choline esters and other chohnommetics excited
thalamic neurones In general the latency from the commencement of the
electrophorenc current to the attamment of peak finng frequency and the
d of after ter of the current How exceeded the
respective values for ACh Carbamoylcholine was 2 more potent and prolonged
excitant thar ACh, and results from one cell are shown m Fig 1A With
other cells there was a greater difference in potency between these compounds
{of the order of a factor of 2 but in general the potency differences was not as
great as has been observed wnh Renshaw cells {(Curtis and Ryall 1964) £
Carb thyl (reversed carboxyl analogue of
ACh — Bass Schuclcr Featherstone and Gross 1950) was as active as ACh
(Fig 1B) whereas dl muscanine was shghtly less potent (Fig 1C) When tested
upon spinal Renshaw cells the first of these compounds was much more effective
than ACh but d! muscanme was a very weak exatant (Curns and Ryall 1964)
On the other band D{ 2 more p 1 excitant of Renshaw cells
that dl muscarme (Curtis and Ryall 1964) was an extremely weak ewcitant
of thalamic neurones and 1n addmon depressed the sensivity to ACh Both

hyl and excited thalmic neurones

and this again contrasts with the action of these substances upon Renshaw

cells whcrc tetramethylammomum was a more potent excitant than ACh and

reduced the to ACh (Curtis and Ryall 1964)

Other choline esters including propronyicholine 1 butyrylcholine acetyl

homocholine and sucanylcholne were less active than ACh On the other

hand acety! £ methyichohne was almost as potent as ACh a finding which

contrasts with the low potency of this ester as an excitant of Renshaw cells
(Curtis and Ryall 1964)

The acnon of vacotins was of considecablle wnterest an yxew of the fugh actunty
of this allaloid as an cxatant of Renshaw cells (Curtis and Eccles 19283} In
contrast this substance was less potent than ACh as an exatant of thalamie
neurones (Fig ID) although as with Renshaw cells 1ts excitant action was
more prolonged than that of ACh Both arecoline and pilocarpine were less

potent than ACh and in addition pilocarpine parually blocked the action of
subsequent doses of ACh
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Aetion of cholinesterase inhibrtors
It was hoped that the use of mhibitors of cholinesterase would permat the
detection of d with the of t released
#pon thalamic neurones although one explanation of the relatively prolonged
excitatory action of ACh would be that cholinesterases in this area were not
very effecive 1n hydrolysing ths ester
Physostigmne facilitated and prolonged the excitatory action of ACh and
m addition was a weal exatant Iig 2 plots the frequencies of finng of 2
thalamic neurone evoked by ejections of ACh (40 nA for 20 secj as indicated
by the lower s1nal trace Physostigmine was ¢jected from another harrel of the
micropipette as a cation (10 nA for 210 sec upper sinal trace; and sub-
sequently ACh became a more effective excitant with a more prolonged acuon
The tracing of Fig 2B 15 continuous with that of Fig 2A and shows clearly the
prolongation of the ACh excitation and its gradual recovery Unfortunatefy
this cell was damaged by the micropspette before full recovery tovk place The
nse 1n finng frequency between the lastsix ACh ejections of Fig, 2A and the first
o of Fig 2B may have been due to an excitant action of physostigmine but
may equally have been produced by too freq ad rations of ACE
Fig 3 plots results from a neurone in another preparauon Alternate 23 sec
=jections of ACh (10 nA) and DL-homocysteic acid (10 nA) were made from
dsffesent barrels of 2 micropipette there was a peniod of 30 sec Letween cjccnor'\!
The symbols indicate the firing freq produced by each sul
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Fig 3 Each pomtplotsthemaxmal 4, e~

frequency of firmg of a thalamic ae S

neurone N response to ¢ections of -

acetylcholine (ACh 10 nA for 23 3 s

teconds @) and DL-homoeyste cac 7 ~

id (DLH 10 nA for 23 seconds A) —_— — .
Physostgmune was ¢ cted froman  § — —

other barrel of the five barrel clec . o

trode (PHYSO - 7 nA) for 5 3 min

utes (lower bar)

stance and the lower bar indrcates the tune over which a cationic current of
7 nA eyected physostigmine from a third barrel The frequency of firing evoked
by ACh was doubled and 1n addition but not shown n thss figure the duration
of action of ACh was mcreased Furthermore m adchuon to this effect which
bly was produced by partial inhib of ct 1w the vicity
of the neurone physostigmine also ncreased the finng rate produced by DL
homocysteic acid Tius Tatter result suggests a direct excrtant action of physo
sugrmne which had a bnefer duration than the anticholmesterase effect
Sumilar increases mn the frequency evoked by the ammo acid were observed m
other cells 1n the absence of ejections of ACh Wath several cells physostigmine
was ejected with currents exceeding 30 nA and was observed actually to depress
the action of ACh whilst enhancing the excitatory action of DI homocysterc
aad or L glutamyc acid 1t was usually impossible to pass currents greater than
30—50 nA throuch which d 0IM
sulphate and which had elccmcnl resistances of 40—200 M2
Neostiomune was 2 relatively potent exctant of thalamre neurones (Table 1}
and 1t was thus difficult to determine whether the associated potentianon and
! of the finng p d by ACh was due to thss direct effect or to
th: mhibition of cholinesterase
In view of the excitatory effects of these anticholinesterase agents 1t was
dxﬂ'cul( to ascertain whether they pmlongcd any form of synaptic excitation of
by With both p and
acosigmune there was little or no increase in the numbcr of spikes withuin
spontancous spmdles or in the finng evoked by cutancous volleys or m the
burst responses which followed cortical or perspheral stmulation This evidence
suggests that 1t » unlikely that any of these types of synaptic excitation 15
cholinergic since the shight potentiation which was seen could hwe been
assocrated merely with the direct excitanon produced by these agents It s
usually possible when eecting neostignune tor edrophomum) near spinal
Renshaw cells to select a small electrophoretic current which produces a
of the hol, sufficient to enhance svnaptic and ACh
exatation and yet not ncrease the background finng rate of these neurones
With larger currents this background rate of discharge can be increased
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Fig 4 A - finng frequency of a thalamic neurone produced by ejections of L glutamate
(UGLUT 38 nAlower signal trace) (4 ) Tubocuranme was ejected (DTG — 27 n V) over the
time indicated by the horizontal line

B — Frequency of firing of another thalamuc neurone m response 1o acetylchohne (ACh 7014
lower signal) and DL homocysteic acid (DLH 20 nA upper signal and @) Gallamine was
¢ cted dunng the ume indicated by the horizontal Line (10 nA)

Note different time scales for A and B

} Although pt readily p the blood bram barner (Eccles
Tatt and hoketsu 1954) 1t was not considered practicable to admumster it
systemically because a relable assessment of its mode of action would be
prevented by the associated side effects upon muscles the cardiovascular and
respiratory systems together with the possibility that there may be changesm
transmussion at other synap es upon polysynaptic pathways converging Upon
thalamic neurones

Action of acetylcholine antagensts

A series of compounds known to block the action of ACh it p::nph"al
cholinoceptive sites were tested upon the spontancous, synaptic and acetyl
choline evoked spikes of thalamic neurones Many of these compounds prO‘td
to be excitants, and were thus unsuitable for the detection of the nature of
synaptic transmutters (

(+) Tubocurarine gjected wath curreats of 10—100 nA readily excired
thalamic neurones and facilitated the finng evoked by an exaitant amino 7
(Fig 4A) In several cells evidence was obtained that this substance depres.
the exatatory action of ACh but such depression was not [
methonium also proved to be an excitant and n several eells sh !
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Fg § Spke esponses of a thalamuc peusone photogsaphed on film moving at nght angles to
the oscilioscope beam The symbol @ indicates beams duning which the contralateral medsan
ncrve was st mulat d
A — control responses

— 20 seconds after a current of 50 1A began to eycct gallamune the ejechion continued through
out Band C
G — contnuous with B

 olage catibration — nd idual sp kes approumately 350 4V n ampl tude
Tame scale — 10 msec for osc Hloscope beam sec for move nent of film.

the action of ACh whilst simultaneously the action of exatatory ammo acids
was enh i Gall. hiodide was ad: ed to 18 cells in seven
dufferent preparations and 1n all cases had a charactenstic excitant action
After an imtial delay of 10—90 sec which depended upon the magnitude of
the electrophoretic current cells were depolarized This was revealed either as
actual firng or as an enhancement of amine acid and ACh induced finng as
dlustrated in Fig 4B Eventually gallamine alone or with the addition with
another y agent produced tic bursts of high frequency
finng i which there was a reduction 1n spike height which progressed to
complete block Thereafter the cell was totally unresponsive to any excitatory
agent for several minutes due no doubt to a prolonged depolarization which
tivated the spike t When small currents were wsed
to eject gallamme as in Fig 4B the high frequency bursts of finng which
occurred at the ume imdicated by an arrow were occasionally followed by
an apparent block of the excitatory action of ACh whereas DL homocysteic
acd stifl produced finng This was seen but rarely and may be associated
merely with the different potencies of these two substances as excitants rather
than with a speaific h effect Fig 5l spike resp: ofa
neurone which was excited by gallamune (50 nA) Control spontancous spikes
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Fig 6 Frequency of firing of a thalamic neurone evoked by DL-homocystec acd (DLH
151A @) and acetylcholine (ACh 30 nA lower signal) Dibydro-g erythroidine (DHE) was
ejected with a current of 20 nA

are shown in Fig 5A together with spikes evoked synaptically by stimulation
of the median nerve (@) [Ihese latter spikes are not readily apparent because
of their superposition upon a large negative field potential Within 20 sec of
gyecting gallamine additional spikes were evoked (Fig 5B) and the field potential
was enhanced Three seconds later 2 prolonged burst of firng was observed
(F1g 5C) 1n which spike height was reduced and eventually the spike was
blocked Thereafter the field potential was also reduced m magmtude for
approamately 20 sec after the gallamine ejection was terminated Ths type
of resp which 15 p bly due to a direct action of gallamine upon
neuronal membrane 15 very simlar to that observed 1n the medullary reticular
formation (Salmoiraghi and Steiner 1963) and recent expermments have 10
dicated that gallamimne also excites non chol ptive spinal and
cholinoceptive Renshaw cells (Curus and Ryall 1964) and cortical neurones
(Crawford and Curtis 1964) 1n a simular fashion An earhier finding (Curtss
Phllis and Watkins 1961) that gallamune reduced the effecttveness with which
electrophoretically admmmistered ACh or ventral root volleys excited Renshaw
cells requires correctton since 1n these experiments the finng frequency of
Renshaw cells was not observed continuously and thus the high frequency
exutation which preceded a depolarization block was overlooked

Drhydro § erythrordine (DHSE) 1s a cholinergic blocking agent of consider
able mnterest because 1t penetrates the blood brain barrier and after systemic
or local ad rauon depresses the resp of spinal Renshaw cells to both
ACh and ventral root volleys (Eccles Fatt and hoketsu 1954 Fecles Lecles
and Fatt 1956 Curtis and Eccles 1958b Brooks and Walson 1959 Curns ec !
1961) without affecting responses evoked by excttant amino acids Dihydeo #
erythraidme readily depressed the excitation by ACh of the 27 thalamic celis
(6 prep ) to which 1t was adminmistered The speahaty of this block was dem
onstrated by the failure of DHAL to dimumsh finng produced by Cl!"‘(‘;
L glutamic acd or DL homocysteic acid 1n many cases such amino ﬂf‘d
induced firng was enhanced by DHBE Furthermore DHAE actually exaite .
thalamic neurones particularly when ejected with currents of the order ©

20—100 nA
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Fg 7 A — Frequency of finng of a thalamic neurone 1n_respanse to periodic eject ons of

acetylcholine (lowe signal 32 nA) Dibydro-B-crythrodine (DHAE) was ejected with a current
of 75 nA which was increa ed to 100 n.A {upper s gnal)

B — contmuous with A

Fig 6 illustrates the effect of DHBE upon the finng of a thalamuc neurene
which was produced by ACh (30 nA lower signal frace} and DL homocysteic
acad (15 nA @) Dunng the time indicated by the honzontal bar a cationic
current of 20 nA ¢jected DHBE from another barrel of the micropspette which
contamned an 0 1M solution of DHEE hydrobromude The excitant action of
ACh was suppressed and partal recovery 1s apparent towards the end of the
figure Complete recovery was observed 3 men later In contrast lhe frcqucnc}
of finng produced by DL h acid
and 1n addition there was an increase i the background finng rate of the
cell which subsided 5—6 rmn after the cessation of the DHBE ejection This
exaitation by DHBE 1s also illustrated 1n Fig 7 1n which s plotted the frequency
of firing of another thalam:c neurone 1n response to ACh (32 n.\ lower signal
trace) the tracing of Fig 7B 1s continuous with that of Fig 7A After 3 control
responses a current of 75 nA ejected DHAE for 2 2 mun  thereafter the current
was increased to 100 nA for a further 33 mun {upper signal trace) Imtially
the ACh responses were completely blocked and then there was a slow mcrease
in the rate of discharge of the cell with some burses of firng which comaded
with the last two ACh cjections before the DHSE current was termnated
Thereafter this background finng subsided and the effectvenes of \Ch
gradually increased until almost complete recovery was observed 13—14 mun
later When similar currents have been used to admimster DHSE near Renshaw
cells the recovery of ACh finng was usuallv extremely prolonged and often
exceeded 45 mun | Curgs and Ryall 1964
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The abidaty of DHAL to block the excriatory action of ACh suggested that

this substance would be sustable to test whether any synaptic exatation of

hal, wag chol) parteularly of Jow electrophosetic dosts

were used to himut the amount of drug induced exctation The sxaitation of

13 newrones by cutancous volleys was unaltered by coneentrations of DHAL

adequate to completely suppress finng, snduced by electrophoresically ad
d ACh

Furth the sp spindle actnty of these
ncurones was unaltered and an several cases where repeutive bursts wese
ehiested by corteal or perspheral fation {And and Eccles 1962) these

were alse unchanged It 15 concavable that many of the synapses mvolved in
these varous types of synaptic excitation were outnde the volume of tisue
affected by the el Hy ad ed DHAL although 1t 15 obvious
that «f cholmergic synapses were present some of them must have been with 1
range of ACh ejected from adjacent hartels of the same micrapipette In order
to overcome this difliculty comparatvely farge amounts of DISE were
administered 5 v {15 13 and 2 mglkg 19 3 different preparations) Such
doses had no effect upon spontancous spmdies the sprkes evoked from the
penphery or from the costex and field potentials generated by cutancous
stumulation

Considerable difficulty was expensenced 1 demonstrating a specsfic action
of atropine upon thalamsc neurones It has already been demonstrated that
atropine dimumshes the excitant action of ACh upon spinal Renshaw cells
and m addwion n shghtly ngher concentrauons seduces the exataton
roduced by an amino acd (Curus and Phillss 1960) This atter non speafic
effect 11 presumably due to a local anesthetse type of action upon the spike
mechanusm of these cells and can also be demonstrated with other cholinocep:
tive and non cholinoceptine neurones (Curtis and Phutls 1960 krnyenc and
Phullis 1963 ac)  Althouph extremely small elecisophoretic currenty weee
used st proved impossible to selectively reduce the ACh senauvty of thalamc
cells without changing the sensttnvaty 1o an excitant amuno acd In some €255
the uncontrolled dsffusion of atropine from pipettes of ortfice 1z winch contained
an 0 01 M sofution of atrof Iphate way suffi to depresy the © "
of cells by DL-homoeysieic acd Tiowever sn pracucally cvery cax the
depression of the ACH responses was mare profound and of sightly tonger
durastion than that of the amuno acid responses The firing frequency of a
thalamic neuront 35 plotted 1n Fig 8A and the responses were induced BY
alternate egecuons of ACh (40 nA lower signal trace) and DL hamoﬂﬁ"‘“’_
acsd (15 nA upper signal trace @) After severad control ejections of each o
these two agents atropine was ejected by a cationse currest of 5 nA from 2
barrel which contamed an 01 M solution of atropine sulphate The ﬁ:’;“
produced by subsequent doses of ACh was reduced and cvensally 3‘)‘;“’,];:
whereas that produced by DU homocystese aemd was mercly reduce aier
maxmal rate of finng by DI-homocystec acad reached 2 plateau 5 mit
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Fg 8 A Froquency of i ing of a thalam ¢ peurome ovoked by scenylcbaline (ACh 40 n&
low © 3 gnal) and DL homocysiaic acrd (DLH 15 3 upper s gnal and @) The eection of
Tropns enA s gna]kd by the honzgntal ine

ot o fing frequoncy of @ thalamuc newrone produced by
alicrmate. yect om ofacctylchobme (ACh, 60 A @) and DL homecyst cac d (DLH 4y +)
Atropine was ejected w th a current of 3 nA for 3 mmnutes (honzontal lme)

the atropine ejection ceased (final dose ilustrated) whereas at this ame the
excitant action of ACh was still reduced Unfortunately full recovery of the
ACh action was not observed due to acadental dislodgement of the mcro-
pipette 3 mun later One feature which 1s cleas m this Ggure 15 the failure of
atropine to reduce the spindle actiity of this neurone 2 finding which was
confirmed n several other cells

Results from anather cell 1n another preparation ave plotted m Fig 8B In
thus case the thalamic neurone was exaited by alternate eyections of ACh (60 nA)
and DL-homocysteic acid (4 nA) each of 38 sec duration and the symbols plot
the respect, firing freq which were so attamned Atropine
was adnumstered with a current of 5 nA for 3 mun and almost abolished the
finng evoked by ACh but merely dunnished that produced by the amino acid
The sensitinaty of this neurone to DL-homocysteic acid had recorered 6 1/2 mun
after the atropine ejection ceased and 5 min later there was almost complete
recovery of the sensitvaty to ACh

In general for the 18 cells {7 prep ) upon which the mteraction of atropine
ACh and an exatant amino acid was tested as 1n Fig & there was a factor of
only 2 to 4 between the recovery times of the depression of ACh finng and of the
finng evoked by esther DL-homocysteic or L glutamuc actd In all cases despite




112 P ANDERSEN AND D R CURTIS

A B sm

Fig 9 A B~ Spikesofa thalamic oeu
rone evoked by maxmal stimulation of
the contralateral ulnar nerve A~ before
B — 30 scconds after a current of 60nA
began to eject 5 hydrovytryptammne
Laouyig (5 HI) Thespike preceding the smulis
wte arufct m the lower record of A was
spontaneous [ime — msec
G — Spontaneous firng frequency (spin
c dics} of a thalam ¢ nerone before dur
mg and alter a current of 40 nA geeted
5 hydroxyteyptamme (F HT) from one
of the barrel ofa 5 barrel micropipetts

"
The 5 HT ejection 18 signalled by the
f }MMAM horszontal hin &
' mNot

complete abohtion of ACh finng there was no effect upon <pikes elicited

¢ 1ly by volleys in nerves or upon spontanecus spindle actvity
Furthermore 1 several preparanons atropme sulphite was admunstered
1 v (051 mgfhg) agam without effect on synaptic responses

a
ERFUNN

PIKES PR 5 €O 0

Other pharmacologically astue substances

It was of particular interest to determune the action of 5 hydroxvtryptamine
(5 HT) and related substances upon neurones of the ventrobisal complet
of the thalamus because these compounds readily depress the synapuc €x
citationt of neurones 1n the lateral geniculate nucleus hy optic tract mpulses
(Bt hop et al 1960 Curtis and Dawis 1962) Furthermore concentrations of
3HT 4 HT 3 hydroxytyrammne and ergometune which were adequate 10
suppress the synaptic excitation of geniculate neuronts were without effec
upon the exatation of these cells by amuno acids or ACh (Curtis and Da
1963) In general the electrophoretic currents necessary to admnnter sufficert
5 HT to tuppress the synaptic firng of geniculate neurones rarely exteeded
50 nA and o most cases a current ot 5—10 nA was adequate These results
are 1 marked contrast to those observed npon cells of the cerebral conté*
ance Bmjevic and Phniiis (i963d} have reported that 5 HT 4 HT and 3
nydroxytyramine depress the synaptic spontaneous and amino aqid exestaton
of these neurones

5 HT was admunistered to 32 neurones 1n the ventrobasal thalawus (7 prep )
and 10 no case could the short Iatency synapuc exatation of these cells by
cutaneous volleys be depressed (Frg 94 B) The maximum electrophoretic
currents used were of the order of 50—70 rA a hmutauon which resulted from
ly high r of microptp which ¢ q a saturate

the P
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sohstion of 3 HT<reatinine sulphate In many cases however 5 HT depressed
the spontancous spndle actvity of thalanue newrones an effect which had a
latency of 2030 sec when currents of 2040 nA were used (Fig 9C} Recovery
occurred within 30 sec of terrunaung the electrophoretic ejection. Furthermore
although the mutal short latency synaptic response of thalamue neurones to
perrpheral or cortical sumu!auon remamed unaltered by 5 HT the later burst

were d d

and the mtervening positive potentials
r:duccd n magnitude \ddmen:d evidence for a muld depressant acton of 5 HT
was the finding on 18 eells that the frequencies of finng evohed by ACh or
DL-homocvsteie acd were reduced duning the giection of 5 HT In generat
the finng wn response to ACh was more sensitine to this depression than thay
produced by the amuno acid In some cases the depresnon of amume aad fring
was not sustaned duning a 6090 see gyection of 2-HT but was veplaced by
facthitanon

Sunitar results were gbtuined with 3 hyvdrawtvramune and 4 HT
no attempt was made to obtaun accurate potenaies of these agents a4 depressants
the smpression was obtained that there was very hatle difference between 1hem
and 5T It was noted howerer that the recorery of dgpwmon after the
adrumstration of 4 HT exceeded the time obsersed for 34T The depressant

Although

B 5015 4 ek & dbat 6l



114 P ANDERSEN AND D R CURTIS

action of all of these compounds was much less than that of , amno n butynce
acid which when ejected as a cation from solutions of pH 3—35 readly
blocked both the synaptie and chemcally evoked spikes of ventrobasal thalamc
neurones

The pharmacology of synaphic finng

The types of synaptic response which were studied in these expeniments
mcluded the short latency response elicited by stimulation of penpheral
cutaneous nerves the repetittve burst response which followed this type of
single shock stimulation short latency and repetitive burst responses which
followed stimulation of the primary somatosensory cortex, and the spontancous
random and spindle discharges

The failure of DHAE and of atropme to effect these synaptic responses has
already been discussed, and this finding suggests that none of the above types
of synap 1s chol It must be realised however that despite
the ability of these agents to block the e I d by electrophoretically
admunstered ACh 1t 15 sull possible that synaptically released ACh could
remain effective since this would be applied 1n closer proximity to subsynaptic
receptor sites and presumably in comparatively high concentration (see Dale
and Gaddum 1930) The depressant action of 5 HT and some related substances
has been discussed m the previous section

Mention was made 1n the previous paper (Andersen and Curtis 1964) that
the spontaneous activity of many thalamic neurones was depressed during the
period between the beginning of the ACh ejection and the onset of finng The
.magnitude of this effect depended somewhat upon the electrophoretic current,
and upon the latency and effectiveness of the subsequent excitation In some
cases particularly when ACh was a weak excitant there was complete sup
pression of spontaneous spindle actvity (F1g 10A) In other cases the Jatency
of excitation was so brief that any suppresston of spontaneous activity was
obscured In the case of the cell illustrated 1n Fig 108 there was a clear de
pression of spontaneous spindles by ACh but not by DL homocystelc and
This action of ACh was not due to the current used for electrophoretic gjection
because such depression was not observed when even larger catiomic currcn;lf
were passed through adjacent NaCl containing barrels In some cases 1n whic)
ACh depressed the burst responses evoked by peripheral or cortical stumulation
the inter burst positive potentials were reduced 1n magmtude o

An extensive pharmacological analysis of this depression was not carg y
out The excitant action of most of the compounds of Table I was ofien preceoc
by an early depression of spindles In several cells one of which 1s lllucs;rﬂ’m
1 Fig 10B and C although atropine blocked the excitant action of Al "M"
preluminary depression was apparently unaffected Similar nbscnalmrllmanﬂ
made using DHBE although the concomitant excitant action of tins sul
necessitated the use of very small electrophorenic currents
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Discussion

The results of this and of the previous paper, permut discussion of three
major questions the nature of the receptor with which ACh mteracts whether
these receptors are lotated post synaptically beneath exatatory synapses and
Jastty whether ACh 1 the natural transmttes operating at these sites

The subd of peripheral ACh s mto and nicotinie
types depends upon the refative of certain chols b
together with the actions of nicotwne and atropune (see Dale 1914) It un
known to what exient differences 1 the dxspcsmon of actnve mites within the
receptor contrthute w the phar ¢! t of these p
Other factors ncluding the ease wath which substances can gamn access to
the sites and with the location and actraty of chohnesterases may ake be
smportant  Central ACh receptors are not eastly clasufied mito these o
classical types {see Feldberg 1950) allhuugh 1t 15 only recently that cholinoms

metic substances have been ad m suffi Iy close pi y to
central receptors to enable their nature to be determmed Nuinerous expen
ments have dlishied that the chol e P of spmal Renshaw

cells axe of the nwotmue type and bear some resemblance to che receptors
of autonomse gangha {Eccles ¢ af 1934 1936 Curtss and Eccles 19982 b

Curtis ¢ 2/ 1961 Curtis and Ryall 1964} In contrast the ACh receptors of
cells located 1 the cercbral tortex are of a muscannic wpe (hrmjevic and
Phthis 1963b ¢} Thus nicotne has been reparted to hate 2o speeific action

upon cortical cells which were extremely sensitne to ACh muscarone mus

canne and acetyl # metindcholine Furthermore the esataton of these
nenrones was prevented very effectnely by atropme but not by dhydro-g

crythroiding (hanjevic and Phalls 1963¢)

The ACh receptors withn the thalamus are clearly of an mtermedsate type
and arc ssmylar to those of lateral gemculate neurones {Cuartis and Daves 1963)
and nevrones w the medullany rencular formanon (Salmoragh and Steiner
1963) The slow onset and k i d of the produced by
ACh 1» 1 marked contrast to the ramd and brief effect of thus ester upon Ren
shaw cells { \ndersen and Curtis 1964) but 15 verv smmlar to the action upon
corucal newrones (hanjenic and Phallss 1963b) Carbamonichohne was 2 more
ponerful excitant of thalamuc neurones than ACh whereas df musearie
meotine and acetyl B methylcholine were less actme The conwuast between
she actions of hyl and upon thalamic and
Rensha cells s alerady bren pointed aut 10 the Results

The exaatony action of ACh was readily depressed by DHBL which
larger doses also exerted thalamuc neurones In this respect thalamic neurones
resemble Renshaw eells see Curns o1 2l 1961 Shihough atropine depressed
the ACh sensitnty of thalamic neurones the finng, evoked by an excitant
amugo acid was akso reduced by thuy substanee Thus 2y with Renshww eells




e P ANDERSEN ANXD D R, CURTIS

{Curns and Phulls 1950 Curtis and Rvall 1964) the action of atropme could
rot be conudered as verv speafic. It 1s possible however that ths lack of epraxe
faty m the thelamus 1s mome apparent than real. If the recep.ors wath winch
2cctvlchohne mterzcts were further from the onfice of the mucroprpette than
were the 2mimno aad receptors (see Andersen and Curns 195+) the concentr
ton of el pk v gyected pine would alwavs be lower 2t th
forraer sites than at the latter Thus when the atropine concentration became
adeguate 1o block the ACh receptors, the higher concentratians near the
ovifices of the recording and ejectng micropipertes would afect the ke
generating mechansm of the nearby membrane and lower the <pamaty of
the pewronc to an exatznt zmmno zad This difficults 1 resolvang the speafiar
of the action of atropme could have been ot ercome to some extent by 2dm r=-
tening atropme siwtermealh <o that the concentranon around th.Lmre peurozes
would have been more un.form
As 2 result of these pharmaco’ogical studies it may be concluded tha th
cholinoceptive sites within the ventrobasal thalamus are pot as mconne 25
those of Reshaw cells and not as muscannic as thowe of cortcal merones.
The diffcrences between the receptors upon thalamye and Rentaw ol
provide one explanznen of the aifferent tme coure of exatznon produced
b the elecrophorenic admimsstranon of ACh upon these pegrones 2lthoxss
o.ker factors need alo to be condered {Andersen and Curns 1954
Wik regerd to the possible sites of 2chon of ACh within the tholmm=,

the different suscepubibihes of neurones wattun 2nd neay this area wuggest Bt
ACh recepio®s are related to svnapnc processes. The finding the  mos? veare
basal thatarme relay neurones were fired by electrophorencalhy admnstered
ACh whereas the depol. of thal T rexna.ned cubbreshe
old Andersen and Curns 195+ 2nd peureses in rearby nmucla were 12
<enauve to thus substance, 1s most readih explaned by proposing thet ACH B
acung pre or pos-svpzapuczlly at the endings of 2 fibre svstem wiach no Y
T upon thal particulxly upon the relzy cells, but 2
10 a lesser extent upon the .n.emeurones. These findings alo render 28 €&

tremelv Lolikeh an cxplananon of the exaranon by ACh 1 terms of exher 22
wndirect effccy upon blood vessels, o of a dwect acton upor nm—m"?“‘;
neuronal membrane such as occurs 2t sensory cndings and non-mvels

mamwalan C fbes Gras 1959 Donglas and Ruch e 1052) Jt hoatd D
pomnted ot that the acuon of ACh on these lanter <tructures 15 mwb:“:
parmre ard 15 Blocked by @ -ubocurarme  Ammert and Ruche 1651 Rie
2nd Arment 1953 It x also conmdered unlikelv thet the exatznt 26873 ¢
4Ch 20d other chol.mom. teties upon thalam.c newrones 1s dee 102 Presoiy ;
efrcr which results 1 the release of an exam.on transmter Such as ":‘:}
of SCh ks been polured to zccount for cermm aspecs ofll“f“;:k

2 2monomuc gencha and at the peuromuccnlar jenepea (€€

o £
1953 Thete 15, however oo endence that such a presvnapne mmode of 2T
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releases transmutters other than ACh and the finding thet ACh does not excte
W\ central neurones suggests that if anderd the acheon of this sabstance 15 pre

sy'naptxc 3t nevertheless plays an atial role 1 the of
Another possibihty thx cannot he fuﬂy excluded at the
present sme s that ACh 1 op: g as 2 NOn 8y dul of neurone

activity esther yeleased as a s:crctxan by speaabzed cclls of anang as 3 meta
bolic by product {Curtis 1961 Toman 1963) In thus case the sesponses of
neusones would be altered only of the appropriate receptors wexe present
1t 13 however reasonable to cousider thar the exatatory effect of ACh
upon thal 1 due to an with po: plic Teceplot
sites sn which case ACh may be sdenbcal with or closely related 1o the ex
atatory transmutter which 15 normally released at such synapses The effzet
of ACh upon a particular neutone will then depesd wupon the number of
appropnate sypapses In tus respect st 45 necessary to modify tonchumons
drawn in an earher paper where the excstatory acuon of ACh upon lateral
gentcutate neurones was desenibed {Curus and Davis 1963) The senswaty of
neurones i this portion of the thalamus 1s ssfar to that of mnterncurones
the ventrobasal complex and pharmacological studses showed that at was
exwemely unlikely that ACh was the transouster yeleased upon genculate
nenrones by fbres of the optat wact ¥t was conclnded that the ACh siasiuvity
was probably assoctated with the presence of non optic synapses but the
panexty of cholme acetylase in o reguon together with dafferences benwesn
the action of ACh upon thalamsc and Renshaw ells led to the concluston that
ACh was unlikely 10 be the nommal transtatter operating at these non optic
synapses T1 15 now obvious that such a ronclusion ss unwarranted and the
selatively weak acton of ACh upon (hese cells suggests that of the evetatony
acyon 1s indeed assoctated with synapses there are very few of the approprate
type af synapse  Fusthermore such synapses may have an ongn commen 10
those upon neurones m the ventrobasal complex of the thalamus
The abate cnnd\morx that the presence of chobinergic synapses aceount for

the of 1t 1 ACh 1 1n accord with the p

of ACh {\facIntosh 1841 cholie acetylase (Feldberg and Vogt 1'11:8 Zeatter
and Schiosser 1905 Hebb and Siher 1936} and cholmesterase (Burgen and
Clipman 1931 1952 huoelle 1934 Gerebtzofl 19391 15 this azea of the nertous
systemn 1t 25 unltkely that a substance structurally related 1o ACh 1s the trans
mmcr at these synapscs since Ryall (19634 has rocentdy demonstrated that the

h d {rom Dran consists predafunzot
Iv of ACh The present pharmacological imesngation however has faded fo
determme which afferent pathway 10 the thalamus 1 cholmergic It 1s clear
that the mechal lemunncus pathwar s gon chohnergic snce DHEF and atropine
which readdy reduced the seasmnaty of thalamic neurones 1o ACH did not
nfluence the fiang of these cells by impulses mtated i cutaneaus sensory
fibres The farlure of 11 adminstered DHJIE and awopine 10 affect such
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finng also suggests that the neurones of the dorsal column nucler are non
cholmoceptive In addition the present study indicates that the synaptic
pathways associated with the spindle discharges of thalamic neurones, and
with the repetitive burst responses eliaated by penpheral or cortical stimulation
are also unlikely to be cholmergic None of these forms of synaptic excitaton
was markedly enh d by the ad ratton of 1 b
beyond the shght d with the produced by these
substances Although 1t 1s probable that this exctation was associated with
drrect mteraction between these substances and cholinoceptive sites 1t &5
concewvable that both g and pk merely prevented the
destruction by cholmesterase of ACh which was released spontaneously from
cholinergic endings Further investigations will be necessary to deternune the
origm of the cholinergic fibres which synapse upon neurones in the ventrobasat
complex and m the Jateral geniculate nucleus

Another problem which warrants further mvestigation 1s the depression of
thalamic neurones by many cholinomimetics which eventually depolanze
the same neurones One explanation of this phenomenon 1s that ACh exated
nearby mhbitory neurones which 1n turn mhibited the cell under observation
However the spike responses of such inbubstory neurones were not observed
and, 1n addition no such depression was ever observed when DL homocystei
aaid was ejected It 15 possible that the depression of thalamic neurones by
cholinommmetics 15 associated with a non synaptic action upon the celtular
membrane on the other hand ACh as well as being an excitatory transmtter
may also be an mhbitory ter at other pses upon these thalamic

1, fieurones In this respect the observation that the interburst posiive polcmxa[s

were reduced 1 amplitude by ACh may be sigmficant since the electrophoretic
ejection of an inhibitory ter would be expected to reduce the amp d
of mhibitory post synap: If ACh 1s an mhubitary transmtter
such inhibutory synapses may be few i number but closer to the spike produaitg
portion of the neurones Thus the depression resulting from the ejection of
ACh would be of shorter latency but less powerful than the cxcitation The
apparent depressant action of acetyl § methylchohine and n butyrylcholine
upon lateral gemculate neurones (Curtis and Davis 1963) mught have 2 simular
ongn

‘The weak depressant action of 5 HT upon neurones of the ventrobasal
thalamus 1s 1 distinct contrast to the very specific action of this substance 1
blocking the e of lateral ! by optic tract impulses
(Curtis and Davis 1962) The difference between the action of 5 HT upont
neurones 1n these two major thalamtc relay nuclel 1s of some importance since
st indicates that the transmutter released at the termunals of the optic tract l:
unlikely to be identical with that released by cutaneous afferent pathnan)
which termunate 1n the ventrobasal complex Further investigation 13 ntccd’;a’z

1o establish whether the depression of the spontaneous spindle activity an
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burst responses of ventrobasal cells by 5 HT 15 a specrfic Wockang effect at the
particular €XUtatory synapees whsch are ynsolved or s mereh associated vath
an overall d of duced by this sub The
mode of actmn of 5 HT and refated compounds has not been established but
the obsenation that the exaitation of thalame neurores by ACh and exaont
amno acids was alse depressed rases the possbility that 3 HT could be an
mbubitory transmutter or related to an wmhibwory transmitter acting upon
these cells On the ather hand 5 HT may merely havea nun specific depressant
effect upon the 1 The results ok { wath 5 HT are very
swwlar o those reported by himjevic and Phalhs (1963d) who studied corucal
neurones although n this thalarmc imestigation @ mached excitatory action
of 5 HT was net observed pr blv because suffi y large el

currents were nat used
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Histochermcal and Brochemzcal Observations on
the Effect of Reserpine on Noradrenaline
Storage in Vasoconstractor Nerves
By
hjerL Fuse and Goran Szov ArL
Rerened 4 Oerober 1963

Abstract

¥ Foxeand G Seovact Hustackemuol ond b othemeal b roatuns em th 4f ot

(‘ ecwerpin an v ad enal ne sto ug e rasscontirtor nerie Acta physel scand
863 67 171-~129 — Tusue sectiors of cat skeletal muscle were analyved
fot adrenergie fibree by @ tpeafic batochemucal fluorescence techn que
Fib es with green and typreal of fibres
were seen almost evclunvely surmounding the extemnal muscular Iy er of the
small avtenss wn the taue Do adrenaty ¢ nenc Rbres tuold b detecead sliter
posizanghome sympathet ¢ denenation of the muscles Rewe pene {3 mgfkg
V) eatted 2 tomplete duappearance of the fluctescente of 1be fibres vatkun
a few hours afier admunstracos Decentrahzaton of the sympathet ¢ nerves
1o the muscles presensed the Sbres from losing Ruarcscenre afier e
Ant nfus on of poradrenaline 24 hauss after veserpine admmstration cused
a of fi s of p normal

\ cenun artount of nosadrenabing could be detected by buschenucal assay
both v decent abeed maschey 5 10 9 hours afier reserpine aduminastrat on
and i muscles {om reserpins teated ammals 7 which noradrenatine had

The data support the view that a small amount of no ad ena

Line can be reramed in adrenergie nerver by mechamsras whith are eustant
1o the ¢ffes of reserpue

A speafic lustochenueal flusrescence method for the demonstranon of cate

3t snd 5 )y yrryp 1 tssues has recently been developed
(Falch ef ol 1962 Carlsson Falck and Hillarp 1962 Falch 1062) This method
makes v possitle 1o visualize sdrenergic nerve fibres in tisucs

1n cat skefrtal muscle noradrenahne 15 stored almost exclusseely in adren
trgic nenes (Sedwall 1964 a) The only adrenergic fibses that have been
demonstrated 1n muscle are sasoconsincter nerves (Fothow and Uvnas 1948)
The b hemcat £ hmque coald be used to determine whether

121
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there exists an adrenergic innervation of quantitative importance also to steuc
tures m skeletal muscle besides the blood vessels

High doses of reserpine deplete most tissue store of noradrenaline within a
few hours after adminustration (Carlsson and Hillarp 1956 Bertler Carlsson
and Rosengren 1956, Holzbauer and Vogt 1956) This action abolishes the
effects of adrenergic nerve stmulation {Carlsson e? a/ 1957 Burn and Rand
1958) Recently it was shown that d 1 of the pat nerves
to cat skeletal muscle prevented the raprd disappearance of a small noradren
aline fraction from the muscles after reserpine (Sedvall 1964 b) Ths finding
would mdicate the exsstence of different noradrenaline compartmentsnskeletal
muscle Thus it 1s of interest to examme the locakization of the reserpine
resistant noradrenalme fraction by the nstochemical method

In reserpimzed ammals the effects of adrenergic nerve stimulation can be
restored after an infuston of noradrenaline (Burn and Rand 1960 Ro el and
Sedsvall 1961} The exact localization of the wnfused noradrenaline 1s unknown
It 1s therefore of mterest to examine with the histochemical method also muscles
from 1eserpinized ammals infused with noradrenaline

The present mvestigation was designed (1) to study the distribution of adren
ergic fibres 1 muscle, (2) to localize the reserpine resistant noradrenahne
fraction unmasked by decentralizing the adrenergic nerves before reserpm®
admnistration and (3) to study the locahzation of infused renalme 1n
sheletal muscle in reserpimzed cats

Methods

General

The cxperiments were performed on cats (2 3- 3 4 kg) anesthetized with urclhan‘;
(530800 mg/hg 1v) Control cats and cats in which svmpathetic denervation ha
been performed earher (see below) were killed by 1 v a1 immediately after anesthesi2
Different parts of the titnalis anterior and gastrocnemius muscles from both hind lc[,;!
were removed d. for h )i 1 and bioch. I analyses In all anm;“
the tibialis antenior and gastrocnemius muscles were both exammned fustochemsca ¥
However as the noradrenaline stores of these muscles have about the same magni "
and the same sensitnaty (o reserpine (Sedvall 1964 a b) only ane of them was asalyze
biochemucally (see Table I and 11 s

TPostganglionic sympathetic denervation of the muscles tn one hind himb of c:;! e
performed seven days before killing the amimal During operation these anim2 e

d with sodmm pentobarbital (Nembutal Abbott 35 mg/kg1v) Onco el
sympathetic chains was reached from the anterior approach and removed fmr:dmc
Tevel of L3 to 52 under aseptic condstions The anymals werc gnen 40 mt 09 i
sc and 1 ml Streptopenin (aby) after the oprration The completeness of the 0P<r
was examined post mortem

uo;: ‘anm.hcr sertes :fo expenments cats were anesthenzed and the trachez Z“g“’:,;‘:
Sympathetic decentrahization of the muscles 1n onc hind mb was perform: (:quxl
secting one of the sympathetic chains at a level between L# and L5 R”:f"mza—:w ]
Ciba 5 mgfkg) was then injected 1 v Rectal temperature was marntarn! at
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by means of a heanng lamp After 5 10 9 hours the ammals were killed and the
homologous muscles from both hiad Jimbs were iamediately remaned and prepared for
Hstacherucal and brocherrcal analyses

In 2 third senes of expersments cats were pretreated with recerpiste (5 mgihg s¢)
About 24 hours Iater the antmals were anesthetized tracheotomued and both sympa
thetic chmns were teansected asabove These ammals were then prepared for recording of
blood Row through the muscles of & hund ik sn aceordance with the method described
by Lindgren 1928 {for details see Rosell and Sechall 1961) One of the carotid astenes
was cannulated and connected 1o a Statham pressure transducer P 23 AA for bload
pressure Rectal temp was q at 3637 G as above “or
adsenaline was then infused slawly into the feraoral artery at 2 rate of about 1 ggfmn
through a side arm of the drop chamber Duning infusion the blaed flow through the
museles decreased by apprax 80 per eent A total amount of o0 gg was wfused Onh 2
shght inctease m the general blood pressure was observed dunng 1nfusion i beaung
that v ry small amounts of the wfused matenal reached the general aircufation and the
other bund leg After mfusion the blood flow returned to the ongnal fevel wuthin about
10 pun A ume mierval of at least 30 mun was alloned o pass after mfusion before the
ammat was killed and the homologous museles from both Jund bmbs removed for
hustachemical and biochemscal analyses

Histockemurtry

In pnnaple the method devised by Fafck 19672 was wed Small preces from different
parts of the muscles were rapidly cut out and frozen sa propane coolad by hiqud nitroges
After freezedrying e tawo at 35 C for 5 days the tissue specunens were treated with
farmaldehyde gas at 80 C for one hour Dunng this Geatment primany catecholamines
and S-hvdrovy trypramine condense ~ without diffusion — with formaldrhyde (o 3n
tensely fuorescent products The speamens were then embedded in paraffin w tacvo
Secttons were made 10 g thick and mounted m Entellan (\Merch) afier removal of the
parallin {cf' Talck 1962, The sections were examuned in light from an O ram HBG
260 tugh pressure mercury Jamp equipped with Schott BG filters (3 10 Smon A fluoses-
cenee microscope was used wath darkfield condensors (Zersy) and 2 hodak Wratten
filter 15 or a Schott QG+ (1 mmy in the tube Some of the secuons were stawed with
heteatonlmeroune and Werg ) ater w the f
scope (o locahze the Auorescent nerves

micto-

Buocherstry
The noradrenaline content of the muscles was d [ alt 1]
w accordance with Bertler Carbson and Rosengren 1928 Details of the method used

are gien ehet here {Sedvall 1964 2} Throughout this paper noradrer abne 1s expressed
0 terms of free hase as nanograms (104 g per g wer werghe of muscle

Results

In muscles from > normal cats a sparse amount Jt green (o sellow zreen
fluorescent fibres was obsersed Fig 1) Vanco sties were scen in some of the
fibres In the sectsons evavamed almoct all the fluorescent nene filires were
tocvied i close prawumny 10 swmall artenes or arterioles Fie 2 and 31 The
wnenanon had the appearance of a loose netwark of fuore cent hbres sur
rounding the exteraal musendar taver of the small artere In no case were
fibres seen penctrating doun mnto the mascular favers of the blnod ses ols
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Fig 1 M pbade aoteror of eat
Cross section Adrenergic n rvex are
present around the external muscular
layer of the small arterics one of
which (A) 3 cur transverscly while
the others are cut longstudwally (B}
Fluorescence microphotograph
Magmification 165 x

Fig 2 M tibiahs anteror of cat
Cross seerion Adrenergic nervesare
present surrounding the external
muscular layer of a small artery
which 1s cut transverselv at one place
(A) and longitudmally at another
(B) Fluorescence microphotograph
\Magwfieation 165 X

Fig 3 Left M uubafts anterorofcat
Cross section Adrenergic neres are
present surrounding the external
mascular lager of the small artery
(A) The accompanying vem (E)
Teceves no adrenergic nerves Flue-
rescence microphotograph Aagmifi
canon 460 ~

Right M tibiats antenor of 2.t
pretreated with_reserpine (3 my’kg
Ec 24 hours beforc the xpenment)
and lalled 30 mn afier an nfon
of noradrenaline Adrenierg ¢ nereet
are present around (ke cxternal o
cular layer of the small attery (A) H
the same way at i noemal :nmu"
The accompanying vein (B) reccivcs
no adrenergic fibres Flunrn«:‘
m crophotograph  AMagnificatest
400 x
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Table ¥ Fluoresconce salenuty of adventrgie £5 25 and voradvenahing rontent { 5 nglg) of
anneroated and sympathetically decentralied sleletal muscle after veserpine (5 mg kg v )

Hours Contrl side Decente ude
Yeight afier Fiuorescent Fluorcscent

Ammalno  {(kg) cowerpme fibres L XN fbres N
1 31 5 -~ 5 ++ 37
2 34 5 -~ 3 18
3 2 s ~ 0 s
+ 28 5 + 0 ++ 3
H 30 3 -~ 1 i3

+-4 F bres with normial fluorescence
+ FEibres showing @ small deercase 1n Buorescence antens ty
~ Mo Buarescent flbres

In cats no 1 10 4 the ubalis anterior pruscles were analyzed In cat o 5 the gastroe
netorus Touscles were analysed

Fluorescent nerve filires to the small veins were absent ar scazce Insections
where a small artery ¢ould be seen together with the accampanying ven the
artery was surrounded 10 most cases by two or three nenve bundles whereas
fluorescent fibres could not be scen around the vein except 1n a few wsolated
sections No localized pattern of innenvation could be obsesved n any section
of the vaserdar bedd In 4 out of about 500 sections stngle fibres were seen betwesn
the muscle cells without any tstablished connection with the blood 1 essels
The fluorescent fibres which app d ta be extra 1

LR at most
one per cent of the total amount 1 the muscles The same general mnen ation

pattern was found in Vf kbiahs an eror and Al gastroeremmus

The effect of posigangliome svrnpathetic denervanion of the muscles was
studied sm 3 eats Mo fluorescent Bbres conld be detested m the denenated
muscles 7 days after aperation The fluorescent fibres around the blood ves els
1 the homolagaus cantral muscles were of normal appearance

The acute effect of reserpine on the fluorcscence of the nerve fibres and the
noradrenahne content of imnervated and sympathetcally decentralized mascles
was studied 0 5 cats (Table 1) In the decentrabized muscles fluarescent Gbres
of practieally normal appearance could be seen 5 to 9 haurs after reserpie
There was no stgmficans reduction in the total amount of Rboves The only
fference as compared with fibres i pormal muscles was a small bug definite
decrease w the Auorescence ntenmty of the fibres i 3 of the ammaly The
noradrenaline content was decreased to about 30 per cent of the normal The
nordrenaling content in formal cat muscles 1s about 100 ng g {Sedvall 1964 a)
o fluorescent fibres could be detected i the innervaied museles sn 4 of the §
tats The noradrenaline amount i these muscles was fess than 5 per cent of the
normal coatent In cat no 4 20 ng,g of noradreniline was sl prysent m the
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Table Il Fluorescence mtensty* of adrenergic fibres and nosadrenaline contents { NA nefg) in
sheletal muscle from reserpinieed cats after an tnfision of noradrenaline

Minutes Control side Infused side
Weight after Fluorescent Fluorescent
Ammal no  (kg) wfusion fibres NA fibres NA
6 30 30 - 0 + 8
7 30 40 — [} + 13
8 23 30 - o ++ €
9 34 30 - 2 ++4 bid

* {+ Fibres with normal fluorescence intensity
+ Fibres showing a small deerease 1n the fluorescence intensity
— Na fluorescent fibres

1 In all ammals the gastrocuemius muscles were analyzed

mnervated muscles Nerve fibres with a duminished fluorescence could abo be
detected 1n these muscles In the decentralized muscles from this ammal how
ever, there was a noradrenaline content of 58 ng/g and a much more intense
fluorescence n the fibres Itis probable that cat no 4 normally had an unusually
high noradrenahine content in the muscles Thereisa wide range in thenoradren
alme amount in muscles from different cats (Sedvall 1963 a)

Noradrenahne was infused 12 1nto one hind leg of 4 cats pretreated with

« Muscles from both hind legs were analysed 30 to 40 min after 11

asion The results can be seen 1 Fig 3 (nght) and Table IT In the muscles
from the non infused control leg no fluorescent fibres and practicatly no nor
adrenaline could be detected In the muscles infused with noradrenaline on the
other hand fluorescent fibres had appeared that were sumilar 1n both morpho!
ogy and frequency of occurrence to the fluorescent fibres 1n normal muscle
However asmall but significant decre 1se i fluorescence intensity 1n companisen
with normal fibres was observed n the fibres of 2 of the cats The muscles
infused with noradrenahne contamed about 20 per cent of the normal nor
adrenaline content

The faint background fluorescence seen in the sections was not aflected by
postganghiomc sympathetic denervation or reserpine treatment and had ap
proximately the same degree of ntensity also without formaldehyde treatment

(el Falck 1962}

Discussion
The high speaifiaty and sensivaty of the histochermcal method uscdl;“
the present for the 1. of adrenergic fibres has recen 5’
been established 1 investigations by Falck et al 1962 Corrod1 T :!lc)a”-';:"
Hillarp 1962 Falck and Hillarp 1962 and Falck 1962 The green 10 ye
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green fluorescence as seen 1n the fibres mn the present study can be produced
by noradrenalne and dopamme However as the dopamine lesel i normal
skeletal muscle 15 very low (Leduc 1961 Sedhalt \%3 unpubhshed cxpen
mcnls), the Auorescence of the fibres was probabl by by
1 The disapp e of the ﬂuor«sccnce of thc fibres n muscle
after sympathetic postganglionic denersation or reserpme treatment as found
here agrees with the findings of the abos e authors on other organs and provides
further evidence that the fibres represent adrenergic nerves The ighsensitey
sty of the method 15 evident from the finding that the noradrenaline content of
the muscles could be reduced to about 10 per cent of the normal before the nerve
fibres lost therr Auorescence
The scanty supply of adrenergic fibres 1n sheletal muscle 55 1n good agreement
with the low noradrenaline content 10 this tissue (Euler 1934 Sedvall 196+ a)
Practically all the fluorescent nerve fibres were found n relatton to the arterres
Roughly onc per cent of the fibres — having no apparent connection with the
blood vessels — were seen between striated muscle bundles The vasocon
stnctor fibres thus seem to the pred part of the ad
mnervabon of skeletal muscle The total natadrcnahn: content of cat skeletal
musele would thus be a good measure of the noradrenaline amount in the vaso-
constrictor nerves
The adrerergic mnervanon of the blood \ essels 1n skeletal muscle seems to be
localized predonunantly on the resstance (1e artenal) side of the vasculac
bed Practically no adrenergic fibres were found to innenate the vewms The
vasoconstrictor fibres were runming aloug the blood ves cls in close contact
with the external muscular layer The fibres did not penetrate wmto the layer
between the smooth muscle cells It 15 thus improbable that every cell o the
muscular layer could be reached by adrenergic nenve termunals The transmes
si10n process could concen ably be medrated to the nomnnervated smooth muscle
cells by diff of the {R blueth 1950} or by mtermuscnlar
spread of exeiation (Roddie 1962) The finer orgamzaton of the synaptic con
1act sites cannot be ascertained with the present method Thus 2t 15 unhnown
whether noradrenaline 1s released only at the endings of the fibres or at ses eral
places along the termnal parts of the fibres
It was recently found that d ) of the + 1Ctor Neries to
skeletal muscle prevented the d of the physiological response to
clectrieal simulatton of these nrrues after reserpine «Rosell and Sedvall 1962)
Noradrenaline analysis of the muscles under sumilar condinions revealed that
a small drenahine amount 10 sympath, Ilv dec Iized sheletal muscle
was resistant to the direct noradrenaline relea ing effect of reserpme  Sedsall
1963 b) In ianervated muscles this small fracton was rapidh released after
reserpine probably by the continuous impulse discharge i the adrenermc
nenes In the absence of nerve sumul the reserpine resistant fraction disap-
peared slowls oser a period of more than 21 hours The result indicated that
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noradrenalme m skeletal muscle 15 stored 1 two different compartments
(Sedvall 1964 b) The present hustochemical observations support these earler
findings and strongly suggest that the small reserpine resistant noradrenalme
fraction 15 localized 1n the vasoconstrictor nerve endings 11 a manner similar
to the normal distnbution of the The fraction does not
seem to be present i only a few of the fibres — approximately the normal
number of fluorescent fibres was observed 1n the sections The Jarger reserpme
sensitive fraction seems hikewsse to be present along the whole length of the
normal fibres as a generally reduced fluorescence intensity of the decentrabized
fibres after reserpine was found 1n most of the animals The present results thus
indscate that the two noradrenaline fractions m skeletal muscle are both stored
along the termnal parts of the vasoconstnictor neuron Several workers hase
presented evidence for the exsstence of different pools of noradrenaline 1
sympathetic tssues {Hillarp 1960 Euler and Lishako 1961, Stjarne 1961,
Trendelenburg 1961 Potter ¢f ol 1962 and hopm and Gordon 1962) However
fc 1on on the two suggested drenaline compartments in the vaso-
con.trictor nerves is still too meagre to permit any suggestions as to whether they
are identical with any of the compartments sug d bv the above
authors
The reapp of the fl fibres in muscles from reserpiized cats
after an infunon of noradrenaline 1s interesting 1n the light of the findings of
Burn and Rand (1960) and Rosell and Sedvall (1961) These authors found that
an mfusion of noradrenaline could to a large extent restore effects of adrencrge
ve stimulation 1n reserpnized ammals After an mfusion of noradrenalin
0 reserprmzed cats 2 small amount of noradrenalme 1s furthermore retammed 18
the museles ~— in the abscence of nerve stunuli for at least two hours after 12
fusion There s only a small noradrenaline retention in sympathetically denervat
ed muscles under similar condinons (Hertung et al 1961 Sedvall and Thorsoft
1964) There 15 thus physiol 1 1 1 1 and broch 1 evdenct
that the adrenergic nen es 1 skeletal muscle can take up exogenous noradrena
me and to some extent store 1t 1n spite of the action of reserpine It could be
argued that by 24 hours after the 1njection the action of reserpine will have
had ume to subside However, another high dosc of reserpine inyected smmediate
ly before the nfusion of noradrenaline does not abolish the restoraion of (h;
adrenermc nene stmulatory effects (Rosell and Sedvall 1961 unpublishet
observations) 1
‘The endogenous reserpine resistant noradrenaline fraction and the exogend
infused noradrenahine fraction are sumilar in sespect of magmtude Jocalizatio?

lses Howerer
1 the adrenergic nerve Is and to nerve i
the rapid disapp of the fraction after infusion (Sedvall and

b
Thorson 1964) makes 1t uncertam whether the two fractions are retamed by

the same mechansm
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From the Department of Physiology, University of Goteborg Sweden

Localized Slow Wave Activity 1n the Somatosensory
Cortex of the Cat
By
S A Avpersson and E R Worrow
Recened 9 October 1963

Abstract

Arxpersson § A and E R Worrow Localized slow uace actiaty m the
somalasensory cortex of the cat Acta physiol scand 1964 67 130~140" Depth
recordings with microelectrodes haie revealed that transection of the specific
proection pathways i the spinal cord induces regular slow waves with a fre
quency of 8~12 waves per second i the parts of the somatosensory areas
SI and SH corresponding to the projection from below the level of the lesion
Surface recordings showed an wncreased spindle activity in the same areas ‘The
slow wave actvity occurs at vanious depths of Nembutal anesthesia There
15 evidence that the appearance of slow waves after interruption of the specsl
1¢ pathwavs 13 a general phenomenon 1n the specific projection cortical ateas.

It has been established with an 1 as well as physiological methods
that certan well defined areas of the cerebral cortex recewve short lateac)
prajections fram speaific afferent systems In the somatosensory areas I an
II the face and body surfaces are represented in an orderly topozraPh‘a!
fashion {Woolsey 1947 Berman 1961) The spinal pathways mediating this
projection consist of the dorsal columns and a pathway ascending in the dof
s0 medsal part of the lateral fumcle first described by Morn (1955) Both these
pathways project upon the contralateraf areas ST and SII as 18 evident from
the cortical potentials evoked by Iight adequate stimuh appiied to the slmﬂ;;

1 of d d penp I nerves (Mark and Stemner 1958, Norrst
and Voorhoeve 1962) and from single unst analysts of the cells n SI1 (Anders
son 1962a) and SI (Andersson and Norrsell unpubhished observations) aAfer
transection of the dorsal columns and the spino cenvieal tract ascending it the
dorso medual part of the lateral fumcle corncal potentials of short Jateac ";
activation of single cells can no longer be obtained in response to nghtadequat
penipheral stimuli or electrical sumuli apphed to the shin of 2 cat ancsthcll»“d
with Nembutal In this type of preparation electrical sumulation of the dtssec -
nerves gives only a small and inconstant cortical response of short laten

130
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{Norrsell and Welpow 1964) Thus it can be expected that an nterruption
of the dorsal columns and of the spmo-cervical tract clmmaates the mamn part
of the afferent flux 1o the cortical eetls i ST and SI1 which have topograph
cally arranged short latency councctsons from the penphery via the spinal
cord In a preliminary report it has been shown that such a leswon results 1 2
change m the slow wave actnvaty m SI and SII namely high soltage slow
waves with a frequency of B—12 per second which appear sn projection areas
with peripheral wmenaton fields sttuated below the level of the fesion {An-
derssan 1962b)

Thus far no systematical stadies have been made aof the EEG actwaty i the
the specific projection areas of the somatosensory cortex after wanscction of
the short latency projection pathways The finding that the spinal pathways
projecting with short fatency are located s the dorsal part of the spmal cord
has provided the opporturaty of aralyzing the effects of selectve Jesions of
these pathways 1 the somatosensory cortex as well as 1 other cortical areas

Methods
The expenments were performerd on adult cats Ether anesthesia was used durmg the
operatony and the ammals were aft ds kept on sodrure butal

Abbot) n sufficent doses to prevent spontaneous movements To prevent refley move
ments 3 neuromuscular bloclng agent galtomonram wevhiodide (Flaxedit May &
Baker L4d ) was guven tn many cxperiments and the arumals were then respurated
artificially wath a pump The rectal temperature of the ammal was kept as cose @
38 € as possible with the 2:d of 2 heaung Famp

Afier lanumectomy the spinal lesions were made exther at the lnvel of Cy—C or i the
lawer thoracic cord wath the aid of fine forceps and a tnocular dissecting microscope
The lesion meluded the dorsal colnmns and the darsal part of the Fateral funseulus b
Laterally Al Tenons were controlled $ 1stologacathy The part of the spinal cord contaang.
the Jewon was fixed 1 10 £ n paraffin and d sepalb at

In most experiments the cortical surface was exposed only over the somatosensory
cortee and the electrical actsvity was recorded with a mucroptpetie filled with 4 M \aCt
solutien and mounted 1n 3 closed chamber (or detaily see Andersson 1962 21 The po-
tental differences between the elocurade Up and & second tead attached to the scalp
weve led through a cathode fallowe s 1w a RC amphfier iGrass 15 and displaved on
a cathode rav osollos ope T ktronix 507 framn which photographac recorty could be
taken on cunming Alm in many cxpeniments an wkwater (\ingograph 24 B was
caupled 1n paraflel with 1h oscilloscope The frequencs sesponse cune of th amphfier
with open filteey has s 1 2 ampl tude 3t 0 1 Hz and 76 AHz fa some experiment the
cortical surface was wid b rxposed the durs was removed and the cirtex was ¢ vered
with a pool of m ne at it at 38 © The cortical act vy wa then recorded with s her
stherchlond  electr sles 1 contact with the sface

The zorucal evoked potent als 6 activity of wngle cell were nduced by per pherat
adegume or tletintal s mulanon Jris of ar a fight bradh pend o a Wum probe
were used as hight adequace tmubt Pinching with a toothed pa af forceps or firm
pressure were regarded as strong sttmuh Short electn al stimul were del ered g the
san w tha pa of needies ns taseck except on the 1 pr
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Fig 1 Osead P mcroe) recording of th ctical activity at a depth
of 1000 below the cortical surlace Extent of spinal cord Iesion a¢ Th, s xndxca):cd hydglgﬁk
area m drawmg befow the records Record A shows activity typicat for the denenated cortet
{huadhimb area of ST} Record B shows the actwvaty i the mnervated cortex {forelimb area of
5§} Inset to the nght are records of the effect of short tactife sumul: to the contralaterat und
paw (A) and ta the contralateral forepaw {B) No cvoked potentsals are obtaned 1o the dener

rated cortee. hegatty upwards

HMaomenclatere The short latency 3pinal pathwav ascending outnde the dorsal columas
tn the dorso-medial pant of the lateral funicle and refaying m the lateral cervical nucleus
will be referred to as the spime-certrcal tract The dorsal colurans and the sprna-ceevical
tract arc denoted spectfic projection pathuazs The parts of cortical areas ST and SI
correspond to the from heral fields below the Jevel of 2 feson m
cluding the dossal columns and the contralateral spino-cervical tract are referred to as
the denervated cortes The parts of the cortex with all the alferent pathways jatact are
termed the mmerated rortex

Resalts

Stow wave actiorly an the denerrated cortex

a General characteristics: The most striking feature of the denervated corfex
15 the appearance of regular slow high voltage waves with a frequency of 8--12
waves per second (Fig 1A} This slow ware acuvity ss regularly obtarned
after wnterruption of the dorsal columns and the spino cervical tract contrd
lateral to the mvestigated hemusphere The slow wase actity © clearly seen
only m microelectrode vecordings at some depth 1n the cortex Only occason
ally regular slow waves different from the activity 1 the nnervated torl&‘h
were observed m surface recordings from the denervated cortex In dept
recordings the wave activity in the denervated cortex i completely differen
from that obtamed under the same conditions of the ammal in the nervat ’
cortex  Depending upon the depth of anesthessa the mnenated cortex ﬂ"‘z
shaw different degrees of wave acuvity but the waves do not have 2 commuon
and regular pattern simular to that of the denervated cortex Under the Ca")’
dstions of the present experiments the LEG of the sanervated cortex mu:u’
shows a fow voltage high frequency (desynchromzed) activity occavon
interrupted by spindies (Fig iB)

The amphtude of the slow waves in ]
neous tanauons with waxung and wamng w 2 smmlar wa

he denerated cartex showed sponi;*
y ay the spindle
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Fig 2 Miscroetectrode yeeordings (ukwriter) from a depth of 800 x below che cartseal surface
s he & nervated cortex (forel b area ol 81 Record A shows the spontancous wave achviry
and the effect of presoare on the spsilateral hundpaw smmedately afier fransection of the specil
se projection pathways at € Infiltration of the Jesion wsth a local anesthrnc did not change the
slow wase actvity ot the ofirct of pressure on the hir dimb (B} Infiltration of the venteal
quadrants with Jocal anesthetic and subsequent spinalizat on aboluh the offect of sumulaton
but dacs oot change she slow wave ety () Black bars mdicate durat on of staulation
“egatv ty downwards

acuwity n the mnenated cartex These amplitude changes were more frequent
in the denenvated than . the imnervated cortex This was partieularhy evident
m simultaneous surface recordings rom the wmnenated and the denervated
cortex

In sore expeniments the speafic prajection pathways were transected dur
wg micro 3 g of the BEEG n regions of SY or 811
ressesponding to the projection fom fields beow the ieved of the mtended
leon The slow continuous wave actnsty typieal of the denervated cartes
appeared 23 soon as the dorsal cotumns and the contralatecal spinorcervial
tract were wmtestupted iFig 2 A) Infiltranon of the spinal cord lesion with a
lacal ancsthene dud not change the slow waves (Fig 2 B ‘The locaf applicanon
of the anesthetrr did not meecfere with the transmission m the ventral spinal
pathways since strong stumuly to peripheral arcas below he Jevel of the lenan
gase a changed EEG pattern The FEG changes mduced by such amulauon
will be desersbed i a following paper  Marders on Nocesell and Welpow 1964
The slow wave acuvity was neither changed when the sentral cord wa Hiocked
by smgection of local anestetses inte the cord oot when the pinxd cord was
vomplewely tran ected Frg 2 (o

b Effects of diflerent depths £ aresthessa The regudir fow wane aconimy mn the
denervated correx v present wader sanou  depths of Nembutal anestheaa
This s dustrated m Fio 3 The vin wave actinin + as recorded e the bund
hmb aces of S1 ar 3 depth of § W04 10 a var v ith Yhe speahiec projecuon path
wave transected 0t O Tig 33 shows the wwe acinn before addmonal
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Fig 3 Slow wave actvity recorded (inkwriter) through a microelectrode at a depth of | 600y

1n the denervated cortex  Effect of changes in the depth of anesthesia Record A shows theacn

aty before anv additional amount of Nembutal was given Records B—E were taken witlh 3

mun smzervals and 2 min before each record was taken 10 mg of \embutal were given1v Pe

cord F taken 90 mun after record E Record G shaws the effect of an additional dose of 10m of
|, Nembutal Negatroty downwards,

“doses of Nembutal were given The anumal did not show any spontancous
morements but reacted to pinching with flexion reflexes and dilatation of the
pupils The successive records B—E show the effect of a total of 40 mg of
Nembutal 1 v 1n doses of 10 mg at 5 run mtervals After only 10 mg of Mhem
butal the amplitude of the waves increased and the frequency decreased (B)
This 1s more pronounced when 20 mg had been given (C) The amphude of
the waves shows spindle hike changes and after 30 mg (D) these large amplitude
spindle waves dormnate the record After 40 mg Nembutal the spindles become
longl and the pindle penods have low voltage actwity (E) The
anmal was then allowed to recotver from the anesthesia and the EEG actiity
was recorded at intervals of 5 mn The activity recovered 1n reversed order
Record F 1s taken 90 mimnutes after the last mjection of Nembutal The contin
uous regular slow wares have returned and are similar to those 11 record B
The last record (G} shows the effect when 10 mg Nembutal 15 gnen 10 the
ammal again The slow waves show farger amplitude and a lower frequency
together with mcreased spindhing sumlar 1o the actvity 1n record C.

¢ Areas showm, rvegular slow ware actrty The pants of the somatose Ty
cortex showing the high soltage regular slow wave activaty descnibed above ’)"
confined to the areas n SI and SHI corresponding to the projection from perpt
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eral fields below the level of the transection of the dorsal columns and the
contralateral spimo-cervical tract 1n the spmal cord Thus nterruption of the
darsal columns and the spino-cervical tract at the level of C,_, grves an appear
ance of slow gh voltage regular waves mn those parts of ST and SII correspond
1ng to the projection from the body and the limbs below the level of the leston
However the face areas of ST and SII show no sigmficant change in the EEG
actiaty If a simular spinal lesion 15 made at low thoracic level the appearance
of slow regular waves 15 confined to the areas in SI and SII corresponding to
the specxﬁc pmjecucn from the hindlumbs
m the y cortex indrcate that the
appear:mcc of slow waves 1s strictly confined to the denervated parts of areas
S1 and SII Inenetype of expennment the cortical projection areas of the contra
lateral hindhimb and forehmb were mapped wrth surface recordings of the post
five negative wave potentials ohtaned m response to a bnef tactile sumulus ap-
plied to theskin After transection of the specific projccuon pathwayseither at low
thoracic or at high cervical level this was repeated It was
regularly found that the lesion abolished tht comcal ‘wate potentials in response
t0 adequate surmult to the parts of the body below the level of the lesson but
there was no change in the response obtamed by stimulauon of penpheral
regions with intact speaific projection pathways As the next stepn these exper
umnents mucroclectsode penetrations were made in the regons of S and SIT
mapped as the hindlimb forelumb and face areas It was found consistently
that the penctrations made 1n cortical areas with intact speafic projection
pathways (forehimb andjor face regions) shoy ed an EEG achwity with smatll
fast wave actwity occasionally interrupted by spindles (Fig 1 B) \licro-
electrode penetrations sn projection areas corresponding to the parts of the
body below the level of the spinal lesion {hindumb andlor forelimb areas) gave
EEC acuwity with slow high voltage waves tvprcal for the denenvated cortex

(Fig 1 A)
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Fig 3 Slow wave acusity recorded (inkwriter) through a microelectrode at a depth of 1 0098
1n the denervated cortex Effect of changes 1n the depth of anesthesia Record A shows the actn,
1y before anv addiional amount of Nembutal was given Records B—F were taken wa
mun intersals and 2 min before each record was taken 10 mg of Nembutal were gneniv Fe
cord F taken 90 min afier record L. Record G shows the effect of an additsonal dos- of 10me of
Nembutal Negatisity downwards

3
“doses of Nembutal were given The ammal did not show any spontancous
movements but reacted to pinching with flexion reflexes and dilatation of the
pupils The successne records B—E show the effect of a total of 40 mg of
Nembutal 1+ 1n doses of 10 mg at 3 mun intervals After only 10 mg of Nem
butal the amplitude of the waves mncreased and the frequency decreased (B)
Thus 1s more pronounced when 20 mg had been gnen (C) The amphtude of
the waves shows spindle like changes and after 30 mg (D) these large amplitude
spindle waves domunate the record After 40 mg \embutal the spindles become
longlasung and the 1nterspindle periods have low voltage actwty (E) The
ammal was then allowed to recover from the ancsthesia and the ECG aetn?h
was recorded at intennals of 5 mun. The activty recovered n reversed order
Rerord F 1s taken 90 munutes after the last myection of Nembutal Theconts?
uous regular slow wates have retumed and are similar to those 1n record B
The last record Gy shows the effect when 10 mg Nembutal 15 gnen © the
animal agam The slow waves show larger amplitude and a lower frequency
together with mereased  pindling similar to the actnaty 1 record G
c. Areas shousng regular slow ware actiaty The parts of the mn\atmiﬂ?c
cortex showing the huzh voltage regular slow wave activity desenbed ‘bme’h
confined to the areas 1n SI and S1I corresponding to the projection from peOIP:
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deeper 1nto the cortex the ampl dtoa at 500—1 000 p
At a depth of 1,500 p the amphtudc 15 reduced and at 1 800—2 000 g no slow
waves could be detected However 1n some penetrations the slow wave activity
was found at depth¢ more than 2,000 y below the surface A considerable stow
wave activity can also appear i the mnervated cortex but the waves are
then much more irregular 1n both amphtude and frequency (Fig o)

11 Actresly of single cells tn the denervated somatosensory cortes

The unit acuvity recorded with a microelectrode in the denervated somato-
sensory cortex 1s quite different from that found 1n the innervated cortex In
the denervated cortex 1 e after transcction of the dorsal columns and the
spino-cervical tract only few umts were spontancously active Most umits
observed showed discharges of injury type probably due to damage of the
cell caused by the electrode since the recorded polcnnals were imnally pos:
uve and occurred 1 bursts with d g amp The sp
active cells had either a low rate of random discharge or wereactiven assoct
aton with the slow high voltage waves Pracucally all the cells of the latter
type discharged n bursts on the most negative part of the waves Some of
the cells fired on the top of c\ery wave regardless of 1ts amphtude Other
units disch d more d n with waves These units are
usually fired only on the largest waves either when the amphtude mereased
1 a spindlelike manner or if the size of the waves increased due to peripheral
stimulation (Andersson Norrsell and VWolpow 1964) In the denervated cortex
no cells could be activated after short latency by light penpheral stumuls

Discussion

The mucroelectrode recordmgs show that a regular slow wase actvty with
the frequency of 8—12 waves per second appears i the somatosensory cortex
after a transection 1n the spinal cord of the specific projection pathways 1 ¢
the dorsal columns and the spio-cervical tract The regular slow waves were
found only below the corucal surface baving 2 maxmum amphtude at a depth
of 500—1 000 i This 18 also the depth where the short latency potential evoked
by a penpheral sumulus has 1ts maximum amplitude when recorded through
a mucroclectrode 1n the mtact cat (L1 Cullen and Ja.per 1956, Intracellular
recordings in the denervated cortex showed cells with large membranc poten
tal f s { And Lundt and Wolpow 1964, and there are good
reasons to believe that the slow waves described here constitute the electrieal
field from large svnchronous membrane potential changes in many cells

The slow wave actmaty appears oals n the cortscal areas in SI and SIY
comresponding to the projecuion areas from parts of the body below the level
of the spinal lesion  Although the LEG actinity shows different degrees of stow
ware actwity with irregular frequencs and spindles depending upon (he deph
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of anesthesia the difference 1n activity between the innervated cortex and the
denervated cortex is very marked This difference could be observed both in
different penetrations of the denervated and innervated cortex mn the same
experiment and m the same penetration on the borderline between innervated
and denervated cortex The difference between innervated and denervated
cortex has been controlled 1n all the expermments in order to make sure that
the recorded slow wave activity in the somatosensory cortexwas a local phenom
enon and not a generalized slow wasve activity due to the anesthesta or the
general condition of the animal Recordings at the cortical surface esther with
the mucroelectrode 1 contact with the pral membrane or with the silver silver
chlonde electrode resting on the corucal surface did not usually show a con
tinuous regular slow wave activaty At this level the EFG was charactenzed
by spindle bursts and low voltage activity 1n the interspindle perrods n both
the denervated and the innervated cortex However the spindle bursts appeared
more frequently i the denervated cortex Sumilar observations were made by
Claes {1939) Roger Rossi and Zirondol (1956) and Ardunt and Hirao (1959)
1 the visual cortex after deaflerentation of the eyes These authors found an
ncrease in spindling with desynck d pindle periods in the projec
tion area Roger et al (1936) found stmlar changes 1n the anditory cortex after
nterruption of the acoustic nerves An increase n the spndle actvsty seems thus to bea
common phenomenon for the spectfic projection cortical aveas after elimnation of the afferent
wflow from the corresponding receptor systems although further expeniments with
depth recording 1n the visual and auditory cortices are required 1n order 0
permit 2 deaisive comparison with the present findings

The 1mportance of sensory umpulses for desynchronization of the EEG was
pomted out by Bremer (1935) who found asleeping pattern with generalized high
voltage slow waves in the FEG 1n the cerveau isole preparation Bremer assured
that the cortical synchronzation was due to deprivation of sensory mflow 10
the cortex This synchromzation 1s even more pronounced after adduuonal
visual denervation (Bizzi and Spencer 1962) Moruzzi and Magoun (1949)
showed that generalized cortical 1 could be obtamed bY
electncal stmulation 1n the reticular formation and postulated that the alert
EEG pattern was due to a tomc activity in the activating ascending rcncu]lﬂ:
system and that a reduction mn this tonic acuwity i the ascending rcnw;
svstem will cause a cortical synchronization In many later investigations e
generalized desynchronizing effects from different parts ox’(hcaax'cxnl’f\‘i‘é'-?;’-‘y;l
ting system have been studied and confirmed (Rosst and Zanchettr 192 {I
15 also well established that sensory i gives nise to EEG desync r;,:
nization (arousal) and there 15 good evidence that ths effect 15 mediated V12
ascepding acttvaung system (Pompeiano and Swett 1962} esson

The main problem raised by the present findings 15 whether the suppr e
of slow waves 1n the mnervated projection areas 1s due to the tonic ﬂéﬂ:‘c{ of
the ascending actvating system In all hikelihood 1t 15 not so the abse
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slow wves beng due to a different mechanssm In the present experimental
conditons generalized cortreal actvation could easly be obtamned 1n the
denervated as well as 1 the mnervated cartex via sentral pathways in response
to strong sumuli These effects are at least partally mediated via a pathway
ascending m the ventral spinal cosd with termmation 1n the brain stem de

seribed by Lundberg and Oscarsson (1962) Stumulation below the level of the
intesruption of the specific projection pathways ehcits a much stronger general

yzed corncal activation than stimulanon above the level of the lesion (Anders

son Norrsell and Wolpow 1964) However 1n a preparation with transection
of the spinal cord except for the dorsal columns 10 generalized cortrcal effects
can be elicited 1n response to peripheral sumulation below the lesion although
Iight stimuli 1n the same peripheral fields give a large evoked potential in the
corucal projection areas and a locahized desynch {And un

published) This mdicates that the speaific projection pathways are not prt

marly mvolved in generalized cortical arousal This 1s further supported by
the scarcity of anatomical connections hetween the medial lemmscus and the
reticular formation (Matzke 1951 Ross: and Brodal 1927 Scheibel and Scherbel
1958 Bowsher 1958)

Thus there 15 strong evid: d that the localized slow wave
actity induced by transection of the speaific projection system 1s not due to
a decrease 1n the tonic activity in the ascending acinating svstemt The problem
of how the impulses 1n the specific projection system can present the appearance
of the slow wayes 1n an area strictly hmited to the field of 1ts cortrcal projection
will be d din a foll g paper (And Norrsell and W olpow 1964)

Th work was supported by 2 grant feom the Swedish \fedical Rescarch Counail Fechn cal
2 tance was g en by Mr E Eide and Afiss Ana Christine Johnsson
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From the Department of Physology Umnersity of Goteborg Sweden

Intracellular Slow Wave Potentials i the
Somatosensory Area of Cat
By
S A Anpersson A Luxoerre and E R. Worrow
Rece 1ed 9 October 1963

Abstract

Avozasson § Av A Lovossas and B R Wourow [t ac fdor sl s ¢

entials n the somatosensory @ a f cat Acta physiol scand. 1964 67 131—143
feacelliiar. ccconbungs trom cells 1 e hres sammatsscnsa 3 scea of the
cerebral cortex have beca made i cats n whieh th spual pathwavs p ajeet
ing to this arca ha e been transected There are large thvthm ¢ membrane

poiennal changes wh ¢h correspond to the cviraccliularly reco ded slow
waves

Expenments with mu-accllu!ar recordings from cortical cells have given
vatuable sl g the of costical and the
synapuc achions cwkcd n thcm (Phx)hp: 1929 Lia 1961 Kandel Spencer and
Bunley 1961) Honever less atiention has been gnen to the ongin of the
slow waves that can be recorded from the surface and from the depth of the
cortex It has recently been shown that  the somatic sensory areas sery large
slow wave activity 1 induced by of the spinal path
to these areas {Andersson 1962 \ndersson and Wolpow 1964) \n cxccllcm
opportunity 1s hereby offered to mvesugate 1n more detaid the cellular mecha
nism of the slow wave activity In the pmcm prelminary report 1t will be

shown that there are patential changes in cortical
cells

Methods

Experuments were performed on cats hightly anestheuzed with pentobarbitone sodium
The skult was opened 10 expase the first somatosensory area. Lanuncctomy was made
10 the mid thoracic region and the dorsal columns and the dorsal part of the lateral
funicul transected  Conventional glass capillary mucroclectrodes flled with 3 M AQ
swhution with a resistance of approx mateh 3 M werc used for serording A closed
chamber svstem was used to mumize movements A chamber was attached to the scalp

14}
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Fig 1 Intracellular recording from a cell an the first omatosensory area The spike discharges
m A were taken at the lower amplification a few seconds after the impalement The conse
cunye records B—D were taken about 1 run afters ards and amphification 1s indicated by the
5mV calibration belaw record A Record E and F taken after withdrawal of the microelectrode
to an cxtracellullar position E at the amphification used 1 B—D and ! at the higher amplt
fication shown below D

filled with 09 %, saline and covered with a glass disc through which the mucroelectrode
was mserted The lator carryng the electrod ofless than |
mucrone The time constant of the recording amplifier was 0 8 sec and a DG amphfier
m parallel was used to measure resting membrane potentials

Results

Intracellular recordings were made from 19 cells 1n the hindhmb area of
SI after transection of the spinal specific projection pathways No intracellular
recordings were made 1n other cortical areas The mean value of the resing
membrane potential was 35 mV In 7 of the cells rhythmical membrane poten
tial changes were observed as 1llustrated 1n Fag 1 After impalement the cell
mtially discharged violently mn bursts as seen 1n record A The discharge
ceased after 30 sec and there remamed slow potential fluctuations wiuch are
shown at higher amplifi 1 three recards (B—D) The mem
brane potential was 40 mV when records B—D were tahen The amphtude of
the potential fluctuations 1n B—D often exceeds 10 mV and the mean fre
quency 15 10 5/sec In other cells with somewhat lower resting potential the
amplitude of the slow waves had about the same percentage relauonship with
the membrane potential as was found with the cell of F1ig 1 On the most
positive part of these waves mregular potentials were frequently scen After
withdrawal of the microelectrode to a posttion just outside the cell hardly 217

P | £l could be ted at the low amphfication used for the
ntracellular recording (record E) This shows that effects mn B—D a:c (mr;s
i At ‘mgher amp! of eemacdivdia the

P
slow waves were seen (record F)

It seems Likely that the slow waves consist of rhythmucally occurring R
naptic potentials An attempt was made toanalyzenhibitory andc(um‘i‘:z
contributions by employing passage of current through the recording m! .
electrode The results were undecisive since a simultancous extracellular

The expected action of a hyperpolanzing PSP would

as not made
cording w: " to the curd

be a phase reversal of the membrane potential changes relaty
cellular field potenual
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Discassion

The present mtracellular recording from cortical cells reveals that correspond
1ng to the slow wave activity recorded m the somatosensory areas after tran
section of the speafic projection spmal pathways there are slow membrane
potential changes m cortical cells The relatively Jow membrane resting po-
tentsal found n many cells 1s probably due to some damage to the cells caused
b, the mucraclectrode This seems not to have mnterfered seriously with the
function The resting potential was usually stable and the rhythmucal potennal
fl d t g the recordings

The amplitude of the potential changes may be as large as 30 % of the resting
potential It seems hikely that the slow waves are caused by synaptic bombard
ment Ths idea 15 also supported by the occurrence of small potential fluctu
anons on the posttne part of the waves (Fig 1 B—D) The source of this
synaptic action 15 unknown but 1t may be a subcortical pacemaker An attempt
to disclose 1f mhibitory actions contnibute was not successful but 1n further

the lular p 1 field will be used as reference Long
lasting mhibitory actiop has been found in cortical cells (Albe Fessard and
Buser 1953 Albe Fessard 1960 Phulips 1959 handel Spencer and Brnley
1961} It 1s Likely that wnlubitory actons contnbute to the alpba rhythm as
suggested by Andersen and Eccles {1962) If so the potential vanations m
cells with normal membrane potentials probably are not as large as those
described abote since the de of the whibitory postsynaptic potential
increases at low membsane potentials (Coombs Eccles and Fatt 1955)

This wo %t as suppor_d by a grant from the Swedish Med cal Re
3 nstanes s gNEn oy Nie B Eude 2nd e Aun Chavt ne Jobnmm Counctl Techmeal
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Py 1 C 1 de d n the de ted forehimb arca of SI in cat
uoder Tight Nembutal anesthesia Effects of pressure on the contralateral hindlimb Honzontal
line indicates the duration of the stimulation Note the increase 1n frequency amplitude and
regulanity of the slow waves Note also action potentials from single cells on the negative summt
of the waves Negativity upwards

Results

1 Cortical ¢ffects obtamed t1a tentral spimal pathways

A Effects on the slow ware actinly wn the denervated cortex The spontaneous EEG
activity 1n the parts of the somato sensory areas I and 11 corresponding to the
prajection from peripheral fields below the level of a spinal lesion interrupting
the speafic p path 1 d d by high voltage slow waves of 2
frequency of 8—I2fsec {(Andersson and Wolpow 1964) The amplitude of the
waves 15 frequently rather constant but may show variations sumilar to the
spindle activity 1n the surface recorcdings of the EEG Varous sumul apphed
below the spinal lesion changed the slow wave activity to greater regulanty
"lugher frequency and usually also larger amplitude (Fig 1) There was a
rather long latency n the onset of these cffccts The changes wn the aciviy
outlasted the duration of the 1 for a derable time
the resing activity did not return within a minute after the cessauon of the

stimulus of
The changes 1n the sfow wave activity could be induced by vanaus types
1

peopheral sumuli The ly used was pinching of the skin In
some expennments muscles on the thigh were exposed and squeezing of the
muscles was as effective In changing the wave activity as skin sumult Forc
movements of jomts or radiating heat were also effective in changing the cortscal
activity On the other hand light sumul such as brushing of the hair, yets @
air or gentle movements of jonts were usually neffective

Stimuli of the above mentioned types were not equally effective 1 changing
the slow wave actiity when apphied to different parts of the body bclo\;”lg'
tevel of the leston It was usually found that sumulation i the part of the “Y
corresponding to the projecuion area in which the mcrociectrode pﬂ\““::z"
was performed was most effecve Thus in a preparation with tra:s;d
of the speaific projection pathways at O, the slow wave activty 10
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Fig. 2 Mcroele trode recordings {inkwniter) n denervated handimb area i SI showing the
effeets of pinching the skin of lhg:p(sdatcml ‘handlimb at different depths of Nembutal ancsthe
sia Record A shows the mncrease 1n frequency and decrease sa amphitudenducedn cryl ght
anesth sia Shortly before taking record B 10 mo of Nembutal was grven 1 v The same stimujus
now mnduces an screase m the amplitude of the waves Honzontal hnes mdicate duration of
sumulation Negativity downwards

during a ] de p of the hindhmb area of SI or SII was

most effecuvely changed from the hindlimbs In most expeniments the best
was ot d from the 1 side but ipsilateral )

was also effective. In some exp 1 on the 1psil 1 side was

as effective as th+t onthe Iside S 1t of the limbs also

duced changes in the slow waves but this activation was usually less pronounced

and of shorter d 1f the levtrode p was perf

the forehmb area of SI or SII the best was ob d by it

of the ¢ 1 and 1psil Limbs but 1 of the hindhimb:

was also effective No strct topographical relation was found between the
penipheral fields giving changed wave activity and the location of the mucro-
clectrode penetration
The cortical effects obtamed via the ventral pathways were very scnsinve
to the depth of anesthesia It was necessary to allow at least 2 hours for the
ammal to recover from the ether anesthesta Duning this ume successne doses
of 5—10 mg Nembutal were admmnistered 1V to prevent spontaneous move
ments As the ether anesthesia gradually wore off and the anmal became hghtly
h d with butal ) below the lesion started to be ef
fective 1 changing the slow wave acuvity Atacertam depth of anesthesia the
sumulus gave an mcrease both 1n the frequency and the amphtude of the waves
sometimes lasting for more than 1 mn after the cessation of the sumulation
(Fig 1} At thus anesthetic level the frequency did not exceed 15 waves per
sec duning the shmulavon These effects were usually found 3—4 hours after
the adminitration of ether had been discontinued During this period the am
mal had been given a total amount of 15—20 mg kg of \embutal If the anes-
thesia was allowed to become sull ighter the mcrease 1n frequency was even
more marked At this lighter anesthetic level there was frequently a decrease
1 the amplitude and simultaneously an increase 1n the frequency of the waves
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{Fig 2 A) The upper hmut for the wave frequency seems to be 17—18 waves
per sec and 1s found only in very light anesthesia In a few nstances of such
Light anesthesta the stumulation gave a longlastung desynchromzation of the
waves In these cases the mual effect of sumulation was an mcrea.e 1 the
frequency of the waves and a gradual decrease in amplitude After a few seconds
of sumulation the EI G was char: d by hgh freq y, low voltage
actiiity The desynchromzation outlasted the duration of the stunulus but
the regular slow waves reappeared when the ammal was left alone When
5—10 mg of Nembutal now was given to the animal the usual effect of sumula
tion was found 1 e increase in both amphtude and frequency After even
further doses of Nembutal the change in the wave activity became more short
lasting and was manly an increase 1n the amphtude of the waves (Fig 2 B)
The stimulation had usually no effect at all when an additional 10—15 mg
dose of Nembutal had betn given at the anesthetic level with maxumum effects
of 1 on both amplitude and freq) y of the waves mentioned

above
B Effects on sin le cells i the denervated cortex As described previously (in

dersson and Wolpow 1964) the cells 1n the denervated somato sensory cortex
had a low rate of spontaneous activity Many of the cells fired on the most
negative part of the waves other cells did not discharge 1n relation to the
wave activity The effect of a strong sumulus appled below the lesion was
usually excitatory with an increase in the frequency Units discharging sponta
neously at irregular mtervals frequently appeared on the summt of every
{vave (Fig 1) Simultaneously other cells not discharging 1n the unstimulated
ammal also started to fire The excitation of other cells dunng the stmulation
was evident from differences in spike amphtudes The mcreased probability
of firing on the waves was found both 1n connection with ncreased sze of
the waves due to the strmulation and when the wave amphtude increased
spontaneously 1n a spindle like manner The actvation of single celfs outlasted
the duration of the stimulus similarly as the increased wave amplitude {Fig 1
Cells spontaneously active without relation to the waves were ustally also
exaited by the pertpheral snmulus but most of these cells fired without relation
to any particular part of the waves also during sumulation It was obsert o
1n many expersments that a change 1n anesthesia could change the pattern .
the cell activity As described above the waves were usually decreased lln “dz-
during light anesthesia m response to shmulation and increased 1n amp! ‘t:.n
duning \| mn hat deeper h In some nstances It bt
observed that a cell discharging without relation to the waves nCllhﬂ;‘ SP‘:;‘“
neously nor during sumulation Ch?;zguil:a ﬁ;!ng synchronously with the
njection of 2 small amount of Nembutal

ansc:ch cells 1n the denervated cortex were inhibited ij sun:ulal'l.m: i’;’s“:
the level of the lesion Also the ihubitory effect autl !hcd o ey
stimulus Some of the cells which could be nhibited discharged spol

'
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Fg 3 Microel ctrode record ng of a cell 1n the forelimb area of Sl an a preparation wth transec
tion of the dorsal half of the spinat cord at the level of Th A graph of action potentuals plotted
aganst e me n response to pinching of the contralat al lundlimb Note that the { equency has
not yet ¢ turned to rest ng level 30 sec afier cessation of the sttmulus B escillographic record
of the discharge of the same wnit show ng the response to a get of air to a small rec ptive ficld in
the cont alateral foreloot Negati ty upwa ds

onizo 1al lmes ind cate duranon of nmnlat on

on the summt of the waves and a decrease i the wave amplitude or the abol
ishment of waves 1n yesponse to stmulation decreased the actwity in these
cells

The receptive fields were very large for the cells activated 1n the denervated
somato sensory cortex from below the level of the lesion Most of these cells
were actnated or mnhibited from the entire body below the level of the lesion
It must be emphasized that no units were found which were actnated or m
tubited from a small contralateral or 1psilateral area after interruption of the
dorsal columns and the spino cervical tract However for many cells the strongest
eflect was obtamed from the imb corresponding to the speafic projection to
that part of areas S1 or SIT where the cell actvaty was recorded Other cells
were nfluenced as effectively from the ipsilateral as from the contralateral
side and some cells showed the strongest activation when the ipsilateral side
was sumulated

C Lffect on the EEG tn the innervated cortex There was a remarkable differ
ence m the effect of a strong stmulation below the level of the spwal tansee
tion of the specific projection pathways on the EEC acuvity in the denervated
and 1 the nnenvated cortex The sime type of sumulanon that gate rise to
the slow Wwave actnaty an the denervated cortex as described above induced an
ncreased frequency of low voliage actnaty (dessnchromzauon an the surround
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Fig 4 Microelectrode recording of the slow wave activaty 1n the forehimb arez of 811 The dorsal
half and the contralateral ventral quadrant of the spual cord were transected at the Jevel of
A effects of efectrical sumulation 1n descending direction of the dusected contralateral
yentral Quadrant (#V 10usec 300/scc) B cffects of pinching the skus of the wslzteral fund
lumb C, effects of pinching the shin of the contralateral undlimb
Horizontal lines indicate duration of strmulation Negatwity upwards

g mnenated cortex This effect 1s quite simylar to the LLG arousal reaction
commonly observed i response to ictvating stmul the desynchromzng
effect 15 found n large cortical areas with suppression of the spindle actity
for 4 considerable ime Contrary to the local desynchrontzation found m the
somatosensory cortex and elicited only from contralateral fields after a partial
transection of the speaific projection pathways described below the desyn
chronizing effect in the innervated cortex 1s obtasmed from both sides of the
ammal helow the lesel of the lesion In some experiments n which the anes
 thesia was parucularly light strong stimuli above the Jesion could also gnve
generalized suppression of the spindle actnaty i the mnervated cortex
D Effects on single cells in the wmervated cortex The effect on single cells m the
mnervated cortex of peripheral stimulation below the level of an interruption
of the specihc pathways has been studied most earefully in the forelimb areas
of SI and SII In some expenments the effects have been studied i the auds
torv cortex and 1n the association cortex as well So far the visual corteX
has not been nvestigated
The large majonty of cells obtained 1n a microelectrode penetration i the
somatosensory cortex 1n an amimal with intact spmal pathways is characte?
1zed by specsfiaity with regard to place and modality of the peripheral stmaubus
Afier transection of the speaific prajection pathways the effects of sumulaton
above the leston were unchanged If for example the spinal lesion was mace
at Thy, the cells found 1 penetrations n parts of S1 or SII corresponding }‘l;;
the forehmb were stll acuvated from small contralateral sk fields (Fig Sm
ar from arcumscnpt subcutaneous areas In ST umis actnated by glt" .
movements of jomts were also found However 1t was found that a \cf‘)‘ﬁ"gn
number of these cells also could be actisated from below the level o(f!'lhfn?:wd
by strong stunult of the same type as those actnating cells mb\hcl C,:‘cd o
cortex Sumularly as i the denervated cortey this effect could be ¢lic
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Fig 5 “herrlectrode rtcordmn m the § ind mb lrgum of 81 how ns; he effect of 9yl
apphed n dillerent p 2 helds b 2 of tre dorsal cotumns at
¢ See the text A the eﬂ'zﬂ of x,gm brushing on the wnmhmal hindpaw B the effect af

pwchirg the comralatecal hindgaw €, the effect n( light Brushing on the spsateral hund
paw B the effect of pinch ng the conlra)zma! forepa

Horzontal lines ind cate duration of stimulatton I\cgan 2ty upwards

large bilateral fields Further the effect outlasted the duration of the snmulus
(Fig 3 A} Recardings from cells 1n the auvditory cortex gave corresponding
results Cells acurvated by sound or by chick sumulaton after a short latency
could also be nfluenced by strong stmuh from below the spreal lesion Cells
in the association cortex were usually not influenced by Iight stimuh but mam
cells were strongly affected b, sumulation below the level of the lesion
Tdenitspeation of a ventral spinel patha gy rediating ihe cortical effects Lundberg
and Qscarsson /1862 have sdentsfied too ascending pathwass in the ventral
spinal cord both actisated by stmul ehaitng the flexion reflex One of these
pathways iabelled bVFRT by Lundberg and Oscarsson 1362) 13 a spmobulbar
pathway actnated from large bilateral receptne fields In additon this
pathway recenes a strong monosynaptic actnaton from a descending ventral
pathway (Lundberg and Oscarsson 1962} In the present senes of expenments
one of the ventral pathuays mediating the cortical effect sn respornse to sum
ulation could be id 4 m the foll g type of exp The dorsal
columns and the dorsal part of the lateral fumicles were transecuoned at Jov
thoracic level and the remaming ventral half of the cord was divided longs
tudiaally One of the ventral quadrants was cut provmally and sumvlated 15
descending durection with electrical pulses wath 2 duranon f 10usec and 2
frequency of 100300 per sec This sumulation acmated very effectneh the
BVFRT ascending in the intact ventrat quadrant I undberg and Oscamsson

%2, Electrical sumulation wm descending direction of he dissected ventral
d gae an werea:

of the low reqular © aves in the de
nmau—d cortex with a latencs of less than 100 mec Fiz + A This short
lateney mdicates that the effects are duc to actnauon of a cending pinal path
wavs 1t 1 unhkely that sventual co stmular a of aut nomic fihees descendung

w the rentral qu:\dmm wauld have caued the changed cocheal actnin by
Lt dultacy
of y
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Fig 6 Microclectrode recordings m the bindlimb area of SI showing the effects of light con
tinuous L m receptive ficlds 1n a preparation with transection

of the dorsal columns at ¢ See the text
Harzontal lines mdicate duration of strmulation Negatwity upwards

The effects obtamed by electrical sumulation i descending direction were
almost identical with those found by pinching 1n 2 hilateral receptive field below
the level of the lesion (Fig 4B and C)

11 Cortical effects obtaned after a partial lesion of the specific projection pathuays
In these experiments either the dorsal columns have been nterrupted or
the dorsal columns and most of the spino-cervical tracts have been transccted
but with an ncomplete lesion of the contralateral spino cervical tract The
ventral quadrants were intact 1n all these experiments The effects obtaiard 1n
the partally denervated cortex i response to stumulation below the Jevel of the
iesion were more vanable than those found after mterruption of both thespeal
1c projection pathways
yA Transection of only the dorsal columns Transectuion of the dorsal columns
.~induces a slow wave activsty 1n the hindhmb area of SI but no sigmificant changes
'~ arc found 1 the forelmb arca of SI or mn area $II (Andersson and Morrsell
1964 unpublshed) Fig 5 illustrates the effects of different peripheral stmuh on
the EEG in a penetration 1n the hindhmb area of SI The dorsal columns were
cutat C, In this penetration no cells acuvated by ight stmuli were found butan
evoked potential of short latency was obtamed n response to electrical stimula
tion of the 1. 1 hndp The sp LEG showed a large
wave activity with a frequency of 10 waves per second In Fig 5 record A the
c | 1 hindpaw was lated by hght brushing There 15 a clear cut
desynchronization of the large waves at the onset of stimulauon but the wase
activity returns shortly before the cessation of the sumulation In record €
sumilar stmulation was applied to the ipsilateral hindpaw without any sign!
Lcant effect on the slow waves Pinching of the contralateral hindhmb )
gnes an strong desy but during the sumulation the
slow wase activity returns The amplitude 1s decreased and the frcq“f"“il
increased The frequency and the amplhitude did not return to the resting Jve

ar sumulus apphed to the ipsilateral hindhimb (D) o7
glasung

within 30 secc A simil
the contralateral forehmb (E) pave no desynchromzation but 2 lony ¢
decrease 1n amplitude and an crease mn the frequency of the waves In 50
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Fg 7 \heroelectrode recordimgs from the forelumib area of SI 1n a preparat on with transe uon
of the dorsal columns and most of the contralateral spino-cenical tract at G, showng the
effect of va tous penpheral sumuli A hght brushing on the contralateral forepaw B clectneal
sumulation of the contralateral forepas {150V 0 1 msec 9afsect C pinching the shin of the
contralateral forepaw D pressurc on exposed muscles above the elbow tn the contralateral
forelimb E hght brushung on the Jateral forepaw afte complete f the contra
lateral spmo-cervical tract

Horwzontal hines indicate duration of sumulation Negatrity upwards

penetrations hght sumul: apphed to the contralateral hindlimb gave activa
tion of single cells and simultaneous desynchromzation of the waves during
the sumulation (Fig 6 A) In other penetrations in the hindhimb area of SI
the sp EEG was desynch d Insuchp Dight shmula
tion of the contralateral hindhimb 1nduced a low voltage hugh frequency actvaty
and cell actvation (Fig 6B)

B Transection of the dorsal columns and most of the spino cervical tract Interruption
of the dorsal columns and most of the spino-cervical tract causes the appearance
of slow wave activity m both SI and SII 1n areas corresponding to the projec
ton from the level below the lesion As mdication that there still was a func
tional connection through the spino-cervical tract the evoked short latency
potential has been used together with histological examunation 1n senal sections
of the parts of the spmal cord containing the lestons The transechons of the
dorsal columns and of the spno-cenvcal tract were made at slightly different
levels The short latency potential exvaked from below the lesion was usually
reduced m amphitude by the lesion of the spino-cervical tract but the latency
was unchanged The effect of penipheral sumulanon of the EEG actvity 1s
dlustrated 1 Fig 7 The mucroelectrode penetration was made 1n the forehmb
area of SI No cells actuvated by light sumuls to the contralateral forelimb were
found in this penetration However light bruhing of the contralateral forepaw
gnve an 1mtial desynchromization of the wave activity but the slow waves re
turned during the sumulauon (Fig 7 A} Electneal sumulauon of the skinn
the same paw had a similar effect /B) Strong sumulaton  pinching: m the
same area gave an imnal desypchronmization but during the sumulauon the
waves returned with an increased frequency € Pressure on muscles in the

1 1 forelimb gave 4 frequencs of the s aves without any intual
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desynchromzation (D) An increise in the frequency was obtamed also by
pinching the spsdateral forehmb and the hndlimbs (not illustrated) The con
tralateral spino cervical tract was then transected completely The effect of
brushing on the contralateral forepaw after this lesion 15 shown n Fig 7E
The wave actvity 15 unchanged during the stimulation Pinching the contra
lateral forepaw gave increascd frequency of the waves without any imtial
desynchromzation The effects of strong stimuli in other areas were unchanged
compared with the effects before the complete transection of the spino cervieal
tract

Discussicn

A transection of the dorsal part of the spmal cord mterrupting the specific
projection pathways abolishes completely the short latency cortical potentials
evoked by adequate or electrical peripheral stimulation of the skn of 2 cat
anesthetized with Nembutal (Norrsell and Voorhoeve 1962, Andersson 1962a)
The strong generalized cortical effects found 1 this investiyation must thus
be mediated via pathways located 1 the remaining intact ventral quadrants
It has been possible to 1dentfy one ventral spinal pathway mediating the cortt
cal effects namely the bilateral ventral flexor reflex tract (bVFRT) of Lundberg
and Oscarsson (1962) Neurones of this tract are polysynaptically activated from
bilateral fields by the flexor reflex afferents (FRA) group I and group 111
muscle afferents cutaneous and high threshold joint afferents The pathway
terminates an the Jower brain stem in the region of the lateral reticular forma

/uon The type of stimult giving the above mentioned cortical effects would

guve strong actwation of the BVFRT pinching or heating of the skin prcssu{lf
or massage of muscles and forced joint movements The transmussion to bVFR'
1 under a strong inhibitory control of a descending pathway located m the
dorsal part of the lateral funicle This pathway will be transected s:mulmntd
ously with interruption of the spino cervical tracts (Holmqvist Lundberg an
Oscarsson 1960) Stmulation of the FRA below the level of the spinal leston
will consequently give 2 much more effective activation of the bVIRT tlw;
stmulation 1n pertpheral fields above the lesion where the nhibaitory conl\:
15 mntact The abolished wnhib of the from the FRA to m;fn t
g pathways 1s 1n all likehhood the reason for the difference 1n cortical effed
obtaned by stmular sumul above and below the level of the lesion o
Stumulation below the level of a spinal lesion anterrupung the speafic P‘he
Jection pathways results 1n a generalized change 1n the coruical activity bu;(
effect 1 the denenated cortex 1s different from that found m the xnnclr\s"ng
cortex At a suitable depth of anesthesia a strong stmulus gives a Io:g; i
sncrease m amphtude and frequency of the regular slow wave aC;ma ‘l’;ollsbfd
denervated somatosensory areas but a desynchromzation wit 1;‘:!““) Dr
spindle activity and mcreased low voltage and Jugh frequency
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simular duration m other pacts of the cortex In the unanesthenzed preparation
g hzed cortical d 15 easly ob d m response abo to
hght sumul and high freg electrical L of alferent nerves
{Pomperanc and Swett 1962b) but mn the Nembutabzed ammal wed mn the
present mvestigation no generalized corucal effect could be ehated in response
to hight stimult exther aboyve or below the level of the lesion The anesthesa 1n

creases the threshold for arousal aud it 1s necessary fo use massne actnation
of the FRA m order to obtaw the cortical arousal reaction It 18 not hlely
that the absence of generalized arousal in esponse 10 hight stunub below the
leve] of the lesion 1s due to the mtercupnion of the speaific prajection pathwavs

since for the following reasons 1t 15 unhkely that these pathwavs play anv
important role w these generalized effects 1) There 1s no anatonucal evdence
that fibres ascending in the medial lemniscus termmaie or have collateral
connections 1o the rencular formauon (Matzke 1851 Rosa and Brodal 1957

Bawsher 1938) 2} The effects mediated via the dorsal columns 1 a preparation
with all other pathways 1nterrupted are not generahzed but independent of
the mtenssty of shroufauon are confined to those parts of the somato-sensory

cortex which correspond to the Jated penpheral atea {And un
pubhiched)

There are good reasons to assume that the effects mediated via veniral
pathways and grang \! cortical with desynch w

the innervated cortex and wave actvation in the denervated cortex are mediated
via the same afferent system 1) Both types of cortical effects are ehated by the
same type of stmnlation below the fevel of the spinal lesson 23 The acmation
of waves in the denenvated cortex and the desynchronization in the tinenated
cortex hane a stmular duration and oudast the duration of the sumutus 3) Both

<ffects have a sumular sensstinty to anesthesia 4) In some mstances with the
ammal very hghdy B d can sduce a desvny
also in the denenvated cortex

The corucal effects mediated via the ventral spinal cord are m all likelthood
wentical with the arousal ph iy described by Moruzz and

Magoun {1949) These zathors found a generalized desvachronzanon m
response to electneal ! af the v

woular The corucal arousal
reachon obtamed from this area 15 mediated via the ascending acinaung

system (for references see Jasper 1960) It has been assuracd thas this system
refays i the stralaminar thalame nucler and 2 generalized corneal acina
uon can be abinned abo from these nucle by electnical sumulaton at fwgh
frequency  Although the actnating effects ehiated wia the ascendsng actnaung
system are generahized there are some treads of topographical orginszation
iJasper “\aquet and hung 1926) \n mdicanon of a topegraphical arrange
ment was also found i the effects mediaed vin the veatral pathn avs i the
present exp: Thus 1 of the comralareral lemb o

to the location of the recorded stow wave a i wuath gace the most ef
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fective activation of the slow waves although the general rule was that the
differences m effect between different sumulated ficlds below a complete
leston of the specific projection pathways were only

Electrical stumul with low freq y within the ascending activating
system can also give synchronized cortical activity 1 e the recrutting response
This synch 18 a lized cortrcal ph Thus type of ac
tivity 15 ob d in to electrical 1 1 thalamic nucles {for

it
references see Spencer and Brookbart 1961) It has later been found that
simular cortical acuvity can be obtained by sumulation in the lower bram
stem (Magnes, Moruzzi and Pomperano 1961 Tavale et al 1961) and by
stimulation of penipheral necrves (Pompeiano and Swett 19622 1962h) It
has not been possible however to find any nervous structure from which only
a cortical synchronizing effect can be ehated Increase of the frequency of the
stmulation always changes the resp nto desynchr {arousal) It
15 nteresting that the maximum frequency of the waves i the denervated
cortex during peripheral sumulation 15 1n the same range as the maxmum
frequency of synchronized wave activity that can be obtained with clectrical
sumulanon of peripheral nerves or of the ascending reticular systerm Thr
indicates that the low frequency electrical latton gives 1 actwity
of a temporal pattern that can ent the p k } bl
for slow waves When the sumulation rate exceeds a cnitical level the t
pattern of the neuronal activity will be changed and the pacemaker mechanism
cannot exert 1ts synch g action Adequate peripheral I will
act the same way as high freq; y electrical ! The wave
; obtaned 1n the denervated cortex suggests cither that the effect of the ascending
- actvating system upon the pacemaker mechamsm has been changed by the
transecuon of the speafic projection system or that duc to the cortical state
the p L has 2 diffe effect on the cortex The leson in the
spnal cord does not 1 stsell prevent the generalized desynchrontang effeets
cliated by penpheral nerve stimulaton (Pompesano and Swett 19622)
The importance of the impulses 10 the specific projection system for the
desynchronization 1n 1its cortical projection area 15 clearly 1lustrated 1n the ex
penments with partial transection of the spectfic projection pathways It was

that the slow wave activity was morc or less desy nchmmzcdn;
erd!

i
emporal

regularly found
areas of SI and SII by hight sttmuli applied to the correspondiny, contralit

penpheral field This effect was sstmilar 11 duration to the sumulauon and (hlc
slow waves app d diately when the il cesed Strong :J‘H"“’
apphed to the same field gavc a desynchronizing cffect iually but ‘ un:!j
prolonged sumulation the regular slow waves returned gradually and s| m":o_
an ancreased frequency Stmuli to other penipheral ficlds gave no desynchre

ly al @

nizing effect Instead the slow waves increased in frequency and commo! )uﬁc
with complete transcction of the spee ¥

d only a smal

in amplitude similar to preg
projection system In preparations with cut dorsal columns an:
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fraction of the contralateral spino cervical tract intact the imtial desynchro
mizing and the following slow wave actnating effect was very stnking The
desynch effect 15 probably due to quickly adapting fibres After
transection of the remaiming part of the speafic projection pathways no de
synchromzing effect could be eheted

It has been generally supposed that cortical desynchronization s due to the
tomc activaty in the d tivatng system (Pomp and Swett 1962a)
“The present findings indicate that the specific projecuon system 15 abo m
portant 1 preventing slow wave actity not by collateral effects on the actt
vaung system but via a different mechamsm It 1s evident that impulses in the
specific projection system are capable of preventing the localized slow wate
actvity Thcre are at least two possibilities for such an effect 1) Inhibition
ofap at thalamc level supposed] ble for the
slow waves in the denenvated cortex Synchromzing as well as dcsynchromzmg
cortical effects can be elicited from the imtralamnar thalamic nucler These
effects are hized although there 15 a tend to shical
ton An mhibitory effect on a pacemaker i the mtral.xmmar nuclcl as the
explanation for the absence of slow wave activity 1n the nmervated cortex
would probably require inhibition of cells m these nucler by mmpulses m the
speafic Although such b has been reported 1t
does not seem to be common (Albe Fessard and hruger 1962) It should also
be noted that the slow waves in the denervated cortex appear to be very
Iocalized not only with regard to the forehmb and hindbmb areas but also to
regrons within the hindlimb area of SI after transection of the dorsal columns
Such a localized release cannot be explaned on the basis of our present
)X ledge of the of the g system 2) The slow
wave activily 15 prevented 1n the innervated cortex by an effect of the speafic
projection system on neuronal clements at a cortical level Such an explanation
would fit with the strict localizaton of the appearance of slow wasves The
speafic pray systern 1s top hicall d 1n its cortical projection
and of thc hways would abolish the transmusston
to the coruml area corresponding to the projection from below the lesion

This hypothesis can al 6 explain why stimulation of the speaific projection system
gives a desynch 1n the pond

cortical arca after a partal lesion

Th 4 work was supported by a grant from the Swed h \Med cal Resea ch Counail Technucal
ass tance was piven by Mr E Exd and Miss Ann Christ ne fohnsse n
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Vasoconstrictor Actson of Acetylcholine on
Kidney Blood Vessels
By
A Astrov J Craroorp and U SaMELIUs BROBERG

Recer d 12 October 1963

Abstract

Asteow A ] CraroorD and U Saserwus Brosera basoconstrutor act on
of a etylcholt  ¢n kidney blood vessels Acta physiol scand 1964 61 1.9-—164
Changes in the renal vascular resistance of cats and dogs have been studied
employing a constant flow perfusion techn que Close intraartenial inject ons
of acenylcholne 11 large doses usually greatly t crease resistance Th s effect
1 enbanced by nevstigmint and abolshed by awopme It 15 not sbohshed
by ganglonic blockade adrenolyt ¢ agents or b ctreatment of the anmals
with reserp ne The cffect has been obsernved in kidneys with ntact nerve
supply as well as after denervat on. When the action of acetylcholine 1 tested
dunng an mfusio | of 1 docaine nta the cnal artery the response 1. shghtly
reduced The mechamsm of act on s discussed and 1t s conclud: n this

actten of ! s du
muscle

the to adirect
acton on the vascular smooth

Although acetylcholne ACh as a rule dilates penpheral vessels avasocon
strictor action has also been observed tn several vascular regions ¢ g the pul
monary and coehac venous beds (for references see Furchgott 1955) the pla
cental vessels (Ueda 1931 Fuler 1838) and the vessels of the ssolated rabbst
car {Burn and Robimson 1931 hottegoda 1933)

During ¢ study of the influence of vasoactive agents on the kidnev sessels
of the cat st was found that 1n large doses ACh often produced 2 vasoconstric
tion In the present imvestigation this action has been analyzed with parucular
attenyon directed towards the possibilsty that the constnc tor action of AChmight

result from an indirect action ¢ g through the release of catecholamines
(lottegoda 1953 Burn and Rand 1959)

159
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Methods

Cats were anesthetized with intrapentoneal sodwm pentobarbital 35 mg/kg The
left kidney was approached through a mudline abdorminal ncision and the renal artery
cannulated near the aorta with a polyethylene catheter The other end of this catheter
wat inserted into the right femoral artery A pump was included 1n the artenal Joop thus

d I were made nto an external jugular ven  close
intraarterial myecttons  were given n the arterial loop on the inflow side of the pump
The volume of each artenial mjection was 02 m! In some of the experiments nerve
fibers running along the renal artery were prepared for electrical stmulation Square
wave pulses with a voltage of u—10V, a frequency of 2—8 pulsesfsec and a duration
of 1—2 msec were used

Resistance changes m the kudney blood vessels were measured as pressure varsations
in the artenal loop between the pump and the kidney Systemic artenal pressure was
recorded from the left femoral artery All pressures were measured with stram gauge
manometers and recorded on a polygraph (model 5 Grass Instrument Company
Quincy Mass USA)

Blood flow through the kidney was set with the pump to give an arterial pressute of
about 110 mm Hg and varied between 2 and 4 mljg/min Small flow adjustments were

lly necessary to this perfusion pressure durmg an experment A
slow mfusion of ssotome glucose with 3—5 % dextran was usually gnen to keep the
ammal tn good condition

In one group of expeniments the kidney was denervated as follows An artenal loop
was established as described above A parallel venous loop connecting the left senal
vein with the right femoral ven was also made and the left ureter was cannulated The
kidney was thrn dissected free from 1ts surroundings and placed m a thermoregulated
bath containing Ringer s solution

The following drugs were used angotensin (Hypertensn©® Ciba) atropme (sul
fate) BOL (2 brom lysergic actd dicthylamide) dextran (RheomacrodexO Mw #0000

Pharmacra) DHE dihyd } Ifc DihydergotO Sandoz)
DMPP (1 | diunethyl 4 phenyl pip 1od:de) h } (<chlonide Dyten
‘sin0 Leo) ldocame (hydrochlond locanO Astra) hylsulfate
Neostigmin© Leo) mnicotine ( hydrogen tartrate) pentobarbital sodium (Ncmhuu\ln
Abbot) phentolamine ( methane sulfonate  Regitne© Ciba) reserpine (Serpas!

Ciba) Doses are given as salts We thank the manufacturers for kindly supplsi7§

these drugs

Results

All results grven below were reproduced n at least 3 expts unless otherwise
stated

The effect of ACh depended on the dose given Small doses (0002—0 028}
caused a decrease 1 perfusion pressure medium doses (0 02—02 pg) often
produced a biphasic response — a brief increase followed by a dccrc;ucu;
whle large doses (02—200 pug) produced an increase 1n perfusion prtfdlcs!
In 5 expts out of 40 ACh caused only a fall in perfusion pressure 1ega e
of the dose It was often observed that the first pressor responsc \;:n t.;mam
with a very small dose of ACh while later a larger dose was needet l:m e
the same response  The response to this larger dose would then et
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Fig 1 Effects of cl

jose imtraarteral mgections of acetylcholine ( ) 1a pg as ndicated A contso!
B after neostigmine

(30 pgfkg 1.v ) and C after atropine (0,2 mg/kg 1.9} Pressurcs 1o mm Hg
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Fig 2 A. De enated kidney EFect of DMPP %00 gy (DVPP) and acetylcholine 0.2
{ac .2) before and after the adm nustration of onium 10 mgkg1v B hudney with
wntact nerves EAT ct of acetylchol ne 20 pe (ac 20) and adrenal ne 5 prg (a ) before and after
the admunustration of DHE, 03 mgkg1+ Pressures nmm Hg

stant for several hours provided that the interval between consecutive mmjec
tions was at least 2 mun

The effect of ACh was tested 1 antmals that had been pretreated 1n vanous
ways

The pressor acuon of ACh was potentiated by neoshgmine mn a dose of
30 mg/kg 1+ and abolished by atropine in a dose of 02 m~rhg1v Fig 1}

Hevamethonium was given tv 1 a dose of 10—20 mg kg The pressor
acuon of \Ch was not changed but hexanethomum blocked the effect of the
ganghionic sumulatng agents D\MPP and mcoune Fig, 2 4,

Dihydroergotamine was gnen 1 v 1n 2 dose of 0 3 my, kg The pressor acuon
of ACh was the same before and after this wearment which blocked the pressor
action of ad (Fig 2 B) d line and clectnical sumulauon of the
renal nerve Simular results were obtamned with phentolamine 2 expts } The
pressor action of ACh was not affected by BOL

WS 4 gy 1 JB 8
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Fig 3 A Effect of acetylcholine 3 ug (ac 3) and angrotensin 1 g (ang 1) tested whie
Didocatne (15 m/ki/onn) 18 added (o the blood perfomres the Lrdner’ 5 0S woee v whee
the Iidocamne addstion has been discontinued

Reserpine was given 1 p 10 a dose of 5 mgfkg 24 hours before the experiment
The renal vascular bed m these anunals did not contract in response to simula
tron of the renal nerve but the pressor response to ACh was obtatned 1n 6 expts
out of 8

The pressor action of ACh was tested during expertments in winch a 10%
hdocane solution was slowly 1nfused 1nto the blood of the arteral loop so the
cat recerved 1—2 mg/kg/min The response was reduced though not abolished
and reappeared when the hdocaine mfuston was discontinued The vaso-
constriction produced by angiotensn was dimimished to a sumlar degree

L(Fg 3

Experiments with denervated kidneys gave basicalfy the same results as

those in which the nerve supply of the kidney was intact In onc expt of 7no
_ pressor action was produced by ACh

Vasopressor action of ACh was also obtamed 1n the renal blood vessels of

dogs (3 expts ) but not of rabbits (3 cxpts)

Discussion

The increase 1n resistance caused by large doses of ACH given by ¢lose
ra smjection s most hikely due to an active vasoconstriction although thedata
here do not indicate which particular part of the renal vascular bed is primanly
wmvolved The reason why ACh produced only vasodiatation 1n 5 €xpis
of 40 has not been established

The techmque used seems to rule out any primarily extrarenal action of
ACh The effects observed were not cltanged by denervation and thus nde
pendent of extrarenal nerves Vasoconstriction was obsenved n the renal
<ascular bed before the ACh had reached the systemuc arculation and de
usual drop 1 artenal pressure had occurred (Iig 2 These abservanons seem
to rule out the possibility that the effect s erther part of a generad vasoeonstric
tor reflex actnaty or mediated by an extrarenal release of ¢
This conclusion 15 further supported by the results with reserpin

techolaminct
¢ ant DHF



ACETYLCHOLINE AND RIDNEY VES ELS 163

Reserpine p renders el 1 it of the renal nenve 1n
effecttn e and DHE abolished the v 1ction of hol. but nerther
drug changed the action of ACh These observations also seem to rule out the
possibality of a peripheral release of ACh of catecholamnes m the manner
suggested by Burn and Rand (1959)

In the kidney ACh could possibly act wndirectly v12 local nervous structures
The kidney 15 known to contam autonomic ganglia which can be stmulated
by mcoune or DMPP to produce an mcrease 1n renal vascular resistance as
shown by Page and McCubbin (1953) These authors alsoshowed that the vaso-
constnction ehated by ncotine or DMPP could be prevented by a ganglonte
blocking agent but not by P In our exp the vasoc
action of ACh was not abolished by h 2 i a dose suffi to
block the achon of meonne or DMPP and an achon of ACh on these gangha
may therefore be excluded

The results with a local anesthetic (hdocaine) also mdicate that ACh acts
ndependently of nervous structures A decrease 1n the constnctor effect of
ACh was observed only after high doses of docaune which also decreased the
effect of angiotensin In high doses local anestheties have been found to be
nonspeafic imtubitors of several agents producing constniction of wolated strips
of the rabbit aorta (Astrom 1964)

The evidence thus indicates that the vasoconstrictor effect of ACh is a direct
action on the smooth vascular muscle The abservation that neosigmme en
hances and atropine blocks this action supports ths conclusion The situation
would then be best compared with that observed n several rsolated segments
and strips from different artenes and vewns The contracuon produced i such
preparations by ACh has also been found to be mhibited by atropime while
Texamethomum and DHE had no effect (Furchgott 1920)

The results with ACh on kidney vessels may be compared wath those obtamned
on the umbilical sessels Wotking with this preparation wiuch has no nerve
supply Ueda (1931) obsencd a dose response relanonship for ACh similar
to that observed n this study Euler (1938) and Eliasson and Astrom (1925)
reported that ACh sometimes caused the vessels of the human placenta to von
stnct and that thss effect could be blocked by atropme Euler also occasionally
observed weeh dilatator effeets of ACh

It s worth noting that unlike the placenta the hdnev has a nervous supplv
with adrenergic and according to recent histochemucal studies also cholin
crgic fibers the termunals of which are distbuted almost exclusively along
the arteries and artenoles of the renal cortex (Coupland 1962} The adrenermic

fibers are known to be vasoconstrictor fibers but the function of the cholinergic
Ibers 1s unknown

This nvestgauonva s pport d by grant fom St1 fen fo Lacs H rias Munne and from
Resenatinnaan lager The techmical 2 wta ¢ of M\ sa H 13 5 2nd Mr N Is Ake Prse
son 13 gratel 1y ackno ledged
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Fig 3 A Effcct of acetylcholine 3 g (ac 3) and angiotensin 1 pg (ang 1) tested while
iidocamne (15 mg/kgimin) 15 added to the blood perfusing the kidney B ‘The same fests afier
the Iidocaine adcition has been discontinued

Reserpine was grvena p 1n a dose of 5 mg/kg 24 hours before the expersment
The renal vascular bed 1n these animals did nat contract 1 response to stemula
tion of the renal nerve but the pressor response te ACh was obtamned wn G expts
out of 8

The pressor action of ACh was tested duning experiments 1n swhich 2 10°%
hidocaine solution was slowly mfused mnto the blood of the artenat loop 5o th
cat receved I—2 mgfkg/mun The response was reduced though nat abolished

and reappeared when the lidocamne mnfusion was discontinued The vaso
dJuced by was d hed to a stmlar degree

constriction
{Fig 3)
Expeniments with denervated kadneys gave basweally the same results 88
ose 1 which the nerve supply of the kidney was mtact In one expt of 720
Ppressor action was produced by ACh
Vasopressor action of ACh was also obtained 1n the renal blood yessels of
dogs {3 expts ; but not of rabbis (3 expts )

Discussion

The mcrease m rewsiance caused by large doses of ACh given by closr
1a tyection is most likely duc to an acuve sasoconstriction although thcdﬂlﬂ
here do not indicate which partrcular part of the renal vascular bed 1s primarily
wsolved The reason why ACh produced enly sasodilatation 1 5 Pt
of 40 has not been established of

The technique used seems to rule out any pnmanlv extrarenal acuond
ACh The effects observed were not changed by denervanon and thus i fl
pendent of extrarenal nenes Vasoconstriction was observed n the drr‘rrt
vascular bed before the ACh had reached the systemic orculation 30 il
usual drop mn antenal pressure had occurred (Fyy 2) These obsenations ‘::c
to rule aut the possinlity that the effect 1s esther part of a general vasocon® "
tor reflex actiity or mediated by an extrarenal release of caxcclxo’;-“;;;”

This conclusion 1s further supported by the results with reserpine 28
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Abstract

Forkow B and | LanGstoN The it mrelats nsh p of some /J:zm mﬂum(lng
r alblod flu ant gulatin Acts physol scand 1964 617 165— -
study has been perfo med on cats concermng the int rrelat onship a[ active
and pass ve local mechanusms for p oducing rena) blood fiow autoregulation
as counteracted by the centrally d rected nfluence af th renal vasoconstrictor
fibres Th experiments ndicat~ that the act: ¢ mechanism donunates
compl tely at moderate or h gher blood pressure levels but also that the
pass ve one contributes s gninicantly at lower pr ssures or whencver the
active mechan sm fa ls However hese autoregulatory mechan sms can be
yaore or less completely oven helmed by a vasoconstrictor fib e activity
which makes the renal vascular circurt b haye as a passiv elastic tube
system Some smplications of these findings are briefly d cussed

The mect ble for auroregulat

of regionat blood flow have
aroused constderable interest o the extent that a recent international sym
posium {1963) was devoted to this problem Especially the pronounced auto
regulation of renal blood flow has been a matter of much controversy and the
debate has mainly been concentrated to the question whether under physio
logmal circumstances an active local \ascular adjustment or 2 purely passive
15 Tesp for the

C the first d bility the hypathens of Baybss (1902)
wnplyieg that the dissension eﬂtr:d by the Blood pressure maght sene as 25
adequate sumulus for the vascular smooth muscles has been much discus.ed
Such a concept which seems to be i good agreement with by now well known
charactenstics of other types of myogenically 1cuve smooth muscles has i ats
essentral el been exper y validated at least 1n some vascular beds

Special Fellow ofthe Nauonal | st tues of B alih, Present addrrss Department of Thysito-
ogy an 16 ophyncs, Umw rity of \is s ppr Med cal Cent 1 J ckson ¢ \tus US4
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Changes 1 transmural pressure have thus been found to affect vascular tone
1 several major carcuits of the systemic circulation, this effect bemng essentially
fined to the precapillary vessels (¢  Folkow 1962) Simlar
mechamisms seem to be operating 1n the kudney (¢ g Miles, Ventom and de
Wardener 1954 Waugh 1958 Thurau and kramer 19.9), which smitarly to
the situation 1 other vascular circwits seem to be largely confined to the pre
glomerular vessels (Thurau and Wober 1962) Local nervous networks and
metabolic factors appear to be excluded as responsible for renal blood flow
autoregulation
However, 1t 1s not entirely impossible that m such a highly specialized tissue
as the kidney, where blood flow 1s intimately coupled to renal regulation of the
arganism s flid electrolyte equilibrium  the intrinsic control of the blood flow
15 1n some way directly linked to the fluid electrolyte exchange rather than to
the transmural blood pressure For mstance at the abovementioned symposium
Guyton (1963) called attention to the peculiarly close proamity between the
macula densa and the afferent arteriole and pomted out that one must be open
to the possibility that this right imply some type of a vasoregulatory design
As however such a hypothetical 1 hke the 1 pressure,
may be considered to influence 1 the final end the preglomerular vascular
smooth muscles the term active mechamsm s here used in 1ts broadest sense
to include any type of intrarenal mechanism affecting preglomerular vascular
resistance 1ndependent of the stumulus type
~ On the other hand, 1t has convincingly been shown that an entirely passve
mechanism also can produce autoregulation of renal blood flow, though
génerally 1t does not seem to be very powerful This mechanism 15 a consequence
of the enclosure of the kidney within 2 nigid capsule which tends to curtail the
change of effective pressure head produced within the Judney when arteniat
pressure 15 raised (¢ f Hinshaw ¢t al 1959) This phenomenon 1s casty tllus
trated even 1n model expertments but 1t 15 obvious that in case effectnely
operating actuve preglomerular adjustments do take place they will munrnize
changes 1n mtrarenal pressure along with artersal pressure shifts and hence
put the passive mechamsm more or less out of operation The question 13
thercfore which of the two mechanisms normally dominates renal ‘emoty
namcs or under which circumstances the one or the other might dominate
The problem of renal blood flow autoregulation 1s made still more ccmpff:‘
by the observation that the phenomenon can be entirely absent under “l
cumstances that hardly can be called unphysiological and where no ﬁP;’;)
mental artifacts seem to be volved Thus de Wardener and Miles “?Iaw
observed that upon hemorrhage which caused renal vasoconslnclwnn s
autoregulation was umpaired or lost Similarly onc of the present auth; s
reported a consistent absence of flow autoregulation 1 the kidneys °mmo”
& the low blood flow figures suggested the presence of renal vasocons

wher:
{Langston ¢ al 1929)
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Thus at ficst sight qurte contradictory results have been obtamed in different
laboratories The questton then anses whether these contradictions are only
apparent msofar as the results merely reveal the existence of several, m nature
dufferent but per se truly physiological mechamsms The balance between them
may then depending on the actual circumstances be so shifted that the nte
grated response can differ considerably It might therefore still be justified to
add to the by now ymposing serics of studies dealing with renal autoregulation
1n case the abovementioned apparently contradictory results could be repro
duced m one and the same scries of animals, and analyzed as to the nter

1 hip of the mech Ived The present expennments which were
briefly discu. sed at the recent symposium on blood flow autoregulation (Folhow
1963) are an attempt along these lines

Methods

Results from 24 cats weighing between 15 and 2 5 kg are represented in this study
Ether was d as a preb Y after which 40 to 50 mg/kg of
chioralose was given as an 1v infusion Normal body temperature was mamtamed
with the a1d of a heating pad and a heat lamp A tracheal cannula was nserted and
the two common carotid artertes and vagal nerves were freed so that the carotid artenes
could be clamped and the vagal nerves cut 1n the course of the actual expenment The
artenal pressuse was recorded from one of the femoral arteries by means of a mercury
manometer and a kymograph

The abdomen was opened by a msdline incision and the omentum spleen colon and
greater part of the small intesune were extirpated The night adrenal gland was excluded
Trom the circulation by hgatures placed around 1ts vessels The left adrenal gland was
1n most experiments denervated by ligation of sts nervous supply as 1t enters the border
of the gland great care bemg taken not to damage the vasomotor nerves to the kidneys
1In the course of the expertment the renal vasomotor nerves could be blocked by m
filtration of the renal pedicle with xylocaim.

An adjustable clamp was placed around the aorta between the diaphragm and the
renal arteries so that the artenal pressure perfusing the kidneys could be vared 1n 2
stepwise fashion The aumal was heparinized and the blood flow from the left kidney
was recorded This was accomphished by cannulating the renal vem  taking care not to
darnage any nenves m this areaThe renal venous outflow was then drverted through a
low resystance silicomzed optical drop recorder unit operating an ordinate writer The
venous outfloy vvas returned to the arumal through the external jugular vewn thus
forming a closcd external svstem In several of the expersments the blood flow from the
right kidney v as simultancously recorded m the same manner

The fenal venous pressure was measured with a water manometer attached to the
inflow catheter of the drop recorder and was found to be between 3 and 10 mm Hg and
remamed app Iv the same t each The renal perfusion
pressurc referred to throughout this repert was calculated as the difference between
the mean artenal pressure and the renal senous pressure

Mter cutting both tagal nerves the two common carotid artenes were clamped
while the renal perfusion pressure was maintamed constant dunng the reflex blood
Pressure nse by ncreasing the ressstance at the aortic dlamp  [he reflex inerease of
sympathetic discharge induced by the carotid occlusion was found (o have no or only
negligible effeet on renal blood fow renstance as has previously been shown ta be the
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case as long, as no add 1 ory nfl affect the pathene discharge to
the kudneys (¢ f Lofving 1961 Tolkow Johansson and Lofung 1961) The aoruic tlamp
was then fully opened so that the renal vessels were perfused at a pressure head of
200—250 mm Hg The renal perfusion pressure was then decreased approximately
20 mm Hg steps by increasing the resistance at the aortic clamp and the renal blood
flow was allowed to stabilize at each pressure level This procedure was repeated and
vaned in several ways increasing and decreasing the perfusion pressure over a range
from 40—G0 mm Hg to 200—250 mm Hg Pressure flow curves were then deduced
from these recordings

The effect of 1v infusion of noradrenaline on the renal pressure flow relationship
was then studied in 6 of the cats in the following manner Noradrenaline was given ata
constant rate so adjusted as to maintan renal blood flow resistance 2t a steady level
about 2—3 times higher than before the infusion the resistance measurements betng
performed at a perfusion pressure of 100 mm Hg This usually required from 2 to 5 g
of noradrenaline per kg body weight per min  The renal pressure flow relationships
were agamn determuned and compared with those obtained before and after the peried
of noradrenaline infusion  Great care was taken to ensure that the increased renal
resistance was really kept essentially the same by checking repeatedly the flow resistance
at 100 mm Hg perfusion pressure

In most of the other expeniments the effect of increased renal vasoconstrictor fibre
actity upon blood flow autoregulation was studied m the following way The easiest
way to induce a powerful and fauly stable neurogentc vasocenstriction within the
kidney proved to be the Cushing reflex  Ta accomplish this a metal catheter connected
to a pressure bottle was introduced 1to the eramal cavity by a small hole drlled 10
the parietal bone Increasing the pressure i the bottle to nearly that of the arterial
blood pressure caused a prompt rise tn blood pressure accompamed by a powerful and
often fairly constant renal v when I pressure was 1
at a hugh level Before wnittatng the Cushing reflex artificial respiration was started
at a rate and tidal volume which barely supr d the sp e

When the neurogenic restriction of the renal blood flow had stabilized a pressure flow

1 was d uned and pared with the pressure flow relationships obtamed
before and after the Custung reflex In some of the cxperiments whete blood flow was
simultancously recorded from both kidneys the left one was dencrvated so that the
pressure flow relationship of one denervated and one normally innervated renal vasculat
bed could be directly compared before during and after the induction of a Cushing
reflex
' three experiments 10 which both renal blood flows were recorded simutancousty
the left kidney had been d to el the possible fluence of
the ngid enclosure upon renal pressure flow relationships In these thre o
the renal vasoconstrictor nerves were left intact and 1t was checked as earlier descri °
that carond occlusion per se chd not produce any significant neurogencc vasoconstaeho
The renal autorcgulatory ability was then studied simultancously in the dcml"“‘"‘w
and the mtact kidney s before dunng and after a peniod of intense renal s asoconstrict!

oduced hy the Cushing reflex
Prln five additional cxpcgnmcnls. where blood flow autoregulation was to be uu:;?: ::
decapsulated kidneys the kidney was enclosed in a smalt plclh)smogﬂ'Ph i °mnn "
secord smultancously such changes in renal volume which might take place :l taly
1s0n with changes m artenal pressure The urether was dissected I;r‘ecm:pf:}"  asenlsr
and allowed to empty the slow urine flow outside the plethysmograph along o et

assumed 1 these cxpeniments that 1n case actne autoreguld g
recapillany resstance vessct

¢ expenments

hilus Tt was
sook place and were essentially concentrated to the p
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changes n artenal pressure would onfvto a negheble extent be tramsmstied to the more
distensble postcapiliary soctian of the xenal yascular bod and therefore onfy mutwmal
solume changes would oceur If on the other hand no precapillary resistance adjust

ments would take place at say 2 50 mm Hg artenal pressure nse and of 5t 15 assumed
that abevt 4f5 of the total renal flow renstance 18 provmal ta the tubular capdlary
fevel, 2 mean nse in pressure of some 10 mm Hg would octur at the tabular capillazy
end of the renal venous P resultng o 2 sub 3 d of the vetns
1n case tusue pressure in the decapselated idney does not metease propornonalh An
ancrease a0 organ volume would then br expected to oceur and its extent could be
duwectly compared with the solue wnerease abtamed when renal venous pressure was
rawed m swall steps uader the control of the venous pressure manometer by a partial
obstrucyon af Whe venous outflow tube If the solume of the decapsulated kadney re

galarly mereased ngmificantly at ¢ g a venous pressure rse of 5 mm Hg proving that
11 this stuaGan a prompt fissue pressuse rise does not curtal the mtranascular pressure
Tise while at the same tme the volume mereased far less or not at all when artenat
pressure rose sav 50 mm Hg such a findmg would strangly suggest that the auto-
regulation of the blood flow 13 due 1o resistance adjustments provroal to the tubular
capiifanes and not due 10 a tssue pressure nse only It was considered to be necessary

o check such a posssbility as st could not be taken for granted that the ngid renal capsule
1 alone responuble of rasng tsue pressure when artenal pressare i« rased

Results

The nfluence of noredrenahing infusion on senal blood flow autoregudation

Figure 1 represents results obtamed from 6 expts 1 which the autoregulatory
abihity of the fadney was determuned before dunng and after noradrenaline
infunon Fag 1A represents sesults obtained before the drug mfusion and

d that the meck s vesponsible for gul were performing
fasrly efficiently s the artennal pressure  perfusing the fodoeys was mrcreased
from 100 to 180 mm Hg there was a concormitant mean increase in renal
resistance of abaut 32 per cent

The g 1s fargely abolshed duning the remal vasoconstricuon
caused by the noradre:

naline mnfusion a8 indicated by Fig 1B When now the
renal artensal pressure was increased from 100 to 180 mm Hg renal flow
tesistance decreased some 8 per cent It was also in generat found that the
sutoregulatory ability was more effecinely abolished the more the renal vessels
were constricted

Fig 1C represents the results obtamed 15 mun after the noradrenalne
fusion was stopped showing that the mechanisms tesponssble for renal auto-
tegulation were agamn capable of the vascular ressstance 10 about

the same extent as before the noradrenaline infumon when artenal pressure
was pnereased

The influence of venal casseonsinictor fhre acts vty on enal blood flow autore, alation
The effect of the increased actvary of the wasomarors centre as ehated by the
Canhing refiex on the autoregulaton alnhty of the kidney was studied 1 10
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case as long as no add 1 exatatory mfl affect the pathenic discharge ta
the kudneys (¢ f Lofving 1961 Folkow, Johansson and Lofving 1961) The 20 uc clamp
was then fully oprned so that the renal vessels were perfused at a prescure head of
200250 mm Hg The renal perfusion pres ure was then deereased i approumately
20 mam Hg steps by increasing the resistance at the aortic clamp and the renal blood
flow was allowed to stabnlize at each pressure Jevel This procedure was repeated and
vaned 1n several ways and di the perfi Pressure over a range
from 40--60 mm Hg to 200250 mm Mg Pressure flow curvey were then deduced
from these recordings
The effect of 1v 1nfusion of noradrenaline on the renal pressure flow selationship
was then studied 1n 6 of the cats in the following manner Noradrenaline was gnen 313
constant rate so adjusted as to maintatn renal blood flow resistance at a steady level
about 2-~3 tumes gher than before the infusion the resistance measurements beng
performed at a perfusion pressure of 100 mm Hg This usually required from 2 to S48
of noradrenaline per kg body weight per mun The renal pressure Row relationshps
were agamn determned and compared with those obtained before and after the perod
of neradrenalme infusion Great care was taken to ensure that the increased senal
resistance was really kept essentially the same by checking repeatedly the Row resistanct
at 100 mm Hg perfusion pressure
In most of the other the effect of reaal fbre
actvity upon blood flow autoregulation was studied 1n the following wav The easiest
way t0 mduce a powerful and farrly stable nenrogenic vasoconstriction within tht
kiiney proved fo be the Cushing reflex To accomplish thus a metal catheter connected
to 4 pressure bottle was introduced o thr cramal cavaty by a small hole drilled
the panietal hone Increasing the pressure mn the bottle to nearly that of the anem;
. blood pressure caused a prompt rise i blood pressure accompanied by a powerful a:d
often fairly constant renal vasoconstriction when intracranial pressure was mamtam
at 3 high level Before mitiating the Cushing reflex arufical respiration was start
At a rate and udal volume which barely suppressed the sp p
When the neurogenic restriction of the renal blood flow had stabilized a pressure “i‘d
1 hip was d and d with the pressure flow relationships obtain
before and after the Cushing reflex In some of the experiments where blood flow \“;’
stmultancqusly recorded from both kidneys the left one was denervated o that ;;
pressure flow relationshup of one denervated and one normally innen ated renal mf‘:ﬂ“
bed could be directly compared before duning and after the induction of a Costs
reflex "
In three experiraents 1n which both renal blood flows were recorded umulxanw::o[
the left kidney had been 1 lated to el the possble ofuenc o
the ngid enclosure upon renal pressure flow relationstups In these three (xlxﬂ e
the renal vasoconstrictor nerves were left intact and 1t was checked ax ey AR o
that carotid occlusion per se did not produce any sigmficant neurogenic ¥asoed! smrh‘{d
The renal autoregulatory abulity was then studied simultaneously i the detnr’:‘dmn
and the intact kidneys before duning and after 2 period of ntense renal 3 asoronstr
oduced by the Cushing reflex n
B e saditromal ceporments where blood flow autoregulation was ‘°,f’f;‘;$j -
decapsulated kudneyy the ladney was enclosed 1 a small plclh»smoﬂ':n‘y;cc o connec
cecord smultancously such changes in renal yolume which mught take p! " od dotall
tion with changes in arterial pressure The urether was dussecied fr«‘ OF'lhE asculst
and allowed to empty the slow urine flow outside the pk(hysmoxﬂp‘:;:”;g;wn et
talus Tt was asumed lhes: expeniments that !l: case ac::w ‘:u,,“unce essels B
taok place and were 2 to the precapillary
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Tig 3 Efect af renal de apswlation on the treal preswore flow eelatinnshsp The blood fi w
from the decapsulated 1 (s odney u shown by the upper Sow recording and the blood flaw
from the nght kidncy with capsue wtact 1s thown by the ower Bow revording The bist poruen
of th s figure represenis results obtained before the act avon af the Cushing reflex. The second
section_epresents results obtaned dunny, tenal vasoconancuon produced by the Cushing

reBex The restance is &1 €n at each pressure devel for each kudney as the per cent of the re
stance at fhe st pressare feve

When now artenal pressure was increased from 100 to 180 mm Hg renal blood
flow resstance decreased about 20 per cent In these expeniments alo it was
obsenved that the y abdity was d the most i those
hidneys where the most powerul g vass had been n

duced Fig 20 represents the swvanon 1% of the ten ammals when the
Cushing reflex mancousre was repeated atter the renal vasoconstnetar fibres
had been blocked by xylocain In 3 of these anymals the blood flon was recorded
from the left hudney only which was denervated after the results shoun s
Figure 2B were obtamed In the remaining 3 cxpss the blood flow from both
kdneys were smultancously tecorded where anly the Ieft kidnes was denenva

ted leaving the nervous supply to the nght kidnes mtact The results from the
right innenvated Lidnevs of these 3 anumals are therefore reprevented 1 Fr, 2\
and 2B while the results from the denenvated Ieft hidnevs are represented s
Fig 2C Tuese results show that the renal autoregulatory abiiv u over

powered by the svmpathenc discharge wnduced from the central penvous
systemn only as long as the renal vasocons nctor fibres remair mtact re should
here be pownted out that the adrenal glands were denervated
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Fig 4 Effect of chanves 1n senal artersal pressure on renal bood flow and renal volume 35
recorded from decapsulated Lidney enclosed 1n a plethysmograph The two paws of amows
below the volume recording dicate the periods during which the +enous pressure was in

5 mm Hg and the artenal pressure changed 60 mm Hg The resistance 1s Ersen for each prossare
level as the per cent of the rewstance at the first pressure level

; flect of renal decapsulation on renal blood flow eutoregulation

Fig 315 an actual recording from an experiment 1n which the renal capsule
had been enurely removed from the left kidney without causing any bleeding
from 1ts surface while the vasomotor nenve supply to both kudneys was feft
utact The upper flow recording was obtamed from the decapsulated left
kidney and the lower recording from the night kidney whose capsule remaint
intact This record 1s typical of the results obtained from 3 anumals and shows
that although there was a shghtly higher flow per gram of renal tissue 18 the
decapsulated kidney at each pressure level — a fact that will be discussed
below — the autoregulatory abulity at artenal pressures above £0— 90 mm H7
was not Sig Iy infl d by the decap At lower pressures tHe
capsulated kidney showed a slightly better autoregulatory capacity a phenom
cnon that will also be discussed below s

‘The second section of Fig 3 demonstrates that blood flow aulmegul;mo:[;
largely abolished tn both kidneys when they are exposed to the same dfsl"'ﬁa
fasrly extensive constrictor fibre discharge induced by the Lmhmf:,,mn
However the flow resstance within the decapsulated ludney now i
somewhat more decreased by artenal pressure increases sugs,cstng @
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profound passive distension of ats vascular bed as compared with the capsulated
Xidney This dsfference too will be further discussed below

Since the autoregulatory abihty of the kadney was not significantly mAuenced
by decapsulation at least not at pressures above 80—90 mm Hg 5 additional
experiments were performed m which the decapsulated left kidney was placed
in a small air filled plethysmograph In this way the volume changes resulting
from changes 1n artenial and venous pressures could be compared The results
from these expentments are represented by the actual recording from 2 typical
experiment 1 Fig 4 After establishing an ssovolumetric state the venous
pressure was increased 5 mm Hg (from 11 to 16 mm Hg) and the 1olume of the
kidney then mcreased by 01 m! When the artenal perfusion pressure was
changed however neither the volume of the kidney nor the slope of the volume
curve changed more sigmficantly untl the artenal pressure was reduced to
such low lesels that blood flow autoregulation tended to vansh In other
words as long as the mechamsms causing a really effiaent autoregulation
seemed to be operating the volume of the kndney was largely unaflected by
changes 1n artenal perfusion pressure It was necessary to reduce the artenal
pressure from 19> mm Hg to 135 mm Hg m order to cause nearly as much
chauge 1w renal volume as a 5 mm Hg change in venous pres ure produced
Ths 15 Jess than half the change mn renal volume that would be expected to
oceur 1f there was no change 1n the p 1ly to the
tubular capillines When however the autoregulatory mechanism became
less efficrent and blood flow began to change substantially with each change
pressure the concommtant changes in renal volume became more evide it Thus
suggests that at least 1n the higher pressure range a change in artenal pressure
was furly effectively balanced by a change 1n the flow resistance proximally
to the tubular capillanes It should also be mentioned that 1 some of these
exp where the prep slowlv d d the blood flow auto-
regulation vanished gradually over the whole range of artenal pressures and
then the tissue volume changed more and more with changes mn artensal pres
sure This finding mdicates that by now the actie vascular adjustment
withtn provimal parts of the svascular aircwt had vanished so that artenal

pressure changes were transmitted over ta the capaatance ide of the vascular
arcuit

IDhiscassion

The purpose of this senes of experiments was 1o studs the autoregulation
of renal blood flow 1n several different suations 1 ing the same antmal and the
same espenimental methods throughout as far as was posuble It was hoped
that i this way some of the controversial questions concerming this subject
could be any d  Exp bs other in de Wardener and
Miles (1992) and Thurau and kramer (19291 for cxample have indtcated
1hat when the renal blood flow 15 reduced by vasoconstricuon the effiency of
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the mechanisms causing autoregulation 1s reduced Ths has been confirmed
i the present study by d ing that renal 1ction resulting
from noradrenaline mfusion can abolish the autoregulatory ability of the
kudney In additton a simular effect was obtamned by actwvation of the renal
vasoconstrictor fibres the el of flow gul: beng more
complete the more ntense the neurogenic vasoconstriction
This suggests that although the local mechamsms responuible for senal
1 are of g effi ly as long as the kidney s shghtly or not
at all nfl d by the sympathetic system they can he completely over
powered when the sympathetic discharge to the renal vessels becomes more
extensive In such situanons which occur both in some physiological and
pathophysiological ¢ the renal vessels can be expected to react
more Like passive elastic tubes to artenal blood pressure changes
If thus the mechamsms responsible for local control of renal blood flow

imply maimnly an ‘active ad of the p pillary vessels
notably of the afferent artenoles as has been suggested the vasoconstaction
lting from the d fibre actmaty or from blood bome

catechol amines must be umagmed to overpower these local adjustments of
vascular tone in some way If on the other hand renal blood flow autoregulation
were merely a passive phenomenon depending on a pressure induced distension
of the capacitance vessels which increa e tissue pressure and thus curtails the

effectrve pressure head then the must m some war
be able to mmize such a tissue pressure mncrease Ths 15 theoretically quie
possible if 1t 15 d that the 1ctor fibres contract the renal capac

ttance tvessels as well thus unloading the renal capsule and decreasing the
extent of ussue pressure nise for a given nse in artenal pressure Howeser the
development of such changes 1n tssue pressure must at least to a considerable
zxtent depend on the presence of the renal capsule but 1t was here found that
remotal of the capsule on one of the two Judneys did not sigmificantly alter 115
abilits to autoregulate 1ts blood flow 2s compared with 1ts normal counterpaft
1t least not at moderate or high artenal pressures

It mught then be suggested that the decapsulated kidnev 15 tll rigid enou f
10 caw e considerable trssue pressure increases when artenal pressure 15 increased
hence still beng able 1o produce flow autoregulation by an entirely pas ne
mechanism However this seems unlikely because when both the pressure flow
relationstup and the kidney volume were recorded 1n decapsulated kldnﬂ‘r
3t was found that the renal volume did not change appreciably as 2 rrsuh';’
even big changes 1n arterial pressure as long as the mechanisms rt!pﬂﬂ“’“";
for autoregulation were performung efficiently while even «mall venous ngml
changes produced appreciable renal distensions Only when the .:,Eum
pressure was vaned at such low levels that renal blood flow tutores]
normally began to fail or when normal autoregulation tended .
course of an expenment the renal volume changed considerably alo:

o vanssh in ¢He
ih
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arterial pressure changes This fact suggests that an the anteregulanng kidney
the chaages m artenal pressure over 2 wide range are normally prohubited
from affecting the capactance vessels more sigmficantly by contrary-directed
actve changes 1 vaseular smooth muscle acnvw; occumng prommathy to
the tbular capillanes and p bly 1o the g wd
1t then fatiows that the btk of flow : by ¢ g »neuros
geme vasuconstrichon munt be ascobed mamly to an ‘extrinme anterference
with thus Jocal adjustment of vasuwler stooth mauscle actaty Posubly the
powerful extinse dmne exerted by the rejeased adrenergic transmatter s
domnates the vaseular smooth muscles that more subtle Jocal regulatory
factors become entirely overruled I 35 true that the steadily operating baco-
wnd ch pror reflex ady of the card ulae system have
surprisngly hittle effect on the renal vessels leavang this maportant yascular
aireut largely undisturbed by mast centrally governed adpustments However
the tenal vessels are nichly supphied wath vasoconstnctor fibres and there are
certamly situattons when these fibres become mtensely acusated For example
m ¢ with the hypothal Uy integrated defense alarm reaction
{c F Fegl Johansson and Lofving 1962) intense pam fibre actnanon (¢ f
Johansson 1962) or when other wmfluences like asphyua add to the exatatory
drive upon the vasomotor centre it has been chserved that an mtense sym
pathetic discharge s mduced to the repal vessels toe {cf Folkow Johansson
and Lofving 1961) Jtmay then be expected thate g wauma causing pan and
enough blood loss to lower blood pressure may profoundh reduce renal blood
flow firstly because of the neurogenic constnction per 1 secondly beranse the
renal vessels now no longer are able 1o compensate for the pressure drop by
way of the autaregulatorv mechansm
Eren though the present expenments strangly suggest the presence of a
domnatng actave mechamsm m producing renal blood flow autosegulanon
prresent as Yong as the sasoconstrictor fibres to the hidney 2re not more ex
tensively acnated thes do not rule out the mmportance of the capsule-de
pendent passve mechannm On the contrary several of the presens findings
do indicate that thas passive meckanum 1 of some phnsiologicat ngnificance
though bang n mos Siuations overshadowed by the auvime oc mprnent
However 1w certan sx\ll:.m)ns such a pissive mechamem seety (o add more
I by to the When for m twce a normadiv
tapmhird and an acutely dccapsumed hidnes were comprred sn the same
anmal 1t was observed frsfh that the blood flaw lesel was alway  hohitls lower
Per umit weht m the nosmal kidaes srcondfy that the normal hidney auto-
requlated somes hat better in the Jower pressire ranue bel « 7~ 0 mm Hy
and thiedly thas the normal Jadnes changed 1t i T+ Lrance s mes hat less
m a pasmeclastic fashion when the ot mu ol o the reaal vessels were
dominited Ih ¢ & vasoronvuictor hbre acunnn These hindiy, uggest that
the presence of the tenal e1p ule ereates a fark hoh 6 ur pressure which
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mewitably at all pressure heads curtails to ome extent the effective drving
pressure over the renal vascular bed and hence 1ts blood flow too Normally
the active autoregulatory mechanism seems to keep the tissue pressure fauly
constant until it ultimately faills 1 tus respect at lower artenal pressures
Then however a passive elastic recol of the capacitance side of the renal
vascular bed b pp i 1ts turn unloading the tissue pressure and
by ths effect helping to munimize the drop 1n cﬂ'ccmc pressure head at further
drops tn arterial pressure A passne autoregulatory mechamsm as sugeested
by Hinshaw ef al (1929) thus seems to operate at lower pressures then taking
over from the by now failing actne mechamsm

‘This study was supported by Awr Foree School of Acrospace Medicine AFSC throu b the
European Office Office of Acrospace Research United States Air Force and by U S Pubbc

5-03
AR Hagle Goteborg Sweden has generously covered the expenses for the employment of 2
technictan
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Electric Fish (Gymunotus carapo) as a Tool for Bioassay
of Methylphenidate and Chlorpr
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Abstract

Hotustepr B W oy and D KROEGER Electne fish (Gymnol
carape) as a tool for b oassar .;rmu.ﬂpm.im and chlorproma~me Acta physml
s ook e v —a 2 Gymnotus ce po an electnc knufe fish produces
a contnuous spontancous discharge the rate of whichas subj:cl to modulaton,
wh n the fish 1s disturbed Free swimming kmfe fish of this species were sub-
Jected to the acuon of chlorproma ine and m thylphensdate while the dis-
Charge was detected by electrodes in the comners of the aquarmum and ¢
carded on magnenc tape \!:d\\,lpbcn datewcreased and. chla\'p omazme de
creased the frcqutncy The log dose response curves fo both compounds
p csented a straight line relationship The usefulness of the techmque for

buoasiay of compounds acting on the central nervous syxtem s
efly

Previous reports from these laboratonies (hrivoy e af 1962 Rnvoy Lane
and Rroeger 1963 1964) have indicated the possible use of the electric kmfe
fish Eigenmannia rirescens as a subject for the bioassay ofneurotropie drugs
Bioassay was based on the fact that although these fish discharges spontaneously
at a constant frequency the amplitude of the emutted signal 15 modalated at
a rate which 15 related 1o mechamcal shmulation or to drug admmxslraucm
Analysis of amphtud, dul a refatively difficult el
was made more difficult since the fish had to be free swimming C{rmnolur
cargpo another elecme kmfe fish 3 a
she Tate of Which 1 sobjeet moduﬁauon when tae ﬁsh 15 dusturbed fGrund
fest 1957) Since frequency modulation 13 a far simpler phenomenon to measure
thus fish wats tested to determine whether or not it 15 a more suntable object

for bioassay than E -wrescens This paper 1s a report on the respanse of G carapo
to chlorpromazine and methyiphemdate

Permanent address Towcology Research Uit Swed b Med cal Resrarch Counal Wallene
b Jubileyms L Karabinska msttutet, Stockholm, Sweden.
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CHLORPROMAZINE

Per cent of ont of
8

T30
MNUTES
Fig 1 The mfluence of 5 different concentrations of chlorpromazme on the rate of discharge
of G carghn Each line 1s obtamned from a single experiment Each potnt representy the mean
rate (cycles per second) for approumately 10 min
orpromazine C—~() 125 1

2—5 125 X 10~ g/ml
O—0 312 X 1~ glml
®—@ 125 x 10~* giml

Methods and materials

G carapo produces a d of appi 1y 40 triphasic pulses per
second If the fish 1s kept 1 absolute quiet for a prolonged period of tume this rate may
be reduced to 30 pulses per second and if the fish 15 disturbed 1t may be increased to
70 pulses

G carapo duffers from E wrescens 1n that nts electrical acuvity 13 diminished 1n Light
and inereased 1n the dark Furthermore stabilizatton of G carapo takes a considerably
longer tume once 1¢ has been disturbed than does stabilizatton of £ uwrescens Conse
quently d were d by precise repl of equilibi periods
and highting conditions between dufferent expeniments

Two days prior to use one fish was 1solated m an indwidual 20 1 aquarum On the
dav of the experiment the aquarium was diyided into two unequal compartments b
means of 2 plastic gnd  The fish was kept in the smaller compartment the siz¢ of whith
was governed by the size of the fish The fish was frec swimming and not restricted by
the plastic grd any more than was necessary to record sts electrcal discharge The
A pair of silver electrodes was then placed i the same compartment as the fsh

e
electrodes were placed 1n apposite corners of the compartment so as fo faciltate X
e tulrtianresult

cording of the p d by the fish dl
ant tagmodlﬁcanon of signal output or regardiess of onentation of the fish geﬂfﬂ:g'
m the conducting medium The sides of the aquanum were then covered with u‘"
board and the top with red plastic leaving enough space between the plastic €@
and the sides of the aquanum for the mtroduction of the drugs being tested "

‘The electncal activity of the fish was recorded after suttable amphification on magn
1¢ tape and monitored continuously by means of a cathode ray osailloscope s afer it

The electnical actvaty of the fish generally became stable two to three hou e
had been prepared for recording A control period was then recorded a:d uf; o
fhour (with the exception of onc expenment m which a 30 min per
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s METTLENATE
o]

200 /a

Fig 2 The snfiuence of 5 different concentra
uns of methylphenudat on the rate of ducharge
of G ¢z gpo_Each hine is abtained from 2 single

Per ce t of romest
3 _a

experrnent Each pownt represents the mean rate

(cyeles per second) for approumately 10 min

Nethylphen date () 23 X 10- glral
A=—4 23 x 10~ gfml

D—0
.,.}25 £ 104 gt o

TS

At the end of the control perod the drug being tested was pipetted into the aquarium
fter 2 furtable pertod of e based on observable alterations n the momtored signal
{5 mm mn the case of methylphenidate 20 min in the case of chlorpromazmne) the
potentials were again recorded for one hour At the end of that fume the expeniment was
discontinued and the fish was transferred to a drug free aquanum

For analysss, the sqmals recorded on tape were amphificd filtered (fo remove sisty
ycle) and mtegrated (ume constant [ msec} Thus each tnphasic potential was
reduced to 2 s ngle potential regardless of the onentation of the fish relative to the vee
cording clectrodes  The integrated potental was amphfied further filtered (to remove
anv addiional sixty cycle mterference which had been sntroduced dunng amphfica
tion) and converted into a square wave by means of a square wave amphfier The
number of square Waves was then counted on a Nuclear Chicage Ultrascaler and
the time required to produce 2 000 such counts was prnted on a Nuclear Clucage
Prnter Reeyeling of this syster at the end of 2 000 counts required 15 scc Duning this
ume no informanion was recerded

The pH ol the aqaarsum was mantamed at 8 2 and the temperature at 25 C The
water was pre treated with EDTA [0 mgA because of the senstuvity of these fish to
bavalent sons Acration provided adequate muxing of the drug m she aquanum

Resalts

The ad: of chl and methylphendate to G carapo
vesulted an alterations in the direction as well as the magmitude of the frequency
of the spy e I disch Chlory

which causes central
nenous system depression in mammals tended 10 slow the frequency of discharge

of G carapo whereas methylphenidate 2 central nervous svstem stmulant 1
creased the frequency of the spontancous discharge

Fig 1 illustrates the effect of chlorpromazine expres ed as the percent of
the control pertod plotted against tme The smallest dose 00125 mg/l (12> X
107 g ml) did not produce a marked change in the discharge frequency of
the fish unut approximarely 50 nun after drug admunistravon
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20 METHYLPHENIDATE. %

Fig 3 The dose respanse cune of
G " carapo 1o chlorpromazine and to
methylphenidate Each pomt s 2
single experiment and 1 the mean of
the post drug discharge sate com
partd to each control The SE &
gen for each expertment

Per cent of control
8 8

o
g

o
3

© 0 ©
9fml

In one particular experiment appeaning in Iig 1 and only 1n one expent
ment an addiional amount of chlorpromazine (2 5 mg) was added after the
first hour This additional amount of drug increased the total concentration
of chlorp 1 the aq to 13 x 1077 g/ml and caused a further
slowing of the frequency Other experiments in which chlorpromazine was
g1ven in fial concentrations of 1 25 x 1077 312 x 1077and 1 25 x 10 *gfml
respectively caused tncreasing degrees of slowing of the discharge frequency

Methylphenidate produced an increase of the frequency of the spontancous
discharge Fig 2 allustrates the acceleration of the rate of discharge produccd
bv 3 different doses of methylphenidate Lach of these three different concen
trations caused a sigmficant wnerease 1 the rate of discharge duning the first
10 mun pertod For all doses except the smallest the effect persisted for the
remamnder of the 60 mun period of observation It may also be scen that ther
s good agreement when the actions of methylphemdate re compared 16
different experiments It 1s to be noted that methylphenidaic did not produce
1 sustamed acuon as didd chlorpromazine The reason for this more rapid dis
appearance of methylphemdate activity was not invesugated

Fig 3 llustrates the log dose response curve obtained both for methylphet
e and for delorprommeme T fgart was diaoed by decsmong the
percent change when the mean discharge rate (cycles per secand) dunng the
entire control period was compared with the mean discharge rte duriny
the hour of recording (sce Methods) following the admimstration of erch dese

of the drug

Discussion

ne nd quin
hy Iphcde 1e
1 1962 1963

11 15 obvious that ths technique may be useful i the qualitat
utatwe evaluation of drugs such as chlorpromasne and met
Based an the responses of E rirescens 1o other drugs (Rrvoy et 2
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1964) 1t 1s Likely that thus techmque will pmvc va.luable for the evaluation of
the actions of a number of d. as pic polypeptides
narcotic analgetics and anesthetic ag:ms The present bioassay would probably
be more useful if behavioral tests such as conditoming were performed
conjunction with the drug studies

The broassay as stated 1s smmple to use rel ly and Ty
sensitive Furthermore the information obtained secms m be readily quanu
tatible

Like most bioassays one cannot off hand use the techmque to evaluate the
mechansm of action of drugs However 1t 1s reasonable to assume that even

this may be posable if one were to undertake appropnate expenmental con
ditions

This rescarch was supported with junds from Uruted States Public Health Service research
grants MH 03477 DE 01390 HP 5{3> number 1334-p gject 13 and with funds from the
Squibb Institute for Medical Research New Brunswick 2‘( Us A
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In one particular expenment appeanng in Fig 1, and only 1 one cspen
ment an add; 1 amount of chlorp: (25 mg) was added after the
first hour This additional amount of drug increased the total concentration
of chlorp m the ag to 13 » 1077 g/ml and caused a further
slowing of the frequency Other experiments 11 which chlorpromazine ¥as
given 1n final concentrations of 125 » 10~ 312 » 107and 1 2 » 107*g/sl
respectively caused increasing degrees of slowing of the discharge frequency

MethyIphenidate produced an increase of the frequency of the spontancou?
discharge Fig 2 1l] the accel of the rate of discharge produced
by 3 different doses of methylphenidate Each of these three different concen
/‘tm(xons caused a sigmficant mcrease mn the rate of discharge dunng the finst

10 min penod For all doses except the smallest the effect persisted for the
remamnder of the 60 mmn period of obscrvation It may ako be seen that there
1s good agreement when the actions of methylphemdate are compared 1
different experiments It 15 to be noted that methylphenidate did not produce
a sustained action as did chlorpromasnine The reason for this more rapd dss
PI of methyIpt late activity was not investigated

Fig 3 sllustrates the log dose response curve obtamned both for mcﬂl)’Ph’}"
idate and for chlorpromazne This figure was obtamed by determumng U h‘:
percent change when the mean discharge rate feycles per second) dunng ‘n"
entire control pertod was compared with the mean discharge rate dunmc
the hour of recording (see Methods) folfowing the adminustrauon of each 4

of the drug

Discussion

wn

1t 15 obvious that this techmque may be useful in the qualunmcl-'!;lfn?dm

utatve evaluation of drugs such as chlorpromazine and rrx:lh)l};(;"7 o
Based on the responses of E uirescens to other drugs (hvoy ct al
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fine 1s 1mportant more a3 a supplementary defence agamst cold The responst
of the adrenal cortex to cold stimuh appears to be mare vanable and sts -
portance 1n temp {ation 18 therefore less welt und d (of Heroux
1960 and hmgge 1960)

In most studies of hormonal cold defence mechamsms a lowenng of the ex
1ernal temperature causmng bittle or no change w the core temperature has
been used as the expernmental sumulus The refatne smportance of central
thermod: as compared to that of penpheral cold receptorsin the control
of non shwening thermogenesss therefore has been dhfficult to assess It may
be expected however that thermal changes n the preoptic region (the  heat
loss center } being the site of central “warm detectors  (Magoun e ol 1938
C v Euler 195G Nakayamaetal 1963) mfluence theactvity of thesympathico
adrenomedutlary and the pitwitary adrenocorneal systems Such an mfluence
has already been shown to evist 1n regard to another hormonal mechamsm
mvalved 1 heat production the pitmitary thyrowd systerm \Andersson ef af
1963) It was shown that local cooling of the heat foss center causes thyraid
activation whereas the corresponding warming nlnbns the thyroid actva
tion normally seen during a general cold stress The following expeniments
were therefore undertaken ta study whether stmlar central cooling or warming
would affect the prod of hne and drenaline as indhcated by
changes 1n utmary catecholamune excretion 1n addiuon 1n some expenments
the mfluence an adrenocortical function was studied using the plasma corusol
level as an mdicator

4

Methods

Adult female goats weighing 30 to 35 Ly were used The unnary exercuion of cate
chofamunes was foltowed in four animals durmg central coohing (15 expts ) and in thrre
goats during central warming (3 expts ) Plasma cortisol determinations were made in
6 expts mvohng central coaling and i two 1avofving central warming

The technique of central coaling was esseatially the same as that used 0 previous
<xpenments (¢ f Andersson ef af 19%3) 1¢ cold water perfusion of lver thermodes
permanently implanted medially 1 the preopuc/anterior hypathalamsc region This
technsque pertutted repeated local cooling of the rostral hypothalamus aser tong
prriods of ume n animals mamtained + sth no additiona) restramt in their accutomed
cnvironment The most thoroughly studied goat i this series of experime its was cer tralf
coofed tn 22 expts o er a9 menth penod In 10 of these expenments the unnar ex
eretion of catrcholamines was folawed In each expeniment central coohing was staried
asofar as posnble at the same time of the dav and was contnved for >~ 1 a5 Roas
teroperatuse rangrd between 15 and 21 G but was fose 30 §8 € an most cxpenments

Local warnung of the preoptic anterior hypothalamic reg on » a5 accors plished
eather by warm water perfusion of thermodes also wyed for ool 3¢ or 10 one of the present
ammals by radiofrequeney (RF) warming between two bilaterail  mplanted a1l er
plates (Andersson et al 1931 Dunng b pre warming penod the rxam temperature
way mantaned near 70 € but was rapidly lonered t betweer *aria C by opeming
the windows sn wanier nme  after commencement of © nirsl warmmg  he room
temperature was then mantamed at tis fow lev {througl ot th reper ment
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Table I The effect of preoptuc]anterior hypothalams cooling on urinary excretion of catecholamumes

Average
duration  Adrenaline Noradrenaline
(mun)  (nglmin) (ng/mun)
Precooling period 120 17402 (13) 63403 (13)
P < 001 P < 05
Cooling period 140 37403 93407
P < 001 P <O
Postcooling period 160 1902 63405

All salucs are the mean £ SEAL Number of expenments in parentheses P = Statsuct
sigmficance between indicated means determuned by Students f test when the SEM was
assumed to br homogenous otherwise the Cochran Cox ¢ test was used

In order to avoid the exatatory effect of cathetenization urine was collected only
when normally voided Since goats micturate 1n a charactenstic position and empty
the bladder completely each time the collection of clean and complete urine samples was
not difficult In order to produce a mild increase 1n urine sccretion the goats were usually
given a Liter of milk water mixture about one hour before start of unne collection Each
sample of urine was aadified immedately after being vorded and its content of adrena
hne and drenaline was d 11 to the procedure
described by Euler and Lishajko (1961) In some experiments jugular blood was drawn
at intervals for determination of plasma costisol according to the description of Peterson
Karrer and Guerra (1957)

In the expeniment mvolving adrenergic blockade 10 mg/kg of phenoxybenzamin®
{Dibenzyline hydrochlonde Smuth Kline & French) was infused mto the jugular

41ein over a period of one hour

In some experiments 1nvol ing central cooling thyroid activity was studicd 1n paralled
to the excretion of catecholamines The method was the same as used in previous €
penments (cf Andersson ct al 1963) Blood sugar was determned according 1o the

method of Somogys (1943)

Results

A Central Cooling

1) Unnary excretion of catecho
preop hypothal
urinary excrenon of catecholamines The mea)
noradrenaline before dunng and after central
1n Table I As can be seen the relative mcrease in adrenalin o
the cooling period was considerably greater than that of noradrenaline (1(117 ”a
s 48 9, ancrease) There was also a tendency for areduction of the nv‘:’ﬂ‘;nc
aline response  the more frequently central cooling was performed 1n the

no
ammal Indeed 1n a few cxpeniments central cooling caused pmctlfz") o
line excretion although the excreuon of adrenahne

lamnes In all 4 ammals local cooling of the
region was found to cause an Increasc 1 (h;
n excretion of adrenaltne an

cooling 1n 13 expts 1 shown
¢ excretion duninf

merease in
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Fig 1| Tuoe perments in the same goat showmn the catecholamin re ponse to local cool n, f the preaptacl
antenor hypothalam ¢ region

Lfs “An expenment fcr 3 40-day penod durng which the anmal had not been centrally

R:;Iu A simular expeniment when central cooling had been performed repetit selv (10 tmes)
Qu tng & 30-day penod

Note the cquivalent rise n core temperature but the difference in noradrenaline response
suggest ng that repetit € central cool ng mduces. (nld acchmation

Koom temperaty c in both expeniments 16 to 17 C.

Body weight of the goat 32 kg

mncreased This was most clearly demonstrated in the goat used for 22 cooling
expeniments over & months In this animal there were two penods of 40 and
85 days respeetnely when no central cooling was performed In the matial
expenuments performed after these long intervals the noradrenaline response
to central cooling was much more pronounced than when the coolin, had been
performed at briefer intervals (Fig 1 A compared to Fig 1 B)

2) Plasma ¢ortisol le el In 6 expts plasma cortisol was determuned at hourly
mtervals before dunng and after central coohing The first sample dunng
the cooling peniods was taken one half to one hour after the start of central
cooling Great vaniations {from 0 to 18 yg/100 m! plasma) were found among
the samples but with no sigmificant trend of an increased plasma cortisol level
duning the penods of central cooling

3) Other effects Other th if y and al y effects of central
cooling were essentally the same as observed in previous expenuments (cff
Andersson Gale and Sundsten 1963) Thus cooling of the heat loss center
caused pertpheral vasoconstriction 1mual shiverning  thyrord acuvaton and a
nse in core temperature of about 2 C Further in the previously fed anmals
1t induced a strons, urge o eat within 5 mun of central coolin, Repetitive
coohing of the preoptic antenor hvpothalamic region over long pertods of nme
nduced certain changes in the ammals which are normaih seen dunng acels
mauon For example the fur growth was stmulated such that repeatedly cen
rath cooled amymals developed nouceabls thicker coats than other goats main
tained under 1dentical external condiions There also occurred a progressine
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increase in plasma proten bound 1odme level and a gradual weakesmng of the
shnvering response to central cooling

4) Influence of an adrenergic blockade on the response to central cooltn, Since 1t
seemed to be of mnterest to study to what extent an adrenergic blocking agent
would affect the excretion of catechol and other resp to central
cooling one of the goats was given 10 mg/kg of phenoxybenzamine via a one
hour 1v mfusion The adrenergic blockade m 1tself did not change the body
temperature of the goat but caused a conspicuous elevation of catecholamine
excretion During a period of urine collection between one and two hours after
the mfusion the excretion of adrenaline and noradrenaline reached sts max
mum 368 ng/mm for adrenaline and 274 ngfmun for noradrenaline (about
120 and 40 times respecuvely above normal levels for thus goat) “Thereafter
catecholamine excretion gradually dechined such that 20 hours after the m
fusion the excretion rate for both adrenaline and noradrenaline was only 1%
tumes normal Duning a two hour pertod of local cooling of the preoptic/anterior
hy pothalamic region at this <tage there was shght but definite inerease in uninary
excreton of both adrenaline and drenahine followed by a resumption of
the dechine after cessation of central cooling Dunng this peniod of central
cooling shrvering was much more mtense and of langer duraton than m core
sponding expeniments 1n the same animal without previous admsnustration of
phenoxybenzarmine The rise i core temperature was of the same order (2 C)
as mn previous expenments involving central cooling Further this goat which
after the ad of ph b had pletely lost mterest in
1ood started to eat hay eagerly after a few munutes of central cooling and con
spued eating the 2 hours the cooling Jasted

'

,

L

B Central Warming

1) Unnary excretion of catecholamines To study whether a lugh temperature i
the “heat loss center  would counteract an increase in catecholamine excretion
dunng cold exposure and gencral hypothermia the preopuclantener I:)P"["
thalamuc region was locally warmed 1n 3 goats Immediately after start ©
central warming the room temperature was rapidly lowered from 20 Cto be
tween 2and 5 C In the RF warmed ammal the rostral by pothalamus was
mamntained at 42 C In the 2 other goaty the temperature 2mm Tateral tathe
lateral surface of the thermodes was mamtaned close to 41 C by warm \‘3";
perfusion of the thermodes Central warming caused the expected acmal:olr::c
physical heat loss mechanisms (penipheral vasodilatanon polypnea) andamn
same time mnhibited shivering As result there was a steady dectmeof the i
temperature during central warming 1n the cold emvironment In 2 ol’thcagbcm
central warming was stopped when the core temperatuse had fallen mcd e
36 C In the third ammal a two-hour period of central warming h;w:;mmz
core temperature to 31 C Within 2 min after cessation of central »
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Fig 2 Inlibetion of the sympathico —
adren medullary sesponse la ¢ 1d By local
warm ng of the r optic] antertor hypo-
thalamic region
warmung of the heat loss

tenter umubiancous with sudden

e of a goat (bw 30kg) to
external cold (5 C) elicted periph
eral sasodilatation polypnea and a
gradual fall of core temperature to =
3 C Despite this considerable hy
potherm a and the cold environment
catecholamine excretion was oaly
slghily clevated so long as central
warmung, lasted Upon cessat on of
this warmung strong shivefing devel
oped associated with a considerable
increase 1 the excret on of both ad
renahne and

g7 ml

XY

the goats were shivenng vigorously and the core temperature started to nse
agam Dunng the nsing phase of body temperature the blood sugar mcreased
from a normal value (about 50 mg/100 ml} just before cessauion of central
warmng to over 100 mg/100 ml one half to onc hour later At this stage the
unnary of hol pecially that of drenal was
considerably higher than before and dunng central warmmg In the two
goats which developed only mod hypoth the drenaline excre-
tion during the first post warming peniod 1ncreased 2 12 times whereas only
a small 1ncrease 1n adrenaline excretion was observed In the ammal which
devcloped a more severe hypothermua duning central warmmng i the cold
(31 C) the unnary of both adrenaline and drenaline was 7
times higher duning the first 30 min after cessation of central warming than st
had been dunng the actual warming period Duning earlier expenments i
volving central cooling at room temperatures round 18 G the unnary excretion
of catecholamines never reached such a high level n this antmal The expen
ment 15 Wustrated 1 Fig 2
2) Plasma cornisol letel  Determinations of plasma cortisol in two of the ex

periments with central warmng gave no conclusine results The highest levels
m both goats (14 and 20 pg/100 m! plasma respectnvely) were found durmng
the first hour after cessation of central warming 1n the cold but occastonal

values of almost the same magnitude were also found among the pre warmng
and wartning samples
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Discussion

Leduc’s (1961) recent investigation has contrsbuted greatly to the eluadation
of the importance of the sympathico adrenomedullary system i non shuenng
heat production and 1n acclimation to cold His studies in the rat show that the
immediate response to moderate cold exposure {3 C} 15 an ncreased release
of noradrenaline from the adrenergic nerve endings An accelerated release
of adrenaline from the adrenal medulla appears later as a secondary response
dunng prolonged cold exposure However, duning acute exposure to more
severe cold (— 7 G} the adrenal medulla responds much more readily with
increased adrenaline release This finding 1s 1n accordance with earher observa
tions 1n unanesthetized dogs (Wada Seo and Abe 1935) In the latter speciesa
more marked increase in adrenaline secretion seems to first occur when the cold
stimulus 1s severe enough to cause a fall 1n body temperature Leducs studies
further show that on prolonged exposure tocold the noradrenaline excretion re
mains elevated although slowly dechmng whereas adrenal, reaches
1ts maximum only after 2 week and then rapidly decreases When cold acch
mated rats are re exposed to a low environmental temperature they mantain
their body temperature more easily and excrete less catecholamines than do
warm acchmated rats under the same conditions This seems to be explamned
by the earlier observation (Hsich and Carlson 1957 Hsieh Carlson and Gray
1957) that the calongenic effect of adrenaline and espeaially of noradrenafine
increases duning cold acclimation Simce the calonigenic acuon of noradrenaline
15 potentiated by thyroxine it 1s likely that the pitustary thyroid system parbic
1pates 1n this acclimation response (cf Carlson 1960)

But the sympathico adrenomedullary system 13 obsiously also intimately

related to other ther gulatory Thus the cof

latrvely body p 1n spite of wide vanations in the texmpera
ture of the external environment demands a complex mterplay between all
neural and hormonal thermoregulatory factors In addition to penpheral cold
receptors central warm detectors  have been shown to play an essential role
1n the control of body temperature The classical experiments of Magoun ¢ o
(1938) focused 1nterest on the preopticfanterior hypothalamic region 3 a
site for such warm detectors  More direct evidence for the presence 11t the
rostral hy pothal of el peaficall to heat has been provided

1

by electrophysiol recording of I actvity 1n this part of the bm;ﬂ
(C v Euler 1950 Nakayama et af 1963) This heat loss center not ony

soghlatauon
to activate physical heat loss mechanisms (peripheral vast
e o Iy also cxertsa brake

weating and pol panting) In add 1t app

sc\cn atgnorm:;i b’o’t‘iy temperature on neural cold defense mechanism (";:::i

say etal 1940 Andersen Andersson and Gale 1962) and on at lcax(onel P

nalcold defense mechanism the prtmtary thyroid system (.‘\ndelsmn:/ii by
The aum of the present study was to investigate further the role rd ‘)H"“C

these central warm detectors 1n the control of other hormonal co
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mechamsms of ymportance m heat productton Local cooling of the rostral
hypothalamus (likely to block or at least markedly reduce theactivity of the
hcat loss center ) was found to cause mcreased urinary excretion of catechol
amines Local warmung of the same region (increasing the actmty of central
warm detectors ) was found to prevent the activation of the sympathico
adrenomedullary system expected during a cold stress (cold exposure combmed
with a gradual lowenng of the body temperature) These obsersations suggest
that central warm detectors 1n the preopticfantenior hypothalamic region
counteract the stunulatory effect on lh: sympathico adrenemedullary syst:m

of an mcreased nflow from peripheral cold p It s of

terest that although the di g to cold exposure 1s pr 1

an d release of drenakme from adi nerve endmgs (Leduc

1961) the central coohng most consistently caused an increase 1n adrenalme
on of central 1n the cold when pro-

found hypothcrmm (31 C) had developed there was a marked mcrease m
both adrenaline and noradrenaline excretion (Fig 2) At a mulder degree of
hypothermta (36 C) however there was sull 2 marked mcrease 1 noradre
naline excretion on cessation of central warnung, whereas relatively Iittle mncre
ase of adrenaline excretion was observed Recent mucroelectrode stucies in
drcate that central warm detectors 1 the preoptic region are shghtly active at
bran temperature as low as 32 C but that therr spontancous discharge in
creases with increase 1n bram temp to 41° & (Nak: et al 1963)
One must therefore consider the possibility that the heat loss center stull
exerts some 1nhibitory tone on cold defense mechanisms at temperatures
considerably below normal level It may be that a relatively high degree of
actaty m this center 15 needed to counteract the stmulatory effect of pert
pheral cold on adi nerves ( d \! ) whereas the adrenal
medulla (adrenaline secretion) 1s more readily ihubited This may afford an

evplananon why 1 the present experiments the direct cooling of the rostral
yp (an almost pl uk

of central warm detectors )
caused an mcrease 1 adrenaline excretion and also why 1n the warming ex

a derable nise in adi line excretion upon cessatson of central
warming occurred only when marked hypothermsa had developed For the
further exaluation of the relauve umportance of peripheral cold receptors and
central  warm detectors 1t would be of particular interest to compare the

catecholamine response to central cooling m a cold and 11 a warm environ
ment

In view of Ledues (1961) findings the decrease mn noradrenalne responsc
on repetine central cooling suggests an acchmauon to cold The gradual
increase i basal thyrod actvity the diminishing shinvering response and the
wtensified fur growth support thus concept It would then mean that cold
acchimation may occur in spite of no lowenng of the external temperaturc
provided the central warm detectors  are repeatedly mnactivated It 1s in

13653018 4 taphy of 4 1ol 6}
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agreement with the observation of Adolph and Richmond (1956} that cold
acclimation follows more rapidly on 1nduction of core hypothermua than on
simple exposure to cold

A marked increase i noradrenaline excretion has been observed been
observed following the adminmistration of phenoxybenzamine in rats (Schapro
1958 Leduc 1961) In the goat both adrenaline and noradrenaline excretion
rose to very high levels after thus drug was given Since this incretse 1 cate
chalamine cxcretion was much greater than ever obscrved dunng central
cooling 1t can be concluded that such cooling by no means exhausts the cate
cholamuine production Further, there appeared to be a striking difference
between the effect of an adrenergic and a ganghonie blockade on the response
to central cooling The adrenergic blockade did not prevent the temperature
1 ¢ during local cooling of the rostral hypothalamus and shivening became
markedly accentuated A ganglionic blockade, on the other hand was recently
observed to prevent the rise an temperature during central cooling and to reduce
the shivering response (Andersson ef al 1964)

In contrast to the consistent response of the thyroid and the sympathico
adrenomedullary system the expenimental data obtained so far when studyng
blood cortisol level 1n the goat are impossible to cvaluate The values showed
great vanation, but without any clear cut correlation to the stimulus apphed
whether central cooling or warming was nsed Chowers ¢ af (1863) Fne
recently observed an elevated blood corusol fevel within the first half hout
after commencement of preoptic coohng in the dog It cannot be cxcluded
that a similar response to central cooling may also have been present in the
foats although not detected 1n the present study due to relatively mfrequent
sampling It 1s hoped that the combined determimation of plasma cortwol
and urmnary corticosterond excretion during experiments of this kind may
help to clanfy a posuible interaction between the  heat loss center and the
prtuitary adrenocortical system

References

d
Avourst T F and ] Ricisionn Adaptation to cold in golden hamster and groun
‘measured chiefly by rates of body cooling J atpl L hy of 195¢ 9 53—5 "
Axpersex H B Anpers ovand G C Gare (Az'hmral com;ullgf(;oljl’d I‘;t'rl‘c ;;‘rz an
1 f endo) n_1n the goat  Tdda physiol 3 ane i —
/\\‘r’;:u’:s;:y B AT gfo?i cc Gz and B Hoxretr The effect of a gangllnor(ll‘c lb':o;:;;‘g
agent on the thermoregulatory response to preoptic cooling deta physsol scand X Lo
Anpexssox B L Exsiav C € Gare and_IP'“ S';;Nul;rzn ,{(Dng:,;, n;lfw (Jro[ *©
the  Lieat lows center  Acta physiol sco -~ -
A\ﬁ‘l‘l:):“{lﬂmn & :LF l::d ;“\\ StansTEY ﬁl'l\e refationship between bud)l' lﬂ‘"raz’!‘)"‘d
and food and water ntake Proc Istent Symp on Olfaction and Ta te Pergamon Jro
1963 361375
CarLso¥ qu) 35;:.7114
e T Pers_comm 191
Ha: D Hazoy and M McCasy Ten 1,0
g’{'ﬁ‘% {uzls;l;w l‘r‘:l;:r;'lur: potentials 1n the hypothalamur 7 < Il comp Phyniol ,
s 738
L«.?[u”{! ?ov Exposure 1o cold and catecholamunes. Fed Troc 1960 19 Suppt 5

squirrel

0 19
hivering thermogencsis and ats endoerin control Fd Poc 190



PREOPTIC TEMPERATURE AND CATECHOLAMINE EXCRETION 191

Evier U S v and F Lismamo Improved techmque for the fluormmetric esumation of
catccholamncs_dda piysol ot 1961 51 31330

Hewnowav A wussey H Winoer an ssex Effects of beating bvpo-
thalames ofdogs by dathermy 7 '\mmpll_ynnl fos0 3 s

Heroux O Adjustments of adrenal cortex and thyroid durmg cold acchmat on. Fed Prac
1960 19 Suppl 5 "85

Hsme A C.and L D Garesov Role of ad drenatine 1 chemucal
of heat p oduclmn Amer 7 Physiol 1957 190 e
fsex A G L D Cartsov and G Gras Rol of sympathet ¢ nervous system m the control

of chemcal regulation of heat productios dmer J Plysnal 1937 190 247231

kateoe k. M faechan sms ACTH and TSH secrction and their
role n cold acchimation Fed Proc 1960 19 Suppl 5 45—51

Lepye J  Catecholamune product on and release 1n exposure and accl mat on to cold  dria
physs 1 s and 1961 53 Suppl 183

Macory H W F Hagrtos | R Brosechand § 1 Raxsoy Actnation of heatlos m cha
nusms by local heatng of the bram J Aewr physt { 1938 7 101—114

Naravaur T H T Hawner,] D Harpyand ] 5 Fisexvan Thermal snmulat on of elec
1r cal actry oy of sngle wnrts of the preopc region. dmer J Plysul 1963 20 1179—11%6

Perersoy R E A Rarmer and S L. Guesra_Evaluat on of S lbcr Porter procedure for
d tcrmmalxon of plasma hyd ocortsone fralyt Chem 197 79 144—149

Swarro S Effect of a tatechol amine blocking ag nt {dibe; m!me)onurganmnxmtandmmc
excret on of noradrenaline and adrenalme 10 physwl scand 1958 4 371375

Sowooxt M Determnation of blood sugar 7 btol Med 1945 61 6973

Wapa, M M Sm 2ad b Ase Furthe studyon the safly nov of eold on the rate of epinephrine

secret o from glands with & mulf on of blood suvar Zokoku
T exp Med 1935 26 381-—411




Acta physiol scand 1964 61 192194
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Influence of Nethalide on the Phosphorylase Activating
Effects of Adrenaline and Isoprenaline mn Experiments
on Isolated Rat Diaphragm
By
Erca Momur LunpHoty and Nits Svepsir
Recewved 5 November 1903

Abstract

Mostye Luwonorss E and N Svepuvyr Inflience of n thaltde on the phos
Phorvlase actiating effects of adrenaline and ssoprenaline 1 experiments on wsolated rat
diaphragm Acta physiol scand 1963 67 197—19% = Nethalde at a con

centration of 1074 totally imhibited the physphorylase actnatng effect of
line or L line at a of 10741 on

ssolated rat diaphragm

} Nethahde 15 a recently introduced adrenergic beta receptor imhibitor which
“has been found to be capable of bloching the refaxing and the cardiostimulatory
effects of adrenaline and 1soprenahine as well as certain metabohe effects of
those catechol amines (Black and Stephenson 1962 Dornhorst and Robinson
1962) At the concentration tested, however 1t failed to block the hyper
glycemic action of adrenaline (Pillangton e al 1962) In the hght of the close
correlation between the eflects of certam catechol amines on Ueta receptors
and their effects upon the carbohydrate metabolism (Lundholm and Mohme
Lundholm 1960) this resuft was somewhat surpnsing The hyperglyeer €
effect of adrenalineg 15 attnbuted to activation of the enzyme phusphonlvs
which catalyzes the reacuon glycogen glucose 1 phosphate (review RAff ant
Sutherland 1960) We have conducted expeniments to determine Mmhté
nethalide snfluences the phosphorylase activating effects of adrenaline ;\"«
wsoprenaline i striated muscle — In the latter tissue fwo l'ormsl ol‘flrm:,i":r:) ‘“‘
pecur the 2 form being active even m the absence of AMP the b lo i

hol fate the tr v
herland 1960) — Nethalide was found ta bt
ung effects of both adrenaline and 150~

the presence of AMP C:
plmrylasc b~ a (Rall and Sut
pletcly the phosphorylase act

prcnthnc
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Table I Effcct of nethalide on stimulation of phosphorylase actwerly by Ladrenalire and L-
tsoprenaline 1n wsolated rat diaghragm Total phosphopylase actimty ( ) was deterrind 1n
the presence of 0 001 N AP and 15 recorded 1n m, snotgamc phosphate liberated per g
musele per min Phosphotylase a actunty 1s expressed as the amount of phosphate iberated
wathout 4VIP 1n per cont of that hberated with AMP P = probability that the sffect

vas due to chance n = number of tests

Change  Change from

from control after
control nethalde -+
Change from control after  after adrenal nef
Control value adre 1aline or ssoprenaline  nethalide  isoprenaline
Drug a T a T a 2

Adrenaline  205X23 0351004 148429 003220009 —35&14 0628
=11 P<000l P<00l

Isoprenaline 27 5:£28 0373005 204453  0083£0033 —44237 —16+02
=8 P<00l P<00

Difference 1 eff ct on 2 as between tests wathout nethal de 2nd those with nethal de

adrenalne  183£38 P< 0001
woprenatine 258265 P <00

Method

A rat was killed by a blow on the head and 1ts chaphragm removed and divided into
four equal parts These were weighed then ncubated mn four test tubes each containing
10 ml Krebs Henseleit glucose free bicarbonate buffer at 37 C, aerated with 5 per cent
CO; and 95 per cent O, givinga pHof 7 40 After 30 mun premcubation 0 1 ml diluent
for adrenaline (09 per cent NaCl + 005 per cent Na,50; + HCI ad pH 30) was
added 1o the control 100 g adrenaline (final concentrauon 167%) 1 G | mI diluent, or
an ¢quivalent amount of L dine to the adrenaline and isop
respectively 1 mg nethalide {final concentration 10-4) 1n 0 1 mi dilyent to the nethahde
preparauon and 100 prg adrenalime or 1soprenaline plus 1 mg nethabde (o the last

After 15 min b cach muscle spcaimen was extracted in cold with
4 m of a solution contaiing 0 02 N\ NaF plus 0001 M EDTA by grinding 1t with a
hittlé sand m a mortar Follawing centrfugation | m! of the extract was diluted with
7 ml of a solution consssting of 0 G M sodrum gl cerophosphate 003 M cvstemne hyvdro-
chloride and 02 M NaF the PH of which had been adjusted 10 68 Of this soluuon
08 ml was taken for phosphorylasc assay of modurs Con Ithingworth and helter (1955
The actiity was determmed with 0 001 A AP and without ANP The reaction time
was |5 min Prior to use the glycogen had been punfied as described 1n an earlier paper
{Mohme Lundholm 1962)

The incubation solution in 1ts entirety (16 mt) was used for inorgame phosphate
determuination ed modum \Martn and Doty {1949
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Results

It wall be seen from the tabulated results that sn the adrenaline experiments
the proportion of phosphorylast 2 was 20 5 per cent for the control preparations
Following addition of adrenaline the proportion of phosphorylase ¢ rose to
30 3 percent, the being I ble The total phosphorylase
actwity also increased somewhat Nethalide itself had no appreciable effect on
the phosphorylase activity though 1t completely blocked the effect of adrenahine
Tsoprenaline, too appreciably increased the phophorylase « content and some
what ncreased the total phosphoryla e actvity This effect was likewise m
tubited by nethaiide Nethalde thus had a consp hibitory influence
on the phosphorylase activating effects of adrenaline and 1soprenaline 1
skeletal muscle

hennedy and Ellis (1963) have recently found that the adrenergic receptors
medizung glycogenolysis in the rat Iner and m muscle reacted different to
catechol. Isop ] lated gly lysss 1n skeletal and cardiac
muscle but not in the hver Dichlorosoprenaline mhsbnted the glyco,enolytic
effect of adrenaline in skeletal and cardiac muscle but not in the hver This
different sensitivity of the receptors 1n Iiver and skeletal muscle may explan
why Pilkungton et al (1962) found no blockade of the hyperglycermic effect of
adrenaline by nethalide whereas we found an snhibution of the phosphonylase
activating effects of adrenaline and ssoprenaline in skeletal muscle by nethalide

‘The authiors grat fully acknowledge the techmeat awstance of My Theodor Deedin Financial
support has bren given by th Swedish Meducal Rescarch Councy)
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Observations on Anhgen-Indnced Histamine Release
from Rabbat Skan
By
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Abstract

Westernory B Obsertations on antigen wnduced hustamne yeleast from yabbil
shin Acta physiol scand 194 61 195—200 — Annhgen | mg/ml_caused
low but sigmificant histamine release from chopped abdomunal skin of rabbit
Release  as dependent upon pH and temperature Certain enzyme shib tory
such as alian (SH group 1nhb tor) and numhydnn (NH group mhib tor)
blocked release Reduced glutathuone reversed the mbub tory action of alian.
Dunstrophenol and anoua inhibited release only 1n glucose free medsum
The results suggest that 1 rabbit the anhigen induced Mstarmme release
from kn follows a s milar pathway to that of the anaphylache histammne
release From rat and guinea p g tisues and occurs after activation of &
process requinng energy from owdat: ¢ o glycolyt ¢ processes

Histamine has been shown to be released during the anaphylacuc reacton
1 rabbit from such tissues as lung {(Dragstedt Ramirez de Arrelano and Lawton
1940 Schachter 1933) skt hver and mtestine (Schachter 1933) and from
platelets (Humphrey and Jaques 1923 1920 Barbaro 1961a 1961b)

Very httle 15 known of the mechamsm mvolved duning ustamne release
from rabbut skin m the antigen antubody reaction In the present i estigatton
hustarmne release by anvgen from rabbit skin was studied m zitro under cond:
vons known to influence anaphylachc hustamine release from rat and guinea
pig tssues The purpose was to see to what extent the release n rabbit skin
resembles that observed in rat and guinea pig nssues dunng the antigen ann
body reaction and 1n this way to learn something about the release mechanism
wmolved

Methods

Sennitr.ation procedure

“The rabbuts used were af both scxes and weighed 1 —3 kg Sensization was perfarmed
by njecting the rabbits ntrapenitoneally every day for § days wath 10 m! of 3 10 per
cent solution of erystallized egy albumin The amumals were used 3 to 4 weeks after the
last injection
Incubat on techmique

The method employed was the same as that described 1n an carlier paper for cat
skin (Westerholm 1960) Chopped rabbit abdomunal skun in portions of 1 g were i

193
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cubated 1n 25 m! beakers each containing 3 ml of 2 buffered solution (pH 72-74)
contaming NaCl 15% X 10-'M KCl1 27 X 10 M CaCl, 9 < 10 *M 10 per cent
Sorensen phosphate buffer (Na,HPO, 2 H,0 30 X 10-* M KH,PO, 35 x 10 *M)
and antigen Ineubation was performed at 37 C for 30 min Oxygen was mtroduced
through cannulae m the stoppers of the beakers In the anovua expertments mitrogen
(99 7 per cent pure) was used instead of oxygen All tncubations were run 1n dupheate

‘When inhibitors were used the tissue was preincubated with the mhibitor for 30
min Antigen was then added and incubation contintied for another 30 mn

During mcubation for 30 min at 37 C the spontaneous release of histamine was usual
ly too low to be measured even in the presence of mhibitors In the expenments where
spontaneous release of histamine was detected relea e values were corrected for spon
taneous release

The vanation 1n fustamine release mduced by antigen 1 mg/m) 1n duphcate samples
amounted to - 2 3 per cent of the total hustamine content as judged from 23 duphcate
tests from different experiments

Assay of histamine

The } released into the medium was assayed — after filiering away
the skin pieces and bolling the samples — on atropinized guinea pig tleum {atropine
sulphate 15 X 10~ M) When inhibitors and reactivators were used they were add d
mequal amountstothe h standard Sp was d d by mepy
block {mepyramine 5 X 10-7 M)

Residual histamme 1n the skin pieces was extracted by boiling the tissuc i N HCl
(3 mY/g) for 5 min The extract was neutralized and assayed on guinea pig lleum

Assay of 5-hydroxripptamine (5 HT)

5 HT 1n tissue extract was d sp il 1l ding to Bog
dansk et al (1956)
Matenials
§ Allicin was prepared from garhic according ta Cavallito and Barley (1944) and as
Lindly supplicd by Mrs T L Thon Department of Pharmacology harolinska mstitutet

Stockholm Sweden
Other substances used were obtamned from standard commercial sources

Results

Histamne and 5-HT content of rabbut skin

The I content of abd 1 skin from 57 rabbyts amounted to 1 9
01 uglg tissue wet weight (range 06 — 4 1 pg/g) With the method used 7o
measurable amounts of 5 HT could be found m abdommal sk from four

different ammals (< 001 pugfg tissue wet weight)

centration of antigen
Cﬂ;'he rcltascflndugccd by 1 mgjml of anugen 1n 23 different rabbnts amounll::
to 118 £ 13 per cent (mean £ S T') of the total histamine i abdaff:“h
skin  Higher doses of anugen were not used because of the mtzrfcrltn::‘h o1
hustamune assay o significant histamune release could be memum,:mmcd
mgfm! of antigen In non sensitized rabbuts (4 cxpts) 1 mg mi of antig

no measurable histamne release
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Table T Influence of pH on hastamne release from rablit abdominal skwn tr witro snduced
by 1 mg)ml of antigen

PH durng incubation  peg ey PHL duning meubation

Expno  Inmal  Fimal relcase Tt al Final Per cent relrase
1 7t 72 4 61 64 Not measurable
2 70 73 6 60 64 Not measurable
3 70 69 21 59 62 Not measurable
4 70 72 15 59 62

Table I Influense of temperature on histamine velease from rabbit abdominal skin tn yiéro
tnduced by 1 mg|m of antigen

Per cent release at 37 C

After After preheat ng
fewanmng  the tssue at
Exp the ussur 473 G for
no Release at 05 C from 05 G 15 mun
1 Not measurable 8 Not measurable
2 “wot measurable 9 Mot measurable
3 Mot measurable 18 ot measurable
Influence of pH

The cffect of pH on antgen induced histamine release from rabbit skin was
mvestigated stnce it has been shown that anaphylactic histamine release from
gwnea pig lung 15 pH dependent (Mongar and Schuld 1958 Chakravarty 1960
Chakravarty and Uvnas 1960) Skin pieces were cubated 1n standard incuba
tont medium buffered with 20 per cent Sorensen phosphate buffer In sprte of
the presence of buffer pH changes were observed during mncubation  These
made 1t difficult to determine the pH optimum for 2ntigen induced histamune

release It could be shown however that the release was reduced at low pH.
(Table I)

Effect of temperature

Antigen induced histamine release from rat skin (Mota and Ishn 1960; and
guinea pig lung (Mongar och Schild 1936 1957a Mota 1938 1929 Chakra
rarty 1960 Chakravarty and Lynas 1960) 1s reversibly blocked at0 5 G and
ureversibly inhibited at 47 5 C [t could be shown that histamine release from
rabbit skin by antigen was inhibited at 0 5 C (Table I1; but could be revtored
by rewarming the ussue to 37 C Preheaung of the tusue for 15min at 475 G
cauwsed complete miubition of the antigen induced release at 37 € (Tablc I
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Table HI Inkubition of histamme release Jrom rabbst abdomnal shin tn vitro wnduced
by 1 mgiml of antigen

Per cent release

With  Wuh With inhibs

Exp outin inhibitor tor and re

no  Inhubitor Reactivator hibytor activator

1 Alhan 5107 M — 1o 4 ~

2 Alliem 57 10— M - 9 Dot measurable ~

3 Allicin 51074 M Reduced glutathuone 8 Not measurable
8X10-47(

4 Alion Sx10-4 31 Reduced ghtatluone 26 6 15
8107t

5 Allom 5710 M Reduced glutathione 10 Not measurable 8
8x10-47

1 Ninhydnn 1072 A( -~ 14 Not measurable =~

2 INmhydnn 10-*M -~ 20 Not measurable  ~

3 Ninhydom 103\ - n Not measurable  ~

4 “unhydnn 107 AL - 14 Not measurable ~

1 Dinitrophenol 5 1074 M Glucose 567103 M 13 Not measurable 10

2 D mitrophenol 5104 M Glucose 56X105A 18 4 i

3 Dintrophenol ¥ 10742\ Glucose 56x10-2 M 21 Not measurable 21

1 Anoxia (N induced) Clueose 56x10° M 9 Not measurable 4

2 Anoxia (N induecd) Clucose 56> 102 M 11 Not measurable 10

3 Anowa(N\ induced) Clucose 56/ 10981 13 Not m asurable 15

" Effect of chenucal whabitors and anoxia

Certan enzyme blocking agents such as sulphydryl group mhibitors and
amino group reagents have been shown to block antigen induced histamine
release from rat and gwinea pig lung (\Mongar and Schild 1900 1957b “ota
1958 Chakravarty 1909 1960 Chakravarty and Uwnas 1960 Boreus and
Chakravarty 1960 Edman and Mongar 1961) and rat skin t Mota and Jshut
1960) In the present invesuganon alhan (sulphydnyl group inhilntor) at3
concentration of 5 + 10 #M and mnhydrin (amino group nhibitor) at 4
concentration of 10 * M blocked the antgen induced histamune release ﬁr:l;
rabbat skin {Table 111) Lower concentrations of allicin or ninhydnn P"’d“‘d
no significant mhibitton When the skin was incubated before the adi‘szﬂ“
allicin for 15 ymn with reduced glutathione at a concentration of 8 ¥

imhibitory action of allicin was reversed (Table 111)

'h;n the al:sycncc of glucose anoxia has been shown to mhibnt anar’[‘):;‘;"
histamine release from rat and guinea pig lung (Moussatché and P:ol%")
Danon 1961 Rotschild and Barreto 1961 Chakravarty 1962 Dm;m:‘nlubutd
“The antigen induced histanune release from rabbit skin was sxmll-:! ;M e
{Table 111) When the incubation was performed under anots
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presence of glucose 56 X 10-* M no inlibiton of the release nas observed
{Table 111}

Provided that there 1s no glucose m the b medium phenol
blocks the antigen wduced histarume release from rat diaphragm and gumnea
pig lung (Rotschild and Barreto 1961) The antigen snduced hustamune release
from rabbut slan was zlso xmhibted by & henol at a of
5 % 30-3 n glucose free medium (Table 11T} I the sncubation was pex
formed i the presence of glucose 586 X 10-9M  the mhibitory action of &
mitrophenc! was abohshed

Dhrgcusseon

There 1s strong end that the yeleasabl 1 the shin of vanwus
species originates from the mast cefls (Riley and Vest 1903 Riley 1959) Inrab
Ditskin both the nuzmber of mast cells and the amount of histamine were found
10 be low (Ridey 1909) These observations are 1 agreement wath the findings
of the present study The hustamine content of lon was found to be ow as was
the amount histarmine released by an antigen dose as high as 1 mgfral In com
panson with the amounts of tustarmne released fiom platelets duting antgen
anubody seactzon the histarune release from skn in the rabbit seems 0 be of
Lurle ymportance for the symptoms e the anaphylactic reaction

Schachter (1933) ob a Iugher h refease by anugen from per
fused skin of rabilut ear than could be demonstrated i the present i estgation
from chopped rabbit abdominal skin This may be due to differences 1 methods
and in site of the skin ¥r1s hnown that the hitamine content of ear skin 1s hagher
thon that of abdemumal skin in rabbit dog gwnea pig and cat (Feldberg and
Miles 1953 Feldberg 1956)

Parratt and West (1927) showed by biological methods that the 5 HT con
tent of rablut skin 13 very fow In the present iy l:sngatmn 1t was not pusnb’:
ta demanstrate any 5 HT an rabbis skin by speetrop
11t therefore seems unhkely that any 5 HT of importance 1 released from rablut
skin dunng the anugen antibody reaction

From the present invesugatian st 1s evadent (hat there are great sunidaces
betseen Instatnune velease from rabbrt skin s the antgen annbody reaction
and anaphylacte hustarmne release from rat and guinea pig assues Thus low
pH Inzh and low temperature sulphydnd and wmuno group reagents anoxma
and dimtrophenol 1nflucnce antiges induced histamune release from tssues of
the three specars i 3 sumlar was

The obsers ations on antgen mduced tustamine release from rat and gwnea
P18 ussues have led to the suggestron that the release is the result of enzymane
feactions requirng energy from oxdauve or glycolytic processes The resulis
of the present imvestgation aindicate that antigen induced histamune release
from rabbit skin may be dependent on a simislar release mechanism

Fnancat upport from grant N TH A 4063.C s grarefully acknowledgrd
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From the Nobel Institute for hysiology and the Dep: of Pharmacology
Karolinsha Institutet Stockholm Sweden

Reduction of the Noradrenaline Content of Skeletal
Muscle by Sympathetic Stmulation
By

Daxer hernert and GorAx SEDvALL

1t has been shown that the noradrenalne (NA) content was con.tderably
dimmished 1 several organs of rats subjected to cold stress Thes dmunuuon
did not occur 1 the presence of a ganghon blocker (Leduc 1961) Moreover a
pronounced increase has been seen of the tissue NA content after preganglionic
nerve section (Sedvall 1964) and foll dion blocking sub (Rark:
Paasonen and Vanhakartano 1959) or bretylum (Ryd 1962) The above results
mught indicate that the finng rate i sympathetic nerves can affect the NA con
tent of different organs and that the NA stores of some adrenergic nerves are
normally slightly reduced by the continuous smpulse discharge However even
after prolonged nenve sirnulation the stores of NA mmght be found about ner
mal indicating a rapid resynthesis (Luco and Gotit 1948 Euler and Hellner
Bjorkman 1925) In tlus apparently controversial situation 1t was thought that
the question needed further expenmental testing

E ere e

W d on cats anesthetized with sodwum pentob (30—40
me/kg) Both sympathettc chains were sectioned at the level of L5 Supramaximal strmult
were gven to the nght sympathetic cham with bipolar sifver electrodes at frequencies of
Sor 12 mpsec Pulse duranon was 5 msec and strength 5—25 V In all the experyments
a total of 50 000 impulses were delivered The circulatory effects of the sumulation were
mall 1 d ding the blood flow through 4 femo
ralis on both sides using the drop chamber technique described by Lindgren (1908)
Blood pressure 1 as recorded from the common carond artery and was never below
100 mm Hg at the end of an i after the the cat was
killed and \f gastrocnemuus methalis 1 both legs were dissected out The ™ A content of
the mouscles was determined by 2 modification of the techmgue desenbed by Haggendal
(1963) For each cat the muscle of the unsumualated side served as a control The NA
content of muscles the sympathettc supply of which had not been stmulated was on the
average 99 nglg (49—210 nelg)

The results are summanzed 1 the figore where 1n each cat the NA content
of the night gastroenemius muscle 1s expressed as a percentage of the left In con
trol experiments on 9 unstunulated wats the NA content of the muscle on the
nght nde a5 a percentage of that on the left side was on the average 100 %,
(30~112 %) In the cats whose sympathetic chain had been sumulated the VA
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content wa ¢ derably d hed on the fated side S [ with
121mp/sec produced an average decrease in the NA content of 70 0, (27—76%,
whereas with 5 impjsec the average decrease was 53 %, (33—65 °,) Dunng
stimulation the blood flow on the stimulated side was reduced 2 to 5 trmes To
test that our results were not due to the ischemma caused by vasoconstriction
the 1 femoralis of one side was parnally occluded for 2 hours in 4 unstimulated
cats This procedure did not affect the NA content of the muscles

It has been shown that the NA content of skeletal muscle 1s predormnantly
stored 1n vasoconstrictor nerves (Sedvall 1964 Fuxe and Sedvall 1964) Thus
the present results show that n the asoconstrictor nerves of skeletal muscle the
teansmitter stores can be considerably d hed ! ] 1

by p
Jven ata low physiological frequency Further investigations are beng can ried
out on the physiology of this decrease in transmutter content

110
This investigation has been supported by grants from harolinska mnstitutet the Natonal
stitutes of Health Betheeds Md USA (Graduate Traming Grant H 6033) S enska Salf kapet
for Medscansk Forskning and the Swedsh National Association against Heart and Chest Dexies
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From the Department of Physiology and the Deparument of Histology
Karolinska Institutet Stockholm Sweden

The Distribution of Adrenergic Nerve Terminals
1n the Rabbit Oviduct
By

Jan Bruvon and Craes Winsen

The mothty pattern of the 1sthmus of the rabit aviduct differs from that of
the ampullary part (G 1d 1963) Furth a preovulatory occlusne
mechatsm mn the ssthmus has been deseribed recently {Brundin 196+a) In
this prel y report morphol 1 evidence 1s presented which suggests that
adrenergic nerve fibers may influence these functional vanatons n the two
parts of the rabbat oviduet

A hughly speaific fluorescence method for the histochermeal demonstrauon
of Tud hine 1n ad me nenve termmnals {Falck
1962 Falck Hularp Thieme and Torp 1962) has been apphed to Fallopian
tubes from sexually mature rabbits As lustrated m Fig 1 the number of ter
mimals with speaific fluorescence increases from the ovanan end of the organ
towards the uterus In the mfundibulum and ampulla most if not all of the
fluorescent termunals are found around blood vessels In the isthmus there 1s 2
gradual increase of fluorescent termunals which appear to fallow the smooth
muscle cells of the circular lager At the tubo utenine junction there 15 an abun
dance of ners e termnalsn the thick arcular musculature (. Fig 1 c) Towardsthe
Uterus this takes almost the appearance of a sphincter The myometnium how
€er seems to he devoud of fluorescent termunals apart from those scen around
the blood yessels (cf Falck 1964)

Mo termunals were seen among the fat cells in the perusthmue adipose tissue
(ef Wirsen 1964)

Parallel biochemcal analysis has shown that the noradrenaline content of
the 1thmus and tubo-uterine junction 15 up to 5 ames igher than that of the
infundibulurm and ampulla (Brundin 1964 b) The present results suggest that
thus difference 15 mainly due to the ad gic mnervauon of the gradually :n
creaung arcular muscle laye: of the isthmus and tubo-utenne yjunction Howeser
recent studies have shown that besides the uterus the smooth musculature of the
digrstive tract and the ureters (Norberg 19644 b} are essentially devord of
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Fig 1 A Infundibulum near
the ampulls rabbu Lrow-
section. Only a few fuorescent
termunals prande g the walls
of blood yvessels 250 x

B lathmus Numerous fluo-
Tescent terrunals in the eieeu
lar Jayer of the smooth mus-
culature and around blood
vessels The section 19 shghtly
oblique 250 x

€ Tubo-utenne junction
Abundant innervation of the
ereular musele Javer The
section 15 shghtly oblque
20 <

D Tuboutepne puncten
cxoss sechon The vancostics
of the fluorescent resmnals
are eleasly seen s ect
cular orentation 230 «

direct adrenergic innersation Thus the nch adrenergic nnervation of the
ssthmus and particulasly that of the tubo.uterme junction 18 noteworthy It
appears hikely that tius abundant innervauon 1s of importance for the different
otlity patterns and for the occlusve mechanism and thus also for ovum trans
t and sperm ascent
7 A simlar histochemcal and biochermeal study of the human Fallopian tube
15 10 progress
This work was mded by grants from the Unued States Tublic Health Seric (W80 8401
and from Karol nska frsututer
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From the Department of Pathology Section IT Umiversity of Helsimki and from Central
Hosputal of Savonlinna Finland

Effect of Histamine and Insulin on Eosmophils and
Mast Cells 1n the Rat Gastric Mucosa!
By
Tonu Rasanes
Rece ved 18 Aprit 1963

Abstract

RAsanes T Effect f hustam ne and visulin on ¢ stn phals and mast eells i the v ¢
gastric muc sa_ Acta physiol scand 1964 61 703211 — The number of
mast cells n the mucosa of the glandular stomach of the rat decreased on
tcount of degranulation 2——4 hours after hustamine and 1nsulin 1nyections
and aficr 1ngestion of food Re-granulat on of the mast cells occurred 1n a
later phase Morphelogical changes were established in the mast eell granules
during gastne stmulation Tissue costnophil 2 of the lamuna propna of the
glandular stamach increased at the beginur g of the sumulat on decreasing
inalater ptase Lethal insul n shock caused an mnc ease in the tissue €0y no-
phul 2 of the glandular stomach The role of the hepann aud hustar ine con

tained 1 the mu osal mast cell granules dunag the yt mulanhon of the gastnic
mucosa_ i the phase 1 wh ch the on chanves and local bepannernia in the
tmucosal lamma propna perhaps provoke nh biton of cosinolysis 18 sug

gested

In addition to histamne (Code 1996) sulph d pol hanides are
seereted 1n the gastnie juice (Smuth et al 192 Galletts Inest and Lodi 1928)
Gastric mucosa contams abundant hepanm like pol handes (Smith and

Gallop 1953) and histarmine (Rose and Browne 1910) which are possibly bound
with the mucosal mast cells since the decrease 1n their number 1n rat gasteic
Mucosa duning glucocorticord effect 15 accompanied by a decrease 1n the
mucosal histamine content (Foley and Glick 1962) It1s possible that the release
of end ¥ 1 by the cells of the gastnc par
enchyma

Tissue costnophilia appears 1o increase postprandually n the mucosa of the

1 canal (Heidenhain 1888) This has been atmbuted to the entry

of foreign proteins mto the orgamsm (Piggart 1932 Godlowsh: 1953) However
the increase in tissue cosinoptubia probably occurs wathout protein cffect under
the mfluence of atropine and vagotomy (Teir et 2l 1926) which inhibit gastaic

Sponsored by the S gnd Jusél us Foundanon
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secretion  Alcohol intoxication causes an inerease 1 tissue eostnoplulia m rat
gastric mucosa 1n one hour (Miettinen and houvalunen 1958} Tasting on
the other hand, reduces the tissue eosinophilia of the lamma propria (Heiden
hain 1888 Teir et al 1956)

The potassum content rises 1 the plasma and the juice dunng gastne
secretion (Hollander 1961) As gastric secretion 1 Ppossibly preceded by rapid
changes 1 the homeostasss of the lamina propria, changes which are probably
assocrated with cellular kanetics, the present wvestigation was instituted to
study the changes in mast cells and tissue costnophtha during and efter hustamne
and insulin sttimulation and dunng and after a meal

Method

‘The invesugation was divided mto 6 exp 1n which 4-month old male rats of Wstar
strain were used The mjections and the test meal were given yn all the expenments after
a 2-day fast durning which the rats were allowed water ad b

The mucosal specimens were taken from the gastric wall immediately aft r decapita
tion The wall of the glandular stomach which was full of secreta or food contracted
rapidly after the opeming of the stomach to the size of an empty stomach The prepara
tion of the microscopic samples and the mast cell and tissue eosmophil counts were
performed as described earlier (Rasanen 1960 a b) The statistical deviattons were
calculated by means of Fisher s t test

Histamme Expeniments I 1T and 11T
Tuenty rats were mjected intraperitoneally with 10 mg of histamune in the form of
dihydrochlonde Ten of them were decapitated withm 2 and the other 10 within 5 hours
of the mjection The controls were gnen 0 5 ml of normal saline 5 hours before decapita
on
In experiment 11 10 rats (weight 140160 g) recerved 3 x 1 0 mg of histaminc at
mn ntervals tp and were decapitated 2 hours after the first mjections Tht 10
‘ontrol rats (weight 135—150 g) were given saline injections
In experiment ITI 10 rats (weight 110—150 g) received 4 » | 0 mg of hustan® :;
30 mun mtersals and were decapitated 3 hours after the first inpection The 10 controf
rats (weight 115—155 g) were injected with 0 5 ml of normal sahne

Insulin Fxperiments IV and V
Nine rats (weight 196—260 g) were njected 1m with 20 [ U7 of s ater sotuble
msulin and decapitated 1—3 hours later when they were 1n severe shock and 11 agony
The 10 controls (werght 170—240 g) recered 05 ml sale ingecuions rovgnd
In cxp V 10 rats (weight 124— 164 g) weregnen 4 1L of ¢ ater soluble nsulan o
decapitated 4 hours later The 10 control rats weighed 132—172 g They recens

injections

\feal Experyment V1

In the last experiment VI the rats were fed raw ground hner Ten n:’l-:r(;‘(;'::
146—204 ) were decaprtated | hour after the begtaniag of the meal anot et
(weight 136—168 g) were decapitated after 3 hours 2 third lot of 10 rats (‘;“5( e ex
196 g) were decapitated after 5 hours The rats were allowed food llxroﬂf “:{edmp'
persment The controls were the same as in the preceding expenment andw

tated 1n a fasung state
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Fig 1 Number of cells persq mm of ussue 2 SE 1 rat gastne body mucesa after histamine and
snsubn and after a meal

Results

The number of mast cells and ussue eostnophils per sq mm of ussue = SE

1 the body part of the gastnic mucosa in all the expenments 15 to be scen m
Fig 1

Mast eells

The superficial profuse mast cell layer of the gastric body mucosa (Fig 2)
seemed to become degranulated within 2——3 hours of the first histamine 1njec
tien The diffe was probably lly (P < 003—002)
exp 1land I111n which the rats recessed repeated histamine doses The mucosal
mast cells were also degranulated 1P < 005) under the wnfluence of a large
msulin dose which led rapidly to severe shock In this expenment the mucosal
mast cells had disappeared completely in 3 cases from the areas in which some
of the superfinal and intact part of the mucosa was scen microscopically
(Fig 3 \) On the other hand nothing indicanne of degranulation was seen
in the mast cells of the submucosa in the same test ammals hig 3 B) Owing
10 the extenae destruction of the mucosa the zero values of the mast cells of
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I!;:g 2 r'\ﬁumlcrous mucosal mast eeflsin
¢ superficial part of
TS parnt of body mucesa of it

Fig 3 Left Total loss of granulated mu
cosal mast celly in raggastn_mucosaafict
severe msulin shock ( 325) Right Ao
sign of degranuiaunn n the ubraucoss!
connective tissue mast celly after sl v
shinck {

Fiz 4 Flow of metschromanc marers!
from the mucosal mast cells sftes insul
myectin (

these 3 rats were excluded in calculating the mean i Fig | which s thus 377

cells per sq mm of tissue

A smaller dose of insulin caused degranulation of mucpsa) mast erdls (P <
002) 1n 4 hours The profuse mucesal mast cell zone shoned a ditnet Ly
phological change during the msulin shock (Fig 3 wih saenolssation of the
wmast cell granules \Moreores their metachromatie matenal spread 1nto the



HISTAMINE O\ EOSINOPHILS 209

emronment lost some of 1ts metachromatic colour and flowednto the gasitic
glands 1n the area of the mucous neck cells

The number of mucosal mast cells decreased (P << 002) within 3 hours of
the meal but then began to mcrease 1in number 1n the same way as aftera
siagle histamune myection

Tissue eosunophihia

A large histamne dose Srst produced an increase m tissue cosinophihia and
then 1n 5 hours a fall to below normal (P < 002) Small repeated histarmne
Injectrons caused a decrease in hissue eosinophilia in 2—3 hours It was almost
significant 1n experiment 11 (P << 0 03)

A large insulin dose caused an increase mn tissue eostnophilia wathin 13
hours dunng shock Tissue eosmophenia (P < 0 05) occurred 4 hours aftera
small dose of msulin The blood sugar fell from 92 3 3 3 mg per 100 ml to
190 -+ 2 0 mg per 100 ml

Tissue eosmophilia ncreased shghtly i the first postprandial hour but
Tater returned to the level of the controls

Discussion

Mucosal mast cell degranulation seems to occur 1n the imtial phase of gastric
stimulation In this process histamune 15 probably released from the mast cells
and 1ts amount 1 rat gastric mucosa d m with the di 1
ton of the mast cells (Foley and Glick 1962) This endogenous histamine
probably functions as a direct stumulant of the gastnc parenchyma Mucopoly
saccharides appear m the gastnie yuice and ncrease dunng the stmulation
(howalewsks and Silbermann 1928 Galletu Ines: and Lodr 1958) It seems
e preally that the metact material of the gastoc mast cells
flows 1nto the glandular tubes near the mucous neck cells Observations 1ndi
cative of this have been made earlier (Grossberg homarov and Shay 1950)

The mast cell degranulauon phase appears to last 2—3 hours after a single
histamine 1njection after that regranulation occurs m the same way as after
2 meal Repeated b 1 and Ily msulin shock result m a
more lasung deg i} process probably by bl the pitary
adrenal systerm and the glucocorticord p gastric
slowly becomes vinble (French et al 1953) Afrer nstanmne and wsahin injec
tions rapid gastric 1 15 p y caused by ad lin and acetyl
choltne which most Iikely function as histamine Iiberators 1n the gastric mucosa
degranulaung 1ts mast cells

The increase in tissue cosinophilia in the imual phase of secretion can hardly
be due as has been assumed to the effect of foraign proteins \o increase in
tissue eosinophilia was encountered 1n the present work wn the later secrctory
phase when proteins are probably beng resorbed Repeated histarmine myec
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tions caused tissue eostnoperua 1 23 hours and 4 T U of nsubin had the
same effect m 4 hours Severe msulin shock on the other hand nereases tissue
eosmophsihia 1n rats in which the superficial mucosa was partly destroyed and a
part of the mast cell layer disappeated into the gastnc lumen Probably as
soctated with this process ts a local flow of mntracellular potassium into the
environment Increase in tissue eosuophilia appears to be produced by toue
quantities of alcohol (Mietunen and Kouvalamen 1958) atropine and pilo
carpine, and operation stress (Ter et al 1936)

During shock induced by repeated } 1) the tissue P
of the gastric mucosa only decreases perhaps as a result of the direct eostnopenic
eflect of exag h and released endog 1 The potas
sium content of the plasma and probably also of the lamina propria nises at
the beg: of gastnic 1 It also m the secreta during
stumulation (Harris ind Edelman 1960) This mutral nise in the potassum
content on the nutritve side may provoke an antieosinopenic effect This was
suggested by Aschkenasy (1959) for blood eosinophilia

The 1mtial nse 1n tissue eosmophiha duning glucocorticord effect {Wegelus
and Teir 1958) occurs more slowly than the increase induced i the present
work by histarmne nsulin or a meal and secretion 1s also stimulated more
rapdly than under the nfluence of glucocorticords (French et al 1923)
Mucosal mast cells release 1 during gl ticord effect (Foley and
Glick 1962) and this histamine reduces 1n vitro the potential differences 1n
the gastric mucosa and aids the passage of potassium via the mucosa (Harris and
Edelman 1960) It s impossible to say yet whether the heparin of the mucosal
mast cells which appears to promote the passage of potassium via the xcna:

Ir{u:mbranes (Hardegy, and Pflderer 1959) also partioipates sn this mucosd
transport of potasssum An mmial local heparinema i the gastric secreton)
phase may inhibit also cosnolysis as has been observed i systemic bl
{Braunstemner Potuzhek and Thumb 1959)

T
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An Attempt to Measure the Two-Way Permeability
1 the Blood-Brain-CSF System
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Ricarpo Epstrou
Recerved 19 October 1963

Abstract

Eostrou R Ar allempt to measure the two-way permeability wn the blood brown
CSF gystem Acta phynio) scand 1964 61 212—218 — Perfusion of vanious CSF
(cerebrospinal fluid) spaces with an artificial flurd opens the way 1o a quants
taw e analysss of transpart rates and permeability i the blood CSF snterphase
Several approaches have been reported recently two of the most successful
orics are the reports of Hetsey of of (1962) and Pollay and Davson (1%3) In
these studies the CSF blood transfer has been calculated from measured losses
of indicator matenal from the perfusion fud The present paper will report
on an attempt to ampl fy this approach by a determunation abso of the ap-
pearance rate of the mndicator matenal i the blood and by a umaltaneous
measurement of the transport rate 1n the opposte direcion blood CSF

Vanous equations for use 1n this system are given and practical expeniments
with sodizm and 1odidc transfer sre reparted. They do not permn a conclus on
of any preferential direction of sodium transport but 1odide seems to be trans-
dportcd about 10 tmes (aster au of che cercbral ventricles than 1 the opposite

irection

Method

Caus weighing 3—+ kg have been anesthetized with 2 mi of 6 mebumal 1p 32
wath later 34 supplements of needed One or both lateral cercbral sentricles have ber?
cannulated for the tracer containing inflow Ringer solution Al the perfusare has b«;
collected through a plastic tube at the aqueduct techsucally af modum Phattachan2 ”v
Feldberg (1957 1958) Feldberg and Fleischhauer (1960, In order 10 studv the two-w3
transfer the procedure has here been supplemented by an v tracer infusion et

The perfused anteror 3 corebral ventnicles are an obsiowsly defined pool E’:m
pool represcnted by the crrculanng blood plasma will vary wih different » c:by M
Its mitsal s1ze 18 the distnbution  space  of the indicator It has been obm:{ et
tracer diluuon calculation after an ininal 13 anjection Subsequent Jeakage o
matenal from this mital distnbution yolume 1n the body s equal 1o the wmum‘:, .
which tracer material has been added 14 in order to keep the plasma tontmd e
constant For sodium the indicator fracton leaving the instial distribution sp3

runute was (ound o be approvimately 1 60

232
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Al cats hav e been tracheotomized and intubated The arterial blood pressure and the
nflow have been 1 d

The two-way transfer of the tracer parr Na** and \a®2 has been studied and compared
with the transfer of I** and 1™ Unfortunatelv the used ¢! columns vielded an 1832
Preparation that was contamminated with I' Therefore foriodide only oner ay fluxes n
Parallel with sodium will be reported In the tw p-way studies (with sodium) 1t has proven
comenient to give the more rapidly decaying tracer of the studied element in the per
fusion flsd while the more long lived tracer of the same element has been given 11\

In an attempt to alter the sodium and sodide flux rates differentially {1 ¢ an accelera
ton of one element and a retardation of the other) three electroshocks have been gnen
7mun apart 1 the midst of the 2 hour perfusion period Trains of 25 cps square waves of
30valis from a Grass S4B sumulator have been applied with 2 finger tp size electrodes
and contact jelly to the exposed parnietal bones for 5 sec After the stimulation tetanus
sporadic clome tongue twitching could be observed for about 2 mun in the fully barbit
urate anesthetized cats

To record the catheter positions and the possible presence of any leakage the per
fusion system has finally been rinsed with an 05 per cent trypan blue solution for 10 min

e ventricular perfusion rates were determumed by gravity For this purpose the m

resenvoir has been placed on scales and its gradual loss of weight has been recorded
The fluid was forced out of 1t 1nto the perfusion tubes with atr pumped into the reven oir
botde with a pulsaung pressure The actual perfusion pressure in the ventnicles has been
controlled by the level of the outer tip of the outflow catheter The latter has been hept
1690 mm below the level of the ext mal meatus of the car The collected outflow fuid
has also been waighed at tme mtervals The perfusion rates have been kept at approx
mately 03 mljmin The rate of flud production in the anterior 3 ventricles should
2mount 1o about 5 per cent of this perfusion rate (Davson ef 2 1962) The brain tissue
with us closely packed cerebral cells may hardly permut any other considerable yolume
addition or Joss Thus Fick s law may be applied with moderate error on the obtamed
data on trangmural transport between the perfused veninicles and the blood plasma Any
deviant gbservation may suggest the presence of other transport mechamsms than thf
usion

A Tracerlab well 1l detector and Sup have been used for the radio-
sy of flurd samples blood plasma samples and cerebral tissuc speeimens

flow

Calenl of per bl M

The follawing symbols are used
% €€ ¢y tracer concentrations 1n the mflow and outflow perfusate an the ventricles
and 10 the plasma 1n pereentage of ¢ or ¢p depending on the source ¢ 1s related to ¢
nd ¢ as stated by Pappenhesmer ct al (1961) thus ¢ = ¢ ~ 037 (c — ¢ )
F the rate of perfusion 1n miimun

anda the mnterphase areas passed by the indicators in cm?  (The bigger area A 1s
uSed 1n plasmato-ventncular transport The smaller a 1in ventnculo-plasmatic transport
When both lateral ventricles are cannulated a = 4 wath unibateral cannulation a 13
abouts /3 £

the amount of indicator matenal pass ne the brain tssue
! ndicator dustnbution volume m the body { ndicator space ) v ml
£ the fract on of material lost from the space (} ) 1n umit time
It tme st (here 1 manute)
Rr by Kp the diffusional permeabibiy cocffcients for entriculo-plasmatic and
Pla mato-yentricular ransport in cm/min
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Wath these symbols the diffusional permeability coefficient of Hessey ot al (195%) mas
be calculated thus

£ —¢

A =F
r e P
Vehen the tracer appearance rate in the blood 13 also taken o account twa further

factors will have 10 be considered  Dilution 1 the body s dstribution space {F ) and los

ses from this space to other body regions

a7 dep dep
F=v GEev SRk

but Fick s law gives
Ar
Z;=I p 8 (¢ —¢p)

¢p 15 very small 1n comparison with the source 1n the perfusate ¢ ) and mas there be
neglected With sabsututions then

14
Fpoa=z _J"c (1+4)

“This expression permits a direct Js with thevp
ad modum Hesey et al (1962) Any difference between F pand £ , may be interpreted m
terms of retention of tracer material in the central nervous system

In order to d the pl F bility (7 ,, ) a constant coneer
tratton 15 upheld in the blood plasma A steady small concentration will fesult in the
steadily perfused ventncular flind The rate of appearance of the ndreator there 1t
cqual to its rate of appearance 1n the outflow fluid

bahity figures obtawed

Z7=F I3

Fick s Jaw gives for the pv passage
d ar
Z—[=1’,. A4 tep—c)

00d
The intras entrcular concentration 1s sery smatl in comparison with that i the bl
pla ma therefore with substitutions

3
¥ A=F~—
™~ P

t
will reveal ay preferent

A comparison of Ape on one nde F ,and F 4 on the other o des than

transport dircction of a given indicator and maght suggest otk et transpo
simple diffusion

Results

Companson of ¥ ,und h e

1a Table I cats pumber 3 4 and 5 stand out because of their fugh ¥ 'X‘:‘mm
The data reflect considerable tracer losses from the ntraventneular (unf(hf
while the low ‘or normal ) /7, figures show that only a small‘nmnucv:“m
escaped indicator matertal has reached the blood stream In ncdmm eypan
3 amymals there was staing of the catheter tracks with blood an!
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Table I Dyffunional brain perm abelity cogff uents ta sodvom (emimin) X ares

Belore and after electrochocktreatment

Cat R, a Y SN
1 002 001 00 00, 00l 001
2 00> 004 003 004+ 003 003
3 (024 022) 001 004 001 007
4 (030 034) 003 001 002 003
5 (028 014) 001 001 002 001
6 005 006 001 001 001 001
7 007 007 002 007 00t 001
9 001 001

1o 004 003 00> 001

1t 0 go2 ooz

b 001 00t
13 00l o00”

Bilateral perfus on (a = A) 1n other expeniments a approx. = 2/3 A

Table I Dyffusional bran permeability coefficsents 1o rodide (emjmin} X arex

Before and after electroshocktreatment

Cat kvp a l\‘m a l\p A

9 00> 004 004

10 004 ol

n 00 003 009 010

12 0003 0004
13 0003 0006

dapprox = 2/3 A

blue after the final ninsing of the perfusion system wath this dye suggestng a
tetrograde leakage of the perfusate along the ventricular catheters into the
outer (SF

Apart from these artefactual results a companson of K, and A, showslittle
or no difference between the ventricular loss and the plasma appearance of
sodium Thus there 15 no evidence (from these figures) of any sodium retention
In the bran tissue duning 1s transport 1n the ventriculo-plasmauc direction
The limited figures for 1odide favour a symilar concluston for that tracer

The validity of this conclusion has been checked with the data on the final
tracer content of the bram tissue The mean radiosodium concentration i the
hemispheneal braun tssue wasonly 27 « 0 1 9, (2 SEN) of the radiosodium
concentrivon w the onmnal perfy fuid The 1 the exposed
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choroid plexus issue was 70+t 1 0% The unknown concentration in the cere

bral mterphase during the ventriculo pl passage of radiosoditm seems
10 have been effectnely removed by the brief ventrrcular rinsmg The tracer
concentration 1n the final outflow flurd 1s of similar magmitude as 1n the men

tioned tissues the plasma concentration 15 about 20 times lower Fhese figures
support the permeability data that there 1s practically no retention of radio

sodium 1n the brain tissue during ventriculo-plasmatic transport Similar figures
for 10dide are (surprisingly) even lower than the sodium figures in the hemis

pheres (16 %) but are higher in the choroid plexus tissue (31 9%

Companson of 1p and pv transport

The data 1n Table I fail to give any support for a preferential transport direc
tion of sodium  For 1odide Table IT shows a 10 fold dilTerence between &j on
one stde and X and ¥, on the other The data are few, but obtaned 1n expen
ments that have given fair ssimultaneous sodium data (Table 1)

Control expeniments with intravenous trypan blue, where the (tracheotom
1zed) cats were subjected to simular cerebral traumatization and I'CT, did net
reveal any barner damage 1¢ undue extravasation of trypan blue in the
bramn The catheter tracks scem 10 heal up between the preparation and the
start of the perfusion, if this interval exceeds approximately half an hour

A comparison of the permeabilities to sodium och sodide in the vp and pv
directions (Table I and 11} shows that the ventriculo-plasmatc transport of
sodide 15 about 3 tumes more rapid than that of sodum, while the plasmato-

~ lar permeabihty 1s about 3 times greater for sodium than for wdide

these conditions

! I{he effect of electroshock freatment

ECT had no sigmficant effect on the permeability of the bram tissuc 12
sodium or 1odide neither i the vp nor in the pv direction, under these condi
tions as can be seen 1n Table I and 11

¥ entricular rolume and absolute permeability figures

An analysis of the umlaterally perfused ventnicular distribution space aﬂh{c
indicator ad modum Heiscy et al (1962) gase in the catsa figureof 11 2 o I;"r
The ventricular surface areas a och A may thereby be ronghly csumate;f d‘:e
A the figure would be about 10 cm? which would give a rough estimate :l’:r "
absolute value of the cerebral diffusion permeability 1o sodium in the or
10°% em’sec 1n these expeniments

Discussion

5 nuta W O0-W ransfer betwee!
tinve tho-way studies of matter
Direct umultancous quantt; y i

d CSI have 1o my knowledge not been systema el
3;;"::3 na:gh( be achiesed with moderate modificattons of some of the publuh
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cerebral perfusion techmques ¢ g Pappenhoimer of of  {1962) or Pallay and
Davson (1963) The present approach carries an extra advantage suice 1t 150~
lates the transcerebral passage thus elimunating the obscunng effects of v olure
flow transport through the arachnoid wills This advantage 1s gamned at the risk
of some of the quanutatve precision (Davson ez af 1962) On the other hand
an added degree of confidence 1n the data has been gamed here m comparsan
with the first mentioned two methods since not only disappearance rates from
the 1ntraventricular perfusate have been determuned but also the appearance

rates on the blood side The { method for of the size of
and the rate of leakage from, the pool represented by the blood plasma wall
abo e} problems eaused bv d pl ell ib 1 the bload

of different mdicators

The perfusion techmque used here has found some application 1n qualitatine
studies (e g Feldberg and Fleschhauer 1960 Rlatzo et af 1964) and mn serm
quantitative estmations of blood CSF (e g Domer 1962) and CSF blood trans-
fer {e g Drakoos et of 1961) The present study shows that 1t 1s possible 0 ob-
tain signuficant quantitative data with this techmique even to find an absolute
figure for the cerebral permeabihty The reported 10-fold difference between
the rapid ‘entniculo-plasmantc and slow plasmato-ventnicular transport for
1odude 15 1 agreement with previous expectations (Davson ef of 1962) The
figure 15 of the same magnitude as that gnen by Pollay 2ad Davson (1963) for
the blood CSF transfer of para amino-hippurate 1n rabbits

The litcrature contains several statements about the ifluence of ECT var
10us psychotropc drugs and mental disease states on the transcerebral transport
mechanisms for a review see Edstrom (1964) The validity of such statements
«can be expenmentally tested with the presented method as has been illusgrated.
heve with ECT A systematic sumilar trial of metabolic mhibstars and psycho-
tropic drugs mught bring formation on the basic transport mechantsms 1
solved and on ther possible chmcal sgmficance

Thes study has been supperted by Grant % 61— 40 from the Foundators Fund fo Rese
arch in Psychiatry
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An Occlusive Mechanism 1n the Fallopian Tnbe
of the Rabbat
By
Jax Brunpmv

Recened 18 November 1963

Abstract
BRuNDIN J 47 ocelu e me han m 1 the Fall pian t be of the radbit. Acta physial
seand 196% 61 219297 — The study was undertaken to determine wheth

ex 2 preovulatory occlus ve saechanusmunthe  thinysof the rabb ¢ Fallopian
tube scparates the cav ty of the ampule f om that of the uterus s 1s the case
s ocTanon. An am vivte 1 thod Tor the sece fimg of the mtralamenal pres:
sure vanations of the solat d rabtut Fallop an tube has and s de
snbed Evidence for th_ex stence of an act ¢ occlus ve mechanism mn the
ssthmus of the estrous rabbit Fallop an tube 1s presented and discussed There
22 rence i the semsiy of the mop an tube and the uterine bom to
15 more sens tive to
Secetyleholine than 1 the uterine horn which 1 Mmore sens t 16 to noradrens
1 ne than the amputla

Eather works (Burdick and Pincus 1935) have revealed that following ovu
lation 1n the mouse or rabbit the eggs were retained 1n the ampulla of the Fallo
pan tube for a comparatively long time before contnuing down to the uterus
This observation led them to postulate thata  tube loching mechamsm  might
be responsible for the retention of ova n the ampulla chca!ed attempts to
demonstrate the tube locking h by hstol h have
faled (Greenwald 1961) However the fi 1 of a p latory
“tube loching mechamism  has been venfied by several studies on rat mouse
and rabbit (Burdick Whitney and Pincus 1936 Pincus and harsch 1936 Whit
ney and Burdick 1936 Alden 1942a b Burdick Whitney and Emerson 1942
Black and Asdell 1958 1959 Harperetal 1960 Greenwald 1961 Harper 1961)
It appears as 1f the passage of ova through the Fallopran tube had not beenstud
1ed using physiological techniques The aim of the present imestiganon was to

attempt to demonstrate the eustence or the absence of a preovulatory functional
occlusion 1 the Fallopsan tube of the rabbit




<ed JAN BRUNDIN

“—=lsometric tension transducer

Temp. controlled e=—
water tlow A :‘a;glhylene
Falloplan
tube
Fixed end
of organ E o
Pressure Fig | Theexpersmental
] Tyrodes transducers apparatus
0 co salution

mixture

The spontaneous movements of the Tallopian tubes in the intact rabbit in
cludes peristaltic waves (Blundell 1819 Westman 1926 Kok 1929 Black and
Asdell 1958 1959 Harper 1961) travelling from the mfundibulum or the am
pulla towards the uterus These spontancous peristaltic waves should mduce
varnations 1n the mtr lp (Meschan and Quigley 1938) of the am
pulla A failure of these waves to reach the uterine cavity would indeate the
presence of an obstacle in the 1sthmus

In the present myestigation intraluminal pressure recordings were made i
vitro i the ampulla of the Fallopian tube and in the uterine cavity elose to the
tubo uterne junction Virgin estrous rabbits were used throughout the studs
Employing this technique 1t has been possible to demonstrate a preovulatory

tube locking mechanism 1n the isthmus of the estrous rabluts studied

Materials and methads

Virgin albino rabbits (Swedish Land race) weighing 2 5—3 0 &g were used Thean
mals were given food and water ad libitum The usual pretreatment by oophorectoms
In this type of studies was attempted earlier but always Ied to postoperatune infam
matory reactsons in the fimbrial end of the Fallopian tube Therefore oophorectomy wsé
not cmployed 1 thu study Instead aruficial cstrus was induced by dady v m m_,mvan:
of 50 g estradiol 17 § for 6 days prior to the day of the expenunent (ke preteeatmen)
secured a certamn umfarmaty of the materal sinee it produced estregenic pmlomxl o
In addion the estrogen caused an enlargement of the organs whick facihitared the

tal procedure

P A fee sacfict the animial by @ blow on the head the Fallopian tubes were diectel
out 2long with 3—-% mm of the uterine hara on the respectise nde nga:‘:‘zd e
mspected during this operation and nio signs of ovulation could cver be (;: l‘mm war
preparate consisting of the whole Fallopian tube and the tramsected uten

nance
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Fig 2 Spontanequs acuwity of the prepara  4mm
nhon In thit as subsequent records the top ¥y
traemg represenss longitudinal tenson mud
die wacng ntraluminal presture of the ova
r1an end of the userine horn bottom tracmyg
ntraluramal pressure of the ampulia,
1min

thoroughly cleantd from the ding tssues The p was then ded as
shownn B3z 1 10 a thermostaucally controlied organ bath (395 & 65 €} The bath
sontarmed 75 5w of exchangeable Tyrode s solution of the following compestion MaCl
80g RCLOZg CaCl, 02 ¢ MgCl, 6 0 02 g Naf0O, 10 g NalLPO, H,0
003 g ghycose L g dustilled water to 1 008 m! The soluvon of the hath was acrated by
asixture of 5935 ) and CO,(6 5 o) The sometnic Jongitudina! tension of the prep-
aration was recorded by means of a stran gauge transdueer (Grass F 303} The bottom
£nd of the preparation was fixed i the bath The ampullary tralunminal pressure was
recosded by the open end of a polyethy lene tube fitled with Tyrede s solution and insert
€d 3—4 e through the fimbrial ¢nd of the Faliopian fube The ntraluminal preswre
m the uterus was recorded by means of a polycthylene cannula of the same type as the
formers one and attached 12 mim below the mbo-uterine Junction The other ends of
the two polyethylene tubes were connected to a pate of equally sensitive pressure trans
ducers {Statham P23BC) formmg 2 closed aystem with the cavaty of the preparation
The were Tollowing of the system o the dsfferent
pressaces an the bath Measurements of pressure were recorded on a pohygraph (Grass
5Bl The spontancous actvity and the snduced vanatons 1n tomion and strafumimal
pressures Tollow g carsous dotes of aceryichobiae and notadrenahns were studied

Results
Spontanequs actissly
A typieal pressure ding foying the i set up bed
above 15 shown w Fig 2 The s dinal ienston extutnied bn
s preparanon didd ot vary considerably in any experiment of this senes This
was also g 1y wrue for the d 1 pressure ded by the cannula on

the uterine nde of the tubo-utenne yunction Howerer in a few preparations
utenne pressure wanatiens were reearded. These appeared as sangle wave ke
wereases and decreases of the wttaluminal pressure. The total duration af these
warves was 720 sce Ther amplitude vaned from ¢ >4 0 mm Hg

On the gther hand the ampullany wtralymnal pressure show od continuots
spontaneous wave hke pressure i all of the p studied

13 SN 4 phr L KM SF
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The frequency varied conuderably from 5—18 waves per minute Thewdura
tions was shorter than those of the uterine waves and varied from 2—# sec In

dd the amplitude of the ampullary pressure waves ranging from 0221
mm Hg differed from those recorded from the utenine part of the preparation
The spontaneous pressure waves i the ampullary cavity were often preceded
by a short and slight decrease of the pressure

The sntralurmnal pressures recorded 1n the ampullary and utenne ends thus
differed concerning frequency d and amphtude A reaiprocal relation
ship did not exist between the pressures recorded at exther end of the tube The
same responses were observed regardless of whether the utenine or the fimbria

end was hung uppermost in the bath

Drug mnduced actirily

The expenimental set up was tested by the addihon of vanous doses u{m):c:
acetylcholine or noradrenahine to the bath 1n an atempt 1o nduce dunqc:“;u
the longitudinal tension and the intraluminal pressures These dmgs] noi«u;
1nduced vanations of the longitudimat tension and of the sntralurmnal pr



OCCLUSIVE MECHANIS\U IV RARKIT OVTOLET 223

ng
Lmm f‘
Hg

&rmm
Fg 5 Effect of added soradrenalive. Bath conceatrayon M9 [
0003 g naradcenaknefsl. S¢mulation of the longuedinal

tension and the ytenne pressure bui no &

twerease 1n the ampulla waicatmg ssthinse ocelenan t o
NA
W2pg
m the utenne part of the prep but also mnfl d the sp. acay
xry of the ampulla.
At effecs of acetyicholine on the tone and amphtude of

\he D y pressure d at 2 of 03 pgimi 10
the bath Canc:mrauans of 1 32 f) ugfmi of bath flwd were necessary 1 order
10 mduce vanatons of the utenne wmeralumunal pressure 'V anauons of the fongy
1wdhinal tension thd not appear unnl the concentration amounted to more than
2 ug of acetylcholne/mt m che bath The responses ohtamed after the addiuaa
of Ichohne were hout the whaole range used
which was @ 1-~8 0 pgjml bath flssd Typical responses of two different concen
trauons of acetylcholne are shown m Fig 3 and Fig 4 In spiee of the defimte
snerease of the basic precure n the ampullary cavity 25 shownin Fig 4 no
influence on the wienne watraluminal pressure could be recorded This was a
constant observaton e all the preparauons studred
In the noradrenaline experuncnts the concentration used ranged from 0 001 —
013 ng ml of the bath The reartsviny o noradrenaline was the reverse of thas
seen after acenvlcholine A concentration of 3 ng ml of noradrenaling in the
bath induced and d the frequency tone and de of the rhvthme
vananons oF the longitudwal tension of the preparavon that remaned rela
inely constant durang the recordingy of spontaneous acnvin Thus dose of nor
adrenaltne also produced masked wane bke vanatons o the wtraluminal pres-
suse of the wterme part Fig 3) The same dose of naradrenaline not onls farled
to cause an vananons 10 the ampuflary intratorunal pressure but in addiuon
nooncease in ampulian pressure resulted from the eshanced utenine presure
o effect of added noradrenaline was recorded 1n the ampuiie unul the con
centration i the bath amounted to 10—13 ng md The effect of thiy dowe 15
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dlustrated an Fig 6 where a shight increase of the frequency of the ampullary
waves can be noted \o intralumunal transference of the utertne cavaty pressure
was obtamned 1n spite of the great enhancement of the pressure in the utennc
canaula In 3 expts out of 13 1n the effective dose range studied noradrenahn”
caused a d 1n the tone freq y and ampliude of the mtra
ampullary pressure waves as shown in Fig 7 However an increase of the tone
frequency and amplitude was obtained 1n 8 out of 13 expts 1n the effectsve con
centration range o sanation of the tone frequency or amphitude was recorded
1n the two remaiming expeniments

“The induced intraluminal pressure wasves recorded from the utenine end of
the preparauons nere generally follow ed by an enhancement of the intrautennt
pressure that could persist for several minutes after the pas.age of the Pﬂ"‘“’;
peaks (of Fig 5and Fig 7, The greatest amphitude and the longest durauon @
the pressure wases were recorded from the uterine end of the preparation 2

d 2fter the of notadrenaline An amplitude of 20 mm Hz

a;g a duration of 30 sec were afien obtaned In spite of the relatineh high pree=
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wIses m the uterne end of the Jumen of the preparate Do increast mn the iatra
was ded 1 any €xp In this end of the organ
the ma:uma& pressure waves were recorded following the addrtion of acety Icho
e Howeser ther ampltudes never excreded 6 mm Hg and the longest du
ration ded was 7 sec The ampullary pressure waves often exhibited a short
decsease preceding the increasing sloop of the pressure waves even followieg the
addition of acetylchiohne or noradrenaline Thas pattern of the pressure waves
was never observed m the utenme end of the preparanon
The b of the cesp to acetylcholine was akso noted for the nor
adrenalme wduced activines The postsan of the organ 1 the bath — utetne

or fimbrial ene UPPErMOSt ~— tvas not found 1o smfluence the drug snduced activ
anes

Discussion

Tt appeass posstble to obtan certan formaton about the sndnadnal acm
sties of the longitudmal and csscular muscles of the Fallopian tube employmg
the method desenbed above An und ble parhupaton of the jengudimat
souscles w the production of the pressure waves cannot be excluded However
ndguag from the tesults 1 general and from the figures presented the cccular
smuscles would be sesponsible for the pressure wases secorded except afier the
addition of novadrenabine that usually lated erven the longrudmal tension
‘anations

Quamsatsve awsays of the effect of different drugs by the method descrived
have certam disadrantages but the method appears to be valuable for qualita
thep The disadvant

recordings 1s evident

by the sanalabiy of the resp b 3 after ad of the drugs
wsed 1 the present study Thys vanabhty cou!d be partly due to different de
grees of wmtial d of the prep it of the miralu

runal pressures and to the rcla(n cly large \olume ol' the bath necessary for the
preparation

The different responses ta aeetyicholne and soradrenaline were not expected
However smilar phermasofopical differences have been previousty desenbed
W vanons parts of smooth muscle organs and abo i the oviduct In the gumea
pigaleum for wstance Nunro {$951) reported thyt adrenaline contracts the
reocoeeal region white 3t relaves the rest of the small ;mtestine From studies of
the longrudinal tenvon vanatons of the oviduct of the domestic foul Mchen
pey Essex and Mann (1832) reported that adrenatine farled ta sumulate the
rsthmus bt caused contractions of the other parts of the organ It 1s also known
that certamn parss of the human Fallopian tube react unegualhy to added pros
taglanding (Sandberg o1 al 1962) The discrepaney betwéen the amphtudes
recorded in the uterme cannula from those of the ampuliary cavity 13 probably

due to the thicker arcular musculature in the hone part ay compared to that of
the ampulh (Greenwald 1961)
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Presumably, the spontaneous pressure vanation  recorded 1n the ampullany
cavity during the present experiments are the results of the penstaltic waes
travelling from the infundibulum towards the uterus Various reasons exist for
such an interp of the pullary pressure varations Meschan and
Quigley (1938) reported that when a penstaltic wave passes the open end of 2
pressure recording, cannula 1 the cavity of the small intestine the mereasing
phase of the pressure wave 1s often preceded by a slight decrease of the resting
pressure However this 1s only an oc lly occurnng pt during
recordngs of peristalsis (Brody etal 1950) In the present experiments a smiliar
decrease of the ampullary pressure often preceded the real pressure wave, both
during spontaneous and drug induced actiity It should be noted that such a
phenomenon has never been recorded from the uterine lumen 1n the present
sertes of expeniments This could mdicate that the pressure enhancements of
that end were due to mass contractions of the circular muscles and not a result
of the propagation of the peristaltic waves from the Fallopran tube

Whatever the ongin of the recorded pressure vartations in the ampuila mas
be, they were not observable in the utenine end of the preparation duning the
recordings of spontaneous activity

In spute of extensive acetylcholme stimulation resulting in an increase of the
basic ampullary cavity pressure no signs of enhanced ntrautenine pressure
were recordable (cf Fig 4) A lly the between the
ampulla and the uterine horn 15 an established fact 1 the healthy Falloptan
tube It 1s also evident that an intrauterine pressure of as much as 20 mm Hg

nced by added noradrenaline never was transferred to the ampullary cavity
view of these considerations some kind of functional occluston must hase
present 1n the isthmus of the Fallopian tubes studied If the present results

are transferable to the living intact amimal they would mply that even beforc
ovulation a tube locking mechamism  n the 1sthmus of the Fallopian tubes of
the estrous rabbrt separates the ampullary cavity from the lumen of the pterine

horn
“This investigation  as supported by a grant from Karolinska In ttutet
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Abstract

GALe C C Further studies on the effect of radio frequeney hypathalamic lesions on
lactation and water metgbolim Acta physicl scand 1965 61 78237 — In
two lactating goats production of median emnence lesions by radio frequency
heating blocked milk synthesis and evoked diabetes insipidus (D 1) After ad

ministration of hormonal therapy (ACTH STH T 3 and insulin} had restor

ed mulk production withdrawal of STH from the regimen was associated with
adechne n mlk y1 1d_The acute polyursa chetted by median eminence lesions
n two unanesthetized goats preceded by several hours an increase in water
intake {polydipsia) Similarly the onset of the permanent phase of D [ 1n one
goat studied was occasioned by a pnimary polyuna Intravenous injecton of 3
Blocking dose of thyroune two hours before lesioning of the median eminence
failed to prevent the thyrowd actnation which acutely follows such hypo-

thatamc mjury

Recent studtes have shown that the destruction of the basal hypothalamus
m goats esther by proton irradiation (GALE and Larssov 1963) or v radio
frequency (RF) heaung (GaLe 1963) markedly depresses mulk synthesis and
produces diabetes wmsipidus (D 1) This impairment in milk productian was
atrsbuted to deficiencics in secretion of antertor pituitary hormones other ¢ha?
prolactn since replacement therapy with ACTH somatotrophin (STH) 1t
1odothyrenmne (T 3) and insulin restored mitk yield As Dittle 15 known about
the role of the central nenous system in regulating the secretion of STH onc
purpose of this study was to investigate further the smportance of this hormone
1n repaning lactanonal defects an goats with brain [esions :
excarch Fellow anonal nstitute of eurological D wases 8 d Pl ndacss U S

3 Postdoctoral Ri
Public Health Servace

228



HYPOTHALAMIC LESIONS AND LACTATION 229

A second object was to disunguish the prumacy of polyuna rs polydipsian
expennmental D I by use of RE lesions 1n unanesthenzed goats

Increased thyroid activaty, as shown by nsing levels of plasma proten bound
sodine {PBI} has been observed to accur acutely after injusy to the median
emmence (Andersson ef al 1963) Since admunistration of exogenous thyroune
suppresses the thyraid acunvaton which normally follows local bram cooling
{Andersson Gale and Ohga 1963) a third purpose of this study was to m
sesugate the ability of thyroune to block lesson induced thyroid actsaty

Methods

Care of the ammals measurements of lactation of mater sntake and of xrune utput end electralyte
toncentration

The general care of the three goats {two Jactaung *ND and R and one non
Iactating “M ) 2nd the methods for measuring Jactation dninking pattern and urnne
volume and eoncentration of Na* and CI~ hasc been previously described {GaLE 1963)
In additron on the day of lesioning the pre lesion and post lesion unine was caught i
fotg directly mto beakers at mucturation. In goar “M  unne vouded durng the onset
o the permanent phase of D1 was collected 1 the same manner Lrne eurered o er
rught was collected under od for the first few days after lesions

Production of RF lesions n the hypothalamus

The tech for wmpl needfe electrod Iy i the hyp
and later of producng RF lesions in the unanesthetized ammal bas been reported
(Gare 1963) Twao patrs of electrades wete implanted mngoats \ D and M and ane
parr 1 goat R Since the S-munute heatns requred to produce bram lestons
evoked an acute urge to drink in the goats 1t was necessary 1o restrain them from the
water buck ts at this ttme When heat loss reactions (panting and vasodilatation) had

subsided watfun several munutes of stopping RF warming the animals were permutted
free access o water

Replaement therapy

% aned combinations of the following h were mwpected suby ly mnto the
neck region of two goats, N D and “R (dady dosage) somatotrophin (STH) NIH
GH 55 oune? 12 mg ACTH Schering Corporation ACTHDepor 31 L 1w
sodotyronme (T 3) Smuth Khne and French! 07 mg and prosomune zinc insulin

Vium 81 U

Thyroune Roche 2 mg was mjected into the Jugular em n bve goats D
and R two hours prior to median eminence essons The method for measuring thvroid
actii iy (changes wa lovels of PBIN) way that wsed in Ppreviows studies { ANpERssos ol af

1963) Thyrotrophin (TSH) Fernng  Actyron” 051 U was injected into the jugular
vein several days after lesions

Histolo,y
The goats were lulled by 4, under by Thr brans were

fred and cmbedded in ecllodin as described previousty (Gate 196%) and were cut
transiersels in 30 grsections Exery tenth section was statned with talurdiae blue Prautary

b o patotrophin was 3 ¢ f of the Endoerine Srudy Sect on Nananal Instirures of Health
Th tn odothvron ne was a gift from th Smuth KR! ne and French Go
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R TR W R e e
Fig 1A Fig 1B
Fig 1A Block of uctation by median eminence leswms ~— vestoration by hormonal replacement exeluds
prolactin In gc;a( ND the block of Jactation by lesions was cn';uaeg"gy’{:;nnml ‘lhm;‘
g prolactin a secretion of this hormone U tthdrawal of
STH fror therapy nulk production felt from 105 1060 of pre lesion ,I)::Lr Withdrawal
aof T 3 and ACTH and wnsulin were associated with further dechne 1 milk yield (Note each
pornt represcnts the ascrage of 2 days ) Daly dose STH 12mg T3 07mg ACTH 31U
msubin, 8 U
Fig 1B Experimmtal D I evoked by median emunence leswons — water turnover augmented by hermonal
replacement The tn phauc syndrome of expennmental D1 i goat N D 1 shown (Sote rach
point represents the average of 2 dags) The subsidence of water turnover duting the permanent
phase (days 30—40) 15 paralicled by a fall i mulk yield (Fig ! A) Hormonal replacement
which clevated D I to 2 maxsmum (day 90) also restored milk production to pre les on levels
Permanent D [ was produced n this animal

glands were rmbedded in paraffin and cut transversely at 104 Representabise sectiont

s+ throughout the gland were stained with hematoxylin and cosin Thyroid adrens] and
ovarian glands were weighed fixed rmbedded 1n paraffin cut at 10 ¢ and stamed with
hematowlin and eostn

Results
br

1 Block of tactation by RF bypothalamic lestons — of milk prod:
hormonal replacement excluding prolactin

The production of hypothalamic lesions by RF heaung 1n tho Tactating
goats caused milk production to decline within 40 days to 14 % and 32 %
respectively of pre lesion control values (Fig 1A and 2) The lesser impar
ment occurmng m goat “R 15 believed related to the incomplete ablatson of
the median eminence Only two electrodes were implanted 10 this ammals
bran 3n contrast to goat “\ D) which bore four electrodes an
plaged at hustology complete destruction of the medsan esminence (Fig 3

When replacement wih ACTH STH T3 and insulin was mmt\:tidr;:
these antmals milk yield was restored within [5--20 days

to 110 %, 18
and to 909, 1 “R of pre lesion levels In R however this hugh desree
of could not be

d which dis

d mulk yield falling somewhat to &

of control
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MUK L IDay e

o letaornges _ca  %wecer sees .

£& ° Efict of hpothalamic lesons 1n goat R Lesions Blocked milk produet on and evoked D T
Water tumover returned withun normal limits after onset of the permanent phase  Hormonal
therapy estored mulk yield and caused a retum of D1 Da lydose STH 12mg T3 07 mg
ACTH,3T U smsuln 81 U

A Effct on mulk p aduction of selectue withdrazal of ormanes

When STH was selectyy ely withdrawn from replacement therapy mulk yield
dechined 1n the following 10 day penod to 60 %, for \ D and 67 %, for “R
of pre lesion control This reduction represents the steepest fall 1 mulk yeld
for “N\D 1 ¢ from 10 % down to 60 %, dunng hormonal withdrawal
This was less marked m R from 80 °, to 68 °, Dunng the 10-day interval
after withdrawal of T 3 lactation declined to a greater extent in “R 68°,
©40% thanan ND 609 to 55 % When ACTH and tsultn mections
were stopped as well mulk yield fell after 10 days from 52 2, t0 39 2, for “\ D
and from 40 ©, 10 3 %o for “R By 2030 days after cessation of all therapy
lactation had declned 1n both goats to 18 °, of pre lesion levels Both ammals
2ppeared to be in good health when killed at this ime for histology 1n spite
of the condition of D 1 Duning the study they had demonstrated good appetite
which became pronounced after hypothalamic lesions At sacnifice laparotoms
fevealed a great quantity of internal fat

U Duabetes wsypudus produced by RF Bipothalamc { sions
A Rapiditr of onset of polyuna

Lestoning of the medtan 1 three d goats ehated the
clasic tn phasic syndrome of expenmental DI (Fisher Ingram and Ranson
1935) (Fig 1 B) The most raprd onset of the acute phase of D T occurred n
203t “\M  a non lactating smimal which dev cloped a maumal level of polvuna
3 hours post lesions (Fig 4) Onset of polyuria was almost as rapid in “\ D
unine sccretion rate (USR) nung from a control of 03 mi/mun to 2 0 mi/min
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Fig 3 Schematic draumg of a bypo-
thalamic lesion tawsing block of lactation
and permanent D I Cross hatched area
depicts the leson wn goat ND

Atrophy of the neural fobr of the
pituitary nfarction of the antenor
lobe and Joss of neurons m the
paraventricular and supraoptic hu

clet eccurred
A B = Transverse sections
through the hypothalamus at the
levels indicated n D

D = Mdhne saggital plane of the
dieneephalon of the goat

son = supraoptic nucleus ac = anterior commssure
a = antenor labe of pituitary 1 interpal €apsule

= neural lobe of prantary oc optic chiasm

T column of fornix ot optic tract

p = pmcal gland mb = mammillary body

3 = third ventncle mt = mammillothalamic tract

pvn = paraventnicular nucleus

withm four hours post lesions associated with a fall in speaific gravity from
1056 t0 1010 In R an elevation n USR from 0 4 ml/min to 1 4 mifmin
accompanied by 2 drop in speaific gravity from 1 033 to 1 015 occurred about
12—-16 hours after lesions

B Primacy of polyania oter polydipsia
Swince the primacy of polyuria is polydipsia in experymental 11 remams
unsettled (WoLr 1938) the drnking behavior of the ammals acutely after
" lesions was of major interest In goat M 1t was clearly evident that polyuna
preceded polydipsia (Fiy 4) Sumilarly in ND  polyuna came before pely
dipsia In this goat USR reached 2 maximum of 2 0 mljmin and speeihc gravity
had fallen to 1 010 wathin 4 hours post lesions but no water was ingested untl
6 hours post lesions By this ttme the goat had excreted 224 m! of unine and (lxc:
drank 250 ml of water Twenty one hours after lesions the ammal had drun
3 81 of water and had excreted 2 21 of unne {speaific gravity | 004) In R
the acute phase of D1 dereloped dunng the night some 1216 hours I"”:
lestons when no direct observations were made The primacy of polyurt

therefore was not venfied

C  VNormal snterphase and onset of the permanent phase of D I

T
the onset of the pe
a detatled description of the normal interphase and

Since v the goat these events

d 10
manent phase of D I has not previously been reporiee e
were studied m M In this ammal the two and one hilf day pcm:»dﬁt"c:’(m1
D1 was followed by a well-demarcated normal mterphase lsting o
and charactenized by a very Jow unne outpuf of high specific gravun
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Yg 4 Prm 1y of polyuna ofter hypothalam I sions 1n an unan thet .ed goat Dunng the pre les on
controlinterval goat M usually drank 0 8 10f water each day shortly after cating the morming

ration. On the day of lesioming the goat drank at 10 {upper hstogram) Hypothalamuc
lesions at 1490 evoked @ mammal unne secretion rate within 3 hours (lower histogram) No
water hawever was ingested unt | 5 1/2 hours aRer les ons when the goat drank 2 01 to com

pensate for the loss of 1 5 1 of unne Thereafter polyuna and polydipsia proceeded with a semula
time course

With the onset of snterphase water intake reverted to the pre lesion pattern
of about 081 per day In the second day of interphase however the goat
drank no water at all On the morming of the sixth day the ammal drank 071
of water as usual after eating 1ts daulv food ration By 16 ¢° however the specific
gravity had fallen from 1065 to 1026 thus signifying the onset of the per
manent phase of DI Between 16 % and 18 % USR increased to 1 3 ml/min
and speaific gravity dropped further to 1014 At this tme — approumately
17% — the goat drank 0 5 | of water the first since the morming postprandial
1ngestion

Thus as in the acute phase of D I 1t appeared that the sccretion of a dilute
copious unine had preceded the ingestion of water 1n amounts above the daily
basal need Thereafter potyuna and polydipsia proceeded with a simular ume
course By the next morming the goat had drunk 2 7 | of water and had voided
221 0f unine {specific gravity 1 008) Water turnover did not remaim elevated
however By the fourth day of the permanent phase water stake urnine output
and specific gravaty were again within normal himits This amelioration of D T
1s believed due to incomplete ablation of the median eminence
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1t "

ear' Fig 5 Falure of thyrocme to suppress

actication of the thyraid gland by median

emunence lestons  The promptness of

blocking action of 2 mg of thyroane

(T 4) mjected 1 v {at the arrow) n

i Roat’ N D 1s shown by the sharp

downward alope of the PBI' eune

before lesions The downward slope

. 2 of PBI™ prior to thyrotine was based

R 4 on daily measurcments (not shown}
after the goat was labelled with [

[ on day | The acute rse i PBEY aft
Ty er lestons 13 comparable to that elic
1ted by injection of TSH (051 U)

3 days later Swmilar results were

obtamed in goat R

w

[T .

Y

5
7 ] 0
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D Fffct of hormonal veplacement on D 1

Sice m a previous study (Gale 1963) hormonal therapy augmented water
turnover 1n goats with DI attention was pawd ta the relative importance of
hormones 1n elevaung water metabolism mgoats ND (Fig 1B) and R
(Fig 2) Apparently, secretion of ACTH, TSH, and STH from the antenor
pituitary s necessary for maximal development of D 1

111 dctuation of the thsrard gland by median rminence lestons

Ingoats ND and R lesioning of the median ermnence evoked a prompt
Acttvation of the thyrord gland as measured by a nse 1n plasma PRI Thit
response occurred desprte admrnistration of a blocking dose of thyroune two
hours before brain lesions (Fig 5)

IV Harr loss after RF hypothalamic lesions

Four weeks after bramn lestons in R a marked loss of hair occurred Hand
fulle of bair could easily be pulled out from the back and shoulders with desquar
atton of the superficial epidermis This harr loss became most severe bcl'or:
hormonal replacement Several months after lestons and after rcpl?’rrmt:e
therapy Tad been insmuted 3 vew coat of har bad begun to grow W xz'n : "
goat was killed no pathological skin condition was apparent A simlar :h:m
har had been observed earlier 1n a goat with proton radiolesions 1 the /!
emnence {Gale and Larsson 1963)

V' Fffect of hypothalamc lesions on elecirolyte excretion 1G

The effect of hypothalamic lesions on urinary excrenon of Na ]3:({0)’!!’ "
studied 1n all three goats In no case was a marked increase m‘: o s
cretion noted (Fig 4) Thss finding 15 1n contrast to the salt wastig
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been observed to occur in albino rats maimntamed on a low Na* diet and sub-
Jected to direct current el lysis an the hypothal: (kecler 1955 Gale
and MeCann 1960) The discrepancy in results may be due to varyng lesion

placement or to the different effects of electrolytic rs RF heat lesions (Revnolds
1963)

VI Hustology
A. Braws

Destruction of the median emnence was virtually completein ND  (Fig
3) RF heating produced a ilaterally sy 1 lesion whach extended from
the caudal optic chiasm backwards 1n the rudline through the separation of
the pitwtary stalk There was a very marked reduction i the number of
neurans 1n the supraopuic nucleus (SONY and 1n the magnocellular portion of
the paraventricular nucleus (PVN) although nether the electrodes nor the
heat lesion 1nvolved these nucler directly Despite damage to the caudal optic
chiasm  no gToss 1mpairment in the goats vision was evident In M an

1 leston was produced which failed to destroy the caudal median
eaunence bilaterally Damage to the optic chiasm caused impaired wision
Although degeneration of the neurons i the SON and PVN occurred this was
less complete than in ND  In R the lesion was located 1n the ventral
Portion of the muddle hypothalamic region but failed to penetrate downward
sufficently to destroy the medsan eminence totally

B Puutary glands

Pituitary glands of all three goats appeared approumately the same The
adenohypophyses were markedly infarcted particularly the anterior portions
Presumably due to damage to the hypothalamic hypophysial portal vessel sys

tem The neural lobes were atrophied No obvious change was discerned i the
mntermediate lobes

C. Thiroud glands

It ND  the goat displaying the most complete damage to the median
cmnence the thyroid gland was smaller (20g s a mean of 35 g formalin
weight of right lobe) and appeared to contain appreaiably less colloid than those
ofthe other goats This1s1n accord wath the known ability of hypathalamuclesions
10 1mpair thyrord function (D Angelo and Traum 1926 Andersson et al 1963)

Discussion
In the present and 1n a previous study (Gale 1963) lactatng goats with
hypothal RF lesions produced less mifk when STH was withdrawn from

2 hormonal regimen ancluding ACTH T3 and insulin These data therc
fore suggest that impaired secretion of STH 15 a mayor cause of the lactation
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bloch which follows disconnection of the antenior pitwtary lobe from C\S
regulation Since the anterior lobes revealed central necrosis imdicatne of an
interrupted portal vessel supply the role of the CNS 1n controlling STH scere
tion during lactanon remains i doubt Depression of adenohypophysial func
tion secondary to 1schermia could account for a reduced secretion of STH Itss
indeed stnking that 1 g goats with hypoth radzolesions (produced
by a proton beam) showed less severe block of lactation absence of infarction
i the antenior lobe and 2 smaller galactoporetic response to STH nyections
(Gale and Larsson 1963)

The pl ation of mitk prod afforded by a therapeuticregimen
excluding prolactin suggests that a high level of synthesis and release of ths
hormone was occurning 1 the viable parenchyma of anterior lobes deprived of
therr normal hypothalamic connections ‘This provides additional support for
the theory that prolacun secretion 15 regulated by central nersous nhibitory
processes (Gale 1963)

The techmque of producing lesions 1n the brawns of unanesthetized goats has

provided clear evidence that polyunia precedes polydipsia in experimental D1
d good cond durng and followng the

Since the goats r 1n apg
lesioning procedure and presumably were capable of dninking as soon as they

expenienced thirst 1t appears that polydipsta lags several hours behind the secre
tion of a coprous dilute unne Smuth and MeCann {1962) have reported that
electrolytic destruction of the median 1m acutely nept d rats
deprived of food resulted 1 the ing estion of amounts of water signtficantly greater
than 1n nephrectormized controls Such pnmary polydipsia however mght
due to wrntant effects on a hypothalamic  drinking center  of metal deposted
by direct current electrolysis (Reynolds 1963)

The five mnutes of RF heating required to produce brawn Jestons induced
an immediate strong urge to drnk 1n the goats 1n confirmation of earher studes
) m the regulation of water mtade
(Andersson and Larsson 1961 Andersson Gale and Sundsten 1962) “‘“{’:_
thirst evoked by RF heating 1s more hkely a result of conductive v.armm;’
the preoptic heat loss center  than to imyury to the basal hypothalamus d:;
mediately that heat loss r (panting and il ) had sulsk
the ammals were permtted access to water No water however was 1ngest
until a clear cut polyuna had developed

In all three am}:nu)l's the typical (hr}:c phases of experimental DI ueee »;}:
demarcated but only one goat mantained D I throughout the three ﬂﬂdﬂ';m
half months of obsenation This animal revealed total destruction ol the mm o
eminence atrophy of the neurohypophysial lobe and marked lﬂ‘:“;:: he
number of neurons in the PVN and SO\ The subsidence of B ulm' de
nt phase 1n the other ammals was apparenty duc to mtrall"}: tem

¢s and to recovery of th 1
Although the nearohypophv

d g a ther

permane:
struction of the supraopuco-hypophysial trac

from the cffects of edema and sub-lethal injury
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lobes were atrophuc there was appreciably less depletion of neurons in the
PVN and SO Tt appears that three anterior pituitary hormones — ACTH
STH and TSH — are essential for the development of maximal D I i the
goat The moderate degree of D 1 which can be sustamned permanently 1n the
absence of these hormones depends upon the completeness of destructian of the
supraoptico-hypophysial system

The stimulus of acute injury to the median emunence broke through a thyr
owune blockade and actnated the thyroid gland 1n a manner resembling an 1n
cction of TSH Most hikely such hypothalamic myury acts to release pitmtan
TSH sccondary erther to damage to the adenohypophysis or to release of 2
stmulatory neurohumor from the bran (Schreiber et af 1963)
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The Influence of Reserpine on the Intracellular
Distribution of Noradrenaline i the Rat Heart
By
G E Jounsont
Recenved 26 November 1963

Abstract

Jonson G E The influence of reserpine on the wntrazellula distribution of noradrens
{mne tn the 1ot heart Acta physiol scand 1964 67 238—243 — Rats exposed
1o a told stress or treated with 2 Jow dosc of reserpine were killed at sarsous
ummes and their hearts femo ed and homogenized in phosphate buffer Sulb-
sequent centnifugation of the homogenate produced three fractions 1) a coarse
fraction following low speed centrifugation 2) a particulate fract on and 3) &
supernatant fraction obtamed by high speed centrifugation of the first super

natant These 3 fractions plus aliquots of the total homogenates were assayed
for noradrenahine content Following reserpine 0 § mgfkg a preferental fall
1 the drenal n the raction occurred after
1 hour without any fall in the content of the p late frac

tion Two hours after reserpine the total noradrenahne content was reduced
to about one half with the same relatn e proportion of amines in th  parucy

Jate fraction and 1n tis supernatant as after 1 hour Cold stress mdu ing @
strong mcrease in noradrenahine relcase faled 10 alter 11l er the tofal nor

adrenaline content of the hearts or the mtracellular distribution of tha cate

cholamine It s suggested that the amine fall 1n the supernatant fraction after
reserpine results from an impairm nt in the rel ase of noradrenaf ne from the

particulate fraction

In recent years a considerable body of evidence has accumulated suggesting
that the noradrenafine fund withun adrenergic aerves and periphess) tes
does not exist 10 bne homogenous pool Luler and Hillarp (1926) reported that

trifugation of cell free homoyenates of bovine splenic nen e
the high speed centnifugation g 5, o o, of the

and of rat spleen produced a sed which “ i
T OCCULT!
tal noradrenaline activity n bound form while the remander
frew further procl

free form Later 1sotopic and pharmacologieal evidence has pnen
Presene addres De

esearch Fellow of the Medical Research Counc ! of Lanada
e R eteody Cmeriy of Torome. Toromts Cava s

238



RESERPINE OV INTRACELLULAR NORADRENALINE 239

that the noradrenaline found n pertpheral tissues exists in at least two forms
(Hilarp 1960 Axelrod Hertting and Patnck 1961 Trendelenburg 1961)
Upon homogenizng puppy hearts and subjecting them to high speed centn
fugation Wegmann and hako (1961) demonstrated the presence of parucle
bound catecholamunes n this organ Direct evidence for the existence of more
than one pool of noradrenahne has also been presented for the rat heart and
sahvary glands (Potter and Axelrod 1962) for thedog heart (Campos and Shide
man 1962) and for the cat heart (Campos Stitzel and Shideman 1963) From
these and other works 1t has been postulated that noradrenaline ewsts within
the nerve cell m at least two pools commonly referred to as the “bound and
free forms

The ability of reserpmne to reduce the catecholamine content of varous organs
has been well demonstrated (Carlsson and Hillarp 1956 Holzbauer and Vogt
1956 \Weil Malherbe and Bone 1929 Muscholl 1959 and others) In view of
this effect on the whole organ a study was undertaken to determune the effect of
reserpme on the llular distrib of Iine 1n the rat heart A
low dose of reserpme was selected to wnsure that the total depletion of norad
renalne would take several hours In this way any mtracellular vanation could
more easily be observed

Exposing an albino rat to a cold stress of 2 C induces a marked increase 1n
the unnary excretion of noradrenaline (Leduc 1961} The inclusion of cold ex
posed rats 1 this study enabled a companson between the effects observed
foll a large ph I 1 release of d hne and those produced by
the pharmacological agent reserpine

Methods and materals

All experiments 3 ese carned out on male rats of the Sprague Das ley stram purchased
from Anucimex Stockholm Rats were kept at Jeast one week at roorn temperature
(20 C) before beng used for expenimentation The weights of the rats ranged fram 300
w350g

Reserpine (Serpasil kindly placed at our disposal by AB Ciba Produkter Vallingby)
was admunistered 10 a dosage of 0 1 mg/kg 1 p and the animals were killed one or two
hours after treatment Rats treated with reserpine solvent were killed 1 o hours after
ection Cold exposed rats were placed at 2 C for 24 hours before being sacnficed

The animalsy erc killed by a blow on the head and the hearts quickly removed blatted
dry and weighed Three hearts 1 cre pooled for cach expenment. The homogenization
fluid + 15 made up of 33 m! of 0 13 \{ patassism phosphate buffer (pH 7 5) plus 2 mi of
cthylene diamine tetraacetic acid solution (100 mg/ml) Homogenzation and  entn
fugation were carried out at a temperature of 2 C The hearts were first homogenized
0 15 ml of the abose solution for 70 sec n an Ultra Turrax Homogentzer The resulung
mixture was then ground for 30 min between two carborundum stones one held fast
while the other was motor drinen Following homogrnization of the hearts the ! qud
was poured off and the homogenizer nnsed with the remsimng 20 mi of buffer DT A
solution This rinsing fluid was then added 1o the ongmnal homogenate Ten mt of the
homos,enate was removed for the esumation of the total catecholamine content and the
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Teble I Noradrenatine concentrations (nglg or ® of the folal content) of the 1anous Jfractions
of rat hearts follsuting howogem, ation and dfferenttal tentrifugotion Standerd ervors of ihe
P|S talues arz also gioen

Number Particu  Super
of Total Coarse late natant
Treatment €xpts content  fraction  friction  fraction  Recovery PfS
Control 5 548 179 198 131 508 151 2088
Rats 330, 3 24 93
Cold exposed 4 566 192 18> 125 503 147000
Rats 3. 31 2, 290
Peserpine 4 578 210 17> 12¢ 509 talzon0
Solvent 3 30 2 20
fhourafier € 492 178 184 % 48 1o zott
reserpine 3 37 20 930
2hoursafier 4 258 92 10> 55 252 191400
reserpipe 6 41 2, ag>

remaining mixture centrifuged at 2 000 < g for » mun o remose the coanse fraction The
resulting supemnatant was centnfuped at 147 000 7 g 1n aSpinco Model L Ultra entrifuge
for 3 mun yrelding a particulate fraction and a supernatant fraction  The noradrenahine
from the 4 fractions 1) total homogenate 2) coarse fraction 3) particulate fraction and
4} supernatant fraction was extracted with trichloracetic acid The extracts were sub-
sequently punfied by runmung through alumina columns at pH 8 3 and the noradrena

Iinc estsmated fluorimetrically by the method of Euler and Lishajko (1961 a!

Results

The results are presented 1n Table I The recovery values gnen zxpmx:d
both as ng per gram of tissue and the percentage of the total content were u':
tained by the addiuon of the coarse fracuon the particulate fraction and Ul
supernatant fraction and amounted to 88 to 98 per cent of the total conten!
From [able I 1115 seen that neither cold exposure nor the reserpine when!l !‘lf'
ruficantly altered the tssue content of noradrenaline or the relatve ntracel um
distribution 1t should 2lso be noted that the paruculate/supernatant r:“
(P{S) remained constant in these expenments Une hour after tntg’””; ;fdd‘
ment the total content of the hearts showed a small insigmificant piweet
tion the noradrenaline 1n the coarse fraction and in the parucm-';lcc e
remamed at control salues Howeérver the quanuty of nomd;'m:\;)hm) fhe
supernatant {raction fell significantly one hour after rmr]p:)ﬂ; 'P ot Two
PjS rano also showed a sigmficant tncrease from 1 Sl'lo e r;"o cemauned 51
bours afier reserpine all values were depressed hut the Py

191
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Thscussion
Euler and Hullarp d d m 1956 that drenahine 1s largely stored
m discrete cy(up]zsmxc granules found wathun the nerve axon and organ
of an ad: nene the d
released 1s assumcd o be drawn from a free pool which s subsequently
plemshed from the granules mn resp to a fall sn the cytoplasmuc concentra-

uon of the catecholarmine (Euler and Lashajko 1962 cf Hillarp 1960)

The total content for control hearts reported here compares well with prev:
ous results published from this lab y using tnchl acd drrectly to
extract the noradrenaline (Johnson 1963} It can thus be assumed that no nor
adrenaline was lost during the homogenization In the present study 3 fractons
of d; hne hase been ob d The & Iime found 1n the super
namm rracrmn probably represents what has been referred to as “free  or

drenalne (Trendel 1961) The ption 15 also made
that the parucula(c fracuon obtained only after high speed ccnml'u"auon N
analogous to the “bound drenalme found i cytopl
from adrenergic nerves (Euler and Hullarp 1906 Euler 1958) lm:rpretzhon
of the coarse fraction 15 most cifficult Undoubtedly some part of ths frac
tion will disappear when more refined methods are developed for homogenizing
the tissues The coarse fraction may also contamn the noradrenaline that 1s
‘bound to such xcla\tl\:'ly large structuses as cell mcmhrans It was interesung
to observe that fc the Line content of the
coarse fraction behayed smnlarly to that found 1n the particulate fractton The

noradrenaline m both fractions showed no alteration one hour after reserpme
but two hours after d hed b 1

y 50 ° It cannot
be discounted at this time that a third nomdrcnalm: pool obtained after low

speed centnfugation eusts However because of the uncertamty concermng the
coarse fraction only the ratio particulate fractionfsupernatant fraction (P/S) 15
gven It was hoped that this ratio would mdicate the relause intracellular dis
tnbution between the bound and “free noradrenaline

In the expeniments reported here the ad, of resespine ly
increased the PfS rato from 152 to 191 This change first observed 1 hour
after a prefc ! loss of noradi hne from the super
natant fracion Is was noted that although no significant changes had occu
rred 1n the total content coarse fraction or particulate fraction 1 hour after reser
pae the c of dad mn the sup t fractuon had
dropped sigmificantly \Moreoser even though 2 hours afier reserpmne treatment
all the fractions showed significantly lower noradrenaline values the PSS ratio
remained at | 92 It has been suggeted that the normal sympathetic nenous
actaty snitally releases “free  noradrenahine Normally this 1s assumed to be
replaced by noradrenaline released from the “bound or particulate form (Eu
ler and Lashagka 1962) 1n wiew of the observation that the P S ratio incrrased
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following reserpine it might be Tuded that the adi ation of a low dosc
of reserpine imparrs the release of noradrenaline from the particulate fraction
In agreement with thus conclusion 1t has been shown that the addition of low
concentrations of reserpine to a suspension of adrenergic nerve granules inlubuts
the release of drenaline from these granules (Buler and Lishajko 1961 b)
Weil Malherbe and Bone (1959) reported that an 1v 1njection of 025 to 05
mgfkg reserpine caused a more pronounced disappearance of the aminc from
the soluble cytoplasmic fraction of the rabbit brain tissue than from the parti
culate friction

It nught be argued that the increase in the P/S ratio could result from a tem
porary sympath 1 foll g reserpine  Thus suggestion 1s notsup
ported by the observation that following cold stress at a time when there 1s a
large increase 1n the noradrenaline sccretton (Leduc 1961)  the intracellular
distribution of noradrenaline remained unaltered

Green and Sawyer (1960) admnmistered 5 mgfkg of reserpine 1p to rats
and measured the intracellular distribution of noradrenaline 1n brain tissue
They reported that this dose of reserpme released noradrenahine from the stored
reserves mito the cytoplasmic fraction within 15 min Thus 1t appears that al
though a small dose of reserpine 0 1 mgjkg depresses the release of noradrena
Iine from the particulate fraction,a 50-fold increase in dosage releases noradrena
line from this pool Stmular results have been published by Euler and Lishajko
(1960 1961 b) They reported that although small concentrations of reserpin¢
depressed the release rate of noradrenaline from isolated adrenergic nerve gran
ules large amounts of reserpine mereased the release This pomtas further sllus
rated by the results of Campos and Shideman (1962) They observed that
80 mun after the 1v admunstration of 05 mg/kg of reserpine to dogs the nor
adrenaline in the particulate fraction fell while no change occurred in the soluble
(supernatant) fraction However the interpre station of their results 1s rendered
more difficult by the accompanying observation that the percentage recoen
fell from a control of 97 per cent to 77 per cent 80 min After reserpine

In summary 1t can be stated that following the admnistration of a low d0;€
of reserpine to rats a new P/S rauo s established This change from 1 52to 1 9
1s established within the first hour after treatment It has been sug:;;s!:d“:':;
this al m the Iular d; of drenaline 18 du
impairment 10 the normal physiol ! release of jrenaline from ll: 52:
ticulate fraction The mechamsm behund this effect remains obscure an
rants further study

Thus work bas been supported by grant AR 0443 01 from the Unuted States Fubl < 1
Service and a grant from € ustaf och Tyra Svensson Foundat on

calth
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Potentiation of Sham Feeding Response 1 Pavlov Pouch
Dogs by Subthreshold Amounts of Gastrin with and
without Acadafication of Denervated Antrum
By
Lars Ovse

Recerved 27 November 1963

Abstract

Ovse L Potentation of sham feeding sesponse in ¥ avlow pouck dogs by subthreshold
amounts of gastrin wth and wthout acrdsfication of denervated antrum Acta physiol
scand 1964 67 244—254¢ — The sham feeding response of Paviov pouch
dogs 1 which gastnin release had been suppressed by total dencrvation or
resection of the antrum was augmented 4—21 times by » v_injection of sub-
threshold amounts of gastnn démonstrating that subthreshold amounts of
gastnin potentiated the effect of vagal sumulation of the HCI glands The
sham feed ng responses with or without potentation by subthreshold amounts
of exogenous gastrin werc not inhiluted by acidification of totally dencrvated
antral pouches suggesting that the hypothetical antral chalone docs not inter
fere at the parictal cell level with the cephalic phase of gastrie acid sceretion

Previous reports have shown that gastrin 1s released from the antrum by vagal
sumuh (Uvnas 1942, Burstall and Schofield 1954 OberhelmanJr Rigler and
Dragstedt 1957 Woodward et al 1957, Maung Pe Thein and Schoficld 1959
Nyhus ct al 1960) and that gastnin and vagal sumulation of the HCl glands act
synergistically during the cephalic phase of gastric aaid seerction (Uvnas 1942
Olbe 1963) Furthermore Uvnas (1942) has suggested that even subthreshold
amounts of gastrin may sigmificantly augment the secretory response to rvagal

stumulation of the HCI glands The mun purpose of the present study was 1o
of subthreshold of gastrin on the

mvestigate the
secretory respanse to sham feeding 1 dogs m which the relcase of gastnin was

minmuzed

Antral acidification mhibits gastric acud secretion either by mhlbmogl of
gastnn release (Longh: etal 1957 Maung Pe Thein and Schofield 1939 Sk
piro and State 1961) or by hiberation of a chalone with antusecretory propertics

244
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(Shumizu Mormison and Harrison 1958 Danhof 1960 Thompson et al 1962)
or by a combimnation of these two mechamsms Another purpose of the present
study was to imesugate whether antral aadification could interfere with the
effect of subthreshold amounts of gastrin on the HCI glands

Methods
Operatice Procedures

Ten healthy mongrel dogs (A B E—G I J M—0) werghing 14—20 kg were used
The dogs were imitially provided with an esophageal fistula (Olbe 199) and a Pavlov
pouch according to the method of Thomas (1942) and subscquently with an innervated
antral pouch with 2 cutancous fistula (Olbe 1963) Dunng the second operation 3—% cm
of the mucosa proumal to the antrum corpus boundary and the duodenal bulb just
proxsmal to the entrance of the commen tile duct were resected in dogs M N and O m
order to mmimuze gastrin release from regions other than the antral pouch At a thurd
operatton the antral pouch was totally denervated by separation of the antrum from the -
corpus 25 well as by transecon of the major and minor omentum of the antrum leaving
the pouch supphed by vessels from the 2bdominal wall At a fourth operatron the totally
denervated antral pouch was resected m dogs B J M—O

Gastnin Preparation

Gastrin was prepared from the antral mucosa of hogs according to the method of
Gregory and Tracy (1961) However the punfication was stopped after the first stage
“The secretory activity of the preparations was 42 —240 hustamine ymits (Uvnas and Emas

1961) per mg gastrin The histamine content was less than 0 06 pg free ustamine base
per mg gastrin

Expenmental Procedures

X recovery penod of at least 2--3 weeks follow ed each operanon Before each expen
ment the dogs fasted for 1820 hours During the experiments the Pavlov pou h secre
uon was collected 1 15 mis penods startmg wath the fasung secrenon for at least one
Your snd the amount of acid in the secretion was deternuned by titration agamst 0 01 N
NaOH with phenolphth asndscator Dunngsham feed fistulawas
opened and the dogs repeatedly reconsumed minced meat or fish for a penod of 10 mun.
Tt e secretory response to sham feeding was followed for 3}/ hours

The gastnin was dissolved 10 1sotonic sabne acdified to pH 3 The gaston solution
v asnfused 1 1n a concentration of 0 01— 10 mg per m! at a constant rate of 4— 13 ml
per hour Each dog recened the same gastrin prep: h the exp
senies with one exception {see legend Fig 2) The sensiuwity of the Pavlov pouches to
gastrin was determined in dogs I M—O by infusing a subthreshold dose of gastrin 1ntra.
enously for one hour and appronimately doubhing the dose every hour by chasging
Rastnin concentranon and/or rate of the infusion untl a definute secretory response was
obtained The secretory response to the infusion of each fixed dose of gastrin was expres
sed as the secretory output duning the fourth 15 min peniod of the fusion During the
sham feeding expeniments infusion of subthreshold amounts of gastnin was started at
least one hour before begmning the sham feeding and was subsequently continued for
further 3''5 hours

Antral acidification was achiced with 0 1 \ HCl according 10 a pre Jously described
method { Andersson and Olbe 19641 The acidification started 15 min before sham f ed
wg and proceeded throughout the sham feeding experniment
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Table 1 Effect of total denervation of the antrum and acidification to pH 1 of the totally
denervated antral pauch on 3 5 hours sham feeding responses sn Pavloo pouck dogs

Mean sham feeding response
Affter antral denervatian
Before antral exclusion After antral denervation with antral acidifieation
No of No of No of

Dog mEqQ+SE exp mEqESE ep mEQESE ep
A 2044021 4 2934:014 3 300030 2
B 1053020 4 1874£018 4 2204054 3
E 326 +045 4 106 + 023 15 107 £ 040 2
F 076 £ 013 4 083401, 3 146010 3
G 130017 5 115+ 03¢ 8 1034015 3
1 0494007 5 024 £00% 6 —-
M 1374014 4 028+ 007 5 049+ 008 5
N 1284027 4 0104001 7 -
o] 0682014 5 019000 6 -

Local anesthesia of the totally denenvated antral pouch was obtaned by keeping 2 2
per cent tetracaute solution 1 the pouch against an outfow pressure of about 10 ¢m
water The tetracame was apphed during one hour before sham feeding and durmng the
firt 15 mun of the third hour after the start of sham feeding

Results

Before antral exclusion definite secretory responses to sham feeding wereob-
taned 1n all 9 dogs (Table I} Following total deneration of the antral pouch
the sham feeding responses were sigmficantly reduced (p < 001 by the ! test)
w dogs E M N, and O (Table I} The sham feeding responses almost disap-
peared in dogs M N and O (Table I Fig 2) in which the duodenal bulband
distal part of the corpus had been resected 1n addttion to the total denervation
of the antral pouch

Effect of Subthreshold Amounts of Exogenous Gastrin on Sham Feeding Resporst
After total denersauon of the antral pouch (dogs T and M) and after resection
of the antrum {dog B) the effect of 1v nfusion of varying subthreshold d‘?S‘:
of gastrin on the sham feeding response was deterrmuned (34 expts ) Twoto ﬂo’
expts were performed with each dose of gastnn The subthreshold dasﬂgfnn
gastrm was determined by the dose response relationship for 11 1nfused gin!m“
1n dogs L and M (Table II) and was controlled i each sham f“dmz:mrl;foﬂ

(dogs B T M) by absent response to gastrin infusion for at least T ‘ﬂufmtc ol

the sham feeding In dog B the available amounts of gastnn did r‘l_o e:{u wan
establish a dose respy r hip A secretory 1espy tois ":hl)uq 1 fn‘)d by
was obtaned by 2 dose of 0 32 histarune umits per kg per muin an
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Table I Paclow pouch responses to intravenous wfiuston of varving doses of gastrin expressed as
the secretory output duning the 4th 15 min pertod of the infusion

Dog I
Control
Dose of gastrin m Fastmg
Histatnune umts/kg/mun secrction 0037 008 0179 0315 0579
Mean response mEqfI5 mun S E
Afier denervation of antrum (3exp) 000 £ 007 002+ 0024 007+ Ol6%
0 o0t 001 001 002 00>
Dog M
Control
Dose of gastrin 1n. Fastng
bustamne unuts/kg/ mun sceretion 0074 0136 D420 0740 1360
Mean response mEq/15 mia £ S E
Alter denervation of antrum (fexp) 0 001+ 001+ 001+ 006+ 0204
0 ¢ 0 o002 004
After resection of antrum (% exp ) 001+ 00l 0014 007% 020& 0274
0 0 o 000 003 00>
DogN
Control
Dose of gastrin 1n Fastng
bustamune unsts/leg/rmn secretion 0160 0419 0890 1597 2814
Meaa response mEqf15 mun 4 S E
After dener ation of antrum (1exp) 001 0032 003+ 00 012+ 043
o ool 0oz 001 00 013
Afer resect on of antrum (4 exp) 001+ 00l+ 00> 012+ 019+ 026k
0 00l 002 00 0O 00>
Dog O
Control
Em of gastrin 1n. Fasting
Stamune units/kg/muin secretion 0334 0614 1897 3342
Mean response mEqf15 mn & § E
\fier denersaton of anerum (3exp) 001 001k 002E 001 010z
[} 00 oot ool 003
AMier resection of anteurn {1 exp) 001 [ ool o 024
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Fig 1 The effect of subthreshold doses of intravenously njected gastrin on mean 3 , hours sham
feeding response 1n Pavlov pouch dogs with minimized release of gastrin ] = range

The dosc of gasinn that produced acid secretion was > 1018 (dog B) 0315 {dog I) and
0 740 {dog M} hustamane umts per kg per mn (cf Table I7)

074 Wstamine umits per kg per mmn in dog M Dog B did not respond to 102
ustanune unts per kg per mm A subthreshold dose of gastnn less than 1fa of
the dose producing acid secretion doubled the sham feeding response and with
wncreasing subthreshold dose of gastnin the sham feeding response was further
*~ augmented up to 4—21 tumes (Fig 1) The sham feeding response most aug
mented by a subthreshold dose of exogenous gastrin in dogs B and I equalted
the sham feeding response after exclusion of the vagally innenated antrum
(Table I1T)

Effect of Andification of Totally Denervated Antrum on Sham Feeding Response Dur
ng sham feeding experiments 0 1 \ HCl was instilled into the totally denervated
antrum with (dogs J M) and without (degs A B L—G) outflow pressure of
10 em water o inhibitory effect was abserved in dogs A B E—G or M
(Table I) On the other hand the sham feeding response was markedly snhibsted
wm dog J (Table IV) Further exceptional responses ta sham feeding 1n dog J
were observed after total denernvation of the antraf pouch increasingsuccessne
Iy from the 13th postoperatine week to the level found before antral denena
uon when the excluded antral pouch was vagally mnervated (Table V) In
stillation of a local anesthetic into the antral pouch after total denervauon had
the same mhibitory effect as antral aadification and resecuon of antrum (T“m:
IV) At operauon the antral pouch which had been totally denervated wa!
found to have almost completely reumted with the corpus S

Effect of derdsfication of Totally Denervated Antrum on Sham Feeding Responst e

Admimstration of Subthseshold Dose of Fxogenous Gostnn The sham feeding f:‘l:‘ 1
dunng 1+ infusion of 2 subthreshold dose of gastnn was d:rcrmmﬂ:“"l e
\—O with (16 expts ) and without (16 cxpts) aadification 1o P!
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Table T Augmentation of mean 35 hours sham feedmg response 1 Pazloy pouth dogs by
10gal velease of gastren from nnercated ssolated antrum and by subthreshold amounts of
exogenous gastrin en hagh dotage during minaon ¢d release of gastrin Dase of exogenous
gastan was 1 018 (dog B} and 0 179 {dog I} hestamine umits per k¢ per mus

(cf" Fag I ond Toble IT)

Aean sham feeding response

Afier excluvon of vagatly  After denervation (dog 1) of resection (dog B) of antrum
sanervated sntrum without exogenous gastnn  with exopenous gastrin

o of o of No of
Dog  mEq S E exp  mEqQ#SE esp  mBqiSE. op
B 660031 6 207 2027 5 8IT L D46 2

1 1844024 4 024 1004 6 1965016 2

Table v The exceplional 3 5 hours sham feeding resporses tn @ Parlov pouck dog (F)
Sollowng total denersation of $he antral pouck related ta thase befare and after exclusion
of the ragally inner sted antrum and after resectian of the antram

Sharm fecdiag response

Mean
rasponse after After antral  After anteal

Mean exclusion denervation  dencrvaton  Mean
Fesponse of agally sthantral  withlocal  response after
before antral  snnervated  Afterantral  acdsficaton  ancsthesia of  resect on of
exclusion antrum deneraton  topH | theantrum  antrum

Week Week Weel

afies afier after
mEQ "o of mEq ™o of d ner dener dener mEq  No of

48K exp  4SE e mEq vanon mEq saton mEQ vanon %S E exp

8304 5 396 ¢ 054 iz @43 41 019 20 068z 4
8oy 023 Q47 12 o7 12z 020 6 o
107 13 0% ts¢ 100 A
o9 13 031 14 630 21
PRI’ B STHRE LR T
iz 5

]
ok W
463 16
340 16

totally denervated antral pouch ‘The subthreshold dose of gustrin was 0236
{dog I} 0136 (dog M) 0160 {dog N} and 0 614 (dog O} histamune umis per
kg per mun (cf Table 11 the gastan preparanan of dog 1 in thus seres of expts
was however not the same as that used for detertunation of dose response
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Fig 7 Lffect of acidification or resection of totally denervat d antral pouches on mean sham
feeding hold amounts of gastrin in Pavlos pouch &

Dose of gastnn n dog M was 0 136 histamine umts per kg per min (ef Table 1) Dow of
gastrin 1 dog I was 0 736 histamne unts per kg per mun but the gastrin preparation was net
the same as that used for determination of dose response relationsh p an Table 17

relationship 1 Table II) Antral acidification was performed with an outflaw
pressurc of 10 cm of water The subthreshold dose of gastrin increased thesham
feeding response in all dogs (Fig 2) The gastrin augmented sham feeding res
ponse was unaffected by antral acidifi 1 dog T and was shghtly but net
sigmficantly reduced (p > 001 by the ¢ test) in dogs M N and O The 1pprv
ent reduction was most evident towards the end of the acidification pertod 10
dogs Mand \ (Fig 2; Companng the sham feeding response during ﬂdﬂ"'(;"‘:
ration of the same dose of gastnn after resection of the antral pouch in ﬂl:‘
AM—O (10 expts ) showed that the gistnn ausmented sham fccdmcjw‘l’;"‘”
alter resection of antrum was not sigmficantly higher (p > 001 Ly ¥ u!- u\:!y
than that dunng acidificanion of the totally denervated antrum The sela




GASTRIN AND VAGAL DISCHARGE o\ HCI cra~my 201

- oy

H A3 m Effect of acxdification or rescetion of totally dmmzrtd antral pouchs on mean sham

M by subth gast Paslov pouch dogs
of gantrin was 0 160 (dog N and 0 tih oz O v o pes kg per man (ef Table

Jow secretory rate previously noted towards the end of the acidification penod
1 dags Mand N was also observed after resection of the antrum (Fig 2) The
sensitivity to 1 v infused gastrin was the same both before and after resection
of the antrum 1n dogs N and O and mereased shghtly after antrum rescction 1
dog M (Table 1)

Discussion
1“ the present study the sham feeding responsc n Pa\lm pouch dogs was
dbyrv aof of
gastnn ilftu' ensunng mummal relea.c of the endogenous gastnin by antral dener
Y2Uon or resecion The ncrease of the sham feeding re<ponses depended on the




subthreshold dose of infused gastrin (Fig 1 showing that the effect of v agal stim
ulation of the HCI glands was markedly potentiated Dy subthreshold amounts
of gastrin The results emphasize that very small amounts of endogenous gastnn
may mamtain a substantial nervous sceretory response It 1s as yet unceriam
whether the g sham feeding resp m Pavlov pouch dogs after total
denervation or resection of the antrum 1s dependent only on vagal smpulses to
the HCI glands or requires mnute amounts of gastrin Pperhaps spontancously
released from the denervated antrum or relased from other regions The second
alternative 13 supported by the abolishment of the sham feeding response after
total denervation of the antral pouch as well as resection of the distal part of the
<corpus and the duodenal bulb (dogs M—O}

Maung Pe Thein and Schofield (1929) found that gastrin was released from
the mnervated neutralized antrum by vagal stimulation and Andersson and
Olbe (1964) showed that the release of gastrin by vagal stumulation of an wner
vated antrum with antral pH 2 2 resulted 1n a substantial augmentation of the
sham feeding response In the present study the potentiation of the sham feeding

p btk 1d of exog gastrin in high dosage equalled
that found duning vagal releasc of gastrin from the neutral mnervated antrum
(Table I11) The results suggest that an essentral physiologic effect of vagally
released gastrin might be to enhance the sensitivity of the HCI glands to vagal
secretory impulses

The nervous secretory sesp 15 sub
the vagally innenated antrum (for ref see Andersson and Olbe 1964) In the
present study acidification to pH 1 of antral pouches which had been totally
denervated did not inhibat the sham feeding, responses 1n 6 of 7 Pavioy pouch
dogst The failure to elicit inhibition 1s probably not due to functional dimnte
gration of the antrum after total denervation since the ability to release gastnn
by h 1 1 1s still d (Olbe 1963} The results agree with
the recent finding of Johnson (1963) that the secretory response to tnsulin hype
gly 15 not snhubited by acidification of vagally dencrvated antral pouches
It1s true Shamizu Harnison and Mornison (1938) and Thompson et al (1962)
have reported that aadification of a denenated antrum intibited the sz:r:(ur)‘
response to msulin hypoglycerma but incomplete antral denervation and sar:c
degree of postoperative remnnervation by vagal fibres of the antrum could not
excluded in their expeniments The results of the present study indicate the pt
1 to th antrum wi't
.uilg:fmz sagal gretorsd o(riﬁ“:fn‘m uggrated Ly the ollowing reasons 1) The ::‘,‘Z’,,{,"fh:ﬁ
sespons suceramsely mereased during the fourth posoperative month (0 42l & 417, UL
thrse before antral exclusion and ssmifar 1o the post-exclusion valyes seen et Ol 19
sull innervated indianng increased vagal eelease of gastrin from :i;; :m::,:"n ndicat g s B
1) The sham feeding response was inhibited mm;'g;;":n I'Jr‘:(! at et at 100
presson of gasten release feom the antrum (Woodward and Sehapire 1938 ) Sy soa

the antrum was found to be re umt d wi rur;pm;ﬁb’” e antrum and

3} At operation v ath o co
st o gt o S (e L S s

esect antral ich al
I‘]Zz}llvzgsio:,d‘;r:::‘;f gnmﬁ'm the antrum caused the hypetsecretion

11 lubited by acidifi of

of vagal fibres
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sibility that release of even munute amounts of gastnn through remaiung or
restored vagal fibres to 2 denervated  antrum may substantially augment the
nervous secretory response and that aadification of such an antrum may ehat
mhibition by suppression of vagal release of gastrin

The liberation of a chalone wath antisecretory properties by acidification of
an innervated or denervated antrum has been suggested by the demonstration
of snhibitory effect of blood from acidified antrum (Danhof 1960 DuValJr and
Prce 1961 Thompson et al 1962) The hypothetical antral chalone has been
proposed to act at the panetal cell level (Thompson et al 1962) It 1s unbikely
that the chalone might counteract the secretory effect of vagal discharge on the
HCI glands, since the secretory responses to msulin hypoglycerma (Johnson
1963) and sham feeding 1n the present study were unaffected by acidification of
denervated antral pouches Furthermore the chalone was unable to inhibat the
effect of gastnin 1n a dosat,e which produced hugh secretory rates (Gillespie and
Grossman 1962 Andersson and Olbe 1964) Sull the antral chalone might have

hysiol fi by inhib the effect of minute amounts of gastrin

P 8 Y

on the HCI glands The present findings that acdification of a denervated an

trum did not mbubit the effect of subthreshold of gastrin bined
wath vagal discharge on the HCI glands constitute evidence agamnst such a phys

1ologic significance of a chalone hiberated from the acidified antrum and acting
at the panetal cell level No significant inhibitton occurred but a shght reduc

tion of the acid output was noted tow ards the end of the acidification peniods in
2of $ dogs (Fig 2) Fhus reduction was probably not caused by anantral chal

one sinee 1t also occurred after resection of the antrum  The present results in
addinon to the recent finding (Andersson and Olbe 1964) that a small sub-
maximal dose of gastnin el d the inhibitory effect by acidifica

ton of the vagally mnervated antrum on the secretory response to vagal
sumulation imyolving vagal release of gastrin from the antrum lend further
support to the hypothesis of Longhu et al (1927) that suppression of gastnn
release from the antrum 1s the physiological mechamsm by which antral acidsfica

ton inbibits gastric acid secrenon

Th
staj

1 I tgation has been yuppo td by g ants from Rarolnska Insutat ¢, § enska Sall
t for Mediansk Forskamg § enska Lt funakrinesbolags namnd for medicin & forskn ng
and the Magnus Bergvall Foundat on
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Gastric Acid Secretion 1n Gastrie Fistula Cats before
and after Vagotomy and in Vagotomuzed Gastric
Fistula Cats during Reserpme Treatment!

By
SvERRE Enas

Recened 30 November 1963

Abstract

Emis § Gast ic and secretion 1 gastre fist la cats befo ¢ and after tagotomy and

zag t mi_edgastric fistula cats dure g reserp ¢t eatment Acta phys ol scand 1964
€1 233—271 —In nonanesthet zed cats with gastnc fstulae reserpine yencted
da 1y for 3 days or mote increased basal gastnic secret on of aed and the zc 4
secretory responses ta mtra enous histamine and gastnn Tte nereases had
n an cark er Study been shown ta perust after svmphathectomy and the main
purpose of the present study was to determune the effect of vagotomy on these
increases \ agotorny sign fieantly reduced the sec story responses of non
anesth t zed cats to histarmine and gastnn and after vagotomy reserp oe treat
ment d d not produce any increase of basal secretion or of the seeretory re
sponses to b stamine and gastnn. The latter inding proves that ntact vagalin
nenation of the stomach 1s pecessary for the development of hypersecret on
during reserpinc treatment \faxmal subth cshold amounts of mechachol ne
wnfused intravenously 1nto vagotomized cats produced mncreases of the s
<retory responses to histamine and gastnn approwimately equal to those pro-
duced by reserpine treatment 1n cats before vagotomy 1t is sugrested that the
reduct on of the responses followng vagotomy 15 due manly to the ehmination
ofthe -agal tone which 1n the fasting cats 1s assumed 10 sensitze the pa etal
cell 1o histamune and gastnn Fhe hypersecretory eflects of reserpsnie treat
mentin cats with gastic fistulac and the absence of these effects after vagotomy
demonsiraies that restrpine ureatment imcreases th s nyuvity of the par etal
¢ lls to histamne and ga tnin only n the vagally innervated stomach The
increased sensitivity 1s supposed to be duc to 2 centrally rduced enhancement
of vagal tone The increascs in the sccretory responses of agotomuzed cats du
ving the nfiss on of subthreshold amounts of m thacholine are consist at w th
thax ceplanat on

Reserpine treatment of nonanestheuzed cats with gastnic fistulae for 3 days
or more (010 to 015 mg per kg of bw 1 m) was shown to mcrease basal
gastne acd secretion and the aid secretory responses to 1 v histamune and
gastnn (Emis 1963) The hypersecretory responses 07 cats treated with reser

Parts of th 3 imest gation were presented at the XA 1T Internat onal Congress of Phyvs olog cal
cnces 1n Leden Holland 197 (Emas 1974

255
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pine suggested an increased excitability of the panetal cells which could be due
either to a reduction or Joss of smhibitory influences or to an increase of stym
ulating factors In a subsequent paper (Emis 1964) evidence was Ppresented
that the ability of reserpine to deplete catecholatmines from adrenergic nence
endings (for references see Emias 1964) thereby reducing the sympathetic nenve
anfluences on the stomach was not the cause of the hy persecretion in reserpine
treated cats

One possible explanation mentioned for the hypersecretion of reserpine treated
cats was that reserpine treatment might produce a parasympaihetic predom
nance which increases the excitability of the panetal cells to lustarmne and
gastnn (Emas 1963) The present study 1s directed toward ths possibility the
primary object having been tod the mnfl ofvag on the by per
secretory effects of resespine treatment Duning the course of the experiments
the guestion arose whether vagal denenvation of the stomach or the adminstra
tion of 4 cholinergic drug 1n cats aflect the excitability of the parieta) cells 1o
exogenous histamine and gastnin The nvestigation was therefore cxiended 1©
saclude also the effect of vagotomy on the secretory responses to hustamine and
gastrin, and the effect of subthreshold of methacholine on the secretory

of d cats to } and gastrin

P

Methods

Qperatsce Procedures

M cats (male and female) woighing 30 to 40 kg and provided wuth gasine can
nufas (Emas 1950} were used In one ammal subjected to vagotomy {no 71) \htv;d:;
gangha and the distal paris of the thoracic sympatheuc chains hag been resecied 77 2
14 months carlier {Lmas 1964 s

All operations were performed under stenle precaunons with pentobarbital :a[. -
anesthesia (Nembutal o Abbott 25 10 35 mg per kg of body weght 13 ) rtific
respiration was given during vagotomy {Emas 1964,

E]I; 3 cats bxlfr‘ml vagotom) was performed vz a median abdominal m;;mznm::’:r
csophagus was [reed from the diaphragm under slight downward wrachon ihe h‘rl i
“The pertoneum was incsed ventralhy from the cardia to the natus exponing ‘rm! oo
Layer of the dustal esophagus The whole aircumlerence of the esophagus was e ki
adjacent tissues and | 5 to 3 cm of the postenor and antenior 1agal trunk v\ﬂ;rw ok
between nyvion bgatures The diaphragm was attached 1o the sophogus b:‘d a"’mugh \
supted stiches In the remaming & cats bilateral sagotoms was prrfarm“mnh e
thoracotomy between the 7th and 8th left nb With thes approach the ‘g:zﬂeumﬂ e
caniv localized under thepleura to the left and night of the mphaﬂ“{n "‘wn atn
branch of the nght vagal trunk was found ventral 10 ihe csophagus [l; ‘;h e
tused 2nd 3 to 4 cm of 1he csophagus way dissected free Two to 4 r’m li e
resected between mylon hgatures The chest was then closed whi'e ¢ et
flated 1 ostoperatise management was the same a3y afte g regangfinnie o
(Emds 1964) dered lete when i t

wo
my was f
,1‘::3 (:o :nd secretory response {Emas 1963, despate 3 Binod su

(naufin bypoglyee? 3
ar fevel during 738
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1mal hypoglycerma of less than 50 mg glucose per 100 ml blood The first expriment
with msulin was carned out within 3 months after the operation and the second 2 wecks
to 6 months Jater In one anmal (no 86) 9 month and w another {no 71) 5 months
elapsed between operation and the last expeniment with nsulin with no signs of vagal
remneryation Bv this caterion vagotomy was complete in alk animals used m the study
although 2 cats had to be reoperated beforc this was attamed

In2 out of 9 cats hawr accumulated 1n the stomach as évidenced after $ {cat 86) and
€ months (cat 48) by turbid and )l smelling gastne juice and elevation of basal gastne
and secretion The bolus of hair was removed through an 15 em long gastrotomy
the corpus perpendicular to the minor cunature at the same ume as a pyvloroplasty (Het
neke Mikulicz) was performed by nn extramucosal myotomy This operation normalized
the secretory palern ¥ 35 desenbed m 2 previous paper
(Emas 1960)

Experimental Technigque

Acid secretory response 1o insulin hypoglycemia was determuned before \agotomy 1n
all but one animal and after vagotomy 1n all antmals according to the method descnbed
previously (Emas 1963) The dose of insulin was increased after vagotomy if this was
necessary to secure a blood sugar level dunng maximal hypoglveenua of less than 50
mg glucose per 100 ml blood Regular msulin was guen 1 v 1n doses ranging from 03
10107 U per kg of body weight

A Effect of Yagotomy on Gastric 4c1d Secretion 1 hour basal secretion and the secretory
Tespanses ta hutamine w re determined before and after vagotomy 1n 7 cats (prevagotomy
and p controls) The responses to gastnin were determined 1n
6 cats.

B Effect of Resespine (ScipedtnTC) Treatment on Gastric Aced Seerehion 1n ¥ agotorni2d Cots
1 hour basal seerztion and the secyetory responses to euther histamine of gastnn or both
were dmn8 cats controls) The
repeated during penods of daily igections of reserpine

C  Effectof Subtheshold Amounts of fethacholine (Betachohy{”™) on the Acid Secvetory Respanses
ta Hustamine and Gastrin 1n Vagotomu.ed Cats The secretory responses to hustarmine and
gastnin were determuned 1n 3 vagotomized cats. The responses were re~deternined dur

p were

ng 1 v 1nfusion of methacholine 1n amounts which alone clicited no ap-
preciable secretion of acid
In the control and m the expemments perfc d dunng rescrpine treat

ment_hustamune or gastrin was infused 1 v for 15 min every hour for 4 hours The prin
aiple for the expertments 18 apparent from Fig | and 2 for details sce an earher paper
(Emas 1%3) In the experiments with methacholine basal secretion was recorded for
at feast 4 (5 munute penods Methacholine dissolyed 1n physiological saline (09 per
cent \aCl) was then continuously gnen 1 v for + hours by an infusion pump (infusion
fate 0 11 ml per run} Duning the 3rd and 4th hour of methacholine admimstration
fuistamine or gastiin was infused 11 for 15 minutes (Fig 3 and 4)

Gastric yutce was collected over 15-min penods and the outpw of free and total aud
determined by tiration aganst 0 01 \ NaOH with Topfer sreagem and phencipbihalan
as mdicators

Basal sccvetton was defined as meq of total acid secreted during the hour preceed ng
the anfusion of histamine gastrin or methacholine and the responses to histamune and
Rastnn as meq of total acid secreted dunng 1 hour from the commencement of the in
fusion mmus the 1 hour basal secreuon (Emis 1963, or — in the expeniments with

methacholine — minus the mean 1 hour seeretion dunng the Istand  nd hour of metha
choline mfusion
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Fig 1 Basal gastric secretion and seeretory responses (uncorrected) to repeated 13 infusioms
of bustamine in a gastic fistula cat (no 48) To the left nonreserpumzed before agotomy (mean

reserpinized after vagotomy (mean of 3 expts) Dosc of histamine 0010 mg per kg of body.
weight for 15 min The secretory responses of the reserpinized amimal before vagotomy are o
be found elsewhere (Emas 1963 Table I)

WONNESCRPea 1E0 WoN EsEamazED aesenr 710
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Fig 2 Basal ga.tric sccretion and sceretory responses (uncorreeted} to repeated a v infusions
of gastrin in a gastric fistula cat {no 41) The diagrams are arranged from left to right as d
Seribed in the text to Fig 1 Each diagram represents the mean of 3 expts Dowe of th e gastrin

) 03> mg per kg of body weight for 15 mun The sccretory responses of the reet
snized amimal before vagotomy hase been illustrated elsewhere (Emis 1973 Fig ?)

The doses of histamune (as dihydrochlonde) and of the gastrin preparations were ad
justed to produce submaximal secrctory responses as previowly described (Emis 19630
Doses of histanune ranged from 0 010 1o 0 030 mg per kg of body weight for 15 n‘:m
and those of gastrin from 0 20 to 0 35 mg per kg The total dose was kept constant for
each individual ghout the i seres 'l\mm:h uscdl .; pycv;o,m’:r;:l;g;r

with reserpine (Emés 1963 1964) recened the same total dose of
;:s‘:;n n the p‘rptsenl(slud) The dose of methacholine (as sodide) used 10 each :;u;:\?;
was the Jargest which just failed to evoke acid seeretion or produced only ml“; pis
(maximal subthreshold dose) The doses admunistered ranged from 05t 15
mlgulnn was prepared from antral mucosa of hogs by a somew hat shortencd mo:rlf:;:‘
on (Fmis 1960; of the method devised by Jorpes et af (1952) Twogastnin p;ml_\'nh
were used (3p and 9p) one (3ps having a secretory actaey of 50 hotamine :m e
and Emas 1961) per mg preparation and the other (3p) 100 huhmrme"l: s
The preparations are identical with those used 1n previous nudua:.'() nllm ;?huumm'
1963 1964) and d no ble amounts of { #
1ihvdrochlonde per mg preparation)
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Table I VMean 1 howr basal sxcretion and mean 1 hour secretory response (o nira encus infusions
of hustamne tn gastric fistula cats before and ofter bilateral vagotomy

Before vagotomy

After vagotomy

Secretion 1 meq Seerenon 1n meg
total acrd total ad. Decrease
Re Re In per
spomsct sponsct cent of
© s to his- mean for
Hsta Do tamine  No tamme  Inmeq preva
minewn  of Basal (st of Basal (st total gotomy
Catno mgfkg exp sccrction fusion) exp  secretion fusom)  acd controls
29 010 5 002 027 5 001 012 015 56
019- 009-
037 015
41 0010 5 00+ 045 4 007 013 033 72
041~ 00>-
053 020
43 0010 6 00 023 4 004 o015 008 3>
015~ 00+
028 031
94 001> 5 00 032 5 ool 025 007 22
0.8 018-
0.37 0.29
93 0070 8 001 039 5 ool 010 029 7
033~ 008
048 014
10 0030 7 00" o4 4 001 o011 033 7>
0.29- 009-
053 013
Pre and postgangtiomeally sympathectomized
n 0015 8 oo 043 5 001 041 002 5
033- 031-
057 052

Correction made for basal secret on,
Range of secretory responses.

Tlustrated 1n Fig 1
Mustrated 1n F g 3

Reserpine Treatment

Reserpine in a dose of 0 10 16 015 mg per kg of bw was myected 1 m once datly
for persods of usually 9 o 15 days (mean 12 dayy) Secrrtons studies started after 3 davs
treatment with rescrpine after which period the animal 15 referred to as roserpimized



260 SVERRE EMAs

Table II' Mean 1 hour basal secretion and mean 1 howr secrelory yesponse o intravenaus infustons
of gastrin wn gastrc fistula cats before and after bilateral vagotomy

Before vagatomy After vagotomy
Secretion i meq Secretion m meq
total acid total acid Deerease
Re Re In per
sponse sponse cent of
Gas to gas to gas mean for
tn Gastrm No i o trin Inmeq preva
Cat  prep n of Basal (st of Basal {Istin  rotal gotomy
no no mg/kg esp  sccrcnon fusion)  exp  seercnion fusion)  aed controls

41 3p 035 3 002 0.57 3 001 021 036 63

054- 018-
060 23
48 3p 03 3 002 026 3 002 018 008 3
023 008~
029 024
94 9 020 5 001 040 5 000 025 015 38
032- 019
04, 028
98 9 02 4 00y 0 4 001 003 031 a1
023~ 007
043 004
10 9% 020 5 001 042 5 o0l 010 032 71
036- 093
052 013

Prc and postganglionically sympathectomized

/71 3p 02> 4 003 0.5 4 (Y] 041 010 20
044- 035
059 050

Corrertion made for basal scerction
+ Hlusirated n Fig 2

Range of sccretory responsey
¢ Dlustrated m Fig 4

(Emis 1963) and were then repeated every 3rd or 4th day The last reserpine ‘x,r;i:::::
was given 20 ta 24 hours before cach expeniment One or (wo prn‘od; of eeser)
were carried out on each animal For further details sce Fmas (196

Eraluation of Data J—
The statsstical methods used in previous studies + th reserpine (Fmis 1 el

atment o
were applied To esumate the effects of vagotomy and of resrrpine tre.
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Fig 3 Basal gastruc secretion and secretory responses (uncorrected) to repeated 1 v infusions
of hustamine 1n 2 gastric fistula cat (no 94) To the left before vagotomy (mean of 5 expts)

10 the middic after vagotomy (mean of 5 expis.) and to the nght after vagotomy but dunng
contunuous 1 v 1nfiss on of maxmal subthreshold amounts of methacholine {mean of & expis )

Dose of hustamine 0 015 mg per kg of body we ght for 15 mn Dose of methachol ne 100r 15
fgperma

acid secretion the rank sum test (Divon and Massey 1957) was used while their eflcets
on sccretory responses to histamine and gastnin were evaluated by a modified procedure
for analysis of vanance {Snedccor 1956 Chapt 12 Sections 14 and 15)

Results
A Effect of 1a,0tomy on Gastric Acd Secretion

The control experiments did not start until at least 2 weeks after vagotomy
and were completed wathin a penod of 3 to 7 months

Basal Secretion (Tables I and IT)

Tatratable amounts of free acsd were rare 1n the prevagotomy controls (68
cxpts ) and the mean 1 hour basal output of total acid for individual cats varted
between less than 001 and 0 04 meq

\fter vagotomy the mean output of total acid (56 expts ) mn all 7 cats was
less than 003 meq The rank sum test (Dixon and Massey 1957) revealed no
sigmificant difference (P > 005) between total aaid output before and after
vagotomy in 5 ammals In one cat (no 41) vagotomy reduced basal secretion

almost significantly {P < 003) and in the remaming cat (no 71) the reduc
tion was significant (P < 001)

Secretory Responses to Histamne (Table I)

The mean secretory responses obtained i the control expeniments before
vagotomy on cats no 41 48 and 71 arc given elsewhere (Emas 1963 1964)
Those from cats no 48 and 94 are Wlustrated ;n Fig ! and 3 respectnely In
the remainming 3 cats control expeniments revealed in prinaiple the same seere
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Table Iff fean I hour basal secretion and mean I hour secretory responses 10 4 repeated 1ntra
tenaus trfusions of histamine tn agofom_ed gastrc fistula cats nonreserpinied and reserpins ed

Decrease
{1st anfy
sien)
Nonreserpimzed {controls) Reserpinized o=
. N Secretion 1 meq total atid Seerction mmeqtotalacd  F S E
= c ¥
o g; £ § Responset to husta £ £ Response! to husta ‘E §_
£ 2P S 33 mucmisoenno S =% nuneinfusion po g kg
& 22380 2 s 4 gHia 2 5 4 : i
29 0010 5 001 012 011 008 01D 2 005 012 004 00> 003 000 O
1009~ 1003~
015 021
30 0010 4 00) 022 020 02 021 4 002 015 OI6 019 016 Q07 3
014~ 008-
078 071
41 0010 4 007 013 013 019 013 2 001 008 008 003 007 00, 39
00~ 004
020 012
2448 0010 4 004 0I5 013 015 016 3 003 013 009 011 010 002 I3
004~ 004-
031 02t
86 0030 6 003 022 019 020 015 3 002 020 019 023 021 €02 9
013 01~
~ 04> 036
81 0015 5 001 025 021 020 020 4 002 021 021 020 023 00 fv
. 018- 008-
029 037
Pre and postganglionically sympathectomzed
%71 0015 5 001 041 033 029 030 3 001 039 042 039 040 002 3
031 032
052 05t

Correction made for basal scerction
* Range of secretory responses

Corresponding expenments have been performed before vagotomy (Emds 193 Table 1)

+ Tilustrated 1 Fig 1

+ Corresponding experiments have been perfi rmed before vag

before vagotomy and sympathectomy (Emds 1963 Table )

tory pattern asn the cats mentioned abowve and an those wed o

(Em3s 1960 1963) Table 1 therefore gnes only the mean respol

histamune infusions in each ammal

otormy (Fmis 1964 Table 1) and

previous ntudies

nse to the fint
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2

Fig 4 Basal gastnic secretion and secretory responses {uncorrected) to repeated 11 nfusions
of gastnia 1m a gastric fistula cat (no 94) The diagrams are arranged from left to night as de-
scribed 1n the text to Fig 3 The number of and the doses of are the
same asin Fig 3 Dose of the gastin preparation 0.20 mg pes kg of body weight for 15 min

After hourly repeated h fi produced secretory re
sponses {Fig 1and 3 Table IT1) which were as uniform as before (Emas 1963
1964) Vagotomy reduced the mean response to the first snfusions i all 7 am
mals (Table I) the mean reduction ranging from 0 02 meq of total acd or 5
per cent (cat 71) to 0 33 meq (cats no 41 and 110) or 75 per cent (cat 110}
Responses before and after vagotomy differed signuficantly (P <. 001) ac
cordmng to the analysis of vanance (Snedecor 1936) The expenmental data
obtamned from cat 71 were excluded from this analysis as both sympathectomy
and vagotomy had been performed on this animal The effect of vagotomy on

the mean responses of cat 48 15 illustrated in Fig 1 and on those of cat 94 in
Fig 3

Seeretory Responses to Gastnn ( Table 1T}

The mean responses 1n the prevagotomy controls on cat 41 and cat 94 are
shown m Fig 2 and 4 respectinely For corresponding data oncatsno 48
110 and 71 the reader 1s referred fo previous papers (Emis 1963 1964) The
secrefory pattern of cat 98 was sumilar to that of the other cats and — as with
histamine — only the mean response of each individual to the first gastnn in
fusions 15 therefore given 1n Table 11

After vagotomy the responses to repeated gastnn wnfusons (Fig 2 and 4
‘Table IV) were as constant as those to histarmne The mean response to the
first infusions decreased in all 6 cats (Table II) For indinidnal cats the mean
reduction vaned from 0 08 meq of total acid (cat 48} to 0 36 meq (cat 41}
and the percentage reduction from 20 (cat 71) to 91 (cat 98) According to the
analvsts of vanance (data on cat 71 omutted) there was a sgnificant drfference
(P << 001) between the responses before and after vagotoms Fig 2 and 4
4

the cffect of vag on the mean secretory responses of cats no
41 and 94 respectscly
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Table 1 Vean I hour basal secretion and mean 1 hour sectelory tesponses to 4 repeated inlra
zenaus infusions of gastrin 1 vagotonted gastric fistula cats nonreserpuntoed and reserpine ed

Drerras
(st 1nfu
s10n)
z % “Nonresrrpinized (controls) Reserpinized :: ‘_?‘
= o= Secretion 1n meq total acid Searetion mmeq total ad = S F
£ oz > = X Fe
_ =z = & ZRopomctiogaunn I Z Respomse togastrim 3 o %
E 2 2 T fmfusonmo T 2 F mfuonno £ 5
S & ¢ ZEEV 2 03 4 FdEr 2 o3 4 2 -
“41 3p 03> 3 001 021 017 018 023 3 002 018 014 019 01F 003 14
01— 012~
023 023
48 3p 03 3 002 018 02t 023 012 2 001 024 015 018 —-005 33
002 020~
024 028
£ 9p 03> 4 002 028 030 02> 037 3 00§ 021 023 020 017 007 2>
023~ 001
03> on
94 9p 020 > 000 025 029 022 07¢ 4 001 011 014 013 01> OM
019- 007
n28 015
110 9 020 > 001 010 013 014 011 4 002 010 OI1 013 012 000 ©
002~ 00—
. 013 013
Pre and posiganghon cally sympathectomized
7t 3p 025 & 001 041 03% 031 027 4 000 025 020 013 018 016 ™
13> 014
030 n32

* Correction made for basal secretion et
* Corraiponding experiments have bren pesformed beforc vag somy (Emis 193 Table I}

ustrated n Fig 2

Rang» of sreretory raponss.
> Nlean of 2 responsea.
[V ding exprrir have been prrformed befr vagotomy Lmas ¥4 Tablell)

B Efert of Reserpane Treatment on Gastrie Aod Sectetion in Vagot mived Cats
onth after complete 330!

d 1 ane cat fno 85 n
d out befare 1¢

1n 2 cats reserpine treatment was mstiuted one m
omy had been attamed in 5 cats 3 1o 4 months an:
months after vagotomy Vost control experiments were came

serpine treatment started
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Basal Secretion {Table UL and IL)

In the nonreserpuuzed state 57 expts were carred out on 8 cats The mean
1 hour basal output of toal acd was m each anmal less than 0 04 meg

Duning reserpinization (31 expis ) free atd i the gasing juice was ohserved
only rarely n the vagotarmzed cats and the mean output of total 2ad by
dmdual anmals did notr exceed ¢ 0> meq per hour According 1o the rank
sum tess the basal output of totat and tn the postvagotomy controls and m the
dunng resery did not differ ssgruficantly (P > 00) wm

7
any amumal

Seeretary Responses o Hustanune {Table 117}

The expeniments we ¢ perdormed on 7 cats 3 of which {no 41 48 and 71}
had been wsed 1 stmufar expeniments with resespine before vagatomy (Emds
1963 1964)

As an the previous studies (Emas 1963 1964} the effect of reserpimzation
o0 the secretory responses was calculated from the response to the fiest mfu

won only m each control snd wn each exp dursng reserpine
Reserprizanion had no influence on the mean secretory response of cat 29
1n the g i vag d ety resery shightly reduced the mean

response the veduttion bang m the order of 0 02 10 6 87 mey of total aod Mean
sesponses m the expenients on cat $8 are hownsa Fig 1 Analyss of vanance
rerealed no significant difference (P > 003) between the secrctory vesponses
of the ansmals noaressrpinszed and reserpined The data from cat 31 were
not included sn th= analyss for the reason mentioned above

Secretory Besponses {o Gastroe { Table 11)

OF the 6 anumals wmcluded s this study 5 weee alo tsed in the experuments
sith stamne The effect of ©h SECTEtary resp: 1o gastnn
tad been ivostigated before sagotoms m cats no 41 348 110 (Emis 196%)
and 71 "Fands 1964) though the lattes ammal was symphatectomized

The effect of reserprruzation on Mean secretory responses vared m &fferent
cats The mean response 4o firet

4 duriny P by

006 meq wn cat 48 remawned unchangsd an cat 10 and decreased in the re

maimng 4 cats by 003 ¢0 0 36 meq The mean vesponses of cat 41 are tlustrated

wm Frg 2 Saalyss of vanance (data of cat 71 omatted) showe) that the e

sponses of the cats agtreserpinzed and reserpinszed did not differ agmificantly
P > 003) after vagotomy

Fine cats d

with cat {oneda cat8Gno
da and the remaing cats (o 24 41 2nd 1101 dicce dacs after the fast reverpun o
Jection Cats no 44 and 86 were last for postmortem exammatoa 13 ¢ 71 twe smatt
uleery ware suvated in the d stal part of the antruts and alarger one 5 mm o diamerer
a! the appromumate antrum-corpus border Is cat 79 three clongated murasal erosions
8 mmon dengih were found n 1he datol pant of the bods of dne siomach Bt no mac
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Table IV VMean 1 howr basal secretion and mean | four secrelory responses to f repeated yntra
renaus wnfusions of gastren n vagotomed gastric fistula cats nonreserpine £d and res spraal

Decrease
(1ot 1nfu
sion)
g2 & “onreserpinized {controls) Re erpinzed T 3
]
s ¥ Secretion 1a meq ol sed  Sccretion m meq ol 108 F S §
E Y =
c S $  § Responsc! to gastun L 5 Reponsc! togastnin ‘é. gé
2 2 E % 5 mbmonno S ~ g fuston o £ Eﬁ
S 848 £488r 108 4 8881 2 3 4 & &
€31 3p 03, 3 001 021 017 D18 023 3 D02 0% D14 019 O15 605 M
Q- 012
023 023
48 3p 035 3 002 GI8 074 023018 2 001 024 015 018 ~ 006 -33
008 020-
o2 028
8 9p 035 4 002 028 030 020 037 3 00+ 021 073 020 017 007 "
025~ o0
035 039
9% 9p 020 5 000 825 0°5 022 624 £ 001 011 034 013 015 014 6
019- en
028 01s
*10 9 070 5 001 010 013 014 013 ¢ 002 930 021 013 012 000 O
808~ 00
013 013

4
- Pre and postganglomeally sympathectomzed

7t 3p 025 4 000 04 034 031 027 ¢ 000 625 020 018 018 o018 30
035

o4
0.0 032
1 Correcion made for basal secretion
C d have been performed brfore vaxotomy (kwmas 193 Tatle 1)

* IustratedinFg 7
Range of secretory responses

5 \ean of 2 responses o
¢ Corresponding experiments fiave been perfarmed befre vagotomy \Imis 194 Table ¥

B Ifect of Reserpmne Treatment on Gastric {ad Secretion n Va otomt o Cats o
t was insututed one month after cr»mplctr\6 "
onthe and 1 onc cat (no o )"
ents swete crmed ot tefare

In 2 cats Teserpine treatmen
omy had been attained n 5 cais 3 to } mi
manths after vagotomy Most control expenm:
serpine treatment started
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ceeded that 1 the postvagotomy controls (Table 11) bv 038 meq or 93 per
cent and that 1n the prevagotomy controls (Table H) by 028 meg or 55 per
cent

For individual cats the mean output of total aad durmg 2 hours of metha-
cholwe 1nfusion alone amounted to 0 0> meq per hour of less

Discussion
Y agotamy reduced the aad secretory responses to histamme and gasmn m
all cats The magmmude of the red vaned derably from ammal to
ammal but 1 the same individpal a large red m the resp to his-
tamme corresponded to a large red to gastnn  Sumlar studies on non-
anesthetized cats have not been reported but 1 dogs vagal denervatton of total
stomach potiches (Oberhelman and Dragstedt 1918 Lews 1921) and vagal
denervation of the whole stomach m muluple gastric pouch pref (Fer-
guson 1933) and gastrc fistula preparations (Antia ef al 1951) has been shown
to reduce the acid ecretory responses to lustamme. The effect of vagal denerva
non of the whole stomach on responses to exogenous gastnn has not previously
been myestgated In most of the studies on dogs referred to above (Anta et al
1951 Lewis 1921 Ferguson 1933) vagotomy reduced basal aad secreuon In
the present 1nvestigation basal secretion of acd was shightly reduced by vagot
omy 1 6 of 7 cats but the reduction was significant only 1n I antmal probably
due to the small basal output of acd before vagotomy
Vagal 1upulses and gastrin act synergistically on the panetal cells i cats
{Uvnas 1942) and dogs {Olbe 1963) and synergixm has also been demonstrated
1 dogs between local cholinergie reflexes elicited by distenston ol‘ lhc stomach
and mjected gastrin and k (G 1961 a) i hreshold
amounts of cholnergre drugs potentiate the <ecretory responses to endogenous
gastrin 1n dogs {Gregory and Tracy 1960) and to exogenous gastnn and hista
mme i dogs (Grosstan 1961 b Langlors and Grossman 1920) and cats {present
snvestigation) These findings suggtst that the susqcpubﬂnv of the panetal cells
10 and gastrin 1s and
conversely the reduced secretory responses 1o histamine and gastrn after vagot
omy 1ndicate a decreased susceptibility of the panetal cells to these sumulr This
decreased suscepubihity mav be attnbutable to the clmnanon of the vagal
fone assumed to sensttize the panetal cells to hustamne and gastnn n the
fasung cat Passaro Gillespte and Grossman (1963) have vens recently repoxted
that etogenous gastnn potenuates the secretory action of tustammne m dogs
Since vagal impulses release gastnn (for references see Schofield 1960; both vagal
impulses and released gastnin mav i the fasung cat sensiize the panetal cells
to histamune  The reduction of the seeretory respanses to histamine after vago-
tomy may accordingly be due not only to the ehinunation of subthreshold vazal

smpulses to the HCl-secreun= cells but also to the reducton or block of gastrin
release,
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It has been established n presious investugations that prolonged reserpine
treatment produces basal hypersecretion of acid gastrie Jwice nd greath i
creases the secretory responses to histamine and gastrsn both in ordinary gstric
fistula cats (Emds 1963) and n sympathectormzed pastoic fistula cats {Fmis
1964) The present e d. rate that resery fls to pro-
duce these effects in vagotonuzed cats Four of the 8 cats studied here had
been subjected to reserpine treatment before vagotomy (Emis 1963 1964)

and since reserg then produced hyp 1t was possible to con
clude that bilateral vagotomy elimunated the hypersecretory cffects of seser
prmzation

The fact that vagal innervation of the stomach 15 indispensable for the hyper
secretion of veserpimized cats strongly suggests a centrl action of rescrpimza
ton It has been argued that reserpine produces 1 parasympathetic predom
nance either by depressing the central sympathetic actisey (Bewn 1923 1957}
or by activating the central parasympathetic system (Brodie Prockop and
Shore 1958) Swince cholinergic exeitation ncreases the sensitaty of the panctal
cells to histamine and gastnin the increased secretory tesponses to histamine
and gastrn mn reserpinized cats with intact vagal innervation could be aseribed
g the panetal cells to these stmuls This inter
has no effecton

tw© d vagal tone
pretation explains why 11 the vag dcats r P
the secretory responses to histamuine and gastnn The findings that histamine
and gastrin produce approximately as large secretory responses of acrd 1
¥ ed cats ly infused with maximal subthreshold amounts
of methacholine as in ordinary gastric fistula cats treated wath reserpine may
ndicate that methacholme and reserp sensinze the panctal cells 1©0
about the same degree Another mechamsm  however m1y also be implicated
n potentiating the secretory action of histamine  Vagal impulses {Schofield
1960) and cholinergic drugs (Langlos and Grossman 1950  Burstall and
Schofield 1924) are considered to release gastrin and 1ecording to Passaro &
af (1963} gastrin potentiates the secretory action of tustamine Suppoung
vagal 1mpulses in the rescrpimzed ordinary gastric fistult cats and the amonnts
of methacholine infused 1n the vagotomized cats to be capable of releastng
endogenous gastrin the gastnn released and the cholinergic excitation nﬁf‘;
panetal cells could both the action of h A relewse of tmr
agenous gastrin docs not however explain the potentation by reserpinizatic
or methacholine of the secretory action of exogenous gastrin for
Previous expenments (Emas 19631 had shown that r:serplmnlmﬂ}(’ e
dinary gastric fistula cats did not alter the secretory responses 10 methacho!

and reduced these to insulin hypoglycemia The action of these sumuhrn:,\:l::’
at least two compr release of gstnn and mcrta:jr;mlmm
atablity of the panetal cells to the released gastnn In I“C;p:!miﬂhlu’m o
intact vagal inenauon the paretal eells exiubnt an mt;‘_ca‘ :r vep s
gastnn prestmably due to an enhanced vagal tone The fafure
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ton to merease the secretary responses to methacholine and nsulin hypogly

cemia may suggest (1) that the mcreased exertabihity of the parietal cells to
gastrin in the reserpinized cats 15 not further increased by methacholine or vagal
iapulses orfand (2) that these stimulz release lesser amounts of gastrin in reser

pinized than 1 nonreserpized cats (Emis 1963)

Several explanations are possible for the elesated basal acid secretion m orda
nary gastne fistula cats treated with reserpine (1) It was suggested above that
rescrpimzation increases vagal tone In the reserpimized cats the vagal impulses
may therefore be capable of activating the HCI secreting cells (2) As vagal
1mpulses release gastrn (Schofield 1960) the increased vagal tone may result
1 a relea.e of endogenous gastrin or 1n an acceleration of spontaneous gastrin
release the action of the released gastrin then being potentiated by vagal im
pulses (3) Injected reserpine causes a transient reduction of the gastnin activaty
m the antral mucosa of cats (Emas and Fyro 1963) suggesting gastrin release
The action of the hiberated gastrin 1s then potentiated by vagal impulses It 1s
not known however whether the release of gastnin 15 still continuing 20 to 24
hours after the injection of reserpine the ime at which secretory studies started
or whether a stngle reserpine mjection does release gastnin in reserpinized cats (4)
Reserpine reduces the histarnuine content of different organs including the gastro
mtestinal tract (Waalkes Coburn and Terry 1959 Hayerback and Wirtschafter
1962 humand Shore 1963 Moran and W esterholm 1963) although no evidence
has been published of histamine release 1n cats under prevaiing expenmental
conditions An action of liberated histarine simular to that of gastnin has how
ever, to be considered as a possibility None of these explanations of the basal
hypersecretion of reserprnized cats can be excluded on the basis of our present
knowledge although this study has demonstrated the outstanding role played
by the vagal nerves The finding that vagotomy and atropine (Emis 1962)
block the basal hypersecrcuion of reserpimzed cats does not invalidate any of
the cxplananons proposed

Subi hold amounts of methachol d the

y acton of
exogenous histamune and gastrin 1n the ‘agotomnzed cats The responses ex
ceeded those evoked by histamine and gastrin alone before vagotomy and ap-

proimated the responses of ordinary gastric fistula cats treated with reserpine
These findings suggest that hachol. bth

(n

n cats and n ordinary gastne fistula cats made
the panetal cells more sensitive to histamine and gastrin than did vagal tone i
ordmary gastne fistula cats

Although the number of observatons 1s small 1t 1s interesting to note that
while vag 1 d the hy

hold

P y effects of reserpine treatment 1t
did not prevent the occurrence of gasiric uleers

To sum up the prosent 1nvestigation has demonstrated (1) that Tagotomy
reduces the secretory responses of gastric fistula cats to exogenous histarmne
and gastnn (2) that vagotom)y ehmnates the hyperseerciory effects of reser

W—BIS 41 phy of 2 & Vol 6T
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pimization, and (3) that 1 subthreshold of methacholine in
vagotomized cats potentiate the secrctory action of exogenous histamine and
gastnin The lowered responses after vagotomy reflect 1 reduced exatabality
of the panietal cells The reduction 1s supposed to be due munly to the elimina
tion of vagal tone assumed 1n the fasting cats to sens;uze the HC secretng cells
The hypersecretion of ordinary gastric fistula caty treated with reserpine re
flects an ncreased excitabihty of the panetal cells The increase 15 supposed to
be ducto a centrally induced en} of vagal tone g the HCI
secreting cells to lustamune and gastnn The secretory responses to hsstamine
and gastrin were about as large in vagotomized cats conunuously nfused with
methacholine as in reserpinized cats with intact vagal innervation Ths sug
gests that methacholine 1n vagotomized cats and reserpinization n ordinary
gastric fistula cats caused greater sensitization of the parietal cells to exogenous
histamine and gastrin then was caused by vagal tone in ordinary gastnc fistula
cats
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From the Department of Physiology harolmska Institutet Stockholm Sweden

Effect of Vagotomy, Vagus Stimulation and Various
Drugs on the Substance P Content 1n the Small
Intestine of the Rabbat
By
B Rapwanovict
Recewved 4 December 1963

Abstract

Raovasovic B Effect of vagotomy ragus stimulation ond varous drugs on the
Substance P content in the small wniestine of the rabbit Acta physiol scandt 1904 6/
277278 — Cervical ncreased the P (SP)
content an the rabbits small intestine from 28 £ 0% Ujgta72 £ 06
Ujg Sumulation of esther right or left vagus in the neck sigmificantly decreas
ed 5P 1n the same tissuc from 28 + 02010 + 02 U/g The SP saluesin
creased 15 muo after cessation of sumulation and reached control values
withun 30 min Physosugmune sigmficantly decreased the S content in the
rablut sntestine 1017 2= 02 Ujg while no definite effect was observed alter

of chlorrsond atropine  reserpine

P hyd; or micotne It 13 suggested that
vagus sumulation and physestigmmine d p! te the 5P stores in some peripheral
nervous structurcs in the itestine Conversely vagus section may aflow a
ceplenishing of the stores

Since the basic investigauon on the properties of substance P (SP) by Tufer
and Gaddum (1931) numerous expeniments have been made 1n order to obtan
more knowledge about 1ts chemmcal properties and possible physiologseal role
1 the orgamsm Besides the actions on smooth muscle SP exerts some central
effects (for references sce Symposium on Substance P Sarajero) It has also
been suggested that 1t 2cts as a transmitter substance betw een the first and second
sensory neurones {Lembeck 1959) and as a motility hormone in the digestne
tract (Euler 1936) The distrnbution of SP1n this area has been studied sn detail
by Douglas et al (1951) and by Pernow (1923) .

Tt has recemily been reported that SP occurs in the sediment from lmml:gm
mized guinea pig bran (Lembeck and Holasek 1960) Similar results finve e
obtained by Cleugh and Whuttaker (quoted by Gaddum 1961} h;ou)tnml
hataoka (1962) have descibed subeellular distnibution of SP an the ccl
\ Recpient of the Swedish Insttute s Scholanhip Present address Department of Ptarms
cology Faculty of Med cine Beograd 7 % ugmfavia
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nervous system %P also occurs in subcellular particles in penpheral nenves 1
amounts from 1| 5—6 Ufg {Euler and Lishajko 1961 Euler 1963)

The ntestinal smooth muscle 15 simulated both by a direct action (Pernow
1923) and by 2 penpheral pic effect 1e ! of afferent fibres
10 the persstaltic reflex are (Beleshn and Varage 1958) However the functional
relationship 1f exssting 15 not clear between the SP present mn the nervous tissue
and 1ts action on the smooth muscle of the intestinal wall By studying the effect
of vagus nerve sttmulation and denenvation upon the amount of SP n the mntes
tnal wall 1t was hoped to obtain more knowledge on this pont The amounts
of SP in the intestine after admimistration of some drugs which affect the sntes
tinal motihity were also measured

Material and methods

In the present experiments rabbuts of both sexes were used weighmg from 2 to 3 kg

Vagotomy was performed both 1 the neck and subdiaphragmatically under ether
anesthesia Bilateral s agotomy was petformed i two steps with a 4 days interval between
the operations Twentyfour hours after ilateral vagotomy the rabbits were sacrified
and SP extracted fiom the intestine

‘The divtded rght or l¢ft vagus in the neck were sumulated by bipolar silver electrodes
covered with cottan wool soaked 1n warm Liquid paraffine A stmulator grving square
wave pulses (Grass model § 4) wasus d The frequency was 5 mmpfsec voltave 10 V and
pulse duration 8 5 msec The total duration of stmulation was 20 min

The drugs used werc atropine sulfate bromrde
chlonde (kcobd Ciba) reserpine (Serpasil Ciba) chlorpromazine chlonde (Eibernal
Leo) p-hyd h Leylate and micotine hydrogen

tartrate
Preparation of extracts ‘The extracts were made from the small intestine. In some expert
menzs SP was separately extracted from duodenum and sleurn. In the other expeniments
SP was obtamned from the whole of the small intesune
Intestine was removed immediately after the animal was killed by a blow en the neck
flushed with Tyrode solution and cut mto small preces (1f, X ¥/, cm) with sassors and
botled for 10 min 1 5 volumes of distilled water aaidified with sulfunc aeid to pH +
SP remans stable at pH + even during prolonged boiling (Gaddum and Schild 1934)
After cooling and filtening the extract was saturated with ammonyum sulfate (Euler
1936) and Icft for 12 hours at 2 C After filtrztion the dried precipitate was dissolved
0 about 10 ml water and methanol added 1 small poruons to 70, v/v with stirrng
After setthng at 2 C for 12 hours the vol preap was fuged off and
discarded The clear supernatant (about 30 ml) was passed through a 3 cm hugh column
of aluminium oude (diameter of column 2 em flow 1 ml per min} The column was
tluted with 15 ml poruens of methanal 1n water in decreasing concentrations of 70 %4
50 ,and 2>  followed by repeated elutions with water according 1o Pernow {1953}
After removing the methanol by evaporauon mn vacuo the eluates were used for bia-
assay on the solated guinea pig ileum A 3 ml bath was employed rontaining atropine
sulfate and promethazine in concentrations of 0 4 mg per | and LSD in a concentration
(;; ?h‘ mg per | Several extracts were also testerd on the chicken rectal cascum tn a 10 ml
\s standard a p by H La Roche 75 U/
!;1; was used The recosery was checked and the mean recovenies were of the order of
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Fig 1 Each llock represents amount of SP fram
the rabbits small yntestine 10 unts per gram of
fosuc 2 control b SP amount afier umlateral
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st afier on taer sagotcmy in then el on
the night side SP was cxtrarted 5th 91 2
13th day afier vagotomy {full Ine) Brchen hne
control St values
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Results

Since no significant difference was found 1n the amount of the Sy
hus part of small mntestine of the rabbnt (32:£G4 U/grm‘xt un
02 Ulg mn ileum) the content was calculated per g of r1
The value was 2B U g when tested on the 1solated gu
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! 2 3 4

Fig 3 A Gumea pig fleum 3 ml bath (1) 1 U SP standard (7) 02 ml water I eluate of 5P
extrace (3) 0 4 ml water IT eluate (4) 05 ml water 111 cluate

Chicken rectal caccum 15 m! bath {1} 03 U SP standard (?) 01 mlx ater 1 eluate of
SPextract (3) 02y mbs ater I cluate {4) 0.2 ml of water I cluate

watropine promethazine and LSD  When rabbut s small intestine was cut
mto larger pieces (3 > 3 cm) only about 1 Ufg of SP was obtained

SP an the rabbut 5 wntestine after vayotomy As shown mn Fig 1 the amounts of SP
1 the rabbt s gut were 1y d after vagot, SP d to
about the same extent after unilateral vagotomy (erther on the nght or on the
Teft side) as after two-stage bilateral vagotomy n the neck The SP content in
the extract from the rabbit s gut after subdiaphragmatic vagotomy was lower
and not sigmificantly mcreased probably due to incomplete surgical section of
the vag

The amounts of SP 1n the rabbit s gut reached a peak 9 days after unilateral
Vagotorny On the 13th day SP content was slightly decreased (Fig 2)

Some extracts from the rabbut s small mtestine were tested on the chicken
tectal caccum "These extract showed a sumulating effects on the chicken rectal
caceum corresponding to the amount of SP found on the guinea prg ileum when
tested agamst the standard (Fig 3)

SP content un the rabbut 5 wtesting after ragal smidation In a senies of expennments
the peripheral parts of the cut vagus nerves were stumulated 1n the neck for 20
mun Immediately after this pertod the amimals were sacriiced and extracts
Prepared from the sntestine As shown in Fig 4 the amount of SP in the rabbit s
small intestine decreased from 2 8 to 10 Ujg (p < 001) duning the 20 min
stmulation of the sagi Tt can also be seen that the effect of stimulation of the
¥agtis only transitory Fig 4 demonstrates that SP values had increased 15 mm
after cessation of stmulation and reached control values within 30 mun
SP content 1n the rabbit s sntestine afler admmistration of tarous drugs Fig 5 shows
© amounts of SP in the rabbit s whole small intestine after admunustration of
the drugs 1n companison with the control value All drugs in the present expeny
ments were injected s ¢ with the exception of nicotine which was admmistered
'P \tropine sulfate was gven for 3 days in a dose of 1—1 5 mg/kg/day Rab-

M4 recenang hexamethonium bromude were ginen 4 mg/hg twice dasly for
3days  Of chlonsondamne chloride (Ecolid Ciba) 2—2 5 my, kg was mjected

thy
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atter stm taton

cont ol A

use/g

Fig 4 SF amounts (U per gram of tssue) m
the rabbits small antesine after stimulation of
both vagus nerves m the neck

s Fig 5 SP amounts (unuts per gram

ol tissuc) in the small mtestine of rab-
bit after admumistration of some
drugs C  control values Next col
umns  represent SP amount after
admunntration of (1) 1hysastigmmne

B
salicylate  (2) hexamethonsum bro-
mde  (3) ehlorsondamine  chlo-
nde {4) atropine sulfate (3) ros
erpine  (6) chlorpromazine (1)
p-hydroxymercuribenzoate and (8)
nicoune hydrogen tartrate Vertical
bars S E M
2 3 & 5 11 7 L]

Pe0s

uselg
~ »

« daily for 3 days Reserpmne (0 5 mgjkg) chlorpromazine chlonide (5 mg/
"%g) p-hydroxymercunbenzoate (10 mg/kg) and physosugmine salicylate (4 mg/
kg) were given once a day for 3 days The dose of nicotine hydrogen tartrate
employed was 4 mg and rabbuts were sacnficed at the tme of maximum miosis
Of all drugs d 1n these exg only ph had a signsfi
cant effect on the SP content 1n the rabbit  intestine  After 3 days admunistra
uon of physostigmuine s ¢ the SP content decreased from 28 + 02 Ujgin con
trol experiments to 1 7 4+ 02 Ufg (p < 0 00) After ganghonic blocking drugs
the SP content tn rabbit s gut showed a tendency to increase Atropine nicotine
and drugs (reserpine chlorpi and p-hydrosvmercunt which
release catecholamines from tissues did not change the amount of SP n the

4

rabbit s small intestine
Discussion

The amounts of SP found 1n the rabbut s intestine with the purtficatton lc(;h
maque used arc considerably smaller than those found sn previous stuches (1 u“er
1936), the higher degree of punfication in the present expeniments fmay partly
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account for the dufference Since the recovery of SP standard was about 75 9
the actually found values should be increased by 25 % In the present expen-
ments the values are uncorrected since internal standard was not regularly used

In previous studies the highest amounts of SP were found in the submucosa
of the intestinal wall (Pernow 1953) Also n studies on cases of Hirschsprung s
disease (Ehrenpreis and Pernow 1953) 1t was found that the amount of SP was
small m the distal aganghonic segment of the sigmoid These investigations
suggest a close correlation between the nerve supply of the intestinal wall 1ts
content of SP, and 1ts p e actvty As p Ty d, SP has been
demonsteated mn subeellular partcles of the vagus nerve {(Euler 1963)

In pharmacological studies 1t has been observed that SP also acts on nersous
structures 1n the mtestinal wall The effect of SP on the arcular muscle on the
1solated guinea pig ileum can be blocked by hexamethonium (Beleshn and Va
ragic 1958) as well as by morphme and morph hke Al {(Meda
kocry and Radmanovic 1959) It has been found ako that SP can restore pen-
staltic activity of the 1olated guinea pig sleum previously abolished by d tubo-
curanine (Radmanovic 1961)

The present expeniments show a marked ncrease on the SP content m the
intesumal wall of the rabbst after unilateral and shortlasting bilateral varus sec
tion On the other hand stimulation of the vagus nerves causcs a decrease of
SPin the rabbut s intestine The present results may be explained by assuming
that vagus sumulation depletes the stores of SP 1 nervous structures in the
intestinal wall Conversely vagus sectuon may allow a replemshing of the stores
in a way similar to that observed for noradrenahine 1n skeletal muscles after see~
tion of pregangliome nerves (Sedvall 1963)

The expeniments reported here also show that synthesis of SP 1s rather fast
since the SP content 1n the intestine increased by about 65 per cent during 30
mun after cessation of vagal strmulation

1 wish to express my sineere grautude to professor U S v Euler under whose guidance this

»
r:'u’:, d"}?’Jf""" out Th s study was supported by a grant [rom Gustaf and Tyra Svenssons
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Mechanical Systole at Rest, During and After Exercise 1n
Supine and Sitting Position n Young and Old Men
By
T StrANDELL
Recet ed 4 December 1963

Abstract

Straxveer, T Vecharnical systole at rest dur and after exerc se_n supwne and
sittm pos £ on'1n youn,, and old men. Acta phys of scand 19 § 61 2/9—733 —
In 12 healthy mien aged 20—25 ycars and 20 aged 6183 vears mechancal
systolc was measured by phonocardiography s the tune mierval between
the st and the Znd sound During exercise with stepwise increased work loads
mechamcal systole at first decreased approumat ly lineardy with mcreasing
heart rate but at high heast rates a sigmificant curvilinearity was recorded
with successt ely lesser decr ase of mechamical systole At low heart ratcs
mechameal systole was shorter 1 situng than n supine position but at hugh
heart rates it was of the same duration 1n both postions. At rapidly m

Creasing or decreas ng heart rates the changes 1n duration of systole were
stower than the changes 1 drastole The regression hine of mechaaical systole
on heart ratc was at a st ghtly but significantly higher level in the old than
in the young men whereas the slope was smilar The lower mavumal beart
Tates dunng exercuse i the old men were thus not accompan ed by com

Parable changes in the mechanical events of the heart eycle However i the
old men the maxsmal heart rate was probably sgmficandly correlated 1o the
slope of mechanical systole on heart rate The stope was also negat €lv cor

related to the cardiac indev at_est n the old men and the level of the line
was negats cly correlated fo the svstolic pressure inerease in the brachil
artery duning exercise

The n the d of mech 1 lar systole has long
been studied both 1 anumals and man In general the systole shortens fairly
regularly with decreasing length of heart cycle During sympathetic sumulation
ornjection of sympathonunetic ammes howeiver systole shortens mn excess of
the decrease sn cycle length {Wiggers and Ratz 1920 hyellberg Rudhe and
Sjostrand 1951 Braunwald Samofl and Stunsby 1958) Dunng progressie
Increase 1n yenous return the svstole at first inereases m duration as the filing
pressure and stroke volume ncrease (Wiggers and Ratz 1920 Rartz 1921
Wiggers 1921 and others) When the filling pressure 1s sull further rased
the stroke volume becomes smaller (decompensatory stage) and the svstole
shortens Duning hyvpothermua the systole 1s prolonged (Hegnawer Shnber

279
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Table I Some anthropometnic data on 12 young and 20 old men W 130 =1ntensity of work ot heart
8¢ 130 1 pax and HRmax = work load and heatt rate ot maximal working intensity /= mamber
of tndirduals Mean + SD are guen

Age Weight  Height Wiso Wo « HR,, x (beats/mm)
n (years)  (kg) {cm) {kpm/mun) (kpm/mun)  Situng Supine

12 228412 675480 1809163 6564 93 1248&120 18791113 1624150
20 707166 736199 1740459 6574158 8324170 15694117 13804173

and Hatenus 1950), as also duning markedly increased aoruc pressure {Wig
gers 1921, Braunwald Sarnoff and Stamnshy 1958)

In man the systolic ejection phase at rest was found to be approximately
hnearly related to the total cycle length (Lombard and Cope 1926) For 2
gaven heart rate the systole was shorter 1n standing and sitting than n recum
bent posinon In that study no effect of age was observed Michel (1960)
however, observed a sigmificant mcrease with age of the systolie ejection phase
at rest i the supme position 1 a matenal of 409 men aged 2070 years
without changes i heart rate with nsing age

The effect of excrase on mechamical systole was studied by Holmgren (1956)
who observed a linear decrease with increasing heart rate dunng supine
excrcise The duration of systole was caleulated from nght ventricular pressure
tracings at heart rates between 50—150 beats/mn Bevegdrd (1963) found by
phonocardiography a linear inerease of the nverted value of mechanieal
diastole on heart rate dunng exerase This would indicate that mechanical
systole was furrly lmearly related to heart rate at low heart rates, but that
the relationship was marhedly curvilinear at higher heart rates with succes

l‘axvcly smaller decrease of systole for a given increase n heart rate
¥ The purposc of the present investigation was to make a further study of the

hip between t { systole and heart rate espeaially the effect
ge and the

T
of arculatory changes duc to differences 18 body position and aj
relationshups to the central arculation It was also thovght to be of 1aterest to
study whether or not vanations in the relationship between mechameal systole
and heart rate could be associated with the decrease of the maymal heart mie
dunng exeraise with nsing age or with the mtenndnadual vanatons 11 maxi

mal heart rate within a certan age group

Material
o

The matenal consisted of two groups one of young and one of old men o‘?;;;‘:“(:
men included 12 healthy medical students aged 20—25 years Th group A rom s
comptised 20 healthy men aged 6183 years who were randomly yl‘:m -
somewhat larger group The selection and examnation of the okl men has Fepor

carlier (Steandcll 1963 1963a) Some anthropometric dara are gnen Table
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Methods and procedure

\ measure of the duration of left ventricular mechameal systole was obtained from
the time mterval on the phonocardiogram between the first vibrations of the Ist and
2nd heart sounds at the nomnal freqs of the pt d filters of 100 c/sec
or 400 cfsec This ime interval thus mncludes the 1sometnc contraction phase and the
systolic ejection phase Mechantcal diastole was calculated as the time intenval between
the 2nd and the Ist sound and heart rate from the sum of systole and dastole Mean
values were calculated from at least 5 usually consecutive heart cycles The phono-
cardiograms were recorded over the dth left mtercostal space with a direct wnting
10k get recorder (Mingograf 42 + 42 B Elema Jamh Stockholm) at a paper speed of
100 mm/fsec During cxercise the amplification was decreased to 1/2 or 1/5 of the value
at rest

‘The group of young men was studied twice On enc occasion the phonocardiogram
was recorded at rest supine at rest sitting on a bicycle ergometer (Holmgren and Matts-
son 1954) and dunng sittng exercise at successin ely increased work loads untl exhaus
tion. The loads were always 300—600—900 kpm/min On the other occaston the
recordings were performed only i supine postion — at rest duning exercise immed:
ately after and 1 2 3 4 5 6 and 10 rmn after exercise The relative order of the two
tests was randomly distnbuted During exercise recordings were made both after 1 and
5 mun at each load

The group of old men was studied only 1n supme position at rest and dunng and
after exercise The loads were always 300—600  kpm/min except for cases 32 43
and 47 when they were 200—400—-600  kpm/mun In 6 of the subjects the recordings
during exercise were only made after 5 mun at each load and 1n 3 subjects no recordings
were made after exercise The recordings after exercise were not as regularly timed as
1n the young men and generally the last recordings were made 3—4 mun after cxercise

‘The phonocardiograms were recorded either dunng free breathing (most of the sub-
Jects 1n the group of old men) or immediately after the respiration was stopped m nor
mal expiration (all subjects 1n the group of young men) The effect of this held respira
tion on mechamcal systole and dastole was studied 1n 6 of the young men at rest and
dunng exercise supine and stting positions by companng the st yecorded heart
Beat with the 5th There was no difference 1n duration of mechanical systole of probable
significance erther at rest or durng exercise i sitting ot supime position For values at
Test and during exercise counted together the difference 1n supine position was + 003 =
125 csec (mean 4 SD n—132 P> 09) and 1n sting position + 006 + 112
©ec (n =27 P> 09) The mechanieal diastole however was 4 7 csec = 5 4 (mean+
SD n =12 2 observanions per indmidual) longer 1n the 5th than i the Ist beat at
Test m supine posttion (P << 002) whereas the difference duning supine exercise was
not even of probable sigruficance (+ 04 = 22csrc n =20 P > 04) In situng post
twon there was no difference of even probable sigmificance at rest but dunng exercise
2t 300 kpmjmun the difference was + 56 2 42 csec {n = 6 P < 003) For all values
N sthng position counted together the difference was + 07 2 10 csec (n = 27
P> 04) The abovcmentoned differences should be of no sigmficance for the ohser
‘atons in the present study  They would indicate that in the group of young men the
recorded heare rates duning held respration were around | 4 beats mun lower at rest
supme than what mught be expected during free resp ration without changes 1n the
duration of systole Dunng supine exeruise they would 1nd cate an inmgnificant decrease
n heast rate of around 0 5 beats/mun For all the values in sitting position they would
correspond to an insigmficant decrease in heart rate of around 0 5 beats/min without
changes 1n the duraton of systole
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Table I Heart rate (beatsfmin) and mechanical systole ( Mech syst esee) al rest (st ralus
an 12 young and 20 old men Heart rale af maxtmal working intensily 15 given as the last valus

Case no Supme Siting Case no Supine Sitting.
(Age Heart \ech Heart “Mech (Agc  Heart Mech Heart Mech
years) rate syst ratc syst years) rate syst rate syt
I 67 377 [>3 292 vt 6 313 66 293
(21) 105 285 a9 271 (23) 104 277 9l 780
1g 248 1393 237 118 254 116 244
140 189 124 197 149 06 137 219
172 179 170 162 169 171
193 156 173 182
177 193
i 63 347 6t 316 Vi 8 304 93 87
(21) 101 268 104 266 (23) 12 273 ur 257
170 235 130 218 129 253 121 9
151 202 155 182 160 21 152 kg
176 167 1323 172 190 176
178 18> 183 M3
ur 57 369 [ 312 n 63 315 61 331
(22) 97 294 89 271 (23) 107 300 91 95
14 256 173 228 u7 260 n4 253
161 182 135 25 " 278
161 180 168 204 157 213
168 18t
w 0 350 67 303 AN 62 360 23 n7

{z%) 92 3to a7 296
1”1 5 2 235

(2°) 9 296 9% 264
177 158 192

m 260 15 225

135 226 139 23 163
165 186 189 4
160 169 197 189
v 59 332 6 299 AL 8 "8G 7 z;?
z
2 w0 291 97 277 @21 s 57 105
o 137 »9 31 09

114 255 125 215
160 206 165 3

149 1Bl 1 178 :
184 164 9 1t 10 18
152 187 700 04
A% € 339 [} 316 AV (5 335 o ;Z;’
3 13 271 9> 87 (25) 93 2 53 %
151 207 136 M7 20 b ¥o T
g0 183 120 184 15 209 :4:
203 164 173
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Jor eack sndiridual) and duning exercsse {after 5 wun af each load} in supine and sitts  position
Jor eack andvrdyal

Caeno  Supme Caseno  Supine Caseno Supme
(Age  Hean Mesh. (Agr  Hemt Mech (Aze  Heam Meh
vean)  rate syst years) rate syst years)  rate syt
8 60 373 43 a7 33> 66 6 33>
61) 89 332 67 9% 298 (43) 100 730
m  vg3 109 225 140 270
131 123 27 14
4 23
156
14 6t 313 45 6 375 70 68 348
) 129 257 (69) 105 301 (72) 97 305
12 221 127 250 H6 269
163 150 133
Nd 80 375 47 %% 300 Ta s 331
{63) 17 24 (68) m 278 (80) 100 300
o 215 125 245 129 248
133 2 131
25 €1 360 50 47 380 7 59 343
62) 90 289 (70) 7% 314 a5 92 315
109 252 9 265 u3 280
23 9 ur u3
18
"8 1 37 57 9 329 8 8 368
(66) m 267 (72) 9 334 [¢:13) 84 308
133 237 1 282 m 210
3 o0s 16 3
173
3 o8 348 54 67 342 9 &% 338
(66) 160 294 an %2 299 (83) 103 274
128 45 TN 18
1 150 13
150
33 n 35 57 36 350
(€8) 07 us ™ 93 301
s 733 10 51
148 158 215
138
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Table YT Mechamscal gystole () 1n esec 1n velotion to heart rate (%) n beatsirun ta 17 soun,
and 20 old mer n = number of observations Sup = supine position Sit = sutting position R =
rest £ — duning exercise after 5 mun af each foad b = regression coufficrent

§ Res

5 Age Body Range dual

Z  group Post  Cond:  for heart SD

% (mm) n von  bon  xae  Regression equation (esec) bleb

1 223 5 Sup R+E 57-19 y=+10-0146c 137 782%ee

2 %% 52 Sup R+E 57-199 y=473—0227x+ }1,7 { 713 *
+0000340¢ § 127 | 279+

3 22 40 Sup R+E 5-M9  y=H7-016x 1o1 237

4 20% 12 Sup R 5783 y=487-022Ix 128 5245

5 -2 58 St R+E 60703 1=382—011%¢ 135 271+

6 2025 58 St R+E 60203 3=473-0 193+ T24se
+0000°97c }”7 { 2,84+

7 207 41 Sk R4E (0-M7  3=387-0136+ 198 174

3 209 12 St R 60-93 720 103x 056 540 +

9 6083 6 Sup R-E 47-173 .20 151¢ 136 290

1 6083 6 Sup R+E 47-173 y=185-0°43xc+ 792 *
+0 00041 }1 16 | 380e%+

1t 6083 6" Sup R+E 47-10 y=119-0 I60x 117289 *+

12 6083 70 Sup R 47-90  y=12"—0163x 126 510

The work test and the methods for determmation of heart solume blood volume
mtensity of work at heart rate 130 (% ) work load and heart rate at maxumal work
Ingintensity arterial Jactate concentration during exercise degree of heart rate steady
state during exercise and the of the el changes during
and alter exereise have been described elsewhere (Strandell 1963 1964 a b < and d)

Most statistical calcul were performed to Snedecor (1959) Differ
ences between regression lines were tested according to Hald (1961) The following
probabuliey (P} levels were wsed P < 0001#%* — highly significant P < 001%% =
sgmficant and P < 0 05% = probably sigmificant

Results
Effect of heart yose

The 1nd

values for 1 systole at rest and dunng exercise
(after 5 mun &t each load) are given 1 Table IT The regression of mechanical
systole at rest and duning exercise on heart rate 1s shown Fig 1 and 2 and
Table IIT Assurmng a linear decrease of mechamcal systole with osing heart
Al gave cquatons 1 5 and 9 (Table 111) In the different groups howeser

€¢ was 2 significant curvilineanty (Fig 1 2 3) The relanonship was then
expressed a5 4 second degree polynomual with a significant regression cocfficient
for (heart rate) (eq 2 6 and 10 Table L) giving 3 shght reduction of the

B9 -BI01S 40 ghy e 4 Ve8I
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Fig 3 Mechanical nystole 1 relation to

" heart rate at rest and during exercise in
supine (whole line) (eq 2 Table I1I)

compared with aitung_bedy peation

(broken line) {cq 6 Table llmn 12
b young men AMean values at mauimal or
near maximal working mtensity in su

pime (@) and situng postion () are

" Mot be jmn also gnen
I R T

residual standard deviation If the values obtained at heart rates bove 150
beats per mmn were excluded from the ealculations there was no sigmficant re
gression coefficient for (heart rate)? (P > 0 3) and the strarght regression lines
were therefore calculated (eq 3, 7 11 1n Table h88))]

A positve correlation was observed between the slope of mechanical systole
on heart rate (x) and heart rate at maximal working 1ntensity (y) (see below)
A study was therefore made to see whether or not the curvilineanty of mechan
1cal systole on heart rate (Fig 1 2) was due to different level and slope of
straight mdividual curves or to curvilineanty of the indiidual cunes For
cach mdividual a straight regression hine was drawn through all values of
mechanical systole on heart rate except the one with the highest heart rate
In sitting position 11 of the 12 last individual observations of the young men
duning exeraise fell above the straight regression hines and only 1 below Ac
'cnrdmg to the calculated values of cn square (6 75) this indicates a signifi
cant individual curvilinearity For the young men in supme postion 9 of the
last observations duning exerase fell above the regression hines and 3 below
which does not indicate curvilineanity (P> 01) For the obscrvauons i
situng and supine position together the chi square was significant 94 (P >
0005) In the old men in supine position 9 of the last observations fell
above the regression line and 10 below eg no :dication of curvilineanty
Howerer 1n the old men the number of obsersations per ndndual was
fewer and the conclusions therefore less vahd .

In all the groups studied the regression of mechanical systole on heart r:;’
at rest (eq 4+ 8 12 sn Table 111) was not different from that of mcclll;::”
systole on heart rate using values both at rest and dunng exercise upl to lonl)
rate 150 (P> 003) When a regression hine was computed for \-nru;:mm
dunng exercie up to heart rate 150 the resting values in the gmu'p ol :rr e
did not differ from the extension of this line In the young mcrlim ;ﬂ‘:n P
resung values had significantly shorter mechamcal ’mdtm-l »1;5 et
(—16 =13 csec) (mean L SDj) and situng pouton {— [ 4 =
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Table IV Heart vate (MR beatsjmn )} and mechanseal yystole (M esec) at maimal or near
manmal working tntensity 1n I2 soung and 20 0id men Mean & 8D are giwen

Young men Young men O men

Sup ne Sang Supine

HR S HR S HR S
ARSI 1B5L15 1839 3 148 8212 1315 & 194 243426

I § cases recorded after dess than 5 ma at the load
In 6 eases cecorded after less than 5 mun at the load
Int 4 cases yecorded after less thas 5 mun at the Joad

Effect of body pontion

At rest 1 sitieg posstion the slope of the xegression of mechancal sysiole
on heart rate s the group of young raen was flatter (less negansve) than m
supme postuon (P < 002} {eg 4 8in Table YIT} When values during exer
se up to heart rate 150 were mefuded {eq 3 7 1 Table E1I) the slope was
sigmficantly fatter m suittng than in supine posion (P < 001) At hgher
heart rates the curved regression hne for all the values in situng position
appreached the curved hne for the values ip supwe postion (Fig 3) The ex
tensans of the lanes intessected at arcund beart rate 200 However the lines
were rather uncertain at higher heart rates as only four observations were
made above heart rate 170 1n supine and only four sbove 190 beats per mn
m sing posihon

At ! or close to 1 working y mn the young men the
! systele was aig ly shorter and the heart rate sigmficantly
Tagher 1n mtung than m supine ponuon (Table IV) The rmean values were
close to the regresvion hues {Fig 8) The difference v mechameal systole at

maxmal working tatenstty was thus entirely due to the dafference m heart
e

3

Effect of ag2

At alt heart rates but especally above 130 beats) the hae of
mechameal systole on heare rate was at a shghtly hugher leel 1n the old than
! the young men (Fig 4) This difference wn level was sigmificant for the
straight hnes calculated for values at or befow heast rate 190 (P < 001)
whereas the tapes did not differ (F > 08} 8¢ hogher heart rates a compasison
between the lines 1s less meamingful as only 4 out of 20 of the old subjects nere
fepresented above 149 beats per mn

Mt maximal or close to maxmal working niensity the mechamcal systole
was shorter and the heart rate hugher n the young than w the old men (Table
V) The mean values were close to the regressron ines | Fig 4) The difference
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j Fig 4 Mcchanical svstole 1n refaum to
heart rate at rest and during exerene 1n
! supine position i 17 young (whl lne)
{eq 2 Table [IT) compared with 20011
nl men (broken e} {cq {0 Table 1101

M an valies at maximal or near man
TN mal working imtenany. 10 the yaung (8)

" o bes foy and the old men (O] are also gnen
CR ] TR TR H

n mech 1 systole at | working intensity with age was thus mosthy

connected with the lower heart rates sa the old men Only a munor fraction of

the diff was due to diffe n level with age

Both for the young and the old men tn supine position the mean mechameal
daastole was shorter than the systole at maximal or near maximal working
ntenaty (23 and 30 csec respectively)

s {treda ieat systat
.
AN
]
E
5
2
2%
~o °
L Heo teat Beatsfmi 09 .~
%0
w P P ) 1o B .
cave 40 qupen

fier exer
fanion to heart rate 1y 12 young men a T
o d“:xfihx::;dwm:\nl::r; T{rgrmnon Yine for vaturs 81 Tt and sfier S-min n‘;'m"n; e
() A dence belis are gaven &3 1n Fig 1 Dotted Tine d po g b
t::lﬁu’;rm | mmn exercue at the Joad y ~ 437 — 015fx SD~ &

2¢ 11 Table 111
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Effect of duration of the work load

The regression hoes for mechanical systole after 1 mun exercie m supme
posthon at the different loads m relation to heart rate are given for young and
old men 1n Fig 5 and 6 The slopes of these lines were the same as for the hines
caleulated for values after 5 mun (heart rate << 150) The 1 mn hnes were
however on a higher level (P << 0 05) with a mean difference of mechamical
systole of 0 8 csec 1n the group of young men and 0 7 esec 1n the group of old
men For the young men i sitting position the hugher level for the 1 mn hne
compared with the 5 mun lme was not significant {p << 01) the mean 1n
crease 1 systole being 0 7 csec

The indivaidual values after I mmn exercise were compared wath the straight
bLnes through the preceding and succeedng 5 min values plotted aganst
heart rate In the young men 29 out of 41 observations 1n supine postton were
above this hne and so were 34 out of 49 observations 1n siting position  For
the old men corresponding figures were 22 out of 29 According to the calcu
lated values of chr square this indicates that 1n all the groups the 1 mn values
showed longer mechanical systoles 1n relation to heart rate than the 5 min
values (P < 005) For the observations mn all the groups together the dif
ference 15 lughly significant (P < 0 001) Ths mndicates that under the circum

e Lyt
2

15

Wt e tm
sa E] 190 125 50 s 200

Fg 6 \f chan cal svstole i relat on to heart rate aft 1 exercne sup nc position 1o l7 old

men (@) Regresonl for alues a1 rest and afier S-min exercse at the load =
d nce bels are g1 o 2samFs 2 Dtiod | oe denotes regresson lne for _alucs afer 1 T
vere se at the load Z 014 %, SD <140 n =9 symbols a5 m Table 11
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Table v Total and some partial correlation coeffictents (r) bet.ween the slope of mecharscal systole
on heart rate 1n supme position (indirdual regression coefficrent 1), heart rate ot maximal working
sntensity (2} 2—6 min heart rate snr ase at heart rate 130 (3} and assessment of eetopre beats
during exerctse test (4) 1n 20 men aged 61—83 years

‘Total ¥ Partal ¢ Fartal ¢

2 = 041 rey = 049° fray = 057
fs =001 fae = 050¢ i o= 03
e = 021 fage = 054%

r = -057%% s = 026

g = 029 Ty = 035

stances studied, the shortemng of systole was slower than the heart rate 1n
crease dunng exercise The d was not significantly 1nfl d by body
position age or heart rate within the studied heart rate range

Companson between mechanscal systole after and duning exerase
The individual values for mechaneal systole 1n relation to heart rate after
exerase 1n supine position are given 1 Fig 5 and 6 The increasc of the dura
tion of mechanical systole with decreasing heart rate followed a curvilinear,
not loganthmic course
Compared with the findings during exercise the heart rate at first decreased
quicker than the systole ncreased Later the mechanical systole sncreased
“more steeply and 4 min after excraise all values 1n the group of young men
were within the 95 % confidence belts for values at rest and dunng exercises
, ‘The findings were essentially the same 1 the old men although they were not
studied as closely as the young (sce Methods and Procedure) ‘The prolongation
of mechanical systole continued and 10 mun after exercise the systole 1n the
group of young men was 1 8 4 1 2 esec (mean 4 SD n = i2) longer tn rela
tion to heart rate than might be expected from the regression line of the mluc:
at rest and duning exercise (P < 0001) The absolute values of mechamedl
systole were however lower than at rest before exercise

Correlation with central crculation p

Heart vate af maximal working wntensity (HRg ) In the group of old men d’:
total and some partial correlation coeflictents were studied bcwu]-n the l:on
vidual slope of mechancal systole on heart rate (the snddua m'z;!; P
cocficient) HR., the 2—6 min heart rate increase at heart l::, o
st;s) and the assessment of the clectrocardiographically rrcr:: e lope of
beats dunng the exeraise test (Table V) The :mim(’!;‘x):"l1 ‘:::tl,mc:r -

mechamcal systole on heart rate were calcufated O s
hines for values with heart rates < 1,0 The only sigmficant ¢
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secgorn puin
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Fig 7 Indndual slope {regrewion

Besent) of mechanical systote on Feart un
rate {y} 1o relaton to cardiae index at

rest {x) m supiae postion an 8 m n aged

6183 years
y= o003 ~ 003z S0 < 00i2 o

€00 inke o [n

between HR e and St sty By elwmnatng the mnfluence of St sty andfor
the assessment of the ectopie beats duning the exercse test the correlation
between the slope of mechancal systole on heart rate and HR,, was prob-
ably significant This indicates that HR,, , was lowest i cases wath the steepest
negatve stope which would tend to equalize the mechameal systole at maxumal
v.orkmg mtcnsm, This ifluence was not very pronounced however as the

between: h i systole at maximal or close to
maximal working intensity and heart rate was as lugh as ~— 0 87%** and the
regression coefficaent {— 0 118) did not differ from the slope of the total re
gression hne {eq 10 Table IXY) at HR,,

In the young men the total correlation roefficent 1 supwie posttion between
the slope of mechancal systole on heart rate (x) and HR, « (y) was onky 024
Afiter ehiminating the influence of the 26 min heart rate increase at heast rate
170 {z) the parual correlation coefficient was stll of no probable sigmficance
(r =021} nor the correlations m sitting posttion (v = 022 r . = G 36)
ather

Cordiae autpat Dane of the old mea were also studied separately by nght
heart cathietenzation i supine poson (Granath Jonsson and Strandell 1961)

Table 11 Total and some pa tial corretation coefficsents {r) between the slope of mechamica
Srstole on heart vote sn supine ponttion {1nd vrdual vegression oeffcuent 1) hea t rate ot maxima
werking iniennty (2} co diacindex el vest (3) and the kighest vecorded pulmonary caprllary

tenaus pressure dunng vip ne exe e (£ in $ men aged 61—B3 yea  For corr fatvons urth
farameter § m = 8

Total ¢ Total 7 Paruai e Parual ¢

o= 07 ny o~ 027 Pty = 06 s o= 075
fiy = 01 w — 0% N 1 an = 09
fy = 018 " ~05% fy = 07! 1 3 = 076
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Fig 8 Indnsdual level of mechanscal svwte] on
hrart rate {y} 1n selation to the increaw in syvolic
pressure in the brachual artery from rest to exercor
J per werease of axygen uptake (x) 1 supine pos
= 1200 10 8 men aged 61 —83 years.
2% f24% v=21-0043x SD=035 r- —08l
£

In these caes the indmadual slope of mechanseal systole on heart sate (the
ndividual regression coefficzent) was found 1o be correlated to the eardiac
output at rest {r = — 0 79*) and the arteno-enous oxygen difference at rest
{r =073*) The most sigmficant correlation was with the cardiac index at
rest (r = —087%*%) (Fig 7 Table VI) The further data given an Table V]
show that the partal correlation coefficient between slope and cardiac index
after chminaung the mfluence of HR .., was highly significant whereas all the
partal correlation coefficents with HR,,, or the lnghest recorded pulmonary
capillary senous pressure duning supine exercise were Just below the lesel of
probable ssigmficance (01 > P > 0 03)

For a closer studs of the correlanon between slope and cardiac index, partal

_porrelation cocffiaents were computed for the vanous components of the cardiac

““index (heart rate stroke volume and body surface arca) \one of the total
correl il were of probab) P .- 01 After ehmuna
ung the influence of the two other factors the correlauon cocflicents bcm:f.n
slope and heart rate was — 0 856% between slope and stroke volume — 0 87
and between slope and BSA 077 (01 > P - 003,

Artersal blood pressure The level of the individual regression lines for mechanical
svstole on heart rate (<< 150 beats minj was correlated (o the pressures 1a the
braciual arters 1 the 9 old men who were abo scparately studied by nght
heart catheterzzanon The level was gnen as the ponuon of the mean of the
Line 1n relation to the regres 1on Line for the old men eq 10 Table I The
correlanon coeffaents between the level of the hine and the systolic pr!II'“’
at rest were not of probable sigmficance 01 - P - 005, When the In

'

was correlated to the svstolic pressure duning exeretse at hicart nt}c lg’l ::;;
7 the

mn the 1gmficance inereased r = 074%)  The correlatons “102;1 e o

sponding mean and diastolic pressures were fexs ugmificant P et o
corelauon howeser was with the increaw 1 nistolic pressure rom
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cxerase expressed as mm Hg/l increase m oxygen uptake (r = — 081
P<002) (Fig 8)

Some other parameters In the group of old men there was no correlation of
probable sigmificance between the slope of mechanical systole on heart rate
or the level of the line and age height weight assessment of ST segment
ectopic beats conduction disturbances or total changes mn the electrocardio-
gram atrestor during exeraise heartvolume blood volume W,y maxumal work
load artenal lactate concentration dunng exeraise or anamneshc degree of
physical traimng ‘There was no correlation of probable significance between
the highest recorded pulmonary capillary venous pressure during supine exer
e and mechanical duastole or systale at maximal working mtensity

Discussion

Cumlman{y of mechantcal systole on heart ratz

The curvilineanty of the regression of mechamcal systole on heart rate above
150 beats/mun 1n the young men was due to curvilineanty of the individual
curves In the old men ne indwidual curvilineanty could be proved which
however may be due to the fewer observations per individual and to the fact
that only few subjects were studied above heart rate 150 The curvilineanty
m this group seemed to be d with the probabl: correla
ton between the slope of mechanical systole on heart rate and the heart
Fate at maxuimal working imtensity Owing to the different relation between
mechanical systole and heart rate dunng rapidly changing heart rate 1t 15
Probable that a munor part of the curvilinearity of the mdividual curves was
due to lack of heart rate steady state dunng the heaviest Joads The mean
26 min heart rate mcrease at the heaviest load was 10 beats/mun 1n supme
and 7 beats/min 1n siting position 1n the present matenal of young men For
2 more thorough study of this curvilineanty therefore both ordinary subjects

and well trained athletes who can better mamntain 2 steady state should be
nvestigated

In the present study the curvilinear regression of mechamcal systole on
heart rate was expressed as a second degree polynomual It could akso be ob-
tained by first expressing the mechanical diastole as a hyperbohc function m
relation to heart rate (Bevegard 1963) and then computing the systole In the
Present group of young men the inverted value of mechamcal ciastole seemed
1o be linearly related to heart ratc and the regression equation for diastole (y

©sec) obtamed in supine position was y — 10Y(4 1x —92) SD for 1y =
£ 22x/10° n = 52 where < = heart rate 1n beats/min  This hine 1s almost
1dentcal to the one given by Bevegird (1963) which would mdicate that hold

0g of the breath dunng the recordings 1n the present study was of no detect

able sigmificance for the regression line The fact that the SD of mechamcal
duastole was proportional to the length of diastole caused 1t to be very great
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at Jow heart rates eg + 111 and — 91 esec at heart rate 50 beats/rmm,
+ 245 and — 1 75 csec at heart rate 100 At heart rate 150 3t was + 130
and — 115 csec As the standard deviation of mechamcal systole calculated
as total heart period Jess diastole wall be the same as for diastole this way
of predicting mechanical systole 1n relation to heart rate will be dess exact than
the second degree polynomual used in the present study, where the standard
deviation was - 1 27 csec at all heart rates studied The only exception to this
15 when all the values studsed are around or above heart rate 150 Then the
standard deviation of mechanical duastole will be lowest

Yanations wn slope and le el of mechanical sysiole on heart sate

The slope of mechamcal systole on heart rate in the present study was sim
lar ta the slope observed at rest for children aged 3—13 years (Mannhemer
1940) and to the slope of the time interval from Q in the ECG to the 2nd sound
at rest for male and female medical students (Rubns 1923) Thus the wter
mdnadual vanations at rest seem to be similar to the vamations dunng exer
cse In atnal fibnllation the gjection time of the left ventricle 1n relation to

heart rate, puted from the d of the preceding diastole (Blumberg
19028} shows mamnly the same slope as mechanscal systole in the present stud)
In atnal fiball h r, the d m ¢jection tume with decrease 1

length of diastale 1s only due to the decreased length of diastole and the de
creased ventricular flling and pot to an ncreased sympathetic actaty as
during exeraise It should be of great interest to study the effect on mechanieal
systole of varying heart rate i subjects swith tofal AV block and arpfica!
pacemaker

» Iffect of body positron The shorter mechanical systole 1n sitting compared
with supine poution for a given heart rate 1s in agreement with the findings
of Lombard and Cope (1926) In contrast to the present findmgs however
they observed an ncreasing difference between uttng and supine position
at higher heart rates Probably their method of measuring the ejection :!mc
from caroud sphygmograms was less exact than the present phonoca l‘t:
graphie recordings The shorter systole m sitting position would be mnncz“td
with the described lower filling pressures and stroke volumes 1nd the mc{:}(\0

sympathetic tone 1 that position (Bevegird Holmgren and )nm;lhn . ‘i‘
Intraindividual vanauons 1 stroke volume accompanied by :mg;n P
sympathetic tone among other things arc thus connected with d]m:fmc ot
duration of systole wheras intenindividual vanations in stroke volu

volume

{sce below) Enen concerming the intraindividual vanatons 10 snokeThH e
4 of systele 1s not sn ¢xact 2 §

e position 3¢ £C¥

pond to the ex

3

the el hip to Ul
dufferences 1n duration of systole n sutting compared o supmn
and dunng successively ncreased work loads did not corres

pected differences in stroke volume
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Effect of age The prolongaton with nsing age of mechanseat systole in rela

ton to heart rate at rest and dunng exercise was sigmficant but 1o absolute
values rather sk,

bt These was no difference 1 slope and the tacrease n level
m the 71 yeas-old men compared with the 23 sear-old ones was only 0 7 csec
This 13 Jess than the mcrease with age of the gjectian tme observed by Miche!
(190} He studied 409 subjects from 8 up to 86 years of age and ob-
seried al rest o mean anerease of 1 5 esec for the same age mterval as in the
Present study wathout corresponding changes in heart rate These slight changes
with age are observed simultancous with a decrease m stroke \olume at rest
of axaund 3040 9, (Brandfonbrener Landowse and Shock 1959 Granath

onsson and Strandef) 1961) Other factors that may be related to differences
0 the duratian of mechans

cal systole with nstng age are differences 1 sympa

thets nenoys actinuty the lugher endsystohe aortie pressures i old age and
e sncreased suffoess 1 the vaseutar walls and heart walls with age

The longer mechanical systole  the group of old men at maximal or close

0 maximal working mtenstes was thus mostly connected with ther fower heart

fates This incheates that the majer fraction of the differences m maxrmat heart
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rate berween young and old men cannot directh be explained by changes of
the systohic or diastolic ume ntenals

Correlation wuth heart yate at maxtmal working miensity The shght correlation
observed withun the group of old men between the slape of mechanical systole
on heart rate and the heart rate at maximal working intensity (HR., ) 18
miteresting, as there was no difference i the mean slope between the younz
and old men although the HR,. was 38 beats{min lower in the old

The effect of different slopes on the duration of svitole and diastole can
be sllustrated by two extreme cases, no 14 having a flat slope and a Jugh HR,.,
and no 78 having a steep sfope and a low HE,,, (Table If, Fig 8) Av70
beatsfmun the two men had the same mechanical systole and diastole When
casc no 78 broke the test at heart rate 121 his mechanical systole was stll
shorter than the dastole and approximately 3 5 csec shorter than the systole
of casc no 14 At this heart rate case no 14 had a duastole that was shorter
than the systole When case no 14 broke the test at 162 his mechanical systole
was 2 csec shorter than the value for case no 78 at heart 117 and hus diastole
was markedly shorter than the systole (7 csec) Marked intenndividual differ
ences 1n the duration of systole and diastole during, exercise were also obsenned
by Holmgren (1936} and the present findings may raise some questions Was
the low beant rate dunng submaximal and maximal exercise and the shorter
systole 1n case no 78 an adaptauon 1n order to mamtain a sufficiently long
filling ume for the heart?> Or had case no 78 pnmanly a less pronounced
chronotropic sympathenc effect on the fieart dunng exercnse than ease no 147

Correlation with cardiae output The uigmficant correlation observed between
the cardiac index at rest and the slope of mechamcal systole on hear rate 18
probably not a direct ane but 1s ascribable to both factors being influenced
by the sympatt and parasymg nervous actisaty If this was the case
the correlation mentioned above may be explained by the hypathens that the
subjects with the steep stope had a decreased sagal acinaty at rest giving a high
heart rate and an increased psc sympath 1 with consequent
increase tn stroke volume Ther steep slope and (im the total matenal) prot-
ably sigmficanty lower HR,. may be explained by a lesser chronotropie
sumulauon or response than for the subjects with the flatter slopes and hugher
HR..
Comelation teath ertenal pressyse. The sigruficantly decreased level of meehan
1cal systofe in relanon to heart rate 1 the cases with most marked m(;:l‘;‘
of sy<tolic pressure during exercisc agrees with the findings of Waggen (192 A
who abserved a shortening of systole at moderately increased artersal m"‘-}‘;«(
and mcreased aortic pressures An increased snotropic sympathetic (mxf
would both Jower the Jevel and give a higher increase of the aystolic azt

essure dunng exerase
¥ Ffect of :om:olhlr parameters \esther the Jevel nor the 1{1:;71‘ ,dvr::: c;:;; ;’;’:
line of mechanical systole on heart rate was prmanly affect
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significant degree by amterindavidual sanations st heart solume  physicat
wotking capacty  stroke volume bload telume or electrocardiographic
changes This 13 1n agreement with the findings of Jensson (1908) who observed
the same duration of mechameal systole of the nght ventnicle i normal
subjects and n subjects with atrial septal defects wath swoke volumes up to %
timies, the normal Dot were differences obseried m normal subjects diffenng
m physical working capacity snd stroke volume by Gaclind et al (1960)
However mn the present studs the correlation between the slope of mechanical
sywtole on heart and the stroke wolvine at vest was probably sigmficant after
elmnating the mfluence of heart rate and body suzface area

Eftet of raprdly changing heart rate Afier } mun of exercise at the different
foads the mech 1 svstole was migmiicantly longer w relation to heart yave
than after 5 mue Duning the ficst 34 rua after exerase the mechanical
systole was sharter m relation to heart tate than duning exercise This mdicates
that the changes i svstole were slower than the changes 1 diastole both on
inereasing and decreaning of the heart rates Simidar findings were obversed
by Ratz (1921) on anesthetized dogs and by Blarr Wedd and Young (1941}
on wolated turtle heart stnps The latier authors abo noted that the QT
wterval 1n the ECG 1 human subjects was shorter after exercise w relaton
10 heart rate and that later the (T ntereal contnued 1o lengthen want 1t
een became supernormal

The measurement of the QT mienval 1 the ECC after excrase has been
used to dhffererazate between normnt subjects and subjects wath cardrovascular
diseases (Yu et af 1920) The abnormal response would consst of absence of
shortening of the corrected Q—T miterval durng the first mn after exeresse
The corrected Q—T mterval (Q—T ,:obscnci(%:{f mxcn’a)’

1 eyele length

howeser shercases wath wereastng heact rate dusing exercise 1 narmal subjects
(du et af 1950) An absence of shortemng after exercise may thus be duc
lely 1o a perustent high heart rate after exercse and not necessanly to
changes m mechamezl systole 10 relation to heart rate In the present
roatenal the mechawcal svstole shortened after exercise m the same was in

the old and voung men Wathin the group of old men those who had abrormal
or b P N

B e phic findings dunng the exerase test
thd not differ from the remamder
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Froms the Deparmment of Anatomy Un vers ty of Helsnks Sihtavuorenpenger Helsmkt Fmland

Noradrenalne and Acetylcholinesterase 1n Sympathetic
Ganglion Cells of the Rat
By

Oravt Eranno and MATT: HaRRONEN

Ina previous hustochemucal study 1t was shown that the noradrenaline (NA) concentra
tion of individual nerve cells of the supenior cervical ganelion of the rat ranges from
low to igh through mtermediate stages (Eranko and Harkonen 1963} In the
present report the distnb of NA 15 d with that of
(AChE) actity

Amethod was employed wh ch allows demonstration of \A and AChE n the same section
(Eranko 1964) Frozen dned supenior cervical gangha of the rat were exposed to dry formalde

hyde vapour at 5055 Cfor I hour which makes ™A fluorescent but does not destroy AChE

Afier Buorescence phatorucrography AChE actmiry was demonstrated w th Gomon s (1952)
methed us ng acety lshiocholine as a substrate and 10-4 M tetra sopropyIpyrophosphoranude
to mbab t non spec fic cholmesterase

Fig | thows formaldchyde mduced fluorescence due to A Fig 2 1s of the same
section after d of AChE E: of such parrs of ph h

proved that weak ds or strong may be with weak
moderate or strong AChE actnaty Many strongly fluorescent cells exhibsted a marked
ACHE. reaction

If 1t 15 accepted that nenve cells with much NA are adrencrgsc and those with an
tatense ACHE actwity cholmergic (see hoelle 1962) our sesults suggest that some
sympathetic ganghion cclls may be both adrenergic and cholnergic at the same time
"Trus 15 of special interest 1n view of ph 1 obs 1

that

of a chol

fiber causes a iberation of acetylchaline
which in turn may exert its effect by Lberaung A from the same fiber or an adjacent

one (Burn and Rand 1962) Our prelimnary studies haxc sndeed suggested that some
nerve fibers of the rat ins may contain both \A and AChE
Mamberger Norberg and Sjoquist {1963) compared the distnbutions of NA and
AChE 1n neighbounng sections of cat s sympathetc ganglia. In contrast to our obsenia
iens they neser found monoamunes and sigmficant levels of ACHE in the same neuron

The discrepancy betw een ther and our observanons may well be due to speaes differen
ees 1sce Burn and Rend 1962 hoelle 1962)

M tudy has been upported by grants from the S grid Jusel us Foundat on and from the
Navon | nst st of Arthnus and Mewbol ¢ Discases U 5 Pubhic Health Service {3 1722)
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Fig 1 Formaldehyde induced fluorescence 1n the supenor cervical ganglion of ¢ rat showir
the distributiun of noradrenaline e & ™
Fig 2 The same section after demonstranon of acetyichol nesterase actvity T ree correaprnd
ing utcs n brth figures are indicated with letters 1o the 1ft of which are A two weally
fluorescent eells with a weak acetylchol nastrrawe actinaty B two strongly flurrescent cel!
with 3 strong acetvIcho! nesterase actmity (. twa moderately fluorescent cells with 3 strong

acerylcho! nesterase actnaty
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From the Dep of R logy Centrall lulstuna and the Depart
ment of Chincal Physiology S kholm harolmska mstitutet
Stockholm  Sweden

The Origin of Blood withdrawn from Deep Forearm
Veins during Rhythmic Exercise
By
‘Hans InBonr~ and Jonw YWan en
Recenved 5 December 1963

Abstract
foromry H and J amges The on, 2 of blood withdroan from deep
f resrm vewns d nng rhythne exerese Acta phys o} scand 196¢ 67 301—313 —
Healthy subjects were stud &d duning rhythm ¢ fo earm exercise 1
of variations 1n oxygen saturation in blood sa nples from deep and superf ¢ al
forearm vems at ordinary room temperature and dunng body heatng (S
ries A) The oxygen satufat on 1 blood from deep ve s was not changed
var ations i the oxygen saturation of superficial venous blood The elevat on
of pressre 1 deep vemns during contractions was sigmificantly grester than n
the superf cial venous systcm  After the ijection of contrast medm and dye
in the radial artery during work (Senes B and C) neither of these indscators
could be found 1n s gruficant amounts n the deep veins when the intensity of
work exteeded 4 kpmim n a1 contract on frequencies of 60 and 90 min and
5 kpmim n at 30 contractions per mun. Tt € study shows th t superficial ve
nous blood from the hand or forearm does not mix to a s gn ficant extent with

the deep venous blood du wng rhythmic work of this type and of a certan
m umum tntensity

The possibilities of studying human muscle metabolsm and circulation in
A1vo have been limited by the difficulty of obtamning pure muscle blood The
forcarm however offers possibiities m thy respect As was shown by Hol
ling {1939) Mouram (1955) and Coles ¢t al (1958) blood drawnmg the fore
arm muscles almost exclusively can be obtained at rest after arterial occlusion
at the wnist via a catheter nserted percutaneously mto a deep forcarm vein
It seems morcover that such blood can also be obtamed from the deepyems
without wrist ocelusion during rhythmic exercise with a hand ergometer (Pernow
and Wabhren 1962) Dye infused ito the rachal artery m conjunchion with ex
ercse twork mtensity 7 5 kpm min) could not be demonstrated in the decp veins

There are two systems of vemns in the forearm one deep and one superficial
The deep vemns consist of tenae comitantes to the artenies of the forearm Of

TGS 44 phy ol A% 16T 301
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these, the radial and ulnar veins communicate with the vens of the hand while
the imterosseous only dramns the deep structures of the forearm At the wrist
the deep and superfical vains connect via thin valveless anastomoses {Laviz
zario and Ottohm 1948} In the provimal part of the forearm the deep vems
form a vascular network which commumicates through the deep median eubnal
vemn with the basilic or the cephalic vein The deep scnous system anes at the
bend of the clbow ta form the brachiaf tenae comttantes Opntons differ as to
whether the antcbrachial fascia 15 penetrated by vens elsewhere than in the
sicmty of the jomts Mo farge veins pass through the [saia (Laviazzano nd
Ottolim 1958) but the eustence of small R Ny smportant ¢

tons cannot be excluded (Rauber hopseh 1953)

The obyect of the present study was to throw further light on whether biood
from the hand or the skin of the forearm occurs to any s nificant deyrec in the
deep vemns dunng work This question has been studied both I the 1nalvsis of
varations 1n oxygen saturation in deep and superfier) semns in the forearm
during woth at varying skin blood flow (series A) and by the administration
of dye and conteast medium in the radial artery during work (series B and ()

Material

‘The matenal consisted of 27 helthy male subjects 17—3$1 vean ¢ld imean = 735
Fuche were firemen i e medical students and the remainder were panents who before
the ymesugation had been treated for minor surgieal afflictions of ne importance { ¢
the present imestigation

Procedure

Teflon catheters were introduced percutancously nto a superfiasl and ad ep s m
of the ight forcarm and n some cases also i the radial artery  The leep senous sstem
could normally be reached 11a the median cubital vein bug in o cases the cephal € veit

“vasused Py manspulaung the catheter if necessirv in conpunction with sepoit ll'l“.(
1t was always possible ta pass the cath ter upstream so f2r 1o that the up conl l‘ nn: 4
palpated  $he catheter bad then been introde ed atteast &6 8om 11 Im(n, ar’"r:‘
was punctured at the level of the rachal stylowd process after the subjeet had kept n; »
1 hot water for about 10 minutes Thes eatheter was intraduced downstream  — "n;

otk was performed yn the supine position with a hand ergomer rn ta? ;”d‘ﬁl
vartable electric metronome  The work conusted of compresing twe #f nnk‘ ::‘“”
handles i the hand 1path of contraction 1?7 ymm  Thr distance ety ent) l\»‘r\"\d e
was adjusted before the beginnmg of the expenument and th non t mnqr: Nt rand
contraction could be vaned by alteming the pre set tension of tw hif rent ¢
s
’P;:“;, 1 The subyerss arrved at the laborators o the mormng aft ra "“;.',”.{"iff.‘.;

They were coolly dlothed dunng th expenment The rcm lrrn}pﬂﬁ\u,\‘:: l;(“ o

the first part of the expeniment betwren 14 and 1Y € Wien n-la\u:::. et
dueed nt0a decp and asuperficial vein lnung\alunfmnl} s v fe

with free hand arculation and with arterial occhuyion X1 the s LA W

exeraase was performed for 15 min ¢ 14 kpro man €0 contrartidn Enur:u n Afiertfna

14 were taken repeatedly duning exerose for analyau of axypen 8
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heat cupboard with & fan was placed over the thorax and the subject was warmed up
for 30—40 mun with 40 Cair The previous experimental procedure was then repeated
during continued heating

Series B The serum creatinine concentration was checked in all subjects 1 this semes
at the outset to disclose renal insufficiency When catheters had been 1atroduced 10to 2
deep and a superficial vern and mto the radial artery 8 of 10 subjects were gnen S5ml
BaralgnO (Hoechst) 1v to prevent vasospasm duning the course of the expeniment
The contrast medium (£—10 m} 45 per cent Urografinjsodium and meth
salts of diatrizoate Scheringf) was wnjected nto the radial artery at an even rate by
hand over a penod of 3—10 sec, Beginning 3—7 5 sec after the start of snjection 10 films
were exposed at a rate of 1 film per sec The exposures were made 1 2 planes (frontal
and side) at rest and during rhythmic work (44 kpm/mun 60 contractions per min}
During exercise the mjection was made 3—+ mun after the start of the work pertod The
vein catheters were hlled with contrast immediatelv before the exposures to facihtate
identification on the films

It 9 cases after the ¥ ray imvestigation 001 per cent indocyanme green solution
(Cardio-green)} was mfused at a constant rate (3 mljmun) mto the radial artery
Dublicate blood samples were taken from superficial and deep forearm vewns at rest
aud 3—4 mum after the begmmng of exercise

Series € Affter mtroduction of catheters into a decp and a superfiial vem and into the
radial artery indocyanine green solution was infused 1n 7 cases at a constant rate m the
radizl artery 1 connection with work of varymg iatensity  Infusion of dye samplhing
and analyns were cartied out as 1n series B The intensity of work was vaned partly by
Y ork per contraction bemg changed by altering the spring tenston and parth by work
being carried out with different frequencies of contraction The frequencies used were

30 60 and 90 contractions per mun +1th 0 5—5 0 kpm/msn at the first and 1—+ kpm/
T at the other frequencies

Methods

Ovygen was d d P tly withashight
of Drabhin s (1950) techmique The exror of analysss for oxygen saturation values expres
sed as the coefficient of vanation for one determinauon v as 4 1 per cent i the range
D—-33 per cent saturatton 15 per cent 1o the range 3467 per cent and 06 1n the
67100 per cent range These values have been calculated on the basis of double
analyses of the same blood sample The coefficrent of anaztion calculated from the
analveis of v o samples obtamed at rest with an interval of no more than 5 min was 5 4
percent (n 18 mean 60 1 per cent oxigen saturation)

The concentration of indocyamnune green 1n plasma was measured spectrophotometn
cally at the pont of maximal absorption close to 803 mu Correction was made for re
carculatng dye The standard deviation for a single analysss of dve coneentration in the
range 0—2 mg/l was 0 10 mg/l This value was calculated from 20 sets of simultaneously
obtained duplicate blood samples When the concentration of dye i venous samples
duning work exceeded the arterial concentration b less than 0 32 mg 1 the difference
3,3 cons dered imsigmificant (confidence 99 per cent) The tolerated difference constitutes
26 per cent of the mean dye concentration of blood samples from decp cwns dunng
wniusion of dve at rest in series B and C (12 1 mgy

Skin temperature measurements were made s 1th a thermorouple and a d rect reading
gahanometer (TE 3 Ellaby

€nous pressure was recorded with an ek (Elema Sch ) con
nected 10 an ik jet recorder (Minograph 42 B Elema Schonander) The reference
L?;:‘:‘;:.m k1meurc was taken as the oud thoracic pot at the level of the insertion
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Fig 1 Oxypen saturati nvalues re-
corded at ret in blond samples from
R deep } and superficial
vens ( } bef re and dunng
bodv bicauing with and without wrist
| — occhusion
fand  Weiy raa  win
clegutation ot
e nfures € petlen mfil':a
Results

Series A
Rest This sees covers 10 exps  The oxygen saturation for blood
samples from superfictal and deep vemns at rest with and without artenal
. stasss at the wnst both before and duning heating 1s gnenin Fig 1 Oxygen
saturayon values i blood samples from deep veins after wrist occlusion were
sigmficantly lower (p < 0001) than corresponding values in blod from super
ficial veins both before and duning body heating, In the great myonty of cases
the oxygen saturation of the blood from decp forearm vens fell after wrist o¢
clusion In 3 cases howerer no great difference s this respect was noted with
and without stasts. There 18 therefore reason to suppose that in the latter cases
the deep vein 1 which the up of the catheter ay did not drawn blocd frem the
hand The oxygen saturation of blood samples from deep vens with and
without wrist occlusion are probably sigmficantly higher p 009) dunng

heatmng than before

Wor! J
Decp rensus blood Fag 2 shows the vananuens m oxygen saturaben mes ure
crficial { cearen

before and duning heating 1n blond «xmples from deep and su 1 o
vems dunng work (15 min The oxygen saturation 1n deep v enouy bl wa



FOREARM DEEP VENOUS BLOGD DURING EXERCISE 305

iz 7 Otgen satusation valuea recosded i 100
expergments dusing eserese before and aunn%
boidy heatng in bisod samples f om superfical
vems { ) and deep vens ( )

Exercise £x rese
betors heat ng dueng b atea
mm Hy SV
s oy ey o
LML

mm Hg OV

Tg & Prasure vecortt ngs from a deep (OV ) and
2 uperfrial {SV) fo earm veir at work intensicy

+ kpmim o and 60 comrachions per m o The
ul;u tgs were made mmedately momng rach
othey

1 contraction per s €

2235 4 39 per cent (M % S D) dunng the first work pened and 239 — 43
per cent dunng body heaung The difference 15 not sgmficant v p » 0 1) The
oXygen anranon values of blood samples abtained after 10 and 15 mun do act
duffer sgmficantly The coeffoent of 1atiation for  single obsersanan duneg
work caleulared from paired 10 and 15 mum samples betneen the o work
periods was 8 7 per cent in = 10 mean 212 per cent oXATEN sAwration)
Superfirial vensus blood The ovygen saturation values for superhicial cenous
tlood were 405 & 7 3 per cem before heatng and 62 4 = 5 8 per cent dunng
heaung The difference & sgmficant (p < Q001 After the wansinon frons cest
10 work the oxygen saturanon m superfical venous blood had decreased by
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big 4 (a) Reflux of ccntrast from
the radial artery to t e whole arte
1l system of the Hrevem [ g
injection into the radinl prtery st
rest The two venous catheters are
visuahized by cmirast Gll ng an i the
tips indicated by arrows

(b} Delayed fill ng of the venaintl e
f trarm  Remnants [ contrass mes
dium are still scenan the artenes
sec after start of injection Same 10
Jection as 1n (a)

225 4 8 # per cent in the expeniments performed 1t ordinary room temper3
ture The corresponding value for the experiments duning body heatng was
215 » 82 per cent The difference between these two values 1 not significtant
p_OY

The sk te nperature during work was recorded 1n  cases from the mmddle of
the volar surface of the foreirm the back of the hand and the palm The mean
increase i skin temperature before and durning heating was on the forcarm
54 C (35-77) on the back of the hand 78 (6 1—92 ) 1nd on the palm
83 168124

The presiure tar hons 1n superfict1l nd deep veins in connecton with work
(4 $ kpm min G0 contractions per min) were determined in 6 cases In order to
secure 1 free position of the up of the catheter blood sampling alwys preceded
the pressure recardings The pressure at rest was 47 + 17 mm Hg wn decp
ves and 37 = 27 mm kg in supesfionnt sesns The difference not sigmifi
cant Dunng work the pressure increased dunng contrctions 519421 6
mm Hg over the rosung level in deep vemns and by 83 + 42 mm Hg an supet
final vens (Big 3 The difference in pressure inerease dunin,

sgmificant {(p ~ 001

cantractions #
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Table I Fiadings of tonteast medium end dve afier admnsstration w the radial o tery gt restand
during work (£ ¢ kymirue &0 contractiony per ran) sn 10 subjects

AtTest During exercus

Presence of contrast Prevence of Presence of contrast Preseuce of

fredusen 3 wheeddyc e med wfused dye i

Cathe Cather Cathe Cathe

et ter ter er

wds 1nd st wdt

cated  Other cated eated  Other cated
Subeas PV DY S\ AN XU AN N By S\
kd - e - -+ - -+ - 4
o - - n + @ - - ] - A+
PR - - + - - +
LL + + + + -~ - + - +
sc - - = + o+ - -+ -
88 + + - + - - + ~ -
T - - - - - -~ ~ 2
oy - - + + + - - + ~ “+
»Y - - + + - k33 - + - -
e - - - -t - - - -

1} Casdieser not Bied with contrast med um
2} No sample ohtamed due 1o vasoxpasm.
) Tresenee of contrast n derp ve n Aoubifol ™ one sex &

Aefisutety negatne m sepeated o6
prnsments

Serres B

This senes eovers 10 exps Thc contrast mcdmm gave satwsfactory ﬁllmg nf
the forearm vens and g d sn af] cases d between
and deep vans The ﬁlms were studied for the peesence of cantrast mediam
Both i the cathetenized superficial and deep veins and i other sems Thein
Jection of contrast medium at rest wsually ehared traoswory pam in the hand
and sometrmes also in the lower forearm The intensity of the pawn saned from
ndndual 10 mdindual but was throughout most intense n some cases when
there occurted a refuy of the contrast to the foreamm artenes &y, 4 Theap
prarance of contrast i the frearm veins was in these case delayed Repeated
slower snjection of contrast about 15 aun later combined 1 necessary with
manual compression of the radial and ulnar artenes wnmedsately pravimal to
the wrist gave no sigmficant refiurn, Durng work there was no reffux in any
case and the pasn on wyecuan was seporied 10 be mild  The vens alwavs fitled
well and considerabhy more rapidhy than at rest

e rest The posinon of the cutheter 18 the deep vaun ¢ ld be cantirmed i ol

cases The results 1 the ¢ ray imestigauon «nd the dye wfusion are gien in
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Fig 5 {a) Following myection oty
the radial artery at rest contnant
mediut 15 3een 10 both decp and 0.
perfical vens Tt e twovenow cathe
ters are spualized by ¢ mtrast f1ng
and tt e upt indicated by arruw
(B) No contrast can be seen 1a the
deep veins after ingectiom dunng e
ercne (44 kpm m n 64 contractons
permn Expowure was mad Gwe
after start o tnpectien

Table I Atrest deep vens filled 1n 3 cases 2 of which were the catheterized
deep san In these 3 and a further 3 cates there was dye tn the blood sample
“from the catheterized deep ven A large number of superficial vens always
filled ncluding the catheterized vemn in o caces In one cace the superfical
catheter could not be located owing to eontrast leakage and i one case 1ave
pa m aof the catheterized superfiaizl vein made 1t impossible to obtain bl
samples In all cases where samples were taken there was dye in the bl »nd from
the uperficial veins
# etk As a rule no contrast could be obreried in the deep vains biv 5 In
onccase howerer a minute amount of contra t medium appeared i thr catte
tenized deep vein duning work 1n one series Repeated imection did ant eauv
this ven o fill awan In all 9 cass examined bland samples from the deep
veins duning dve irfusion were free from agnilicant concentrat s [ dve

Serus €
“The concentration of 17d xvanine-green in blood samples from deep f rearm

veoms after the mfasion f die in the radnl arteny duning work of sannzin m!
sity 1 shown 13 Fig & The concentration declined with 1ncreaung sater 1Y 0
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Fig 6 Concentration of dye m deep venous blood dunng exercise of varying mtens ty The dye
‘was continuously snfused into the radial artery at rest and durmg work The concentration dunng
€xe Ct e 15 exp essed as a percentage of the concentration ecorded dunng infusion at rest

work and no dye d

at work of
approximately 4 Lpm/min or more at contraction frequencies of 60 and 90 per
mm In work at a frequency of 30 contractions per min and 4 kpm/min there
was a Jow but significant concentration of dye 1n the deep venous blood but at
5 Lpm/mun no dye eould be detected

The dye concentration in blood from superficial veins showed wrregular var
1ations Usually the concentration decreased during work though 1t did rise

some eases 30 per cent of the rest value was the lowest concentration measured
during work

Discussion
Senes 4

In connection with body heating the blood flow of the hand increases (Lewss
and Packering 1931 Gibbon and Landss 1932) as does the skin blood Row 1n
the forcarm (Roddie Shepherd and Whelan 1956 Edholm Fox and Mac
pherson 1926) while muscle blood flov appears to remamn unchanged (McGurr
1932 Barcroft ef af 1953) The increase in the blood flow of the hand 15 prob-
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ably caused by release of vasoconstrictar tone Apart from this mechamism
there may also be an active vasodilation n the forearm shin 1n connection with
body heatng {Roddue et af 1957)

At rest the ovygen saturation measurements of deep venous blood tended to
be gher during heating than before In the case of obseryations mide with a
free hand circulation this 1s probably due in part to an sncreased oxygen satura
tion i the component of v enous bload from the hand The same tendency was
observed however in blood samples obtained during wrist occlusion It may
then be due rather to the fact that the body heating was preceeded by a work
period than to the heating atself. As indicated by Pernow and Walren {196%)
the oxygen saturation of deep venous blood may sull exceed the resting value
45 min after the end of work In two cases the period of rest afier the first exer
cise was prolonged and the total time between work periods was one hour The
differences between the second and the first values m these two cases were
— 10 and + 22 per cent oxygen saturation

In 3 of the subjects studied ¢ I, hanged oxygen s values
were recorded at rest before and during wrist accluston (Fig 1) Thus finding
indicates that the tip of the deep venous catheters probably lay mm a vein of the
type e mterossea The results obtained in the work expeniments in these cases did
not differ from the rest of the group

During work comparable levels of ovygen saturation were recorded m decp
venous blood at an ordinary temperature and duning body heating This prob-
ably mdicates that the superficsal venous blood does not contaminate the deep
venous system during this type of work Certan conditions must be fulfilled
however for this statement to be valid The arterial oxygen saturation s pre
sumed to remain unchanged This has been shown to be the ease both dunng
cxercise (Hotmgren and Iinderholm 1938 Peenow and Wahlren 1962) and

- dunng body heating (Roddie et af 1936) It 11 also presupposed that muscle
metabolism and muscle blaod flow are the same during both work penods At
rest forearm muscle metabolism (Roddie ef al 1926) and blood flow (McCurr
1952 Barcroft ef al 1925) appears to remamn unchanged with body heating
In order to illustrate that this 1s probably also the case during cxercuse the tem
perature in the flexor digitorum profundus was recorded duning work witha lh("":;:
couple mounted in an njection needle m one expeniment The lrmpt;’l::n(
during exercise was the same within 4 tenth of a centigrade before and du

eatin
bo'(I]'L:cudcgncc that the superfical venous blood does not pass (0 the :::fn{"
vems 1s further substanuated by the finding of eonsiderable pressure rk:ixm
duning excranse 1 the deep veins This s probably due to the dr:]r'(:;‘;;m«n
compressed by the muscles dunng contrctions The prcsmr;l- gnnf,blmd i the
the deep and supesficial seins during work suggests that the flow ards the supet
connections betweer the tha senaus systems 1 from the deep tow

ficnal veins
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The uxygen saturation 1 the superficial venous blood fell markedly at the
transition from rest to work and 1t decreased by the same amount with and
without body heating This sertes of expeniments cannot throw anv further
Iight on the question whether this 1s due to admixture of blood from deep vemns
mcreased vasaconstrictor tone mn the hand and the skin of the forearm or de
creased sasodilator tone m the forearm skin

Sertes B
Exght of ten subjects m this serres were given 5 ml of the spasmolytic and
1 agent BaralgnO before the nt 1n an attempt to prevent
and pan at the 1 of contrast medium No record of arculatory

effects of thrs substance has been found It seems bkely however that this effect
fany would be to facihitate blood flow and open up communications between
the deep and superfictal venous systerns rather than the mverse

Mot authors report unchanged or mcreased blood flow after wtraartenal
injection of contrast medium {Sako 1963) both during cercbral anstography
(hagstrom Lindgren and Tornell 1958 and 1960) and renal angiography (Id
bolrn and Nordgren to be publshed) Shaw (1956) however observed m
mediate cessation or reduction m amplhtude of toe pulsations 1 most cases
following myection of the contrast media Diodrast or Urckon into the femoral
artery After one to six munutes an increase in amplitude to or above the onginal
level was registered This finding 55 dered a result of a artenial
vasoconstricuon due to a direct effect of the contrast media on the arteries

It seems that 1n the present senes the hand arteries were sularly sensitine
to the contrast medium In 3 cases frontal pictures of the hand were taken in
conjunction with contrast mjection The pictures show filling of both the super
ficral and deep carpal arches and the digutal arteries When the myection was
pamfil incomplete fillng of the digital and other small arteries was observed
It seems possible that the duagreement between the findings of contrast and
dyen the deep vems at rest (Table I) can be ascribed to a higher vascular tone
dunng and immediately after the contrast injection The high peak concentra
ton of contrast at the moment of imjection nto the radual or femoral arternes as
compared to the result of injections 1nto the renal or internal carotid arteres
may i part explain the varying reports of arculatory effects of contrast media

Duning work significant amounts of contrast could not be detected 1n the
deep veins of the forcarm 1n any case except one although the superficial vemns
always were clearly visible The exception was moreover a doubtful case and
RO contrast was found 1 the deep vem after renewed mjection At rest on the
other hand the study was positiie as regards both contrast and dye A possible

e<planation 1s that this subject had not carned out work satisfactonly dunng
the fiest contrast wmjection

deen o good agreement between the observations of contrast and dye in the
P veins duning exercsse The result of the experiments 1n thus senies thus con
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ably caused by release of vasoconstrictor tone Apart from this mechanism,
there may also be an active vasodilation 1n the forearm skin 1n connection with
body heanng (Roddic et al 1957)

At rest the oxygen saturation measurements of deep 1enous blood tended to
be ugher dunng heating than before In the case of observations made with a
free hand arrculation thisis probably due mn part to an increased oxs gen satura
tion 1n the component of 1 enous blood from the hand. The same tendency was
obreried howeser in blood samples obtained during wnist occlusion. It may
then be due rather to the fact that the body heating was preceeded by a work
penod than to the heating 1tself As indicated by Pernow and Wahren (1962)
the ovvgen saturation of deep venous blood may still exceed the restung value
45 mun afier the end of work. In two cases the peniod of rest after the first exer
cise was prolonged and the total tune between work periods was one hour The
differences between the second and the first values 1o these two cases were
— 10 2nd + 2 2 per cent oxygen saturaton

In 3 of the subjects studied p Ily unchanged oxygen values
were recorded at rest before and duning wrist occlusion (Fig 1) This finding
ndreates that the tup of the deep venous catheters probably lay m a vem of the
type r tnferossea The results obtatned n the work expeniments in these cases did
not differ from the rest of the group

Duning, work comparable levels of oxygen saturation were recorded 1n decp
venous blood at an ordmary temperature and dunng body heating This prob-
2bly indicates that the superficial venous blood does not contarmnate the decp
venous system during ths type of work. Certain conditions must be fulfilled
howeser for thus statement to be valid The artenal oxygen saturation 15 pre
sumed to rernam unchanged This has been shown to be the case both dunng
exercise (Holmgren and Linderholm 1958 Pernow and Wahren 1962) and
duning bodv heating (Roddue ef af 1956) It 15 also presupposed that muscle
metabolism and muscle blood Bow are the same dunng both work periods At
rest forearm muscle metabobsm (Roddie ¢t of 1936) and blood flow (McGire
1952 Barcroft ef ol 1955) appears to remam unchanged with body heating
In order to illustrate that thus s probably also the case duning exercuse the tem
perature in the flexor digitorur profundus was recorded dunngwork witha thermo-
couple mounted 1n an mjection needle 1 one experment The temperature
durnng exerase was the same within a tenth of a centigrade before and duneg
bodv heating

The evidence that the superficial venous blood does not pass t0 the decp
sens 15 further substantiated by the finding of considerable pressure elevanons
dunng exerase m the deep vewns Ths 15 probably due to the deep ‘C“b‘i::’:

compressed by the muscles dunng contractions The pressure gradia!;od e
the deep and superficsal vems during worl suggests that the flow ol'ds e super
conpectons between the two s enous svstems 15 from the deep towards

ficial vems
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Abstract

Rarazren O ] Gloogen content of rat diaphira m after sntrapentoneal myection
of msubin and other hormanes” Acta physiol scand 1964 6/ 314—322 ~ Intra

penitoneal mjection of insulin 100 U per 100 g weight to intact rats causcs
2231050  mcrease in diaphragm glycogen 10 000 #U msulin causes a 200
0400 increase in diaphragm glycofen Thes insulin doses do not influence
blood glucase levels Intravenous anjection of tnsulm 10 600 pU per 100 g
weight 10 Intact rats causes a 25  increase i diaphragm glycogen and in
heart glycogen A sigmificant fall in blood glucose 15 always seen 1 p ingec

ton of growth hormone glucagon desoxy and

acid cause an increave tn diaphragm glycogen On a weight baws — and on
the basis of physiological eftect — the doses needed to nercase diaphragm
glycogen are far greater than those of insulin The hypothess 1 advanced
that insubin njected 1 p 0 a dose of 10 000 4L or less per 100 g weight to
intact rats becomes hound 10 the serosal inings of the perttoneal cavity the
hormane exerts onlv an effect on vssu s Lining the pentoneal cassty Studues
using this system are thus iy 20 and yet provide some degree of tsolats 1 of
these tissues

Isolated ussue preparations have been used to study many aspects of nter
mediary bol These prep have certamn advantaees conditions
rmay be changed more radically than in the wing organism measurements
may be refined and the possibility of counter action from the organism 25 2

whole 15 eliminated
1t 15 evident that results obtamned under the artifical conditions wlich pre

vail 1n 1 zatro experiments with 1solated tissue samples only demonstrate "’ ?c‘

certamn metabolic events may take place under certam circumstances Wit :
i

thev do not give any certainty that these same events take place i the sntad

osgamsm The information obtained may be both quantitatively and qunh;«;
d Results obtamned with simplificd systems need always

tely
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qualified by their demonstration m more complex and mtact systems While
1t 15 often difficult to plan and conduct such experiments mn the mtact organism
these remains essential 1n order to avord uncritical superstructunzation based
on test tube results

Thus paper deals with the effect of snsuln and some other hormones on gly
cogen content of diaphragm (and other muscle samples) m the ntact hving
rat after wtraperttoneal mjection These studies resulted from the chance ob
servation that insulin admimstered 1 p 0 doses too small to cause systemic
effects exerts a p d infl on gl content of the diaphragm
therehy suggestng that same of the results abtated by workers in many lab-
oratories with the rat diaphragm s z2fro might be retested 1 1 0

Experimental

Ammals Male and female albino rats (Wistar strain) weighing 80 to 120 g were used
‘The ammals + ere fasted for 18 hours {(water ad ibrtum) In any one expenment only
rats of the same sex were used though there was no appareat difference bets een results
obtained with male and with fernale rats

tresthesta Diaphragms and other samples were solated from animaly anesthetzed
by subalavon of a mixture of 50 § carbon dioude and 50 ° oxygen for 2 mn
IBload glucose In all experiments blood samples were drawn for determunation of
glucose

Procedure After an 18 houss fast the amnmalb recerved an jection of 1 ml of salive
without or with insulin {or other hormone) In most experiments the 1 p route was
used and the tmjection made with a morphine cannula (0 60 X 26 mm 24 025 gauge
short beveled) to the nght of the umbihcus In some experiments the 1 ml mjection
was administered mto the femoral vem Stxty to 120 mun later the amumals + ere anesthe
n2ed and the daphragms and other muscle samples were excised The diaphragm was
studied 1n all experiments  Otber samples included heart muscle und Lmb muscle
and epididymal fat Blood samples were drawn from the neck vessels The draphragms
and other samples were dissected on a block of ice and immedsately placed m 0 5ml 30 o
potassium hydroade

Incach experiment 8 to 24 rats were used davided into groups of + The control group
w25 abvays igected wath 1 ml Q9 9, saline Other groups s ere mjected wish sahne on
tamng glucagon free insubn (77 Ujmg) i amounts varying from 100 to 10000 £U
Pper 100 g rat weight in the s p expertments from 1000 #L 10 10 L the 1 v expen
ments Human and bovine growth hormone was admuntered 1n doses from 10 to 1 000
#3180 g rat weight glucagon m doses from 1 to 1 000 #g desoxs corticosterone hem:
succinate tn doses from 10 10 100 g adrenahine 1n doses from | to 10 g aceyLahcybic
aaid n doses from 10 to 1 000 g per 100 g rat ve ght

dralitical methods Glvcogen content The tissue samples were digested 1 0 5 ml
bolieg 30 ROH 2nd precipreated according to LeBaron (1935  Glcogen was
hudrolvzed by adding 2 ml 06 A b drochloric ad follawed by bothng for 2 1 2 hours
After adjustng the pH to 7 an aliquot was cstimated by the glucose cudase method
usine the Boehninger reagents Ghoogen recovery was bet een 90 and 9a
content was expressed as mg glvcogensg of wet tissue sample

Blood glucose Blood samples + ere deprotemized with 10 °  tachloracetic acid
and glucose determned in the supernatant by the glurose oxadase method uning the
Borhringer reagents The results were calculated as my of ghucese 100 mi blood In ex

Glycogen
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Abstract

Raragrsen O J Glycogen content of rat diafhra m afier wtrapertoneal nyection
of msulin and other hormones Acta physiol scand 1964 61 314—372 — Intra
peniton al ijection of 1nsulin 100 4U per 100 g weight to intact rats causcs
2251000 ncrease in diaphragm glycogen 10000 #U insulin causes 2 200
0400  increa.e in diaphragm glycopen These msulin doses do not influence
blood glucose levels Intrarenous myectson of wsulin 10 000 #U per 100 g
weight to intact rats causes a 25 ¢ 1ncrease in diaphragm glycogen and i
heart glycogen A significant fall 1n blood glucose 15 always scen I p tnjec
tion of growth hormone glucagon d and T1cy]
acid cause an wncrease in diaphragm glycogen On a weight basis — and on
the basis of physiological effect — the dcses needed to inercase diaphragm
glycogen are far greater than ¢ ose of irsulin The hypothesis 15 advanced
that isulin smjected s p 11 2 dosc of 10 000 #U or less per 100 g weightta
1ntact rats becomes bound 10 the s rosal imngs of th  peritoncal cavity the
hormone exerts only an effect or tssues liming the perston al cavity Studics
using ths 5y tem arc thus 120 and yet provide some degree of 1sofation of
these tissues

Isolated tis ue preparations have been used to study many aspects of mnter
mediary metabolism These preparations have certain advantages condiions
mav be changed more radically than in the hving orgamsm raeasurements
may be refined and the posstbility of counter action from the organism 23 a
whole 15 elirmnated

It 15 evident that results obtamned under the artifical conditions which plrc
vail 1n 1n zitro expenments with 1solated tissue samples only demonstrate lh?ct
certam mctabolic events may take place under certain circumstances wtz‘cl
thev do not owve any certamnty that these same events take place 1 ;he 1:1“3
orgamsm The mformation obtaned may be both quanmanv:ly:n h:]: e
nvely musleading Results obtained with simphfied systems nred aiea;

714
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GLYCOGEN IN DIAPHRAGM AFTER CROWTH WORMDNE 1P
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on this figure as 15 the lack of effect of msulin on gly cogen ontent of eprdidyma
fat

Fig 3 shows that 00 U (: ¢ 10000 pU; msubin per 100 ¢ rar neght i
about the smallest dose which increases draphragm glycogen after 11 ad
munustratton  Even greater doses of msulin do not lead to an wcrease of dia
phragm glycogen comparable to that obtamed by 10000 U msulm via the
1 p route The paraliclsm between the msuhn effect on ghy cogen of duphragm
and heart after 1 v injecton 1s also seen wn contrast to the findings after 1 p
ijection In alf expessments wath 1 v jeenon of 10 000 4L in ulin per w00g
rat weight the falf 1n blood glucose was stansucally sigmificant agamn i contrast
to the hindings after 1 p admumstranon

Profongation of the terval from 1 p gecon to sampling of tssues )ta:;
to a greater msuln effect on daphragm ghycogen (Fig 4) Ths was obsery
at 3 different dose levels from 100 to 10 000 U snsuln per 100 g rat weight
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GLICOGEN IN DIAPHRAGM AFTER DESOXY
CORTICOSTERONE H M SUCCINATE ADR Hn
UNE OR ACETYLSALICYLIC ACID
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1 ml satine withous or with desotytosts
costerone hemuisucetnate 1n dxes of 10
ot 100 pg adrepalne § or 10 ;2 or
acetylsal oylic acid 10 100 or 1000 42
B, 10 g weght to imtact overmght
asted rats.
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It was next mvestigated whether other substances especially hormones were
able to snerease diaphragm glycogen after their: p mjection Growth hormone
and glucagon admumstered 1 p both produce remarkable increases m dia
Phragm glycogen (Fig 5 and 6) although the doses myected were considerable
Preparations of both hovine and human growth hormone are effectne on 2
weight basis bovine growth hormone 1s the more actine Whereas growth hor
mone 11 the doses administered has no effect on blood glucose values glucagon

m doses of 100 and 1 000 ug per 100 g rat werght increases blood glucose to some
extent

Desoxyc ¥

and Ialicylic acid increase dia
phragm glycogen after 1 p mjection (Fig 7) adrenalme reduces 1t The last

d sub: have no nfl on blood glucose values in the doses
applied

Discussion

The results reported ulustrate the paramount mmportance of the route of
admunistration of msulin This has been stressed by Madison and Unger (1928)
™ thear work describing a direct action of mnsulin on the Iner The change in
response of different tissues s a result of a change of route of admumstration
s tlosely related to the problem of bindmg of msulin exther to tssues or to bload
constituents  Binding of insubtn to a ussue was first clearly demonstrated by
Stadhe and s group (1992 and b 1952) Dippling of solated rat hermdia
phragm i msubn containing solution for 10 sec led to attachment of msulin to
the ussue and several washes m buffer were unable to remove the msulin as
demondtrated by nereased glucose uptake by the hermudsaphragm during sub-
sequent incubation “Fhis finding has been confirmed by other workers and ex
tended 1o fat ussue 1n expenments with adipose tissue (Haugaard and March
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on thus figure as 15 the Ick of effect of insulin on gly cogen content of eprdidyma
fat

Iig 3 shows that 001 U (z ¢ 10000 4U) msulin per 100 g rat weght 1
about the smallest dose which increases diaphragm wlycogen after 1 v ad
munistration Even greater doses of insuhn do not lead to an mcrease of dia
phragm glycogen comparable to that obtamned by 10 000 xU wmsulin n1a the
1 p route The paralielism between the insubm effect on gly cogen of diaphragm
and heart after 1 v mjection 15 also seen 1 contrast to the findings after 1 P

)y In alt with1 v 1y of 10 000 pU insulin per lOGg[
rat weight the [l in blood glucose was statistically igmificant again t contras
to the findings alter 1 p admumistration - teads

Prolongation of the iterval from 1 p njection to samplng of tissu
to a greater nsulin effect on diaphragm glycogen (Fig 4) This was ol -
at 3 dilferent dose levels from 100 to 10 000 xU rasubin per 100 g rat w8’

bsers ed
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GLYCOGEN 1N DIAPHRAGM AFTER DESOXY
CORTICUSTERONE HEM SUCCINATE ADRENA
LINE OR ACETYLSALICYLIF ACID.
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Tt was next d whether other sut especially hormones were

able to mcrease diaphragm glycogen after theirs p injection Growth hormone
and glucagon admunutered 1 p both produce remarhable mncrea es 1 dia
phragm glycogen (Fig v and 6 although the doses myected were considerable
Preparations of both bovine and human growth hormane are effectne on a
woight basis bovine growth hormone 1s the more active \Whereas growth hor
mone 1n the doses admunstered has no effect on blood glucose values glucagon
w doses of 100 and 1 000 ug per 100 g rat weight increases blood glucose to soroe
extent
Desorvycorticosterone hermsuccinate and acetylsabicylic aod sncrease dia
phragm glycogen after 1 p iyection (Fig 7) adrenakne reduces it The last
b have no infl on blood glucose values in the doses

applied

Discussion

The results reported iltustrate the paramount mportance of the route of
administration of msukin Thas has been stressed bv Madison and Unger (1938)
ta their work desenbing a direct action of insulin on the liner The change 1
Tesponse of different tissues as a result of a change of route of admimstranon
15 elosely related to the prablem of binding of msulin exther to tissues or to blood
constituents Binding of mnsulin 10 a tisne was first clearly demonstrated by
Stadic and tus group (19392 and b 1952) Dippling of solated rat hermidia
phragm i insubin containing solution for 10 see led to attachment of msubin to
the tusue and several washes 1 buffer were unable to remove the msuhin as
demonstrated by increased glucose uptake by the hemidiaphragm dunng sub
sequent incubation This finding has been confirmed by other workers and ex
1eaded to fat ussue 1n experiments with adipose ussue (Haugaard and \March
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1952 Humbel and Renold 1962) The question of 1nsulin binding to one or
more plasma fractions 15 sull under debate but 1t 1s evident that msulin binding
tv plasma proteins and release from such binding may be of major mportance
as to when and where an action of insulin 1s observed Different modes of ad
mumstration of insulin may decide to what extent and i what form the
Jected mnsulin 35 bound The speed of admunsstration as well as the route of ad
Tunustration were important factors in the experiments of Madison, Unver and
Rencz (1960) and 1t was the combinanon of the intraportal route and slow
fusion speed which enabled these workers to demonstrate a direct effect of in
sulin on glucose release from liver
The state of activity or rest of a particular organ and thereby 1ts bloed fow

may also be of major ymportance when an effect of msulin 1s mvesugated In
a resting arumal the heart and the diaphragm bave many mare open capil
lartes at a gnen time than for example the muscles of the back or the lmbs
If imsulin 1s bound to the tissues 1t seems hkely that diaphragm and heart on
weight basis will bind much more sulin than the resting muscles as the ex
posure of the tissue fibers to msulin 1s hikely ta be much more ntensive mn the
active than in the vesting muscles due to the greater blood flow tn the former
A demonstration iz 2t 0 1 a resting anumal of a direct tnsulin action on muscle
would therefore a prions seem more feasible 1 muscles hike heart and diaphragm
than n skeletal muscles of the trunk and limbs This assumption was confirmed
by the present expenments since sigmficant changes in the amount of glycogen
present i hind imb muscle was never observed ether after mtrapentoneal of
after intravenous mjection of nsulin After 1 1 myection of 10 000 pU msubn
a moderate mncrease 1n glycogen was abserved both 1n diaphragm and 1n heast
pointing ta a moderate insulin effect on both of these organs The picture chang.
ed completely when the same amount of isuhn was admmstered by the .p
route A pronounced effect of insulin on diaphragm glvcosen was now observed
and 1n these expenments no increase m heart elycogen was seen Furthermore
the change n blood glucose after 1 p 1mection of 10 000 gl msulin or less pef
100 g rat weight was never of such a magmtude that 1t obtaned statisuical
validity whereas the fall i blood glucose after: « tmjection of the same armount
of 1 ultn was always sigmficant These observations form the basss for the fol
lowing hypothesis After: p njection of small amounts of ansulin the hormont
15 bound to the serosal surfaces hnng the pentoneal cavity Insulm mfluences
the metabolism of some of the tissues lining the peritoneal cavity but it hasne
effect on tissues out of contact with pentoneal coverings since psulm 1n these
amounts does not reach the systemic arculation to an extent sufficient for 2
systemuc effect. In the expenments presented here nsubin mcreased ghl) ;"i‘;
of rat diaphragm but not that of rat eprdidymal fat tissue even though the uhn
also hines the pertoneal cavity and also exhibuts extreme sensttivty 0 ’":““ﬂ
In expermments to be reported (R afacksen, Launs and Renold l‘i&)} ‘cugcn
found by a tracer technique that incorporauon of labeled glucose mto g7y
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and fatty acid of eprdidymal fat tissue i 220 was mdeed sensitis € to small amounts
of insulin after 1 p but not after 1 v ad With thus infe
at hand 1t can be concluded that msubin after 1 p mjection leads to an 1n
creased rate of glucose turn over mn both diaphragm muscle and eprdidymal
fat but that this results in a net glycogen increase only in diaphragm

Worlung with rat diaphragm w vitro several mnvestigators have found that
glucose uptake 1s a more sensitive mdex of insulin action than glycogen svnthesis
glucose uptake being mcreased by msulin concentrations as low as 10 to 100
#U[ml (Vallance Owen and Hurlock 1954 Rafaelsen 1957) whereas gly cogen
increase was only observed with wmsulin concentrations of 1 000 to 10 0600 xU{
ml (Stadie and Zapp 1947 Rafaelsen and Clausen 1961) Jessup and Wiberg
(1961) were however able to obtam a glycogen ncrease m preces of isolated
diaphragm mcubated m 22170 m the presence of as httle as 25 #U/ml insubn
The msulin effect on glycogen content of draphragm obtamed  zize 1 the
Ppresent experniments » however greater than any reported from m riire ex
peniments It has not been imestigated whether this greater msulin sensitvty
was related to the better over all vitality of the tissue or to the diaphragm s
rhythmuc state of contraction and relaxation

Thex p ad of growth I 4) or desaxy
led also to an increase 1n diaphragm glycogen The doses gven were much
greater than those of insulin The greater effect of bovine than of human grawth
hormone might be mterpreted as due to greater punty of the bovine prepara
tion used It should be noted that a systemic mfluence cannot be excluded 1
the glucagon experiments since blood glucose levels were altered mdicating an
effect outsde the peritoneal cawvity in these expeniments It should akso be re

bered that all gl prep carry a mmute amount of insulin

A contamination of 0 4 %0 would gnve 100 U msulin per 1 ug glucagon and
Tught explain the mncrease 1n glycogen meorporation after 1 p njection as due
t0 insulin contamunation of the glucagon Adrenaline led not unexpectedly
to a decrease 1in diaphragm glycogen Acetylsalicyhic acid led to an increase
Tt s natural to connect the last finding to the reports of fall in blood glucose
10 dizbetic patients after admimstration of salicylates (Gilgore and Rupp 1961)

One of the reasons for studying other hormones than insulin was to see wheth
:' ']P admunistraton of these hormones m amounts likely to be found n
m? _l!_!::th:lmaln serum would nfluence glycogen content of rat diaphragm
A :ilrn ts seem to indicate that amounts greater than those encountered
o um are needed to obtain an effect Ths finding made 1t tempting

Yy touse: p studies for insulin assay of human serumm The results obtamed
s '\‘Pﬁncd m a following paper (Rafaclsen 1964)
gmlf]:(g};:?al"y these studies with the 1 p admumstration of nsulin sug
25 provded 1 cs}mc #n t1o nolauon of the tisues hmng the pentoneal cavity
1o of the m::’.d: :rnpproach may prove useful for the experimental investiga
action of biologcally effective agents
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Abstract

Ravastsen O J 1 sulin like activsty of & man serum determned by glycogen n
creast of digphra m after wntraper toneal ] ction wnfo th ntact rat Acta phy ol
scand 1964 67 323—330 — Intrap rtoneal 1n) ction of 1 m! undil ited
‘human serum 1n 100 g ntact rats leads to sncrease of diaphragm glycogen
On the basis of earhier investigat ons this can be assumed to represent 1 wulin
activity pres ntan serum The glycogen increase caused by serum was grapht
<ally anterpolated 1n a logflog system between mcseases cause | by 100 ard
by 10000 U snsul n respectively Tw nty era from |1 normal fatting per
sonshadan ay rage insul n like actsvity of 187 ; Ufml rang 0to 120 Ninesera
from 6 fastmg pauents with prov n mnsulmoma had an av rage muwlin ke
act vty of 583 pUJml rang 145 to 1 520

he advantages of the method are a higt er specificaty and gr ater umplicsty
thau most of the 1 a1t o methnds used for m asuring scrum nselin & activity

It duadvantag ssitslack of pr exsion which1 asgrestor greater than tfat of
the s rit o methods

Serum ot plasma wnsuhn away has 1 general been conducted along, two
hines 1 Intravenous mjection of serum into small mammals sensitized to 1n
sulin by hypophysectomy adrenalectomy  and smtlas procedures or 2 n
cubation of 1solated tissue samples such as rat diaphragm or rat epiidymal
[t tisue i serum and measurement of metaholic ndces known to be
fluenced by the presence of insulin an citre

The present study was intuated when it was realized that minute umounts
o insulin (100 to 10000 4L per 100 & rat weisht, ihereae glyeesr 1 oentent
of rat diaphragm after sntrapertanetl ing ction ot s 1 rat wirl at bsving
detectable effects on blood 2lucase r plyecger conteet of win sulsr i e ot
lng the pentoneal cavity Paf shen V6§, Fhiz e nlir effrer 1 omnete
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Fig 2 Glycogen smcrease of ratda
phragm 2 172 hours after mteap ntoneal
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calized yet 1 tno obtained with amounts of hormone of the same order of

W mitude as the amounts present in 1 m! human blood opened the possitabity
rr'cbmmmg nformation on msulm ltke actinaty of human serum by an assay
combunmg some of the features of both the m wsz0 and wn wntra procedures

Experimental

For detasls of provedurc the seader 1s referred (o a foregomg paper /D alaelsen 1964
Only changes from earher procedures and certain crucial features will be mentioned
here
Pro edure Only female albmo rats (Wistar stramn) weighmg 80 to 120 g were used
The antmals were fasted £ar 18 hours with free accesstawater I p njection and samphrg
of tissues 150 mun later (under carbon dioxide anesthesia) was performed as earhier
deseribed

In cach expeniment 16 to 24 rats were wsed divided into groups of 4 A control group
was always injected vath 1 ml 09 4 sahne Other groups were myected with saline con
tasmng glucagon free mnsulin (27 Ufmg, mn amounts from 100 to 10000 kL per 100 &
rat weght

Blovd was draws from fa.ted prrsons i the morneng  After 30 mun at 4 G serum #as
separated by centrifugavon The serum was abwars myected undiluted volume §ml
Poth serum which had been frozen trom days to weeks at — 18 € and fresh non frozen
cerum was used There was no appareat difference between resulis obtaned with froret
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Table I Glycogen content of hemdiaphragms tsolated from rats 2 5 hours after inrapentonzal
snyection of saline without or with 100 or 10 0010 pU of wnsulin or after ijection of Fuman serum
Jrom fustng normal patients (serum solume aluzys 1 mi) Interpolations of serum values in a log!
log system betuwcen mg tncrease 1n diaphragm glycogen caused by 100 and 10 000 U of wnsulin are
also tabulated Potuents no 12 and 13 were omutted from caloulation of average value as they did
nof fulfil entena for normality (see text)

Diaphragm glycogen (Mean &+ SEM)  Seum
1nsulm

100 #U msulin 10 000 ; U msulin ke

Salne mjected  injected (mgof  njected (mgof  Serum mjected

activat,
Pt {mg of glycogen/g glycogen/g of glycogen/g of (mg of glycogen/g v
no  of et wet ) wet diaph of wet d (U ml)
i 081007 (6) 1414008 (6) 5584038 (6) 203:009 (6) 2%
1 0781005 (5) 136100%¢ (8) 5291043 (8) 1601018 (8) 180
1 1591023 (6) 1624011 (8) 5631063 (8) 2161025 (8) 140
1 132009 (6) 2184010 (s} 781048 (6) 243031 (6) 215
1 7482012 (8) 3374017 (8) 7801020 (6) 48012 (8) 420
2 1132009 (F) 15332018 (6) 498+055 (6) 189+02> (6) 160
2 13BL015 (6) 1744019 (6) 5031032 (b) 1172003 (6) <100
2 0%4£004 (F) 122010 (6) 460x0¢0 () 1113002 (6) <100
3 066003 (9) 0832008 (8) 511:042 (8) 0804005 (10) 100
4 05720009 (8) 1561006 (8) 4854037 (8) 208+03> (8) 230
5 0604003 () 09%:£003 (4 79740°7 (4) 103009 (%) 120
5 126£017 (6) 1824075 (6) 5602061 () 223+043 (6} 233
§ 1531008 (5) 2374037 () B873x078 (6) 2874021 (%) 280
7 7434026 (8) 2584028 (8) 6174047 (8) 297+023 (7 130
T ISTE014 (8) 1711009 (6) 6691046 (8) 29,2022 (8) 233
8 113201 (10) 1274015 (8) 518:030 (8) 18tx0l> (10} 170
9 03010 (8) 2414017 (8) 9732053 (8) 343015 (8) 205
9 21303 (7) 4314023 (8) 1155407+ (8) 20040% (8) 160
to 314012 (8) 2504010 (8) 5114034 (8) 37°3+018 (8} 3ba
W 2364007 (8 3014021 (8) 724103 (8) 303=031 (8) 19>
Averag 1.6
Range 0420
:; 099600t (10) 1214012 (8) 6814038 (8 >60=024 (10} 5000
b JHLOM @) 1112009 ®) 041+049 18) 652047 (B) 10000
3 2904014 (B) 4324026 (8) 9704058 (B 129110 B) 10000

Number of hemuds phragros g en n parentheses

:“d with fresh serum o attempt was made to correct for the presence of glucose in

uman serum by adding glucose (o the tnsulin standards mnjected 1n saline

Analstical methods Gy cogen content and blood glucose were determuned as
€arhier deseribed bince blood glucose s alues between rats injected with serum, rats
Jected with insubin standards and rats wjected vith sabine alone never differed sigme
ficantly the results are not shown

Calulation and statistical analysis Fach group of umformly treated animals 1n an ex
Pesiment cons sted of 3 to 5 rats From cach aumal bath hemidiaphragms were sampled
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Table I Ghcogen content of hemidiaphragms ssolated from rats 2.5 hours after wlraperitoneal
anpection of saline wrikout or with 100 ar 10 000 pU of wmeulin of after wnyection of human serurs
Jrom fasting patienis with wnsulioma {serum volume always § ml) Interpolations of serum salues
i a logilog pstem between ;g in rease in drapiragm gl cogen raysed by 70D and 10 600yl of
wnsulin are also tabulated The 4 expenm.nis gr en below the caleulated a erage ave from 3 of the
patients aftet extirpattan of tasulinama

Duphragm glycogen (Mean + SEX)  § rum
100 4U msulin 10000 4U snvulin ;’::h"
Salwe imyected myected (mgof  amjected (mgof  Serum imyected ety
Pat  (mgofglcoeen/g ghcoyenfgof  glycogenjgof  (mg of glycogenlg
wet diaph

no  ofwetdiaph wet diaphragm)  of wet duaph (uUfml)
M 1524041 (5) 3281008 (1) GB83£033 (3) 3484029 (5) o0
14 1/0+009 (8) 401042 (8) 90(%0% (8) 444403 (8) N
14 2014003 (8) 312x019 (8) 73606 (6) 4604034 () S00
14 192012 (8} 3284032 (8 {021+G43 (8 4(7£050 (8 1
15 159000 (6) $42x016 (8) 70310.8 (5) 268+023 (8) 5
16 2374012 (8) 3201018 (8) 7161040 (8) 452013 (5) "
17 2124013 (3) 3.28+021 (8 7034044 (8) 548+011 (8) 150
18 2442018 (8) 2971028 (8) 78940.1 (8) 5244044 (8) 1,220
19 2434009 (8) 2694017 (8 7764047 (8) 300100 (g 8

Average 583

Range M3-150
14 220014 @) 294011 /@) 8454058 (6) 3484018 (8 16
16 2444009 (8 2692017 (8 7 61067 ) 271027 (8 i
16 1701014 (B 283x016 (8) 719:066 (8) 3154023 (b} <:;g

17 222014 (8) 413015 (8 8112043 {8 3,9:020 (8

“\umbcr of hemudhapt ragms grien m parenthests

and mean values were thus based on 6 to 10 esumanons The average gly cogen merease
1n mg/g of wet diaphragm over the average value of the control group was plotted 18
2 fog/log system The average salue of the serum ingected group was 1 all z(pt‘"m:;‘;é
interpolated i thus system between the ghycogen increase caused by 100 and by 10

U of wsulin per 100 g rat weight respectively All salues in the wables and ﬁﬂ'f""ft
gnen £ § E AL (standard error of mean) 5 E M never exceeded 15 Thes Z“;r
seance of difference between means has been established by calculaung « P the prol d
ability of difference beng due to chance was obtaned from eables for t (Fisher a:'
Yates 1943) 2, the index of precusion was calculated m sorae of the expenments W

four pownt standard cunies were obtamned

Results

The dose response relationship between msulin dose snjected 1 p an]d d:c
phragm glycogen increase obtawmed 15 seen n Fig 1 and 2 The results il
plotted m a Iog/log system The curves } 1 5 ¢ expi .
(Fig 1) demonsirate day to-day vanation both sn glycogen mcreasc
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INSULIN LIKE ACTIVITY OF UNDILUTED
SERUM FROM 11 NORMAL PERSONS &
FROM 6 PERSONS WITH

INSULINGMA
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Fig 3 lusuhin hke acti sty of und luted serum
fron fasting normal persons and from fastme
Pat emts with wnsulmoma befopse and after extirpa 3 i
ton of msulin producig tamor

the relative Iineanty of the curves Accordingly the indices of preaiston yreld
rather high \alues mdicating a considerable scatter of the results on which
cach curve 1s based The mean of the 5 expts (Fig 2) shows a definite dose
'I“P""“ relationship 1 the range from 100 to 10 000 U msulin mjected per
00 g rat weight
m:}:“;l shows the values of 1sulin like activity of 20 serum samples from 11
o1 xil ;nnal persons In the 3 expts where glycogen increase after mjection
taned ha r:m was less than after injection of 100 #U msulin the actvaty ob
of theee 2=0 een recorded as ul m caleulating average and range The average
10420 2l ::Jfa was 186 xU/m! human undilated serum with a ran e from 0
bagh \allu / n At the bottom of Fable I 3 expeniments are hsted where very
high dm: I.m' snsubin like actvity were found Person no 12 was treated with
Person ng ";';Ce‘ﬂsﬂlmy heaad (6 g per day) for backache of unknown etrology
these reason ‘;-‘“ pregnant (first tnmester) at the ime of the investigation For
Tablen) ssht hese determmnations were excluded from the normal group
Bents why llows the msulin hke activity of 9 serurn samples from 6 fasting pa
mestgat a f;:cccsxrullv had a0 wasul ed after compl! of the
further sh:“s N he average of these 9 <era was 583 pU/ml Table II and Fig 3
wrm s w hl at 10 3 of the 6 patients serum msulin like activity at determuna
in the normal range The serum of one of the 3 patents was exammed
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Table Il Glicogen content of hemudiaphragms wsolated from sats 2.5 kours after wntrapentoneal
myection of salire without or wth 100 or 10 000 pU of wneulin or after imgection of haman serum
Jfrom fastire patiunts with wisulinoma (serum rolume alaays | ml) TIrterpolations of serum raluzs
1n a logllog s1strm betueen mg an rease wn daphragm glscogen caused by 160 and 10 600 gU of
wnsulin are also Labulated The # experiments gr.en below the coleulated arerage are from 3 of the
patents after extispation of wnsulinoma

Diaphragm glycogen (Mean + SEM)  Serum
1nsulm.
100 xUmnsulin 10000 1 U ansubn e
Salme impected ampect & (mgof  mected (mgof  Serwmumected oo
Pat (mg of glycugen/g glycogen/g of glycogen/g of {mg of ghycogen/g
et diaph

o ofwetdiap wet duaphragm)  of wet ) (U ml)
14 132011 (6) 128008 (7) 6831033 (8) 3481029 (6) “n
1+ 170-000 (8) 4012042 (8) 90FL09 (8 4441036 (8) 14
13 2015003 (8) 3122019 (8) 736103 (5) 4601033 (8) 500
14 195012 (8) 328:032 (8) 1021049 (8) 4174050 (8) 18
15 1392009 (F) 142201F (8) 708=053 (6) 2631023 (8} 72
16 2372012 (8) 32040138 (8) 716=04) (8) 4525013 (8) 49
17 212013 (8) 3281021 (8) 7032044 (8) 5484011 (8) 120
18 214-019 (8) 292028 (8) 789-051 (3) 524L04% (8) 12.0
19 28411009 (8) 269=017 (8) 7762047 (8) 300020 (8) 20
Aserag 3

Range 142-15"

14 232-014 (g 299101 (8) 845208 (6) 348018 (8) bt
CIF 2432009 (8, 292017 (8 776x062 (6 276=027 (8) 1o
16 170014 (8) 283016 (r) 719=045 (3 3161023 (6} <:fn"

17 257014 {8) 4131015 (8) 811=043 {(8) 37941020 (8)

-

“umber of hermdiaphragms g1 en 10 parentheses

and mean values were thus based on 6 to 10 esumations The average ghcogen lnt‘:’dﬁz
n mglg of wet diaphragm over the average value of the control group was plott: -
2 log/log system The average value of the serum 1myected group was in all expcr;!;om
1nterpolated m this sv tem between the ghycogen mncreasc caused by 100 zndﬁb) bt
U of msulin per 100 g rat weight respectinely All values in the tables a:d'riu v
egnen = S E M. (standard error of mean) S E M never exceeded 15 [h” g’:‘b'
scance of difference between means has been established by calculatng t PF bf(rP’”d
abilin of difference bemng due to chance, was obtamed from tables for ¢ { “““hm
Yates 1943 £, the wndex of precision, was calculated 1n some of the expenmen!

four pomnt standard curies were obtaned

Results

dia
The dose response relanonship between insubin dose mjected 1 P 3":]?, -
obtamed 15 seen m Fig 1 and 2 The 1S i
The curves obtained m o consecutis€ EXpermm

phragm gljcogen increase
nerease and 1

Jotted mn a log/log system.
!(J!-‘iu 1 dcmu;sn';tc dav to-day vanation both m glycogen
g
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present method used one treatment far each group of 4 rats and gave consequent
Iy o informatton on mtra individual vanation apart from the dupleate deter
mmation Due to the umted degrees of freedom 1n this type of expenment a
caleulation along the hnes of Renold efal was only performed m a few ex
periments It gave no further mformation than the simple graphical interpola
on m a logflog system after calculation of mean and S E N and was there
fore abandoned It should be { that diffe systems of reference were
tred and that a logflog systemn seemed to be the most surtable m the present
rat diaphragm i a0 experunents as 1a expeniments wath isolated rat epadidymal
fat tissue m utre

The index of precision was rather high with the present method mdicating
a considerable scatter of the individual results already when pure insulin solu
trons were injected It was thercfore to be expected that the estumations of serum
asulin hke activity at best would show 1 sumilar scatter It 1s of interest under
these circumstances that the results obtatned are in agreement with results ob
tuned by conversion of labeled glucose to carbon dioude by ssolated rat eprdid
ymal fat (Renold et a/ 1960} The values are somewhat higher than those
obtamed by other workers using the rat epididymal fat (Lyngsoe 1962) and by
some workers using glucose uptake by 1 olated rat draphragm (Vallanee Owen
and Hurlock 1924 Wrnght 1957) These latter values are agam higher than
values obtamned bv an 1sotope method empl antigen bhod;
(Yalow and Berson 1960) With the available information on the lirmitations of
all these methods the relatrve conformity of the results are more surprising to
the avibor than the divergences Detailed discussions of these have been pub
Tshed and need not be repeated here It should be mentioned that findings
of normal serum msulin Iike actvity values m some cases of msulinoma have
been reported by several imestigators The excesstve values i the two persons
omitted from the calculations m the group of normal persons remam to be ex

plained It was not possible to retest sera from these persons whtle thus investiga
tion was in pmgrcss

The precent method has thus confirmed results of serum nsulin like acuvity
of human serum obtamed by various m utro methods Its advantages are 1

hat 1t adds another and perhaps somewhat more spectfic parameter for in
sultn action to the ones ly exploted m  tutre exp and 2
s technical simplicity when compared with the n w70 methods m the latter
espeaially the measurements of the small differences 1o glucose disappearance
fave been a bling black for Its disad 15 1ts Jack of
Preaision which 15 as great or greater than that of the e ture methads It shares
with the 1 t1tr0 methods the overlap between normal sera and sera from pa
t ats with and the s yet unexpl ble high value in
wdividuals without evident disturbance of carboltydrate metabolism

The precision mught be inereased by using more anumals for each assay This
would not be an intolerable burden The animals can be kept i group after
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the 1 p njection The cheracal procedures are extremely smple and rapid
includimg only w eighing of the diaph boting pH ad, and glucose
deternmnations

Determnation of blood glucose duning hypogly and after p
{asung remams however the most rehiable test for msulinoma

The results ob: d confirm the possthihity of using : p mngectron and meas-
urements of changes in the organs kaing the pentoneal cavity i the study of
drug and hormone action m a physiological seting

) 4

“This paper was wittsen while holding a tras clling fellos shap from Medteal Research, Gyanamd
Intesnanional Peart Ryver R
C. Hagedorn and Dr | E Poulsen Nord sk Inaulinlaboratosum Gentofte and Dr
K. Lundbek and Dr W \funck Sarhus Unnmuy Seboal of Medieine Aarhius, prav |dedn
cellent {aboratory facalines for the expenments The unetgation was supported rt by
grants from la.nds(crvnmgtn for Sukka:)gc Odmsc nd from hobmand’s Odense }ohum
g Haune Weimann
The avalytical work was pcrfommd a, Mrs Esther Mosgaard and \Mrs Bodil Ser Raltofte
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The Effects of Extensor Muscle Spindles and Tendon
Organs on Hi ymous M

ones 1 Relation to
7-Bias and Curarization
By
RoperTo Branconr* Raenar GrawiT and Dovarp J Rers*
Recewed 7 Decernber 1963

Abstract

Bix cost R. R Granerand D J Rews The off cts of ext nsor muscle sps dles
a dtends organs n k mo ym us motoneuron § tn_elaton { 'y btas and eura s at 7
Acta physiol. scand 1964 67 331—347 — The ventral root L 7 13 div ded
Dto 2 peripheral and central stursp The former 15 used fo contractung the
gastroenemius solens muscle by a brief tetavus supra threshold for the ¥
fib s The lateer records the monosynapiic test response by wh ch the auto-
geneue exaitability of the gastrounemius-sol us moto  Duclel 15 measure
dunng and immedsately after contraction There are three maj ot aims behnd
these expenments {t) to disco er wh ther at any t me in o afier contraction
and sirerch the sp adle secondanies can be grven a functional task (u} 1o
Provide a basis of ath 5 nular n flexors
Paper) 1n which the spindle secondaries have autogenenc eff cis of oppo te
sgn (11) to define autogenctic excitab ity dunng coniracuons in terms
which are sufficiently precis to provide a basis for further work aim ng at
distinguish ng between pre and postsynapt ¢ components of tmhib tion

The old question of how sense organs measuring Jength and tension 1n the
muscles coninibute to reflex autogenetic control of their own muscles was
clanfied for extensors 1 general outlines fourteen years aga (Gramit and Suur
soet 1949 Gramit 1950 Hagbarth and Naess 1930 McCouch Deenng and
Stewart 1950 Granit and Strom 1901 Hunt 1952) The reason for returning
t0 1t now 1 the improved knowledge of the anatomy of the muscle spindles
{Cooper 1959 1960 1961 Swett and Eldred 1960 Barker and Gidumal 1961
Barker and Cope 1962 Boyd 1962) which poses fresh problems This paper wall
deal with Limb extensors a second paper (Biancon: Gramit and Reis 1954)

s F;g:wlorlmc Consigl o \a onal delfe Ricerche I t tuto di T s ologi Lmana Umivers ta d
13

Vs ung Special F low “at onal Tnst tute of Neurological Diseases and Bl ndsess.
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whose peripheral poruon kad been chusen for summtation of the muscle FParaffin od was
used 10 cover exposed tssues
The conditioning tetanus for the penipheral stump of the cut ventral root fasted 19
msee and consisted of a tram of shocks of § 8 msec duration deln ered at a frequency of
200 sec Tetane sumulation was used i order ta produte 2 suffitient degree of mtrafusal
contracuien whey wanted Qceasionalls matar twatehes were ssudeed
The test sumulus 1o the pastrocnemus nenves consisted of a smgle shoek of 89 myce
duration set at an mtensity which produced a monosynaptic test response of sbout 50
“of maximums
Muscular contraction was rerorded by a i ph witha
sensztnary of 875 g mmm deflecnon Muscle length and ension ave referrod i the paper
1o that found 21 2rro length which 15 defined as that lenoth of muscle at » huch the
myoeraph at high sensitn sty senses an merement of tenston when the slack s waken off
the muscle by pull on the tendon This zeso Iength was frequently checked dunng the
course of the experLment
In order sel h 2o block fusal withow affectng intrafusal con
tracuon twa techniques were wsed  The first was an attempt to block the @ moor fibres
by anodal blockade 1n a manner sioufar 1o that desenbed by Rouffler and % auvbast
Williams (1933 b adsung miereloctronde distance shock strenuth and durabien for
the efecrrodes on the cut ventral root 11 actually proved potuble on accasion 1o demon
strate that wotrafusal contrachon as deduced from wcreased discharge of smgle gandie
afferents was proceeding with hule or cven no eontracton of extrafisal fibret 77“;
dissocration betwren extra and intrafusal contracuon v as seen for both prmary =:]
srcondan spindle afferents and from ankle Bexor and extensor muscles Thzs ;:’d:
proned 1o be lughly \anable hot &ver and success or fature in selectne biockae .
ded on @ zumber of enncal faziors s hach excluded regular wse of anodat block
o faxour of selectne blockade
Because of tus inconstancs thrs approach was abandoned 1 favour 5 Cmethod
tr Flaxedi! It 1s menuoned here because as far as we know ¢ 1 fust the tmic the
has been applhied to the mammalian preparation with some success
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Fg 2 Spmal cat (Yh 12} Changes m
the exatab Lty of gastrormemius sofens
‘motoneuranes dunng static streech of de maa")'
eiferented gatrocnesmusaolens  Exten

5 non mm Single and donble mono
synapne test shocks Upper grapk Muscle
tens on at 8 flerent extens ons i twotry
als wih sw le {1 ne w full) and double
(broken fune} test shocks Lower raph
Monasynapr ¢ excitab liy at pf
Sengihs’ wach single (ine mn full) and
double {broken 1 ne) test shocks

-C ¢ I,
L ]

4 of £ tral

Blockade of estrafissal way bshed by the inn
admumstration of Flaxeddd which 1 lay doses may chmmate evrafusal contracuon but
feave sntrafisal contracuon ummpaired (Granst Homma and \fatchews 1999) Doses
of Flaxedal of 1 5--2 mg/bg grven in a simgle ttrar enaus tryeciion predictably vesulted
m almost camplete or watal d of al withm
3 mim after the mpection This state persssied for 1530 mn while the anumal was
matamed on artfical cespiration Waith this dose of Flaxedil the manosvnaptic control

id not change and the discharge of aingle spindles elictted by supramanmal stemulation
of ventrat voots was preser ed

Results

Effects of stane stretch on misnosynaplic saflex excetability

It has been shown presiously (Grawst 1950 Gramt and Strom 1951 Henne
man 1931 Hunt 1952) that stane stretch of the ankle extensors usually but
not wnanably will result i an mbibitson of the monosynaptic reflex chicted

™ the homonymous and heteronymous my cle nenes These expertments
hase been repeated m order to evaluate the effect of steady stretch of ankle
extensors at different and hence at diffe tensions on the mano-
fynaphe text response elicited hm-nanwrmusl}I All obsemations wers made
2030 sec after the muscles had been swrerched to a gven ength and the
Monsynaptic test response had stabihzed

In general ploss of the monasynaptic reflex exaitability agamst both extension
and passne tension led 1o curves which fell into o broad eroups dlustrated
0 Fig 1 by o represematne expeniments The tvo curves are derned from
™a different anumals bath anacstheuzed with Nembutal and + hose passive
ension cunes  apper graph) are almost idenucal 1n the first type (Fig 1
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solid line) the monosynaptic test response either started at or reached ats max
mal response withm the first 3—4 mm of stretch during which the tension
m the muscle rarely exceeded 50 g Wath further stretch the ONOSYNApUC test
response became reduced with a tendency for the diminution of the TEsponse to
increase progressively with each further mm of stretch until 1t disappeared
completely The onset of the downward break in the cury ¢ was more consistently
observed at tensions of 50-~100 g than at any constant length
In the second type of response (F1g 1 broken hac) monosynaptic excitability
was not reduced by more than some 30 9% by stretching the muscle, cven
beyond the physiological range In some mnstances no reduction of the mono-
synaptic test response was seen at all
It was found possible to convert the first type of curve (exlnbiting sensitinaty
to mhibition) to that of the second type by doubhng the monosynaptic test
shock An example of tlus 15 illustrated i Fig 2 Imally the monosynaptic
excitability to a single test shock (Iig 2 sohd line) was progressnvely reduced
by mcreasing stretch afier exceeding 2 threshold ar about 50 g of tension and
hence progressed to complete inhibition 2t 11 mm of stretch when the tension
was 400 g By then ad] the and di of the test shock so that
the test response was doubled and only the (summated) second shock resulted
1n 2 monosynaptic test response (Fig 2 broken hine), the monosynaptic response
was only miubited by 15 % even at extreme lengths and hugh tension
Comment These expertments confirm earlier work (Granit and Strom 1951
Henneman 1951 Park Teasdall and Magladery 1951 Hunt 1952 Bullerand
Dornhorst 1955 Libet Femnstemn and Wright 1959) and demonstrate mhibition
o stretch except when double shocks are used whose synaptic potentials sum
levels beyond those that can be prevented by inlubitory repolarization
ths likely that both tendon organs and spindle secondarnes contnibute thewr
hare to such mhibitions as have been seen here during static stretch wath
ensions of over 50 g which 15 the beginning of the range for sumulaton of
endon organs Such tensions represent extensions well beyond the threshold for
econdary spindle organs and stiongly suggest that in the crrcumstances
nhibition from secondaries requires the support of the tendon orgins to exceed
he concealed state The different types of curve obtamed are best explaned
1y the settings of spinal mternuncial control as determined by supraspinal
ind other sources Such factors have been studied by Job (1953), R M Eccles
ind Lundberg (1959) Holmguvist and Lundberg (1959) Holmqust, Lundbers,
and Oscarsson (1960) Hufschmudt (1960 1961)

Effects of contraction on monosynaptic reflex excrtabilily
It 1s comement for the purpose of relating the changes in monosynaptic

refles excitability to changes in the afferent mnput ansing from the contracting
muscle to dinide the events from strmulus to contraction into four phases (see

Tig 8) as follows 1 a pre contraction phase consitng of the penod from the
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Fg 3 Cat Nembutal anesthena
before and after Flaxed Excstabil
4y of gastrocnemius motoneurones
and muscular response conditioned
by tetaruzation of distal end of eut
sentral oot L2 Muscle extended
2 mm Suraulus 10 X threshald for
extrafusal contraction  Timug i
wsee begimy with onset of tetaniza
von. Upper gre,

Lower groph Monosynapc exeseabat
uy before (Une an fully and after
throken e} Flaxedit

onset of ventral root sumulation to the earhest observable contracuon of the
muscle as ded by the set at mod or lugh gawn II a phase of
tension mse which begins at the moment of carhest observable contraction as
abose up to and through the plateau of maxumal tension oceurning during a
tetamic simulation I 2 phase of declining tensson begnning at the first fall-off
of muscle tension from s peak value dunng relaxation and termmating when
muscle tension has returned 0 13 pre contraction level ST a late or post
phase t at the of any recorded tenston The
changes that eccur i monosynaptieally tested excytabibty duning these events
will now be desersbed For each pha e cparately
I phase The of facil
fesponse beg g 34 miec foll a
tom of the cut ventral root am
strated by Gramt 11950
study a samilar early facr

of the mens>synapuc test
i 1 umula
d prior to the onset of contraction + as demon
} and confirmed by Hagbarth and \aess 1950, In thus
luation of the MONCSYRAPUC test resporise was common
Iy observed Thys cxhibried a latency from the on et of a tetanus as brief as
3 msec and persistedd duning the sumolus tran unul the begmning of the muscle
cortraction Then 1t rapidly dechined or disappeared Marledh reducing or
toually abohsh fusal muscle by the adi ton of
Miravenous Flavedit did not alter the magmtude of 11 Afier sigmiticant reduction
or hrmunation of contractian by this techmque the earhy faciluanon perst ted

untsd several myll ds after of i} of the vemral roor
8 Wustrated o By

excitalnlity
of some co

precedes the onset of obiserved contracuon 2

msee the possibahiey
niraction preceding its regutration by the mog;

raph s real In thy
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Fig 4 Spmal cat (C 1) before and after Flazed] E of

and muscular response as conditioned by fetamization of distal end of cut ventral root L7 Resting
fength of muscle 10 mm Sumulu at 32 ~ threshold for extrafusal contraction Tuming
msec begins with onsct of tetantzatian Ugper graph Musche tension before (e 1n full) and afer
(broken hinel | faxed§ Lower graph \Monotynapt ¢ cxcutabulity before {hne in fall) after Flaxed |
{broken line} and after scction of muscle nicrve (crosses; fuser Samples of ongmal records of
myogram (upper hine) and monesynaptic test respanse (lower fine) with test thock (TS} abne
wth condstioming shocks at times matked above them Tests after Flaveds! begim a1 4 mm after
impection of 20 mgikg 1+ Dote that Phase I 18 not mcluded i the figure

gnstancc the latier was set at a2 moderate sensittnaty As a rule the fall of reflex
excstabibity yan paraliel woth the rise of muscle tension

It appears therefore that the dechne of the Phase I facilitation 1s duc to the
alteration in input to the spinal cord from muscle receptors and 15 dependent
on contraction The mechanism of Phase 1 faciltation of the monosynaptic
test response 1t relatianship to the early discharge and us tmpheauons with
regard 1o @ motor mervation of the musele spindles have heen discussed s
derait by others (Gramt Pompesano and Waltman 1959 Hunt and Perl 1960
Bessou  Emonet Denand and Laparte 1963) The present study has not bees
designed critically to examme thus particular problem However the persistence
of Phase 1 facilitation after paralytic doses of Flaxedd makes sts dependence
wholly on tensile or ephaptic exctation of afferents fram the massed muscle
action potential unbihely

I Phase of wereastng and maxvmal muscle fension This as we hate seen 18

' by & ferable fall of ity 1 Fig 4 beg Ed

spite of i sup: i ; of the ventral root Th&‘;
obsess ations confirm those previously made in this laboratory (Gmmt\ﬂ"
Suursoet 1949 Gramt 1950 Grant and Strom 1901 Hagbarth and Naess
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Fg 5 Same cat asFig & befose 160
and aftce Flaxed] Changes in ex z
ctatality of gastrocnemius mm:- S e
neurones at d ferent intens tes of ®
cond tionng, tetanus to d stal end of 120
cut entral root L7 Int nsites in
mult ples of threshold ntensity for 00
extrafusal contraction Interval be-
tween onsct of condit oning manus 80
and test shock 47 mee. Resun
length I0mm Upperg ph Max i 50
recorded temsion of - gast ocnemios
dunng contract on before (Ine m @0
fully and after (broken hine) Flaxedd
(20mgfkg: v) Lowerg aph Mon» 2
syn pte excitabil ty before (Ine n

Bult) and after (broken ey Flaxedit

Y 6 7 8
Retotve stm st ength

1950} C.uranzmg by Flaxedil so as to remove tension while retaining for a
while fi y to motor impulses led to the strihing change seen
in Fig ¢4 Phase I1 inhsbition reverted to a facihtation \\luch gradually ap-
proached zero The Jate facihitation belonging to a later phase (see below)
disappeared The duration of the Phase 11 facilitanion under Flaxedil vaned
from case to case maximally 1t lasted up to 220 msec into Phae 111 and
increased with increased restng length It should be noted that no observations
mTig 4 vefer to Phase I The expenments generally ended wih severance of
the motor nerve to prove that the cﬂ'ccts noted were muscular

Sumulus strength and the de of the moter
effect on intrafusal fibres and so for Fig 5 we have selected the moment of
near maximum fachtauon (as determined after Flaxedil) for a study of the
effect of the intensity of sumulation at an extension of 5 mm empirically found
to be sufficient for good spindle actnation The interval between onset o
ventral root teranus and test shock was 42 msec at that moment The abscissae

m g 2 represent sumulys strength ples of hold for
tontraction

Tt 1s seen 1n the figure that before Flaxedil mhibition by our test essentially
ran piratlel wath contractile tension but that after Flaxeds! leading to remonal
of tension the remathing facibitation required sumuli of a strength near the
extrafusal maximum in order to appear at all and that 1t continued ta increa e
wiien the sumult became stronger (5 x threshold; This of course 15 as would
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Fig 6 Spinal cat (C 1) before and after Flaxed ! Fxcitatul ty of gastrocnemiut motaneurones
and muscular responst as condisoned by tetamzation of distal end of eut sentral foat L7 7ero
sesting length of musele Strnulus 10 ¥ threshold for extrafisal comrachon Timing n msee

ins wath pnset of Artanization Ubter groph Muscle tension before {Lme i fall) and after
{broken line) Flaxeds) Louer graph  Monosynapne excnability belore (lae in full) and afier
Flaxed ! (broken line) Jaset Samples of onigmal records of myozram {upper hne) and mono-
synapt ¢ test response (lower line) with test shack (TS} alone and with conditianirg shocks at
times marked above them Tests after Flaxedsl begin at 4 mun after mgect on of 20 mg kgt v

be expected from present knowledge of the role of the y fibres for spindle
primaries and thus mdirectly for their reflex effects (sec & g Gramt 1955)

‘Such expermment as a rule ended with controls i which ather procamne
block or nenve secuon was used to demonstrate that the ventral root stumult
actually had actinated the intrafusal muscle fibres of spindles i the ankle
extensars

It 15 of interest that
of , motor fibres as well known to result i tnereased discharge from exetatory
pnmary and whibtory secondary spindle endings facstation uniforraly
dotmunated after Flaxedi! paralyss This wndicates that the net sesult of aug
menting spindle discharge by this method of y motor fibre sumulanon will
always be 10 produce more pamary than secondary effects no matier what
the wutial muscle length or tension and this holds good even m anumals of the
type showing fatlure of miubtion 10 extreme stretch  The regularky occurnag
inhibition duning thus phase of contracuon also provides furthes documentation
t of the view that autogenctic whibiion dunng contraction i the

Tob 1 1 d by 1

i suppor ;
damnant effect of tendon organs rather than mercly the result of withdrawa
of factl by spindle unload; f ximal tetamc symula
o han the pause (Hunt and haufler

yon <hould mantasn some spindle actnvaty wal
1931 a)
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Fig 7 Samecatas Fg 6 before and after
Flasedd Changes in cxc tabif ty of gastroc
new (s motoncurones at different intensities
of cond yomrg_tetanus to distal end of cut
wventral roor L7 intens nes n rouluples of
threshol 1 mntensity for extrafusal contraction
Interval betwcen onset of condationing teta
wus and test shock 100 msec Resting length
zcro Lpper graph  Mazumal recorded tens on
of gastrocnerus during contraction before
{line 1n full) and after (broken hme) Flaxedit
(70 soafbgs v) Lover groph Alonosmague o
exatataliyy before (hne i full) and after
(broker line) Flacedl

L)

L 5 & 7 8 § 10
Righ  stm s rgh

I Phase of excitability during dechinmng tension Dunng the period of decline
from the peal tension excitability usually begins to increase Though the
change wn the curve temporally corresponds to the onset of decline of peak
tension ts rate of return to control levels 15 faster than that of muscle tension
(Fig 6) Frequently thus effect has the character of a tranaent facilitanon
shich occurs when the muscle tension has fallen to 1/2 or 1/3 of 1ts peak tenuion
{see Fig 4 and 6} This transient facilitation has been previously noted 1 ramit
1950) Tts relationship to the time course of velaxation of the muscle 15 1dentical
with that of the smail contraction seen duning the period of declining tension
of the tendon jerk the so-callld myotatc hump (Creed Denny Brown
Fecles Laddell and Shernngton 1932) or myotatic appendage (Ballf Fulton
and Laddell 1925) and 1t would thus appear to be the neuronal basis of that
mechancal event Despite 1oss of tension the late facitation usualty ends with
reversal to inhibition (see Fig 6) Less frequently facibtation persists (Fig 4)
Follawang the admimstration of Tlaxedi the transient Phase 111 facilitation
disappears completely while the Phase 11 faciitation which occurs during and

hatel the tetanic L still 1s seen and that the
abisence of the response after smalt doses of Flaxedil s due to something caused
by varations of muscle tenston ‘The teansient Phase 111 facttitation mav be
cen with the muscle at any il length although it generally tends to be
accentuated by greater lengths

In some 1nstances with prolonged inhibition the Phase 111 facilitation mav
be conceated and only appear as a transient reduction 1n plubition The onset

of this transient rise i excreabibity also comeides with the moment at which the
myotatic hump occurs

I8 Post contraction phase (hanges 1 the ampliude of the fest response are
usually seen to persist follow g the return of the muscie to 1ts control length and
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tension \Most commonly dunng this peniod there 1s marked inhibiuon which
may continue up to several hundred milfiseconds after mu cle tenson has
cisappeared and hence, unlike the mhibstion found dunng Phase U of contrac
ton 5 sndependent of tension \evertheless following admmistranon of
Flaxedsl this pes late 1nhab entirely disappears Thus 1s 1l { in
Fig 6

TIhe relanonsinp of the late persistent anhsbition of Phase IV to the sumuolus
mtensity 1s sHustrated in T1g 7 plotted asIig 5 The curves have been abtasned
from the same animal as illustrated 1 Fig 6 and the interval between the onset
of the conditioning tetanus and the test shock 15 chosen to be 100 msec wh ch s
well within the late persistent inlubition 1t 1s seen that both the reflex mhibiton
(Fig 7 lower graph sold line) and the muscular contraction (upper graph
solid line) reach thesr pl at simalar 1 ~—~32 ., threshold
- although the threshold for the onset of the monosynapue reflex inhuitauon 15
samew hat hugher than that for contraction Followmng the elimmanon of extsa
fusal contraction by [Maxedil (Fig 7 upper graph broken hine) both contraction
and monosynapuc inhbition (fxg 7 Jower graph broken hine) disappear an
effect which also follows section of the muscle nerve

‘The fong fastng Phase [V inhibition may also follow a twatch contraction
of the ankle extencors choted by a single shock to the ventral root at the thresh
old for masimal extrafusal contraction It 1s seen with muscles at any mal

d

Jength or tension although ily s may d h at greater
1mtial Jengths
3 On occanon 2 late p facsd of me reflex excatatulity has been

found {Fiz 4) whirh then appears as a continnation of the facilitaton that develops 1t
Phase 151 with the fall off from peak tension in the relaxine muscle This too wsually
disappears folfowing Flaxedd although n one instance when the muscle was stretcked
to {0 mm 1t perasted after Flaxeds! blending mto the factitation that occurred dunay
and immedately following the teransc conditoning stsmulus

Reversal of 3 Yha.e 1V fachianon 1o mbubition was seen m one animal anaesthetwed

with \embutal foflowmg spinalzation at TiZ later i the expeniment In anotber
Phase IV facil foll a tetanus at 32 threshold

for fisal reverted to when the mienaity of the conditionirs
stimulus was raised 10 10 threshold without anv observed change in the magmtud®
or duration of the muscle contraction This tr ersal with inrreased conditiont sumuls
antensities was an exceplion for 1 all other wnstances no sigmificant altera 100 10 the :;;
re<ponse was obsen ed for conditioning stmuls greater than thowe requred for maxi

extrafusal contraction

1t would appear therefore that Phase IV inhibition in some way depends dt:ﬂ
contraction Tt 1s dependent of tension and evidently 115 genesis 1s not l’ur‘rm
mentally caused by pnnr excitation of  motor fitires because st also occurs &

a motor twitch
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Fig 8 Schematic representauon of t mporal relat onshap between spindle and tendon organ
Tesporse excitability of ankle extensor m toneurones and cont acuon of ankle extensors
13t ated by tetame stimulation of dustal half of cut ventral roat The muscle 15 assumed extended
t0 about > mm and peak contract on 3 about 1 000 g The simulus mtensity isove 3 x thresh
old fr curafusal contract on The phases of contracton (I—IV) are as desenbed 10 text

Monosvnaptic reflex 1s 1n relative magn tude of control Receptor act wityrepresented as discharge
faingle afferent wmts

Discusston

Fig 8summarizes our results and relates the four phases described to probable
€vents in the end organs which measure muscle length and muscle tension
duning tetanization of the root (gencrally L 7) at strengths exceeding whatns
required for the 3 fibres The behaviour of spindles during such aircumstances
1 reasonably well known and so the iterature before 1935 need not be specifical
Iy quoted (summarized by Gramt 1925) Autogenenc excuabibty of the
motoneurones 1s plotted below the cunve for contraction

Phase 1 The carly phase of facilitation which represents a kind of positine
feedback mechansm helping the muscle to start was descnbed by Granit and
Suursoct (1949) and by Gramt (1950) When ventral roots are sumulated
there occurs a well known sensory  backresponse (e g Llond 1941 1982
Leksell 1943) which Hunt and hufiler (1951 &) called the carly discharge
having analyzed 1t tn terms of single spindle and tendon organ afferents They
2stribed 1t to mecharucal events preceding recordable contraction Gramit et al
{1959) proved that the carhest part of 1t 15 due to ephaptic sumulation as
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Lloyd and Leksell had surmised This effect can hardly be asowded tn estensors
wath shocks to the ventral roots and so, m the present espenments 1t must
mutsate Phase T factl ding ephap 1 m and
Itkewnse 1 flexors were ephaptic effects are neghgible, spindles fire before »
impulses have had time to mfluence them (Gramt et al 1959) and do so also
n response to reflex stmulaton (Rutledge and Haase 1961) Gramt et al
(1959} faled to find satssfying correlations with tension and extension and
therefore suggested that there would be q innervation of some spindles as
smee shown to exist by Bessou Emonet Denand and Laporte {1963) m the
digital muscles where 1 of ndvidual ponents can be
obtammed  The funchional sigmficance of fast spindle actnation s i
dependent of whether the o fibres concerned go to spmdles alone to evtra and
wtrafusal muscle or onlv to nearby extrafusal fibres to whch spindles are
wserted 50 as to receive a brief twitch wile the full force of the extrafisat
contraction later 1s neutralized * (Grarat et al 1959 p 416)

Phase IT As pointed out above early spindle effects are neutralized dunng
rsing tension, partly by the pause of the spindles but defintely also by mhbt
tion sensitive to tension and hence ansing i tendon organs Thus at this stage
brakes are apphed (negative feedback)

Phase I The transient facilitation on the fatling phase of contraction which
corresponds to the ppend; or hump of the tendon jerh (s
above} has a natural explanation i the fact that a considerable number of
spmdle primarnes delwer a high frequency burst at the moment of drop
tension (Gramt and Van Der Meulen 1962) Therefore 1t 15 — and should be—
“bsent when contraction s removed by Flaxedd

} Phase I} Of great interest 1s the late inbibition which demonstrat s that the
‘batance between primanes and secondarics 1s shifted in favour of the later
because tenston now is neghgible After an 1sometric contraction those primarics
which possess a transient burst m Fhase ({1 are slent for o while afternards
before they agam pick up thew discharge \Marthens 1933 Haney and Mat
thews 1961 a Bessou and Laporte 1962) A large number of the athers start
finng gradually This 1s probably an cxpression of their great phasic sensttivity
10 small vanatons of length (Gramt and Henatsch 1996) non evstent 1 the
farge majority of secondaries (Biancont and Van Der Mealen 1963; Aber an
1sometnc contraction the latter fire at the rate determined by the degree of
extension (Bessou and Laporte 1962 see expeaially thar Tig §) In ths sitwatien
(Phase IV the mflow from the secondanes dommnates over that of the primanes
as iflustrated m Fig 8 and for thns effect 1t 1s of htle sigmificance whether
contraction 15 caused by a shock or by a tetanus fie

This beng o, Flaxedil by removing the contraction and thus the cause oako
pest contractile depression of the discharge from the primartes must Figs
remove the mhibibon recorded i Phase IV, as demonstrated above {

6and )
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The dea launched by Boyd (1962) that the nuclear chamn hbres domomated by
secondanes are activated by slower ¢ fibres {7} than the nuclear ba, fibres (y,) made
us suspect that there would he mare of the Iate mhibition the stronger the symulation
of the venteal sonts Ttus occurred only once (see above) and so we cannot s2) that our
experiments have offered any evidence i favour of Boyd s noton Indecd none of the
other inhilutions we have scent have ever been increased by increasing, sumulus serength
10 the ventral root 0 as to bring 1 the smallest p fibres Spinalization however which
balances the spinal cord towards the fexor reflex and increases 1ts sensiivity to extensor
ntbitions (Job 1953 R M Eccles and Lundberg 1959 Holmquist and Lundberg 1929
Hufschmudt 1960 1961) was found to h led or weak by

Perusal of the descriptve sections will show that in every nstance after
Flaxedil when y fibres were brought in by stirmulation 1n excess of that needed
for maximal contractions the antogenetic reflex excitability behaved as of
primares alone had been activated If this be due to the unphysiological made
of sumulaton the more important 1t scems that natural dommnance of the
secondanies w Phase TV 15 a consequence of extrafusal contraction If this
explanation of our finding 15 correct a comsequence of autogenetc facizranon
m flexor secondares 1s that Phase IV must be exatatory m them This s
actually the case as our second paper will demonstrate (Biancom Granit and
Res 1964) and the oppostte effects in extensors and flexors 1 Phase IV would
Seem to exclude after effects of engagement as such (see our second paper)

Thus for the fist tme a functional role of these elustve organs the spindle
stcondaries has been found with natural smuli because extrafusal contractions

can hardly be ded as 1 by caused They must belong to
the arsenal of behavtoural patterns

Summary

! In cats under Nembutal the nucler of the ankle ectensors have been
tonditioned by a contraction ehicited from the cut peripheral stump of the
4ppropriate ventral root by nef tetim above y threshold The excatabihitv
of the nuclex has been sgadied by monesynapuc testmg along the course of the
<ontraction

2 Flacedil has been used to remove contraction while leaving the effect of
the y eflcrents on the intrafusal muscles practically mtact

3 The results are summariced and related to the contraction and the dis
charge of spindic primanes secondaries and tendon organs n Fig 8

% The pause of reduced excitability of the extensor centre alter contraction
1 aseribed to the spindle sccondaries

9 The results should be compared with those obtaned 1m sumilar expersments
on the flexor centre in the subsequent paper

Thi
foun’;.; v‘\xg:lk has been supported by the Swedish Medical Resea ch Counc 1 and the Rockefelter
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Lioyd and Lebsell had surmused This effect can hardly he avoided 1n extensors
with shocks to the ventral roots and so, mn the present experiments, 1t must
wutiate Phase I factltation Si ding ephaptic stimul. n and
likewsse n flexors were ephaptic effects are neghgible, spindles fire before ¥
impulses have had time to influence them (Granit et al 1959) and do so also
1n response to reflex sumulation (Rutledge and Haase 1961) Granit et al
(1959) failed to find sausfymng correlations with tension and extension and
therefore suggested that there would be « mnervation of some spindles as
since shown to exst by Bessou Emonet Denand and Laporte (1963) 1 the
digital muscles where suffi 1solation of individual p can be
obtamed  The functional significance of fast spindle actnvation 13 m
dependent of whether the a fibres concerned go to spindles alone to extra and
mtrafusal muscle or only to nearby extrafusal fibres to which spindles are
mserted 50 as to recerve a bnef twitch while the full force of the extrafusal
contraction later 1s neutralized (Gramt et al 1959 p 416)

Phase II' As ponted out above early spindle effects are neutralized dunng
nsing tension partly by the pause of the spindles but definttely also by inhibt
tion sensitive to tension and hence artsing 1n tendon organs Thus at this stage
brakes are applied {negative feedback)

Phase 111 The transient facihitation on the falling phase of contraction which
corresponds to the myotatic appendage or hump of the tendon jerk (sec
above) has a natural explanation m the fact that a considerable number of
spindle primanies deliver a high frequency burst at the moment of drop in
tension (Gramit and Van Der Meulen 1962) Therefore 1t 1s — and should be —
absent when contraction 1 removed by Flaxedil
} Phase I Of great interest 1s the late mhibiion which demonstrates that the
balance between primanes and secondanes 15 shifted in favour of the latter
because tension now 1s neghgible After an 1sometric contraction those primancs
which possess a transient burst 1n Phase 1T arc silent for a while afterwards
before they again pick up their discharge (Matthews 1933 Harvey and Mat
thews 1961 ¢ Bessou and Laporte 1962) A large number of the others start
firing gradually Ths 1s probably an expression of therr great phasicsensitvity
to small variatons of length (Gramit and Henatsch 1936) non existent 11 the
large majonty of secondaries (Biancon: and Van Der Meulen 1963) After an
1sometric contraction the latter fire at the rate determned by the degrec of
extension {Bessou and Laporte 1962 see expecially thetr Fig 9) Inthis situation

(Phase IV) the inflow from the secondaries domunates over that of the P"‘m“r":’
as Mustrated 1n Fig 8 and for this effect 1t 1s of lutle significance whether
contraction 1s caused by a shock or by a tetanus

This being so Flaxedsl by removing the contraction and thus "

+ le def of the harge from the primaries must ;“
:‘cmovc the inhibition recorded in Phase IV as demonstrated above (P

6 and 7)

he cauc of the
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Table

Spindle primaries Spindle secondaries  Tendon otgans
Extensors Exatation Intubiuen Tohibion
Flexors Excutation hab:

cessation of spmdle actnty (the pause) and the post contraction mhibition by
the relatie d of spindle dartes at this moment as demonstrated
by Harvey and Matthews (1961) and Bessou and Laporte (1962) the latter
lating y fibres and ding from daries and primarnies 1n the same
spidle In refering below to our previous paper we shall call 1t Paper I
Now 1t 15 well known that the spindle secondaries which possess afferents m
the Group 11 category (Merton 1953 Hunt 1954) are excitatory on the flesor
Totoneurones (Laporte and Lloyd 1952 Hunt 1924 Laporte and Bessou
1959) This means that while these receptors n extensors produce autogenetic
mhibition they should m the flexors produce autogenetic excitation Thus
the latter one mportant source of mhibitory 1mpulses from i
15 replaced by a facilitatory source Golgt tendons organs on the evidence of
Laporte and Lloyd (1952) would be inhubitory mn flexors as they are in ex
tensors at least to the extent that they belong to Group Ib More comples
Patterns of Ib action were described by Eccles Eccles and Lundberg (1927)
but these do not seem to be autogenenc Spmdle primaries are excitatory m
both fiexors and extensors This companison between autogenetic effects of
extensors and flexors 15 summarized 1n Table I o
From this table emerges that 1n extensors the autogenetic spmdle effects are
g m flexors synergistic Thus whi both spindle organs are
excited together one should expect excitation to domunate n flexors while 1
cextensors tius could be the casc only if the autogenetic effects of the primanes
for some reason were more potent than those of the secondaries Imtually 1
Sontraction they proved to be so (Paper 1) Later on 1n the post contraction
_’i_‘;}‘sc (Phase IV of Paper I) a long lasting autogenetic inhibition was found
H s effect was ascribed to the The presupp
1at the equnalent phase m the flexors should be characterized by autogenetic

X
e cuation (ef Table I) One of the chief reasons for extending our work to
x0rs Wwas 10 test this proposition

Methods

pr:}:;u:«hmquc and general procedure 15 1dentical with the one descnbed 1 our
the by BAPEY on cxiensors except that i the present case depers ation of the Lmb Ief
musdles werese b ant and extensor longus digitorum, vath mtact nerves The 6 o
eare b ‘Parated and thewr tendons then Joined together to the ssometric myograph

wing taken to adjust their lengths to approvimately equal values The ventral

T—EAITE 4 . .y
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Fig § \utogenetic effect of streich on the monosvnaphic reflex of anale flexors i she mtact (A)
and spinal (B) anumal In both diagramy Alscimar exiension i mm Ordinate lower curve
amplitude of monosynaptc reflex 1 per ceat of ampltude at 1nutal zero length upper cune
muscle tepsion 1 g

roots were sesered up to and includmg L6 that of L7 cut in the middle 30 28 10 frave a
peripheral stump for stunulating, the muscle while the central stump was used fr record
g the monotynaplic response elicited from electrodes on the peroncal nerse at the
jevel of the knee
As mn the previous expersments the ammals were anestt ctized with pentobarbitone
“otherw s they were mtact. Spinalization at the Jevel of C1 was carned out sn onr case
In ali work of thas ¢t there 1s the h of hi ptic sersus hetero-
synaptic testing discussed at some length by Granit and Job (1922) but since our am
“Is 1o compare extensors with flexors under similar circumstances we have avorded thie
issue by wsing homonymous (homosynaptic) testing 15 both cases Both types of ex
prrment wall then be contamsnated by the same errar caused by the afferent barrage m
the Jargest fibres Of particular ipterest 13 2gain the outcome of the test 1 the post
contraction phase becawe at that stage the hall maximal monosynapuc test respony
should be a reliable measure of autogenetic excitabality 1 the pools of both extensor
ard fexor motoneurones and w the twe cases the autogenenc effrcts as atated would
hate 1o be 1n the opposite direction Stnce the spindles pause duning the nsing phase of
the contsaction a comparisan of fexors and extensors by homonymous tesung would br
rehable in thas situgtion too
Fig 8 of Faper I subdivides the events from sumulus o end of contracbon mtn four
phases which wall be used as standards of reference ako 10 the present wark

Results

In the spinal anmal with ats flevor pool released Job 1953 R M hecles
and Lundberg 1959 Holmguvist and Lundberg 1959, Henneman 1931 feund
that stretch causes factltauon of the monosynaptic test response We hase
confirmed this on the oae spinal ammal used whrse cunves for pa snc tranon
2nd motonrurone excitability are shown in Fig 3 8 In the mtact anamals the
effect of stretch turned out to be miubrtion Just a3 1n the extensors and s
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Fg ? Time course of antogenctic cffects of cond toning L7 sumulation 5 o 10 tmes a :u\:nglh
on monasynapuc refles of ankle Bexors m 4 different experiments. [o each diagram A

tme 1n msec from beginning of conditioning stimulaton, Heavy bne duranon of conditioning
st mulzvon at A0 sec and e supramaumal intensity Orduule lm\u curve_amplitude of
moncsvnapt ¢ reflex m per cent n! its

1 g 1= precontract an phase 11 = contract on phase 111 = S ation phase I\ = past
contract on phase Desenipuon in the text.

effect as a rule started at extensions as small as to be around 2 mm Occasionally
excitability for the first 2 to 4 mm of extenston rose a bitle but in the end mhibs

tion prevailed The typical cunve 1s shown m Fig ! A lower graph)
While 1n the the

brought the test response to
2eroat extensions around 12 to 14 mm 1n flexors the maximal inhibitsons ranged
from 50 10 80 °, They were never complete

The dlﬂ”ﬂencc between extensors and flexors 1s thus so to speak n the nght
direction 1n view of the known propertics of their sensory afferents acting to
determine autogenetic excitability Table I} There are more tnhibitory afferents
in the extensors and the spindle secondanes whose actusation requires more
stretch than is necessary for the spmdle pnmanes shauld m the flexors augment
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- Frig 3 Example of fanliation m Phase I preceding the
facthtation ab onset of contraction and effect of Flaxed:d
o upon it Absctssae tme from cornmencernent of candv
i [ — toning stimulztion Daration of they heavy ine Ordinate

Joner curve lamplm‘.ui:: of monasymaptic reflex n per cent

5 of 13 upper curve
P - tractioning @ before and C afrer Flaxedi}

U g 35T eom e

1 bifity and never d h st The prep needs butbe
balanced towards flecor dommance hy spunal section to show the evpected
facilitation to stretch nstead of the ) hit 50 ch. tic for the
homosynaptically tested extensors

Contraction

Suries A general survey 15 given 1n the four expertments plotted in Fig 2
1Ml of which compare changes of tension (above) with changes of excitability
(below) The sumulus to the ventral root was always supramaximal for @
notor fibres as measured by the size of the contraction because, as m the
experiments with the extensors acteation of , fibres was aimed at Instial
tension was moderate just above the presumed threshold for the spmdie
secondartes The separation of the curves mnto the four phases marked 111,
13 taken from Fig 8 of Paper I

The two experiments A and Bof Tig 2 are yypical of the large majonity and
show the following sequence of events facifitavon of a very modest order at
the foot of the contrachon (this effect was farge (m evtensors) increasing #70
Phase 11 or quickly suppl; { by mhub while increases
(srmafar to the infubiion m the extensors) Early in the relaxation Phase M
there may or may not be 2 hump of nsing exaitabihity (gust as i cxtensors)
but tn the post contraction 18 Phase IV there 15 facibitavon in the flexors I
ths phase the typical esent it the extensor nucler » 1 imbibtion, often pmfount:i

As always in expeniments of this kind the central seteag of the spinal cor
15 umportant and mtroduces yarations fig 2 C represents a casen Wh:fh the
central setting has favoured excitation so that the wmhbitory eﬂ"m U’“‘f
contraction 15 smafl The post contracyon facihtation of Phase (Vo alway
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?au{— o
Fig 4 Ton cowte of suwogenenc ¢ o
dung;lo(mk(!z flevor e " - ——
exeul monosynaptic feflex [
fqlh\wmg‘ycond noeipg cantraction - . I e ]
bef 1o and after Flaxedd at inten 1 . { .
35 B umes o Qrehold. Absamae g
tme n msec from commencement ‘ v .?
of condimoneg stsmelfaton as Y
drated by Beavy boe Ordimate e
Iower curve amphtade of mano-

1
| /
synaptic sefley exprossed 1n per ceas * \e
of its unconditioned amplitude up-
L

pet cune temon in g @ before
ad (3 afier Faxedsh

seent i such cases Finally Fig 2 D s an example of tvo sxpenments m which
the post contracuon facslitation was relateve only The contracton was small
Nevertheless there was good mhubition which disappeared wath the dusap-
peasance of tension

Phase I The facabtation which as & rule was smaller in flexors than 1n extensors
began befare the myogram displayed a nise of tension Occastonally asm Fig 3
1t was separated from the facilitation i Phase IT which is synchronous with
the onset ol measurable contracion Curanzaton by Flaxedi suffices to remove
facihtaton s Phase I (Fig 3) It did not remove 1t 1 the extensors

FPhase 11 “The mahibition during the rise of tension disappeared after Flaxeds!
a5 shown 1 Figs 3 and 4 and was rep} by fact when
was blocked Such facilitatsons lasted for & longer tume in fiexars than in ex
tensars sn fact durig the whole of Phase 111 Inerease of sumulus strength 1o
810 10 bmes thie @ threshold reduced the snbabition

Phase JIT \lore ofien than w cxtensors the maxmum ahintion was shghdy
detayed waeh respect to mavunum tension The trauuent facihtatim which
oxurs m hath extensors and flexors was m the former sdentified with the

myofatic hump or appendage of Ballf Fulten and Liddell (192m Yt s

stmlarly mierpreted in the flexors In both cases 1€ 18 dependent upon natural
spindle actuation caused by the pull on the sense organ i relaxaton It was
absent after Flaxedul {Xig 4} when the tenson changes had dusappeaced

¥h use of Flaredid wn our experiments is based on the fact that for some wme after
complete block of the @ motar end plates the p termunats sull are capable of acusaung
th mreafusal munctes zs Judged by the ncreased spidie discharge after strone tetam
(Grant Homma and \fatthews 1929} rep t o in this fat 4ad nes
23un checked with fexor spindles The selectine block 15 however more rehable with
xtensors m which the av erage dose of 2 mg kg whallv remosed contracton whilc the
sperdles sull functioned pracucaliv unduturbed for some 19 to 30 tun or more In

hors 1he margm between g snd , block i maceover The dose of 2 mg kg did ot
wiflice for complete exerafusal block and with sthighths larger dases the ume malable
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O Y

ulus strength to muscle contracton and
L e = Abscussse con-
- dioning strulus sntensity as muluple
k4 of threshold for contracuon. Ordmate
1 upper curve tension i g 3t maxmum
¥ of contracuon lowcr curve amphiude

™ .o .
. - \'/"
[ ‘. -/ . Fig a Relaonship of conditionim, stim-

ment of eoninomng sumulanon) # be
fore and 7 after Flaxed|

5 i n
i T

vy 3 5
S se s g

for good spindle actnation was shortened 10 a few minutes only which means that the
tume course of flexor motoneurone excitability after Flaxedd had to be tested agamsta
hackground less constant than with extensors

Phase I} In the b after rel did not appear unles
the muscle actually had contracted and hence 1t was absent after Flaxed!
There 15 a general sumilanty 1n this respect between the two antagonsst motor
nucler 0 spite of the fact that Phase IV 15 exaitatory in flexors and wnhsbitors
in extensors After Flaxedd 1n Fig 4 facihitavon dimunished In Fig o st assees
_that post-contraction facil asafi of lus strength runs paralicl
“with the increase of the contraction and fals to be further increa.ed by sumul

{the early tezams shown 1 the other expertments) reaching well bevond the ,

threshold  After Flaxedil the post-contraction fzcilitation 1s gone In evern

respect therefore the post-contracnon changes of excitability n the twoantaZ
onist mator nucler behaved as «f smular events m the muscle receptors had
acted m opposite durection on their executive organs the motoneuronts

Discassson

In extensors there 15 2 quite powerful rise of excitainbiny wnth a fatent pennd
as short as 3 msec (Gramit 1990) agan confirmed in our Paper 1 Pant of s
may have been caused by the ephar p of 1 the <o-called

back response (Llovd 1941 1932 Leksell 1945, analvzed by Granit Pormnpesac®
and Waltman /1939, 1n sts dependence on tenston and extension Thes foun:
phapt less pr in the flexors used above than in the arkle
extensors When now the facihitation i Phase 1 also 1s less promument 1 fesont
than m extensors 1t may well mean that ephapuc exatation is more me"":; t
than our work an extensors suggested e were surpnsed there 0 fnd ;
fachtation of Phase I msensitne to Flaxedd because accordng 1o Liov

(1942) curanizanon should depress ephaptic excrtation
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The early discharge from muscle receptors m contracton (the term beng
Hunt and hufflers 1951) was found to hase a second component Gramt
Pompeano and Waltnan 1959) synchwonous with contrachion dufficule to
d b from the eph p m but viuble i flexors
shich 1ts existence alse has been demonstrated m flexor reflexes (Rutledge and
Haase 1961} This component of the early duscharge has been ascribed 10 a
spinelie activation which stace has been clearly d d by direct 4
wn the cat § toc flexor (Besson Emonet Denand ang Laporte 1963) Presumabl
this 1 responsible for the early facil preceding the nbitron that further
tension development engenders (Phase 1)

Autegenetic whibition dependent on tension m contraction 15 well known
from work on extensors the relesant literature brng referred to i our Paper [
We found this effect to duisappear after Flasedit In this respect flexars and
extensors behave simlarly ¥n the latter it has generally been identfied wath
the Group I disynaptic inhibstion of Laporte and Lioyd (1922) nowadays often
salled 1b and shown to contam i addition 2 number of polysynapuc hinks
{Eccles Fecles and Lundberg 1927} Laporte and Lioyd found this tvpe of
mhibrion also sn flexors and so there 1s some reason for extending wdentfication
of Ib or tendon osgan mhubinen to the present finding 1 Bexors in which st
fow has been shown to be and tensan deg

The myotatic hump in Phase 111 has alreadv been 1denufied with the
tquicalent event in the extensors (abose and m Paper 1)

The finding which to us seesns of greatest interest sn the present workas the
Post contraction exartatien sn Phase IV Iv has already been pomnted out that
this event 15 a replica with opposite sign of # similar process i the extensor
motoneurones 11 them aseribed to the effect of spindle sccondanes It w not
necessary here to repeat more than one argument for thus wdentificaton
namely the fact that secondanes are hnown to excte the flevor reflex (Hust
193¢ R N Beclesand Lundberg 1959 Laporte and Bessou 1999 which means
that they are inhsbitory for evtensor nuclies and excitatory for flevor nucler as
required by our identification of the o post contraction €vents with opposite
Sigrn the antagonsst nucles 1t follows that the changes of 2utogenetic exestabils
ty 1n Phase I\ caunat be a consequence of as such of

feadin,, 10 refractonness Such processes would be of identical sign wm flenors and
stensors

e bose no basis for evaluatng the relame role of pre and postsy nuptic
inhibitions i thus paper (¢f Eccles Locles and Ma n1 19611 and bave thevefore
restricted nterpretation to the probable pempheral esents v the muscle
receptors Clearly however the experiments have provided a basss for an
expenimental idennficition ¢ f the nfubstory processes o neetned

Thaw Khasbe  uppe rd by ih Swed b Med cal Reses B Leu

Fosw & Yand 1he Rockel Tter
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Zur Wirkung subdiastolischer Okklusionsdrucke auf
die distale Extremtitendurchblutung
Von
hravs Grar und Suve RoseLly

E ngeganeen am 12 Dezember 1963

Abstract

Grar . and $ Rosewr, £ r Wi ku g subdustolischer Okklusionsdrucke auf die
d stale Extremutatendurchl tng Art physwl seand 196% 61 357—373 — The
effects of subdiastolic pres ures 10 a prow nal cuff on the arterial inflow rate
10 the human forearm o the h nd leg of the cat were stud ed_The arternal
inflow  as recorded symultaneously by venous occlusion plethysmography
and by cither thermal conduct 1ty record rs or a drop recorder Subdiastobie
cuff pressures which are usually used fo venous occlus on ut plethysmograph
1c 1nBow measurements were found to reduce the arter al nflow The reduc
1 ont was most pronou ced tmually Dunng th  first 10 sec the dumioubion of
the artenal aflow was 4—6 per cent n forearm muscle and 20--30 per cent
in the hind leg of the cat Tte plethysmographic inflow curve usually showed
no corresponding upwards con ex defleion but ascended rather stead ly It
15 suggested that the ninal reduction of the arterial inflow occurred instanta
ncously and was the efleet of sl ght a tenal narrow ng caused by the cuff pres
su ¢ In forearm muscle such subdrastolie pressure periods_even as sho € as
Ssec were follow ed by slight reactive hyperacmua 1t s concluded that 1 the
human upper arm the degree of artenal obstruction 15 clatively small and
the phenomenon at least at moderate lev Is of blood flow ther fore will not
essentially sn al date the method of venous occlusion plethysmog aph

Es 15t haufig diskunert worden ob die subdiastohschen Mansct d
die 2u okk] teth & Durchbl

ucke

P! verwandt wer
den auch die Messgrosse selbst den arteniellen Emstrom beemnflussen konnen

(Dawes 192¢ Greenfield et al 1963) Plethysmografisch wurde emnc sichere
Vermunderung des artenellen Esnstromes erst dann gefunden wenn das Volu
men des Messh: hes durch aufg Blut um d 2—3 9, zuge
nommen hatte (Greenfield und Patterson 193¢ Coles und hadd 1957) Imtial
aber wahrend der Regustrierung der plethysmografischen Emflusskurven zeig
ten pletk rafische und Druck kemnen Aphalt fur cine solche
Beemflussung Vielmehr galt der anfinghich meist Lineare Anstteg der Einflus.
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kurven als Bewess fur die Konstanz des arteriellen Linstromes (Greenfield 1957
und 1960) Und auch emne plotzliche imtiate ~ von der Ewnflusskurve noch nicht
angezesgte — Vermunderung des arterielien Einstromes aul ein neues konstantes
Nivean warde fur unwabrschesnlich gehalten serl subdiastohsche Mansch
drucke den distalen artersellen Druck noch nicht veranderten {Walhiny und
Bradley 1846 Formel und Doyle 1957} I's wurde folghch angenommen dass
plethysmografische Fanflusshurven an Unterarm und Wade denglechenarte
niellen Einstrom anzeigten der auch ohne Beemflussung der Lxtremutat gefun
den worden ware {Greeafield et a} 1963)

Indes mussen auch dic ublichen Okklusionsdrucke von 50—80 mm Hg schon
den effekinen Innendruck der arterselfen Gefasse (transmurafen Druck) ver
mindern, worauthin dicse — sofern sie elastisch und durch den Blutdruck ge
dehnt sind ~ wahrschembich thr Lumen erengern ‘Tatsachhich fanden Con
rad und Green (1961} ber dirckten Durchblutung en am Hundel
dass schon Manschettendrucke von 40 mm Hg den artenellen Finstrom plotz
heh um 7 % verminderten Grant und Pearson {1937) sahen dass 1m Qberarm
Olkklusionsdrucke von 50 mm Hg die plethysmaografisch gemessene Unteratm
durchblutung erheblich reduzierten wenn die arterellen Gefasse uberwiegend
aus klewnhalibrigen holl len b den Andere Autoren fanden dass des
arterielle Linstrom i Unterarm Hand und Fuss mut steagendem Okklusions
druck abnahm (cf Graf und Rosell 1964}

Zur westeren Untersuchung des Emfluss
swurde der arterielle Emstrom i die Hinterextremutat der hatze und 1n den
menschlichen U pleth: fisch sawte glewch g auch mut enem
zwesten Verfahren (Tropft w 1 § registriert Auch der
lokale arterielle Druck wurde bestmmt Es zeigte sich dass subdiastolsche
{ venose } Okklustonsdrucke wte sie bes der Okklusionsplethysmografic ver
wandt werden auch den artenellen Exnstrom initial genngfugig vermindert
Duese mtiale Verminderung war weder aus dem Verlaul der plethy smogsafi
schen Emnflusskurve zu erkennen noch fubrte sie zu messbaren Anderungen des
artensellen Druckes Grosse und Verhalten dieser Beemflussung des artenciien
Einstromes und thre Bed fur okk lethysmografi che Durchbls
tungsmessungen wurden naher untersucht

+ Tischer Okkt drucke

Methoddke

\eoungen an der Hnterextrematat des F aiae
Die Versuche crfolgten an 3 hatzen (Gewicht 1 8bis 28 kg) Anasthesie ant Chlcﬁ;fus‘t
{30 mg/kg 1 v} plus Urcthan (01~02 gfkg ++ ) Tracheallanuherung Die Rct"
wurde durch Bestrahlung mit emmer W 1 auf 3627 C gehalten
st Efcktromanometer Statham P 23 A3 e
els gert und dhe asteriedlc
tien Tropfenzibler gelostet
e 1) Jede unnbuge AW

Blul‘dmckmv:sung mder A carous dv mwy
A. femoralis dx wurde sm unteren Drtttet dey Oberschenk
Durchblutung zum Unterschenkel durch eanen fotoclektnsc
der emen Ordinatesschreiber steuerte {Landgren 1938) (F:
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Tropfenzohle

Prethysmograf
4o mmH0)
Fig 1 YVersuchmnordnung zur APTORS
glc chzeit gen dirckten und plethys
‘mografischen Messung des artenellen

tromes an der Hinterextrertat
der Ratze I Grenzen des ca 0l
grossen plethysmografischen Mess

tgut
bereiches s nd du ch unterbrochene

D stale t
Liruen bezeichnet Okkluso sma  hette stale”2 gatur
losung der Haut von der Muskulatur wurde bei der Prap sorgfaltg d
e R von Durchblutung flem Druck Zest {1 mm) und Markserungs

signalen erfolgte mut emnem Grass Polygraphen (Regustrierbevptel in Fig 2) Der arte
nelle Einstrom 1n den rechten Unterschenkel wurde mut einern lultgefullter {Fullungs-
druck 40 mm H,0) fleblen Dohn schen Segmentplethysmografen gemessen (Fig 1)
Der 5 cm lange Plethysmograf umschloss dse Wade in ihrer ganzen Lange 1 cm distal
vom Pleth; wurde die Durchb, durch eme Ligatur unterbunden Das
Volumen des Rereiches fur die direkte Regntrierung des arteriellen Esnstromes hatte
e1ne Grosse von durchschmtilich 27 (25—30) ml wahrend sich due plethysmografischen

AMessaneen auf eine um 23 (3] Mencren | Berewch von 20 (14—26) ml Grosse
bezogen Okl zu

erfolgten 1
Oberschmkelm:ltc 35 cm provmal vom Abgsng der zum Troplenzahler fubrenden
Femoralskanule (Fig 1) Die Okklusionsmanschette bestand aus dunner Plasukfohe
und hatte ¢ine Breite vor 2—3 em Ihr Fullungsdruck wurde mut esnem Elektromano-
meter (Elema) gemessen Line Binde verhinderte thr \ errutschen nach distal hin Die
plethysmografischen Mcssung:n erfolgten mit der von Graf und Westersten (1929) be

schre benen Apparatur Pl und OkXI wurden mit emem
4 hanal Direk (M f plus Elek 42 Elema

Stockbolm Solna) (Registrierbesspiel 11 Fig 2) die lineare Schreibbreite betrug fur
Jeden Ranal 6—8 cm

Beir den 3 Ratzen erfolgten 82 Okkl mmt subd hen A\f;
bus zu 80 mm Hg und 32 Okklusionen nut hoheren Druchen

Messungen am Unterarm

Die \ersuche erfolgten an 16 gesunden Legenden Persontn (Studenten) Die (direkt
oder Blutdruck deinderA b dx lag zwischen
HOund 65 mm Hy durch die U odcr Lagerung wurden
sorgfaltig \emmueden Zimmertemperatur 23 C

kbl mat venoser Ok fie erfolgten am p Tel
des rechten Unterarmes it 5 cm langen fleablen
grafen nach Dohn (Esnzelheiten ber Graf und W estersten 1929) Der Unterarm war in
ciner Hohe von €a 5 cm uber dem Niveau des Manubrium sterm gelagert Die Staut
manschette sass am Oberarm unmuttefbar proumal vors Ellenbogen 1—2 cm distal
vom Pleth war eme \ um wahrend der Durchblutungs
messungen dcn venosen Ruckfluss in das Messgebiet zu blockieren Die beiden Okl
sionsmanschetten wurden gewohnlich synchyon auf den gleichen Druck aufgeblasen dse
duulr Manschette jedoch auf nie wemiger als 70 mm Hg Vcuteres ber Graf {1964 a und
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Bey 5 Personen crfo)gicn am selbcn (rcc}ucn) Arm auch Messungen der H:mddurth
blutung mut Gewblen | Ip] nach Dohn {Emzell
Graf und Westersten 1929) Okkludert wurde mt der Unterarmmanschette die dls!zl
vom Segmentplethysmografen sass

Durchbl it 15 Al (WTMN) nach Hensel erfolgten

feich it den plethy fischen Durchbl und am selben
Arm bet 10 Personen Die WTAM wurden un plethysmografischen Messbereich am
Unterarm plaziert der Muskel WTA (Sonde) in dre Brachioradiabs Extensorenmusku
latur esngefuhrt der Haut WTM (Platte) unter die innere Lamelle des Plethysmografen
geschoben Die Plazierung war identisch mut der schemauschen Darstellung n Fig
ber Gral (1964a} Werteres zur Regutrierung und Auswertung von YWarmetransport
zahlmessungen be: Golenhofen et al (1963)

Eme Kkalb der ¥ m Werten der VWarmelerzahleshohung
A7 (10%aljem s ©) halt Bl (1962) nucht fur snmoll Er bestangte m Modellyer
suchen dass die Proporuanalitat zwischen Anderungen von 42 uad Durchfluss olumen
ber hoheren Jokalen Durchflusswerten xmmer geringer und 42 mit abnehmenderm Abs
stand zwischen Messort und Gelassen sichtbarer Grosse mmmer grosser wird wodurch
quantitatine Messungen !Cthcng werden Er hiess jedoch unerwahnt dass die Traghent
der Anzeige von Di et den Werten von 42 geringer wird
was ber der konuouserlichen Regt tierung von Durchhlutungsanderungen von erheb-
hcher Bedeutung sem kann Zur Beurtertung der Anzergeverzogerung von Durchbhs
tungsanderungen hoanen daher auch Angaben uber dic Grosse von 47 erforderhich
sem (Graf und Rosell 1958}

Dic Disproportionalitat zwischen den Anderungen vor A7 und Durchflussvolumen
lasst Bill (1962) auch cine sermquantitative Rabibrauon der lokalen Durchblutungs
anderungen ablehnen sofern micht jede WTV Lage nut dirckter Durchflussbestimmung

v.ud Eme grosscrr Zahl von Unt~rsuchungen hat jedoch gezeigt dass im

hysiol Dur berech  das Verhaltms zwischien Andetungen von 42
md D i ) merst noch hnear 1t (Laeratur ber Golenhofen
etal 1963)
A denl, Zur Erf: des E im Muskel wirden
lchst ar S Da die g Arterien haufig ©17

zusamemen mut shren zugehongen \enen verlaufen sind aber messt nur Sondentagen
m t cmer aur uberwiegraden Anzeige der artenellen Stromung zu erhalten (siche auch
Golenhofen et al 1963) Dic folgenden 3 Krtterten fur ciae artenielle Registrierung

erfullte her » mden U 7 1m Durchschnit cht 15 SDndcnhqe
fsonst war dort jede 5 bis B Sondenlage brauchbar ; 1) +

sch k n 2] eine durchbl bed W, lerhoh von mm
destens 15 10~%calfems € 3 eme Fr der Messi fle bt
reaktner Hyperame Eine Besprect werterer dert her Son

denlagen siehe in Diskussion™

Druckmessungen Bes 8 Personen wurde zusatzhich zur Durchblutung im rechien Unter
arm auch der Druck in der \. brachialis dx uber cincn perkutan engefubricn hathetes
ot ewnern Elek /Elerna Dre Kath fag sn
Hohe der Fossa cubits 2—-3 em 1om distaten Rand der OberarmeOkklusion manschetic
entfernt (entsprechend Fig ) ber Graf 1964 a)

Rrosstrerungen Plethysmogramm und arteneller Druch wurdcn gleichzaitig aufl cinend
4-hanal Daseb her AL plus Llek Tlema Stockholm
Solna) regustrert (Rrg:smcrbmspxcle n Fig 5 und 6) dre lxnea(c Schresbbreite be(rul:
(ur yrden hanal 68 cm Die Warmetransportzahiregistnerungen erfalgten auf etnc
2 Kanal Dirckeschresber (F1 h & Braun Frankfurt)
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Fig 2 Abschmste duektet und plethysmografacker Popae oy o

an der Hsnterextremutat emer hatze bey Okiumnmavieige, o o 27T len Birvere oy
Thusen Regutnierungen mt OrassPolygraph bk g~ 4 34" rm Hz Obere
bung) Signal tur Okklusionsdaucr Untese 7 huryer o5 a0 e Ord matrrschen
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Ergebnigee

Vessuagen an der Hertereatremutat dev Falos

Duthte Vessungen des Evtrores duchde g ¢,
von 20 mm Hg sermnderten haufig d e 3, (}”‘:
2unchmenden Okhlusionsdruck warde ¢, U det 4 femoruls M
{Fiz 2) Bes Okklusionen mut 40 mm Hyypp 20 A‘:‘mm""“md':m“g starhe?
stromes an allen Falten sicher nachwentar o “rahme dey arteny~lien !
artenellen Finstromes deutheh 2u unterset,

*#nderen Schwankunsrit | N
waren die \ ermsnderungen des arteniellen g, B glerchern Ouldusion 1

der Lrnfang des Qbers henhels unter dop owrrc Mo starker 3¢ ~€ xp

wnsdrucke 1on 1460 180 mm Hz drosel,e., duw“min'schcne o OV -
cinem Druch i der | €arols \on etwa gy Wf A
Der Druck m der Ohklusionsmansehes .
komstant e b1~ Die Zbnshme deg Uschon wemaer | D
der Haupt a he ther hr enten 10 366 ey o Emstromes 1 ¢ !tl o
wurden 6U -t die e Mhsfatles gew n, @ l:,:,u ionshegmn : ‘ol" ﬁ
Muttethar n

o«

Sehion Dlcktusionsdrutke

morahs vollseat t
ks

-
0
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Tab I Evgebmsse glech-atiger direbter und plethysmografischer Messunyen des artesellen Lin

stromes an derselben Hinterextrematat der Fater bo Faed bdrastolsschen Okkl:

druken. Werte qus 44 Messungen an 3 hat.en Die drekten Einstrommessungen erfolgten jewals
d. Ab; fer A

nath 10 see Okl nakme des arteriellen Dinstre mne de Die
sn Parenthesc stehenden plethssrografischen Verte bes 0 mom Hg wurden — entsprechend der direbten
Einstromdifferenz — von den ber 20 mmHg g V8 erten aus hert Mtteluerte (M)
und Bereweke (1)

Oklusionsdruck (mm Hyg)

0 20 40 60 20
Asteriller Emstrors
(ml/mn)
‘Tropfenmessung M 33 32 30 25 23

r 10-49 09248 086—47 065-39 042-37
Plcthvsmografische A [2.5 24 27 19 12
Aess.ang r 091-38] 082-37 070-32 067-28  038-"3
Abnabme des arterellen
Exnstromes wahrend der
ObHunom ()
Tropfenmessung M0 —4 -1 —~2r ~34
7 —(0—10) —(4-20) —~(15—40) —~(16-G0)

Plethvsmograiske M ¢ —4 -17 —~75 ~31
\Messung r —(0-10) —(4-23) —(16-37) —~(16-3}
}

seginn regy triert (Fig 2 beachte die mcht vertikale Ordinatenschreibung und
die micht limeare Registrierung des artenellen Emstromes)

Tab I zeigt die \ erminderungen des artenellen Emstromes ber Okklusionen
mit 20—80 mm Hg Oldlusionsdrucke von 20—40 mm Hg mut denen an der
hatze dic besten stealsten; Emnflusskunien regustnert wurden vemmnderten
den artenellen Emnstrom wahrend der plethysmografischen Messdauer 108
10 sec bereats um 4—11°,

Bex 18 \essungen wurden die Okklusionen mit subdiastolischen Druchen bns
zu 2 mmn ausgedchnt, Verglichen mit der Eanstromn ermunderung s den ersten
10 sec fiel der artenelle Einstrom daba nur noch genngfugig waier ab ”50
betrugen ber 60 mm Hz Okklusionsdruck die Abnahmen nach 2 mun 20—60
be: 80 mm Hg 2080 ©, tergleiche die Werte fur die Emstmm\cnnmdcﬂmh
gen nach 10 sec Okklusionsdaurr Tab I) Be einem Versuch wurde nac
30-—60 scc Okklusion mit 20—40 mm Hg zweimal ein gennger ehen anzedeu
teter sehundarer Wiederansucg des artenellen Emnstromes beobachtet der )¢
doch den Ausgangswert micht uberschntt uad schon an der nichsten Minute
wieder zuruckgin

Pl:thmmgm,z‘:f% Vessungen Dic plethysmografischen Finfluskunen ";’:
Unterschenkel niegen m den crsten 10 sec gewohnhch lincar an (Fig 2J



DURCHBLUTLNG BEI SUBDIASTOLISCHER ORRLUSION 363

Tob I Darchblut.m, sabnabme wnd nachfolgende reakts ¢ Hy in der U kul
ba 519 sec langen ORklusonspenoden am Oberarm mit 70w Hg Messungen mit der
Warnelatsonde an 8 Personen Be.ugsuwerte fur Durchbl brakmen und Flachenuerte waren
die dnderungen nach 5 mun kompletter Durchblutungsdrosseling mst 250 mm Hg Vittelwerte { 11)
wd Beresche (7)

oL
Klus on
e 250
mm Hg

Olklusion it 70 mm Hg (Dauer i sec) (5 mim
5 10 20 30 60 120 Dauer)

Durpblutings

abnatme w hrend

der Ofklusion

{ desmn

lmAu. A —f 6 —10  —D —1f —17 —100

gangswertes) v —(1-8) —(4-9) —(8-13) —(17-19) —(13-17) —(14-19)

Durchblutungsy

nakme e Vaxy

o der v akty en

Hyprrame

(% des mue

lwendu M 45 4n1 429 467 +H6 26 +3%

Bugwertes) r 0-3  7-14 1933  51-100 128—173 270-292 3:0—4,0

Fla henseert

drrcktuen A 03 07 18 45 143 76 100

HW’"’""( ) r 01-04 03~14 10-29 18-68 73-278 936460

hessen also weder einen plotzlichen mtialen Abfall noch ewne mehr alimablich
gfolgmde Verminderung des artericllen Emnstromes erkennen Ber hoheren
kklusionsdrucken mut starkerer mitialer Verminderung des arterellen Ein

stromes war der Anstieg der Emflusshurven oft langer luear als bes germgeren
Okklusionsdrucken (Fig 2)

Ver leck von direlt ynd plethysma_rafisch Berten Dre pl fi.ch
;Cmuscnen Werte des artenellen E; waren mm Durchschnitt um 20—

3 %o gernger als die direkt gemessenen (Tab 1) Diese Differenz entsprach
gut dem G d der beiden Messberesche (Werte in Methodik )

:‘lngtgcn wurden die relagnen Ve
urch die Okklusionsdrucke von ber
Recks o Hyterame: Olklysionen

riminderungen des arteniellen Einstromes
den Verfahren ahnlich angegeben (Tab 1)
Dauer by . mit Drucken bis zu 80 mm Hg und ener
rwm‘ms ;u 0 sec waren von hemner oder emer nur schwach angedeuteten
anhat yperamie gefolgt (Fig 2) Eine geringe und mcht langer als 20 sec

altende reakine Hyperamie erfolgte hier erst nach emer Okklusionsdauer
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Fig 3 Verhalten der Unterarmdurch
blutung (arterieller Einstrom) bes ver
schieden starken Okklusionen am Ober
arm Kurven aus emem Versuch m der

[T

A% 3gmmHg
B0 2 gezeigten Reihenfolge registriert Rah
bration 10 4 (10-*caifem s C) und ®

xo des mittleren’ Ausgangswestes (/ und
ok || _Skalen sind huer nue der untersten

Kurven mussen sie bis zu deren Auy
gangss erten parallel verschoben wer
den) Die gestnichelten Linien m den
oberen hurven bezeichnen deninande
ren Versuchen bet Okklusionsdrucken
von 30—60 mm Hg haufiger regusteier
[ 1 2 I m 4 ten Durchblutungsverlauf

Fig 4 Verhalten der Unterarmdurch
blutung (attereller Einstrom) ber 5—120
sec langen Okklusionen am Oberarm tt
70mm Hg Kurven aus emem Versuch
in der gezeigten Rethenfolge registnert

Zewchnenische Unterbrechung des kont

nuterhchen Kuryenabfalles in den 3 un

teren hurven Schraffierte Berewche uber
der 100 Lime Flachenwerte der reak

tven  Hyperamie  Kalbranon
A (10-calfem s u des mutth,

ren Ausgingswertes (2 und 9 Skalen
stnd hier nur der untersten Registrieru g
zug ordnet fur dic anderen hurven
mussen sie bis zu dercn Ausgangswerten
paralle! verschoben werden) Vergleicht-
werte sind die Reaktionen ber 5 mmn
Janger kompletter Durchblutungsdrosse

tung it 250 mm

A
70
200)
80
10
0|

129
1!

i Iben Vi hen K llen mut 20 scc

von 1—2 mmn Dagegen zeigten in
vollstandiger Drosselung des artersellen Emnstromes durch Okklusion mit 220
mm Hg eme deutliche reaktive Hyperamie von etwa 15 sec Dauver deren Aus
mass (Flacl t) ber 1 Okl n linearer Abhangigkeit zur

Okklustonsdauer {,emessen bis zu 2 mm) zunahm

Messungen sm Unterarm

Durchblutung {(arterteller Einstrom) tm Muskel In der Unterarmmuskulatur
fuhrten schon Okklusionsdrucke am Oberarm von 30 mm Hg zu einer Vermin
derung des artertellen Eanstromes Mit zunehmendem Obklusionsdruch wit de
diese Venmunderung immer starker und erreichte schhiesshich be kompletter
arteneller Drosselung durch 250 mm Hg den Durchblutungs Nullwert (Tab 1
Tig 3) Die artenielle Emstromyermmderung war n den ersten 10 sec der Ok
klusion am starksten setzte aber gewohnlich auch in den 1 Jen 2 min
noch langsam wetter fort {(Tab 11 Tig 3 und 4) Bes 70 mm Hg O
druck betrug die artcrielle Einstroms erminderung n den ersten 10 set

L klusions
¢ — alsa
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:ig Okkiusion Ohddusion

m Unte arm % o0l

80°
Houtdy _hblutung .:Zg
muram % g

Y WH\\\\N\M\ \‘t\\\\\m\ iy

Plethysmogromm \. \
1004 Unte arm ™ Hand
Okkluswnsdruck
50
v ,,L{_L L

P S S S
] 0 w 30 Sek
Fg 5 Glechzeihge Regstr erungen von Durchblutung im rechten Unterarm und m Mushu
latwr und Haut des plechys nografischen Messberetches sowie der Drucke in der A brachial s dx
und der Qkklus onsma schette am Oberarm Die Regutnierungen ¢ folgten st glecher Papier
gschwindigkest Die 2 Eanfl ssskurve warde nach Umschaltung des Plethysmografen an der
Hand registnert Muske! und Hautdurchblutung o des m ttleren Auwsgangst ertes Durch
blutuag ‘m Unterarm 41 ml/100 ml min w der Hand 3 4 mlj100md mn

i

i

n der zur Regutrierung pletk her Eanflusskursen b Zeit —
durchschnuthch 6 % (Tab 1) die wirkhche Eanstromsermmderung durfte
1 dieser Zest noch etwas rosser und imtal noch steiler gewesen semn was aber
wiolge der Tragheit der Warm hi g meht vollstandig ange
z¢1gt wurde

OWusionen mut subdiastolischen Drucken auch schon von nur 5 oder 10 sec
Dauer reduzierten oft die spontan rhythouschen Schwankungen der Mushel
durchblutung 1m 30—60 sec Rhythmus oder honnten diese auch gonz aufhoren
Iassen (Fig 3) Noch Okklustonsende verging bis zu threr vollstandigen Ruck
behr haufig 1 un

Bet 3 Personen wurde 1m An.chluss an den mnalen Durchblutungsabfll
;’{th:fach (ber unveranderter Sondenlage) e schundarer vorubergel ender

Bl

g der W
wert beaback

P ung bis uber den Ausgangs

Dieser Wied 1eg begann 30—60 sec nach Okllusions

beginn gng aber schon 1n der nachsten Mimnute wieder allmahlich zuruck Ein
Beispiel dafur zeigt Fig 3 (ausgezogene Linien) Auch der leichte Anstieg des
Mittelwertes der artenelien Emstrom\erminderung, nach 60 sec Okklusion in
Tab 11 deutet dieses \ erhalten an Diese Reakuon erfolgte nur ber Okklusionen
mut Drucken bis zu 80 mm Hg  hohere Drucke bewirkten auch bes diesen Ver

suchen pur emnen kontinwerhichen hurvenabfall In allen anderen Versuchen
erfolgte auch bei Okklustonen mut gerngesen Drucken als 70 mm Hg nur emn
Fontnuserlicher Abfall des artersellen Einstromes (angedeutet durch die unter

brochenen Linien der Leiden oberen hurven der Fig 3), dicses war auct 1

HEU A1 phyrof e 4 Bl
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o ] wuuumw,wm lu’-t'.stit',{'*im“ i Wy www I

i':“i“:'?:“mﬁ? Al
120 mmig
P t.ma:y,\:w x ,R}*:e: iy \‘J_U,( m.l\w i

ose

Fig 6 Plett ysmografische Emnflusskurven am rechten Unterarm und Druck 1n der 4 brachuals
dx. bei sterpenden Okklusionsdrucken am Oberarm. Angabe des Okklusionsdruckes uber den
Druckkurven Kurven sus emem \ ersuch 1n der gezeigten Reigenfolg_regustriert Die Abstande
zwischen den Okklus onen betrugen mindestens 10 sec. W erteres m Text

~der oben erwahnten 3 Personen der Fall wenn xut emner anderen Sonder lage
gemessen wurde
4 Hautdurchblutng  Okklusionen ymt 50 mm Hg und mehr fuhrten auch zu
emer Abnat der Hautdurchb! am U Diese war imtial am
starksten und konnte i den ersten 10—15 sec 10 %, und mehr betragen (Fig 5)
Ein sekundarer Wiederanstieg wie 1m Muskel (Flg 3) wurde nicht beobachtet
Die warklichen Abnzhmen der Hautdurchblutung dirften besonders imitial
erheblich grosser und stedler gewesen semn was aber 1nfolge der Anzeigetraghest

dieser Warmelentzahl umolistandig registniert wurde damut erklart
sich auch die Verzogerung gegenuber den gleich registrierten Reak
der Muskeldurchblutung (Fig 5)

Plethysmografische \e en der L furchbls Dte mnitiale Verminde

rung des ancncllcn Einstromes um 5—10 % die in den ersten 10 sec in Mushu
latur und Haut des Unterarmes erfolgte wurde von gleichzeitig regstrerten
plethy fisck Emflusskurien mcht diese stuegen vielmehr
messt inear an (Fr 3

Die steilsten Einflusskunen wurden ber Okklusionsdrucken von 40—70 mm
Hg registriert Bes hoheren aber noch subdsastolischen Ok drucken wur
den die Eanflusskunven allmahhich flacher Les Okkl drucken die 7wischen
der Grosse des diastolischen Druckes und der des artenellen Misteldruckes lagen
Lonnten die Emflushunven — trotz Verminderung des artenellen Musteldruk
kes — noch einmal signifikant ansteigen (Fig 6) Bes noch hoheren Okklusions-
drucken wurden die Emflusskurven rasch flacher (f1g 6)
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50 ;
Flache weri d I
ktve Hyperom
Fig 7 Flachenwerte der reaktiven Hy k4
peranie 1n der  Unterarmmuskulatur

nach 5—120sec langen Okklusionen am »
Oberarm nut 70 mm Hg Messungen mit
der WWarmeleitsonde an 8 Personen
00 = Flachenwert nach 5 mm kom
pletter  Durchblutungsdrosselung it
20 mm Hg Ausgemessen wurden nur die
Tlachen der ersten Durchblutungszunah
men die de 100 o Lant  uberstcgen
(sch affiert gezeschnet in Frg 4) a

0 1 m
Do der Oidd s
(mt 70mmHg)

Druck m der 1 brackualts Subdiastohsche Okklusionsdruckhe am Oberirm
fuhrten 2u kemen messbaren Veranderungen des Druckes 1m distalen Teil der
A brachialis OKklusionsdrucke die zwischen der Grosse des drastolischen
Druches und des arteniellen Mitteldruckes lagen verminderten die systolischen
und mittleren Druckwerte lescht Okklusionsdrucke die den arterzellen Mattel
druck uberstiegen reduzierten den gesamten distaten artenellen Druck Siche
Besspicle m Fig 5 und 6

Revkive Hyperamie Schon 5 sec Jange Okklusionen am Oberarm mit 50—70
mm Hg hatten m der Unterarmmuskulatur eme reaktive Hyperamie zur Folge
die mut zuneh der Okkl d und {em Okl druck starker
wurde (Tab II Fig 3 und 4) In der Haut des Unterarmes war dabe: emne
deuthehe reaktive Hyperamie mcht zu erhennen Im Mushel war die Grosse
der reaktiven Hyperamie — der Flachenwert der ersten Durchblutungsza
nahme die die 1009, Lime uberstieg (schraffierte Flachen m Fig 4) —nach
510 sec langen Okilustonen noch mimmal Nach 20 sec langen Okklusionen
wurde der Flachenwert grosser und nahm von da ab i linearer Abhangigkeit
2ur Okklusionsdaver zu {Tab 1T Fig 7) Nach Okklusionen von wemger als
30sec Daver bestand die reaktive Hyperamie gewohnlich nur aus emner emmnh

gen Durchb] Nach 1 Okllusionen erfolgte die Wieder
;";stcl!ung der Durchblutung haufig 1n Form von 2 bis 3 periodisch gedampiten
chwn,

gungen (angedeutet m Fig 3)

Daskussion
lutale thnapy des artenellen Ewnstrom s

c‘ﬁﬂaf;'md und Green (1961) fanden n direhten Messungen an der Hunde
- an’m schon be: Okklusionen rmit 40 mm Hg plotzliche mmtiale Abnahmen
Fras eriellen E; um durchschnittlichk 7 % Golenh und Hilde

Tt {1927, 1962) sahen ber Okklusionen am Oberschenkel mt 40 mm Hg
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eine rasche imtiale Abnahme der Muskeldurchbl g der Wade Greenfield
und Patterson (1934) zeigten 1n shrer }1g 4 schematisch eme 1itiale, wahrend
der Registrerung der plett . hen Finflusskurven erfolgende Vermin
derung des , actual artenal inflow von ca 02—03 ml/100 m! mun, legt man
dem die ublichen Ruhedurchblutungswerte 1m Unterarm von 2—5 ml/100
m! mn zusrunde so prach dieses emer len Verminderung des arte
riellen Einstromes um 4—10 %, war also ahnlich den von Conrad und Green
(1961) sowie den in diesen U, h fund Durchb! brnak
men Diese plotzlichen imtialen Verminderungen des imitialen Einstromes sind
wahrschemnlich auf emne partielle Okklusion (Verengerung) der artersellen Ge
fassedurchden lisct k druck zuruckzufuhren (siehe wester
unten unter , Bedeutung der arteriellen Finstromveranderungen fur okklusions
plethy afische Durs g
Offenbar sind die Abnahmen des artertellen Emstromes umso starker je ge
rmger Extremitatenvolumen und Arterienkahber an der Okkl Tle sind
So war ber gleschen Olkklusionsdrucken die relative Verminderung des artenel
len Einstromes starker am Katzenbein als am Arm, und auch an den 3 Ratzen
bemen war ber gleichen Okkl drucken emne kehrte Proportionalitat
zwischen Emnstromverrmnderung und Oberschenkelvolumen vorhanden Diese
Ergebnusse passen zu den Beobachtungen von Burch (1954) und Shanks (1955)
die durch subd: lische Okkl drucke am Finger erheblich starkere Durch
blutungsabnahmen fanden als sie ber gleich starken Okklustonen an Unterarm
gédcr Wade vorkommen Zur Erklarung kann eine zunehmende radiare Ver
munderung des effektiven Okkl druckes werden wedurch
bet gleichem Manschettendruck die Arterien n volumuinosen Extremutatenab-
schmtten (Oberarm Oberschenkel) geringeren effektiven Okklusionsdruchen
hmaleren § (Finger k bein) {cf Gra

b

ausge ctzt werden als in
1964 a)

Grant und Pearson (1937) fanden eme starkerc Abnahme des artersellen Einstromes
auch an Memeren Arterien (Mollateralgefassen) Arterien mut klemerem Kaliber knaca
elastisch dehnbarer und folglich starher druckpasuv erweitert sei als grosscre weshalb
shr Lumen ber Vermmnderung des transmuralen Druckes relatiy starker abnehimen kant
als das grosserer Arterien mut hoherem Elastizitatsmodul (cf Janeway und Park 1910
Mackas und Walker 1963)

“{an konnte \ermuten dass der arterselle Emstrom in linearer Abhangigkaitvoman
den Ol druch ab

und solche Befunde sind auch vereinzelt erhoben
Untersuchun
gere Abnab

worden {cf Graf und Rosell 1964) Haufig wurden dagegen wie in diesen
4 b Okkl Iruck heblich ger

en ber

xgn:n des artenieilen Einstromes beobachtet Dic wiel zitierten Untersuchungen von

Landos ne und hatz (1942) sind sogar so gedeutet worden dass subdiastolische Gkklu
a 1

sionsdrucke noch zu uberh: kemer V des
m‘::lu zesgt Fig 2 ber Landowne und katz (1942) ber ansteienden Okklusionsdruckent
swischen 50 und 120 mm Hg cbenfalls eine wenn auch gennge zunchmende V;rm‘;:{
derung der in der Wade h D e ln dor
N ahe duastolischer Obklusionsdrurke 15t sogar ein nochmaliger kurzzertiges Ans ieg

Tinstromes fubiren
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artenellen Enstromes moghch (Fig 6) Walkins und Bradley (1946) und Mackay (1937)
erklaren den ber subdiastolischen Ohklusionsdrucken unproportional genngen Abfall
und eventuell sogar nochmahgen Wiederansticg des astenellen Emstromes mit emem
funktionellen  Klappenefiekt  der nur ber deuthch pulsatonschem Ablauf des arteriel
len Emstromes auftrete 1o der dsastolischen Phase abnehmenden artenellen Druckes
wurden die Arterten durch subdistolische Drucke starker ohiudsert, wodurch exn pul

uckfluss und das arterielle Netto-Einstromvolumen
sogar erhoht werden konne

Schundare Ande des lien Exnst

Im Anschluss an die rasche imtiale Vermunderung fiel der arterrelle Emstrom
nur langsam weiter ab Die Ursache kann eme durch die Gefassauffullung be
dingte Erwerterung der Widerstandsgefasse sein Eine solche ot haufig disku
tiert und nach Anstiegen des Venendruckes um 10—12 mm Hg auch sicher ge
funden worden (Linton et al 1941 Friedland et al 1943 Edhelm et al 1904
Greenfield und Patterson 1954 Morerra et al 1956 Prerovsky und Linhart
1926 Formel und Doyle 1957 <f Follow 1962 Shepherd 196%)

Ein sekundarer Waederanstieg des arteriellen Eimnstromes (Fig 3} wurde ahn
lich wie hier auch schon fruher beobachtet (Prtchard et al 1942 Golenhofen
und Hildebrandt 1957 Schoop 1960 und 1961) Auch die angezwerfelten Be

funde von Linton et al {1941) honnen eine ahnliche Reaktion angegeben haben
Grosse und Dauer der sekundaren Durchbl b

wurden mt ste:

gendem Okkl druck geringer hich infolge der ber hoheren OLklu
sionsd h den Verminderung des arteniellen Einstromes Dre bal
dige Wiederabnahme des sekund Durchblutung ges 15t mut dem mut
h der G lung +erbund; Anstieg des arteriellen Stromungs
widerstandes zu erklaren ber medngen Obklusionsdrucken von 20—40 mm
Hg kann sich der Ruckgang der sekund Durchbl ung uber
mehrere Minuten | hen (Golenhofen und Hildebrandt 1927 Schoop 1961)

weil die Auffullung der Gefiisse daber langsamer erfolgt und auch geringer »t
Erst nach Vol i durch Blut von 2—3 °, mmmt der

artericlle Einstrom regelmassig starker ab (Greenfield und I atterson 193¢ Coles
und hidd 1957)

Due Ursache dieser sekund Durchl

ung 1st unklar Auffalh
Serwere wurde sie busher nur in tiefen  (Muskel) Gefiissen beobachtet aber
auch dort nicht ] was auf t dere U de h kann
F"Oknhcfen urd Hildebrandt (1957) halten es fur moglich dass dieser Durch

2 nuat 1 Absch mit myogen reagiblen 1tom werten) Wader
standsgefissen erfolge die also aul Abnahmen des transmuralen Druches mut
@ner Dilatation reagieren konnen Esme weitere Erklarungsmoglichkeit ware
o Shifien der Durchblutung von superfizicllen (Haut) in die teferen (Muskel
Rnochen) Gefasse Einc Rethe von Lnteruchungen haben das V arkommen
¢mer solchen Reaktion wahrscheinlich gemacht die fruhestens 5—10 sec nach
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Beginn venoser Okklusion auftreten, druchpassiv {oder auch reflektonisch)
durch den Venendruckanstiep ausgelost, und mut emner Zunahme des vendsen
Abstromes durch die tiefen® Gefasse in Muskel und knochen und gleschzentt er
Konstanz oder auch Abnahme der Hautdurchbl . verbunden son solt
(Morewra et 2l 1956, Preiovsky und Linhait 1956 Colesctal 1928, Shaw 1963)

Rertire Hyperarme

Die reaktive Hyp nach subdiastolischen Okk): gibt wah
Lch nicht nur den Abfluss des aulgestauten Blutes an weil dieser wie plethys
mografische Registrierungen 2etgen schon nach 2—5 sec beendet 15t Vielmehr
war die reaktive Hyperame nach subdiastolischen Okklusionen in Ausmass wic
Dauver proportional zu Lange und Grosse der Okklustonen was auch andere
Autoren mut verschiedenen Methoden an den Ixtremitaten gefunden hatten
{Lewis und Grant 1925 Friedland ct al 1943 Abramson 1946 Tolkow 1949
Patterson und Shepherd 1904 Golenhofen und Hildek 1t 1962)

Auch nach 5 oder 10 sec langen ,venosen Okklustonen kam es schon zu emer
reaktiven Hyperamie Nach so kurzen Okklusionen wird deren Ursache wemger
m lokal chemuschen Faktoren als mehr in emer druckpassiven Weiterstellung
oder auch myogen bed T hnahme der Wid dsgefasse gesehen
{cf Tolkow 1949 und 1962) Emne eventuelle Stoffwechselschuld st jedenfalls
be1 hurzen subdiastohischen Okklusionen micht grosser, als dass sie auch noch
ohne tarhere Mehrdurchblutung gedeckt werden kann  denn nach Okklusio-
nen bis zu 20 sec Dauer nahm der 1 lachenwert der reaktnen Hyperamie —
em relatives Mass fur das uber den Ruhewert hinaus durchgeflossene Blutsolu
men — nur unbedeutend zu (Tab 1T T'ig 7} Erst nach Jangeren Qkklusionen
wurde der Flachenwert gro.ser und stieg in linearer Abhangighest zur Okklu
stonsdauer an weshalb die reaktive Hyperarmie hier vorwiegend auf den 2ot
abhanggen Prozess des Stoffwechsels (Muskel) bezogen werden kann

Der sogenannte  after-drop  kan die reaktive Hyperame nach subdiastolischer O
Klusion micht erklaren Zwar kann daber der arterio-venose Druchgradient wahren
520 sec zunehmen und der arterselle Linstrom dadurch bis auf das Doppelte ansteigen
(Allwood 19561 Grundsatzlich kann emne solche Erklarung der reakuven Hyperamie
aber schon deshalb nicht uberzeugen weil der  after-drop® ym Gegensatz zur reakinen
Hyperamie nut zunehmender Okklusionsdauer kidrzer und klemner wird .

Iy b derten subdiastolische Okkl trucke den art Ein
strom etheblich starker als am Arm Dennoch kam es dort auch nach 170 se¢ langent

b i} zu keiner 1 reaktiven Hyperanue Gleiches hat
ten Pritchard et al (1942) und Hilton (1953 ber ahnlichen Messungen an hauzen un
Hunden gefunden Der Grund dazu st unbekannt doch konnen die Vmudubedmz'-!:

t Narkose und direkter Messung des artencllen Einstromes die zu ronunm?' :
derung der Wi J: und Durchbl hohung fuhren die Reagibilita!
der Widerstandsgefasse veranders haben (cf Folkow 1922)
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Verglewchbarkett plethysmografischer mt anderen Messungen ton urtertellem Eanstrom und
Druck

Die imbale Verminderuns des arteriellen E. war pleth fisch
micht zu erhennen Vor jeder anderen Frklarung der Diskrepanz 1t daher zu
prufen ob diese mit anderen Metheden gefundenen Anderungen des artenteflen
Einstromes uberhaupt mut den glewchzertig plethysmografisch registrierten
Durchblutungswerten vergleichbar waren

1} Dirckte Messungen des artenellen Gute Ub
zwischen direkt und pleth h Werten des llen E: 5t
verschiedentheh gefunden worden die plethysmografischen VWerte waren mm Durch
schmitt um nur 49/ geringer als die direks gemessenen (Irig et al 1955 Formel und
Doyle 1957) Solche quantitative Uberemsttmmung war i den Versuchen am Ratren
bem infolge des Grossenunterschiedes der beiden Messbererche (Fig 1) mcht zu erwar
ten Die mut berden hren relatnen de- artenellen Ein
stromes waren hingegen recht ahnhch (Tab 1) Dieses schhiesst zwar nicht die Erklarung
der Disk zwischen esnd Aby des arterellen Eanstromes und dennoch
leichf: Anstieg der pleth hen Einflusskurt e dadurch aus dasssichder

anienelle Exstrom 1m plethysmografischen Messbereich im Unterschenkel wahrend der
Regustrierung der Exnflusskurve anders v erhalten haben konnte als im ca 35 grosseren
direkten Messbereich dach durfte emne solche Reaktron wemntg wahrschemlich sem

2) Messung mt W armetransport..aklmessern

Muskel Bex gefassnah b

denl erfasst die W de die
Durchblutung (arteneller Einstrom) emes Bezirkes der um das Vielfache grosser sem

ann als der ca 1 rol grosse thermusche Messbererch selbst Daraus erklart sich die oft
8ute semsquantitative Uberemstimmung mut anderen (direkten und plethysmografi
schen) Durchblutungsmessungen (Lateratur bex Golenhofen et al 1963)

Asteriennahe Sondentagen Golenhofen etal (1963) hatien den Durchblutungsabfall der
Fout der Warmsel de ber sub lischer Qkdduston (V ) zu registrieren
1t nicht fur eme artenelle sondern fur eme Reaktion m venosen Gefassen Neben den
ubhichen, Diff 1en (sche Methodih ) wurden aber auch Unterscher
e gerade ber venoser Stanung cder arteneller Drosselung
2 wischen Durchb} m g
rtenicllen oder vorwiegend venosen Gefassen der Muskulatur wahrschesnlich machten
"3"1::]1 ariencnnahtr Lage betrug ber subdiastolischen Obkklusionen am Oberarm der
“the Atfall der Warmetransgortzahl i den ersten 10 sec nicht mehr als 10 © (Tab
ahrspennennaher Lage war er dagegen steiler und grosser (0= 50 und mehr

ahrscheinlich eme Anzerge des plotzhichen venosen Durchblutungsstopps) 2) bes arte
pennabes Lage fiel die W bes Erhohung des Okk) druckes kon
n‘;l:lcr]xh\nltn bis schliesshich auf den Durchblutungs Nullwert ab (Fig 3) beivenen
her Lage )Ugg:gm traten ber kompletter Drosselung des artersellen Emstromes oft
ol h h h
Deansher L " E‘:‘"s‘) Y baane
las(xohschcn OLllusionen von mehr als 20 sec Dauer in Linearer Abhangigkeit von der
- ou‘:;:;:idzucr zu (Tab IL Fig 7) bei venennaher Lage waren auch nach 2 mmuti
“heeklon cX;in die reaktiven Durchblutungsansuege geninger und oft nach 15 sec wieder
Blanes ang " (0 2e18ten huer wohl haupisachlich den Sbiluss des veno aufgestauten

Haut In der Ha

well o E

Sungmerkmale beobachtet du
€N ortraten und eine Diffe

auf ( ch
ge nahm das Ausmass (Flach ) der reakuner

ut 15t aus methodisch
e 1y

Grunden ewmne b te E des arte
kaum zu erwarten (cf Golenhofen
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portzahl in der Haat konnte daher 2uf amer V ung des
ebensa wie auf dem plotzhichen Stopp des sendsen Ruckfusses oder auf besden diesen
Reakuonen zuglrich beruhen

3} Arieneller Exnstront und Druck Subdiastolische Okklussonen am Oberarm bewsrkten
noch keine menbaren ¥ cranderungen des distalen arteniellen Druckes wax 2uch andece
Autoren beobachtet hatten (W dlans und Bradley 1996 Edholm et al 1904 Formel und
Doyle 1%7) Auws dieser honstanz des artenelien Druckes wurde auf einen ebenso unver
andert gebhicbenen artenellen Einstrom geschlossen (Greenfield 1927 und 1960 Green
field et 21 1963) Eine solche Schlussfolyerung erscheint aber nichtimmer berechugt.
In omllerenden elastischen Sustemen wie den Gefassen bunnen genmge Anderungen
des § lumens nur 2t fen mcht sicher erkennbaren (messbaren) Ver
anslerungen eines emzelnen Druckwertzex fubren  Am Lsterarm jedenfalls haben plo

des len B

et 2l 1963) Der bex 4 hen Okkt Abfall der W
len B

hehbe Abnah s um 510 ¢ noch kune ghachoag scher
1 4 des lokaten Druckes zus Tolge
Bede der {len Cinstrom. Jur ofth spleth fische Direh

blutungsmessi er

Fur die Bewertung

VL 1ot her Durchb! "
ders dic smitiale Abnahme des artenellen Linstromes von Bedeutung

15t b

Dic sekundaren Anderungen des artensellen Linstromes die erst ber zunehmen
der Gefassfultung auft haben wabsscheinhich noch ¥eanen direkten Enflus
auf pleths smografische Durchbl ungen

Das schembare Musss erhaltis 2w ischen 1atsachiicher mstialer Vermnderung
des aneracllen Esnstrosnes und densioch off hscarem Anstieg der plethysmo-
grafischen Erfluschurse it meht einfach qu erklaren Die Diskrepane kann mcht
damn begrundet werden dass dic plethysmografischen Fflusskursen fur die
Anzeige derin Iab I uad I beschrichenen anenellen INnstroms ermaderun
gen ungeeignes zu unemplindlich waren So hatte bessprelswene am Arm (bt
emer mittleren Durchblutungsgrosse son 3 mi 100 ml mun) dic i den ensted
10 see regusinerte Finstromyermmnderung von 5 den Arseg der Dinflus
kurve m dieser Zert um ez 302> Vol © i §00 ml) gegenuber dem neared
Verlauf rermindern mussen kon) hunenanstie;,  was durchaws
noch messbar sein hann Graf 1963 b) Mt Sacherhet aber waren die grosered
Finstromverminderungen am hawenben von 20—30 p!ah)smogmﬂ‘th <2
fasst worden o bes esner muttferen Durchllutung son 15 mi 100m] mia) det
Anspeg der Foflushunen i dea ersten 10 sec um ca 050075 1ol %
{ml 100 ml; gegenuber dem linearen \erfaul vermindert worden ware aber
auch hier suegen die Emflusunen n dieser Ze t mewst hnear 45 (Fig )
Eine wettere Pridarungsm olichkest lage dann dast weh am hatzenbesn o
artenelle Emstrom m den plethysmografischien Messberesch w ahrend der Rn;':
stnerung der Einflu kune anders verhalten haben konnte als mn &2 33(;
grossesen direkten Messbesesch die wengehende Shabchkert der mit ‘x‘;m
\fethoden repstnerten: relatnen Emstromanderungen macht aber auch di
Annahme un scher
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Am wahrscheinhchsten bleibt sormit eme Reaktion, die auch schon als cie
unwahrschemlichste bezerchnet worden st { 115 difficult to smagine a
mechamism which could mstantaneously change the perspheral resistance toa
new and steady level An instantaneous change in the rate of mflow 1s therefore
most unlikely Greenfield 1957), dass namlich die arterelle Enstromyermn
derung mitial sehr plotzlich erfolgte und somut von de  Pa fusskurve noch gar
mcht angezeigt werden konnte Die Registrierungen des arteriellen Einstromes
mt Warmel n und Trop hler hatten in digsen Untersuchungen
eme durchschmtthiche Tragheit bzw Anzeig gerun,, von mehreren (2—3)
sec, weshalb der sich uber mehrere Sekunden hinzichende mitial steile Abfall
des artersellen Emstromes in Wirkhchkest rascher erfolgte Diese Annahme wird
auch durch die Befunde von Conrad und Green (1961 Fig 3) bestarkt dic ber

lbdiastohischer Okkt am Hundebein mit enem elect: fi
emen imttalen 11 wemger als 0 5 sec beendeten Abfall des 4rteriellen Emstromes
um 7 % regntnert hatten Die plotzhiche initrale Verminderung des artenellen
Eumstromes st sorut am chesten mit emcr partiellen artenellen Okklusion
{Verengerung) durch den subdiastolischen Okkl k zu erklaren Eme
Erlarune der plotziichen Widerstandserhohung durch eme Zunahme des
Venendruckes 15t kaum moglich wesl dieser nicht so rasch ansteigen honnte
die Versuchsbed: hender Hochlagerung des Unterarmes

3 mt ause

sowze die zimimde.tens 1 den ersten 5 sec nach Okklu jonsbeginn stets Imear
angesti pleth fischen Fanflussk

en schl eme von Beginn
an starkere Fullung der kapazitiven (venosen) Gefasse und damt die Mog
lichkeat exes vaschen matialen Anstieges des Venendruckes praktsch aus {cf
Greenfield und Patterson 1954) E allmahlicher Venendruckanstieg kann aber
zu der wahrend der ersten 10 sec der subdiastolschen Okklusion successiv

;rfglgtcn germngeren  Vernunderung des arteriellen Einstromes Deigetragen
aben

Die reaktive Hyperanue nach subdiastol OLkL b den
Zewtabstand derfol plett afischer Durchbl

gen Da nach den ublichen venosen Okklusionen am Oberarm die reaktive
Hyperamue 1m Unterarm micht langer als 510 sec anbalt st dies die Zeit
die dort bis zum Beginn der nachsten Messung abgewartet werden muss Diese
Wartezeit summt mut der ublichen plethysmografischen Registrierpraxis uber
ein (Graf 1964 b)

Die schon durch subd 1 Okkl ucke bewrrkte partielle Okklu
ston der artercllen Gefasse 15t emn typischer reactive error of the method jm
Sinne Burtons (1954) Am Arm st dieser Fehler unter normalen und Ruhebe
dingungen (Tab 1I) yedoch noch relativ gering und stort die Registrierunsen
selbst nicht weshalb er wohl 1n den meisten I atlen tolersert werden kann Ber
verminderter Elasuzitat der Arterien (etwa ber Artenosklerose Mackay und
Walker 1963) sst die mutiale Enst rminderung hemnlich gernger
wahrend sie bes hoherer Durchblutung odes bes anderen mit erhohter Llastz)
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tat ader elastischer Dehnung der Artenen emhergehenden Zustinden vermut
hich grosser werden kanun Trotz dieses reactne error kann aber dic venose
Okklusionsplethysmografie werterhn als die vor allem 2m Menschen und dont
be onders zu Verglewch prakusch meist anwendbare und g
Methode zur unbk g B g des arterselien Linstromes
m Extrenutatenabschmtten aneschen werden

Die Untersuchungen esfolgten mat Unterstutzuag dusch den § buwedi chen \edrzmschen
Forschungsrat und die Sef wedische Nanonalveremigung zur Bekampfisng von Heare wnd Lun
genxrankhenen Der AB Elema Stockholm (Direktor G Yveber und Dr R Elmquist) sa fus
die frenndl che Berenst Rueg apparativer Ausrustung Frau ¥ Graf fur Assistenz ber der Aus-
wertung der § essuche gedankt
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The Accemulation and Localization of Radioactive
“Cobalt in Rat Kadney
By
A Rasaxen Juuaws Livoores and Heixas A Satan

Recened 13 December 1963

Abstract

Basanes A | LowoRes and H A Sausa The scumulation and local o
ton f adoact  cobalt n atbidery Avia phveol seand %3 6F 36 39
— The accumulats 1 of rad aact <~ cobalt after mtramuscular mjecuon was
followed 1n rats. and sts detnbution n kidnry was stoted using aatoradios
grapby Tte radisacts 1y accumulated rap dh o kidney tusue and 1 Jocal
tzation was ¢ renal cortex i the v cnny of 1te € m commedullary zone form
g wedve formed areas against the renal capsal  \ost of (e act ity was
the cubul Mo act vaty wes obseried in the meduffa or the glomerh

1t has been shown that oral and intramuscular cobalt therapy has a benefional
effect onrenal anemia  Gardner 1903 hasanen ef of 1962 and hasanen ¢ of
1963) Howeer Wt offiert » seen only n a pant of remaprne anemias 1 hes
been assumed that the effect of cabalt 1s the inhibition of the oxydatn ¢ enzymes
1n the bone marsow nducing a secondar pohcvtherma (Orten et ol 1918)
On the other hand 1t has been suggested that cobalt sumulates humorat erythro-
pocne facter Jacoltsan etal 1960 A reduted lovel of humeral erythroporesc
factor has been found i patents suffening from renal anemua Goldwasser of 2t
1958 and Jacobson efal 1960 The Ludner has been said 1o produce ann
actnne p ecursor which 1s actiated by morgame cobalt 7 Jacobson 1960}

The following 18 a report of a studv on the accumulation and locahzation of
radioactn e cobalt i healthy rat Jadnes

376
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k3 Fig 1 The 2ccunmdatign ofrad ocactwity
T i rat k daey tisue after mntramuscular
3 inject on of CoCl
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DAYS AFTER INJECTION

Methods

Female Wistar rats served as test amumals The body werghts of the 7 rats at the be
gmnung of the experment were 260—300 g ©CoCl (cobaltous chionde marked with
#Co speaific actvity 1 mc/20 ug of cobale The Radiochemical Centre Amersham
England) A dose of 100 gc dissolved m 0 5 ml of salme was injected into cach apmmal
The rats were Lilled 4 and 12 hours and 11/2 3 7 14 and 24 days after the sirgle
Jection

The ladneys were dussected and weighed One kadney was fixed m 10 per cent formatin
and prepared according to tional methods and embedded i parafin A hce
through the cortex mto the pelvis was cut out from the other kidney This shee was
weighed and treated 1 ith sulphunc actd The radioactivity of this solution was mweas-
ured with a welitype sointillation counter using a 1 oftage of 690 ard d scrioypation
bias of 3o

Sections 5—7 micra thick were raken from paraffin blocks The secticss were rrounted
on clean glass shides and the autoradiographic stpping, flm techmgue was L «d Two
types of photographic matenal were emploved hodak AR 50 for Iew re clutien aute
radiography ard hodak AR 10 for high resolution autoradicgraphy Mere than 160
shides were prepared The exposure time v2ned from | to 3 merths The firs ere
develnped 10 hodak D 170 soluton (20 C 3 mmn) ard fixed 1n the crdirary photo-
graphic way The shdes were stamed with hematoxylin ard celestm blie

Results

The cumulanon of radioactvaty m renal tissue and 1ts disappearance there
Jrom 35 dustrated an Fog 1 The saped sase sed ebe slow decncase of the psdoe
actiaty are conspicuous

The localization of the radioactiaty can ke seen 1 Fig 2 and 3 Fig 2
pre ents a magnificauon of an autoradiographic picture m wiich the renal
cortex and medulla are cen 1n the ame ection The greatest acunty (the
blackest areas i the picture) 1s concentrated most densely near the cortico
medullary zone Frem here the darl, areas (radioactnaty) form wedge <haped
zones approaching the renal capsule There 15 no acuvity 1 the medulla ror
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Fig 2 Rat kdnev ave week after “CoCl  Fig 3 The rat kidney one s eek after  Colt

injecnon The by amrow (4) i the medulla mjecuon The arrows wdicate a glomeruhn
~ofone papitla indicates the medulla of anather  wath no act vy Only Htde actvy wxen

Iobe o slver grans at alf arescen in the  the collectinng tubul The greatest actoaty s

adulla of the Lidner The blackartesscens 1w the rubuli High resolution autorad ogram.
,-above this are caused by siver gramswhich  Maguification 650 X
*“show acuvity onh m the cortex. This act vits

1 most markedly Jocalized m the cornco

medullan boundars from where 1t as trvegu

lar pvram d ike areas 1s dimumshang 1o ards

the tonex The mnall arrows wndicate blood

vessels with no acts 10 Correspondingly no

actan 1 entabl shed - the medullary nae

Low resolus d

o>

1 the blood vessels near the boundar of the cortex and medulla This Jocaliza
won was noted 10 all the low resolution astoradiograms With high resolunon
autoradtographs 1t could be shown that the mast activity was localized mn the
wubul nearest 1 the coruco-medullany boundan All the tubuh showed some
actany The weakest acovats was seen i the tubuls nearest the renal caprale
No activare was seen in the glomeruls

Commeent
Lsing scanull and P dsographs  Carlberger
11951 showed that the kudnes was one of the main organs for the accumula
won of radtoactne cabalt The present obsenauons demonstrate that cobalt
tocahzes 1 the tubuls and especialls 1n the tubuls near the coruco-medulfany
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boundary and gradually decreases from here towards the renal capsule The
localization 1s 1nverse to that of the radioactive cyanocobalamin both in foetal
and 1 adult rat kidney (Salm: 1963 Salm: and Lindgren 1963)

The distribution of these two h Iy active sub cobalt and
tyanocobalamun differs Both these substances play a role 1n hematopotesis and
the cyanocobalamin molecule also incorporates a central cobalt atom How
ever these suk are dep 4 d. ly mn the renal cortex Because
the autoradiographic techmique used 1n present work discloses water soluble
tobalr the present findings suggest that cobalt possibly has a role m tubular
metabolism
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Fig 2 Rat kidncy one week after %CoCl
wmyection The br= arrow (%) in the medulla
of one papilla indicates the medulla of another
labc o silver grams at all are seen in the
mcdulla of th kidney The black areas seen
abme this are caused by slver grams which

Fig 3 The rat kidnev one week after #CoCl

snjection “The arrows indicate a glomeruls
with no activity Only htle act: sy ssernn
the collecting tubult Th greatest actmity les
m the tubuft H gh resolutton autoradiogram.
Aagmfication 630 ~

show actmaty only 1n the cortex. This actiaty
1 most markedly localized in the cortico-
medullary boundary from where st as irregy
lar pyramd like areas 1s dimnishing towards
the cortex. The small arrows indicate blood
sessels with no act v Correspondingly no
actiaty 5 establist ed 1n the medullary striac
Low reso! stion autoradiogram magmification
(e

1n the blood s essels near the houndary of the cortex and medulla Ths locahza
tion was noted 1 all the low resolution autoradiograms With high resolunon
autoradiography 1t could be shown that the most activaty was localized 1 the
tubult nearest to the cortico-medullary boundary All the tubuli showed some
activity The weakest activity was scen 1o the tubult nearest the renal capsule
\o acuvity was scen 1n the glomerul

Comment

Using sc and p hy (‘”’"’"‘ir
(1961) showed that the kadney was onc of the mamn organs for the nccum;lah
non of radioacuse cobalt The present observations demonstrate that :u’r
lozahizes 1n the tubuli and especially 1n the wubul: near the cortico-medullary
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radioactively labelled mcotine and thin layer chromatography toidentfy some
of the breakdown products and measure thewr quanutative significance The
mouse was chosen as the expenmental anmal since our previous distribution
stucies were performed 1n this species

Methods

“icotine methyl C* was synthesized according to the method by Mchenms et al
1962 as deseribed by Hansson and Schmuterlow (1962) and had a specific activty of
61 uC/mg Radioch 1 punity was blished 1n the first two of the solvent systems
described below Samples of conmine hydrovycounmne 3 (3-pyrdyl) y-oxo- methyl
butyramide and desmethylcotrmine were kindly donated by Dr Herbert NMchennis Jr
Richmord Va A sample of 3 (2 {1 methylpyrrolno) pyndime 1-oude (nicotime N
oade) was generously supphed by Mr ¥ Haghd huegl Tekniska Hogskolan Stock
holm. All other reagents v ere of reagent grade

Male mice weighing 20 ~20 g were used Tissuc shees of approumately 0 3 mm thick
ness were prepared free hand with a razor blade The imcubation medium was Rrebs
Henselast phosphatc buffer pH 7 4 contamung glucose at a concentration of 0 01 M All
expenments were performed at 37 C i a Warburg apparatus For aerobic conditions
the gas phase v a5 100 O, while anaerobiosis was achieved by gassing with 100 5 N,
Each flask contamed 2 0 ml of medium while the center well contamned a filter paper
strip soabed 10 53 N NaOH for coltection of C1*0, The side arm contaned 03 ml G2 N
HCI which was tipped ito the mam compartraent at the end of the experiment to
Lberate retamed CO, Between 100 and 200 mg (wet y exght) of tissue were usually ad
ded to each flask { } “icotine methvl CH was added to the tissue shees and after gassing
for $ min the mcubation was continued for 2 hours i most caes At the end of the m
cubation the acid 1n the side arm was tipped 1nto the mam compartment and the flasks
allowed to shake for an additional 10 run 1n order to collect residual C1O,

The contents of the flask including the tissue shices were transferred to a 15 ml Potter
Elvchjem homogeruzer The flasks were rinsed with 1 0 ral water and 05 ml 05 \ am
montum hydroude (bringing pH to 9) which + as added and the tissue homogenized
‘The homogenate was extracted 1n a 60 ml separatory funnel with 10 ml of chloroform
methanal {2 1) (v/») (Papadopoulus and Rinezios 1963) and the two phases separated
by centnfy at1500g Rad was determmed on 0 1 ml aliquots of each
phase by liqud scintiflation counting after addition of 15 m! of 05 2 >-diphenyl
oxazole {(DPO) 4+ 003 14 bis-2(4 thy! 5-phenyl lyl; benzene (dimethyl
POPOP} 1n toluene

“The sohvent system for than layer chromatography found to gne th most complete
resent 1n the chl phase of th* tissue extracts was etha
NH,OH (5 40 30 o) (sv) This system separated nicos
(3 pyrdyl ,-0%0- methylbutyramide micoue N-oude and hydroxy
cotimne Desmeths lcourune ran with 3 (3 pymidy | <y-oxo-N meths Iouty ramide 1a this
system_ but thus presented no problem m the present siudy sice the C1* label 15 1 the
methy] group and thus desmethi lcotinme does not produce 2 spot on the autoradiogram
\ sccond solvent system was wed to check the results, namels  chloroform-ethanol
(90 101 (v v) The plates used with this systern were prepared with 05 N NaOH 1n
stead of water This svstem gave good scparation of the above ampaunds with the ex
ceprion of aicot ne and cottaine which ran together Chromatographic in estigztion of
the methanol water phase of the ussur exiracts was performed on th n layer plates
developed with \ ater as the solsent svatem and with phenol water 20 30, (w/v In

of
nol acetone-benzene-conc
tine cotimn

S—B6M5 4t phywsl « 43 161



382 ESKIL BAN SON ET AL

all cases the front wus allowed to run for approumately 14 em Development time for
the chromatograms was between 20 and 30 mun with the exception of the Jast svstem
which required about 21/, hours The solvent front ran straighter and the devclopment
times werc shorter when the walls of the chromatography chamber were covered with
filter paper soaked in the solvent Non radioactive standard compounds were located
by spraying the plates with p ammobenzoic acd 1n 96 4 ethanol (1 9% w/v) and ex
po ing the plates to cyanogen bromide vapor Micotine N owide was located by exposure
to jodine vapor

‘An aliquot of the chloroform phase wiually 0 5 to 1 0 mlwas reduced 1n volume under
N, and spotted on 250 s thick silica gel thilayer plates far chromatography The plates
were prepared as de cnibed by Stahl (1962) and were acuvated by heating at 110 C
for 30 min

After drying of the plate by allowine it to stand in the arr radioactive compounds
were Jocated by exposing the plate to hodak no screen \ ray film for 2 and 8 days

Viewmng by mean of an ordinary X ray Blm viewer of the autoradiograms upon
which the thm layer plates were supenimposed allowed the radioactuve spotsto be marked
These arcas where then scraped off with a razor blade into 20 ml liquid scmnnllation
vials and counted as a suspension in 05 4 25 DPO 4 0039 dimethy] POPOP 4
49 silica gel (Aerowil) 1n toluene (Snyder and Stephens 1962) Corrections for quench
g were made by using n hexadecane 1 C'* dissolved 1n toluene as the internal standard

The NaOH impregnated filter paper was removed from the center well put m a
hquid semntillation vial and dried overmght over sihiea gel Fifteen ml of 05 9 2 5 DPO
+ 003 °, dimethyl POPOP i tofuene were added (Buhler 1962) and the sample coun
ted 1n a iquid scitillation counter

Results

Recovenes of added radioactivity were between 90 and 95 %, for controls run
through the procedure without tissue and for those tissues showing hittle or no
capacity for metabolizing nicotine In case of hiver shices the combined mean
recorentes 1n the chlotoform methanol water and G40, fractions ran between
80 and 85 %,

Approximately 97 9, of the Activity 1 the chloroform aliquot applied to the
thun layer plate could be recovered 1 the various radioactive spots found afier
chromatographic development There was a linear relationship between the
total amount of the chloroform extract spotted on the chromatogram 1nd the
acqvity recovered i the sarous radioactive spots  The semstesnty of the nrethod
15 indicated by the fact that the presence of approyimately 500 dpm could be
detected on the autoradiogram after an exposure time of 2days With the speal
1c actinty of 61 xCimg mcotine used 1n these expeniments this corresponds 10
3 7 nanograms or loss than 01 ° of the activity added to the shees Despite
nigorou attempts to standardize the preparation of the thinlayer plates and the
development conditions and despute the use of fresh solvents wath each run 1t
was not possible 10 obtain reproducible R, values from plate to plate The
relatn e position of the vanous bohtes upon the ¢t g wa‘s "°‘;‘c
ever, constant, as was their position in relauon to that of nicotine the substan
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Fig 1 Autorad ogram of th n layer chromatogram of chloroform phase of extract of mouse tis-
sue shices Solvent systcm ethanol acetone benzene conc NH OH (3-40 50 5} (v/v} Solvent
front = 14 em Exposure days mponents nieotine (Rp = 0 71) autooadat on
P oduct (055) coten ne (0 1'!) 7 {3 pyndyl) 3-oxo-N methylbutyramide (032) X (029)
hydroxycotmne (092} Y {0 L

with the highest R, (compare Fig 1 and Fig 3) Standard C** micotine and
non radivactive reference substances were always run on each plate so that
dentification of the compound on the plate was always the results of comparnson
with these standards and posstive results with co chromatography

Incubation of micotine methyl C* under the prescribed conditions under
100 % O, 1n the absence of uissue resulted 10 the appearance of minute quanti
ties of autoowidation products of nicotine on the autoradiogram That these spots
were the resulis of autooudation was mdxcatcd by thc fact that nicotune methyl
C* applied directly to the plates (d d and ch
graphed always showed only one spot on the d On
some autoradiograms as many as 10 radioactive spots could be detected m the
chioroform frachon from the control following incubauon for 2 hours at 37 C
The amounts of these products formed vaned from 0 0 ©
of the total activity 1n the most extreme case

OfF those mouse ussues tested the hiver the hidney and the lung showed an
appreciable alnhty to metabolize nicotine 11 a 2 hour mcubauon period The
brain spleen diaphragm intestine stomach and adrenal showed no or only

£

capacutv to bolize the added comp 1 1n 2 hours (Table I
and I1)

toasmuchas 029,

In the chloroform fraction from the liver slices & radicacuve spots could be
seen on the autoradiogram of the thm layer chromatogram afier incubaton for
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Table I Dustribution of yadwoschuay from mi otine C1¥ into rarious chenneal fractions Hllowng
ncubation with trssue shces Shces tmeubated for 2 hours at 37 € 1n Arebs Henselert buffer
under 100 O 51 pig meotine methl C'¥ equusalent to 600 000 df m tn cack flash

Fercentage of tot1l radignctivaty recovercd

Wet weight
Tassue {mg) Chlaroform Methanol water ¢ O
Control (1o tissuc) - 97 23 -
Liver 3 739 167 tt
Kilney 22t 875 48 77
Lung m 817 151 01
Spleen 218 976 2t -
Diaphragm 106 98 ap 0t
Intestine 199 970 29 0t
Stomach 130 978 21 -
Adr nal 12 973 26 -
Hrain 230 978 22 -
Table I Dustnb of rad ty between bolrtes found n the ch fhase of the

extract of tissue shees from vartons mouse argans Shices meubated Jor 2 hours at 37 C
F rebs Henselent buffer under 100 O 5 1 pig nrcotine methy! C'* equualent to
GOO 000 dpm wn each flask

3 3
pyndyl)
joxaN
methy!
Cott butyram Hydroxy
Nicotine  nine W AN cotiine Ongn
Control (no tissue) 176 - — - — - 0
Lier 99 733 24 40 20 18 -
fudn y 633 30 08 - — 1 28
Tung 9’8 10 — - — 04 or
Spleen a3 | - — — - — 02
Diay hragm 975 - - - - 04 a,
{ntestine 0 - — —_ - a2 04
Stomach "o - - - - 01 06
Adr nal a70 - — - - 07 13
Brain. o - - _ — 0 09
x
. ¥
2 hours (g 1) Tourof s of co-chromitog
raphy with standard - 1tabolites cnnzlnc
175 %
far the most 1| ahont
u by e Thutyrmde

of the total acuvity

hydroxy counine 4 nitmig
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Fg 2 Autoradiogram of thin laye chromatogram of chloroform phase of extract of mouse
Liver shices wnder anaerob ¢ condst ons Tissue weght = 200 mg Solvent svstem  etbanol ace
fone btnzene-conc NH OH (3-40 50 5) (/v) Sol entf ont = I4 em Exposure time = 2 days
Components mucotine (Ry = 0 53) cot nine 033)

1) although appearing regularly 1 the 12 expernment performed with hver
slices were present in simall amounts accounung together for 13 °, of the actrv
XY present mn the chloroform fraction of the hver slces The amanit of GO
found was equnvalent to about 15 °, of the added actviry

1t can be noted that the autogwdation product with an R, of 0 52 present 1n
the control and seen abo 1n the other tissues 1» not present m the extract from
the bser (Fig 1) It would appear that this product 1s subject to further degra
dation i the fver

Chy graphy in the chi ethanol system showed the presence of
the same metabolites as the routinely used ethanol acetone benzene-conc am
monium hydroade system The amounts of radioactivity in the vanous metab-
olites separared by each of the mo systems were rdemreal within 2

Further attempis to 1denufy the compound here called “\ R, = 029}
and Y (R, = 0 11) have up to the present been umsucces ful Nicotne N\
oude has been ruled out as onc of these metabolites on the basis of ts failure to
co-chromatograph with the radioactivity The hvdralvsts praduct of cottmine
< Ipmdily p methylammobutyne aad remams at the ongin i this solvent
*3tem and may aceount for some of the actiits seen at the ongin although on

the basis of 1ts acidie Properties one would expect to find 1t sa the methanol
Water phase,
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Table Il Quantutatice data from th chromato,ram dllustrated wn Fig 2 and resprratory CHO
shoung the oxygen dependence of nicotine metabolsm n mouse It cr slces Shces wncubated for
the indicated time periods at 37 C tn K rebs Henselewt buffer under 100 % 51 pog mucotine
methyl-CM equiralent to 600 000 dpm 1n each flask

Per cent of total radsozctivity 1n chloroform phase

Control
Incubauon hime 90 min 15 mun 30 min 60 min 90 rmun
Nieoteme (053) 973 925 935 984 a3
Cotmine (0.33) 02 04 05 @6 05
Ongn 19 04 03 04 03
CO (total dpm) 0 33 0 28 45

Table I Quartitatice data from the chromatogram silustrated 1n Fig 3 as uell as C1'0
shoung the fime course of nicotine metabolism 1n mouse luer slices Data for the hdney
taken from cheomatogram not shoun Slices incubated for the tndicated time periods ot

37 C'tn Frebs Henseleit buffer under 100 O 1 pig mcotins methyl €1

eque alent to 600 000 dpm tn eack flask

Pererntage of total radioactmity wn bt roform phase

Control
Incubation time 90 mun 15 mn 30 mun 60 min 90 oun
3
e
Nicoune 976 89 800 648 550
Counine 11 1ns 167 304 386
-3 pvndal y-oxo-
N methy tburyranude - 04 06 13 20
“X - 025 03 07 1o
Hydroxycotunine - 03 04 07 09
“ym - 03 07 07 12
cwo - 09 09 12 12
Fitgy
Nitotine 977 97 25 945 18
Coumine - 04 10 23 2
3 pyrdyly. -oxo-
Nemetbviburyramide - 01 02 03
co - 11 14 16 z

Because of the selectne position of the C* label on the methy] group of the
pyrrohidine ning mitrogen the presence of demethylated products of micotin¢
metabohsm that have been found 1n the unne of vanous species (desmethy]
counme , (3 pyndsl) , -oxo-butyric acid and 3-pyndylaceuc and '\fcf\en:lf
e1al 1961 1962 and Schwartz and Mchennis 1963) would not have bctﬂﬂC
tected by us on the autoradiograms of the thin layer chromatograms e
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Fig 3 Autoradiogram of thin layer chromatogram of chloroform phase of extract of mouse
1ver shees under acrobic conditions showing metabolism as a funcuon of time Tissue werghts
=200 mg_Solvent !)'slem cthanol acelon: bcnlenc—cnnc “H OH (5-40 5(»5) {viv) Solmn
front = {4 cm ure tme = 2 d: nents nicotine (Ry — 052) cotinn {0 30}
¥ (3 Dyridyl) povon ety outyramide (o 22 h (017) hydroxyeotimne (0 13) ¥ (003)

amount of C*O, can however be taken as an indicauon of the extent of the
reactions mvolving demethylaton
When the ver shices were b

d under hic cond (100 ° Ny
for varying lengths of tune {13—90 mun} there was almost quantitatve recovery
of unchanged micotne from the ncubation mixture (Fig 2, There were very
small quantities of cottine formed 63 tn 90 min compared with 336 7
90 min under 100 °, O, (Table 111} The control without tissue also showed
virtually only one spot in contrast to the acrobic controls lending support to
the notion that the munor spots 1n the latter were due to autouxidation of the
meotine
The incubation of I er shices for ime periods varvin,, from 13 10 90 min resnl

ted in a steady fall 1n the amount of unchanged micotine with a concomiant
ncrease i the concentrations of cotinmne and the other metabolites present m
the chloroform fracton (Table IV Fig 3} It can be notced that the quant
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Table v Effect of 1promacid on nicotine metabolism tn mouse Iner shees ncubation time =
2 hours

1 @3
pyndv)
3 oxoN
Wet m thy}
weight butyram Hydrovxy
(mg)  Nicotine Cotiume ide X cotinme Ongin
Control
{no tissue) - 9% 6 12 — — — _ g
Laver shices 200 289 604 31 23 ”1 16 16
Luver shees +
4x107 A
ipromazd 207 225 625 51 35 28 16 20
Laver shces +
4410311
spromazd 208 893 o7 1 04 05 04 25

tative sigmficance of the metabolites other than cotimine 1s minor amounting
to 59 of the total activity though their concentration increases with time
. throughout the time peniod studied (Table 1V)

A mmilar picture 1s seen 1n case of the kidney although hydroxycounmne and
one of the umidentificd metabohites (X} do not appear to be formed 10 thissys
tem (Table IT Fig 1 Table IV) The kidney was found to produce amounts
of cotnine and ¥ (3 pyndyl) y oxo N methylbutyramude along with GO
The capacity of the kidney shces to metabolize nicotine was not as great on a
weight basss as that of the liver However the amount of GHO, produced by
the kidney was almost 3 tumes that of the liver on a per mg wet weight basis
(Table I)

The other tissue found to metabolize nicotne to 1 significant extent was the
lung Here as in the other ussues the main metabolite was cotnine no other
metabolites appearing 1n detectable cancentrations ( Table 11)

As shown 1n Table 11 the other tissues tested showed no appreciible metab-
olism of miconne as mdicated by the presence of only one spot corresponding
to nicotine on the autoradiograms of the chloroform fraction and the pracnicallv
100 ©, recovery i the chloroform phase when compared with the control (Table
1) The daphragm did produce some C*Q, amounting to 0 39, of the added
activity over a 2 hour period This was about *y, of the actruty found 1n the
Iner and about Yy, of that found in the kidney No amounts of cotinine of
othier labelled products found 1n the Iner could be detected 1 the chloroform
extracts of the diaphragm
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In experments designed to detect the presence of radwactively labelled
methelamine a possible intermediate 1 the metabolsm of mcotne Iiver shees
were incubated 1n the same manner under oxygen n the presence of a mono-
amine oudase mhubitor spromazid m an attempt to inhibt the oudaton of
any methylamine formed At an rpromazid concentration of 4 x 107 M there
was no detectable cffect on mcotne metabolism The presence of 4 ¥ 107
iprontand mhibited micotine metabolism by about 85 %, (Table V}

An exammation of both the chloroform and methanol water phases of the
extract from the 1promazid treated liver shces after addition of carmer methy!
amune falled to detect unequivocably radioactne methylamme In the phenol
water system a distnet radioactive spot was seen from the methanol water
phase which had an R value quute close to that of methylamine Howeter the
rdenufication was comphcated by tailing and the presence of other mnfydrn
reacting components 1n the extract The possible role of methylammne 1n nico-
tine metabolism and the effect of ipromazid on the metabolism of nicotine and
methylamine requires further mvestigation

Investgations of the methanol water phase of the extract up to the present
time have been of a limted nature Chromatography of aliquots of this phase
from the Iner extract i the ethanol acetone benzene cone NH,OH system
showed that over 90 %, of the radivactivity remained at the ongm and that very
little 1f any of the radioactrty mn this phase was due to mcomplete extraction
of the chloroform soluble bol hy on siica gel plates
using water as a solvent showed two major ddruse zones of radioacuvity with Ry
values of 0 04 and 0 56 Swlar chromatography using phenol water (80—30)

(v/v} as solvent showed four radioactive zones two of which were well localized
and two of which showed pronounced tathng Further work will be needed to
determune the nature of the radioactivity in thus fraction

Discussion

The metabolic products of mcotine noted n this mvestigation hase all been
found to be present n the unne of animals of vanous species to which mcoune
had been administered (Mchennis 1960) In additon cotirune had been detec
ted carlier on paper chromatograms of chloroform extracts of mouse hver and
bram following the ntrasenous injection of mcotne G (Hansson and Schruter
low 1962) The faﬂure of the paper chromatograms to dlsclosc the presence of
the other two idennfi bohtes and the two unid d ones found 1n the
present investigation can probably be ascnibed to the very small amounts of
these metabolites that are form:d m the lner as well as the increased sensinvity
of thin layer ch pared to paper ¢ phv To this
must be added the po<s|lnlm, of !h: rapid excretion of these compounds mnto the

unne mvivo while the in vatro system being a closed one allows for the accu
mulation of the metabolites
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As mentioned previously because of the position of the label in our nicoune
the presence or absence of the demethylated products of mcotine metabolism
could not be detected However, the appearance of CHO, can be taken as a
measure of the overall de of these pathways without ind the
exact nature of the concomntantly formed products The presence of desmethyl
cottnine » (3 pyndyl) y oxo-butyric and and 3 pyndylacetic acid has been
demonstrated i the urine of rats and dogs From the amount of CHO; produced
1n the Iner kidney and Jung 1n the present investigation these pathways must
be considered to be of no major mmportance at Jeast in vitro  Mechennss et al
1962 Hansson and Schmterlow (1962) have shown that 1n vivo the MO, pro-
duced amounts to 10—15 %, during a 24 hour period 1n muce and rats It1sof
mterest that while the kidney 15 much less active in forming cotimine from nicotine
than the hver 1ts ability to produce C#Q, 13 about 3 times that of the liverona
weight basss Whether this difference 1s the result of a more active formation of
nornicotime 1n the kidney or to diffe n the of the t
responsible for the demethylation of cotinine and subsequent oxidation of the
methyl fragments to CO, 1s not mndicated by our results

The imvestigation of Hucker et al (1960) has demonstrated that the enzyme
activity imvolved 1n the oudation of nicotine to cotimine 15 n the mcrosome
fraction of the hver and 1s TPNH dependant In add Papadopoulus and
hantzios (1963) hasve shown that the 9 000 x g fraction of liver extracts from the
abbit 1 addiuon to forming cotimne are capable of yielding nornicotne and

- ‘desmethy lcotimne from nicotine Four other metabolites were prerent but unid
entified It 15 the object of further study m this laboratory to deterrune if the
munor metabohtes found in the hver slices are formed m the same microsomal
fraction as where the main reaction occurs

Our results agree wath those of Miller and Larson (1953), who by determining
the amount of unchaneed nicotine 1n mouse issue shices found that the Iner
lung and kidnev were those tissues able to metabolize micotine It 1s apparent
that the liver 15 the most active organ with regard to nuicotne metabohism

The presence of G labelled cotimne 1n the bram of mice myected 1v with
C* nicotine (Appelgren ct al 1962) made 1t of nterest to determne of this
transformation could take place in the bram tsell smee the formation of cou
nine 1n the brain from meotine might serve as a mechamsm for the rapid div-
appearance of nucotine from the central nervous system and the termination of
ats central action On the basis of the mn vitro results reported here 1t appears
that the bram 1tself 15 niot able to form counine from mcotine and in fact 97 %o

of added nicotne can be reconered unchanged after 2 hours of incubauon A
very small rad spat d i 10 00 %, of the added
acuwity can be seen on diog of the chloroform extract from the bram
(Fig 2) Tlus spot with a low R, value has as yet not been identified The same
spot has been seen in extracts of the other tssuc slices and 1ts quantitatin e 313
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mficance 1s very mmor ranging m amount from 1 8 95 m the case of the her
to 02 %, 1n the case of the intestine

In earhier unpubhshed experiments g the capacity of the brain
to metabolize nicotine rats were eviscerated and hepatectormized and C¥* nico
ne injected miravenously After 15 min the anmals were sacrificed and the
brains analysed by the above methods for the presence of cotimne m the bramn
Int the hepatectornized eviscerated ammals cotintne was indeed found in the
brain although m amounts about one half that found 1n sham operated animals
The significance of the results became questionable when 1t was determined
that lung tissue shees were capable of forming cotinine from nicoune and further
studses of this nature were ducontinued Thus on the basis of the present study
and keepsng m nund that the results i vitro may not reflect the bram s iz vive
capacity to perform thus metabolic reaction 1t would appear that the metabolism
of mcotine to cottmne 1n the bram tself cannot account for the rapid disappear
ance of mcotine from the bram On the other hand this does not exclude the
possibility that cotinine a compound with very little pharmacological activity
formed e g m the hver and apparently transported to the brain (Bowwan et al
1964) may be involved mn a more complex manner with the ulttmate distnbu
tien of micotine in the bramn

hus mvestigation was supported by a grant from Svenska Tobaks AB The authors are also
ndebted to Kt ach Al ce W allenbergs Stiftelse for general equ pment for wsotope tescarch work
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The Effect of a Gangliomic Blocking Agent
on the Thermoregulatory Response to Preoptic Cooling
By

B Aspersson A H Brook' C C Gare® and B HosreLT
Recened |7 December 1963

Abstract

Axperssovw B A. H Brook, C C. Garx and B Homx.'r Theeffet fa
gan lonw blockn g et n the rllzmmnguldlog re ponse to pr opt ¢ cooling Acta
physiol scand. 1964 67 393 A gangl onuc blockade obtamed by 1y
injection of chlonsondamine 0.2 o 03 mz'kg prevented the mse m body
temperature which normally oceurs during local :mlmg of the preopt :/znle
rior hypothalamic region (the  heat loss center ) of unane thetized goats
The sh verine response to such cooling was markedly reduced and sastead
of the usual rise in urinary excreuon of adrenaline and no adrenal ne cate
cholarmune excretion remawmed below normal levels. The thyroid activation
obtained by local cool ng of the heat loss center _was not alte cd by the
gangl onic blockade An 1v nfusion of noradrenaline or adrenaline (054
g/kg/min) counteracted the eff cts of the ganghion ¢ blockade on the
10 central cooling and furthe induced marked shi enng

Tt was recently shown that local cooling of the preoptic/anterior hypothala

mic regron (the heat loss center  of Magoun et al 1938) mncreased the produc

tion of sympathetsc amines 1n non anesthetized goats whlst Manmng of the
same part of the brain mhit the activation of the

dul
lary system normally occurnng during a general cold stress { \ndersson et al
1964) It was suggested that the heat loss center exerts 2 brake on all neural
and hormonal cold defence mech luding the sympathico-ad
medullary system

To evaluate further the importance of this system m thermoregulation 1t
seemed of interest to study the effect of a ganghomic blocking agent on the
thermoregulatory responce to local cooling of the heat loss center
further to see whether this effect mught be i by the adi
of either noradrenaline or adrenahine

and
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Methods

Two adult female goats  Andrew (bw 45 kp) and Cassius (b w 33 kg) were
ued Siher thermodes for local cooling were permanently implanted medially in the
preoptic/antenor hypothalamic region of both antmals The method of implantation
and the techmique of central cooling were previously described (¢ f Andersson et a1
1863) During all experiments the ammals remamned in their usual environment 1n
metabolsm cages Room temperature was maintamed at 18 G (£ 1) Far surfuce
temperature (as ndex of peripheral blood flow) was measured by a thermocouple
attached to the dorsal surface of one ear near its tip To avoud the exatatory cffect of
apphicaton of muscle leads no electromyograms of shuvering were taken The presence
of even weak shivering however was easly detectable and the 1ntensity of shivenng
was therefore suljectively graded

All imgections and 1nfusions were made via polythene tubing, introduced 1nto a yugular
vein Chlormsondamine (Eecolid R Ciba) was used to obtain a gangliomc blockade
and was given at a dose of 0 2 to 0 3 mg/kg L-noradrenaline and adrenaline were ginen
as an mtial injection of 3 gg/kg followed by a continuous mnfusion of 05 pg/kg/mn
Adrenaline was also jected and infused at a fifth of the above dosage and rate

Unne was collected when normally voided and unnary content of adrenaline and

di line was fluors ) ding to the procedure deseribed by
Euler and Lishajko (1961) Radiowodine (I¥) was used to study thyroid acuvity by
methods previously reported {c { Andersson et 2l 1963) Blood glucose was determined
enzymatically as described by Levin and Linde {1962)

Results

The response of normal goats to the ganglonic blocking agent

Before studying the effect of chlonsondamine on the thermoregulatory
response to central cooling the drug was given 1+ to normal goats at the same
dosages that were later used in thermode bearing goats When not present at
the time of mjection of the drug penpheral vasodilatation (as indicated by
4 nse 1n ear surface temperature) appeared within 5 to 10 min At this stage
mydnasis started to develop and minor symptoms of bronchil congestion
(intermittent coughing) apprared The peripheral vasodilatation remained
for about 3 hours durtny which time the rectal temperature of the goats fell
05t015 C

2 Response to local cooling of the heat loss centes

A) Central cooline without gangliome blockade In Loth goats central coolng
caused strong peripheral vasoconstriction withm a few mimutes At the anset
of central cooling rather strong shvering was induced 1n the goat  Andrew
This shnvering response gradually disappeared duning the first hour of cooling
\o shiering was observed under the same conditions in the goat Cassius
During two hours of preoptic/antertor hypothalamic cooling the rectal tem
perature of Andrew rose 15 C and that of Casstus 2° G A conunuation!
of central cooling caused no further rise but the Lody temperature remaine
at the same Ingh level unul cooling was stopped In both goats {ocal coolint,
of the heat loss center caused the expected marked thyroid actiation {An
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Frg | The re ponse to local coolin of th “heat loss center tn the goat  dndrect  befo ¢ { 1) and after (B}
admimstration of g gan.J onic Blockin,, agent
Note the continued fall i rectal temperature the dimuished excretion of catecholamunes and
e r:dl‘lted shiverng response after admunstration of the ganghonc blocking age 1t (chlorson
amine]

GB = I'v mject ons of chlonsondarmine { Leolid  Ciba. 02 and 0 ) mgrkg)

dersson et al 1963) Unnary of adrenaline and drenaline was
determuned i two expennments mvolving central cooling without ganglionic
blockade 1n “Andrew Durning the cooling period the rate of adrenaline ex
cretion rose 3 to 4 fold and noradrenaline excretion also mcreased (Fig 1 A)
The blood glucose levels during three hours of central cooling graduallv in
creased by about 30 °, in Andrew and by 20  mn “Casstus

B} Central cooling during ganghonu blockade Local cooling o[ the  heat loss
center  was started 10 to 20 mun after the ad of d
At tlus time the rectal temperature of the goats had alreadv started to dechine
and continued 10 do so also duning the actual cooling pertod In some expen
ments however the falt m rectal was less p ed durnmng
central cooling than it had been aftes admmmmuon of the ganghonsc blocking
agent alone The shisenng response to central cookng in - Andren  was much
feduced duning the ganghoruc blockade and uninary excretion of sympathetic
amnes remained lower than before the ad of chl
even duning the penod of central cooling (Fig 1 B) In spate of the local cooling
of the “heat loss center  marked peripheral vasodilatation persisted at least
for the first 15 nun of central cooling and often much longer Further central
cooling no Jonyer ciused a change in blood glucose level after the ganghomc
blocking agens had been given but the degree of thyvroid actination was the
same as without pre treatment with chlonsondamme
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The gangliomc blocking agent apparently increased the blood flow through
the hypothalamus since 1t was necessary to increase the rate of cold water
perfusion of the thermodes to obtam the same degree of local brain coolng 25
1 corresponding cxpertments without previous adminsstration of chlorison
damne
Fig 1 shows a comparison between the response to local cooling of the heat
loss center 1 the goat Andrew before (A) and after (B) adaumstration
of chlonsondamine

3 Restoration of Mhe serponse ts central cooking by enfusion af sypetheles awnes during
the ganghontc blockade

The effects of 11 ifusions of noradrenaline and adrenaline were studicd 10
the goat Cassius  dunng local cooling, of the  heat loss center  after the ad

of chlorisond Cassius  was never observed to sfuser
dunimg stmple central cooling at this room temperature (18 C) or dunng
simlar cooling after the ad 1on of chlorsond In congrast within

a minute after the start of noradrenalme fusion the ammnl started to shn;r
Strong shivering lasted for a penod of about 10 muin but then grdually 22’
rmunshed WWeak shinvening outlasted the noradrenaline infusion by about
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mun (Fig 2 C) Intense penpheral vasoconstriction occurred soon after start
of wfuston while rectal temperature ceased to dechne and started to rise
1t gradually rose 1°C dunng a one hour perod of noradrenahne nfusion
{Fig 2 G)

The of drenat ly reduced hypothalame
blood flow since shortly after the onset of ml'usmn there occurred a moderate
drop of temperature 2 man laterat to the cooling thermode The rate of cold
water perfi of the th de therefere had to be shightly reduced to maun
tamn a constant degree of coolmg of the  heat Joss center  duning the noradrena
e wfasion

Fig 2 shows the effect of coohing of the  heat loss center 1 goat  Cassius
before {A) and after (B) the of chlorsond: aud the restora
tion of the response to central coohng by noradrenaline infunon dunng the
ganghonte blockade {C)

The infusion of adrenaline had largely the same effect as that of noradrena
hae The dosage first used was one fifth of that of noradrenaline since urmary

of adrenaline was lly found to be 3 to 3 tumes smaller than that

of noradrenaline 1 goats under normal conditions {Andersson ot al 1963) The
mfuson of this small amount of adrenaline dunng local cooling of the heat
lass center  performed under ganghomsc blockade converted the fall in rectal
temperature mto 2 moderate nse but did not duce vinble shivenng 1t was
thercfore demded to increase the dosage of adrenaline to that of noradrenahine
{see methods) In these ine induced shuvering although
this was somewhat weaker than shivenng observed dunng noradrenaling in
fusion The nse m rectal temperature was also somewhat smaller and st swas
roticeable that unhke the noradrenaline infumon the adrenahne smnally

caused an accentuation of peripheral vasodi; Recordings of } hat
amic temperature revealed that the farger dose of adrenahne aﬂ'cctcd hypothal
amic blood flow i the same manner as 3 hine during the gb

blockade te caused a decrease m flow

Discussion

The onginal obsenation of Cannon et al 11927} of inereased adrenakine
Seereuon 1n response to cold stumul led them to suggest that ncreased non
shivenng heat production m the cold may be duc 1o the calongentc effect of
adrenaline Smce then  the response of the sympathico-adrenomeduliary
system to 1cute cold exposure and duning cold acclimation has been extensively
studied sef Euler 1961) Hsich Carlson and Gray 1957 found that the
ganghone blocking agent hesamethontum ehimunates the calongenic response
o cold m curanred cold acclumated rats Thas effect of hmamc(homum wag
ce more effectnely by the
Jecuon of adrenttine  \dds 1

of i fine than by thean
an the wap of d

ooy fapy { JVd s
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lime and adrenaline in acute and chromic cold defence has recently been provided
by Leduc {1961) His results also suggest that noradrenalne 1s the primary

stumulzant of non-shivenng heat prod and that adrenahine 1s important
more as a supplementary defence agamst cold Leducs extensne studies in
volied the use of both adrenengic (ph t ) and 1 {meca

mylamine) blocking agents It was found that the colonic temperature of non
acchmated rats treated wath the adrenergie blocking agent remaned normal
at room temperature but fell 1n the cold Similarly treated cold acchmated
rats however could mamtam normal body temperature for a few days 1n the
cold In contrast both warm and cold adapted rats recering the ganghonic
blocking agent became moderately hypothermic at room temperature 2nd
rapidly died 1 <evere hypothermuia when exposed to cold Sympatheuc ammes
had a protectie effect aganst this hypothermua noradrenaline being more
effectne 1n cold adapted rats whereas ad! line was more effectnean warm
adapted rats
Previous studies in the goat have shown that local cooling of the preopticfan

tenior hypothalamic region {the “beat loss center of Magoun et al 1938)
causes marked thvroid actnaton (Andersson et al 1963) and an increased
production of sympathetic amines especially of adrenaline (Andersson et al

1964) In these tudies 1t was also shown that the corresponding warming i

hibits these h 1 cold defence } As could be expected from
previous studies 1n rats (Schapiro 1908 Leduc 1961) the admnsstration of an
adrenergic blocking agent fphenoxybenzamine) to the goat caused conspicuous
icrease 1n unnars exereuon of catecholamines but did not cau.e hypothermz
at room temperature Further the adrenergic blocking agent did not prevent
the deselopment of considerable hyperthermua dunng local cooling of the
“heat Joss center  even though the central cooling under these cireumstances
id not mtensify peripheral vasoconstnction A very marked increase 1n the
hnenng respon.c 10 central coohng during the adrenergic blockade appar

ently contnibuted to the development of this hyperthermua (Andersson ¢t al

196%)
The present scries of experiments shows that a gangliome blocking agent
presents the development of hvperthermua duning local cooling of the “heat
loss center  and reduces the shivenng response to such cooling Fundamental
differences thus seem to exist between the effect of adrenergic and gangiome
blocking agents 1n the defence agamst cold It seems as of a reponsc of the
penipheral effector crlls 1o adrenergic svmpathetic ympul es 15 not essenual
for an acute cold defence but that the presence of a pormal or cven elesated

lesel of airculaun, svmpathene amnes 1s needed The increased thermogenests
observed due 1o local cooling of the “heat loss center  under adrenergic bloc

ade (Anders.on et al 1963 and m the present expenments due toumilaf

cooling dunng ganglionic blockade combined with an infusion of s\mpazhc&::
armnes mas partls be duc to the calongenic acuon of these amines but alo
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the app £ y action of ner and on the shiy
enng mechamsm  Dufferences sn the propensity of goats 10 shiver dunng
smple central cooling (eg “Andrew  vs  Cassius ) may m turn tepresent
diffesential sennitrvaty of central structures 10 such faclatory factors as arcu
laung levels of sympathetic anunes

From these expeniments 3t may be concluded that an acuvation of the sym
patinco-adrertomedullary system 1s the pnmary cause of the temperature nse
observed during local cooling of the heat loss center  The thyrord actvation
per 3¢ does not seem to be of major mmportance simce it was present ta uts full
extent when the temp nse was completely whibited by the ad
tion of the ganghome blocking agent
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Reflex Influence of Mesenteric Afferents on Renal,
Intestinal and Muscle Blood Flow and on
Intestinal Motility
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Abstract

Josaxssox B and J B Lancston Reflex wnfluence of mesenteric afferents on
renal sntestinal and muscle blood floww and on ntestinal matlity Acta physiol scand
1961 61 400—412 — Sumulation of ligh threshold afferents in mesentenic
nerves causes a reflex nse in blood pressure Depressor effects are obtawned at
Jower stimulus intensiies The autonomic response pattern reflexly induced
by the mesentenic  pressor afferents  has been analysed in som  detarl The
blood pressure rise was found to be assotiated with a pronounced reflex vaso-
constriction 1n the kidneys while vascular ressstance 1n the skeletal muscles
often decreased Intestinal sessels constrcted to a moderate extent and there
was a profound inhibition of intestinal tone and rhythmicity These reflex
effects ineluding the intesiinal tnhibrtion were all abolished by spinal anes-
1t csa ind cating that synaptic mech nd dized symp: gan
gha arc alone nsufficient for mediation of the responses The orgarusation of
the intestino-intestinat inhibitory reflex s

Some recent publications from this department have been concerned with
the response patterns of cardiovascular reflexesi e with the relative engagement
of the heart and of the different vascular beds and therr consequuve scetionsint
certan reflex ad of the arcul. The reflex resp to al
1n baro- and chemoreceptor actnity were studied with speaial regard to the
blood flow chanpes in different vascular regions (muscle kidney intestne and
skin) (Lofving 1961 a b Folkow Johansson and Lofiing 1961) A decreascin
baroreceptor and or an merease tm chemoreceptor actinaty were found to 1
duce the most pronounced vasoconstriction within the skeletal muscles while the
reflex constnicuons of the cutancous and intestinal vessels were Jess prominent
Reactions of the renal vessels during baroreceptor adjustments were msigmfi

al Fellowof tb N\at al Institut >f Health Present address Prpartment of Phys log¥

zﬂ5 Prchemistry Linnersty 1 My sysippr Medical Center Jackson M US A

400
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cant or absent as previously shown by Hartmann Orshov and Remn (1937}
The vasoconstnictor fibres supplied to the sanous vascular segaons seemed thus
t be actiated 18 2 quantitanvely differentiated manuer

A separate study was devoted to the pressor and depressor response patteens
muated by afferent fibre sy stems i somatic nerves { Johansson 1962) Group X1
Bbres predomnantly from skeletal muscles were found to induce a depressor
response due to a generalized mhibrion of tone activty 1 sasoconsinetor and
accelerans fibzes and to acuvation of vagal heart fibres Sumulaton of afferent
C-fitees mmanly of cutaneous ongin produced on the other hand a pressor
response with a chatactenistic pattern of vasoconstneter fibre acuvatron cany
sng a much rore pronounced constachion of renaivessels than of skeletal muscle
sessels Therefore this pressor response paticrn differed considerably from that
produced by caroud occlusion

In view of these findings 1t was considered of mterest 10 1ma eshigate m some

detayd the fatory resp to 1 of visceral affe also The
present report is concerned mamly with regional vascular responses mduced
from  pressor affc or 1m abd 1 organs Special atiention has

been pud 5o blood flow thanges in the kudney as compared to those m skeletal
muscle Some expermments were designed to cluadate certain aspects on the
aenous pathways mediating the reflex changes o blood flow and the accom
panving reflex changes i intestinal monlity

Methods

The expersments were perfarmed an 45 cass usually anesthetized with chloralose
2550 mgfkg afier induction with ether Hon ever 10 some experiments on intesunal
ety the animals were more deepty anesthetized wath chloralose urethane (3050
g’k and 60— 100 myg'kg respectn els | stnce tntestaal tone and rhvthmcity seemed to
be better preserved with this type of anesthesix (ef hock 19593 A tracheal canants was
wserted and the common caroud arienies as well 23 the vagal nenes ¢ ere dussected n
the neck \rteruai blood pressure way ré¢orded from one of the femoral actenes by means
ofan ordinary mercury manometer Heparne was gu en to precent coagulation

Regonal vascular responses were studied by dnersng the enaus outflow from the
Fspectse regions 10 2 closed drop chamber where blood flow was recorded th means
of an opucal drop counter operating an ordinate writer (Clementz and Rybers 949
Lindgren 1928}

The deep femorst v em was cannulated for recordmg of biood fow s sheletal muscle
:nd 3 hizht bigatuse was placed argund the snkle to reduce the admicnure of cutaneous

Mood The left renat ven v as cannulated for measurem nt of resal blood flov a1 on
tus side double ems are tess frequently encouniered  Ta avoid engorgement of the

duey dunng the snseron of the cannula the renal arters « as temparanty occluded
afier careful dussertion near the aorma Thi can bt done without damaging the renat
A\awmotor nerves

A scction of the upper pare of the jepunum was chosen for scaching sntesunal crcuts
Non and ar satessnal mouhts  The dustat parts of the nirstinad 1 act w o extrpated
The supersor mesentenc ¢ n » as cannulated for wtestinal blood flow record ng To
Mudy changes w neest nal tone and matlity 3 glass cannuls was nsented into the
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Tumen of the gut and a small resers oir was connected to the cannula after the system had
been filled with saline  The intraluminal pressure 1n the jejunal loop was kept at 5—12
am H,O A volume recorder was connected to the resersoir

Reflex changes in regional blood flows are more easily evaluated 1f the arterial inflow
pressure to the vascular beds studied 1s kept constant so that the recorded shufts in flow
are more directly related to the neurogenic change 1n vascular resistance Arterial inflow
pressure was often kept constant dunng reflexly induced blood pressurc changes by ad
Justment of a screw clamp around the proximal abdomunal aorta The left adrenal gland
was denervated and the nght one extirpated 1n order to eliminate the vascular effects
of reflex]ly released ad dull ) In some exp both adrenals
were tied off and adrenocortical substitution was given by intramuscular imjection of
hvdrocortisone {5 mg/fkg)

Thin nerve bundles running along the branches of the supenior mesentenic artery to
intestinzl parts that had been extirpated were prepared for sumulation 1n the afferent
direction When intestinal blood flow or motlity was not recorded nerve bundles along
the main trunk of the mesenteric artery were dussected free for afferent suimulation
Bipolar silser electrodes were used and the sumuli were delivered by 2 Grass Sumulator
4 an 1solation umt

To avord disturbances of the cardiovascular phenomena caused by reflex changes in
respiration or skeletal muscle tone the animals were curanzed with gallamine (Flaxedst)
Aruifical respiranon was given by means of an ad hle pump set at rale
and volume Gallamune was found often to depress intrstinal tone and moudity and was
therefore excluded 1n many expeniments where these parameters were studird

Some expenments were designed 10 elucidate the possible importance of reflex con
necuions 1n dec lized abdomriral hy gangha for med of some of the

P to 1 of afferents Complete pregangliomic
svmpathetic blockade was produced dunng the course of the experiments by means of
% spmal anesthesia This was accomphished by subdural adminsstration of 15 2 ml of
22  solution of hdocaine (ylocatn) z12 a thin polyethvlene catheter which had been
mserted through a lumbar or cervical laminectomy The t1p of the catheter was at the
lower thoracic level

Results

The reflex circulatory responses obtained by afferent electrical sumulation of
mesentenic nerves were dependent upon the charactenstics of the sumult When
the lus strength was gradually increased from low values a depressor f¢
sponse appeared at 2—35 V at a pulse duration of 1 mec A sigmificant falln
blood pressure was obtamed cven 1t fow frequencies of mesentenc nerve sum
ulation Afferent fibres with a considerably higher actnation threshold ¢ 1012
V at 1—2 msec) were found to produce pressor responses At low impulse rates
the blood pressure nises were well but of 2 mod phtude (10—~
36 mm Hg while lugher frequencies fabove 20 sec) gate r1sc 1o imually pro-
nounced pressure elevanons which often subsided gradually Sumifar reflex
pressor responses could be induced by natural sumuh ke distension of an 1n
testinal segment prnchung of the penitoneum etc

Fig 1 llustrates the reflex blood flow changes in
mesenteric pressor afferents were sumulated and als
respon ¢ caused by carotd occlusion was induced The animl

muscle and kidnes when
o when the reflex pressof
[ was curarized
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Fig 1 Cat 19 kg Chloralose
Effects of sumulation of mesen
teric  pressor afferents and of
carotd artery occlusion on
blood pressure muscle and
enal blood flow

ACFHJ handL Mes
entenc pene snmulation with
20 mpulsesfsec 2 msec and
”y\

B—D Eand G—1 Bilateral
occlus ont of the common ca
roud artenes

Artenal wflow pressure 1s
kept constant 1n E—~Tand itk

ad L At opine 1 mg[kg was
gien between K anc

Carotid ocelus on pmdum
the most pronounc: n
strcton_mn the skeletal muscle,
region (E) wh1 sumulation of

accompan ed by muscle vato-
dlatavion (F Jand h) Thel t
ter respomsc 1s not s gnificantly
affected by atrop nization (cf
and L) Mes nteric nerve simu
laton during peniods of carot d
ocelusion 1nd ces vasoconstric
ton i both  dncy and muscle

The ammal was cura 1zed
The vagal nerves were cut inthe

denervated K dney weight g

the adrenal medultae were mactivated as deseribed and the vagal nerves were
cut 1n the neck The effect of sumulauon of the mesenteric nerves with 20 imp/
sec 12V and 2 msec 1s shown m A of Fig 1 A small rise m blood pressure 15
obtained and thus 1s accompamed by a reduced renal blood flow and a shght
increase 1n venous outflow from skeletal muscle Bilateral occlusion of the com
mon caroud artenes (B—D) produces a more proneunced pressor response This
15 associated with a markedly reduced v cnous outflow from the skeletal muscles
while there 1s no apparent change in renal blood flow Stumulation of the mes
entenc afferents duning the period of carond occlusion (C) causes a reduction
1n yvenous outflow from bath regrons

The extent of the neuroyer1 changes in blood flow resistance in the two s
sues are more clearly shown in the subsequent part of Fig 1 as here the artertal
wflow pressure was kept coastant duning the reflex adjustments Caroud oc
clusion 7E) 1s seen to produce a marked increase m the vascular resustance
within the skeletal muscles while only a shight reflex vasoconstnction 1s obseryed
n the hidney 1n the reflex pressor response to mesentenc nenve sumelation (F)
on the ather hand flow resistance 18 matkedly incrcased in the kadney but reduced
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Fig 2 Cat25ky Chloralose
wrethane  Effects of sumulation
of mesntenie afferentn and
splanchmc nerve efferents on
blood pressure sntesunal moti
1tv and sntesunal blood flow

A C and E Sumulanon of
mesentenc /a.ﬂ”crmu with 2 4
and 8 wnplsee respectnly at
N and B e o

B D and F Stmulavon of
the penpheral end of the left
splanchoic nerve wih 4 8 and
16 amp'see respectvely at 123
and 2 msee

Alrsentenic nerve stumulation
produces inhubution of intesina)
tone and mouhty even at Jow
ampulse rates  Stmulaton of
splanchn c efferents 31 41mp wc
does not eauy intesunal inkubi
tion while at amp fsec a slupguh
response 1s obtaincd. The effects
of ‘mesentenic and splanchme
nenve sumulauon on wntestinat
blood flow are mgnsficantly df
ferent

‘Tte sagal nenes were cot
the nck and both adrenat
glands were tied off

tn the skeletal muscles This lagter pattern s seen to be modified if the mes
entenc afferents are sumulated H) duning a prolonged occluston of the caroud
artenes from G 10 1, The renal vasoc response to of the
visceral afferents 1s d by 2 p v unloading of the t 41
wlile the reaction of the muscle vessels 15 changed from vasodilanon (F) to
sasoconstricion H)

The muscle sasodilatanon obxerved m F can be explamed theorencally 2
due esther to a reflex actnauon of the chalinergie vasodilator fibres supplied to
this region or to an ntubian of wts wnic vasoconstnctor fibre acusity Both
mechanisms mas be actine but the latter one 1s at least partly responsible sinee
the vascular response 1n the skeletal mu_cles obtaned after atropimizauon (L)
not ignificantls different from that before J and k.

The reflex 1nf] of the 3¢ pressor alle on the mtestinal ves
sels and on the smooth muscles of the intestinal walt was studied 1n expenments
wth recordings of blood flow and mouhity 1n the proumal past of the jejunnm
When mesentenc nerve bundles onginaung in more distal parts of the gut
were sumulated n the afferent dirccunn with fn,h stenulus intensiizes reflex
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mtestinal vasoconstriction and prompt reflex mhibrtion of intestinal tone and
motihty were found to accompany the mduced nse in blood pressure

Fig 24l a 1 ding of artenal blood pressurc mtestinal
motihitv and 1ntestinal blood flow 1 an expeniment where both adrenal glands
had been ned off with hgatures and the vagal nerves cut 1n the neck The left
splanchnic nerves were cut and the distal end prepared for stunulation (sce
below) while the nght splanchmcs were intact A C and E of Fig 2 represent

! of flc with g 1mpulse
and 8 impfsec respectively) The reflex effects are seen to occur even at these
low frequencies Fig 2 further 1l the g diff between

this reflex respanse pattern induced from the mesenteric afferents and that ob-
tatned by direct stumulation of the efferent preganglionic fibres m the splanch
mcnerses In B D and F of Fig 2 the left splanchnics were stmulated with
4 8 and 16 1mp/sec respectively The degree of vasoconstnction induced by

efferent stimulation 1s d by the wmpulse freq Y
A s it of 1 tone and rhyth y 1s ob d enly at
relatnely high 1mpulse rates (D F) but not 1n the low frequency range (B)
3'hus in contrast to what was seen at J; of 1c Tow

quency of the splanchme p i efferent fibres has no sig
nificant effect on 1ntestinal motihty (provided that the release of adrenomedul
Tary hormones 15 prevented)

The present findings concerning the effects of preganglionte sympathetic
stmulation on intestinal motility are 1n agreement with previous observations
by Celander (1959) and hock (1959) They found that efferent stmulation of
the splanch drenal d animals produced mhibition of in

nerves i
testinal mothity only at mmpulse frequencies higher than those seen 1a sympa
thetic efferents under physiol 1 cond The 11nhib thus ob-
tained was attributed to the reduced nutritional blood flow caused by the pro-
Mounced vasocanstncuon or to local overflow of adrenergic transmutter from
the sasoconstrictor end organs to the smooth muscles of the mtestinal wall In
view of hus findings  Celander d the of true
tory  fibres in the preganghonic sympathetic outflow

The prompt and profound mtesunal mhibrtion elicited from mesentenc af
ferentsin A Cand Eof Fig 2 are d by such mod re in
blood flow that they cannot reasonably be secondan to the reflex vasoconetric
tor fibre response (ef A and Bin Fig 2) They must be ascribed mstead to reflex
activation of true mhibutory fibres innervanng the smooth mu cles of the mntes
tinal wall However if Celander 1s correct in saving that no such hbres eust in
the preganglionic sympathetic nerves quite specialized reflex connecuons must
be assumed for the mediation of these intestinal lubinons In experiments
made by Kuntz and van Buskirk  1941) and by huntz and Saccomanno (194+4)
reflex inhibiton of moulity produced in one segment of the gut by distension
ofanather wolted segment was found 1o persist afier preganghionic denenaton
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Fig 3 Cat27 kg Chloralose Effect of spinal anesthesia on the renal vascular responses to
mescnteric nerve stirnulation

A—F Stmulatin of mesenteric afferents with 30 tmplscc 10 \ and 2 macc

G_Sumulation of renal nerses with 3 tmp sec 10 V and 7 msec

The renal tor response to nene 15 abx hished by subdural
mnection of 1 dxcaine guven at arrow The irregulantics of the blood presture recording between
D and E are due 10 dextrane transfusions

The anima) was euranzed and the agal nerves were cut in thr neck

Synaptic mechanisms 1n the gangha were d to mediate ths
intesuno-intestnal inhibitory reflex There s histological (huntz 1938 1940
and hysiol 1 (Job and Lundberg 1922 Brown and Pascoc 195

F
Bessou Laporte and Planel 1939, evidence for the existence of synaptic conne¢
tions n decentralized mesentenc ganglia In the expeniments described below
atternpts have been made to find out whether such ganghomc reflex conne¢
tions could posstbly explain at least some of the autonomic responscs to ex
1avon of mesentenc pressor afferents shown 1 Fig 1 and 2 ot only the m
tesunal mhubitions as suggested by huntz and co-workers but also the reflex
renal and intesunal vasoconstricuon might be induced r2a such reflex arcs
Renal blood flow was recorded together with intestinal motiity m §6 e3pen
ments 1n order to study the effects of mesentenic nerve stimulauon before and
alter the induction of spmal anesthesia The renal vasoconstrictor responst was

regularly and totally abolished after subdural ad auon of hdocainc :

representatne recordmny of renal blood flow from these expenments i a)xtz:d

in Fig 3 In v B C and D a reproducible reflex vasoc 15 produ
mesentent

1 the hidney by sumulatuon of nenc hundies along the superior
arery  Afier spinal anesthessa anduced after D the reflex changes 12
peessure and 1n renal blood flow are no longer obtamed (EandF) The cls

blooed

nd
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WrEsT upnLrry

Fig 4 Cat 27 kg Chloralose urethane Effect of cord transection and spmal anesthes a on the
ntestinal nthubitory Tesponse to st mulation of mescntersc afferents

A ferent stimulat on of mesentenc nerve branches nith 10 imp’sec 12V and 2 msec

Torat transeenion of the cervical spinal cord {between B and C) dors not affect the mtesunal
response while subdural iy ction of hidoca ne (between E and F) ehmumates the mhibitory effect
of the surnitation The response can be ehicited agam after the spinal anesthesta has faded off
(G) The effect of & protenged mesentenc nerve stiaewlaton (H) e broken by anather subdural
snjtction of hido a ne (arrow,

The vagal nerves were cut in the neck

ten of the renal vasoconstniction cannot be attnbuted to any reduced respon
sieness of renal vessels to vasoconstnctor fibre actiaty since direct low fre
quency stimulation of nerve branches runmng to the kidney (G) causes a reduc

uon of renal bload flaw No support has therefore been obtained for the
hypothesis that nervous

mn dec 1 ympath gangha
should be of functional mportance for the mediauon of renal va oconstriction
n response to activation of mesentenic afferents This 1s apparently true also
for the intestinal vasoconstriction

In view of the previous findings of huntz and co workers referred to above
the mtesinal inhubitory response to mesentenic nerve sumulation was expected
1o persist after induction of spinal anesthesia However the intesun

testinal
mhibitory reflex scemed like the renal vasoconstrictor response to lished
afier subdura) wyecnon of hdocame This was more clearly shown arat
series of expertments on chloralose urethane anesthetized animals we
not given gallamuine The results obtaned 10 ane of these expen
trated sn Fig 4 it of 15 cenin
(0 produce. a rise in blood pressure and a charactenstic mhil, v
tone and rhythmic actnnty («f A Cand Eof Fig 2) Aruficssb *r
then ad red and afler of the pual cord at ¢ v

e miestinal response was found to be unchinged (C 2nd D}
tht higher centres of the CNS are not required for mediation
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tween D and E hdocamne was myected into the subdural space u1a 2 catheter

with 1ts tip at the lower tk level M 1C nerve 1 was after
wards without anv cffect on 1ntesunal motlity (E and F) and arrculatory and
reflex resp were abolished as well 40 mmnutes later the spinal

anesthesia had faded off and mesentenc nerve stumulation was agam able to
produce intestinal inhibition rise 1n blood pressure and reflex contractions 1n
the muscles of the abdomunal wall (G} Another subdural injection of lidocaine
given at arrow during a prolonged penod of mesentenc nerve stmulation (H)
15 seen to interrupt the reflex intestinal inlubition and the blood pressure nise
These results indicate that an effective spinal anesthesia which abolishes ar
culatory and resp to nerve 1 will elim
mate also the intesunoc-intestinal inhibitory reflex

Comments

Afferent stimulaton of mesentersc nerve bundles at moderate mtensities
produced 2 reflex fall tn blood pressure The afferent fibres responsible for this
effect mav be functionally related to those deseribed 1 man by Folkow et 2l
{1962) Therr stmulus threshold corresponds well with that of somatic depres
sor afferents (Johansson 1962) Part of them rmught mediate impulses from mes-
entenic baroreceptors (Sarnoff and Yamada 1959)

In the present investigation the mam attention was paid to the circulatory

: pattern induced from high threshold afferents in the mesenteric nerves
v b results all din Fig 14d clearly the difference in the pat
terns of vasoconstrictor fibre response produced by these visceral pressor fibres
and by carond occlusion The alterations 1n baro-chemnoreceptor activity produ
ced by the latter procedure affect renal vasoconstrictor fibre discharge to a
relauvely shight extent which 1s in agreement with the obsersations by Lofuing
{1962 a b) referred to above In contrast visceral pressor afferents onginating
mn gut or y exert a p | 3y action on renal vasocon
strctor neurones as judged from the pronounced vascular responses induced 1n
the kidney Central structures related to muscle vasoconstrictor fibres are on
the other hand comp lv more infl d by the card. ular baro-and
chemoreceptors than by 1¢ pressor affe The + 1 o
tamed nmusclein A T J hand L of Fig | are at least partly due to inlubiuen
of tonic sasoconstnctor fibre actnaty This snhubition may be secondary to an
increased baroreceptor discharge tn association with the rnise 1 carond and
aortic blood pressure caused by the mesentenc nerve simulation Thus inter
pretation ts supported by the appearance of a weak but significant vasocon
striction 1n the skeletal muscles when the visceral afferents were sumulated under
circumstances where the buffening capaaty of the baroreceptors had been re
duced by carotid occtusion € and HinFiy 1) Themesentenc pressor afferentt
have thus been shown (o exert an exatatory action on the v 1soconstrictor fibres




AUTONOMIC REFLEXES FROM VISCERAL AFFERENTS 09

espeaially on those to the kadneys and intesune but only to a shight extent on
those to the skeletal muscles Since the reflex infl on the vasoc
fibres of the latter t1sue 15 0 weak 1t 1s eatly overcome by the inhibitors effect
of a secondary baroreceptor actvatron
The reported findings tlustrate the complexiues that exist w the mnteraction
of certain cardiovascular reflexes Q. duffe es i the bility of
the different central neurone pools and in the extent of afferent fibre conser-
gence upon them may create con-tderable potentiahines for differentation of
vasomotor reactions and may thus explain the often complex response patterns
Tt 15 notable that the mesenteric pressor afferents produce a circulators ve
sponse which 1s closely simular to that elicited by stunulation of sornatc C-fibres
of cutaneous ongmn (Johanson 1962) It abo resembles m some respects the
cardiovascular adjustment which accompanies the defence alarm reaction 1n1
uated from 1ts reflex centre i the hypothalamus which 1s known to be easily
tniggered by pawful stooul (Abrahams Hilton and Zbrozyna 1960) Reflex
blood pressure ri.es could be produced mn the present expeniments by piaching
or distension of abdommnal structures Such procedures would apparently be
paful to a conscious subject and 1t 15 possible therefore that the pressor re
sponses studied rep a P d lar reflex. Ttis true that deep
Pam or pam from visceral organs often produces an oppostte type of cardio-
vascular reaction charactenzed by bradycardia and fall 1n blood pressure (Fol
kow et al 1962 Johansson 1962} but this depressor reflex 1s related to afferent
fibres with a relatively low threshold to el 1 N puve 1m
Pulies of abdomnal onigin » possibly mediated by two different sets of afferent
fibres which differ somewhat wath respect to therr “adequate stimuh and whose
vefles mfluences on the arculatory system are of opposite directtons
The observations of renal and 1y 1CtIOn 1N resy to mes-
entenc “pressor fibre sumulation suggested that quite speaific nervous connec
tons might exist between the afferent fbre system and the renal and 1ntestinal
‘asoconstnctor efferents As d above perspheral reflex
within the abdommnal sympathetic gangha have repeatedly been suggested to
be of importance for mediation of intestinal mhibition i response te sumulation
of mesentenc afferents Therefore the possible custence and significance of such
1 synaptic h for med of the renal and ntestinal vaso-
“onstriction could not a prion be excluded The present results indicate how
€ver that the reflex vasomotor respon es to mesentenc nerve stmulaton and
10 fact also the accompanying reflex changes in ntestinal mothity are dependent
Upon central nervous connections and cannot be elicited 21a reflrx mechanisim
n the decentralized gangha The present obsenvatons with beanng, on the
o of the 1 intubitorv reflex are therefore somewhat
canfusing tn the light of previous studies The neuraphysiological investgations
by Job and Lundberg (1922) by Irown and Fascoe 19,2, and by Lewou
Laporte and Planel (19,9 demonstrated the cxsstence of reflex connections i
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decentralized mesentenc ganglia It has not been possible however, to prove
therr fi 1 rel hip to the ! inhibitory reflex The
present results indicate that such peripheral are alone
for the prod of this resp This s ¢ d y to the findings of huntz
and van Buskirk (1941} and huntz and Saccomanno (1944) but 1n agreement
with those of Freund and Sheehan (1943} The latter investigators were unable
to ehat ntestino-intestinal inhibation 1n cats which had previously been sub-
Jected to total thoraco-abd 1p gl i and they con
cluded that the reflex must be mediated 212 the central nervous system Further
more Chang and Hsu (1942) found 1n expeniments on dogs that transcetion of
thoraco-lumbar dorsal roots el d the hibitory response and
they considered the reflex centre to be located 1n the Th6-—L2 segments of the
cord The most probable explanation for the diverging results of huntz and co-
workers seems to be that the preganghomc denervation may have been 1n
complete 1n their experiments
It 15 evident from Fig 2 above that the changes m intestinal mouhty and
blood flow which are produced by pr 1 1 are q ly
very different from those which are reflexly induced by afferent sumulation
distal to the ganglion In expeniments on colonic blood flow and motility Os-
carsson (1955) found no such difference 1n the response to preganglionic and to
penpheral afferent sumulation of fibres to the inferior mesentenc ganghon but
he used relatinely high tmpulse frequencies He concluded from these and from
~ertain neurophysiological findings that the two presynaptic fibre systems had
an extensine comvergence on the postganghionic cells  The great majonty of
~the colonic nerve neurons could be discharged from ecither of the two presy
naplic systems The degree of occlusion was estimated to 80—100 percent
The significant differences benween the response patterns cvoked by low fre
quency sumulation of the splanchnic nerve and of the mesenteric nerve branch
es (Fig 2) mdicate that there are two entirely different scts of efferent fibres
mnenating the smooth muscles of the intesunal wall and those of the 1ntestinal
svessels respectively The prompt inhibitory cffects on motility and tone elianted
from the mesentenic afferents even at low frequency sumulation must be con
sidered to be mediated by true inhibitory efferents and cannot be merely se¢
ondary to a reduction 1n intestinal blood flow or to local overflow of adrenergic
transmtter from vasoconstrictor nerve endings It has recently been shown Insto-
chemically that adrenergic nerve fibres are supplied to the myenteric plexa of
the mtestnal wall {Norberg 1963 personal communicauon; The intestino-
snhibstory fibres seem to be exclusnvely associated with the intestino-ntestinal
intubitory reflex and thev are cvidently not engaged 1n such sympath Ha
tor responses as produced for instance by carond occlusion or by sumulanon
of somauc “pressor Inhib of I motility 1n the Jatter
evpes of reactions have been shown 1o be due 1o Iberation of adrenomedullary
hormones (hock 1939,
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Since the reflex centre for the mtestmo-ntestinal inhibition seems to be in the
CNS the 1 pathway for the hibitory efferents from the
spinal cord to the abdominal viscera remains to be demonstrated The abdom
mal sympathetic outflow seems to be the most probable location for this path
way but 3t has not been possible to demonstrate 1t unequivocally by drrect
splanchmz: nerve sumulation {Celander 1959 hock 1929 Fig 2 above) The

fre at which 1 mhib: may be induced from the
splanchmc nerves are above the physiol 1 disch range of
efferent systems and 1t seems unbikely that intestino inlubitory fibres should be
exceptional 1n that respect the more so as the sumulation of the visceral affer
entsat only 1 —4 1mpulses/sec produces a prompt reflex activation of the proposed
efferent fibres Also the possibility that these fibres should be particularly resistant
to electrical sumuli seems to be ruled out by the fact that splanchmc sumulation
at very hugh intensities (30—50 V) — well above that required for maximal
vasoconstrictor fibre actnation — faled to cause intestnal wmhabttion an the
present expentments It seems as 1f the efferent discharge pattern which s reflexly
produced by the afferent impulses cannot be ly well reproduced b
artificial sumulation of the splanchmc nerves It 1s possible that direct electrical
sumulation of intesttno-inhibitory fibres in these nerves 1s unable to affect intes
tinal motlity due to a sumultancous activation of some other cﬂ”crmt svstem
which interferes 1n some way with the of the y
tmpulses 1n the gangha or in the mventeric plexa Thus latter explanation 1s at

Ppresent entirely speculatne and 1ts vahdity has to be tested mn further expers
ments

This study has b en supported by grants from the Sucduh Mcdical Resea ch Counal fi ¢
the Alr ¥o ce School of Acrospace Medicine AFSC through the European Office Ofluy of
Ae ospace Resea ch U § Air Force AF 61(032) 732 and by grant H 5675 from the Natly al In
situtes of Health 11§ Pubhie Health Sevce
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From the Nobel Institute for Neurophysiology harolnska Inststutet, Stockholm 60
Sweden

Accommodation of Single Myelmated Nerve Fibres from
Xenopus Laevis Related to Type of End Organ
By
Axz B Varrro
Recensed 20 December 1963

Abstract

Varrzo A.B Acommodatim of single myctinated ner-e fibres f om \enobus laemrs
reloted 1o type of end organ Acta phymol scand. 1964 61 $13—478 — Accom
modaton and repetive finng of sngle nenve fib es were determned 1 ex

preparations from the clawed toad Sensory fib 5 sancrvating fast and
slowly adaptug mechano eceptors and motor fibres were studied It was
found that accommodat on was sl ghtly faster 1 motor than mn sensory nerve
fibres but a significant difference was not fousd becween the two types of s
307y nerve fibres wm 4 s respect. The receptors maenasted by the smgle ot ¢
fibres were strnwlate 4 wath long mechanical pulses and the sensory discharge
was compared with th repetinve actvty due to electrical sumulation of the
axons The discharge elic ted by the slowly adapting reeeptors was of longer
duration and of wider impulse frequency range than the repetitrve firmg
due to electrical stimulation of their axons It was concluded that measu ¢
me 1t of accommodation m penpheral perve fibres does not gne any indica
1100 of the mechanis for the vanation of adaption smong the mechanorecep-
tors studied. Further st was concluded that receptor discharge cannot gener
ally be explained by the hypothesis that propagated impulsesa ¢ mtiated by
2 t de a nery b which has the same
Ppropertics zs the membrane sn the peripheral i rve without further assump-
tons. A slower actommodation 4t the 3 te of impulse 1itiat on and some
mechanusm mod Iying the impuls f cquency must be assumed 1n the lowly
adapung receptors to make the csultyof th present mnvest gation consust nt
with thus b pothesis

It 1s generally held that the impulse 1n the afferent nerve fibre 18 miuated by
a g current depol. the nenve L Bernhard Gramit and
Skoglund 1942 Gramt 1947) This view which has been supported by several
myestigations {for ref see Grav 1929) requires that nerve fibres mnervaung the
most slowly adapung receptors have almost no accommodation at the site of
ympulse 1mnanon while accommodation at this site could be more pronounced
in fibres mnenvaung fister ad. sense organs although the hypoth does
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not imply that the nerve fibre has the same properties at the site of impulse 1m

tiation as i the peripheral nerve some distance from the sense organ It has
not been possible to study the properties of the nerve membranc t the exact
site of impulse mitiaion On the other hand accommodation and repetitive
firing of pertpheral nerve fibres have been studied 1n many mvestigitions and
discussed 1n relation to the generator current hypothesis

Repentive finng to long electrical pulses may occur in mammalian (Shoglund
1942, Granit and Skoglund 1943) amplhibian (Lrlanger and Blair 1936 1938
Katz 1936) and crustacean (Hodgkin 1948) nerve fibres The maximum dura
tion of repetitive activity 1n mammalian and crustacean nerve fibres 1s consider
able and mught possibly be as long as the maximum discharge duration of
slowly adapting receptors Repetitive activity of amphibian nerve fibres does
not however seem to exceed a few tenths of a second The amphibian expen
ments have been crincized because exesed preparations have been used and

d might be unphystol 1 due to withdrawal from airculation
(Parrack 1940 Skoglund 1942) The critical slope of the nerve fibre to electrical
stimulation seems to be of the same order of magnitude as that of the correspond
g sense organ to mechanical sumulation 1n case of fast adapting skin mechno-
receptors i the frog (Gray and Malcolm 1951) and Paciman corpuseles in the
cat {Gray and Matthews 1951) Further the general discharge characterstics
of the Paciman corpuscles can be imitated by clectrical step stimulation of ther
axons (Gray and Malcolm 1950) The impulse frequency of some of the mam
malian and crustacean nerve fibres 1s vanable over a wide range with the inten
ity of the sumulating pulse Most of these findings seem to be m agreement
with the statement that * there 15 no evidence or need to suppose that the part
of the afferent fibre 1 which the impulses are set up diflers from other partsol
nenve fibres mn 1ts response to flow of current  (Gray 1959)

If the nerve fibre has the same properties throughout ats length 1t follows
that the maximum discharge duration when the nerve fibre 1s sumulated with
1 step current of long duration must not be shorter than the maximum discharge
duration of the sense organ It does not smmediately follow from the aboveas
sumption that the range of impulse frequency i the nerve clicited through the
sense organ would correspond to the range that 15 obtained on stimulation of
the nenve Several complications mught disturb such a sumple relation € 2
low safety factor 1t branching points in nerve fibres which ramify cxtensively
at the receptor (hatz 1950)

In the present mvestgation the discharge of single mechanoreceptors was
compared with the repetitive actisaty of thesr own axons Fastandslowly adapt
ing units were studied A reasonable agreement was found between the mav
mum number of nerve imy chicited by t 1 1 of the fast
adapting receptors and el ! 1 of the correspondtng nene l'xln'tls
The slowly, adapting mechinoreceptors on the other iand gve a comldtr;\h){
longer di charge than the maxumum repentne activity ehicited by clectrical
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stmulation of their axons There was also a pronounced difference wath respect
to impulse frequency range 1n the slowly adapting units due to the two modes
of stumulation

Accommodation 15 faster n efferent than i afferent nerve fibres both 1 the
cat (Shoglund 1942) and m the frog (Erlanger and Blar 1938} Gramt and
Skoglund (1913) pared d. of skin and muscle afferents (cat)
and found that the former had almost no accommodation wlule the latter did
accommodate to some extent In these studes the activity of one or several
fibres has been recorded from nerve fibre bundles Thas method selects the fibires
with slow accommodation (Cray and Matthews 1951} It secms thesefore that
this type of expeniment allows the conclusion that there are fibres of slower ac-
commodation among the skin afferents than among the muscle afferents but 1t
cannot with certainty be stated whether nerve fibres innervanng different types
of end organs fall 1n distinct groups with respect to accommodation It seems
necessary to measure accommodation of isolated nerve fibres to settlesucha
question If the accommodation of a nerve fibre has direct yigmificance for the
adaptation of the sense organ it seems ikely that there would be a pronounced
difference 1n accommodation between fibres innervating fast and slowly adapt
ng receptors

In the present v

the d of single wsolated toad nerve
fibres of three types was measured motor fibres sensory fibres mnersating fast
adapting skin mechanoreceptors and sensory fibres innervating slowly adapting
muscle mechanoreceptors It will be shown that accommodation was faster 1
Totor than m sensory fibres although there was a derable overlap No &iff
ference 1n accommodation was found between sensory nerve fibres mnervating
slowly adapting receptors and those mnnervating fast adapting, receptors

Methods

Preparation Excised preparations from \enopus laes were used The preparation con
sisted of the foot and the scaatic tbral nerve Smgle d nene fibres d
from eather of the two mam branches of the tbial nerve The dissected fibre was kept
mtact with 1ts end organ This made 1t possible 1o determine which type of end organ
Wasinnervated by the single fibre and also ta study the discharge 1 the nerve fibre sn.
Fesponse to mechanucal stimulation of the attached mechanoreceptor

Stmulation of receptors Cutaneous receptors were mechamically sumulated with a Pers-
pex rod v ath 2 flat surface of about balf a square centimeter at the end This rod was
fixed onto an electromagnet which was drisen by rectangular pulses from an ordmary
sumulator When the pulse was applred the end of the Perspex rod moved about 3 mm

rom one fixed poriion to another The shape of tlus mechanical pulse was recorded
photaclectrically 1n one expeniment The onset of the mowement y-as yather slow but
90 of the movement occurred during 6 msec  Damped oscillations were present for
?_buut 30 msec The af the 1 was about 250 g and the
requency about 550 cps The intensity and the localizaton of the sumulation were ad
Justed to gnc approumately the mauimum number of impulses from the receptor stud~
1e¢ The foot was fixed with pins onto a cork plate during the sumulation The muscle




416 ARE B vaLLBO

reccptors were actinated by extending the muscles i stz with a dropping wesght attached
to the toes with a thread The amount of extension was not standardized Positne evi
dence that a dissected fibre was of motor function was obtaned by sumulating the single
fibre electrically 2nd obsenving a muscle twatch 1n response to this sumulation

Stimulation of nerre fibres The nerve fibres were sttmulated with two different tech
muques In about half the cases the fibres were sumulated at the dussected region with the

¥ described by Frank (1957) This techmque smplics that a single
nodc was studied under conditions 1n which no current from the membrane was allowed
to spread in the intemodes and all the sumulating current passed through the invests
gated node Ths technique will henceforth be called focal stimulation of one node In
the other type of expernment the part of the nerve trunk between the end organs and the
dussection of the single fibre was mounted in a Perspex cell with five 2—3 mm wide pools
filled with Ringer s solution Vaschne scals were applied over the nerve on the partitions
to separate the flmd pools The nerve was sumulated at onc or several sites with Ag AgCl
electrodes dipping into the pools dustally to the dissection of the single hbre and the con
ducted umpulses were recorded from the nerve trunk prowmal to the dissection. This
technique of nene stimulation will be referred to as  bipolar stimulation on nene
trunk The nerve s as routinely dated at 2 desheathed site but 1n some cascs 1t was
also stimulated through intact nerve sheath Vhen fibres from muscle mechanorecep-
tors were studied with this techmque the nenve was blocked wath Jocal anaesthetic close
0 the muscle 11 order to avoid confusion from actnvation of intrafusal muscle fibres

The cntical slopes of the single nerve fibres were determined with hinearly rising cur
rents the slope of which was changed 1n steps of 10~20 ¢, The critical slope was defined
as the mmimum slope giving rise to an action potential Rectangular current pulses of
various intensities and long duration were applied and the response of the single nerve
fibre was recorded to determmine the charactensucs of reprtstive finng when thus occurred

netitne finng  without further defimtion will henceforth be used to denote actiuy
onsisting of more than one action potential n a single fibre when stimulated with long

~electncal rectangular pulses

Recording The sensory duscharge was recorded as conducted 1mpulses from the nerve
trunk proumal to the dissection across an arr gap and i a few cases across a vaselne
gap applied over the single nerve fibre The same techmqeue was used for recording the
acumity elicrted by bipolar electrical sumulation of the nenve fibres When focal stimu
1anion of one node was used the unattenuated membrane action potential of a single node
was recorded according to the tech d bed by Frankenh {1957)

Solution The preparations were kept in Ringer s solution of the following composition
dunng the dissccuons and the expenments N\aCl 1120 hC12 5 CaClL 20 NaHCO,
25 fm\  The pH of thus solution was 7 5—80

The cxpenments were performed at room temperature (18—21 C1 and the toadshad
been kept at about the same temperature for weeks before (hatz 1936)

Sorunclature The term accommodation of nerves has been used to denate a threshold
nise at the cathode 1n ¢ of 3 prol: 1 1 Howeser 1thas
been shown that the threshold of a d area_cg a node n a myelin-
ated nerve fibre 1s faily constant regardless of the shape of the sumulating current
(Tasaks 19,0 Frankenhacuser 1922 but that the amount of current produced by ':'
membrane during actnaty vanes smoothly with the slope of the sumulating current the
membrane current decreases as the slope of the sumulating current 18 decreased (Fran
1922, A d will therefore be used to denote the change in ""f“
Tesponse 1o slowhy nsing currents In the present imvcstigation the rate of accommodia
tion was determined b the crucal slope 1 ¢ the minumum slope of fincarly ﬂd g |Mr
rent which gave risc to 2 propagated smpulse i case of ipolar sumulstion and a clea!
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sumulation of the sense organs with fong
mechan cal pulses

% of cbse vatons

[ 200 Ed 0
F que oy (mpuises s )

action potential 1n case of focal strmutation of one node (cf Vallbo 1961) Adaptation
will be used to sigaify the decline in nerve mpulse frequency dunng mamtaned stimu
lation of the receptor The basis for classifying the sense organs as fast or slowly adapting
Wwas the ume taken for adaption to zera frequency

Results

Duscharge 1n sin,le nerce fibres in response to mechanical stimulation of receptors

The discharge 1n nerve fibres from single skin and muscle mechanoreceptors
due to taned h 1 il

of the receptors was studied The
Cutaneous receptors gave a short burst of impulses duning the first 10—30 msec
of the stimulation and occasionally also a short off response (Fig 1B Fig 7C)
ie maximum number of impulses varied from one receptor to another be
tween 3 and 11 (Fig 11 arcles) The discharge frequency dechned shightly to-
wards the end of the burst 1n most cases The mean impulse frequencies of the
bursts are shawn 1n histogram in Tig 2 The percentage of total obserations of
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the frequencies given by the abscissa 1n steps of 10 impulsesfsec 1s shown by the
height of the bars The histogram 1s based upon 215 obscrvations from 13 re
ceptors The mean impulse frequency varied roughly between 100and 3501m
pulsesfsec

The mechanoreceptors in the musces on the other hand gavea Jong continuous
discharge which was rouunely recorded for 2030 sec The impulse frequency
declined with time towards a final low value The discharge at different times
after apphied stretch s shown in Fig 1 A Two adaptation cunves fromthesame
umt which s representanve of all the muscle mechanoreceptors are shown m
Fig 3 % and ischarg: 1 seen from these recep-
tors were 250 and 10 impulsesiscc respectinely Thus type of dicharge 13 welt
known as characterisize for muscle spindles and Golgt tendon organs Tig 4
shows the discharge frequency from the muscle mechanoreceptors as meared
& sec after the extension was apphied The histogram v bised upon 32 obsena
tions from 12 receptors These results show that there was a pronounced differ
ence between the two types of receptars with respeet to discharge dusation s

well as impulse frequency range
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Jfinng of nerve fibres duz to electrical stimulation at desheathed sites and through wmtact
nerve sheath

Defore presenung the complete data concerning accommodaton and repetitn e finng
of nerve fibres it 15 comement briefly to report one find ng which was not systematically
mestigated but which must be taken into account 1o the follo ving It was found that
the eritieal slope and the duraton of the repetitne frmg | ere hat d
tpon whether the nerve sheath was intact at the site of sumulanon or not The enucal
slope v-as lower and the repetitn¢ finng was more pronounced + hen the nenc sheath
was intact This is 1llustrated 1n Fxg 7 and 8 In both these higures A shows the activity
of 2 single fibre in response 10 step Current stmulation at a desheathed site and B shows
the activiny of the same fibve 1n response to stimulation through tmtact nerve sheath
Qualiativels the same differences were obsers ed inses eral single nerve fibres innen atng
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Table I Probability levels of the diferences in critical slopes between nerie fibres wnnervating
different types of end orpans

M S 001>P>0001 Signaficant
Mo S 005>P>007 Sigmficant
M v ST 001>P>0001 Significant
St v S P>01 Insignificant

M denotes motor fibres Ss sensory fibres innervating stowly adapting muscle mechanoreceptors
Sfsensory fibres innervatung fast adapting skin mechanoreceptors and § sensory nerve fibres1c.
Ss and Sftaken together

all three types of end organs It s possible that desheathing might have damaged some
of the superficial fibres 1n the trunk but 1t seems unlikely that the more centrally placed
fibres could have suffercd from this procedure In order to check if the difference i
repetitive activity of uingle nerve fibres with mtact and removed connective tissue sheath
might be due to inyury the response of the whole nerve trunk was recorded in five ex

P The diffe between lation at a desheathed part of the nerve and
through intact sheath 13 illustrated 1n Fig 5 It can be seen that maximum repetition
duration was considerably less when the nerve was sumulated at a desheathed site (A)

Ths suggests that there was an overall change in accommodation when the nerve sheath
was removed A decrease wn repetitive firnng 1n excised mammabian nerves after de

sheathing has been described by Adrian (1930) and Erlanger and Blar (1936)

‘The maximum duration of repetitive activity observed from the whole nerve with
mtact sheath was roughly 150 msee The recording conditions were the same in these
experiments as 1n the single fibre expertments and 1t seems therefore Justified to conclude
that the maximum duration of repetitive activity of the single fibres as studied here did
not exceed 150 msec About the same duration was seen in one single nerve fibre (Fig
8B

~

Accommodation 1n single nerve fibres

The cnncal slopes of single nerve fibres were determined  Motor fibres and
sensory fibres inervating fast and slowly adapting mechanoreceptors wer¢
studied The findings are illustrated 1n Iig 6 The critical slopes in rheobases!
sec are gven by the scale Each point represcats one nerve fibre The letters to
the left indicate the type of end organ The results from bapolar stimulation on
nerve trunk are shown at the top {aircles) The stimulation was applied at des
heathed sites of the nerve m all these cases The results obtamned by focal sum
ulanon of one node are shown at the bottom {squares)

It 13 seen from Tig 6 that the crincal stopes mught be shightly smaller on focal stimu
lauon of one node than on bipohr simulation on nene trunk The meant dhffered by
15— 30 rheobases/see in the three types of nenve fibres Any mjury to the nervcs 1s known
to increase the rate of accommodation and mpury dunng dissecuon could therefore not
be the explanation of these differences It seems therefore justified to assume that they
were largely duc to different simulation techmiques The two sets of figurcs werc com
bined for statiscal treatment by shultung the cntical slopes obtained by focal simulation
of onc node 21 rheot to the tight Twent rheobases/sec was the mean of the

dufference between the means from the two types of experiments
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The mean of the critical slapes was fughest m motor fikees (1139 + 439
mean and $ DV intermediate 1n fibres from slowly adapung muscle mechano-
receptors (85 2 - 23 3) and Jowest 10 fibres from fast adapting skin mechano~
receptors (669 + 31 0) The resubts were tested for ngmbiant differences by
apphecanon of the ¢ test The difference was sigruficant between mator fibres on
ene hand and the two types of sensory fibres on the other either taken together
or separately although yust barely betw ren motor fibres and sensorv fibres moner
vatng slowly adipung receptors The dafference between the sensory nerve i
bres \Mnervaung the two tvpes of mechanoreceptors was not statistically sigmifi
cant and the difference between the means was in the reserse divection to what
would e expected of the accommodation of the nene fibre generally wassignl
want for the adapnon of the sense organ The probatubty levels are showa in
Table {

The crtical slope vaned by a tactor of two to four within each group of nerve
bres exerpt one {hottom group 1 Fig §) There was no parueular reason to



422 Ane s vALLno

'S

s
b
Ayl
s L
E fad 3w 400 S50
. Fic 9 Histograms showing the du
" tesbution of mean nerve impuhe fre
s uenicies duning repetiti e actaty m
% sing l':l rexyve fibres when stimulated
with long step currents of varying
B 3 wntensities Fiores nnervating 1z ¢
< adapting skin mechanoreceptors { A}
N and fibres mnnen ating slowly adspt
i ing muscle mechanoreceptcss ()
00 ™ 3m s 509

Foequ ney lumpuises ¢ g

ascribe the pronounced vanatuon m this group to expenmental error and con
siderang that the values of the dard d sWEre g iy rather ligh
1t seems hikely that the few fow values for the criticat slope in thns group were ex
tremes an the populatton A varation of the same order of magmtisde as shown
sithan the groups w Fig 6 has carfier been found among toad motor fibres
Sato, Nadao Teravcht Yamanaka and Matsumoto 1950 Tasaki 1950 Tasak
add Sahaguchi 1920 Sato 1951 «) and fibres mnervating Paciman corpuscles in
the cat (Gray and Matthews 1951}

Repetitive discharge ta response to decteieal sthmulaton of swngle verte fibres
Rectangular current pulses of Jong duration and varying intensities were ap-
phed to the nerve fibres 1 order to study repetiion Only sensory fibres were
systemancally wvestigated o this respect Repeubve activaty 18 1lhussrated in
Fig 7 Aand Band Fig 8 A and B It consisted of a burst of impulses with the
ot g of wstics regardiess of the expenimental situation and the (5pe
of nene fibre The discharge frequency was ttially tugh 300500 smpulses?
sec and dechned shghtly towards the end of the burst 1n most eses Qcesion
ally the last spike mterval was considerably langer than the preceding ones but
a low duscharge frequency for any length of nme was never seen [he mean sm
puise frequencies during single bursts are shown i hustogram tn g Bfor fibres
innervaung fast adapting skin mechanoreceptors (A and slawly adapting muscle
mechanoreceptors (B presened as desenbed ahose (p 6) Histogrim (Ab
based upon 200 obsersations from 11 nerve filires which innervated 11 of the
receptors imestigated for Fig 2 Hustogram /By ss based npon 5t obsery oy
from T perve fibres Light of these nerve fibees snnery 1ted B of the yecepsors it
vestizated for Tig 1 The ntensny of the stimulung pubie wn yarted over wide
ranges and st eemy threrefore psnificd to state that the diagrams reasonably well
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Fig 10 Cnmcal sloges m rh obasesfsee
(ordinate  loganthnuc scale) agamst
maxmum number of mmpulses m. the
n ne fibres (abscrssa) due to stimutation
with long step currents Figures on the
nght hand sde of the symbols give the
number of obsersahons represented by
the symbol m case this was more than
one The regress on [ ne represents the
equation N = 326 — 158 log S (sec
texep 12)

B
¥ omam p by tmpa

cover the maximum frequency range of these nerve fibres when sumulated with
rectangular current pulses The mean mmpulse frequency vaned roughly be-
tween 100 and 400 smpulsesfsec and 1t could not be changed by a factor of more
than about two with the mtensity of the shmulating pulse (Fig 7 Aand B Fig
8Aand B) Itis alo seen in Fig 9 that the frequencies of the two types of nerve
fibres were just shghtly different The number of impulses mcreased wath the
ntensity of the sumulating pulse up to 2 maximum A further increase of the pulse
then caused a marked decrease in repetitive finng (Fig 7 A and B) Delayed
Tepetiion (Erlanger and Blarr 1936 Sato 1951 5) was not seen 1n these expent

ments The maumum number of impulses from single nerve fibres vaned be

tween | and 24 (Fig 11) and the maximum duration of repetitive activity ever
seen 1n a single nerve fibre was 128 msec (Fig 8 B) Repetitive fining was pos

sible more pronounced 1n nerve fibres inner ating fast adapting receptors than
1n those nervating slowly adap p but the diffe
small (Fig 11)

was rather

Pelation between eritscal slope and maximum repetitsze activety of single nerce fibres un re
sponse 1o electrical step stimulation

It has earher been shown that repettive activity to constant currents 1s more
pronounced the slower the accommodauion {Ratz 1936 Sato 1951 8) This was
confirmed 1n the present svestigation as 15 <een m Fig 10 1n which the entcal
slopes (ordinate) are plotted on a loganthmc scale agawmst the maxumum num
ber of impulses (abscissa) which could be elicited from the single nerve fibres by
stimulation with fong step curtents The measurements were made on 18 fibres
sumulated with bipolar electrodes on the nerve trunk at one or several sites
Both motor and sensory perve fibres are represented regardless of whether they
‘were sumulated through intact nene sheath or at desheathed sites of the nerve
It can be seen 1 Fiz 10 that only fibres with a crincal slope of less than 100
rheobases'sec discharged repetitively m response to step currents This eems to
be 1n agreement with Sato s results (Sato 1951 b)since he hasfound thatavalueof
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. Fir 11 Mavimum number of nerve
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7 between 10 and 30 msec 15 required for repetitive activity m toad motor fibres
‘The correlation coefficient between the loganthm of the cnitical slope and the
maxmum number of impulses was highly sigmificant {r = —086 ¢ test
P < 0001)

The results presented 1 Fig 10 suggest a straight line relation between the
loganthm of the critical slope and the maximum number of impul.es Too few
. “ponts were available from very slowly accommodating fibres however to allow

2 definite statement 1n this respect The regression line was calculated by the

method of least squares using onlv the figures from fibres which gave more than

one impulse It represents the equation
N =326 -1581log S

where N 15 the maximum number of impulse ehiaated by electrical step sumula

tion of the nerve fibres and S 15 the numerical value of the critical slope gnenin

rheobases/sec

The results obtained by focal stimulation of one node differed from those presented
Tig 10 that fibres having a cnitical slope of more than about 70 rheobases,sec gave
only one impulse This was a further support for the concluston that the diference 1
criical slope obtained by the two types of stmulation was largely due to differens €x
penmental techmques

Vaximum number of nerte vmpulses elutted by mechameal stomulation of receplors and
electrical stimulation of ther axons

The relation of maximum number of nerv e impulses eheited by mechn
stimulation of receptors to that ehated by electrical step stimulation of the cor
responding nenve fibres 1s shown i [ig 11 Tast adapung sensary umits {<an
receptors) are indieated by aircles and slowly adaptiag sensory units (muscle e

scal
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ceptars) by squares In the case of the fast adapting sensory unts the number
of unpulses was of the same order of magmitude whether produced by stmu
lation of the nerve fibre or of the receptor, although there was a considerable
scatter On the bawis of the correlaton between repetitne actvity and accom
modation shown above {p 12) these findings seem to be 1n agreement with the
esults of Gray and Malcolm {1901) and Gray and Matthews {1901) that the
critical slope of fast adap hanareceptors to mech 1 )} s of
the same order of magmtude as the entical stope of thess axons

‘The maxsmum number of impulses m the nerve fibres 1nnervating the muscle
receptors was on the other hand considerably smaller on electnical sumulation
of the nerve than on mechamcal sumulation of the sense organ the difference
beng ten umes or more

Tmpulse frequency of ihe discharge elierted by mechanical stomulation of veceptors and elec
trual sumulation of nerve fibres

The tange of impulse freq b d by electrical of single
sensary nerve fibres 1s shown in Fig 9 The mmpulse frequency dunng repeative
activity was  only 4 observatiens out of 259 less than 100 impulses/sec All the
dowly adapting p gave a drscharge of fi below
30 smpulsesjsec (Fig 4) Hence at 15 obvious that the mmpulse frequency range
of the nerve fibres when stimulated with step currents cid not cover the range
of the slowly adapting receptors For the fast adapting sense organs however
there scemed to be a reasonable agreemtent between impulse frequency range of
nenve fibres and receptors (Fig 2 and Fig 9 A)

Discussion

It has been shown that accommodation and repetitive firmng of nerve fibres
wught be affected by a number of factors such as 1omc environment 1ajury
interference with arculation intact or removed connective tissue sheath tem
Perature and 1n case of amphibians also temperature of the anumals before the
expenments {eg Brlanger and Blar 1936 hatz 1930 Parrack 1940 Tasak:
1949) Hence 1tssmot asy to be certain that any measurement of it 1s normal

{Gray and Matthews 1951) However to reveal differences i accommodaton

between nerve fibses 1t seems adeq tom understand

ardized condutrons even f these conditions are 1n some respect unphysiologicat

In ihe present investigation the accommodation of single nenve fibres inner
Vatung different types of end organs was measured 'The 1omc ensironment was
kept constant circulation was completely cut off previous and actual wempera
ture was almost constant and the nerves were desheathed In some expenments
stmulation was applted at sites where the single nerve fibres had been disected
whereasat was apphed at undissected sites 1o others There was a shight dutference
n rate of accommodaton obtaned n these two 1y pes of experiments Tt seemed

ure.
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very unlikely that the single nerve fibres had been subjected to injury at pomts
where they had not been dissected while 1t could not a priont be excluded that
they had been damaged at the dissecnon However the difference in accom
modation was 1n the reverse direction to what would be expected if the single
nerve fibres had been damaged at the dissection and the effect was probably
due to the diffe e 1n stimul hnique (see Methods)

A sigmificant difference 1in accommodation was found between motor and
sensory nerve fibres the motor fibres bemg more rapidly accommodating
thus confirmung Erlanger and Blair (1938) and Skoglund (1942) The cnitical
slope of motor and sensory nerve fibres did not fall in distinct groups as found
by Shoglund (1942) for mammalian nerve fibres A strict single fibre techmque
15 more suitable to determuine vanation between individual fibres than recording
from nerve fibre bundles which was the techmque used by Shoglund The differ
ence between the results could be due erther to this difference in experimental
techmique or to difference between the two speaes

A sigmificant difference was not found between fibres imnen ating fast adapt
ing skin mechanoreceptors and those mnervating slowly adapting muscle me
chanoreceptors Hence deter of d m these nenve fibres
did not g e any idication of the mechanism underlying the difference i adap
tion between the two types of sense organs

The repetitnve finng elicsted by electrical stmulation of single nenve fibres
was compared with the discharge due to mech 1 1! of the attached
teceptors Both receptors and nerve fibres were studied under the same condt
‘f1ons except possiblv 1n one respect There might hayve been some difference be
tween the tonic composttion of the Ringer s solution and that of the extracellu
lar flurd at the site ofimpulse imtiation at the receptor Itseems justfied toassume
that the 1omc environment was the same at this site as mnside the nerve sheath
Electrical sumulation of the nerve through intact sheath also gave repetine
actiuty of longer d than lation at desheathed sites However this
difference was not too pronounced and it seems Justified to neglect 1t i the
following reasoning concerming the relation between the discharge chated by
electncal sumulation of the nerve fibres and mechanical stmulation of the
receptors

The maximum number of impulses produced by step current stumulation of
the nerve fibres which mnervated slowly adapting receptors was about 2 tenth
or less than the number of impulses elicited by mechanical 1. of the
receptors If the simple generator current hypothesis for impulse mnation »
correet then it must be concluded that the rate of accommodation was cOns!
erably faster 1n the penipheral nenve fibres than at the site of impulse mitation
Low impulse frequenaies which were regularly scen when these receptors were
actuated by could not be ot 1 from any of the nenve fibres when
they were sumulated by rectangular currents The step between generitor c:;‘rt
rent and propagated action potentials can therefore not be cxpl:untd on




AGCOMMODATION OF NERVES 427

basis of the properties of the nerve fibres without further assumptions Studies
on single frog muscle spindles have shown that the course of events ar impnlse
imtiation mught be rather complicated and not hike the situation when current
1 applied to 4 penpheral nerve fibre (hatz 1920) The finding that the {fre
quency range of sensory discharge could not be imitated by stimulation of the
penpheral nerve fibres 1s therefore not nece.sanly inconsistent with the genera-
tor current hypothesis

In the fast adapung sensory units on the other hand about the same number of
mmpulses was obtained by stmulation of nenve fibres and receptors The mmpulse
frequency range was also about the same Simular results were obtaned by Gray
and ]\Ialculm {1921) and Gray and Matthews (1951) for other fast adapting

eptors This 1 with the 1dea that the nerve membrane

has the same accommodation in the peripheral nerve as at the site of impulse
mmuaton i the receptor Loewenstein (1956) has shown however that skan
mechanoreceptors which are commonly considered fast adapting may grie a
discharge of much longer duration when the shin 1s stretched than when the
Teceptors are shmulated by mamtamed pressure Lower frequencies were also
seen with this stmulation ¥f this 15 vald for the skin receptors studied in the
present 1 the K h used here mught have been 1n
adequate to ehart the maximum discharge from these sense organs and hence
the agreement between receptors and nerve fibres found here mght not be
worth stressing too much

The results of the present mvestigation sndicate that there 1s some vanauon 1n
ac between mdiidual nerve fibres and related to that 1s a vana
ton in the tendency to fire repetitively 1n response to long current pulses The
range of impulse frequency dunng repetitive finng did not seem to vary much
among individual nerve fibres Further accommodanon of the nerve fibre does
not seem to be closely related to the type of end organ and definutely not in such
a way that differences 1n sense organ discharge characteristics could be accoun

ted for by the vanation n nerve fibre accommodation as measured 1n the pe
nipheral nene

w :n\ Present work has been supported by grants from Resc ~at onsanslaget harolnska In
itatet
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Abstract

Vawtso AL B Accommodat onr lat d to tnactt ation of the sodrum permeability
e el vt  nerit Fbesf m Yenspus lacts \cta phys ol scand 1904 61

294+t — Limearlv nsing currents verc apphied to sngle myelnated nerve
fibres from the cla cd toad 2nd the ent eal slope for excitation vasmeasured
as an ndex of the rate of dccommodation A voltage clamp analyns was car
ried out on the same fibres and the membrane p operties were related to th
entcal slope It was found that there was an intimate relation between the
it cal slope and the steady state of the sodium
at potentials r latne to threshold potential Th mam vanation i the m
activat on +s 1n the rate constant 5 Leak conductance and sodwm and
potas wam permeab Lty constants did not _ary closely 3 1th the et cal lope
The turning on of th potass um perm ab 11y was not mvestgated It 1 as
concluded that the vanat on mn the rate constant  vas one of the mam fac
{ors aceousting fo the normal vanation 1n accommodat on among these
ners fibres

1

Acy d n single d nerve fibres varses to some extent from
fibre to fibre (e g Tasahs 1950 Sato 1951 Vallbo 1964) The bass for such var
1ations seems to be unknown The voltage clamp analvses of the squid fibre
(Hodglin and Huxley 1922 o—d Hodghin Huxley and hatz 1952) and of the
myelnated fibre (Dodge and F; 1959 Franlen! 1959 1960
1962 a— 1963 a b) indicate that a further analysis mught reveal how hbres
with different accommodation differ from each other with respect to their mem
brane properties When the equations v hich descnibe the tomc currents are
considered it 15 evident that a change of almost any of the constants the rate
constants (@ and f) as well as the permeability constants (P, Px and P,)
would cause a change of the accommodation 1n the nerve model The previous
analyns indicates that the rate constants ¢, a and § vany more than the

190



430 AKE B VALLBO

other rate constants from fibre to fibre (Frankenhaeuser 1960, 1963 a) In the
present mvestig: the d of single myelinated nerve fibres was
measured and a voltage clamp analysis was carried out on the same fibres The
amm of the mvestigation was to reveal some of the mechanisms for the normal
vanation 1n d A dation was d with hinearly 1n
creasing currents as the critical slope for exatation and the voltage clamp ana
lysis was carned out with the method developed n this laboratory (Franken
hacuser and Persson 1957, Dodge and Frankenhaeuser 1958)
It will be shown that there was a close dependence between
as measured by the critical slope and the steady state inacuvation the slowly
accommodating fibres were less inacuvated at corresponding potentials relative
to threshold potential The main vanations of the inactivation were 1n the rate
o, A signifi 1 was not obtamed between criucal slope
and leak conductance (g;), nor between entical slope and sodium or potassiim
permeability constants (P and Py)

Methods

The experiments were done on large (25—30 u) mychinated nerve fibres from the
seratic or the peroneal nerve of Yeropus laerts The method used for recording membrane
potential changes has been described by Frankenhaeuser (1957 5) and the voltage clamp
techmque has been deseribed by Dodge and Frankenhacuser (1958) Che solution in
the end pools of the recording cell was 1sotonic RCH;SO, (Hopkin and Williams Essex
Fngland) A value for ANZep of 22 5 7 cm? was used for the current calibration (Dodge
and Frankenhaeuser 1959) The Ringer s solution had the following composition (mM)
NaCl 1120 KC125 CaCl, 20 NaHCO, 25

Procedure The threshold for an action potential and the critical slope of the node were
determined 1n the beginning and at the end of the experiment and the mean of the figures
obtained from these two measurements will be presented here The rheobase was defined
as the mummum current density giving nise 10 an action patential when the node was
stumulated by a rectangular current pulse of long duration The threshold potential (F1)
was defined as the potential difference between resting potential (1 = 0) and the poten
tial at which the rate of change of membrane potential due to regeneration was 80 solis/
scc when the node was sumulited with a long rectangular current pulse The intensity
of the stmulating pulse was adjusted so that the regeneratine actwity appeared after
about one msce The cnitical slope was defined as the mtmimuim current slope which
gave misc to a clear action potential {sce p 5) The slope of the current was changed
tn steps of 10—20°

‘The following voltage clamp runs were taken mn cach expennment (a) The pulse am
plitude was varied The sodium equiibrium potential (¥n ) the potassium permeabihty
constant (Py\ and the curve relating the peak sodium current to membranc potential
(In —} cune) were calculated from these runs The position of this curve along lh]tr
yoltage axis was measured by the potential at which the peak sodum current was hal
maximum This potential was called I (b) Anodal pulses were applied order 1©
determune capaaitive and leak current (c) The membrane potential was rlun;:rcd u:
two steps A long conditioning pulse (40 msec) polanized the membrane to & trr:'

potentials and a test pulse to a potential (I = 60 mV) where the peak sodium n;’r" "
was about maximum The relation between steady state mnactnation and lth membran
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Table I Excrtabrhty enttecal slope and sodsuem equilibriom potential

Axon no. “Threshold Cntical slope
potential, §y Rhcobase -
(V) (mAfem ) (mAfcon fsec)  (rheobases’sec) (mV)
1 333 013 12 3 11
" 321 02 56 2 136
3 28.7 021 107 53 127
4 289 017 1n3 67 130
3 to 021 154 7 141
6 308 02> 172 63 130
7 2.9 016 179 m 123
8 232 015 284 190 19
9 273 0.39 308 79 121
1 25 o1g 381 21 18
H 258 020 520 26 120
12 229 030 757 256 e
Nean 285 0.22 1285
SD 10 007 100

poteatzal (ko— ¥ curve) was calculated from these runs The sodwm permeability con
stant P was calculated from (a) and (¢} (d) The membrane potential was changed
11 two steps Amplitude and duration of the conditsonng first step were varied, the am
Pltude between | = — 60 and 30 mV' A test step to F'== 60 m\ was applied at the end
of the conditionng step The time course of imactivation was determened from these runs
The voltage clamp runs (a) (b) and (c) were taken before as well as after (d) and the
means of the figures obtained from the two runs will be reported here except for the per
meability constants (P and Pg) which were calculated from the first sets of records.

The temperature of the preparations was kept between 195 C and 205 C dunng
the expenments

The axons were to rate of and hence the chrono-
log:ml order of the cxpertments 1s neglected.

The e x ere the same as those used
by Frankenhaeuser and Husley (1964) Potennals arc gnen as mside potential mnus
outnde potennal and outward current 15 given as positne £ 15 used for absolute values
;-S.- the potentials ¥ 1s used for potentials relative to resting potenual (E,) thus § = E —

Formal treatment and assurptions The formal and the upon which
this treatment was based were the same as those used by Frankenhacuser (1960 1963 a;
These 1n surn are slight modifications of thesc used by Hodgkin and Huxley (1952 a—d)
and Hodglan Huxley and hatz (1932)

Results
Evatability

The threshold for an action potential was determined The results from these
measurements are shown 1n Table I The threshold potential (1) was 285 +
% 30m\ (meanand S D) The threshold potential depends to a great extent
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other rate constants from fibre to fibre (Frankenhaeuser 1960 1963 a) In the
present 1m the ! of single myel d nerve fibres was
measured and a voltage clamp analysis was carmed out on the same fibres The
amm of the imvestigation was to reveal some of the mechanisms for the normal
\anation n dation A d was d with binearly in
creasing currents as the cnitical slope for excitauon and the voltage clamp ana
1ys1s was carned out with the method developed in this laboratory (Franken
haeuser and Persson 1937 Dodge and Frankenhacuser 1958)
It will be shown that there was a close depend; b
as measured by the cntcal slope, and the steady state activation, the slowly

q

accommodating fibres were less tivated at corresp g p Is relative
to threshold potential The main vanauons of the inactivation were in the rate
a A ] was not ob d between entcal slope

and leak conductance (g,) nor between cnitical slope and sodium or potassium
permeability constants (P, and Py)

Methods

The experiments were done on large (25—30 4) myehnated nerve fibres fram the
scrauc or the peroneal nerve of Aenopus lertis The method used for recording membrane
potential changes has been desenbed by Frankenhaeuser (1957 6) and the voltage clamp
technique has been described by Dodge and Frankenhaeuser (1908) The solution tn
the end pools of the recording cell was 1sotorue KCH,SO, (Hopkin and Williams Lsex
England) A valuefor SnZgp of 22 51 em? was used for the current calibration (Dodge
and Frankenhacuser 1959) The Ringer s solution had the following composition (mM)
NaCl 1120 KhC125 CaClL 20 NaHCO, 22

Procedure The threshold for an action potential and the cratical slope of the node were
determined 1n the beginnung and at the end of the experiment and the mean of the figures
obtained from these two measurements will be presented here The rheobase was defined
as the mummum current density givang rse to an action potential when the nodc was
stunulated by a rectangular current pulse of long duration The threshold potennal (K
was defined as the potential dafference between resting potential (F = 0) and the pa!ml
t1al at which the rate of change of membrane potential due 1o regeneration was 80 volts
sce when the node was d with a long current pulse The intensity
of the sumulating pulse was adjusicd so that the regencrative activity appeared after
about one msce The cntical slope was defined as the mimmum current slope which
gave nse to a clear zction potential (sce p 5 The slope of the current was changed
1n steps of 10—20°

Th following voltaze clamp rups were taken i cach experiment (a) The pulss am
phitude was vaned The sodium equilibrium potenual (F» 1 the potassium permeat "),
constant (P, and the cunve relaung the peak sodiatn cusrent to membrane potenta
(I —1 curve) were calculated from these runs The posstion of this curve along 'hx(r
voltagr axis was measured by the potential ar which the peak sodium curvent was hal
maximum This potential was called | (b, Anodal pulses were applied 18 order 10

determune capacitine and leak current (¢; The membrane potential was chm?;dr:“
two steps. A long conditionung pulse (30 myec polarized the membrane to differ .
potentials and a test pulse to a potential (5 60 mV) where the peak sodium curren

re
was about maximum The relation between steady state inactnation and the membra
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Table I Excutabibty enral slape and soduum equilibrium potential

Axon no Threshold

potential % Rheobase ki A

(mv) (mAlem ) (mAfemifsec)  (cheobasesfsec) {mV)
1 333 013 45 3 151
2 321 025 56 2 136
3 287 on 107 53 127
+ 289 017 13 67 130
3 310 021 154 74 141
6 308 025 172 8 130
7 209 016 179 1 173
8 232 o1s 284 190 ne
9 73 039 308 7 2!
18 235 018 381 2n s
n 258 020 520 256 120
12 2359 03¢ 77 256 126

Mean 235 02z 1285

so 30 007 00

potential {hea—F curve) was calculated from these runs The sodium permeabulity con
stant Py was calculated from (a) and (¢) (d) The membrane potential was changed
n two steps Amaplitude and duration of the conditioming first step were varied the am
Phtude between | = — 60 and 30 mV A test step to § = 60 mV was apphed at the end
of the condittontng step The time course of tactivation was determuned from these runs
The voltage clamp runs (a) (b) and () were taken before ax well as after (d) and the
means of the figures obtaned from the two runs will be reporsed here except for the per
meabihty constants (P and Py) which were caleulated from the first sets of records

The temperature of the preparations was hept betweea 195 € and 205 C dunng
the expeniments

‘The axons were d torate of and hence the chrono-
fogical order of the experments is neglected
Nomencl, 1 and the were the same as those wsed

e

by Frankenhacuser and Haxley (1964) Potentials arc given as inside potential mnus
outside poteatial and outward current is given as positine £ 1s used for absolute values
2 the potentials } 15 used for potentials relati e to restng potential (£ ) thus P £/ on

Formal treatment and The formal and the upon which
Uus treatment + as based were the same as those used by Frankenhaeuser (1960 1ug3 a)

¢s¢ 10 turn are shght modifications of those used by Hodglan and Huxley (1952 and)
2nd Hodgln Huxley and hatz (1952)

Results

Excitabitity
The threshold for an action potental was determuned The resy}
measurements are shown in Table I The threshold potental I
% 30mV (mean and S D} The threshold potenual depends ¢

s from these
J was 25 &
A Preat exient
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W
o,
3 4 4 \ 0
my
Fig 1 \fembrane patential records
from 2 single node when stmulated
by Imearh nsing currents of various
stopes Seven supenimposed records
& msec

Tig 2 Steady state mactnation (ordmate)
plotted sgunst membranc potentaf (atsow
$) Toaogles from axon ] squares from
axon 5 and curcles Srom axon 2 Lont auous
1t & fmes from eqn (1)

[

]
Vi)

“upon the rate constants a,, and f,, according 1o the soltage elamp treaiment
(Frankenhieuser 1960) In order to check 1f the v rrtion in threshold poteatal
found 1n the present ans estigation was Attributable te 2y arabon t these o e
constants the position of the 4, — § cune sclative to threshald potentint wit
determined  The correlation between T 1 ¢ the potental at which the perk
sodwum current was half mrumum and 3 was highly sigmsficans (r — 076
¢test £ < 0 001} The regression coefficient of 7, 0n 3 w1s 856 T secrns justt
fied to conchude from this thit the vanauon wn threshold potentsal was hugch
accounted for by a v sration 30 the position of the Jy — | cury ¢ along, the volt
age awus and hence by a v annton 1 the constants a,, and A, The fact that the
regression coefficient was bedow one seems to ndicate that 4 shuft of 1, ~1
curse by a certun amount mught gne 2 smafler shift n threshald potentstt arl
and that sarwons 1 ather factors counteracted the effect on threshold poten
tal of thesheftin £y~ T curie Fhe rheobase was 022 = 007 m\em? (mean
and S D) A sgmficant correfation was nat present between rheobase and
threshold potential (st P 08

Ehe sodim equbbrum potenual T4 ) was 1285 £ 100 mV (mew nd
S D) About the same menn vidue for sodium equbibrum potenttal (23
and 121 0 mV) has been found by Dodge and Trinkenhaeuser (1959) and1r0

kenhacuser {19095
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Table I Steady state wactuation

Axan no 173 1 ko
(mV) (mV)

1 200 75 09t
2 188 70 094
3 105 65 083
4 140 75 089
5 130 70 087
B 135 60 091
7 80 70 080
8 29 70 060
9 83 75 07>
10 52 635 071
n 28 70 062
12 40 70 067

Accommodation

Examples of membrane potential changes i response to Linearly nising cur
Tents of varying slopes are shown m Fig 1 Seven records were supenimposed
In six of them the Linearly ncreasng current elicited an action potential and 1n
one only a small hump and a delayed rectification The slope of the sumulating
current was highest in the record with the first action potential and the following
action potentials were elicited by currents of successively smaller slopes Re
generation started at about the same potential regardless of the slope of the
stmulating current Hence the change m threshold potential was mmnte (cf
Tasaki 1920, Frankenhacuser 1952) The acuon potential decrcased smoothly
with the slope of the stimulating current unnl there was a sudden fatlure of re
generation Essentally the same results have been reported by Frankenhaeuser
(1922) Very much smaller action potentials than the last one recorded 1 Fig 1
were usually not seen 1n response to hnearly nsing currents and 1t seems there
fore that the curve relating the response of the membrane to the slope of the
sumulating current was very steep m this region  The critical slope was defined
above as the munumum cusrent slope which elicited a clear action potential The
records in Fig 1 show that there was no problem n practice to decide whether
the stimulating current gave rise to an action potential or not m spite of the fact
that the size of the action potential vaned with the slope of the sumulating cur
tent The cntical slopes are gvenin Table Iin two umts first as rate of change
of membrane current density (mAjcm?sec) and secondly as rate of change of
membrane current i umts of rheob: strength (rheobases/sec) There was a
fairly good straight line relation between these two sets of figures although some
scatter was present This scatter mught be due to a vanation 1 internodal length
and nodal membrane area among the fibres These vanianons were not account

ed for in the calculations since a standard value for AxZep, was used for the cur
rent calibration




Fig 3 Rate constant ay (ordinate)
plotted against membrane potential
(abscissa) Axon 11 (tnangles) axon
5 (squares) and axon 2 (cecles)
Same axons asim Fig 2 Continuous
hines d from eqn (2)

TInactwation of the sodwm permeabulity
An empirical equation was fitted to the expersmental values for the steady

state tnactivation (Frankenhacuser 1959)
1

" Tep =Tk,

0]

This eq 1 an appr for the eq (9) given by Frankenhacuser
§1960) Figure 2 shows the koo — I curve for three different fibres The nutmers
cal values for I and the constant £, as well as the steady state macuvation at
resting potential fy are given 1n Table IT The ko— 1 curve had nearly the
same shape in all the fibres as 15 evident from the rather small vanation m the
constant £, The position of the curve along the voltage axis on the other hand
vaned considerahly the extreme values for ¥, beng 28 and 200 mV About
the same values for T, #; and &, have been reported earlier by Frankenhaeuser
(1929) for myelinated nerve fibres from the same species with the exception
that a shghtly higher sariation 1n £, has been found by Trankenhacuser
The rate constant g, was calculated and an empinical equatton of the follow

1ng form was fitted to the experimental data from each fibre (Frankenhacuser

1960 cqn 18)
a= L1B—1 )} [l—cxp(,—_g—ﬂ)] vl

The rate constant @, of the three fibres from Tig 215 shown i Fig 3 Thee
plots allustrate the general finding that g, was lugher at corresponding poten
tials the hgher the value of T, The values of the constants 4 B and €1 lhl!
empinical equaton fitted to the experimental values for ag are givenin Tablell .
“There was a considerable vanation in both A and B tndicating that the shape o
the cunie as well as the position alon,, the voltage axis vaned among. the fibres
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Table III Rate constart an leak conductance and soduem and potasstum permeability constants

Constantsinegqn (2)

\rongo 4 B c ' Py Pg
(mV) (=mV) {m mhofcm) (cm/secx10~%) {em{secx 107%)
1 013 —13 9 95 18.1 125
2 012 —~6 8 2390 105 097
3 on —16 8 200 48 080
4 013 ~15 8 160 54 063
5 010 —12 8 170 92 084
6 014 —18 9 120 83 08t
7 010 -13 8 190 92 120
8 005> -9 6 230 88 103
9 om —12 7 320 69 113
10 007 ~13 7 170 66 086
1 007 —~18 8 250 73 081
" 008 -23 8 310 51 c70
Mean 209 a3 093
SD 70 36 019

The rate constant §, was calculated between T = —60 and 30 mV Hence
only the lower part of the curve relaung the value of g, to membrane potential
was available It was therefore not possible to fit an empincal equation reason
ably correctly to the values from cach expenment However f, varied only
Inttle among the fibres (sce below and Fig +4) and a fauly good fit to all the

P points was ob d by the same equation as the one given by
Frankenhacuser (1960 eqn 19) for §, with the exception that the first nght
hand factor was 0 03 instead of 0 03 as mn the ongmal equation Hence f, was
shightly lower at corresponding potentials i the present mvestgation This dif

ference 1s small and 1t 13 very likely mnsignmificant wath regard to the errors in the
measurements

The potential (F) at which the steady state mactnation was half complete
s plotted agawmst the cxpenimental valucs for @, and g, at} = 10mV i Fig 4
The rate constant a, (filled cireles) vaned by a factor of 77 and ¥ increased
with @, The other rate constant for mactnauon f, open arcles) vared by a
factor of only 2 1 and T, decreased wath B, A corresponding relation asn Fig ¢
between 1, and the relanne values for @, and B, was observed at | = 20 and
30m\ A shift of the ki — | curve n the positne direction along the potential
axis implies a hugher value of «, and/or a lower value of 3, at corresponding
potentials (Frankenhaeuser 1960 eqn 9) The results presented abose justfy
the conclunion that the varation in the position of the kw—1¥ curve found m
the present was mainly d for by a t
constant a, although a LN

i the rate

d slightly to ths
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Wl

Iig 4 15 (ordinate) plotted against
rate constant o {filled circles) and
8 (open cirel's) at § = 10 m\
(abscissa)

Leak conductance
The leak conductance (g;) was calculated from the steady state currents dur
ing anodal pulses according to the foll g cq (Frankent 1960)

)

where g 1s the leak conductance J; the steady state current during an anodat
voltage clamp pulse to the potenual | and T, 1s the equilibrium potential for
the leak current and 1ts value 1s &~ 0 The leak conductance was 209 4 70
m mholem? (mean and $ D) The values from cach nerve fibre are given in
table TIT A shghtly higher mean value (30 3 m mhojem?) and a smaller vana
1on 1n the leak conductance have been reported by Frankenhacuser {1960)

“odwum permeability constant

Thesodium permeatnlity at the pea¥ of the intuial current when the membrane
potential was changed 1 steps from resting potential was calculated according
to the equation used by Dodge and Trankenhacuser (1939 eqn 2) The min
mum value of this peak sodium permeability was obtained from a plot of the
permeability aganst membrane potential  The maximum value was reached
well before 7 = 100 mV fcf Dodge and Trankenhacuser 1959) at which poten
ual the variable m 1s approumately equal to one in the steady state (1 ranhen
hacwer 1960) The values of Py for the fibres imestiated were caleulited
from the recorded currents using the value for 1,./7, at 100 mV steps exrher
found by Frankenhaeuser 11960} The sodium permeability constant was 83 =
36 , 107 cmisec (mean and § D) Frankenhaeuser 11960) has reported
about the same mean value (80 » 107 cm/sec) The sodium permeaality con
stant from each fibre 15 gnen in Table 111

Potassium permeability constant

The potas .um permealnlity constant (fx) was ealculated from the steady
state currents at farge cathodal steps according to the cquanon used by Trinken
hacuser (1962 ¢ eqn 1) The potassium permeabihity constant was 693
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Fig 5 Cnncal slope {ordinate loganth >~
muc scale) plotied agamnst the potential
difference (Fx— Fi) (absaissa) The
straight ine represents eqn (4)

o
BT e e

vy (m)

018 X 10 cmfsec (mean and S D) This value is shghtly lower than the
value (120 x 107 emjsec) found by Frankenhacuser (1962 ¢) The mdvidual
figures for Py ate gven m Table 11T

There was not a significant correlation between the two permeabthity con
stants (P, and Pg r = 057 ¢test P> 005) and thus 1t 1s not possible ta at
trbute the vanations in the two permeability constants solely to varations m
internodal length and nodal membrane area

Relation betu.cen accommodatron ond toltage clamp data

The three hog—F curves shown in Fig 2 were obtaned from axons having
widely different accommodation Axon 11 {left hand curve tnangles) had about
ten times hugher cntical slope than axon 2 {nght hand curve aircles) and axon 3
(squares) had 2 critical slopeinbetween these two The figureillustrates the gener
al finding that the smaller the cntical slope the more the koo —7 curve was
shufted in positsve direction (see Table 1) However for a discussion of mactiva
tion of the sodium permeability as related to accommodation 1t seems more
Appropriate to consider the position of the ko —¥ curve along the voltage axis
relative to the threshold potential than to the resting potential (see Discussion
P 14) This relation was as the p I daff (F,—1)
Figure 5 15 a plot of the entical slope n mA/em¥sec (loganthmic scale) agamst
(T,—T,) (Unear scale) It s seen that the smaller this potential difference the
lower was the critical slope A greater part of the sodium permeabibity was thus
avatlable in the steady state at any 1 relatnve to threshold p !
fibres with slow accommodation than 1 fibres wath fast accommodaton Figure
Salsa suggests a straight line relation between the loganithm of the critical slope
and (I, — 1) The correlation between these two quantities was highly sigmf
Icant {¢ test P < 0001) The correlation between the loganithm of the enntical
slope 1n unuts of rheobasesfsec and (¥, — ¥ ) was of the same sgmficance (see
Table IV) The regression line in Fig 5 which was caleulated with the method
of least squares represents the equation

1=—01%-—059 )
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Lable IV Correlations betueen cntical slope (log entical slope) and volta e clamp data

Critical slope 10 units of mAfem [s ¢ Critical slope 1n units of theobases'sec

r P r P

(Pa—Fd) and

log entical Highly Highly
slope ~093 0UM>P sigmificant —093 000i>P significant
Pn and

entical slope — 046 03 >P>02 Inugnficant — 038 03>P>02 Insguficant
Py and

entical slope — 032 04 >P>03 Insignificant  — 032 04>P>03 Insigmificant
£pand

criical slope 071 001>P>0001  Sigmficant 043 02>P>01 Insigmficant
. 1 & P b

where 715 the loganthm of the numerical value for the critical slope m mAfem?/
sec and 1 1s the numenical value for (V,— V) in mV

The correlation coefficients between the cntical slopes on one hand and the
permeability constants (P, and Pg) and the leak conductance (g;) on the
pther are given 1n Table IV together with the correlation coefficients between
the Joganithm of the critical slope and the potential difference (1, —1,) The
signsficance of the correlations were tested by application of the ¢ test to the
data and the probability levels are bsted 1 the same Table

The carrelation between the leak conductance and the crtical slope 1 md/
cm?jsec was fi but was not sigmfi between the leak conductance
and the entical slope 1n rheobasesfsec These findings will be further diseussed
onp 15 Sigmficant correlations were not obtamned between the eritical slope
on one hand and the two permeability constants on the other These correlations
were calcutated by using the figures ob 1 from the first of the
enitical slopes and not the means of the figures obtained 1n the two measure
ments (see Methods) The reason for this was that the permeability constants
were caleulated from only the first voltage clamp runs and thus these quantitics
were determned from records taken close tn ume during the expenments

Repetits ¢ actuaty

Slowly accommodaung fibres gave often more than one acuon potential i
response to a sumulaung step current of long durauon \fembrane potenu!
records during such repetitsve finng are shown an Fig 6 All but the first action
potential decreased with the mtenuty of the snmulating pulse and so did the
imtervals between the action patenuals It seems likely that these findings a1¢
predicted by the equitions describing the sore currents
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Fig 6 Repetie firing of a node in response to step currents of vanous amplitudes UPP £ trace
membranc potential Lower trace stunulatumg current

Inrscussion

In the present investigation the sodium permeability was studied m single
myelnated nerve fibres The response of the same nerve fibres to linearly -
creasing currents was measured m order to determne the cntical slope for ex-
citation The entical slope was considered an adequate expression for the rate
of accommodation of the fibre The am of the 1nvesugation was marmly to find
out if the sodium permeabulty vaned in a relatively simple and systematic man
ner with the entical slope 1 such a way that 1t would be justihed to conclude
that the variation 1 the sodium permeability could be one of the factors ac
counting for the normal varation mn accommodanon It was realized that ac
commodation would be affected by almost any of the constants which determune
the 1onie currents 1n the nerve accordng to the voltage clamp treatment

The major finding was that the rate of. accommod.mon measured as the crit
tcal slope closely and ded on thed between thresh

old potential and the potential at wh)ch the mnachyation was half complete in
the steady state

Exatgbilily measurements

Threshold was measured 1n two units (2) Minimum current density required
o cvoke an action potentral when the membrane was stunulated by a step
current of long d This figure 1s equivalent to the rheobase n this ex

b (b) The p (¥ ) at which the rate of change of mem
brane potentiat due to regcncrahon was 80 volts;sec Thus defietion gives cer
tanly somewhat higher value for threshold p | than the poten
tal required for regeneranon which potential would correspond to the theo-
retical threshold potental of the nerve model However the threshold potential

as defined here scems adequate enough for thr purpose of the present smdy
since masnly thevanauonsin threshold g

the fibres are
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Cnincal slopes were also measured 1 two units (a) Rate of change current
density (mAfem?*fsec) (b) Rate of change of current where current was meas
ured an units of rheob h (rheobasesfsec) These two umits are not
equrnalent Rheobasesfsec seems to be a more appropriate figure for the rate of
aceommodation than mdfcm?fsec However there was a reasonably good
straight hine relation between the two sets of figures and 1n most cases a calcula
uon of the relation between the voltage clamp data and the cnitical slope gave
about the same results regardless of which unit for critical slope was used (see
Table IV) The relation between leak conductance and critical slope wasone
exception which will be discussed on p 15

Before the discussion of the main findings the uncertamties n the potentiat
and current measurements will be briefly considered The potentials are given
mn T 1 e as potentials relatine to resing potential according to the defimition
gren n Methods It has been shown that the resung potentral of the types of
nerve fibres studied 1n the present imvestigation 1s about —70 mV across the
membrane (Dodge and Frankenhaeuser 1959) However § = 0 1s not more
than an approumaton for the resting potenttal and the absolute value of the

b P 1 (E) corresponding to the potential 1 = 0 mght have var
1ed shightly from one experiment to another due to the state of the fibre and a
1anation n the attenuation artefact (Dodge and Frankenhaeuser 1928) Its
“therefore possible that some fibres were polanized by a few mV in one direction
the other dunmg the expenments A polanzation would give a shaft of all the
alculated potentals by the same amount from the correct values 1n one and the
ame fibre The vanatons foundin T, ¥,and T were not consistent with the
dea that polanzation was the mamn mechamsm for these vanations Hence 1t
cems justified to conclude that the vanations 1n the ealculated potentals were
nainly physiological 1n spate of the uncertainties 1n the measurements

The figures baed upon measurcments of current mght be scattered due to
vanation 1n the alue for A\Z,, The value used here for the calculations ¢
representatine for the average nenve fibres of the type studied 1n the present 0
vestigation ‘Dodge and Frankenhaeuser 1909) but some vanation i nternodal
length and nodal membrane area was very Likels present among the fibres A
Iigher value for A Z,p than that used for the calculations would gne a0
high value for f\ Px leak conductance rheobase and cntical slope 1n mA!
cam sec.

The extreme values of threshold potenual (3 ) differed by as much as 10m\
This 1s of the same order of magmitude as found by Frankenhacuser (1907 o}
Several factors could account for this vamaton It has been shown that anadal
polanzauon does not chinge the threshold potenual when the calaum m:d
centration 1n the surrounding fluid 1s the same as 1n the Runger s solution &
here tFrankenhaeuser 1957 ¢ This sugeests that the normal vanaton &
and n, was not an important factor for the normal vanation in threshold potest
tial High leak conductance and low '« would tend to increase threshold poten
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tal Tn the present g Iigh leak cond; and low P, were how
ever more commonly assoctated with low than hugh threshold potental The
poation of the Ji, — T curse along the voltage aus varied closely wath threshold
petential indicating that a vanation i &, and f, accounted for the vanation
i threshold potenuial It s posuble that the vanation P, and leak conduct
ance found here somewhat canceled the effect on threshold potental of the
vanatron n these two rate The low between the
threshold potental (1,) and the potentral (¥ ) at which the peak sodmm cur
rent was half masimuin 1s clearly consistent wath such an idea

Inactz ation of the soduum mechanzsm

There was 2 pronounced vanation 1 the mactivation of the sodum per
meability among the fibres The position of the ko — curve along the voltage
avs vaned considerably but the curve had nearly the same shape in all the i
bres Ashuftof the ho— I curven the positnne direction imphes a ugher value
of @, andfor a lower value of f, at corresponding p I (Frankent
1960 eqn 9) In the present investgation f; was farly constant while a, vaned
considerably and the higher the value of this rate constant at corresponding
potentials the ugher was the value of 1, Hence the vanation i the posinon

ol the ho—T curve was manly accounted for by a vanation in g, The cunve
rdaung the experiment \alues of a, to it \|

P was gt Iy shaft
4 1o the nght 1t was steeper at low potentials and the bend of the curve was

sharpes the hugher the value of T, The vaniation in a, 13 reflected as a vanation
wall the three constants (4 B and C) of the equation fitted to the expenmental
values of g, {sec Table 111) As a sumple expression for the vanation in thein

2tvaon the potential T, will be considered 1n the discussion concerming the
Telation between accommodation and nactivation Thus the small vanation m
theshape of the s — T curve and fhe vartation 1n the time course of the mac

fvaton will niot be dered 1n the foll d

Accommadanon and wolta e clamp findings
The changes 1n membrane

are associated wnth

potential 1n response to cathodal current pulses
facto,

currents which are complex and governed by a number of
%S according to the voltage clamp treatment Regenerative actvity 1n the

e
a:n: model dunng a stupulating pulse requires that the system reaches a state
which the dernvative of the

total 1omec current with respect to membrane
z’:‘;:c\;a}“(:!i \I‘:l \; changes from positive to negative values This state 13 not
o T pt u}::xann:r by the equations descnbing the 10mc currents It 1s
proisy ou‘wakd:r that a decrease of the inward 1ome current and an increase
1one carvent wmphies an approach towards the state at which

Tegenerauon cannot occur

All the constants 1n the
o n the nerve model are sigmificant
T the lonmie currents at any time and p 1 A rather d
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Cnincal slopes were also measured 1in two umits (a) Rate of change current
density (mAfem [ ec) (b) Rate of change of current where current was mea_
ured 1n units of rheob strength (rheobases/sec) These two utits are not
equnalent. Rheobasesfsec seems to be 2 more appropnate figure for the rate of
accommodation than mAfem?¥fsec. However, there was a reasonably good
straight line relation between the two sets of figures and 1n most cases a calcula
tion of the relaton between the voltage clamp data and the cniucal slope gase
about the same results regardless of which umt for enitical slope was used (see
Table I\) The relation between leak conductance and critical slope wasone
exception which will be discussed on p 15

Before the discussion of the main findings the uncertainties 1n the potential
and current measurements wall be briefly considered The potentials are gnen
in T 1 ¢ as potentials relatine to resting potential according to the defimuon
gien i Methods It has been <hown that the restng potenual of the tvpes of
nerve fibres studied in the present investigation 15 about —70 mV across the
membrane (Dodge and Frankenhaeuser 1959) However T = 0 1s not more
than an approxumation for the resting potenual and the absolute value of the

\: p | (E) corresponding to the p 11 = 0 mght haverar
1ed slighthy from one experiment to another due to the state of the fibre and 2
vanaton n the attenuation artefact (Dodge and Frankenhacucer 198) It s
wy 7 . possible that some fibres were polanzed by a few mV in one direction
the other dunng the expeniments A polanizauon would give a shift of all the
=lculated potentals by the same amount from the correct values in onc and the
same fibre The vanations foundin ¥, F,and T were not consistent with the
idea that polanzauon was the main mechanism for these sanatons Hence 3t
weems jusufied to conclude that the n the calculated 1 Is were
mawnh physiological 1n spite of the uncertainues in the measurements

The figures ba.ed upon measurcments of current mght be scattered duc to
vanation 1n the value for AJZ , The value used here for the calculations 3

representatne for the average nenve fibres of the type studied in the present 1o
vesugation (Dodge and Frankenhacuser 1959) but some vanation 1n snternodal
length and nodal membrane area was vers Iikels present among the fbres 3
hugher value for 4,Z,;y, than that used for the calculatons would gne a to©
high value for [ Pp leak conductance rheobase and cntcal slope 10 md
cm? sec.

The extreme values of threshold potenual (1 ) differed by as much as 10m
Thus 1s of the same order of magnrtude as found bv Frankenhacuser (1927 ¢)
Several factors could account for this vanation It has been shown that anodal
polanzauon does not change the threshold potenual when the calaum l“;"d
centranon 1n the surrounding flind 1s the same as 1n the Ringer s solution v
here (Frankenhaeuser 1957 6, This uggests that the normal vanauon it b
and r, was not an important factor for the normal vanation in threshold po <#
ual High leak conductance and low [’y would tend to tnercase threshold poten
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The qutward onsc current at any tme and potential 1s greater the higher
the feak conductance It scems therefore that a vanaton 1 Jeal conductance
could affect the rate of accammodation A sigmficant correlation was not found
between deak conductance and enticat slope 1 umts of rheobasesfsee. Thus sug
gests that the vaniation n leak conductance was not 2 mauwn factor for the normal
Yanation a fate of accammodation When a nodal membrane 15 stmulated
with a Unearly Tang cursent the membrane potential changes with a fauly
ontant slope as Jong as the membrane 1 roughly equivalent to an RC-arrcmt
» € p to about threshald patentsal The slope of the membrane potentral

thange 15 proportional to the memt under these cond The
speaific biltres are dependent on b p i and hme but cur-
fertindependent as found 1n the svoltage clarep analyss It s therefore not a
“wpnang finding that the c flicient between leak cond: and

cntieal sfope 1 wnuts of mAfem?fsec was higher than between leak conductance
2nd critcal sope an unsts of rheohases/sec 1t 1s obvious from the above discus
s hat thn finding daes not warrant any further conclustons about the sigmf
wance of the leak conductance for the normal vanation 1n accommodation as
measured 1 the more conventional way, 1 e 1 units of rheobasesfsec It seems
ye bkely, howeser that the vanation 1 critical slope 1 umts of mAfemYseu
fouod 12 the Present mvestigation was partly accounted for by the vartations im
the leay conductanre simee there was a significant correlation between leak
conductanes

< and enhcal slope measured m these umits {see Table IV)

Concluding remarks

Thcseslts of he present s estigation mdicate that a vanation tn the tac
B¥2tion of the wodium Permeabibity was an mportant factor for the normal van
36on an zate of accommodation mn single myelmated nerve fibres The rate
:‘;mtam % W28 hugher the slower the accommodatian while §, did not vary to
ld;KYtat *¥eat among the fibres Mo definute support was obtamned for the
that \ananons 1y the sodium bl the p per
m'ab““y constant or the Jeak condurctancc were unportant factors for the nor
:i;‘:nauan In accommodation In many cases however high sodmum p,,]
Yopes 1Y <On tants and low leak conductances were associated with low criical
some 0 st rersy whuchy finding mught sugg,est that these factars could be r;;
’lumbtu:p?‘mncc although sigruficant correlations were not found i this sma
i gy CSPEIMENts The rate constants describing the changes in the potas
e P:fmcablmy Were not imyestigated It seems clear that avanationm au;;
t\xnemxls;nmmd alsoaffect the rate of accommodation or was the non speafic
Cer e ) (Erankenhacuser 1963 a)studted Thus current 1s rather smali how
vany "Pated 1o the other 1omc curvents and 1t seems therefore unhikely thata
190 this system woudd affect the accommedation to any great extent.
ng ': rols presented da nat gise a complete answer to the question cancern
tuch factors accaunt for the normal vanation 1 accommodation Nae
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spleen (Celander 1954) and on the mtestinal resistance vessels (hoch 1959)
but not on the relationship between constrictor fibre discharge and the effector
response of the cansecutn e sections of the ntestinal vascular bed To study such
aspects 1 more detail a sertes of mvestigations has been begun utilizing a
modification of a techmque developed 1 this department (Mellander 1960)
Wath this technique resistance response in both the pre and postcapillary
sections capacitance response response of precamllary sphincters and the net
transfer of fluid across the capillary bed can be studied simultaneously In one
study (Folkow Lundgren and Wallentin 1963) these functions were investigated
over the whole range of intestinal vascular smooth muscle tone constnction

being produced with 1 drenaline and dil by 1sopropy! noradrenaline
With this knowledge as a background the present study was unrdertaken in
order to estimate the extent to which graded 1 of the vas

fibres to the mntestine could influence total regronal flow resistance, regional
blood volume and the net transfer of fluid across the capillary membrane which
provides information on the ratio of pre to posteapillary resistance In the com
pamion paper the effect of vasoconstrictor fibre stimulation on the size of the
ntestinal capillary surface area available for fluid exchange will be deseribed
These two studies on the influence of graded constrictor fibre activation on the
ntestinal vessels were considered as necessary preliminary steps to an under
standing of the splanchnic vascular responses to reflex or central nervous in
! 1ences 1n situations in which the vasomotor fibre connections arc intact Part
sf the present results have been reported bricfly (Lewts Folkow and Mellander
1962 Folkow et al 1963)

Methods

Observations s cre camed out on a total of 60 cats fasted 24 hours After induction
with ether they were anesthetized intravenously either with chloralose alone (50 to
mgfg) with chloralose (50 my/kg) combined with urethane (100 mg/kg) or with nem
butal (30 mg/bg)

The technique unlized here has been desenibed by Totkow Lundgren and Wallentin
(1963) and this paper should be consulied for details The preparanon s iltustrated
schematicalls in Fig 1

The greater part of the jejunum sleum (40 to 60 g of tissue was enclosedin apl th
vsmograph filled with Tyrode s solution This permsticd a continuous recording of
changes in intestina) volume Blood fla v was measured from the cognate vein draioing
the imtestne pons, 3 drop reeosdes ums oprrapng an ordinale wrer IThie venous out
fow pressure was 4 with a saline meter and could be s t at any desieed
lesel by adjusting the height of the tube end which draned the drop recorder Mean
arterial blood pressure was recorded from the night femoral artery by means of a me?
cun manometer It was kept constant 1n most of the expenments by adjustment of 3
serew clamp placed around th aorta just proximately to the corhac and superior moen
teric artenes Hepann was used a th anticeagulint Tie splanchmc nene of b
sides were cut gust beneath the diaphragm and the peripheral ents mounted or sn:;
ulaton electrodes In several expeniments onhy the left ide nenes were sumulat
Supramavmal square wnnc pulses 510/ V2103 mice wered Iivered to the splanchi

x th

me
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B, | Schemate lostraton of the
technique used for studywng the rrac
tions of pre and posteaptliary resist
ancr vrarle capa tance wessels and
wanscapiflary hltration exchange in
the mresune

nerves fram a Gras stmulator {modet S4E1 Frequencies between 1 and 16 snp sec
were studied with prcavonal observations at 32 mmp/sec

Tn most of the experarats wrreton from the adrenal medulla was elimmated For
this purpose the right adrenal gland was tsolated completely from the cwculation by
enccling Ligatuses and the left gland denervated by severing ity nene branches with
out iterfering weith 1ts bload supply so a4 to presese secreton of coructds If therey as
37 question as to the blood supply to this glaad the ammal was gnen 10 my of hydro-
tortisans i trasmuscuslarly

At the start of the expeniment the venous pressure usually was adjusted 10 brng the
WRestine 1m0 an savolumetni state whict could be exprcted 1 correspond to the nor
mal In several expenments howerer 1@ which 1t v as wtended to study the 1 asocon
Strictor hibre wftuence o1 the vens distended by an wicreased transmural pressure the
:f'lﬂ.uout%w pressure was 721 ed wedl abo ¢ the isovolumetric Tevet yust before stumula

ton

1n most expenments the vagal nenes were cut wn arder 1o avod the meerfesence of
centrally induced vagal mfluences on mtestnal moutn and secreuon In addition
auopuae was often gven to supress Jocsl refleses wh ch nught atfct ate tnal monkay
and screnon antermittently and thus disturb the steads state rest ng ondnon S
Porciuncula and Crowell 1963

At the conrlusion of a number of the exprriments an stmanar of the blood solume
of the tustar within the plethymograph was made lor al daung th tra ton exoril 3

by vasaconstnctor fibre acts aton wsng the msthod pre toust des ried Folk
Lundgren and Waltentin 1963

Results

Fn, 2 and 3 wken from wa different experument  show fvpieal re prnses
of the ntestinal s asculature to regronal nmpathen  awonstnctsr nene fbre
sumulation The effect of nene stmulation an blyod fiow 15 wmilar m Loth
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ARTERIAL BLOSS
PRESIURE, mm Hy

CHANGE OF VOLUME
e

m/mins 100 g
Intesting

STMPATHETIC STIMULATION
SV, Sy

e

Fig 2 Cat 30 kg Dilateral nene 1 increases rapidly upon
stimulation and reaches a peak at approumately | to 2 min from which point 1t then declines
At 2 and 4 1mpisec the steady state resistance level s greater than control whereas at 8 impsec
stas fess Wath cessation of stimulation there 11 a reactive hypereria \ olume dechines rapi il
upon sttmulation (actne and passive blood expulsion) and 13 to some extent reversed (mamly
passie—rlastic companent) with the declinmg sesistance following which a new steady state 0
solume 1s reached Wath cessation of stumulation there 13 an oy ershoot 1n regional blood volume
\ cnous outflow pressure maintamed at approximately 3 mm He

Fig 3 Cat 0 kg Similar experiment as that shown in Fig 2 with the excepticn that anensl
inflow pres ure was kept comstant Juning simulation and venous outflow prey ure was &t 3
shightly higher lev | The pattern of the resstance tespon e 13 smilar to that in Fig ? but the
change of volume 13 different 1 that sirtually onls th  actin  expulsion of bloc I fr mitere

gion 4 demonstrated By mamtuining a slightly clcvated en us outflow pressure 1 pa <
clastic recol of b in was mummized During 1 aly tate constricuon the u u 13 neadly
sovolumetric ind cating no n ¢ tran £ ¢ of furd acrom th capillary

figures but the change of volume s different due to the fact that the venous
outflow pressure was tugherin 11, 3

To facilitate the descripuion of the results the resistance responses will be
dealt with an detail first: This wall make the analyus of the capacitance responses
casier 1o deseribe since the problem of the pasne-clastic recol of the yant
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must be constdered wheneser there 1s a drop 1n transmural pressure withun the
enous compartment due for example to a neurogenic vasoconstrictor mnfluence
on the resstance vessels The vems beng highly distensible will exiubit a
passtve elastc recoll The extent of thus passine-elastic recod will depend 1n part
on the yutral venous outflow pressure as will be described n more detail below
This change 1n capaatance must be differentiated from that caused by a true
genIC C of the cap vessels th 1

The € of the 1 vessels ch wstrcal
Iy consisted of two phases There was first a brief but often mntense peak re
sponse, reaching 1ts maximum wrthin 30 to 40 sec This subsided within 2 1o
3mn a phenomenon which will be called autoregulatory escape from the
constrictor fibre nfluence for reasons discussed below Ths first phase then

went over into a second phase of Jess p d but g ily well
constriction When the sumulation wasendeda reactnehyperaemua followed
The peak response d kedly with o rate of sumulation

but so dhd the extent of the autoregulatory escape  The magmtude of some of
the peak resp k d at freq of 8 wmpfsec or hugher suggested a
shortlasting entical closure 10 all probalnlity located in the precapillary re
Sistance sectton However for steady state ncurogenic control of the vessels
the extent of the second phase of constriction must be more relevant The steady
State resistance response was of the order of a 20 to 30 per cent wcrease abose
the control level at a frequency of | impfser. The maximal steady state response
only exceptionally more than 50 to 100 per cent increase was obtamed at 4
to 6 umpfsec At hugher rates the increase wn resistance in the steady state phase
»as on the average less than at 4 to 6 smpysec and on occasion flow resistance
after the ninal peak response became less than control Even in these cases
there was a reactne hy f

P g of 4 fsee 2 2
the effect of sumulation at 8 mphec 1n Fig 2) which suggests a redistribution
of blood flow within the mtestine dunng sumulation since nene fibre actina
bon did not reduce total flow (¢f Folkow etal 1964)

In addivon to total resistance response the techmque used here permuts
2nalysis also of the respanse of both the pre and posteapillary cesistance vessels
With constant artenal and yenous pressures an increase in the ratio of pre to
Posteapillary resistance would cause a decrease m mean capilany pressure
resutung in a net movement of Aud from the extrasascular space into the cir
culation which in turn causes a decrease 1 the plethysmographic volume re
cording Such a train of events 15 scen when sheletal muscle vasoconstrictor
fibres are sumulated (\Mellander 1960, On the other hand a decreased rato
would produce outward filtratton The present study revealed that in the in
testine there scems to be no signuficant shift . thus catto dunng the steady state
phase of constrictor fibre sumulation Evidently nerve sumulation not only
mcreases both pre and postcapillary resistances but these effects are so balanced
dunng the steady stare response that mean capillan pressure 15 not changed
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There was nonetheless fluid 1n the extravascular space of the wtestine which
could move mto the arculation for, if duning the steady state response one
decreased venous pressure a procedure known to decrease mean capillary pres
sure there was a steady decline m tissue volume In more than 300 sttmula
tions evidence of a slight inward filtranon has been observed 1n only 4 to 5
cases and at best the decrease of mean capillary pressure 1n these exceptional
cases was estmated as being no more than 1 to 2 mm Hg Howeser during the
imitral peak response there seemed to be a considerable but very shortlasting
ncrease mn the pre to postcapillary resistance rato causing an often marked
lowering of transmural pressure in the capillary and venous compartments
Thus 15 obvious from the often pronounced passive elastic recoil of the venous
capacitance compartment which can be seen from the marked but short
lasting tissue volume decrease particularly pronounced when venous outflow
pressure 1s low favouring collapse of these vessels (Fig 2) Even if artenal blood
pressure 1nereased during nerve stimul the tissue d 15010l
duning the steady state response which must mean that the pre to postcapil
lan resistance ratio mncreased just enough to mamtain a constant mean capi!
lary p On duning prol d s 1 at Iugher rates where
the autoregulatory escape was especially pronounced, there was a slow out
ward filtraton In other words the g postcapillary r esponse
3ppeared to be relatively better mamtaned in the long run so as to occastonal

the pre to p pllary r ratio a ph observed
.n}skclcta\ muscles only when their vessels have been exposed to a prolonged
and severe ischaemia {Lewss and Mellander 1962)

In this connecuon 1t should be stressed that the normally existing flow re
sistance of the portal vascular bed of the hiver was bypassed 1n the present ex
penments This vascular bed normally makes up part of the postcapillary re
sistance for the ntestinal vascular bed and ts flow resistance may be expected
10 1ncrease to some extent duning a generalized increase of sympatheuc dis
charge If anythung therefore there might be a sull greater possibility i the
ntact orgamsm 1o reach a situation of a slow outward filtration across the
testinal eapillany walls in states of ntense and prolonged sympathetic activity
due to a decrease in the pre to postcapillany resistance ratio In a few expen
ments attempts were made to measure roughly the extent to which portal
flow resistance might increase when the hepatic vessels were exposed to the
same constrictor fibre discharge as the intestinal vesscls The venous blood
emerging from the drop recorder was then led into the proximal end of the portal
vemn and it was observed to what extent the inflow rate 1nto the lver vesels
decreased for a grven pressure head during actinanon of the constrctor fibres
to the hepine vessels App «al d | that the shght 10
crease of intrahepauc resistance that could be abserved would have rassed the
capillany pressure 1n the mtesune some | 1o 2 mm He of connected dm-cllylxlr\
senes with the intestinal vessels This 15 no doubt 1 small figqure but potenpiall
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Fg 4 Cat 32 kg Effects of fibre I on the ntestina
\asculature at various levels of arteraal perfusion pressu o
espanses during normal blaod pressure {control)

EL‘ ficspox;s ¢ after a 50 mun penod in winch blood pressurc was kept at 55 mm Hg by partial

Tc oeclusion
C Responses after a 5 mun prraad 10 wh ch blood pressure was kepr at 30 mm Hg (No restora
$on of blood pressure between B ard C
D Responses after 2 28 min period 1n v hich hlood pressure was kept at 30 mm Hg
E. Revtoration of blood pressure
¥ Repeated stumulation at cont of blood pressure The dots mchcate the Potnts a1 wh ch peny b
erat sesstance (PRU) was caleulated

1t may be highly important constdering the big capillary surface area in the
1atestine (Folkow Lundgren and Wallentin 1963) Further experyments pn
manly dicected towards such pathophysiological conseguences of inten € and
prolonged vasomotor discharge are however needed n order to analyse such
Sisturbances 1n more detail

1n some expeniments artenal pressure was kept lowered at a constant level
for up 10 30 10 60 mn_usually first at 60 mm Hg then at 3o to 40 mm H
Due to the pronounced autoregulation of the precapillary resistance vessels
fow was only moderately lowered by the pressure drop unti a pressure lesel
ofsome 35 mm He was reached where evidently the vessels generally reached
the maximally dilated state At further pressure drops flow decreased pro-
foundly and resistance could not be lowered any more As long as the vessel
stll showed autoregulation mean capillary pressure was kept essenuallv un
changed to judge from a Q 15010t level that the
locally induced vasodilatation was within the precapillary sccuon Duning these
Periods of lowered pressure and shightly lowered mtesunal blood flow con
sthctor fibre stimulation produced almost the same vascular response as at nor
mal artenial pressure so long as arterial pressure level was not below approx
imately 60 mm Hg (Fi, 4 However at tery low artenal pressures when
resting blood flow was more distinctly reduced the neurogenic \asoconstne
tions became gradually more depressed Here also 1t sometimes scemed as if
the posteapillary reststance and capacitance response was somes hat better
mamtained than the precapillary resistinee W henever the sovolumetnic level
“as not munned during the stmulations ussue solume tended to ncrease
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slowly, a situation similar to that scen 1n skeletal muscle (Lewrs and Mellander
1962) When normal pressure and flow was re established the response to
sumulation was usually rapidly restored to control
The extent of the capacitance vascular responses to constrictor fibre actna
tion were deduced from the rapid phases of tissue volume change occurnng
\| ly with the r changes at the onset and interruption of
sympathetic shmulation (see Mellander 1960) If venous outflow pressure 15
kept very low a decrease in mean capillary pressure along with a neurogentc
increase of the pre to postcapillary resistance ratio can so lower venous trans
mural pressure as to precipitate a collapse of the veins A profound expulsion
of blood would then occur whether the venous smooth muscles were stmul
tancously activated or not In this sitation passive clastic factors would over
shadow to a considerable extent active venous contractions and in the venous
collapse phase the active component would hardly reveal itself at all
On the other hand if the imual venous outflow pressure 13 raised so as to
keep the entire venous section well distended an enurely different situntion 1
present Lven a drastic lowering of capillary pressure along with the resistance
response would then not cause venous collapse even though a shght passine
elastic recoil would be obtamed In this situauon most favourable circum
stances for revealing an active venous contraction would prevail also because
contractile clements arc moderately stretched to start with
To test the validity of these theoretical considerations which will be more
i lly d d 1 another publ (Oberg 1961) the following
imple test was performed 1n a few experiments The superior mesentenc artery
was occluded first at a low venous outflow pressure and then when venous out
flow pressure was moderately raised When the phase of passive venous empty
1ng was completed the constrictor fibres were sumulated in both 1mstances at
8 1mpfsec and the additional amount of blood thus expelled from the intestnal
vessels was measured  As could be expected a low venous outflow pressurc
favoured passive elastic emptywng and only hittle extra blood could be squeezed
out from the collapsed vascular bed by the sumulation When venous outflow
pressure was clevated the passie elastic emptying was small and nerve activd
tion was able to expel nearly one third of the ntestinal blood content T
therefore evident that when it 1s desired to analyse more exactly the extent 1
which a vasoconstricior fibre discharge causes an active mobihzation of b}
from the thinwalled capictance section this should be exposed to 2 modertel
raised venous outflow pressure Since both active and passne cffects on the
venous side are highly smportant the capaatance responses to nene stmnult
1ton were studied at both low (Fig 2 and shghily rused (Fig 3) Tevels of venous
outflow pressure With a raised venous outflow pressure the capraitance ':‘
sponsc was a rapid decrease an volume at the onset of sumulnon which “n{
fairly well mantuned for the duration of the simulation At the cessation
sumulation the volume returned rapidly to or near the control [evel Increanng
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the frequency of stimulation ncreased the magmtude of the respor With a
low venous outflow pressure the effect of passive elastic recoll v a4 exdily
d le m addi to the active by a greater exn sion of
blood from the regron With the appearance of autoregulatorv escapr there
was a partial reversal of the volume change which was nterpreted + munly
2 passive partual refilling of the venous compartment At the cessation ol t mula
tion there was a transient increase 1n volume above the control level T u was
interpreted as the effect of the release of constnctor fibre activity on the apaa
tance vessels as well as 2 passive distention of these vessels due to an increased
pressure in with the reactive hyperaerma

It was a general expenience that the active contracuon of the capacitance
vessels expelled up to 10 to 15 per cent of the intestinal blood volume at a dis
charge rate as low as 1 mpjsec The extent of the blood mobihzation increased
rapudly with inereased sumulation frequency to reach practically masumal
values with expulsion of 30 to 40 per cent of the blood content at 4 to 6 1mp »ec
These figures agree closely with Mellander s findings (1960) on the vemns of the
€at s hindquarters and with Celander s findimngs (1954) on the extent of emptying
of the splense blood depots

With a shghtly clevated venous outflow pressure (Fig 3) the rapid volume
ncrease at the cessation of stimulation was approamately as large as the de
Crease at the onset of 1 Thus a well d cap:
respense during stimulation 1n contra distinetion to the resistance response

The veneral pattern of the responses of the vanous sections of the intestinal
vascular bed was the same with all of the anesthetics used Tt was also m principle
the same with or wathout the presence of adrenal medullary secretion 1n agree
ment with observations in other vascular beds (Celander 1954) or whether
atropme had been given or not

Discussion

As 1n all other autonomic neuro-effectors the pattern of response of the
testinal resistance and capacitance vessels to regional vasoconstrictor fibre ac
tvation depends on the rate of fibre drscharge and the number of fibres that
are excited When all the vasoconstrictor fibres to the imntestine are exaited
clearcur p are ob d at fr as low as 1 imp/sec or even less
Maumal effects 1 the steady state phase of constriction of the resistance and
€apacitance vessels are reached at impulse rates well within the physiological
range 1 e up to 8 imp/sec (Folkow 1955)

The resistance response of the mtestmal vessels to constrctor fibre stimula
ton exhibits some very charactenstic features For one thing it 15 very soon
counteracted by a local vascular adjustment which has here been called an
autoregulatory escape from the constrictor fibre influence Therefore aninmitial
peak response oceurs followed by an often far more moderate constrictor phase
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which is then maintained at a fawrly steady level At simulation frequencies of
6 to 8 implsec and higher, the peak response may be great enough to suggest
the occurrence of a transient widespread critical closure within the precapil

lary resistance section However the higher the discharge rate and the more
pronounced the peak response the more powerful generally 1s the autoregula

tory escape ph Thishasthe q that the flow during
the steady state phase of neurogenic vasoconstriction very seldom s more than
about doubled and this maximum 1s reached at rates aslow as 4 to 81mp/sec In
fact at still hugher discharge rates this steady state phase of vasoconstriction tends
to dechine again The autoregulatory escape 1sa phenomenon charactenstic of
the intestine  but not of resting skeletal muscle orskin 1n which the constrictor
fibre cffects are generally wellmaintained (sce Folkow 1925) It is a truly
phvsiological phenomenon not an expenimental artifact (¢ g failure to main

1ain adeq e of the + ictor fibres) First even when there
was a most pronounced autoregulatory escape with a smnmmally ncreased
flow resistance 1n the steady state cessation of sumulation invanably productd
a considerable mcrease m blood flow This reactive hyperemia was usually

greater the more p d the ai gulatory escape  This observauon
hows the presence of vasoconstrictor fibre influence on intestinal resistance
vessels duning the whole peniod of 1 Ithough evidently ¢ ted
» some local dilator h Second the fibre effects on the

vessels and on the precapillary sph (sec paper)

were g fly well d througt the ! period Thied 3t

was noted n a few expenments in which basal vascular tone and normal
flow 1utoregulation to pressure alierations gradually vanished that the auto-
regulatory escape tosvmp 1 Jually became less pronounced
and 1y virtually disapy d In such < fibre sum
ulation was able to evoke wellmamtamned constrictor responses of the resistance
vessels and 1n additon to this a continuous volume decrease indicating, an
increased pre to posteapillany resistance ratio producing a net inward filtra
tion of flud from the extravascular space  The pattern of response thus became
similar to that scen in skeletal muscle and skin 1n thesc exceptional cases These
fatter findings also suggest that the autoregulatory escape s a phenommenon
manly related to changes in smooth muscle tone of the precapillary reststance
sessels This interpretation 1s further supported by the fact that patne elastic
collapse of the venous capacitance section occurnng duning the niual peak
response of the resistance veseels dunng vasoconstnctor fibre stumulation was
overcome 1n paralle} with the appearance of the autoregulatory cscape 34
jud~ed by the partial recovery of the blood volume lost from the region Fi,

P
<}

The cxperimental evidence therefore stronghy sugyests that the autoreguls
tory excape phenomenon takes place somewhere withm the precapilfany re

s1 1ance section as does the autoregulaton adjustment to primary blood pres
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sure changes (Johnson and Hanson 1962) It seems probable tha  se two
types of locally induced vascular adjustments have at least to som tent a
common d The exact mech 1s not known butitm e that
speetfic shunt vessels are opened 1 connection with autoregulator ¢ cape
Some: tvpe of blood flow redistrsbution seems to take place within the 1 ¢ tne
during these because with prolonged high frequency s i~ ation
sucha powerful autoregulatory escape took place that the result was . ghtly
mncreased average blood flow during the stmulation period (¢ g Fig 1t 8
mplsec) In spite of this a pronounced reactive hyperemia occurred on ¢ sa
tion of sumulation Had this shghtly increased blood flow during the sumula
tion peniod been evenly distributed to all the nutritional vessels of the inte tne
ne debt 1n blood supply would have been present and 1t would not then have
been followed by a reactive hyperema Tt might be that the splanchnic stimula
tion 1 the bol of the However this 1s hardly likely
since the results were the same when atropine was given which tends to depress
both motility and secretion There was never any ewidence of secretory or
motility response to the sympathetic sumulation 1f anything motility tended to
cOme supressed

Another interesting feature of the resstance response 1n the steady state
Phase 15 the fact that capillary pressure was kept surpnsingly constant In a
situation of unchanged artenial and venous pressures this smplics a most exact
mechanim for keeping the pre to posteapillary resistance rato unchanged
despite the fact that both resistances do increase The nervous influence per se
on the vessels seems to icrease this ratio dunng the peak phase of the constrictor
Fesponse to yudge from the often profound drop m pressure within the venous
compartment at this time However the capillary pressure appears to return to
the presumulatory level by the tme that the phase of autoregulatory escape
1 established It 1s therefore Likely that 1t 1s this latter local mechanism rather
than the primary c fibre nfl which 1s responsible for the exact
Jantenance of the capillary pressure level In fact the constrictor fibre n
fluence when taken alone seems to be similar to that in the sheletal muscle
that 15 it increases the pre to postcapillary reststance ratio and hence tends
1o lower mean capillary pressure (Mellander 1960)

Tt s surprising that when arténal pressure 15 allowed to ncrease during
feurogenic vasoconstriction of the intestine with a constant venous outflow pres
sure capillary pressure nevertheless tends to reman constant during the steady
state phase of the Here thercfore the pre to p llary re

:;:lancc ratio must increase just precisely enough to keep the capillary pressure
C same

Such a well ¢ Tled of I capilliry pressure despite
Wide vaniations in canstnictor fibre activity scems to be a great advantage if
Dot a necessity for the intestine considening 1ts enormous c1pillary surface area
(Folkow Lundgren and Vallenun 193) Ths large surface arca 15 of great
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advantage for secretion and absorption However, were 1t unprotected 2gamnst
shufts tn mean capillary pressure a massive edema of the mucosa could be formed
rapidly with even a small increase i mean capillary pressure On the other
hand 1n skeletal muscle 1t appears that neurogeme influences on the Starling
equibbrium are utihzed for flud shifts between the mtra and extravaseular
compartments (Mellander 1960 Oberg 1963)

Maximal steady state responses of the cap vessels were ot d also
at discharge rates as low as 4 to 6 imp/sec at which frequencies 30 to 40 per
cent of the mtestinal blood content could be expelled by actine contraction
alone Smce venous pressure 15 normally quite low and the veins are highly
distensible any lowening of venous transmural pressure ¢ ¢ by an upstream
resistance constriction will be expected to produce a pronounced passive empty
1ng of the venous side which in most cases must then add to the active contrac
tion As shown m the present study passne elastic recoil and venous collapse
could be so prenounced during peak response of the resistance vessels, as to
almost overshadow the direct constrictor fibre effect on the capacitance vesseh
a phenomenon that will be dealt with 1n more detail 1n another study (Oberg
1964) When however the experiment was so designed as to minimuze the pas
sive clastic element 1t could be shown that the capacitance response to con
strictor fibre sttmulation was 1n general more sustaned and stable than the

“precapillary resistance response which was so markedly aflected by the auto-
. ular escape  This difference 1n the maintenance of these two responses docs

Aot occur normally 1n resting skeletal muscles but can be seen for example
dunng prolonged pertods of reduced regional blood flow (Lewis and Mel
lander 1962) This phenomenon might explain why occasionally during intens¢
sympathenc sumulaton the capillary pressure level in the intestine tended to
increase shghtlv with a resulung slow outward filtration The verns form not
only the mamn part of the capacitance section they also have a small but 1m
portant postcapillary resistance function In the intact organism there s an
addittonal postcapillary resistance namely within the Iner which appeirs 10
ncrease to some extent duning sympathetic sumulation  Any ancrease 1R this
resistance would act n the direction of mncreasing mean capiliary pressure it
the intestine and lead potentially to edema formation
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Abstract
Forxow B D H Lewis O Itsporeny S Mertavperand I Wattesms
The effect of the h Jibres on the distriby of capillary blood

flow 1 the wlestine " Acta physiol scand” 1964 61 458 — 460 — Experyments
are described which show that a marked and well sustatned reduction i n
testinal capillary filtranon coeflicient (CFC) 1y snduced by vasoconstrictcr
fibre sumalation This decrease in CFG 1s considered to reflect a widespread
closure of pillany with an of the « d
capillanies India 1nk 1n) ctions inchcate that this neurogemic obstruction of
capillary flw particularly affects th intestinal mucosa Tt fact that this
marked neurogenic reduction of carillary blood supply to the muccsa takes
place concomutantty with an anly moderate increase of intestinal blood flw
frustanc suggests that a considerable redistribution of blood flow takes place
within th  nptein Tt hemodynamie changes produced by 1 e vasocon
strictor fibres i the intestne are compared with the drastieally duff rent suua
tion in the skeletal muscles Som functional mphications of these find ngs arc
tr flvd scu sed as well as the possitibity that imtestinal Hood flow 1s di erted
to submucosal shunt vessels

In 1 previous paper Folkow ef al 1964) the cffect of graded vasoconstrictor
fibre 1 upon the I resistance and capacitance vessels ¢ as
described  As was obuious from ths study the vasoconstrictor fibre effect o the
intestinal precaprlany resistance vessels s strongly counteracted In a focal
vasodilator mechanism This causes an autoregulatory escape from the con
stnctor fibre influence o balanced that 1n the steady state phase of constnctor
fibre actnity mtesunal flow resistance 1s only moderately inereased and the
ratio between the pre and postcapillany resstance 1s the syme 18 before sumula
non The neurogenic influence on the capacitince ves els on the other hand
appears to be farly well muntained even dunng prolonged periods of con

stnictor fibre actuvity

240
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It was repeatedly observed especially durng constnictor fibre sumulation
at ugher rates that the autoregulatory escape of the precapitlary resistance
sessels could be so pronounced that intestinal blood flow was hardly decreased
atall m the stedy state phase of constrictor fibre activity Sometimes 1t was
¢ven increased as compared wath the prestimulatory level Neverthele s a pro
found reactrve hyperema usually followed the cessation of sumulation m
dicating that possiblv a redistribution of intestmal blood flow had taken place
during the stnulation so that some areas were actually 1n a state of relame
ischaemua while others were ox erperfused

In the present paper results are reported which indicate that the vasocon
strctor fibres affect blood flow distribution wathin the intestine This was re
corded by following the changes m blood flow resistance and 1n capillary filira
ton coefficent (CFC) as well as the distribution of mtra artenally wmjected
India ink before dunng and after constrictor fibre actvation

Method

The were on 25 cats d as descnibed 1m the previous
paper (Folkow efal 1964) which should also be consulted for the experimental tech
mque used The method for of ( FC has pi been described by Folkoy
Lundgren and Wallentin (1963) In prmaple periods of graded mereases of \enous
outflow pressure were induced mtermttently 5o as to rase the mean capillary pressure
2 known extent Such a temporaty rie 1 venous outflow pressure produces a biphasic
facrease in intestinal volume There 15 an 1mtral rapid phase caused by venous disten
s which is followed by a slow but steady phase caused by an outward fltration m
those capiliaries which are open to blood flow Since there is good reason to assurne that
th constrictor fibres do not affect capillary permeability per se (¢ g Folhow 1925 Ren
& and Roselt 1962) a decrease of CFC during eonstrictor fibre sumulation was con
sidered 1o reflect a largely proportional reduction n the size of capsllany surface area
asailable for exchange or roughly 1n the number of capillanes perfused This would
then umply that 4 constric tion of at least some vascular sections had been mnduced which
s strong enough to entirely mterrupt blood flow i the corresponding series-coupled
capillanes For convemence these vascular sections will be called precapillary, sphinc
ters but it should be stressed that this term 15 used onlv in 2 functional sense It does
fiot mean that the sphincter function 15 necessartly located immedrately proumal to the
€apillary entrance as a vascular closure un sull more proamal secuons of the artenial
tree s ould have sumilar consequences for capillary perfusion and CFC

To visuslize those parts of th ntestine that might have becorne deprived of their
Blood supply by the action of the constrictor fibres India b as tyected 1 3 0 a
number of the expertments 1n the controt peniod duning nerve stumulation both at the
Toument of peak resistance response and at th steadv state response (sce Folkm et af
1964) a5 well as after ended stimul tion

For this purpose the intesinal preparation was divided into four or fi e scgments
2nd India 1nk was tnjected selects elv into the des red segment via an 1 a cannula
The circulanion to the other segments was then obstrasted temporanly by loose rubber
*hod clamps without damaging therr vessels or  asomotar nemes. It could be controlled
that no damage 1 as 1nflicted upon the vasoconstrictor hbres b th's procedure since

stmulation after this procedure was able 1o cvoke the same extent of blood flow de
<crease as before obstructian of the vessels
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MUCOSA

SEROSA

A B c

Fig 2 Ca1304g Chloralose \icrophntos of 1001 frozen sections of intestanal wall extipated
rmmediately afice m tro Close imraartersal mfusions of Sndsa ik
\ Dunng ‘resung conditions of the dencrated gut “ote the estensise Indsa ik 6fing of
1R mucosal yrucls
P During peak response to umiateral vasoconsteictor fibre sumufation a1 8 ympisec Note the
blanching  of the mucasa mdicanng a chsure of ns blood  essels presumably at tte pr

\ rapiars sprancter teel
€ Duning steady state respanse to unlateral a1 8 amp e “ote that th facks mk fillin fthe
mucrsal essels 1s more pronounced thaa ¢ B but much fess than

capacitance response  on the other hand seems 1o be well mamtained snre
the considerable reducton of imtesunal blood coutent appears 1o be about the
same duning the entire sumulation penod Motcoser throughout thus penod
of sumulanon (F{ was kept reduced to about half the prestimulatory Jesel
but as soen as the sumutation period was over CFC nereased to vatues fugher
than the presumuiators Jevel and was then well correlated with a fauly pro-
longed reacuve hyperaema Therefore this tn prnaple typicat but by no
means especath drastic response 10 projonged constnctor fibse sumutation
tndicazes that the nenous nflucuce on precapitan sphincters hike thaton the
capacitance ves els 3 well <ustatied even under Crcumstances where the neures
genie increase of How reustance o rapidly mare or less abolished beeanse of
the autoregulatory escape The fower part of Fig | taken from the papes
of Cobbold rral 1963 lusirates as a contrast the conuderable dfference ¥
the refatine effects of a constrictor fibre discharye on flaw reastance and pre

eapiitary sphunciers in the Leletal mu cles Winle the canunctor fibee m'
fluence on blood flow resstance is pron wneed and well sustarmed 0 skeleta

muscle ats precapilan planciers extubit a connderble escape I the ntes
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tine on the other hand st 1s the flow sesistance that escapes from the influence
al the constrctor fibres while therr eflect an CFC 15 relausely strong and well
mamtawned It must be concluded that the competetne balance berween the
¥asoconstactor fibres and contrary directed local ddator mechamsms 1s marked
Iy diffesentan the two tissues wath respect to the vascular sections that are maml)
responsible of blood flow resistance and the number of perfused capalfanes

Fig 2 shows the filing of the mtestnal vessels with India mk dunn., the
Tesung state (A) duning the peak (B) and steady state responses (C) 1o a um
lateral splanchnic sumulation at § impjsec This figure sllustrates how 2 con
siderable number of small vessels, especally in the mucosa are well filled with
India b 1n the resting state while duning the peak respaanse ta constrictor fibre
stimulation there are only feve of the smallest mucosal vessels visualized bs an
India ik ingection In the <teady state phase of the constrictor fibre mfluence
the number of small mucosal vessels hilled with India ik appears to be some
what greater than dunng the peak response especially perhaps towards the
fumunal surface but defimtely reduced as compared with the resung state In
Most ¢z es the submucosal vessels too were well filled vath India mk w tns
bhase of canstrictor fibre sumulation At the same ume the weestnal flow re
fistance was hardly mereased at all while measurements of CFU 1 other ex
Penments indicate as mentioned that CFG could be expected to be much
reduced at this stage

Admttedly India mh injertions alone may gne bitle information abous the
Actual flow state but when the markedly reduced filling of mucosal vessels m
the steady state pha e of constnietion runs parallel with a con iderable reduc
ton of CEC while alimest the same blood flow passes the mntesune 1t seems
reasonable to suggest that a true blood flow redistnbution has been mduced by
the constrctor fibres In the musculans too flow seems to be reduced by the
constrictor fibre stnulatton because here alse the India wnk filling of the ves
sels was generally somewhat reduced though less dramatically so in most £ases
Yt thus appears that the flow 1s directed away especially from the mucosa which
then means that sume other mtestinal section becomes overperfused ether be
fause of @ widening of 1ts ves.cls or becau.e of an operung of new vessels It eems
Iikely that (s takes place mainh towards the ubmucosal section becau e often
thus mtestinal part was well fifled with Indsa i), dunng sumulaton when only
httle of the inh reached the mucosa proper These differences i India nk
fillng of the different wteshimal tusue sccunans 15 often quite strihing even on
macrascapic inspecuion and provide additional information of interest 1o most
cases the mucosa showed a patchv staming with India ik with someumes
completely blanched utegular but often wide arcas i between especialh
when the ingection had been performed durtne hiwh frequencs constnctor hibre
sumulation The musculans and the serosal sucface on the other hand showed
generally fess strihmg difierences from the presumulators state being usuilly
somewhat paler without any distinet pachiness
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Discussion
The present findings 1nd that the ictor fibres can produce 2
well sustained and 1n extent often profound dnverston of blood flow from the
1ntestinal mucosa to other parts of the Thisd s et 1zed

by a considerable reduction in the number of perfused capillaries while total
blood flow through the intestine 15 relatively little decreased in the steady state
phase of constnctor fibre influence These findings should be conudered in rela
tion to the specialized functions of the intestine with special regard to absorp
nion and secretion events Both these funcuons call for a big blood flow and a
big exchange surface between blood and the extravascular compartments within
the mucosa This part of the intestine accordingly seems to he well safeguarded
1 this respect to judge from the big maximal blood flow capacity, the igh CFC
values of the intestine (Folkow Lundgren and Wallentin 1963) and the enor
mously dense network of mucosal vessels It 1s interesting to note that the vaso-
constnctor fibres evidently exert a most powerful influence at some key pomnt
of the mucosal sascular supply so that profound and well d 1c
obstructions of its capillary flow can be brought about It has been observed
e g i the mucosa of the stomach (‘Arabehety etaf 1959) that acusation of
vasoconstnictor fibres can produce sumilar most stnking effects on the mucosal
vessels n this part of the gastrointestinal tract though n this study no direct
.asurement ol total blood flow through the stomach was performed con

samitantly

The p hty for such profound g red 1n capillary blood
flow 1o the glandular sections of the gastromntestinal tract may be of great sm
portance for gastromntestinal function as such Glands capable of profuse se¢
retory responses are of course highly dependent upon a large blood supply
especrally then the plasma fracuon since 1t delivers the raw matenal for the
big, secrenon volumes Centrally induced vasoconstrictions may  therefore 1
an idirect but highls efficient way suppress the activity of such glands amphy
by deprnang them of the raw matenal necessary for therr actwaty To what
extent the sasoconstrictor fibres interfere with absorption seems to be less well
known It would appear to depend to a great extent upon how much of the
capillary network clotest (o the intestinal lumen becomes closed off from the

arculauon

The b of p d reductions of the number of per
fused mucosal capillanes with an often surprsingly small reduction of total
intesunal blood flow obxerved in the present expenments makes st hikely that
a true redistribution of flow takes place in such a way that the blood supply
to some other intestinal layer man actually become enhanced during the ac
tation of the constnctor fibres The question arses as to where such an 1
creased blood flow could occur and whether st 1s then distnbuted over 2 capil
lary surface or at least parthy diveried through shunt sessels which are opened
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up or so affected as to exhibit a reduced flow resistance 1n connection with the
constrictor fibre actination As mentoned earher 1t appears that such an mn

crease yn flow may take place pred: tly tonards the sub though
mare precise snformation 1s not available i the present study In tht courec
tion 1t should however be d that several morphot 1 studies {¢ g

Spannier 1932 Bayd 1932) have demonstrated the exstence of farh, numerous
hunthibe ses els especially 1n the submucosal sections of the gastromntestinal
tract, as well as in the sahwary glands Moreover Walder (1952) found 1 2
lmsted number of perfusion expertments on extirpated human stomachs that
constrictar agents or ympath \ d to an often ¢ b
extent the number of antra astenally mjected 40—200 nueron glass spheres
appeariag n the venous outflow These most interestmg findings seem to imply
that some fatrly wide bore yessels actually become opened up dunng a neuro-
genic vasacon trictor vespon ¢ It shauld then be recalled that according 1o
Spanner (1932) the intestinal shunts have a pecubiar arrangement with longm
tuddinal smooth muscles an arrangement which appears to be faily umque i
smaller vessels Is 1t posstbly 5o that these shunts become both shortened and
Widened during sympathetc actnation concomutantly with the closure of
ucosal sphincters so as to divert the blood fow from the mucosa to these
shunts in the deeper structures® Further 1t may be questioned why partcularly
ghndular structures charactenzed by an abihty for volumineus secretions
should be so well supplied with shunt vessels to judge from the menuoned mor
Phological studies No doubt the shunts of these gastromtesunal glandular
Steuctures must be of functonal significance i ane way or another One theore
tieal posstbulity 15 that they erve as red cell channels which take the excess
of red celf flow 1 a plasma slunm s0 d d that during
Serretion activaty a preponderance of plasma flows n the mucosal vessels to
SENe as raw material for the secreting cells Upon constnctor fibre acusason
when the mucosal blood flow becomes largely abstructed hence depressing the
steretion activity  the shunts would take the main bulk of the flow Some pos
Sible consequences of such a hypathetical redistribunion of intestmal blood Bew
!a connection with the defence reaction are brieflv discussed by Cobbold et af
{1964} and these problems are currently under im estiaton i this laboratory
Wachever the final Laluton of how the blood fHow redistribution 15 arranged
ta detal 1t seems quite possible that the profound and wellsustamed neuro-
geme obstruchions of the mucosal vessels may have serous TONSEGUENCEs 31 ter
tamn pathophysiological situations ¢ f Texter 963 The combination f an
intense vasoconstictor fibre actvaty a low perfusion pressure and changes sn
blood visconry due 1o studging etc  mught so severehy mterfere with the nutn
uon of the itestinal mucosa as (o produce widespread necronc lesions

Suppocted by grants from the Schont of Arrorpace Medutn  throvgh th Fu pea
Setmpace Research L S At Foc (\F EOAR Fl-sq7  foom the Natonal In ¢ utes of

Health U § Public Health Service (5 367> A  Con ir the
Mot cat Facaly Ut o b 2 Kom the Sweduh Med el netl 2 o from ¢
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Blood Flow, Capallary Filtration Coeflicients
and Regional Bloed Volume Respeonses 1n the Intestune
of the Cat during Stimndation of the Hypothalamic
‘Defence’ Area
By
A Cossoro' B Forxow O Luwperes and I Warrevirs
Reeceried 24 Diecomber 1803

Abstract

Coasory A B Fouxow O Luvnores and T Wasizvon Blod /0
copullary fli atun sefficienty and  gronal bload wolume  pons  nike t ¢ o fle
af dunng strlat on of the hvpothalam: d frmc ases Scta physof seand 1964

~473 ~ The ciiects of electiical st mulat on of the hypothalamic
d fence arca on consecut ve sections of the wtestinal vascular bed has been
#tud ed 11 the cat The response patt 11 obsers ed was smilar to that evoked
byd ectsumulatonefih planctho ¢ nesves Thin whe  was an musal pro~
nounced vasoconstr ction of the tesitance  esels vituch however alier 1 2
mun_dect ned and blogd fow =urn < to near  esng control valyes ( aut >
requlatacy escape | The capactance <is b abwo onstricted expethios st
most 30~40 per cent of the regwnal blood volume fnspteoleh aut e
wlatary fscape of the res stanice vessels, cap Bary hitrgtion neffe ent (PG
was markedly educed thraughout the whole perod of tmulaton widieat ng
2dimun hed cap Har surfzc ar aavailable fo flud 3chang  \nca Iy com
Pletacloss eofih  mallantest mal my o5zt eaued w3 bl tratedalio by nd 2
ink anfus on performed befor  du oy and after th hypothalam ¢ tmula
ton Thefuncional gnfian ofth  esponsc pattern with relefencer the
defenc alarm  actoq w huefls discu sed

The custence of an area within the by pathalamus of the cat from which the
Sympathetr vasodilator supphy of muscle could be actnated was shown by
Ehasson et/ 1931) and thiss difatanon was assocsated with among other things
3 smultaneous asocanstriction m the intestine  These findings together with
the that this hypothat area mught act ay 3 cemter responuble
for reactions 10 wates of emergency and alarm were confismed and extended

by Abrahams Hilton and Zheoryna {1960 nung both anaesthenzed aud con
SCions cars

Onlay fomih 3 aglan Schook of Phyr K Homp tal Melcal St
London Coxtand < of Fhyr logy S Thema  Hoap e ! el o
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The muscle dilator component of this response has been fairly fully investiga
ted (Lindgren 1950 Abrahams et af 1960) but little attention has been directed
towards the responses of the intestinal blood vessels It was considered that this
mught be of interest particularly as the vasomotor control of these ves els has
been recently studied (Lewts Folkow and Mellander 1962 Folkow et af 196%a
b) and techniques have become available for assessing the actty of the capac
tance vessels and the behaviour of capillanes through the reactions of the pre
capillary sphincters and determanation of the capillary filtraton rate The lat
ter methods are based upon the work of Mellander (1960) 1n muscle and have
been adapted for use with intestine by Folkow Lundgren and Wallentin (1963}
Thus 1t has proved possible to study the behaviour of the intestinal blood ves
scls 1n more detal when activated from the defence area in the hypothalamus
and to examne the concept that in such crrcumstances blood 1s diverted from
the digestive tract nto the vessels of skeletal muscle These results have recently
been preliminanly reported (Cobbold ef al 1963)

Method

Expenments were performed on 20 cats weighing 2 0—3 5 kg anesthetsed 1 1+ with
chloralose 40—50 mgfkg after preliminany induction with ether The methods used
sere broadly those described by Folkow et af (1963} Bricfly after exurpation of the

>mach omentum and splecn a section of yeyunum usually weighing about 20--30g
vas enclosed 1n a r fled perspex pleth ph The der of
he small intestine and the large intestne was extirpated Great care was taken through
nt to preseri e intact the nenvous connecuons of the jejunal segment To ayoid any con
nbution to intestinal motility o 1o blood flow from the adrenal medullany secretion
he neht adrenal gland was generally removed or hgatured and the left adrenal was
lenervated In most experiments the vagal nenves were cutin the pech  After hepanniza
10n the blood pressure was recorded from the right femoral artery using 3 mercury
nanometer Rlood flow within the intestinal loop was recorded by dierting the blood
low from the superior mesenteric vem into an opuical drop recorder the blood beto”
then returned to th animal via a cannulated external jugular semn In some expenments
the bload flow from skeletal muscle was simultancously recorded by passing blood
flowing from a cannulated fomoral ven through a sccond drop recorder The oceur
renee of an atropine senuitn e vasodilatation was then used to confirm that the correet
hyvpothalamric area was in fact being sumulated

‘The volume of the jrjunal segment within the plethysmograph was recorded €O
unuowsh by a puton recorder and the venous outflow pressure could be adgusted 10
any deured level by means of simply raiung, the tbe draining the outflow recordes
the pressure tncrement so obtained could be measured on a water manometer (ouplfd
i the connection between the superior mesenteric vein and the drop recorder with
the mtestne tn the plethvsmogrart a onstant ssovolumetric state implying 30 equaliy
of outward and inward capillary filtraton could canly be obtamed by suitable adjwst
ment of the senous outflow pressure The isovolumetnc equilibriem was then duturbed
appliing 3 known increment of mcrrasrd s enous outflow pressure From the slope dun‘rd
tenstics of the ensuing volume resnense th capillany filtranon cocfficient (CEC) “’“’
be ealeulated as mi flud £henng mm Hg min 100 g tissue for full discussion of e
mett od the paper of Folkow el 1 % 3 should be consulted
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ARTERIAL BLOSD
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CHANGE OF VOLUME
i /100y intastine

Fig 1 Cat 23 ky Chlo alowe Effectsof
2 brief sumulation of the defence area
m the hypothalamus on blowd pressure
witesthinal vesistance and capacitance ves
sk Th downwa d notch of the blood -
ppessure recording refl cts the actnanon SECRIIF DRI T TE BRI e ey

of th
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L
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intesting

Tor stimulation of the defence area the head of the ammal was fixed 1n a Horsley
rke apparatus and bilateral steel clectrodes were mseried swereotaxically into the
hypothalanuc area known ta give the typical emergency sesponss 1n the crulation
Square ware sumult 1 ere delivered from a Grass stmulator Model S4C at 2—5 1
pulse durations of 2—~5 msec and at frequencies of 50—90;sec the parameters being
sclected to yreld on optumal response At the conclusion of each set of expenments the
bouition of the electrode was checked by dissection and staming
In some expeniments the effect of hvpothalarmic stumulation on the small blood ves-
sels wighin the sntestinal wall layers was ascertained by carrying out such sumulations
unng local intra arteral infusion of India ik 1nto only a segment of tre jepunum
¢ ] Junal segment being so pertused 1 as then immediately, Jamped and dissected.
7o As controls other segments were then 1n a smidar way imyected with India 1k while
10 hypothal: was $ wherr vessels beng expoced anlh to the rest
g s mpathetic duscharge Sull other sexments 1 ere injected with India k. hen ther
Vessels had b en maximally dilated with 1sopropy Inoradrenaline Al these jejunal seg
M ots were frozen and cut using a freezing microtome ard the extent of filhng of the
small vessels wath India ink was then determuned microscopically

Results

Fig 1 shows the effect of a bnef 125 sec) sumulation of the defence area n
the hypothalamus with a consequent pressor response the hlood pressure nsing
by about 50 per cent and the flow resstance ncreasing to about 3 umes that
ol the control The fact that the hypothal {ly actrsated hetie v aso-
constuetor discharge has a powerful effect on the capacitance veseels ts shown
by the immediate marked decrease in the volume of the intesunal loop That
tlus imial decrease in volume 15 related to constricuion of capacitance vessels
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ARTERIAL BLOOD
PRESSURE, mm Hyg

CHANGE OF VOLUME
mi/100 g Intestine

-
o-

FLOW RESISTANCE,rel.units 4.5

SLOOD FLOW 25-
mi/min/I00y Intestine 50—

VENOUS PRESSURE INCREASE
HYPSTHAL. STIM
TIME 6O sec

CFC

Fig 2 Cat 23 kg Chloralose Eflects of stimulation of the defence area in the hypothalamus
on blood pressure intestinal resstance and capacitance vessels and on capitlary filtrabion co-
effcient (CFG) CFC estimated by mercasing \enous outflo v pressure was determined belore
() dunng (B) and after (C) a hypothalamic sumulation Note the deerease in CFC during
actwauon of the defence area

was shown by Mellander (1960) and in the present experiment the amount
of blood expelled would correspond to roughly 25 per cent of the mnitial regional
blood volume On of 1 the cay vessels diately
relaxed For details concerming the analysis of the capacitance response i the
mntesune sce Folkow et al (1964 a)

Folkow et al (1963) found s 1lues for the resting blood flow of acutely dener
vated intestinal loops 1 cats of $0—60 mlimn],00 g at a pressure head of 100
mm Hg and these values or somewhat lower ones n general were 1ppro¥
imated 1 most of the present expenments using innenated intestne  This
simlnty 1n terms of flow resistance between mnerated and denervated intes
tinal vessels 1s hardly surprising s low frequency sympathetic discharges seem
to exert fairly weak effects on the intestinal resistance vessels in the steady stte
condition  Folkow efal 19641, In the expenment illustrated in Fiy 1 the
resting flow was even somewhat hugher around §> mitmin/i00 g and hypor
thalamic sumulaton reduced this at peak constriction to some 33 m! min!100g
whilst simultancously muscle blood flow nercased and this increase could be
abolished by atropine

The centrally nduced decrease i blood flow i the mtestine w1s however
not perustent and tended duning longer periods of sumulition to return to near
the resung control value a phenomenon observed even when the constrictor
fibres are sumulited dircctly at undiminished rate and nteassty for 1 longet
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53. 3 Car3Lg Chloralo ¢ Microphotographs of 100 ¢ frozen scctions of the ntestinal  all
o g:tcd 1mmediately after 11 rio close mtraartenal njection of Ind a ok

b nﬂs} Festing condrtson: wath intact vasomotor fibre supply Note the moderate India nk
B ng of the mucosal vessels

2 D‘unng sumulation of the hypothalamie defence ala @ v action ar 2. Nate that hardly
37 Tndia ink now reaches the mucosa ndrcating an almost complete closure of ts blood ves-

< presumably at the precapillacy sphinct ¢ level
of the PIg tritraarteral mfusion of sopropy! ioradrenaline Note the intense lndia ink stat nng
¢ mucosal vessels due to the action of !

penod (Folkow et af 1964 ) This phenomenon may be called an autoregula
tory escape trom vasomotor fibre mfluence The effect of sympathetic constrictor
NEVes on capacitance vessels on the other hand 1 1 sitvauons of relanve

schenua Uy better d througt even prolonged
pertods m the vascular region of the skeletal mascles (Lewss and Mellander
1962) Thus seems to be true also for when hypothalam:

%as continued for periods of 3 mn and longer even 1f no procedures to cause
relannve sschemia were present

Hypothal 1 with the f ployed 1 these expen
ments can call forth a nearly maximal response from the vasoconstrictor fibres
3 Judged from comparison with the effects seen duning high frequency sumula
hon of splanchnic nerves (Folkow ef o/ 1964 2) both 1n terms of the resistance
and capacitance responses

Fig 2 )Mustrates the eflects of a Jonger pertod of hypothalamic stimulation
showing again the marked rise in blood pressure which occurs immediately
With prolonged sumulation there was some tendency for the blood pressure to
fall agan after the mitial mncrease of some 50 per cent abote control values to
@ level of 25 per cent greater than control This effect rught have been at least
10 2 mnor extent due to fatigue of or damage to the hypothalamic neurones
from the sumulating current for following a period of rest whlst the response
could be elicsted again st was sometimes not quite as powerful as before 1t
could howeser then be agarn fully obtained by shifing the position of the elec
trodes m the honzontal plane for a very short distance Fig 2 shows howeter
that such a gradual failure of the hypothalamic simulation could hardly alone
be responsible for the pressure to fall and flow to be autoregulated in thisin
stance because the constriction of the capacitance vessels persted throughout
the duration of sumulation
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Capillary filtration coefficients were determined by increasing the venous
outflow pressure and Iig 2 shows the typical response with this procedure
This consusts of an 1mtial distension of capacitance vessels followed by a slower
nsing due to outward filtraton of fluid Calculation from this slope gave values
for the pre and postsumulatory CFCof 0 14 and 0 13 respectively wlhilst during

1 the coeffi was d Ily reduced then being only 00} The
range of values for CFC obtained in the resting steady state 1n these expenments
closely corresponded with that found by Folkow etal (1963) 1 e 01—015
mlfmun/mm Hgf100 g tissue Upon sumulation of the ‘defencearca  CFC al
ways fell to very low values n some cases to Jess than 001 indicating a most
extensive closure of the vascular scctions that may be called precapllary sphine
ters After the 22 the pr b svere found to open al
most at once to give agam normal or temporanly enhanced values (or thentes
tmal CFC

The distinet and drastic closure of precapillary sphincters  together with an
1denufication of the actual capillary beds involved could be shown by diniding
the jejunal loop 1nte several segments with intact nerves and vessels after which
infusion of 2 solution of Inda 1nk mto the artenal supply of each segment could
be performed One segment was perfused under resting conditions one dunng
stmultancous infusion with 1sopropylnoradrenaline to produce maximal vaso-
hlatation and the third duning intense simulation of the hy pothalamic defence
Area Typical results are shown 1n Fig 3 The nichly vascular mucosa can be
scen in Section 4 showing resting ntestine and even more clearly in ¢ where
with maximal vasodilataton the dense network of small vessels n the mucesal
section 1s completely filled At B during the peak of hypothalamic sumulation
the mucosal capillanes are scen to be almost completely shut off from the ar
culation and 1t was only with difficulty that India ink could be forced mto the
the mtestinal capillanes On inspection of a bigger part of the intestine exposed
to India ink during a hypothal i} the lans was
generally fairly evenly stained while the mucost showed wide areas that were
quite llanched with small wrregular patches of India ink filled vessels in between

| s

Discussion

The results of the present studies entirely support the concept sugsested )
Ihasson et al 11951) and further by Abrahams eral /1960 that the hypo-
thalamuc area from which ssmpathetic dilator fibres 10 skeleta} muscle blood
vessles can be actinated 13 the region responuble for an integrated defence
reaction It would seem resonable that an actination of muscle vasodilators
should simultancously involve an extensive actination of sympatheuc rasncon
stnctor fibres i regons such a3 the intestine whose function may be temporartly
su pended during, states of emergency and reactions of defence The immediate
reactions of the tntesunal vascular bed to hypothalimic snmulation demonstrife
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that the most powerful and pralonged effect exerted wn the defence reaction
5 a sustamned constriction of capacitance vessels and well mawcaned closure
of precapifary sphancters i the region of the mtestinal mucosa The fact that
around 3040 per cent of the intestinal blood volume may be very rapidly
expelied by prompt constniction of the capacitance vessels implies that at the
b‘s'mmng of an emergency state an auto transfuston of blood can be quickly
delnered from the gastrowntestinal tract ta the heart to contnbute to the ang
mentation of cardiac output to supply the dilated skeletal mu cle vessel Ta
gether wath a constriction of the resistance vessels this accounts for the diminu
ton of intestnal blood Bow and blood volume which 1s observed The capact
fance vessels however seem to mamtamn therr constricted state better and this
PR with results ot 1 by direct ; of the sympath
‘asoconstrctor nerves to muscle and ntestine (Lewis and Mellander 1962
Lewss Folkow and Melfander 1962 Folkow efal 1964 a) Esven mn skeletal
mscle the precapifary vessels tain thew less well than the
Posteapillary vessels and this scems to be even more apparent in the testne
This locatly nduced escape from the constrictor fibre influence in the pre
Gapilary resistance vessels 15 very typical of the ntestinal ascular bed and
1wplees a sort of autoregulation Texter et al (1962) and Johnson and Hanson
{1962) found that the autoregulation of mtestmal blood flow an connection with
Pressure changes was localised in the arterial side of the vasculature and then
10 vessels less than 0 5 mm diameter ¢ ¢ to the precapullary vessels The same
holds for the type of autoregulation that mplies an escape of canstrictor fibre
mBuence as found by Fotkow et ¢ (196% a) using durect sumulauion of sptanch
R nerves and as here reported, using stmulations within the hypothalamus

These smulanties should however not be taken to imply that the auto-
regulatory precapillary dilatation following falls 1 blood pressure 13 exactly
comp, e to the gulatory escape foll upon a constrictor fibre
acthvayon In fact 1t may be enurely different in nature depending upon which
Pprecapiliary ascular sections are snvolsed One obuious difference is that CFC
B lowered duning the y escape from fibre 1
bur of any thing i 1n the p 11 ! occurnng as a
Tesponse 10 a primary drop in artenal pressurc Folkow et al 1964 a)

1t 1s further interesting that the sections of the mucosal precapillary vessels
which determmne the number of capillartes open to flow « precapillary sphinc
ters } obviously react quite differently to constrictor fibre sumulation as com
pared wath thesr functional analogues in skeletal muscle Sumulauon of sym
Pathetc vasoconstouctor fibres in the latter tissue causes no doubt mmally a
closure of many precapilary spluncters but tlus effect 15 only of a veny tem
porary pature (Cobbold #2af 19635 Withun a munute or two CFC m skeletal
muscles increases agam and with 1 lation 1t § fy exceeds
#s prestmulatory value This is attnbuted to the pronounced relaxing effect
of metabolites accumulaung n the muscle consequent upon the resulung flow
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decrease and such a rapid increase in GFC 1s seen also when relative 1schemin
1s produced by a partial artenial occl CFC n the on the other
hand 15 kept reduced throughout the stimulation (Folkow etal 19642 b)
Whichever the cause of the autoregulatory escape of the precapillary re
sistance vessels whick will relatively rapudly tend to curtard the mutial blood
flow decrease occurning during states of emergency this flow supplies now only
to a greatly decreased extent the intestinal mucosa In other words there scems
1n effect to be a sort of shunting of blood through other structures in the
! wall a ph which 15 at present bemng invesugated i this
laboratory
The experiments with Incha ik infusion nto the intesunal vessels indicate
clearly that during the hypothalamic simulation 1t 1s the mucosal precapillary
sphuncters which in wide areas must be quite closed, but India mk does to
some extent penetrate the capillary bed of the submucosal structures Quantita
tnely the nfluence of hypothalamically activated precapillary spluncters is con
siderable as seen by comparning the resting range of GFC at 0 1—0 15 to that
duning sumulation being then reduced to 001-—~004 Thus there may be up
to a tenfold decrease in capillary transfer dusing the time that the intesunal
crrculation 1s participating 1n a defence type reaction Lvidently the constrictor
~fibres may exert a most powerful and lasting effect on intestinal precapillary
hincters  mamly within the mucos1 while the intestinal resistance vessels
‘r’\pldly escape from the constrictor fibre influence W hatever the background
* "of this peculiar difference between intestine and skeletal muscles 1 small ves
sel response to constrictor fibre activity 1t may have some interesting €ansc

quences for g stinal and Iiver m a defence response Such a
considerable closure of mucosal capillaries 1n emergency states would tend to
ddenty nterrupt 1 fi when digestive actisaty 15 gomng on with

secretion 1nd absorption processes The vascular response not only dierts
blood volume and blood flow from the intesune but sill indirectly suppress
the metabolic requirements of these tissues by removins, the bload supply peces
sary for seeretion and absorption events Turthermore ifit1sso as was discussed
¢ g by Folkow etal (1964 by that a considerible fraction of the ntestinal
blood flow s diverted throuh opened shunt vesscls duning sngense vasocon
stnctor fibre actmaty the oxvien delnery to the liver would sull temum high
n spite of an overill decrcase of portal blood flow This may prose 1o be of
importance becau ¢ n siuations of violent exertons as will usually ensue I
the defence reaction the Liver becomes mvolved an an enhanced producton
of suntable fuel for the skeletal muscles and tn the elsminanon of letue acd
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Reactions of the Different Series-Coupled Vascular
Sections upon Sttmulation of the Hypothalamic
Sympatho-Inhibitory Area
By
Bjors Forrow Jnnn Lanestost Benot Opere and Ivo PrerovsKY?
Recersed 24 December 1973

Abstract

Fornow B J Lascstos B Oscre and I Purroviky Reactions of the df
Serent seresco- pled cascular sections wpon stimulation of the hypothalomse symbatho-
wh bitory area Acta physiol scand. 1964 67 4/6-483 — \ detailed study
of the ascular responses mduced from a presiously described sympatho-tn
tubstory area 1 antenor parts of the cat s hypothalamus has been performed
The results indicate that topical activation of this arca produces an inhibttion
of th tonic sympathetic acusity not only to the hrart and the resistance ves-
ks but 1o the precapillary sphincters and the  enous capacitance side s well
A truly d inh of controf of the entire cardio-
vascular sv3tem therefore sems to be produced normally combined with an
exaitation of the -agal Feart fibrea.

Th charactensuc cardion ascular effects caused by this hypothalamic sym
patho-intubitory area are compared with the strikingly dafferent response pro-
duced when the clowly s tuated d fenc reaction area iactivated witha
bnef discussion of th functional sigmficance of these two diencephalic inte
gration ornters

In an earlier paper from this laboratory a hypothalamic structure with 2
marked mhibitony effect on tonic sympath activty was explored (I olkow
Johans.on and Oberg 1929 It was then found that topical stmulaton of this
partcular area with suitable sumulation charactenstics evoked a profoun
blood pressure fall due 1o a vasodilatation in all vascular arcuts studied and
an inhibition of heart actiaty tescaled as an ofien considerable bradscardia
Since these events took place 1n vagotomised and atropimized ammals also the

d card ular nts were interpreted as caused by an i
hubitzon of the prevailing sympathetie vasoconstrictor accelerans fibre acuvity
though normally the vazal fibres (o the heart seem to be activated too A close

Special f How of the Na wmal In truts [ Healtt Department of Pt yual gvand B rt oo,
Uni erty of M st runn Medical Cntrr Ja ks 6 N sy
In taefr Ca.dinasular Re s ¢h Prz (enchmimalia
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Iy simular response can be mduced by stunulations i the angulate gy 1+ of the
cerebral cortex the aboementroned hypothalanuc structures probabiy bemng
a relay station for such cortically induced awrculatory adgustments 1 fang
1961) As the rome fibre 1nfl: iy seems to be mos marked
on the vessels of the skeletal muscles the centrally nduced overall inlubiuon
o symp activity often prod an wncreased muscle blood How 10 spite
of the drop 1 pressure

Such 2 centrally snduced ca diovascular response pattemn has 1 strong re
semblance to that seen ¢ g 1n emotional fambingn man Asa workng by poth
3 1t was therefore suggested that psychogenic seactions of this nature mught
normally be induced from the studied cortico-hypothalanue structure Since
one of the more obvious oceurn, n ! famung reaction
17 man seems to be a poohng of blood within the venous system in ali probai bility
duetoga centrally evohed inhibion of the sympathetic discharge to the capact
fanre side of the arrculation 1t was thought £3 be of nterest ta study the re
SpoTises 1o topical of the hypothal sympatho-nfubstory area
notonly with respect to the resistance sessels but also to the capacitante sessels
then utilizing a techmque which pernuis a simultaneous study of the reacttons
of these two fanchonally different seres coupled sectians of the vascular bed

Methods
The don 9 cats h 1 with chlaralose

were P
301040 mglkg b w After exposure of the calsanum and driiling of a hale through the
concentric bipolar electrodes sasulated except at their ups were bilaterally
onentated 1n 1he aboyementioned hypothalamuc area by means of a Horsley Clarke 11
Mtrument Toprcal stemulation could be made by 3 Grass sumulator the sntensity usually
g 3t V ayith a pulse frequency of 30 to 80 per sec and 2 pulse duration of | wmsec
Vascular reactions were studied enber in a skeletal muscle skin preparation uwsually
the Yindquarters of the ammal ar i the small mtesune using fechnques east er de
stibed (\felfander 1950 Follow Lundgren and Walleniun 1963) These papers should
be consulted for tull details concerning the preparation Briefly the tisue region to be
studsed 1 ssolated from the antmal except for us ognate arters and e and its vaso-
motor fibre supply The organ 1s then cn losed 1 a temperature~controlled water bght
vleth smograph by means of which a continuots solugme recording of the orgaa rould
be arcomplished When 1t ¢ h ndquarter s used the pl vas
flied wieh water whil the plethysmograph used (o the msesunal preparauon wa filled
with Tyrode solution
Blood flow was co1tmuoushy recorded by diverung the v nous outfios {om the ts
24¢ exther through a drop ecarder device operatiag 3n o dinate whter or throueh a
modified Gaddu 1 recor fer The venous blood was automat alfs restored b means of
afunned connected to the jugular or infenal cnal ven ¢o th animal and so designed
that the outflow from the reco der always matched the return of blood 1o the heart
The height a1 Inch the venous outflow tubing was moumed above the tssue regron
determimned the  enous outflow presure levol whch thus ould essher be keps con
stant or altered 10 any desired Jevel when 50 needed by adgustments of the leved of the
outflon tub ng Tie artenal inflow pressure was mea ured 10 the nfenos meentenc

NGV 1 g
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artery when the hindquarter preparation was used and in one of the femoral arteries
when the intestinal preparation was utilized The artenal inflow preswre could when
sowanted be kept constant by means of adjustments of a screw clamp around the aorta,
apphed just proximally to the respeetive cognate artenes and proximal to the site of the
artenal pressure recording  [hus artenal inflow pressure venous outflow pressure total
blocd flow and changes 1n 1issur volume of the studird argans were continuously recerded
Changes 1 tissue volume reflect variations both in regional blood volume and in net
transcapillary flud transfer but these two separate parameters can in most Greum
stances easth be disunguished because of therr different time ¢ourses Under these air
cumstances 1t 1s possible to follaw quantitatnely and continuausly the reactions of the
resistance vessels and the capacitance vessels in the vascular region studied as well as
changes in the net transcapillany filtration considered 10 reflect changes 1n the pre to
postcapiflary resistance ratio and 1n the number of capillaries open to flow
In order 1o climunate centrally induced vagal effects on the heart as well as actidental

actnations of the cholmergic vasodilator fibres 1o the vessels of the skeletal muscles both
vagal nerves were cutan the neck and atropine 0 3—0 5 mg/kg wasgiven mtravenouly

In order 10 creale a high initial sympathetic tone Jevel and to avord to some extent com

pensaton adjustments elicsted from the carotid sinus baroreceptors when the sympatbo-
inlubstory area tn the hy pothalamus was stimulated  both carotid arteries were asa e
clamped during the penod of byvpothalamic stmulation  The animals were a5 a rule
curanzed with Flaxedil 23 mgfkg and aruficial respirauion was then admumsstered

1n such a way that udal volume and frequency was closely simifar to the spontancou?
breathing

At the end of each expeniment the weight of the tissues was determined from which

ihe approvumate regional blood yolume could be deduced on the basts of carher esumz

1ons of the stcads state blood content 1n the tssues studied (Mellander 1960 Folkow

taf 1963)

Results

Fig | hows a recording from a representatne expernment where the effect
of hypothalamic sumulatnn upon vascular reactions in the small intestine was
studied To tart with the common carotid artenies were clamped At 4 2
toprcal exaitation of the b pothalamic sympatho-nhibitory arca was performed
with a stimulation frequency of 60 a voltage of 4 and a pulse duration of |
mec The tmulauon causes a blond pressure drop of about 60 mm Hy and
n spite of the drop m p=rfusion pressure some increase of ntestinal blood flow
The flow resitance can thus be calculated to decrease to lesy than half the
resung value ndicating a marked dilatation of the resistance vessels Jt 0
al be seen from the volume recording that there 1s a rapad gan of tissue solume
amounting 1o about 04 m! This rapad inerease 10t ue volume can be con
sidered to reflect a dilatron of the capacitance vessels imainly the vens; Jeading
to an increase 1n remonal Bood content corresponding, to foughly 10 per €ont
of the calculated resun, regional blood volume in the mtestine Upon ”":
ruption of the umulation there s a radual revtoration of blood pressure 3!
tone of the resistance and the capiciance vessels In b the artenal anflow pre
sure to the region 1s wechameally reduced for a bref periodd to about the ame
level as that produced by the hypothal if by adjustment of the
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Fxgl ! Cat 38 kg Chlo alose 50 mg/kg The ffects of sumulation {4V 60 cc) inthe hvpo-
o asuc sympatho-inhib tory a ca upon the resistance and capacitance section of an intestinal
tuar bed (A D and E) At F the sumulation intensity 1s suddenly chanoed from 4 to 7\
etect odes sl located 1n the sympatho-mhibitory structure A1 B the nght _gus perse S
latlated in afferent divection {8\ 20/ ec) Both vagus nerves cut in the neck caroud artenies
Clamped bilaterally The amm 1 1s atropinized (03 mgkg) curanized (Flaxedit 3 mgikg) and
antifical resp ation adminstered Intestmal s e ght 54 §

screw clamp placed around the aorta As could be expected thes procedure
which lowers the pressure head and the transmural pressure withm the intestinal
rascular bed causes a decrease not only in blood flow but 1n regronal blood
content as well 1o judge from the small v olume decrease This finding ndicates
that the increase of tissuc volume obtained at A should have been even more
Pronotinced 1n case the artenial inflow pressure had been kept constant

In Qan afferent vagal sumulauon (8 V20 per scc 1 msec) was performed
As can be seen from the recordings this procedure mduced reflex vascular rexc
tions almost 1d, 1 to those ok d by hypothal though
being established more promptly that 15 a blood pressurc fall 1 obtamed and
sunultaneously a considerable reduction of the flow resistance 15 :nduced com
bined with a rapid gain 1n tssue volume indicaung a dilatanon of the capact
tance vessels

In D and E hypothalamic sumulations arc agam performed with virtually
the s1me results as1n A However 1 E the sumulation strensth was suddenly
increased from 4 volts to 8 volts while the electrodes were still placed vathin
the hypothalamic sympatho-inhibntory area (F) It has repeitedls been ob-
senved that such 1n increased sumulation intensity which causes a more wide
spread hypothalymic activation tends to produce an excitation of the defence
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¥ig 2 Car 39kg Chloralos40rg ke
TYeeflecr of suputation ta e by,

amu¢ sympathounhib tory arca {4V
60 sc) upon the res stance and ezpio-
tance vessels1a 2 skin muscle prepaszon
{bindquarfer of 1t~ cat} Poth curotd
artenrs clamp~d the vagus nrnd @t
Eataterallv in the meck  Arropume (022
mgkg! Flaxed:! /3 mgkg anda
resprat on admunutered. We ght of L3
bindquarter preparation 1 700 €

caction ares ako s this imtegration centre s situated qust ventrally ta e
svmpatho-inhsbston area i the bs pothalamus at a distance of only 11 5 -
1t can be een that thas more extensive hvpothalamic symulation where the
defence pattern dorusates the cardimsascular events produces the 1o
effects compared with that obtained when the sympatho-nhibitory area 3
more selerunels artnarr | Thus an abrupt increase i blood pressure of o
230 mm Hz occurs accomy d bn a marked red in blood flow and 18
1 sueroiume At the peak fesp the ! blood flaw 1pre
1n fact ome 10 umes whie about 12 m) blvod corresponding 1o same 30—
28 per cent of the rews nat 1Jood yolume way expelled {rom the intesune § 4
mgs winch are i ¢ wd aereement with recent observations In Cobbold e’

193 and 1943 Thss Ja 1t sumulaunn of the bvpothalamus clearly dema
strates the range of the sasom st r adjustments that can br centrally snduced
fram speofic diencep halic ateas m rpholopealh dosels situated but June
uonath qune differenth cr amssed Note the marked reactine hypererid
ersmng upnp cesatr b {the umulay o

In several of the expenment the hypr thalamuc sumulauon was

for a longer peniod (o maks porost e an evaluanon of the chanzes 10
tom everts o er the capillany membrane To perform such a study 1t 18 neces
san 1o reach a steady sarr in the tas ular adju tmenty where duning a per
of hvpothalarsc sumulati m the £ ew jevel of tone of the reustance and capa®
tance seveels can be mamntar ad fairh sat e Shifls i ussue volume occatng

contaurd
the filer2
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under such conchtions must then be ascrbed to changes 1 net franscptiary
fltration 1t s then also possible ta determne the capiiary filteation coefhicient
{CFC) a parameter which reflects the size of the capllary surface acer avatlable
Tor blood flow and hence filtration Therefore CFC can be cotisidered to provide
wformation concerning the tone of those parts of the sl vessets which are
generally called the precapillary sphincters (see Fotkow and Meltander 1960
Cobbold ¢ al 1963 a) Studies of thy 1y pe which were only peeformed on the
Intestine vessels as the precapillary sphineters of the muscle vesels appear (o
be onlv little wfluenced by the canstrictar fibres (Cobbold ¢ra! 1967 o
dicated that CFC m the intestine often moreased by about 20 1o 36 per cent
upon of the hypothatamse svmptho mlubttory arey Iy oyher worth
beside the centrally wduced dilatnon of the resistinee wd eypaeitanee veuels
of the mtestne moare capillartes seemed to be opened for blone o Presmmably
because of an anhibruon of the sympatheuc discharge o iose vueulir smooth
muscles also which control blood flow through tndividuat cwpilianey g the
miesting

The results described here were essentially simmtar g direction gy g tade
n all experunents whether the mtestine or the musele kI equon w iy snched
23 long as effectine sumulation of the bypoth ik ime YR Aho minbory ey
could be achieved Fig 2 shows recordings fom one FAprIunent where the
‘ascular reacuons m a skeletal mu cte skin PEPIRGOn were followed Sy,
typothalamie shmulanon 13 can be seen that T On of 1t hypoth  une
svmpatho-tnhibetory area causes a reduction of the fow renat e of ot o
Per cent and an acrea ¢ of e olume correspondiy ahout 16 prr cen
of the calculated regwonat bly d volume

It therefore eem jusnified to Lonelude thay this (hcn(cph e strntie wnes
an wmhibtaon of the tane ympathetic | HOLOULECIOr fifype WhYItY ey gen
cralized fashion unotar 1 11d ¢ 0ot only affecy (he CUtMee yosudy fth i
ferent paraliel cupled creun 2 shown eaghey (Tolkow ot o 194 0
the whole all the dutferert entes Oupled “eettony 4

P UEIVER v gl e win B
are normath ¢ ontrsdied by the sa sconstrictgy fibyres

stc‘usslon
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tres ndhe sen ¢ e bhe vaseular hog oo 30 f1r vegy P .,l !
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hypothalamic arex It was thus possible to confirm the findings of carlier studies
(see Folkow et al 1929 Lofving 1961) which showed the castence of a faury
restricted area in the hypothalamus from which often marked inhuibittons of
the tomic sympathetic vasoconstrictor accelerans fibre discharge could be
duced The present study further shows that this centrally induced inhibruon
of the sympathetic vasoconstrictor activity 1 all probability 1s a generalized one
affecung all sympathetically mnervated series coupled sections m a vascular
bed Thus beside the reduction mn heart rate and in the llow resistance of all
parallel coupled circuits normally lled by 2 tonic rictor fibre
discharge the activation of this hypothalamie structure also produces a relaxa
tion of the capacitance vessels with a consequent tendency of perspheral poolins,
of blood as well 15 a relnxation of the precapillary sphuncters mn such i sues
where these vascular sections are influenced by the constrictor fibres This
overall inhibitory cardiovascular pattern should be contrasted to such 1 highly
differentiated cxcitatory response as that which can be induced ¢ g from the
defence reacuon area This latter response pattern 1s compnsed by an ctva
tion of sympathetic vasodilator fibres to the resistance vesscls m the sheletal
muscles with no sigmificant engagement of thar constrictor fibres wlile the
corresponding eapacitance vessels and virtually all vascular sections of other
ircunts like those of the intestine the kidney and the skin 1ppear to be markedly
11ted by a concomutant activation of thewr constrictor fibres (sce ¢ ¢
Junas 1960 Folkow Melander and Oberg 1961 Cobbold etal 1963 b 1964
eigl Johansson and Lofving 1962)
Recent studies (Lofsing 1961) hawe made it probable that the hy potlnlanuc
ympatho-tnhibitory area 1s 1 relay stauon for cortically induced inhibitory
effects on the medullary vasomotor center It was also suggested by Tofing
that these cortico hypothalamic structures might he responsible for such cea
trally induced cardiovascular reacuons that ;n man can provehe emotional
funting parth because the observed chinges in heart rate 1 blood pressure
and 1n flow resistanee in the vanous vascular crecwits appeared to be closehy
stmlir The present finding that an inlubition of the sympathetic tomc control
of the venous side forms part of tlus centrally evohed response 1s i igreement
with such 2 bnpothesis as venous pooling appears to be a dommant feature 10
the abrupt cardiosascular chanye taking plice in emotional syncope
The present experiments also show that the reactions of the vanous con
secutnn e vascular sections iduced (rom the hy pothalumic sy mpatho inhubatory
aren closely resembled those evohed reflexhy by ¢ g afferent v gl sumuliuon
Laidence has earher been presented by Lofung (1961) to indicate that the cor
ttco-hn pothalamic sy mpatho-mhibitors effects and the depressor reflexes € ohed
from cardios scular baroreceptors seem to be relayed within the same part
of the medulliry depressor area  The close ssmilanty  even with respect o
details 1n the vascular responses produced by hypothalime nd by sagal de
pressor sumulition favours this view
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On the whole the range of effects on the venous side that can be induced
from hugher autonomuc structures seems to be considerable The often marked

huby of the sympathetic inft on venous tone accomphshed by stim
ulation of the hypothal sympatho mhibitory area should here be con
trasted to the 1ntense venoconstrictor effects that could be mduced from the
closely situated defence centre as was recently shown also by Cobbold ef al
(1963 b 1964) The importance of a wide range of nervous control of \enous
tone as reflexly governed bv cardiovascular receptors via the medullary vaso-
motor centre 13 well recogmized and mahes possible adequate adjustments of

\enous return to the heart in the of circulatory h The
present study indicates that still higher cardiovascular autonormuc centres 1n
the mtact bl d 1 more .

P plex efferent patterns
expressing ¢ ¢ changes in alertness mn emotional equilibnum etc  can con

suderably affect the hemodynamecally rmportant venous side with all the con
sequences such an influence may have on venous return to the heart and hence
on cardiac output

Thus study has been supported by a U S Publ ¢ Health Grant No He 5675 0
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Nature of Shunt Path and Active Sodium Transport
Path through Frog Skin Epithelium!
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Hass H Ussing and Ericn & WiNDHAGER?
Recened 25 December 1963

Abstract

Ussne H H and E E Wirvnuacer Nature of shunt fath and actite tran port
path through fro, skin efthel um Acta physio) scand 1963 61 484501 —
Sodium movernent across frog skin cpithelium follows two pathways a trans-
port path and a stunt path for passive movement of \a as well as other 101
Results of microele ctrode experiments indicate the existence of a discontinuous
electrical potential gradient within the epithelum Sodium apparently dif
fuses across a sodsum selective barrier located just underneath the cormfed
layer into cells of the stratum pinosum and across desmosomes through stra
twm germinauvum cells towards pump sites m the 1nner cel) membranes of
stratum basale cells However stratum spinosum cells also may pump sodium
nto epathchal mterspaces which might communicate rather freely wih ticm
sde medium Doubling of osmlarity of the outside solution by addition of
urea 10 N\a, SO meer s leads to mark d erease w the magrutude of the
shunt conduetance of sodwum and sulphate 1ons Potential differences mras
ured bv means of microclectrodes indieate that the increment 1n pasuve 10n
movement under such ¢ rcumstances involves intereellular channely

It has been demonstrated by hocfoed Johnsen and Ussing (1996 1998) hat

the response of the frog, <kin to vanations in the jon1e composition of the Intfung
solutions could be largels explained if its 1s assumed that 1) the outward fang
boundary of the epithelium 1 permeable to sodium hthium and chlonde but
virtually impermeable to potassium and sulphate 2) that the inward facn”
boundary 1s permeable to potassium 1s well 4 to smal! amons like chifonnde
whercas 1t shows practically no passive permeability towards sothum 3N
3) that the inward facng boundary possesses an active trinsport mechannm®
which pumps sodium 1ons towards the inside bathing solution
Fypennments by Hodhiko and Lngbzk  1906) and Fnghxk
(1957) 1 which the intracpithelal potenual was measured by means of Lang

and Hoxhke

+ Jum €0 G bursug son Hermn Pr £ A n Mural rer
Ot e ofabwene fenm . Depastm ot £PF  logy Com IlUn ety Medieal G X
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48%
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22,1 Ditgram howsag frog shum chamber o electrical circu s

A AmplEer By anabie biss oltage (+ 200 m\) B, nd B Battertes € and ¢ Current

dectodes D Drmveshaft B Frog kin H Helipot L Lucite chamber M Senomotor

g Osilloxcope P apq Py Potential electrode (Calom 1 half cells with saturated KC{ brs foes)

10 0 resutances S Step resistance  consisting of cal brated sestinces -y

x";nﬂg or decreaung the current through th stun 1 5 equally large steps. \  vamable re
ance

Gerard type mucroelectrodes were m good agreement with the above men
tioned hypothesis smce two abrupt potential steps + ere observed as the micro-
electrode was adyanced through the skin Recentls Whittembun and Herrera
(1963) showed by rontophoretic deposition of dyve spots at the pomts v here
the mucroclectrode Potentials were measured that the potcnual steps were 1n
deed located within the cpithelium of skins of Bufo manra

Itssclear that if the amions Present could not penctrate one or both boundaries
of the eprthelium and if the sodium and Potassium selecuvits of outer and tnner

undary were absolute the skin potenual would be given by

E =RTF (In (\ayNa) + In (h NS

where R 1s the gas constant T the absolute temperature and F the Faraday
Subscripts 0 ¢ and 1 refer to outside solution cellular compartment and i
side bathing solution respectnely

Skans treated on the outside with 107 vy CuSO, and sk m contact with



486 HANS H USSING AKD ERICH F WT 'DHAGER

Fig 2 Potential responses 10 stepwise changrs
n current through the skin Na SO Rinzers
on both sides Absassa Each diswon ? sce
Ordmate 5 divistons 100m\ At zero time the
shin 15 short-crreted. Th cunent is ¢henge
duced to zero 1n three steps of 79 A cm cach.
after whuch the current 15 again increased in four
steps — 100 m\ means mside post = £ lauve
to outside

tion on the outside or the potassium concentrauon on the inside 15 vaned
These observauons would be und dable if the skins in g were leaks
to one or more 10n species 1n other words if the skin battery were more or Jess
shunted The shunt could be due to leakage of antons (chlonde or sulphate)
but leakage of sodium through the K selective mnner membrane or potassur?
leahage through the N\a cclective outer membrane would also contnbute to
the shunt Al 1ons present might produce a further effect i case the interepaces
~between the epithelial cells present a leakage path across the cpithelium I the
magmitude of the shunt 1s determined 1t should be possible to esumate the tru¢
¥ Yalue of the electromome force of the skin battery Combined vath mxro
clectrode studies this approach should make 1t possible to locate nd charac
tenze the indivadual potenual steps contributing to the total e ctromotne
force
The cxperiments of Enghk and Hoshiko 11957) as well as those of Whittem
bury and Herrera 1963 cemed to indicate that the potenual steps wer€
located at the mnner and outer boundan of the basal cell layer of the epithehum
Recent obxen2uons of hocfoed Johnsen un preparation) indscate howere?
that the odsum permeable potassium ympermeable boundary must be focated
clocer to the outside of the skin This was indicated by the olxenations that
1) all pota 1m of the epithelhum exchan,es readily with Rt added 1o the 1w
sde batlung <olunon and 2 the speaific actnnty of h 1n shices from the ou &
half of the epithelium increa ed just as fast as that of the mner half under such
cond Thus a rein of the Je as well a3 the localzation
of the potenual tcps seemed indicated

“Methods

Estrnaarvof the shot” e

First rethed The mettod deperds on the assumption that th conductance dl‘

sodiura tramport path 13 aesbimbl  commared ¢ th conductance of the ;hw;:‘;‘h;

of the outsde hathiry solution 18 made sodium free. Thus we shall asume that ‘d.—v’:
d ¢ resstance brcomes equal 10t e shunt renstar ce when all sodsum of the outss
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Table I Composition of the Ringer s solutions  wsed (m Ml

Urea
22,50 -R K SO-R AMgS0-R NSO R

Na 50 523 - - 255

A S0 09> 565 09 09>

\aHCO 238 - - 38

CiS0 [2H 0) 089 059 089 089

haco - 2138 238 -

Mevo, - - 535 -

Lrea - - - 1000

Lo is replaced by The chaice of 2s the “no: cation

n
15 of course rather arburary ‘The cation 1n question should hov ever fulfil the following
requrements
1 It should have the same valency as sodiumn so that the tonic strength and the os-
Rotic pressure of the outside solution 1 not chunged by the procedure 2) It should be
vnable to penetrate 1010 the epithelial cells from the ontside 3) It should be physio-
ogically inert under the condttions of the cxpeniment Potassium seems to filfil these
Tequirements reasonably \ ell The D € rewstance « as esuumated from the change in
Potrnuial resulung from a sudden change 1n the D C current runmung through the
*n The current was applied through the usual cusrent bridges of the frog shin chaniber
{Ussing and Zerahn 191) as modified by Koetoed Johnsen Lssng and Zerahn (1952
BY a1d of a spectal potential dmvader cirewt shown m Fig 1 1t was possible to change
the curzent n fise equally large steps chosen 1o cover the Tegron between zera porential
and the open crrcumn shin potential Two large ressstances (0 1 megohm each 1n series
with the skin made the current through the skin 1ndependent of the sk resistance and
the pol. of the uring the the
Potential brudges of the frog kin chamber were connccted 1o the mput of a doubl beam
xerlloscape (Tektronty, throush 10 megohm attenuation prafes gnang 10 times atienua
ion of the signal The sweep  as set 2t D3 anfsec and the potential scule corrected @r
entuaon) was usually 20 m\ perem Fig 2 gines the typical picture of the potential
$4eps resuliing from  hanging the current from 237 p \lcw? 1 0 g0\ cro and back n
Seps of 79 1A cm? The outnde medwm s swphate Ringer s solution ( ce Jable 1 for
famposition; Tig o v as obtaned on the same skin afyer replacemens of all \a of th

Yem? Asfaras Fig 3 1s concerned

Present i the oweside medium FIg ) the Siuaton 1 noy Quite as smple \s long 2
the current i devreased the steps are alwavs well def,

ferent current strengths The I G res 1ance can be exymanat 1 exprapolaung th 120
2ontal for nearly hor zontal parts of the trace back to the .,m:rmn.ﬂ., cham, WHY
the current 15 increased from the situation of open exreysy towards the state of  f ']
ba) (“shortecireu tthe £t Sieps Wsually are alug swel) depong ooy aier t | P
Shuained with decreasing €ureent But afer two or theeg oy oo 1 a1 0%
of imstab 1y 15 reached which nakes 3 mesturcment of ar gy or e oo e
1f the current 18 mantzined constant the patengyy} runs lh‘mugh ;:‘;u,, o fchant™
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Fig 3 Potenual responses to stepuise changes
m current through the skin K,SO Ringers
outside Na SO, Ringer s inude

Abscissa Fach dnision 2 sec Ordimate §
dnasons 100 mY At zero tume the spontanc
ous potential 18 close to zero An ingoing cur
rent 13 now applied 1n 4 steps of 39 pAfem
cach and again reduced stepwise fo 2er0
— 100 m\ means mside negatne relative to
outside

Fig 4 Potenual responsc to sadden appl

cation of the current presiously Hund (0
Short circurt the skin Na,SO Runger son

both sides

Abseissa Each diusion = 5 see Osdiate
Each diyision 20 m\ Atzerotimetl poten

ual 15 102 m\ At arrow application of
short-cirewt eurrent 30 4 Vem

1 U 1l
0 [IO 20 30 40sec
curren! on

looking rather hke damped oscillations (scc Fig 4) This phenomenon may be f¢
fated to the so called  actton potenual of the frog skin (sce Tinkelstein 1961) In order
to escape the complications resulting from this transient all resistances were calenlated
from potential steps following a decreass 1n current If this 1s done most skins can b
considered as nearly ohmic resistances even with sodium tons present an the outade
medium

From the data ginen in F1g 2 and 3 1t can be seen that the resistance of the ki 3
much higher (7 950 ohms cm?) wath potassium outside than with sodium (3 630 ohms!
cm?) wath the th | exp A siemilar finding has been reported
by 110 (196?) As soon as potassium replaces sodium 1n the outside medium the resistance
starts increasing reaching a constant high level after 15 to 30 min When sodm sl
phate Ringer s s re introduced  the lower level of the resistance usually comes bac
faster generally within 5 min Why the establishment of the high resstance with pot3*
sium outside takes longer time 1s uncertain Possibly the sodwum of e epethebal cells
has to be leached out or transported imward before the conductance of the sochium
transport path approaches zero

in all expenmrns of th above tvpe sulphate was used as the amon bec
st powible to keep the volume of th epithelium constant throughout t
(compare MacRobbie and Lsung 1961 This pont is of major smport.
swelling alwavs decreases the skin gesistance wherea shninkage 1ncreases J
preparation) ut

Second mettod The method depends on the assumption that 1) the sodium pump
self has na conductance (1n other words it 13 imposnible to free sochum sons throt

ause thiy makes
he experiment
ance becast
t {Lsung 17
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Fig 5 Equnalent  rewt representing elecencal

Propertics of the frog skin A and B pownts of con

et between epitbelium and guside and tnde

bathung solution

Ea romotn e force of the act ve transportsys-

¥M.Ryy D C yeustance of actin e ¢ ansport path P
b P esastance of shunt path through the skin ot

IS
]

¢ pump 1n a reversible way by means of an electrical field) 2) That the pasne flow
of 0dium and the major anions of the Ringer s solution (here sulphate) gives the major
cotnbutions to the shut The partal shunt conductasces of sodium and sulphate can
then be obtamed from the 1sotopicall d passe fluxes d d under con
ditions where the back diffision 15 neghgible Routinely tlus was done by clamping the
shn potential at 100 m\ (insde posive) and measuring sodium efflux and sulpbate
mflux, respectively wath sulphate Ringer s on both sides Except for 3 possibly small
contabut on of exchange diffusion of sulphate this method must measure the sulphate
shunt The shunting effect of sodrum wav be larger than the value obtamed from the
sodium efflux bevause some sodium 1ons which may have passed the nward facing
boundary could have been pumped back nto the inside medwm These would contribute
1o the shunt without contributing o the measured eflux However since we have rea
008 10 beheve that the smward facing boundary s rather ught to sodm the source of
€170t due (o recirculation of ths 10n may not be 0o serious Ordinary back diffusion
5 ot ikely to play any role From the flux equation (Lssing 1949 Teorell 1949) 1t can
seen that wath identical N\a concentrations on both sides and a potential difference
€108 1Y sodrum back diffuston 13 about two per ccns and the back diffusion of a di
valent 10n Like sulphate 0 0%
¢ arrangement used for clamping of the skin potenual 15 shown in Fig 1 fr15a
modification of the automatic short-circutter designed b VMullins (1958) Flux measure
l;;tn.s were carned out using the methods previously described (Lssing and Zerahn
al)

Theory for estrmation of shunt The the “al of the true
electromotve force of the skin battery can be wsuahzed by aid of the equivalent cucue
shownn Fig 5 Eo represents the electromotn c force of the svstem and can be tentauely
assumed equal (o the sum of the sod um diffusion patental gt the outer boundary and
the potasstum q ffusion potential at the tner boundan E en if the sodium putmp were
ectrogenic the expresstons dertved would, however stll be salid Ruer 15 the D C.
IeuStance in series with the clectromot e force and can be assumed 10 consist of the
diffusion resistance for sedium at th outer and for potasium at the mper boundary
of the active transport path Finall R e 1s defined as | kina  where Kuaucss the sum
of the D C conductances of al} 1on flows tending to short-ciecuit the  skio battery™

\ccording to Obm's law the D € resistance of the skin R would then be determined
by the equation

DIR IRy ~ I Ra

When the sken 15 1n the open arcutt cond fion that i 1f no current 1s punning through
any outer connection between insid  and outside bathuing solution the skin batters s
only shorfed through Raws and this  nner  current s gien bn

2) 1~ E Ryup
where E 15 the skin poteatial as measured bet cen termanals \ and B (nside and out
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side bathing solutions) This current must be equal to the current running through the
transport path For the closed circuit consisting of the transport plus the shunt path we
have

3)1=E ¥ Ruam+Ra)

Combining 2) and 3) we obtamm

HEBRu =L x (R +Rud)

Both R and E are readily measurable Thus since 1t 13 now also possible to estimate
R+ equations 1} plus 4) enable us to estimate the true electromotive force of the
shin Eo) as well as the series resistance of the active sodium transport path (R )

Aethods used tn microelectrode studues on frog skin

Experiments were performed on the abdominal skin of the brown frog Rana tem
porana Frogs were pithed and the skin then remosved and washed 1n sodium sulphate
Ringer s solution

The skin was d 1n the for changes 10 the thickness of the
frog skin epithelium as described by MacRobbic and U sing (1961) In ths apparatus
the skan 1 tied to a plastic ring i such a wav that a cup 1s formed (surface arca of ¢x
posed skin 7 1 cm?) with the outside of the skin facing upwards The inside of the skin
rests on a thin glass wool pad in a shallow lucite dish  Adequate oxygenation 15 assur
by a regular flow of solution through the glass wool pad facing the mside of the skin
‘The experiments were performed at room temperature {about 20 C)

Ling Gerard type microelectrodes (Linig and Gerard 1949) were fifled with 3 M K

. by boiling under reduced pressure when used 1n experiments which did not imvohe
1ontophoretic dye injection In those experiments 1n which electrode sites were mark
with ithium carmine was deposited 1ontophoreticalls (Mitarar 1960 and Whtttenbury
#and Herrera 1963) Tor this purpose 1 2 g hithium carmine were dissolved in 100 m1 3 M

ROl (made alkaline by addition of KOH to pH 9) centrifuged and filtered Since dye
aggregates form rapidly 1n this solution 1t 18 necessary to fill each single microelectrode
smmediately before use In this procedure the microelectrode 1 filled though a ven
thin long hand-drawn micropipette 1nserted through the large opening of the micre
clectrode Insertion of the filling capillaries was usually posable to within a fow merons
distance from the up opening, of the electrode Because of the high pressure necesny
to inject through the fillmg pipettes a motor driven pump had to be used Aficroclectrodes
were sclected on the basis of electrical resstance (2—20 megohms) and up polr""“l
(less than 10 mV ) Tip potential and up resistance were checked 1n the respective bathing
solution immediately before and after each impalement by the method of Adran (1956!
The microelcctrodes were inserted 1n a lucste electrode holder contaimng a calome
half cell as previously deseribed (\Whittembury and v indhager 1961) The indifferent
electrodes consisted of pohyethslene tubes filled with Ringer agar o contact with an
other calomel half-cell and were rlaced either 1n outer or inner bathing solution The
recording instrument was a model 8 ID ¢ vacuum tube volimeter {Kesthl y lnl"":l
ments Cleseland Ohto \hen continuous graphs of the potential profile were desire
the voltmeter 3 as connceted to a 1ckuronx double bram ociltoscope € raphs 1 ¥1¢
obtamned aither by drawing on transparent faper or by the use of a polarod cam 13
(Tektronix tvpe C-12 camera

The microclectrode holder was mounted in a micromanipulator and the impal
of the skin done under 100 mignification usng a Leitz dis ecting microvo; of
skin was penctrated 1n oblique fashion by advanang the microelectrode ;n mr{”al
about 110 5 Measurements of pot atnal differences were only accepted when oty
\ance of the electrode the potential hange occurred abruptly and when the n won
ference remaned stable wihin o mV {1 at least 20 sec. On numerous ecea (on3 pot

lement
-
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Table 3f
Total shunt
conductance Partial shunt
{measured wuh conductance
K SO Rongers of \a and 30 Pasual conductanee
outs de) from rome flux m per cent of total
ohrtem=t 0 ohmem310-5 shunt eonductance
Na-eBloxt 06 87 595
58 20 316
"t 48 +33
195 70 327
s 67 340
173 87 474
00 ot 480
ran 4601 36
S0 wnflux 185 >¢ 103
128 35 "7
) 19 192
1o 19 133
13 42 z94
Meag 347235

Skin potent al elamped at 100 m\ wsd pos tne durng fux measurements,

talmeasurements were contmued for sex eral rmutes Qualv when Photographuc recordm
s required for Wlusteation puspases was the potenmal PICAIUTEmEnt sometsmes mg
mnated afier shorter penods by ad ancing the nucroelectsode through the skan Upon
toipalernent of che skan from th out de unstable potential dflerences negapye mi
pumtde and snade sobution ere obsersed These corresponded tg iy Save to the
by Engbirk and Host b 197 Hastika 1961) and Whittembary and Herpern ,’;;‘3“5

< electrode sie @ ng thrse negaine potentual differences were found b m( ; )
2uthors to be tocalized 1 th corn f1 d laser of the slan In the Present siud: el
3ute s st gation of s phenom non has been attempted s 1y ot ) e
mbun and Herrera 1901 1t was noted that esenmtly 0 electracal ey
be measured bev o1 the t of thes unstable elecerical poteng g, and ;ﬁlsmn« could
on Inall nstan et v he hth oucroclectrode porental won sy the autside sohn
0 both thsd 2 ot d solution t 33 found tha the sam of 1h ured 3 ath respect
proumared th otal sk pet titial than o 5 gy e o readings ap-
Dve labelling of mi rorl srode 7 cording site was
trical & cwtused £ th  purpose was essenually meni‘,’: :;:h(::’shblezua!b Th ele
burs and Hertera 13 To abia n informat on a1 1he ste o g 000 BV Whit m
th Linther hn e §\a Rotbeand Lsung (1961) o olthc die deposst w th
was transferred from the 1ag of th dussecung Dirosee; 2pplicd The skin assembl
mucroscope ad observed th ough a Letz watey ,mmmPf 0810 the s1ag of a3 b nocut .
sofution  bject magut aton 39 yepiece ma .)rm fens n the o de batt
Istance from pgm nt mnu‘!ﬂkof xanthaphore, Mf"'x n';:mmm !h :‘ > w “c).

3O 4 thacknessy 2l the

©th Gved post 10 104 EKNER) ang 1g g Oulide surface of the fan R A
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Fig 6 Effcct of urea added 10 outnde solution on potential short errcint current and resistance
of frog skin bathed with Na,5Q, Ringer s on both sides

fence ) was d using the calibrated finefk control of the microscope The

1stances of the dye deposit from the xanthophore layer are given as per cent of total
cpithehial thickness as measured along the vertrcal axis through the dye spot Optical
teathings were reproducible 10 % 1y

The total shin potential was measured with a high rmpedance null reading mullnelt
meter (Radiometer Copenhagen) For this purpose polyethylene tubes filled wath Ring 1
agar of the app served as T | electrodes connecting the re
spectine bathing solutions and ralomel half cells In expertments 1n which skins were
short-circunted a sumular arrangement was used as that described by MacRobbie and
Usung (1961

The composttion of the various Ringer solutions used 1n the present study s ghen 1%
Table 1

Results

Estumalion of the shunt

Table 1T shows comparative data on total shunt conductance as measus
by the first method 1 which all sodwum 1 the outside medium had been
replaced by potassium and on parnal conductances of sodium and sulphate
ohtasned by the sccond method from measurements of some fluxcs The
total shunt conductance shown in column 2 was estimated w12 frog shans
(RSO, Runger s outside  \a,$%0, Ringer s inwide) and amounted to a mieat
value of 13 8 ohm™ ¢m * 107

The third column gives the parual shunt conductinces obtamned from toni¢
flux measurements on the same skins In each experiment the tsatope flux pe
riods bracketed the period with K,SO, Rynger s on the outsde The nm?pc
flux used for caleulation was obtained as the mean of the values before and after

ed
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Table 81 Fffect of addtson of urea fo outside

Partial conductance of Na and Total conductance from SHJIE
$Q from tomc fiux Flem~M0-> om0~

Belove urea. 30 afterurea  Befare yeea 30 aker urea
Naeffue 74 33 171 1w

42 375 222 ns

51 510 57 150

54 108 214 394
SO mffiux. 30 268 167 834

54 241 1687 173

5% >28 233 in

the sodium free period  The mean partial shunt conductance of sodium was
63 ohm™ cm™ §03 and that of sulphate 4 6 obm™ em™* 107* Companson of
the mean fracuonat partal conductances of the two 1on species (see column )
wdicates that sodim contributes abous 46 per cent and sulphate 3¢ per cent
of the totaf shunt conductance

In order to assess whether the shunt 1 mamly tntercetlular or wmtracellular
cerain observations on skans treated on the ourside with hypertome solutions
3ppear ta be relevant It has been demonstrated by Ussing and Andersen {1955)
what addion of glucose urea and certan other substances to the Rungers
soluton bathing the outside of an ssolated toad skin reduced its electncal re
sistance dramatically Frog skins exhibited eumular response and urea was espe
Cally effective (Ussing 19601 Results of 2 representatuy e experiment are shown
n Fig & After control measurements with sodium Ringer s soluton bathing
Both sucfaces of the skan the osmolanty of the owtside solutson was appsovate
)y doubled by the addition of urea Immediatels after urca had been added both
the potential difference across the sk and the skig resistance fell preciptoushy
wheteas the short arcut current ~— which 1s a measure of the rate of acuve
sodium transpon — remarned vrtually constant A gradual retum of potential
and resstance 1owards the starung values took place dusing the follow up pe
n1od with N\a,SO, R on outside

That the & wncrease in cond produced by urca resulted from
an merease 1 both sodnun shunt cond! and sulph cond: e 15
shown i table J1f MM, of partsal of sodium and sulphate

before and afier addition of urea to the outde medium wmdicated that the
Parhal conductance of both son spenies ynereased up to about 18 tmes the con
trof values Camp of the m partal cond of sodinm
and sulphate wyth the 1ncrements 1n total conductance afier addition of urea
makes 1t apparent that the tncrease m wotal conductance was due to increased
leakiness of the sktns to both 10 speeres




494 HANS H USSING AND ERICH E WINDHAGER

Na, 50, -Ringer s

Fig 7 Potential profile Record goes from
left to night Indifferent electrode on wnud
Microelectrode first records total skin poten
tial 102 mV Onimpalement (adv ) a short
Tasting break in the record results correspond
g to unstable negative potentials obsered
1n most skins during penctration of the stratum
corneum Upon further advance a slatleKm
tential platcau {— 78 mV) isseenwhichu
not altered mgmficantly (— 76 m\ ) by next
advancement  Deeper* penctration — after
some potential fluctuations — sesults inpla
teau of — 30 m\ The microclectrode 1y ad
vanced still further and the potential drops to
+2 m\ (not significantly different from zero)
Upon removal of the up the full skin poten
tial reappears

100 V.

Microelectrode studies
Potential profile expersments in skins bathed 1n %a,SO, Rinoer s

Seven skins bathed 1n sulphate Ringers solution had total skin potentials
of 80—130 mV (outside negative) Twenty seven microclectrode impalements
were done In sixteen of these profile pattern with only one potental plateau
were encountered The mean potental difference with respect to the inside
‘bath amounted to— 64 3mV + 2 8 (SEM) Eleven impalements showed more
than one potential plateau two plateaus were found 1n seven punctures three
m three and four dilferent potential plateans were observed only once In
every instance 1 which more than one level wis lound each successive plateat
was less negatne than the preceding lesels (see Fig 7) In these cxpeniments
{Fig 8) two groups of p 1 pl could be d d a first group with
a mean potential difference of — 87 4 mV 4 3 1 (SEM) and the other with
an average value of — 537 mV - 1 9 (SCM} Infrequently (3 olbxervations)
a third group was found with a mean platean of — 29 3 mV Mean potenual
differences 1n the first and second group were staustically different (p less than
6001)

Dye labellin, expertments in skin bathed in \a, SO, Ringer s

The sites used 1n twenty three stable potennial measurements (9 frog skins)
were marked by means of hthium carmine spots The total skin potentnl
averaged 129 mV  the thickness of the cpithelium had a mean of 7024 Al
potential measurements were done with the sndifferent electrode placed s the
mside bathing solution  As shown tn Fig 9 the most negatine mlnrpuhtlnl
potential plateaus were d1n the stratum sp which correspands
to 2bout 50 to 90 per cent of the total thickness of the eprthchum In this pat
of the skin there 1t a decrease tn potential negatinty with decrensing distancet
of the labelled sites from the pigment laver Fins trend 15 absent 1o the inner
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iz & Grouped potential plateans obsersed in w tew
Al mcroelecerode p ofite mpalements (tatal ———
o potential — 16 my) Fron oup {rean -
ST my) ncludes 2 platcans frond o con w
inele impalement second group (mean 51
1) 3 Plateaus vhserycd duriag 2 penetsations 0
g &roup of 3 potentual plateaus {25-30
;nd el ) 2w nor ncluded w the d agram Dhf i
crencs between aycrages of first ang second
S 377 m\) 18 hughly sgméeans (p <
oz) e
bl 3
e ses

BB 80 A Sewen  wave  ewr
P ey e

" oem o N

L1a0e  from pgment lay  n per tent total
thckincess oF epch 1 ura an the abscioon

« w0
‘e mogm tiy

half of the -prehek A ! plateaus m the strmwum germina

Wvum show no fusther decline but eluster around mean vatue of 46 per cent
of the total skun potential {corresponding to — 59 mY 1 this senes of expen

ments) Much less negame platcaus comparable to the three obseriations 1n
Profile penctranons m sulphate Ringer skins were locabzed close 10 the base

mMment ¢ “The of these e reman un

known however since they might be due to clectnical astfacts during penetea

Han of the Iayer of reticular fibers siuated und h the b

One potental measurement of — 2 mV was locahized within the cortum 1

dheating that the conum 1s pracuieally cquipatenual with the muide bathing
soluon
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0
=10
my
adv ady ad  out
Mg50 Routside Na SO -Rn.ide
indifferent electrode insice
Fig 10 Fotr ua or il Record tarts on the lefi side interfuption 1n "cmd;fltrm’:z
dicates charg  §n 1 T 1al skin potential + 10 mV Duning impalement 3 stable po” by
plateaus wer 11d ~ 3/ — 47 and — 58 mV) Notice un table negatn pob

tween plase

Putertial ;¢ experimerts tn shns bathed i Na.SO, Ringer 5 on the e
ard M N Ring 1 5 on the outside

Six fricx hin sere wed m expeniments i which the inside Bathing #4 ";
was of Na %0 Runger s and the outside solution MgSO, Ringers The mr:.
total ¥u 1« tenual afier equilibration amounted to + 5 WV, with referes
the nsiar vath indicating reversal of the skin potential (andifferent elect .
m 10 1de sathing solution) Out of 40 potental profiles 13 showed sindit -
teays Vereas 2 10 4 platean values were observed 1n 27 penctratia®? of 7
11 for 1 reprecentatine expenment) Potential differences bepween B2
plateau 1alues in single profile were less pronounced and almost alwavs Y:‘;,df‘
w5130 when compared with skins bathed n Na,SO; Rungers 0% ) e
the average maximal difference (outer plateau snner plateauin any £ a"
file; 1 MgS0, skins amounted to + 9 8mV L 39 (SEM), aralves -
different from zero (p < 0001) Thas increase m negatnaty 12} bcm;;:
with the average maximal drop in potential 1n Na SO, skins of — 3, of
32 SEM; p < 0001y Fifty five measurements of potental d.fftrh x
which the mdifferent electrode was kept m the outside Lath gave M;x pl
plateau potental of — 603 mV + 16 (SEM) 1ndicaung that wit iy
to the outade the microelectrode potentals were reversed 1 92 “ra"{""
pared with sodium-sulphate shins Referred to the mside bath the = <t
tal plateau amounted to — 554 mV & 19 (SEM) 26 obscrvatio” s
majonty of obcenations advance of the microelectrode from ‘b;;}f"’“”
sulted 1n the measurement of mcreasingly more negatis€ potent? penstd)”
n contra t to \a.S0), shins where the lughest negativities were ©
undernrath the cormfied laver o4

Almost invarably nepatne transients (20 to 40 mV) were ol e
adsancemrnt of the microelectrode sce Fig 10) Whereas the 7est

e
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Shortcircuiting in NaySO-R

0
Fig 12 Microelectrode potential during short
_somy arcuiung Potential difference of — 56 mb with
respect 1o wnside solution recorded iniually on

the left Frog skin short-circusted by sudden ap-
pheation of 25 Afem Total skin potentialnat re
corded on osailloscope  Currenton and “ofl
refer (o short-cireuit current

<u ent on off

Short Cin Na,SO, ~ urea Fig 13 Microclectrode potential during short
crcwting of frog skin bathed 1n hvperosmot ¢
urea Na,50, Ringers on outside  Na,SO

Runger s on ins de Potential dufference of — 60
m\ with respect to innade solution recorded in
iially on the left of the oscillogram Frog skin
short-circusied by sudden application of 33 7 V/
cm  Current on and  off ref r to short
tarcut current Notch 1n record of micraelec
rode potentaal on far night indicates (open) to-
@l skin potential of — 30 m\ obtaned on re-
traction of microclectrode into gutade solution

Ind {1 electr an ns de

urea experiments the average maamal difference between muluple plateaus
(8 profile impalements) amounted to 31 6 mV = 4 1 SEM a value sigmficantly
different from zero p ~ 0001,

Stort-circutting experiments in Na.SO, Ringer s

Three frog skins were used 1n which the mean total potenual difference was
133 m\ short-circuit current 32 £ A em® A total of 20 successfuf impalements
was obtained  The average non-shorted platean potentiaf was — 68 9mi sk
the indifferent electrode 1n the nvde bathing «olution Sudden applic iion of
the previously measured short-circuit current resulted m a decrea ¢ of the
negane potenual plateau to 1n aserage stable potenual of — 198 m\  ringt
S 3to—42m\ A representatne record s shown i Fi, 12 appheation of
the short-circuit current results 1n a rapsd fall in microclectrode potential which
s followed by a slow decline and osershoot unnl a steady platean is reached
after about 20 sec In contrast to thss 1 the very rapd return of the potential
to 1ts onginal salue on breaking the short-ciremt current
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Short-cranting experiments v skins bathed tn urea Nay SOy Rin, 1 ook
and \a,SO, Ringer s on the inside

Twa skins when first mounted m sulphate Ringer s on both side had 1 nort
arcwt current of 35 g Afcm?and a total skan potential of 140 mV Atter equilibra
tion with Na,SO, urea Ringers on the outside the short arcwit cut eat re
maned essentially unchanged whereas the shin potential declined w0 ) mV
Ten successful penctrations were obtamed i which the average iracpithelial
potential plateau was -— 57 0 mV before short crrcwting On short cirausting
the plateau values declined in negatiity The mean potential platcau was
then — 384 mV sigmificantly more negati e than the short arcuwted plateaus
1n the absence of urea (p < 0 001} Fig 13 shows that in urea skis the observed
potential drop ( transtent } was very rapid both on “make and breah of
curtent This 1s 1n stnking contrast to 1sotonic Na,SO,-experiments 1n which
slow depolanzation and overshoot were always observ ed after the minal rapid
drop in potential

Discussion

Estimates of the magnitude of the shunt conductance indrcate that in \a SO
skins sodium seems to contnbute about 46 per cent and sulphate 3% per cent o
the total shunt conductance The fact that even in sulphate Rungers thus shunt
can be appreciable at certan tunes of the year especially late 1n winter and
Spring goes a long way to explamn why low potentals and less than theoretically
expected resp o 10n1C are seen When corrected
for the effect of the shunt even such poor shins usually have an electromotive
force of more than 140 mV

A marked ncrease in conductance is brought about by the presence of hyper
osmotic urea \a,50, Ringers on the outside of the frog skin This drop m
skin resistance results from an increased leakiness of the frog skin for sodtum
and sulphate 1ons To mnvesugate whether the increase in conductance takes
place 1n the shunt or in the actine transport path  hypertonic urea expen
ments were performed using the “first method which all sodium in the out
side medium was replaced by potassium In one expeniment on addion of
urea to the outside the shunt resistance dropped from 24 000 ohms per cm?
to 3000 ohms per cm whereas the total skin resistance dropped only from
3300 ohms per cm? to 2 080 ohms per em* \pparenth urea treatment of the
skin lcads to decreased resistance in the shunt path sather than 1n the achve
transport path Further support for this view 1s prowvid
transpors of sodium remains virtually unaffected a condition w
highly unlikely if the transporting cells were made (horoughly leaky by urea

Il on the other hand the leakage were duc to an ncreased shunt herween cells
the would be ble This possibulity was im ted by means
of the microelectrode approach and the results arc evaluated later 1 ths discus

ed by the fact that acuve
hich would be

sion
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The results of micropuncture expernments on skins 1 sodium sulphate
Runger s confirm the experimental findings of Engbzk and Hoshuko (1957) and
of Whittembury and Herrera (1963) n those nstances in which only two poten
tial steps were encountered dunng a single impalement of the skin In about
one third of the microelectrode penetrations performed m the present study
multiple potentral plateaus were found In these the first potential differences
were nearly always more negative with respect to the corsum than those found
later during the 1 In pting to und 1 the fi of
this observation 1t became necessary to obtam information as to the histological
site of the more negative (mean — 87 mV) potential plateaus Dyc labelling
and subsequent observanon of the living 1solated shin by water immersion
nucroscopy showed that the inner halfof the frog skin epithelium 1s approximate
ly equipotential at an average potential of — 60 mV wath respect to the mside
medm Since the average thickness of the epithelia used 1n the present study
amounted to 72 & one mght conclude that thus potential difference prevails
over a distance of about one ta two cell Jayers from the basement membrane
1 ¢, the stratum germinativum Potential plateaus more negative with respect
to the mside solution were located within the stratum spinosum Tl finding
combined with the observed pattern of potential distribution indicates the ex
ustence of a d potential grad between the st cells of the
stratum spimosum and basal cells of the stratum germmatvum Since cells 1n
the outer layers of the stratum are fl dtoa derable degree
the chance of ok stable mucroe} le p s 15 greatly
diminished It 1s therefore not surprising that high and low potenual plateats
arc not encountered with about the same [requency and that multple plateaus
are a relatiely infrequent occurrence 1 any gnen profile impalement The
view that eclls within the stratum sp mntracellular | !
of the magnitude and sign usually observed i living cells 15 supported by Wing
strand s finding, (unpublished ohservations) of an abundance of mitochondria
1n stratum spinosum as well as 1n stratum germunativum of frog skin

One possible expl of the d ! { gradientan frogskin
epithelium would be a series arrangement of the various cell lyens where
movement of sodium 1ons from outside to tnside might be linked with the ob-
senved potenual jumps To test this hypothesis measurements were performe
on MgSO, skins (\a,50), Ringer s snside) in which the direction of the intrt
epuhiehial movement of sodium s reversed Such skim are characienzed by the
alwence of actne transport of sodium tons The total skin potenual 1 drmnsstied
of even reversed in sty and there 1s an increase 1n the electncal reastance of
the shin Microclectrode mpalements of MgSO,-skins invanably showed 2
reversal of sign of the outer potential step Wath respect to the outer meditm
the -pithelial 1 difT were negatine (— GO mV) 1n contrast
to skins bathed 1n sodium sulphate on both sides Thas finding 1530 accord M;‘h
the froz skin model of hocfoed Johnsen and Lssing (1938) wlhich amumes e

P
Nl




ACTIVE SODIUM TRANSPORT 501

outnard facing cell membranes to be selecusely permeable to sodum sons
Howeser, st should be pomnted out that otherwise neghgible degrees of per
meabihity of the outer membranes to other 1ons may be unmashed by the 1b
sence of soduum rons (vide equation of Goldman Hodgkin Rtz Goldsn 191
Hodglun and Ratz 1949)
Int Lne with the model of a series arrangement of cell layers the duwection of
the electrical gradient was reversed i MgbO; shins as compared to N,8Q,
skins Wath no sodium in the outside medrum first soltge rerdings encountered
on umpalement from the outside to be less negative than subsequent potental
plateaws In MgSO, skins sodsum 13 not actively transported but leaks towands
the outside solution ‘Thus a reversal in the direction of trunsepithelnt <odinn
movement goes parallel with a reversal 1n the direction of the wtraepathein]
electncal gradient It seems therefore logacal to hak the movrment of sochuny
sons from the outside solution through the epithelal layers tow wrd the pumpay,
sites 1 the mner membrane of basal cells with the discontinuous potential 1
dient found in sodrum sulphate skins According to this view sodium jons would
encounter more than one barrier on therr way through the shin The fisst b
rier mught be the outer cell membrane of the outermost cells within the stryim
spinosum This could account for the first potential step wath respect ta the out
ade solution of about { 30 mV Further boundanes must be situated between
this site and the basal cells As 1s well known neghborng epathelinf celly nre
d by d Recently Fawcett /1961 has remventlon
ted the desmosomes wiuch had ongmnally been desenibed by Schnffi (ty)
Fawncett s studies have shown that desmosomes are not true ¢y toplisms yiu efi
brdges but ponts of cell contact in which membranes can be demanstrnted {n
electromucrographs On the basis of these morphologieal findmgy 1t 1 1y st al
to assume that the desmosome membranes may act as reustive hug Trovably
selectise path to the movement of sodium 1ons
Evidence has been presented carher m this studv that an ieee we - tony "y
in the outnde solution caused by the addinon of e resulty 1n n congrler \hie
increase 10 the efflux ot Na and mn the nflux of SO Sumalt weotndy, n marked
drop m shin potenual occurs with Iittle or no change in shogy THGUIL Current
The mam path for 10n ieakage under these arcumstances could be trapacettat v
or wtercellular Resulss ot d expenments Mow w0 da
crimnate beeween these possibihines
1F the bigh efftus of “a and influx of SO observed under condytions of wet
treaument were transcellular pronotnced depalatiration of the juner mem
brane potential hould result However cells do retatn o) sy neR e petentedd
with respect to the nside solution under these arcumy wrer Tooagh exge?
ment  the eputhelal volume as estmated by the MaeRobbie Uc sng, b 15
(1961, 15 not different from that under control candyynny c‘rr])\b( A
shninkage immediaely after additson of urea (Using

publ cbes oeld
that no net accumulanion of SO rakes place Thus 4 may be con 3

¢
§ et
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l"l"' memd K$ 1 1 momb _f
Fig 14 Schemauc diagram of frog skin epsthelim

the mncreased efflux of Na and influx of SO, pass through the epthehum via
ntercellular channels
y Short aircuiting of frog skins bathed on the outside with sodium sulphate
‘urea Ringers (Fig 13} does not produce the same pattern of tracpithebal
poteatial transients as that seen in the absence of urea (Fig 12) Since partial
short cireutting conditions already prevail 1n urea skins before apphcation of
current the abrupt depolanization without slow component or overshoot (in
dicaung the absence of major change m iomc conductvity) 1s 1n agreement
with the view outhined in the previous paragraph The fact that ntracpithehal
potentials duning short cirrcuiting were more negative by about 20 mV than
those observed 1n 1sotomc sodium sulphate skins might be due to a relatne
crease i sulphate conductance of the outer barrier induced by urer Urer
apparently increases the per bility of some L dary located at the outer
face of the shin governing the access to the “ceflular path s well as (0 tte
shunt path  although the shunt path 1s much more affected
Some of the features of sodium movement through the skin may be wsunlized
a2 schemane duagram shawn w By 14 Adgieent cchls wre dbways connected
by false cell bndges  or desmosomes and althouh the bridges are sntersected
by special membranes which can be seen 10 electromicrographs  these mem
branes mght concennably have a much tugher permealnhity to sodium than cell
membranes proper The sodium selective barner 1s thought 1o be situated Just
undemeath the than cormfied laver the potassium selectine Dhoundary gust out
ade the basement membranc A discontinuous electnical poltnhnl grdientap-
pears to be present within the epithehium with abrupt drops in electric?! m’;.l
ity from outude to mnde If so then extensive mterchanee of sodsurn ¢
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tween cells and mterspaces becomes highly unhikely Its probable that the mtra

cpnhchal potential Jumps are due to the passage of sodium rons from outer cells

via d to pumping sites 1 the mnermost cell membrancs.
On the other hand  the return path of s sodium, and i general the shunt path
for all passive sons should be thought to go paztly between cells Ths would be
particulardy true when hypertonic urea solution is present on the outude of
the skan In regard to the pumping sites which presioush were thoucht ta be
confined exclusively to the mnner membrane of the basal cell Iaver 2t 15 non

toncervable that cells m the straturn spmosum also partiapate directh in the
active transport of sodum by pumpmg the ions out mto mnterspaces wiuch mw

commumie vather freely with the wnnide bathing solution Towards the outuade
the wierspaces are probably mare or less closed by termanal bars {compare
Farqubar and Palade 1963)
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Adrenergic Nerve Termunals 1n the Human Fallopran
Tube Examined by Fluorescence Microscopy
By

Jan Bruwprv and Crazs Wirsin

Noradrenaline (Brundus 196+ c) and adrenergic nerve termunals 1n the rabbt oviduct
(Brundin and Warsén 1964) are mainly confined to the cireular muscufature of the isth
mus which suggests antonomic influence upon 2 sphunctenc function of the rabbrt 1sth
s recently descnibed (Brundin 1964 )

Tn this pre} ¥ report the mor
isthmus 13 demonstrated

A highly specific fluorescence method for hustochemical demonstration of mono-
amines mcluding m nerve termunals (Falck 1962 Falck ef af
1962) was appled to Fallopan tubes obtawed by hysterectomy for uterne myoma
from menstruant nonpregnant human females

Fig 1 shows few Huorescent fibers 1n the fimbnal and ampullary parts of the mus
cular wall (Fig 1 4) and these appear almost exclusnely around blood sessels This
1s m contrast to the abundant Auorescence n the ssthmic part of the wall (Fy, | B)
The rich flyorescence 15 here selectely Jocabzed to the maer cirqular muscle layer
Which graduyally ancreases in size towards the uterus ¥ thin the uterus the pronounced
fluorescence of the ttramural part (Fig | D) 1s more noticeable s nce the adjacent
m 18 devod of ad nene terminals &xcept for the pernascolar aress
{cf Falck™1964) Recentls 1t has been histochemucally demonstrated (Norberg 1964 2

} that the smooth musculature of the digesu ¢ and unnary tracts are lacking direct
adrenergic wmnenvatton except for certain sphinctenc regions  Parallel esumations of
the noradrenaline content in the human oviduct by a fluonmetric method (Fuler and
Lishajko 1961 showed approwimately equal alues (0 1-0 3 4g g1 in the shumic the
ampullary and the wmfun fthular thirds of the organ The sioulanty of the noradrenaline
Content in the different parts 1 spute of the hustochem cal results could partly be due
10 the presence of 2 plevus of adrenergically nnenated  ess Is alang the amp dlary
and mfundibuls parts This plevus could ot be found 1n the isthmie semon on ou

basis for a ssmlar function of the human

sltides
Thus 1t appears passible that the symptom of isthrmc spasm may be d ¢ to regular

101 tn the funst an of the  mpatheuc perves supply ng the isthmus Teas ala evident
that such rregulartt &3 co Id influence ferul ty by affect oy, ovum tansfer and sperm

fugration through the Fallopian tube
This wo k wa aded by gr tsfomieln 1ed St te Tubl  Iealtt Servace (NB OB §:04)
and from Rarolin k  Instcut t
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Fig 1A \mpullary wall SIghtly tangennal scction Single nerve termunals 1n musculature
and around blond vewels 000 x

B lsthrme walt 2 em from uterus Oblique section \umerous termunals i inner circular Layer
000 x

€ External tubo-uterine junction Longitudinal section Intense fluarescence fom nerve ter
minals in inner arcular laver | umen upper nght 000 <

D Intramural part Cros section Abundant mnenation of inner circubir layer 000 X
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