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erformance of the hypertrophled left ventricle In
pontaneously hypertensive rat. Effects of changes in

reload and afterload
EDDY NORESSON SVEN-ERIK RICKSTEN MARGARETA HALLBACK NORDLANDER
and PETER THOREN
Depertmest of Physiology Usrreradty of Gdtebory, $w eden

NORESSON E., RICKSTEN 8. E., HALLBACK-NORDLANDER, M & THOREN
P Porformance of the Teft ventriche ;v

at
Effects of changes in preload wud sfterbond. Acta Physiol Scand 1579 107 1-1. Reoebred
13 Jome 1978 1SSN 0001-6772. Deparbeext of Phynology Usfrenity of Gdteborg,
Soweden
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Left veatricutar bypertrophy e & geoenl findiog i 1974) A simllar siroctaral
byps The tension

Wmammmmm a0 increased thickness in retation
Irtummda—rdwbeﬂukzymnmhu{adﬂs e . mmthllohymm.hm
*mewhyuﬂ“’bumh:hymmwym sion (Folkow et al. 1973)
babanced the elevation of artenal preswure, Le Leﬂvmuhxh:hypaunphy
o iy 1 scen m hyper

wmcltrmcdbullmdcvdopmmmlhu
LeT08 per tramsverse section ares of Noresson 197 regarded
:n:mn-wummru:d(dummumnln mmmm mmu.
mwhmmemﬁﬂkobmm o 1975 It ba by the “ -
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Lincitres 1978). Later i e e O & (e Prank Stactmg o



o fa

2 E Noresson et al

Table I Mean arterial pressure heart rate bads welght and left venincular w e bt in per cent of bods

welght in adult SHR and matched NCR

Values presented are mean + S E Levels of sxgnilicance are given

Blood pressure  Heart rate
{mmHg) (beats/mn)
SHR (n=~17) 14311 37412
NCR (a~17) 100+1 335612
P 0001 ns
SHR/NCR 148 108

pressures these differences were no longer at hand
This supgests that the nghtward shift of the Frank
Starling relationship of the hypertrophued hearts 1s
not a consequence of degencrative phenomenn
since the differences then would be further accen-
tuated at high fillmg pressures It is mstead

Body welght Left ventncular w in
® per cent of body t
33+ 0.30440.008

37612 0..2610.00

0001 0001

0.88 135

tion was mde af eawt 4 men sbov ¢ the Coronary estraars
10 that no Interferance with coronary flow wockd occe
when the heart was mounted in Lhe perfusion apparaim
The portic canmula which had an outer diameter of 3 s,
was inseried and tightly ligated Within 40 & after the
exchion the heart was perfused via the sorta and o
coronaries whh a non-recimulating  Krebs-Hewsdet
buffer Ci Jons started wiihm secomb

suggested to be due to an altered relath p be-

the beginning of the matla) washout period The

tween enddiastolse pressure and enddiastolie ten-
sion In the more thickwalled SHR ventricles (f
Hallback 1975)

The present study was undertaken to further in-
vestigate these matters and to study how the work
performance of hypertrophied hearts differs from
that of normotensive contro| hearts when the car
diac work is altered over a wide range by changing
either filling pressures (prelond) or peak sortke
pressures (afterload) For this purpose holated
beatmg hearts from adult SHR and from nommoten
sive control rats (NCR) were perfused antegradely
In a system where preload and afterioad could be
varled independently In this woy Frank Starting
curves could be constructed for different levels of
constant afterionds

METHODS

A mals 17 4-5 months old mxade SHR (weight around 325
) and 17 NCR of the sxme age and scx but slightly heavier
(wenght around 37¢ g Table 1) were mchuded i1t the study
They were fed a standard peilet dict and had water ad
hbitum

Pr paranons Mean arterial pressare (MAP) eeasire
ments were performed one week prior 1o the acfua) ex
permments Dunng Iight cther ancsthesla a PE 30 catheter
was (nseried mnto the tuf artery  The rats were allowed o
wake up and MAP was then measared dunng steady state
combtomy. At the day of experiment the rats were
hepannized (50 [Uf100 g b w ) and [S gun later anes-
thettzed wath ether After & midune mcrion the thymuy
and the pericardium were removed the lasge vessels et
and the heart was mmmedntely placed in scecold sakine
which within 3 stopped its activity The sortk tranwee

Acte Physsol § ad 107

after

preperfusion Jasted for 68 mm, Meannhile n maor pof
monary vein way cannulated with the angeked camh
thown in Fig | while all other pubmonary velm set
ligated

From now on the heart was fstesd perfused viz k2
arfum in an amegrad fashion with a recircutating perte
tion fhud (Fig. 1) Krebs-Hensekeft brcarbonsie bulfet
passed with 95% O, and 5% CO was used as perfonk
(krebs & Henselelt 1932) The volume of the recuulatig
perfusate was hehd constant (120 ml) by a reservor (FY
1} The perfusate contained (mM) NaCI 118 Aa4?
CaCl, 25 MgSO 12 KHPO 1. NaHCO S L3
NaEDTA 0 5 and glucose |4

Perfu ion apparatus A modification of tbe antegrk
perfuon apparatus orgimally described by Morgas sed
Neely was tised (Morgan et ul 1963 Neely etal 1967 f
Isakssoa 1972) as shown kn Fig | The apparatus e
sisted of n 130 cm long oxypenating chamber wiik 8
rrcropore {llter at the bottom (¢f [sakson 197%) A per
staltic pump with an output of 450 mlmdn was colecint
the perfussic kaving the otygensting chamber and
mpedhlorbewpoﬁbcchnmh«-ndm(hcmﬂ
bubbie trap The preiaad could be vined by changmg e
Deght of atrmal bubble trap aver the heart kevel. The co
pecting tube {Tygon tube inner dumeter 6 mm) betweed
Ure beart and (he atrial bubble trap contamed anote?
amall bubble tap becatrse small bubbles coukd occxsor
slly skp through the fint trap The predoad ) ¢ feft atrkd
prevsure was recorded via ade tube comected W 4
Statham 23 DC tramsducer which w3 pluced af the kel
of the heart and writing on 8 g7xs polygraph Compenar
thon were made for the pressure full m the tube hetueed
he tramsducer and the beart

The heart wat punping agaImt 8 modidled Starling 5t
slstor (Fig ) By sdjusiing the air pressare i the bafloot
the sortic prevsure coukd be mawtaned constant st am
desired kevel The sortle pre wre wa reconded on 8
Gra s polygraph via a Statham -3 DC tramaducer (g 1}
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Fit | Schemanc (Bstraion of the axiegrade perfasion sysicn wbers prekond aod
e perdently

bbbl trp, the corpaery #od soct” flow wers retarmed

They were contracting apeimt diffores feveds of peak
sortic proeseres (50, 30 110 130 and 150 mantiy} where
for each bevel of fteriond the

wat yaned berwsen

Pig 3 Dostrumr  shoct seywencs of as
ing There wis 0o sabstaxtial changs ko coross: M”
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Modited Storkng  resisior

ﬂ glors tube
~

balloon

Fig 2 Modified Starling resistor By adjnting the air
pressure in the balloon the sortic pressure can be held
constant at any desired level

when the preload was successively rased as long as the
afterioad was kept constant Every 10th min during the
recording perod CO was checked during standardized
conditions {e at preload 55 mmHg and afteriond 80
mmHg to coatro] that the basal performance and
condltan of the heart had not been altered If CO then had
decreased more than 10% the experiment was terminated.
After the perfusion the wet weight of the keft ventricle
(Inctuding the interventricular wall) was cakulated and
related to the body weight of the rat

Statlstical analyses were performed according to group
comparisors Students 7 test Vahies are presented as
mean t SE

RESULTS

In the awake SHR (=17} mean arterial pressure
(MAP) was 14811 mmHg at an age representing
early phases of established’ hypertension while
MAP was 100£]1 mmHg m the matched NCR
{(n=1T7) (Table 1) Heart rates were largely the some
duning the awake state in the two groups It is also
scen from Table 1 that the weight of the SHR left
ventricle was 35 % larger than that of NCR per unit
body weight

Fig 4 shows the compiled experimental results
concerning the Frank Starking  relationship  for
paced SHR and NCR hearts at § dufferent levels of
constant afterload ranging from 50 mmHg to 150
mmHg At the lower afterloods (50 mmHg and 80
mmHg) stroke volumes were lower m SHR than in
NCR at comparable {llling pressures up to 10-17
mmHg where the SHR stroke volume leveled off
around 80 g/ [00gb w At an afterfoad of 50 mmiix
the NCR left ventncle reached about the same

A ta Pin i S amd (07

maximal stroke volumes as SHR alrexdy &t pee
tonds between 8 and 10 mmHg In NCR strode
volume decrensed signifieantly at still hagher pre
loads (P<0 05) which was not the case m the SHY
heart even if the filling pressure was here raned 1o
30 mmHg

The highest stroke volumes obtained during the
expenimental procedures were 7743 pl/100g by
for NCR and 822 u1/100 g b w for SHR whch for
both were obtained at an afterfoad of 80 mmby
though SHR needed a higher prelood than NCR &
rench this maxtmum 1e¢ 15 vs 10 mmHg Atle
creasing afterloads the strohe volumes were mon
reduced in NCR than in SHR at any given dastol
filling pressure A can be seen from Fig 4arisei
aftertoad from 80 mmHg (arbitrurily set to represent
the normotensive [evel) to [30 mmHg (artwirach
set to represent the hypertensive kevel) has mocha
greater Influence on the strohe volumes 1o NCR
than in SHR at any given diastolic filling pressare
above S mmHg The maximal stroke votume/100¢
b w 13 then reduced 30% in NCR but only 11 pet
cent in SHR (Fig 5) These dfferences are &
more pronounced when afterfoads of 80 mmHg s
150 mmHg are compared Thus at a 150 mmhy
after toad the maximal stroke volume was in SHR
reduced by only ?1% but by 48% m NCR com
pared with those obtained at 80 mmHg (Fig. 5 ¥
afterioads of 130 and 150 mmHg the SHR cune

"

= il
= 77

mree Yem e —
o
2.8 &=

Fie 3 Original reghtration of cardiac output from os
NCR and one SHR heart. The hearts were paced st a fre
wo{\mt\cﬂdwn At comtant aftertood (50 mmHs
hmlmjcprnm)unanlncmlpm-nm

at three different preloads. Note the much smaler outpat.
le stroke volume of the SHR kel entncle at low pre-
Joads while maumal stroke volumes at high preboad art
the same in SHR snd NCR
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Fig 4 Thbe effect of pcrossad preiosd om sitoks voiome per 100 g bow of adukt SHR

and epe mamtched NCR haft vextroches at S dilferent
wnHg  Verteal bary represemt $SE

<0 001

are mich steeper than the NCR ones (Fig 4) iode-
cabeg that the NCR left ventricie s then workmg
087 0 i3 exaximal performance atready st kow fill-
' pressures [0 contrant, the SHR left ventricle

extemal work thea those of NCR at high afterh

shuTiosds, rxaging from % to 190
-0 @S>P»0.01 001>Pm0 0O

bypertrophy bas been demomtrated both fa hyper
tentive man and in SHR (ef Pickenog 1968, Facmer
ctal 1974) Ithes however been discussed whether
the keft I‘l tald E 3
physiologic adaptation (Beznak 1958 Hallbbck et
AL 1975 Plefler et al 1975) or a degenerative
pbenomenon (Spemn etal 1969 Ross & Sobel 1972,
Avenll ct al 1976) Therefore the functional con.

Bot at lower whteriond the SHR bearts need a bgh-
of daslic fflmg prevsare to produce the same
ttroke vokome 2t the NCR hearts.

DISCUSSION

A Proportionality between the extent of increste in
wean wrterhal pressure (MAP) and deff ventncutar

of the left ophy were
cnmh\cdlnlmmhﬂxprum
study

The performance of the keft ventricke depends on
several factory Hhmcudd'nnoﬂ:mrn;m
¥ure the notropkc state of the myocanfiven s gov-
€med by acurogesic and boarmona) Infleences gnd
£0 $0me extent on the wortx: prevsure keved (aft
boud) (Sernoff & Mitched 1962) Wbcneotn(pu-l:

Aok Phrrmod Scemd 197
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Modifled Staring  resistor

flg 2 Modified Starling revistor By aifusting the air
pressure in the balloon the sortlc pressure can be held
comstant at any deslred Jevel

when the preload was successively raised as loog as the
afterioad was kept constant Every 10th min during the
Tecording period CO was checked during standardized
conditions 1¢ at preload 55 mmHg and sfterioad 80
mmHg to control that the besal performance and general
condition of the heart had ot been altered If CO then had
decreated more than 10 % the ' was !

maximal stroke volumes a3 SHR alrendy & pre
Joads between 8 and 10 mmHg In NCR i
volume decreased significantly at still higher pre
loads (P<0 05) which was not the case i the SHI
heart even If the filling pressure was here ralsed &
30 mmHg.

The highest stroke volumes obtained dunag t
experimental procedures were 7743 ul/(00gby
for NCR and 82+ ul/100g b w for SHR whichfa
both were obtamed at an afterioad of 80 maly
though SHR needed a higher preload than NCR &
reach this maximum ie 15 vs 10 mmHg Ate
creasing afterfoads the stroke volumes were mon
reduced in NCR than in SHR at any given diastols
filling pressure  As can be scen from Fig 4arfsed
afterload from 80 mmHg (arbitrarfly set lo represes
the normotenmive level) to 130 mmHg (arbitrart)
3¢t to represent the hypertensive fevel) has much.
greater influence on the stroke volumes in NO
than 1n SHR at any glven diastolic filling presso
above § mmHg The maximal stroke volume/100]
b w Is then reduced 30% i NCR but only 1l pe
cent in SHR (Fig 5) These dilferences are e+

After the perfusion the wet weight of the keft ventricle
(iocluding the Inter wall) was d and
refated to the body welght of the mat.

Stanstical analyses were petformed according to group
compartsons Student s r-test. Vakies are presented as
mean + S E.

RESULTS

In the awake SHR (71=17) mean artenal pressure
(MAP) was 14811 mmHg at an age representing
carly phases of established’ hypertension while
MAP was 1001 mmHg m the matched NCR
(n=17) (Table 1) Heart rates were largely the same
duning the awake state in the two groups It s also
seen from Table 1 that the weight of the SHR left
ventricle was 35 % larger than that of NCR per unit
body weight

Fig. 4 shows the compiled expcnimental results
concerning the Frank Starlmg relationship for
paced SHR and NCR hearts at § different levels of
constant aftedoad ranging from 50 mmHg to 150
mmHg At the lower afterfoads (50 mmHg and 80
mmHg) stroke volumes were lower 1n SHR than in
NCR a1 comparable filling pressures up to 10-17
mmHg where the SHR stroke volume feveled off
around 80 ul/100 g b w At an afteriood of S0 mmHg
the NCR left ventricle reached about the $ame

Acte P sl Scund 107

more pr d when afterioads of B0 mmHg

150 mmHg are compared Thus at a 150 moHy

after load the maximal stroke volume was fn SHI

reduced by only 2156 but by 48% in NCR, cos

pared with those obtained at 80 mmHg (Fig 3 A

afterfoads of 130 and 150 mmHg the SHR cun!
on

= il

el B

e
LR U
b L.

Fyp 3 Onginal registration of cardiac output from oot
NCR snd one SHR heart. The hearts were paced at a fre-
quency of 300 beats/man. At corisiant afterioad (50 mmif
hpakmprﬂm)lﬁtwdﬂcuﬂﬂﬂmmmtd
at three ddferent pretosdy. Noie the much smalter oatput.
Le stroke votume of the SHR keft ventricke at Jow pre-
foads white maximal stroke volumes at high preioad o
the same in SHR and NCR.
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Fig ¢ The effect of mcrrwsed predoad on left ventnouiac

mmpﬂ‘lm'h'[m’l\)?‘ﬂlﬁmw
corresponding

Heart ;mj'ommrtlkrptﬂmhr rat 1

m,mmwm‘m@u
Wmm[whmmwﬂ
fuldvmprclmdhndncathH‘Rccmwudw
uthc&m-ummemuwmw\-
satory adjostnents occur  stroke vohime would
tend 10 decresse along with the progreasion of
hypcncmmmdkﬂvmuhﬂnhypcmuphy Sev
eral studies abo powt i this direction both con-
cemning caseatial hypertension In man (Froblich et
al 1571) and tn SHR (Froblich & Plefer 1973) At
lexst b the early established phases of cysential
hyptﬂeushnhmmmdhlsﬂkmukcvuimh
however usaalty within the normal range after be-
h\;wmn‘lmhumcdhm‘lymwkuhbﬂe
pluser (Plefler & Frohlich 1973 Julhn & Schork
1971) The present results were obtained In bearts
from SHR in the establubed phase of hypertension
when SV does not differ essenthlly from age
matched NCR fn vivo (Froblch & Pfeffer 1973

of % mmlg the somrion for NCR
vrvo), () SHR o 130 mnHg he smaton
Sor the SHR et vewtnchs Im vivo) and (3) NCR ot st sfter
Joud of 130 menHy (correspondmg the wAmelon T VIvD
b & BOMmOtenRrve Weart i cxposed 1o acote hyperten-
won whomt the exd of

the creased muscle mass of the SHR heart m-
cTesser iy strength proportiomally 3o that R can
castafn tts uroke volunw slso when workmg egainst
bigh steriond. When companog stroke volumes m
SHR and NCR at given preloads SV o lower
SHR tiac In NCR at low afterfosd but higher sl bngh
dtericad.

However m the in vivo aitiation the SHR heart
works aprena a bigher afteriosd than the NCR hestt
#ud ibn sitmation s mimicked o the Frank Starling
Telatonsiogs obtsned i wiire are compared &t
sfictiond of 80 mmHg for NCR and at 130 mmHg
for SHR, whoch larpely represents thelr MAP levels
® wo. in Fig. 6 where this comparison bs Mus-
trated the SHR carve b them cleasty displaced to the
nght of the NCR one but when compared to the
NCR curve obtamed a1 130 menHg afterioad, which
fefiecls bow a noatypertrophued heart wookl work
# hypertensree levely the SHR curve o

tolbe keft Fig. 6 thos illnstrates that the SHR kft
vatrice thenks to fts hypertropby better can
Tantin w1 adequate stroke vokmne st the -

frersed s Fig. 6, where the SHR snd NCR

Jones & Hallbick 1977) Whben the
pumping sbility of hearts in exablished SHR hyper
tennon wes evaited in open chest anknals in
vivo there wove b0 1igny of detenomied myocar
diad function (Pleffer et al 1976) Therefore some
compensation for the altered Frank Starling rels-
tionship would probably be st hand in the intact
SHR. This could edher be in term of an Incrensed
cardiac filling or by sn increased inotropic state
where the former altermative seens to be the most
chanbum in the SHR ( ctal

1979

1n conctoslon. The presert rewalts Moatrate that
the keft ventricular hypertrophy has at least two
tmporiant functiom! consequences. First, the re
duced diastolic compilence of the keft ventricle will
decrente the stroke volume st low (ITing pressores,
eqeTvalent with a rightward shift of the Frank Star
ling curve This &5 mout evident in the lower after
load runge Second, the hypertrophy contributes to
make the SHR heast comerpondingty stronger so it
can better cope with the greater work load that # is
exposed to m the hypertensive state Both these

o of

Acte Phrmel Scand M1



6 E Noresson et al

Moy SV
(W/100g bw)
w00
ke
8o
w

50 8 w

Lol
Afterigad (e Hg}
Fig 5 The relation between maximal stroke volume per
100 g bw and afterboad for 17 pabs of SHR and NCR
left ventricles Vertical bars indicate S E =0 03>P»
001 =001~P>) 001 =p<0 001

the performance of hearts with and wathout hyper
trophy all these factors must be kept constant
which for practical rensons is almost [mpossible in
vivo (Ross 1976) This comparative study was
therefore performed on isolated perfised hearts
from SHR and NCR in a system where the above-
mentioned factors determining cardiac performance
could be kept or varied independently of
cach other The impact of changes in enddiastolic
fllling pressure on stroke volume e the Frank
Stariing reiationship was carfier favestigated in iso-
Inted SHR and NCR at afterionds sround 60 mmHg
(Hollbdck et al 1975) As in the present study a
rightward shift in the Frank Starimg relotionship
was then documented of the SHR heart and the
extent of this shift seemed to be proportional (o the
degree of keft ventricular hypertrophy However in
intact animals the SHR hearts work against a higher
efterfoad than the NCR ones which no doubt affects
also the work performance The present results
have showm that the work performance of hypertro-
plued and normal hearts is differently affected by
changes In afterdosd Thus when the SHR and
NCR hearts are compared at lower afterfoads the
Frank Starding relationship for SHR is shifted to the
right of that in NCR When however afterfond is
increased the refationship between filling pretsure
and SV 13 better mamtained in SHR and at very
high afterloads the SHR curve Is displaced to the

A ra P ot Scund 107

feft of that of the NCR at least at higher filtey
pressures
The rightward shift of the SHR cune ol kn
afterioads could theoretically be explamed by ade
pressed myocardial function This Is honever m
unlikely explanation to judge from the candug fun,
tton curves of SHR and NCR at higher afteriad
As earlier discussed by Bratunwald & Ross (1963
other factors than depressed myocandial funches
can be responsible for an altered Frank Starhe;
relationship for example a reduced diastolic com
pliance Along with hypertension and concomran
left ventricular hypertrophy diastolc compliances
apt to be reduced (Mecrson 1969) Then accordmy
to Laplace s law the thicker wall of the hyper
trophied SHR left ventricle would kead to a com
spondingly lower enddiastolic tension per wnt wal
thickness at a given enddiastolic pressure leve (d
Hallbick 1975) The avernge muscle fibre qretch
ing which determunes stroke volume would the
be smalier than in the normal more thinwalked
ventricle Thus the more the left ventricular walf
lumen ratio fs increased by hypertrophy the ks
pronounced is the myocarcial prestretch for a gnes
dinstolic filling pressure increase particularty o
the outer wall layers It can hence be conchided tha
there {3 an altered relationship between enddmstol
pressure and enddmstolic tension in the presence of
an increased myocardial wall thickness [Loplaces
law~ T=(Pxrifn Te=tension P=cnddastolic prey
sure reinternal radrus (unchanged) n =wall thel
ness (increased)) (Meerson 1969 Hafiblck et o
197%) This disproportion is therefore suggested B
cause the shilt of the SHR Fronk-Starling relatos
ship Such a shift was shown to occur ato in read
hypertensive rats by Averill et ) {1976) butwn
here interpreted mamly as signs of degenerathe
changes
At low afterloads (50 and B0 mmHg) there was no
difference between maximal stroke volumes in the
SHR and NCR left ventnckes  This indicates tha
the nghtward shift of the Starling curves in SHR ™
tow afierlaads and prefoads is not a degenerthe
process but rather refiects the reduced diastofic
compliance  Evidently {f only the diastolic fillef
pressure fs inceased enough as fo ensure adequatt
diastolic prestretch the hypertrophied SHR heart
performed just as well as the normotensive one
Further at high safterioads (110 130 and 150 mmHg}
the SHR hearts produced significantly greater
stroke volumes than the NCR hearts (Fig 3} Thun
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Fiy § The effect of increwsed prefoad on ket ventrcubr
ks vobn per 100 g b.w for (1) NCR at an afteriond
of 2 malty (comeponding the soaton for NCR n
ok, 0 XHR of 139 smnHg (carrpondmg the stvation
for e SHR Iet emtrci b ive) a2l (3) NCR st aa aher
BT ey e o s 7

sormOtesatye et 13 axposed 10 acwls bypeties-
Wou  rhowt T 2d of bypertrophy or f

Eyocachal
brpariopty brked 1o octur 4 chrowsc yperumion)

fhe mcreried muscle mun of the SHR heart -
+ & strengch 0 that Bt can

“wmmmemn
SR 101 NCR wt grven preioads SV bs lower i
:‘::INCRnb'd'La‘bdhnh:;haanh

Hemever n the In vive cation the SHR beart
orks agact n bngher efterioad than the NCR beart
#od ths shuaton i mimcked Hf the Frank Starlg
'%Mmmmw“m
heiond o 10 e for NCR and at 130 meng
SHR. whech lacgely represents therr MAP kevels
nrho. In Py 6 where ths compartson s fioy-
e e SHR carve s then clearty cusplaced o the
" of fhe NCR ooe. but when coamared t the
mmw“mmﬂcwm
mw”" beart woukd work
::H,_thmﬁﬂmudw
Wmnhm‘mllnumwsmm

Heart performance in kypertensive rat 7

mm‘ath;mhﬂlﬂaio-d\.-h!dmcould
mpfntmﬂwkmpcvﬂwlnvfmmmﬂomlhesv
for & ghven preload s reduced in SHR compared to
that in NCR. This woald indicats that ff no compen-
satory adjustments ocour stroke volume would
tend to decrease along with the progression of
hypencnshnmdkﬂmmhrhypaunphy&v
enal sodics also pownt in this direction both con-
cemumg essentra! hypertension in man (Frohtich et
al 1971) and {n SHR (Frohlich & Pfeffer 1973} At
lenst fn the carly estabhished phuses of essental
hypertension in man and in SHR stroke volume 11,
however usually within the normal range after be-
g somewhat increased in early more of Jess Labile
phases (Peffer & Frohlich 1973 Julms & Schork
1971) The present results were obtained in hearts
from SHR in the establrabed phase of hypertension
when SV does not differ casemtially from sge
mutched NCR In vivo {Frohlich & Pfefler 1973
Noretson Jones & Hallbick 1977) When the
pumping sbility of hearts m establahed SHR hyper
teosion was evaludled in open chest anamals in
vivo, there were no signs of deterorated myocar
dwl fapction (Pfeffer et ol 1976) Therefore some
compensation for the attered Frank Starimg rela-
tionship woukd probably be at hand i the misct
SHR. Thas could either be in terms of an increased
cardisc fmg or by sn increased ipotropsc state
where the former atternative secus to be the most

h in the SHR (N etal

1979

In conclusion: The present results Mrstrate that
the left ventncular bypertrophy hus af least two
important fimctonsl consequences Firut, the re
duced dustolic compiiance of the Jeft ventricke will
decrease the stroke volume st low (Mling pressmes,
equivalent with & rightward sheft of the Frank Star
Lng curve Thes by most evadent bn the Jower sfter
load range Sccond the hypertrophy contributes to
make the SHR beart correspondingly stronger 3o i
can better cope with the grester work load that ht rs
exposed to wt the hypertcasive state Boch these

are of the

ldlpmmdlhehc-tm-nmmedm
losd and are ot per se evidence of any myocardla

wyocardal sdaptation.
CHtiac function carves are cx

™= Fie. 6, where the SHR end NCR

though such cm, of coure be
soperimposed m later phases of hypertension Io-

Jowered siroke vokome and fead to deterforation of
cardiovascular bomecostasis

Actst Phywel Scand W7
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fmplanted
sery. [n SHR beft atrml presmre m wis nOTe than twice & high (10310 4
mmHy) ws in NCR (4640 3 menHg). There was no dilferencs in the pressare

Duriag the development of artenial hypertension tn
e bypertemive rat (SHR, Okamoto
1963) there 13 bt vemtnenlar hypertrophy largely
. Proportonal 1o the prewsure incresse (cf Folkow et
5 ¥ 1) Thes increased wall thickness of the ket
vextnce leads (0 a decressed complience shifting
# the Frank Starling curve to the rght for SHR com-
;. T 0 NCR (oormotemsive coatrot rat) (Hallback,
:,ﬂ”"“‘Nm 1975) To compensate for this
ek Stachng sift, the beart could erther work on

* Mgher notropec state | ¢ hift to another steeper
# Sathog curve or clanb upards on the prevating
® :’"h’mu‘dwmmmd
¢ B¢ Jefl veaincie or & combinaton of both. To
W'Mdmmmmhmm
%% & SHR m vivo the left atrial were
Derared vy o
T8 0 #vake NCR and SHR.
F-uunemdmbyﬂmnd (1979a, b)
SR, g (be left airial recepion e reset m
ﬂh::‘:"knwmmNCRmdSHR

B G e the degres of actviy b vivo

METHODS

4-3 mooths old male SHR (weighing aroond 340

ﬁ‘*ﬂummnﬂnmm ﬂ,:
weight (cround 420 5, Tabie )

techoleally were wsed. Seven
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Teble I Blood pressure heart rate body welght and left atrial pressure (at the end of the eaprat sy phey
and the mean value) in adult SHR and matched ACR
Vahses preseated are mean + S E Levels of significance are given

Blood pressure Heart rate
(mmHg) (beats/min)
SHR (n =7) 14012 36817
NCR (s ~7) 10212 IWLS
P< 000} i
SHR/NCR 139 097

microscope & 1.5-2 ¢m long PE 10 tube connected to &
PE 50 catheter was inserted into the hung vem By punip-
ulating the snare bieedingy could be kept minimal The
tip of e catheter was placed into the left atrium and was
d to & pressure docer (Statham .3 DC} wnt
ing on the Grass polygraph This catheter passed throogh
the muscle Layer in the Sth interatitiom and another PE 50
catheter was d in the same interstitiom with the
tip in the thorackc cavity ! mm inside the wall Alr and
cxtudate could be sicked throngh the pleura) catheter
during the closure of the thorax and after the operation
‘When closing the thorax the animal hmgs were blown up
1o 2 respiratory pressure of 20-25 em water the respira-
tion switched off and the sutures tighted, whereupon res-
piratron was started again. The two cathcters were se-
cured {nto the thorax wall and then subcutancously fed up
to the neck and cxteriorized The catheters were filled
with heparinized saline. The musck and skin hiyers were
wutured with single sutures The suture lmes were more
than 1 cm awsy from the 4th intercostal space in order to
prevent leakage of air Durmg the whole operation the beft
atnal pressore was followed to ensure good communica-
mmnmemmmmummm
d Body wag followed
d\n'inglndu.ﬂerlheope:mbumdlu)dlllTC-lﬂ‘C
After the operation the remaining ar In the thoracic cavity
was sucked out. [¢ was important to repeatedly suck the
trachea during the postoperative period to avold resprs-
tory failure Acute postoperative comphcations were ar
terial embotics (hindlimb kidney) and pneumothorax
with a total mortality of about 35%
After a postoperative rehabilitation period of 7 dayx in

dm(SmhanDOphcchOmnbovelbcn:e
floor Thus the zero value for the pressures was 30 mm
above the floor where the left atnum was cstimated to be
when the rat was (a cestng patitonn Durlag 30 mun the
fats were allowed (o rest m the cage great care being
taken to maintun a quiet environment Both dumped and
undamped left atmal pressures and 1 4 s alio pleura
pressures were meastred when the rats were in basal
conditions. In 8 opersted nats the communication in the
Teft sinal catheter was maretiable and these rats were
excluded The pre- and postoperative MAP fevels did not
differ by more than 10 mmHg
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Left arial pressure (mmHp)

Body weight

@ In end-expiration Mean

34042 103404 68103

2254 46203 2 04

0.001 0001 00l

031 224 309
RESULTS

MAP levels after Light ether anesthessa were 1490+
mmHg in SHR and 101+ mmHg in NCR {Tatde I
Table | also shows heart mte body weight, kit
atrial pressure at the end of the expimatory phe
together with mean left atrial preswre all recorded
during rest for the two groups of rats. SHR had ther
slightly jower heart rates than NCR as earfier 1t
ported by Noresson Jones & Hallback (1977) LA
atrral pressure at the end of expitatory phase wa
124% tugher n SHR than in NCR (10.310 4 mafy
and 4 6+0 3 mmHg, respectively P<0 001 Tabe
1) The mean value for feft atnal pretsure 83
209% higher for SHR compared to NCR (63463
mmHg and 2.210 4 mmHg respectively P<0dL
Table 1)

Fig 1 shows the refation betw cen MAP and It
atrml pressure in the end of the expratory phase ke
SHR and NCR There i3 a clear separation betweat
the two groups with the highest atmal preswure atd
mmHg for NCR and the lowest for SHR af [}
mmHg. In two SHR and two NCR the Intrapleurs
pressures at the end of the expimtory phase wew
the same and vared between 0 and * mmHg i
cating that there really is a higher filing pressure of
left ventrick in SHR than in NCR In the other €1
periments the pleural pressure measurements faikd
because of the preat tendency of fibrin foymaton
around the tp of the pleural catheter

DISCUSSION

In the present study the kft atnal pressure wa
measured via a thin chronically implanted PE 10
catheter in awake adult spontancously hypertensive
ats (SHR Okamoto 1965) and normotenyive coe-
trol rats (NCR) SHR is considered 1o be g pood



i3

BOTROLETI v
(NCR 0) Vertcal and horrsontal bart reprosent + S E
Note tat there 1 6 overtappg between e v growps

aoxrral xealogne for essential bypertension m man.
The peak ieft sinml preasare vake st the end
of expeation averaged 10340 4 mmHg for SHR
20d 4 6£0.3 mmHg for NCR These figures are 0.5
1 0wty lower W mstead the mean pressore at
8 expration 1 registered because the bt atral
Pabie mmphtnde measured via the PE 10 tabe was
12 maHy at the end of the expiratory phase. Eve

v

4 bomt $ enby) o the pressare regrstration,
"ih oo dfferences between SHR and NCR If the
Hmmmmnwm,m
wares will be further reduced to 6.3+0.3 mmHg for
SHR2nd 2. +0 4 menbig for NCR becairse of the m-
Loezce of the low pressure durmg the trspintory
mmmmummﬂmmmwm
PEVmTE between the two groups of mas, thete

Left atriad pressure in SHR hypertension n

Increased stiffness of the hung veins and/or of
memmm-mm@mwd
these walls could be caosed by an increased dis-
charge in the sympathetic nerves o the cardiopul-
mouary area and/or by a sccondary wall hyper
trophy cansed by the enhanced pressure (of Fol-
kow etal 1973} )

The L: of such an

pressure of kefl ventrcle b obvious. As ear
Iﬁ]:r:-poﬂcdlhehcrnwdmbhusdlthHRkﬂ
ventricular wall reduced s compliance, which
canses a shift of the Frank Stariing refationship to
the nght (Hallblick Isaksson & Noresson 1975)
Thus displaccment is probably of great mportance
foc the gradual reduction of cardiac outpat, when

output (Lund-Johansen 1978) The rafsed keft ven-
tricutar filling pressure b thos of great importance
3 2 compensabon for this Frank Starfing shift,
hetping the heart to preserve its stroke volume in
the hypertrophied state Without thrs compensation
the stroke volume and heace cardu outpat would
be drastcally redoced Thcothupmxﬂ:l:caupcn—
mrnﬂiuniﬂnhrmetﬂ:plndsmqm
uln:nhlnccdvmtri:nh:bouo-phybmmm
unhbunmhdluzcltnxlhhhdnh]vdy
mamor importance in SHR (Noresson et al 1979 b)
Umuyr.lmucdnnfncmuﬂimw
ly those on the left tlde are of importance for the
regulation of blood volume (Thorén et al 1976 of.
Mlmm"'““’"mﬂﬂiﬂuo{m
diac receptons m the atria xod all of them seem to
trumanlt thelr wformation via ummy eltnated fibres
(Thorta ctal. 1979a) The tireshold of these recep
m""““""m“"hlbﬁlﬂthHR‘n
esmbiished hypertennon (Thortn et o 15791)
compared to NCR (Thorén et al 1979a) probably
hcnmc.lm dm’mmdmmmdxm

To sumomanze Pnnﬂd‘hhtheHAPmchSHR
curdinc
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D (SHR) wers

krvestapaied. Al the receptor
don velocrties from 0.9 1o 15 ova. Elevation of beft atrfal

the afferents were sow-medultated with cooduc

prEysare dwring graded mortic
with

10 doga xnd cats there 1 a population of atrm) re
CEPon with medulleted vagal affercrts situated
maltly ot the  coramal punctions (Pammal 1973)
““"““’CﬂﬂylmllC-{bermtﬂnpmmghemu{
ﬂﬁlﬂnﬂmhvtllmbecndcxr&cd(wm
et s 973, Thoren 1976) In the pormotemive rat
(NCR) beart Thortn ot ol (1978) found a large
e of ereat C-flber emdmgs i the atsm, bt

AT (Zucker et al.
Mmdﬂ:wtwmndymlonm(h
3 of these ket atrial C-flber erdings

= Poolancously hypertemuve it of the

the

Olamotostren (SHR) and 1o compare these
charmcterntics wlth lhnhd:nw&(obnhcd
ﬁumlhenamomvecumdmmm)mn
:‘v: 1979). This study provides for the fust time
coce for w resetting of cardiac receptors in
hyperternive ankmal. *
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mmHg
SPHE FREQUENCY, 18
o/ e 10
SIHAL Groted core ocxd
TIME, 103ec

Fig | Mean left atnal pressure and spike frequency ina
single keft atrial C-fiher dunng a graded elevation of lelt
trial pressure induced by a graded sortic acchnion

carotid artery were dissected free In the neck  The thorax
was opened by a bilatern! intercostal transsternal in-
chlon Snares were placed around the ascending aorta
and the inferfor caval vein A thin catheter (PE 10) was
placed iIn the left atrium through the right middie lung
lobe veln and connected 1o a low volume displacement
transducer (Gachic 3EA) The right upper and middte tung
lobe were removed Arterial blood pressure was recorded
in the tall artery via a Statham 23DC trmnschicer The
right jugular veln was cannulated The vagal trune was
identifled just above the lung root and cut m order to
eliminate most of the vagal afferents from the hmgs and
abdominal viscera

Recordings The right cervical vagus was placed on a
dissection plate and the nerve sheath way carefully dis-
sected away by means of sharp forceps under a diysection
microscope  Thin fllaments were then obtained and cut
centrally and placed on a thin bipolar sitver electrode and
connected to a nerve amplifier (Grass p 511) The output
of the amplifier was connccted 10 a loudspeaker w rate
meter an oscilloscope and to an UV-recorder (ABEM
3651) writing intermuttently with fast speed  Blood pres
sure mean keft atnal pressure and the output of the rate
meter were recorded on a Gras  (mod 7) recorder wntmg
contimeoutly with slow speed The andamped left atnal
peessure and FCG were reconded on the UV-recorder
together with the neurogram (Fag 2)

Eqrenmental procedures A a \wreening procedure 1o
find receptors tm the left sle of the heart the activty
in all drsected fllament  were obverved during short
(asting (3-6 3) occlusion of ascending norta. Every fikb-
ment that respomded with increased actrvity to they man-
peuvre was dissected further onil a filament with oaly
one active fiber waa found In most instances an exact
locahzation of the receptors wa  obia ned by probang the
heart with a fine probde after hiitlag the srumal and open-
g the heart The total conduction tane was obtained by
placing s stimulation clectrode connected to & Grans (S4)
stimulator over the receptor se and recond ng the evohed
potential 10 the nech The conduchion velocity way ¢t
mated from the approvmate kength of the conduction
patimay and the total conduction ime

Recepior actvity was recorded duneg control condr
tioas &nd dunng graded ehes 1 n of keft atral pregaure

Acta PR S wd 107

(graded aortic occlusdon) The receplor characierm
were compared with the earher obtained duta from &
NCR and significance was determined by Swkx
14teqt Valoes are presented sy mesn + S.E

RESULTS

This study is hased on recondmg from 11 kft 2ni
receplors in 9 spontaneciisly hypertensine mh
(SHR) The MAP of the awahe rats nere 1514
mmHg. Total conduction time from the revepty
site to the recordmg ekectrode was from 0-6] o=
and the conduction velocity vaned from 0.5 ta 14
m/s (0 8£0 1 m/s) All the receplon were located e
the JeRt atrrum as evidenced by probmg with a fx
plastic probu Si of the receptors were tocahzally
probing the opered non-beating heart and the ade
S were locnlized by probang the intact beating heat
The studied receptors were located throughoet 1x
entire lef atrium alvo in the atrial appemdices ad
the first part of pulmonary veins
Receptor discharge during elevation of Ieft emsl
pressure All the receptors responded to elevaat
of the left atrial pressure induced by o brief ot
sion of ascending norta and therr mayimal freqoer
cy varied from "9 to 70 Hz (551 3 Hz) The respoes
10 o graded increase of the left atrial prossure b
shownin Fig | The correspording neurograms #t
shown in Fig ? Notke that thik receplor had 1k
frequency spontancou  dncharge with | imputx
per cardinc cycle and that upon nortle ocehaion e
activity increased in parallel with the clevated ¥t
atnat pressure
Fig 3 shows the mdivkiunl pressure-respoas
curves for all the {1 receptors Notice the marked
vanation fn the pPressure response Cumes
threshold upon activation of the {ndwiduat 7
ceptors varked from 7§ (o 13 mmHg (10104
mmE{g) in mean atrial pressure
The averaged data relating mean ket airish pres
sure and the activity in the recepiors | shown ®
fig 1A
Firing pattern [ the receptws In the cootrd
situation 7 receptors showed n candine modulaed
discharpe and w hen taking the total conduction time
Into account 4 of them were activated during (B¢
a wave Upon clevatfon of left atral pressure (&€
the occluskial the activity in all the recept™
<howed a clear cantac rhythmic discharge pattern
and the finng wa comelated with the v wave
However some ending alw dhcharged with { o2
splhes every awave during high atnal pres ures
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Resetring of cordiac afferents in kypertension 15

MEUATY AORTIC OO
8

VT AT CRTYITON COMCTION TR

e =

Fig 2 Left wtrml prysear  ECO amd nerve kmpalscs i keft wirial CATher dormg

wop avery wkve

(omparison of keft amal receptor discharpe In
NCRand SHR 10 Fig. 4 A the mcan discharge from
~ 13 xirmd recepuors m NCR (Thortn et ol (979) end
{1 m SHR n compared at mcremung mesn left atrial

pressures ATt the receptors 10 the normatensive
™3 responded 10 preswures below (0 mmg, The
threaboids of the SHR receptons were most often
abave 10 mmHg. Tha, a clesr resetting of the atral
C Dber cndings In the hypertensive ra b evident
1t has boen sugpented by Thorkn et al. (1979) that
there are  populations of atrial C-ber endings in
the heart of the NCR. One group of endings bas a
Jow frequent brregniar

sztionaly, the resciting
olﬂvel:ﬂmﬁrccrptu;ins}iknummm
dent (Fig_ 4R)
DISCUSSION

m“mdmﬂﬂ]mb&m
k”““""““"!m'ﬂm,l’nhud((m)de-

Arta Mrrwst Scwd HD
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Flg 44 Activity in non-medullated vagal afferents from the keft atrium during icreases in feft atrial pressare caned
ortc occhusion The Interrupted line shows mean & § E_of recordings from 11 single fibers For compurhee exk

obtalned data from NCR are alvo shown (solid line) { means P<0.05  means /<0 01},

Flz 4B The mean activity in 11 left atrial high frequency CofTber endings in SHR (laternupted fine) and ki s

data from 8 high frequency receptons i NCR (sold Jine) The data are plotted in the same way xs ia [ig. 3

sctibed atrinl receptors with meduilated afferents
mainly located at the veln.atrial junctions More
recently Colerldge et al (1973) and Thorén (1976)
examined the characteristics of atrial receptors with
non-medullated vagal afferents in dogt and cats
These receptors hod somewhat hugher thresholds
and lower discharge frequencies but many of the
atrial C-fiber endings could also respond to moder
ate elevations of left atnal pressure There §s also a
large population of nerve endings with non-medul
lated vaga) afferents in the keft ventricle (Colendge
et al 1964 Sleight & Widdicombe 1965 Oberg &
Thorén 1972 Thorén 1977) This group of cardiac
Ciber endings scemed to have a tonk influence on
vasomotor center (Thorén et al 1976}

Thorén et al (1979) recently suggested the cx
istence of two populations of keft atnal C-fiber re-
ceptors in the rat One type of endings showed a
fairly low frequent irregular discharpe upon ¢leva
tion of left atrial pressure while the other type was
activated with a more high frequent cardhac modu
lated discharge The low frequent irregular re
ceptors had mgher thresholds than the high fre-
quency ones

Resetting « feardiac receptors in Avpertension In
the present exammation the characteristics of such
C-fiber endings n the spontancously hypertemive
rat (SHR) have been studied and compared to those
in NCR In this study only high frequency recepton
were found but they had a much higher threshold
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than the receptors had in the normotensne amad
(107406 mmHg for SHR in compare ¢
4 6:£0 6 mmHg for NCR) It is possible that thels
frequency receptors m SHR had ven W
threshokds and were thirs ddficelt to find
Recent studies by Noresson et al (1979) mdex
that there Is a marked clevatin of keft atrial pm
surc in the hypertensive rats A celtular hyper®
phy s a generl phenomenon in hypertemhe &
mals both in the left ventn~le and in the resntast
vessels This 4 to a great deal conshbered & 1t
induced by the increased tenvion per indis kit od
(Mcerson 1969 Folkow et al 1973) Itis thereket
likely that this elevated feft atrinl pressure wBr
duce hypertrophy of the atnal wall whkh of
cause 0 decrened distensibshity of the wall Tw
decreased dntensibility of teft atnum will ¥
probably be the main reason for the resetting of
receptors
Physiodogical conseguences of the reseltint 4

the atrial receptors In cats and dogs the
C-fiber endings induce a tonre vasomoton® bt
tion on the vasomotor center amd thi fonk inbh
tron scemed to be specifically marked on the o
motor neurons controdling the sympathetic o
flow to the hidney (cf Thorén ct al 1976) Tt ds
also been postulated that these cardiac vagal It
flexes are of importance for the blood volur®
regulation due to the marked cffect on the it
nal sympathetic outflow  Changes i the res¥



i outfiow can mfuence the sodmim €1
mldmcﬂcnmﬁ:mhﬂnﬂ‘(h-
*xu 1577 and v changes m renin releasc
amchetn ol 1976). 1t was recently shown by

hibeton
/,—pcncmmmmuummndntdﬂmln-
mmmmmmmmm
mcdlh-thd\crkﬂmulpranmvmncdcd

indoce the reoal perve mhubition. This further
¥ pports the concept that cardic receptors wre re-
*nmhmu\dmﬂlﬁd

o sympathenc outflow B probably of im-
oftance for the reflex. controf of sodium excretion
od rewn releans

The resettmg of the Jeft atrial C-fibers o the
“ypertenscve mat fu several tateresting functoaal
ocescqmences. Thua, 1t bas been shown (Hallback
“tal, t979) tha hypertrophy of the Meft veninicle
7" nwcey a clear sioft of the Frank Starling curve to
e rght mecanmg thet the hypertensive bearts beed
somadenbly higher flling pressare to obdn the
e firoke volume A ducussed above SHR has a
\Somderably begher keft amml pressure than the
yaormotersive spmals. Soch o high left atral pres-
e woelk) I the abrence of efi awal recepor
Atwtiag mduce a marked mhibhtion of e
yerpethetsc outflow o the capacitance vesels and
# ould then be ddfictdt for SHR to ensire an

Rmﬂhra,’twdbrqﬁnﬂl!hhpfﬂrﬂdm‘ 17

patients with estabtished and more severe
mmbndowmmu\mmhﬂmhm
betwecn the ceitrel Bood volume and the renm
fevels (Loodos ¢t al 1977} One reason might be s
resettmg of the cardinc recrpton o exizblished
hypertension o man.

Thas sty Wt sogmorted by § ediih Medfical Research
Conncll gruats 14X 00016 and MX-05764
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hypothesis was put forword that in man duning
prolonged exercise the secretion of the other hor
mones is stimulated by cells in CNS and pancreas
which respond to glucose privation (Galbo et al
1977¢)

In order to examine the validity of this hypothesis
we have now measured plasma hormone levels dur
mg prolonged exercise which was performed after
intake through 4 days of a dret rich in either fat or
carbohydrate Such regimens have been used sev
eral times in Scandmavia in this century 1n studies
of exercise metabolism (Bope 1935 Christensen &
Hansen 1939 Bergstrdm et al 1967 Hultman 1967
Hultman & Nilsson [971) They result in small and
large glycogen stores respectively end dunng
exercise the plasma glucose concentration declines
more rapidly after a fat diet thon after a carbohyd
rate diet Accordingly if the hormonal response to
exercise is enhanced by receptors sensitive to plu
cose pnvation also the hormona| changes during
exercise would be expected to take place more
repidly after o fat diet than after a carbohydrate
diet In order to further clarify the relationship be
tween the hormonal response and changes in glu
cose concentrtions plasma glucose was at exhaus-
tron restored to pre-cxercise kevels by glucose infu
sion during continued exercise

A decrease in the tissue concentration of insulin

may nggravate Intraceliular glucose privation in
glucose sensitive cells regulating hormonal secre
tlon (Maller Faloona & Unger 1971 Raskin Fujta
& Unger 1975 Szabo & Szabo 1977} Accordingly
the decrease of imsulin concentration in plasma
which takes place during prolonged exercise may
enhance hormonal secretion dunng exercise If 5o
simultaneous infusion of insulin and glucose may be
more effictent in depressing the hormonal response
o exercise than infusion of glucose only Con-
scquently in order to elucidate the importance of
insulin for the hormonal response to exercise we
infused insulin together with glucose at exhaustion
m a group of expts with fat dlet Finally to sub-
stantiate the influence of the dicts on the glycogen
depots and to study the effect of different dicts on
the metabolic state of working muscles blopsles
were taken from the vastus muscle

METHODS

Swbfects amd proced re
(24-29) years (mean and range))

Seven healthy male students (26
famuliar with the Laborato-
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ry gave ther informed comsent to participate b ke wd !
The students mean maximal O, uptake (Vo) bt
mined during treadmill running was 433 0%
1 min and36(52-63)ml g min Mexmvwexh
77 (67-83.5) kg and mean height 184 (100-180 cm B
subfect underwent thiee diet perios These periabibr
4 days each and were sepanated by 17 days durimg sh.
no restrictionm concerning phywcal acin ity o dex
food were ordered At the start of ewch diet perkod
subjects arrived In the lasboratory afier sa pvermgii s
After 30 min rest in a chalr they were wclghed and kd
the standing position blood drawn without stads fm
forearm veln Then in onder to produce gy caprikies
the sutjects exercised 49 min at a work koed comeg
Ing to BOSE of individual Vopme 30 Mmin on a treadmll s
15 min on a bicycle erpometer Subrequenty s el &
(1000kcal 1 )consisting in the first (Frexpts mfer
designated ) and thind (Fregas  denpiakd
diet perrod of 767 fat and 135 % profein, a4 8
sccond diet period (CHocxpre designaied. =) ol T
carbohydrate and 13.5% protein was dedvered Thest
Jects wero asked 1o consume an amount of el oX
sponding (0 their estimated energy commpiat i e
to avekd & negative balance of energy in the det peoed
The d amount was ined by wop
Besdes the diet only intake of water and nmi-r:
were allowed In the diet periods physkal trainig
smoking were not allowed In the koterval bersect ¥
diet perfods a supplement of iron (Fe ﬂrrl"“’":
given Enchdkxp:dm]n:ﬂn[ﬂwdbymmmﬂ'
(10 h) after which the stodents arrived in the laPore
Bam They were weighed and had & cannuls ine®
intravenously in the keft forearm whereupon they e
1n a chair for 30 min A sample of unoe WS ¢ ™
ketone bodies domm-muwubynu(Aden
electrocardiogram was repistered with C]
trodes WbﬂtlkaccﬂmeﬂlM:’;
uptake at rest was mensured with the Dougls b% ™
mdvcnomb\ondwnp!ﬂhmdnwn\nw““\'"
ghocose concentration In capilary blood from 8 finge?
way iried at once with a mete? (A%
(Schersten et af 1974) Exercise was performed “‘
motordriven treadmill with 3% mclmation The specd
the (resdmill was chosen 50 that the work loed o
70% of indrvidial maximal oxygen uptahe TM"‘*R‘“
ran for repeated 30 min bout separated by 1638 "
intervals This sequence wa conteued untif exissni®
At exhaustion (Exhaustion 1) a 10 min rea was A0
while a canntla was inserted ntravenously e the
forearm and connected to a Motor-dven infuwos P
ﬂwnlhcwb}tchmmwnndmmmthﬂm“
while n 25% (& (100 mi) ) glucose solution adwed ¥
pH 7 with 1 A NafICO,, ml[hru:d from a

s 8 E: second mun the glucose

'1: ydmuou:!e?mm-ﬂrvmlpw- determmed wi e
mﬂeﬂmmﬂauﬂlﬁeq&eﬂdmmfmﬁﬂv"
usted 1o achecve (be pree ercise hiood glucoae bevel of
wnulmhmhkvrlmhllhcwhmnmmuuﬂcmri
Jonger (Exhaustion ) In the thurd exercise tea (Feeytt)
human tasul n (Actrapk! Nove) w i sed as well (1)
m min of u salution of 1218 amol 1 of mwia ™
otoade sadium chionde contaung in additpon 17 8




10 iy ) bemss acrurs athorsin) afier pruning-doss
WSl kgbw ) Expred e was coBected terough
1.5 men et 20wk of each exercie panod 1 each

o blood sermpics wer# drawn from the catbe

# mat m the waguc and for $ oo i Lhe standing powtion
ool wer wes offered o Lo 1 the st (P s
~tfl o3 m the Curd (F,) experuncatal scrcs on an average
el 7% derwn end in the second (CH) 30 m)

4°0% bt m the firt exerciso et and m the otber leg o the
serood exercie wst
¢ Anahyses Tae voloos of the collecsed expered alr wa

At
wrallable
varka
SORIN), The exd iweraniay cocfficients of
ton of the cortnol usxxy ( =8 derermizitions)

& Waklefeld 19H4) m blood wery
spectrophotometne oathods aod g-hydrovybatyrate and
Pyrevats by enryxmic finormestric sicrowsthods (Ohen
[12)98

Muscle sopeies obtamed afier  xercise were frozen i
Liqmsd rutrogen within 10 sec from the end of ea exerche
bout xad stored st —$0°C uxtd xoalysis Abowt 10 mg of

frozem thsue was divided fxto Sve pecces and weighed
~Xr'Con microbalance © the searest 0 01

001 s drawn m cd tevt babet and cemtrifaged i the
cokd Plasma or serun was vored it 20°C umtal szalysns
For catecholarcss somlyals 10 i blood were ramphed 1

L were suiracted dong 15 s i IN
HCOO at 4C Afwer neotralization with KHCO, (2 ool

1 1om dry kon the test tobes wre centrifuged i the oold
Ghcose 6-phosphate glucoss |-phouphai, ghacoss fac
i ud prToTate wers determined oo the sapermatsne by
enzymatc floorinetnc micromethods (Lowry & Paason-
o680 1973). 1ol ACH( miod 1) ws added 1o the reyidos
o the glycopen wis bydrolyred durfeg 2 h at H0°C

Mdnmdm‘ﬁmm

D of gucost i the bydroty was

concentraion
nmum?chndmu-onmmm
Severmiacd

Bon was spectrophotonetrically with the Fo-
En phenol reagent (Lowry et af 1951) with bovine senem
aburnin w the staadard, T exurmats the prechsion of the
beopsy techaiowe

00 baxmet and rat oon-
dtwwl-mtoumoﬂ USE I M3
Pocose oadetectable amousts ghucose 0 7
3% 07 17% lactas- 29 3% D3 129% pyre-
;l;OTJS:i:&u'mHQ dycoprt 12, 75% W3
of variation of the chemical
ﬁ'-pmcn{m“nbdw}ﬁ e

ﬁmdmmmlnh‘tu‘ntsﬂ In
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Fig 1 The effect of different dicts on the curbohydrate
by and lar glycogen lon during

excercisc Mean values (£ S E ) of glycogen in the vastus
Iateralls muscle (expressed as mmol glucosyl undts per kg
wet weight) and amount of carbohydnate combusted in
scven subgects ruoning on a treadmill In the postabsorp-
tive state each subject exercised three times having eaten
throogh 4 days a diet rich i elther carbohydrate or fat
QGlycogen ! were only d In one of
the two experimental serles including a fat enriched diet
+ denoles value significantly different (P<005) from
preexcrcise (rest) value ¥ denotes significant difference
between experiments including difTerent diets

the study all chemical analyses were performed at keast in
duplicate Enzymes and cofactors were from Bochninger
Mannhelm

Sutstical evaluation of the data was made by means of
cormrelation amalysis and by means of Wilcotons non
pammetric anking test and the r-test for paured compart
sons (Snedecor & Cochran 1965) Differcoces were con-
sidered to be significant if P vahues of kexs than 0 05 were

e WL o by s — —

et o N
L \
. N \%; ;i

nwuogt»dr'

%

“ P W
= o

num_qmr' [
e f\‘
[
\1‘}: 'I ‘\ E
EE A e,

Y " - ) 1
™ et et
Fle 2 The cffeets of dilerent dicts of exerci 1944
infindon ofdmundlmdlnduhlcxcrrbtmlh"‘
pancreatic glucagon and inwhn {o plasma T the pot
sorptive state seven subgects ran thieo times three -td;
-p-nm-undmmmﬁmmwln.dmnﬁmﬂu
etther carbohydmte or fat (two exper I serier)

haursth

obtained with both these tests C obtained at
exhaustion in Frand CH-expts (n=14) have been used
for correlabon amlysh when somcthing else is not
explicitly stated The cited correlation coefficients are
sgmficant on the 5% confidence level

RESULTS

Effects of the different diets

Except for hematocnt [46.7£0 9% mecan and S E
(F;-cxpts ) significantly higher than 44 1108 (CH
expts ) and 43 510 9 (Fy-expts )] and FFA [stgnifi-
cantly hugherin F than in Frexpts (Fig. 4)] vatues
obtained immediately before each of the three diet
periods were similar The energy Intake was similar
(P>005) in penods with fat ennched diet
[2 492+ 159 keal 74h meanand S E (F cxpis)
and 7 790£90 (Feexpts )] and in penods wath car

bohydrate ennched diet (29041£195) However

dunng the diet periods a ngnificant loss of body

Actw P siod Scend 107

€ 178 10 mm rest was allowed. Tt
the subjects were encounnged to run agaln &9 lorg ®
possible (to exhaustion )whﬂcﬂucmenrbod\p‘ﬂ;"
and fosubin (Inuncu{lhecxrcdmulxriﬂllmu

desigrated —- ) concentranons were restored bv';;

slon Valucs are mean £ 5 E. anm‘
P<0 05) between values obtaned before
ence ( ) ffereat fos

dict penod + denotes value agmuficantly
preenercise (rest value § deootes value signeficastly &
ferent from valoe at exbaustion 1 Ida\o(nvlhﬂw
antly different from vatue at cxhamnon 2 § denotes
adicant dfTerence betwren experiments includ ng dffer:

ent diets

welght avernging 2 kg took place n fat expld
whereas the 06 kg weight loss in carbohydralt
expts was Insignificant After the 4 days of diet the
muscular glycogen concentration wa - markedh
higher in CH than in F-expfs (Fig. 1) and a mid
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. 4 — bfeon of gocose ead faseia exerchse on the
e - tan coucentiudoms of FFA sl phycerol i sere sent of -
P ..‘........':. e A Far forther explavation tec
¥ 7 The efects of iffireat dleh, of exerche and of Py, o
hadtmndbduﬁmnﬂdun-hnr
,«uﬂl‘mnmmww
X
- Rexponses to exercize
Nmboﬂ:me(ku!mlﬂ‘)tunhﬂu:dhmn
kwnr-ummd-lnqmmkm OXk=R uptake and R valae) and oxygen uptake
H’"-"Phﬂ:rycmhmprlm)‘ullmbﬂiﬂﬂ? (96217 (Feapis), &
«after fat diey

‘;':M" (F)) bad abways incressed slighdy
(PO S). Tha changes n ahanine andt | during
The diet pepod ndin

7109 (CHcxpty)
68.811.5 (Frexpts )% of individugd
wef—omnnrdwludlnerdubaun.Ho‘t-vu-
ll:mﬂmdmlaathjoummchlmw
in CH-expts (10825 min) than in F (5416) and
Freapls. ($9+6). Hmm-lna-uudfmmntl
(F.),T!i‘lﬁf)lnd‘éﬂ(?.)buu min™ at rest
10 17132 (F) 1632 (CH) eod 16931 {F) ka the
mmhurexucue.HmmemseWul
ﬂu'n;hunexmbcmdwun mdz
afficantly dfferens | the 3 expes. (18113 (F)
17842 (CH) and 17612 (F )

In Fexpts. the

from O, uptaks end R
4754 (F) and 4943
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Flg 3 The efects of different diets of exercise and of
infusion of glucose and Insulin during exerclse on the
concentrations of lactate and pyruvate in blood and of
alanjne in serum  For further explamation see Fig

(F )% of total encrgy output per mun in the 0th-
22nd min) was signdicantly lower than in CH-expts
(83+4%) (Flg 1) Furthermore compared with
CH-cxpts the concentration of glucose in plasma
dectined more mpidly during exercise In F-expts
{Fig. M) This accelernted decrease of glucose con
centrations after intake of a fat dict waos accom
pamed by more rapd Increases during exercise n
the plasma concentrations of glucagon (Fig ?)
epinephnne GH and cortisol (Fig 3) than after a
carbohydrate diet During exerclse norepephnne
concentrations i plasma always increased progres-
sively above values at rest the responses to exer
clse after the different diets did not dufler for certaln
(Fig » Insulin concentrations in plasmao alwayy
declined grodually duning exercise (Fig )} Atikden
tical times the concentrutions were hagher in CH

than in F-expty

Acte Ph A S ~d i

The concentration of FFA m serum od »
change during exerclse in F-expts bot remare
higher than in CH-expts in which an fund & _
crease was followed by an increase above the o
centration at rest (Fig 4) The serum gycerd e
centration gradually mereased during exerche ms
expts but most in F-expts (Fig. 4) The concenn
tion of B-hydroxybutyratein biood in Fexpts. u
during exercise fower than at rest but stll hehr
than in CH-expts (Fig 4) The Hood nad e
concentrations of lactnte pyruvate ond alanse
creased during exercise Lactate amd alanine ow
centrutions were higher in CH (han in Feyt
whereas pyruvate concentrations drd not daffer
nificantly (Fig 5} Hematocnt vohies dd m
change significantly duning exercise Comparing s
two experimental series with fat duet the respoost
of hormones and metabolites in plasma to dxt sl
exercise were cemarkably similir Honeo
hematocrit ond alonine  concentrations s
throughout exercise significantly higher [n Fr- 0
in Frexpts Furthermore at exhaustion carba
drate combustion rate lactate and FFA were kgt
and (ngulin lowerin F thanin F -expts

In the vastus muscle the concentraton &
glycopen gmdually decreascd during exerche B
CH-cxpts but remamned higher than the unchange!
concentration in F,-expts (Fig 1) The decrorc®
glycogen concentratron In CH-cxpts was acce®
panfed by increases in muscular glucowe and kcek
content (Table 1) The caleulated percentage’ &
muscle woter in equilibrium with the ghircoe
plasma water increased In CH-expts from 348%
rext to $849% (mean wnd § E ) after 30 mx
esercise (P<0 1) at which ume if differed (P<0®)
from the value in F -expts (27£7%) In F ey
the apparent glucose distnbution spxe
only insignificantly during exercise (from 3{ 1
rest 1o 40+ 5% nt exhaustian) The glucote Grb*
phate concentration m muscle 1ended to dece

{ Lt}

At reat the concentratomy [ carbohydrate meate:
Lies were bightly lugher than maostly reposted  Apan frod
possible influence of the diet thrs drscrepancy may ¥
acribed (0 the fact that the subsect wn the present stody
bsdb;::n tanding, mot lymyg duririg the 10 mun precedes
M

Caleulated av (CafC ) 100 where C and C are ¢
aakulated gucose concentrations in movcle xnd plasm
waler rewpectively a swming a water content of 76 sl
94% for mwsche and pl v respectively
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bk | Wascle metebolttes during exercise after different dicts
Rew™ 30 min exerche 60 min sxerclse Exbagstion
tucose, smmol kg
CH ll 13403 24103 19404 1702
F 12403 10402 11101
cose &* mmol
CH kl 14103 L1102 os+0.1 0.610.1
16104 11102 9101
actaty mesol
1CH b 51101 51109 TAt14 35407
F kB Ex 2 46309 07112
reTe
¥ ok ke 207448 29447 29473 M2
1 F 184154 193+27 11
‘Towew o g
CH 133_11 17846 048 13417
F 207+, 18516 197113

F/ainas ary itam £ S.E_ (_=T). The metsbobtes were memared fn tirsne!
H dict F = Brtdact. 1 roached after 10623 win b CH-cxperionents and after 6416 mia by

Valne mpmScanty Pre-sxercise valoe
* Segmficant dference berween P and CH-
Yaiog uglicanty

donog exercre while pyrovate and proteln con-
—ctm'nmdﬂnadnfwmﬂ'nndy(‘hbk n
At exhunton the sobjects atways reported an
overall feeling of fatigue bemg especmally pro-
oounced i the catves Tn the fat cxpenments also
SYoptocs of hypoglycerma (w cakness irrability
Tenta) conferion caaser, banger cold sweatmg
-aod distarbed co-ordimaton) were  noticed a

%mmmmh
PRxRa of glucose (rm~0.66) Insutm (r=-0.64)
Hpheine (re057) and GH (r=0.56) and

 eailer ghycogen correlated with bath
n uscolar ghicose ( =0 63) nod the
boirie (rw0.76) wod these changes

motally ( =0.69) and the hatter

the
BCTerse m

et nucle

-€1peTIne Rt
pre-cxerise valoe on the 10% probabliry hevel (<)

exhited between glooose 6-phosphate sod phasma
#ucosc &3 well as mscolar glycogen.

Glwcose infusion during contin o exercise

peur)jlhnmbkm'mm]ylbklor:mfnrhnha
l7.810.3nﬂnCFrttpu) 15211 6mm (CH-cxpts )
and l7J—tMmin(Frcxpu) The average rates of
ﬂmlﬂﬂmounccnmytnm:mdndnuh

(13040098 mie Frempts.) then when

oal
liucmevrulnﬁ:sed(omim' min (Frﬂpu.’),
ad 0774006 min (CH-cxpts )

At glacose were restored
playma
duumdecﬂncdwmndsekvdl(ﬁg_z)md

concentrations
:dd“’m“h‘:rlﬂﬂ!ﬂm(ﬂ;h:
thown in Figs 4and 3 the concentratians of fat and
mmhouu,hplam.‘mno(mu_
vocmgly changed by infenon of pucose
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Comparnon between F; and Fy-expts reveals that
acute elevation of plasma Insulin above basal levels
did not nfluence secretion of the other hormones
(Figs 2 and 3) The concentrations of FFA
slycerol and B-hydroxybutyrate were reduced by
msulin (Fig 4) Dunng the infusions hematocrit de
creased shightly m F-expts (from 47 5£0 6% to
46 5£0 6% (F,) and from 46 3£0 7 %1045 140 7%
(Fp)) whereas heart rate never changed signifi-
cantly

The 30 min recovery period

In the recovery perods following glucose or (gly
cote + Insulin) infusions plasma glucose concentra-
tions agatm decreased bebow preexercise levels
Plasma glucagon increased abave resting levels fo
mean concentrations which like mean epinephrine
and GH concentrations (Fig 3) were inversely re
lated to the mean glucose concentrations (Fig ?)
The plasma insulin concentration decreased after
the end of insulm infusion (Frexpts ) to a value
similar to the unchanged low insubin concentrn
tions in F, and CH-expts (Fig 2) Norepinephrine
concentrations decreased after exercise but re-
mained like epinephrine concentrations above
preexercise levels (Fig. 3) Cortlsol concentrations
remafned high after exercise whereas GH concent

ratfons decreased significantly (Fig 3) In the re

covery perod FFA and S-hydroxybutymie in

creased while glycerol concentrntions decreased
(Fig. 4} the mean value being, wvecsely celated ta
mean insulin concentrations Just as the plasma
concentrations of these fat metabolites throughout
the entire cxpernmmental course were higher in F
than 1n CH-cxpts the concentrations of the car

bohydrate metabolites lactate  pyruvate and
alamine decliming in the pottexcrcise perfod re

mained higher m CH than in F-expts (Fig. 5)

30 min after exercise heart rate (10913 beats

min 1n F and 1244 m CH-expts ) and mean
oxygen uptake (14856 and 134 % of preexerclae val

(r=067 P<01) and both these hormonts coe
lated with plasma glucose (r=-067 (P<0 N m
r==~079 respectively}

DISCUSSION

Regulation of hormonal secretion

during exercise

The importance of the plasma glacote corcexn
tion The present study has demonstrated that 8¢
hormonal response to profonged exercrse &K%
upon the preceding dict After intake of 8 fl v
riched diet the glycogen content la masch et
probably liver Hultman & Nilsson 1971) pas o
kedly lower than after Intake of a diet nch fn &
bohydrate (Fig 1) The resulting more raped dee%
in plasma glucose concentration during exefei ¥
expts wrth fat dret was accompaned by (44t ®
creases In the concentrations of glucagor P&
phrine GH and cortisol in plasma (Figs eI
finding which suggests that glucose sensinve 1eer
tors are able to modulate the hormonal resfoms:®
prolonged exercise This suggestion s furtbe? 5
ported by the effects of glucose infusior %1
plasma glucose concentrations were
exogenous glucose In the final 15 min of ¢
plasma epinephrine and glucagon concertR®
decrensed markedly glucagon concentratiof €%
to preexercse Jevels irrespective of the pr

diet (Figs 2and 3) The decreases in the coe8™
tlons. af thexe batmanet during glucose At
were due to the plucose nfuston and »er¢ M ¢
consequence of the 10 mun rest period which F
ceded the infuston This s 5o since we knoW I
the present and our previoirs studies o(pro‘c’"‘d
runnmg divided by short bresks that eplnFFM"
and glucagon concenirations do ot decrease S5
a 10 mun intermussion and a following 15 M9 ™2
without infusion (Galbo et af 1975 1976 1577
1977b) The plasma concentrutions of GH am ¢
tisol hormones which have consdernbly }M
blotogicn! half-ives than epmephnne and glucke™

ues in CH and Fexpts o {y) were atill
agnificantly Increased In CH-expts. R value de
chined in the postexercive period to vahies below
the preexercise value Hematocrit did not change
10 mun after exercise in F - and CH-expts. (n=14)
B-hydroxybutyrate comrelated  with epincphrine
(r=0 63 and with insubn (r=—0 80) Afier termine-
ton of the tnsulin infusion the mcrenses n plueagon
and epinephrine concentrations correlated mutually

Acta Picrsiod Scamd 197

dwd not decrense during the short lasting pueo®
infusion This does mot neceswarily mean 193t
plasma glucose concentrotion is a minor determ
nant of the response of these hormones Lo exfToN
A delay may be inherent in the stimuluy ecretiof
fing and. h rot jnd: by our data
GH and cortiso! concentrations might have o
creased further if the Iast run had not been accom”




Hmmﬂ!r(fuhrbaérhrpmbnﬂdurrdu ped

Tied by giueose Infusion. Aher terminabon of
aﬂmmmm*
me}ﬂeﬂucwﬂwnceﬂmbmh—
et 10 vakaes which, relatl ¢ to glocose con-
otrations, were pot bower than those obtaioed at
Jxstion | (Fig. 2) From this and the above find-
plnmsombkwmlmklhxl.hodm
sscentrabon m plasma b the determizant of the
cigon Teiponse to exerciae. 30 min postexerchie
50 the concentrations of GH and epuephrine in

Hative W0 ghucoss concentratons than at exhags-
001 (Fign, 2 and 3). This indicates that the ghocose
eaecentration in plasma b not the sole determimnt
of e GH end epinephrine respoases to heavy
eche. Ths fa further d

fsufin + glucose did not depress the concentra-
toms of the otber hormoncs more than cxogenous
ﬂlwsc.mllauﬂdbelrpedthltbemphw
of blood during the infusions was too infrequent to
demonstrate sach an effect. Low msulin concentra-
tions might espeelally act synergatically with low
gocose ions in plasma. A Jmgly a
more frequent sampling of blood might have re
vealed n more rapld decrease in glucagon and

of glucose s only One
could also postobake that the el infusion was
100 brief or the tnwufin concentrations ackdeved dur
g Imsulin {ofoson 100 kow to restore msulm-
medisted celtutar gocose turncver in the ceils rego-

y the fact that after 30 min of exercise 1o expis.
A3 cabholrydrate et the conceminasion of both
aest bormortes had mcreased m the face of an

] sectetion. In dmbetics posrmakiza-
tion of the exagperated growth bormone respoase to
exerclse requires & preceding strict nsalin trest
ment (Hansen 15715) It ix possible that the hypola-

wrtse in pisma glocose co The per
e of hegh cortlsol concentrations 30 men after
AT X1 8 timo when glucose

B state induced by fat dict {Fig. 2) In some
respect ks similar (0 disbetes end that i was not

_pia o7t below values obiamed at rest, but o
e tban at 1 ks com-

ly by the short-astmg mnsudin
infusion. Furthermore a decreass in josufm coe-

ntible wth te sysamption that decreased glucose

oscrairtons wgnificantly enbances cortrsol sce
‘mhh"mk

Evidence for an tnfluence of plasma giocose con-

Jocose wfisson exerise  {Gabo
- & Holut 19778) Furthermore the tise
* acaem 1n plasma was

. 260 Biose was mgested prioe to (Ahlbory &
’F@llmngwcmw Prray &
Lefcbvre 1978, Abibory, & Feag 1976) Also the me
| % P2 GH durng modenate exerchae has bees
P 10 be preventable by carbohydrate ingestion
(Huoter Foeeka & Passmore 1965) and by glucose
msun cuping byperinsulnerin and  byper
pheena (Hamen 1971 )
;T mportence of rulin On the whole duriog
DT e concrmantion of imctie i plasma was
“'W*(yrthrdmlhuwquh
o *3 (Fign. 2 and 3). However & sembizing
s tﬂt‘;'dcamcl nwlm contentrations on the
-' Tie-Scusive ceth modubating the hormonal (e
Homse t0 exertiic was 60t proved, umce eopenous

in periphera! blood probably reflects &
much larger decrense in insubm concentration in the
flakd bathing the pancreatic gocagon secretiog A
cells Ondy abott 1% of the blood in the pancreatic
vein by pased throogh the hilets of Langerbans
and insalin by extracted dunng hepatic transit. Ac
cordingly the of insulin

{n peripheral blood by lzsulln Enfislon during exer
clse posafbly was pot accompasded by an incresse
of tnsutin concentrations to resting values af the A
eclb. An mcomplete restoration of insuin effects

bepnning of exerche (Fig. 2). Akemnatively tids
findimg mught be doe 10 the halfife of ghocagon
being too long n proportson to the [afusion periods
mlﬂovcuuxicmmwuldwmnm:
during these penods.

Tk bmporsanc of spwpatheric activity In the ra
u‘““d"'bdﬂ-ﬂtdhau:hphmﬁml
coaccntrution i matinly causcd by Increased sym-
""J""“’m"“‘-ﬁﬂw&nnuu 1978). How
ever Ppresent stady does ot lodicate

s o “‘“"“h"wmmmo-drm;lm

m man. Durlng exercise a1 fudged from norepine-

Pphrine conce m plesma,
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sympathetlc nervous activity did not differ with cer
tainty in expts with different dicts and did not
decrease significantly dunng glucose Infusion (Fig.
3) Thus the enhancement after the fat dret of the
glucagon response to exercise and the decline of
glucagon concentrations during glucose infusion
were probably not secondary to changes in sym
pathetic nervous stimulation of the pancreatic A
cells 4l and epinephrine atlons var
led in parullel during exercise in the different expts
However the lack of parifehsm between the
changes in the concentrations of these two hor
mones in the postexcrese period (Figs 2 and 3)
Indicate that the changes in glucagon concentrn
tions most likely were due to direct effects of glu
cote on the A cells and not medmted vin epinc
phrine Further support to this view contes from the
fact that the glucagon response to hypoglycemia s
normal in sympathectomized (Palmer et al 1976)
and in adrenalectomized (Ensinck et al 1976) man
and from the finding that the glucose—glucagon rela
tionship in exerciuing man {s not changed by nd
renergic blocking drugs (Galbo et al 1976 Gafbo
Christenscn & Holst 1977a) It is unlikely that
glucose infusion changed the elimination of
glucagon Thus the marked decline of glucagon
concentration upon glucose infusion strongly indt
cates that the exercise induced increase in glucagon
concentrations in plasma reflects an Increased A
cell secretion

The prescnt study supports the assumption (Gal
bo Christensen & Holst 19774) that an inhibiting
sympathetic nervous activity rather than plasma
glucose concentrations determines plasma insulin
concentrations during exercise Early dunng exer
cise in spite of unchanged or increased glucose
concentrations insulin levels decreased at the same
time a1 phrine ationy incrensed
Furthermore when glucose was infused norepme
phrine concentrations did not decrease and insulin
concentrations remained low (Figs 7 and 3)

Muscular metabolism during exercise
Accumulation of glucose and lactate The effect of
different diets on the muscular concentrationy of
carbohydrate metabolites have not previously been
studied during prolonged exerchse In the preent
atudy biopsies were taken from the vostus lateralis
musele No other muscle has been shown to be a
sipnificantly better representative of the working
muscles during exhaustve running (Cosull et al
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1971 karlsson & Saltin 1971) We found tha ¢
avernge distribution space for glucose m mot
reached its highest value (887 of muscle wrr
after 30 min of exercise In expty with carbobydr:
cnriched diet (Table 1) At least a1 that tae k
distribution space was higher than the evtraccles
space (determined at rest os the mflinose spaee
be 70-30% In the rat depending on the type e
muscke (Kipnis Helmreich & Con 19%) dir
mined as the chloride space In man to ke Hn
177% in resting and exercised muscle respectnd
(Ahlbarg et al 1967} the regligible charge fr
rest to exercise being in accordance with the ax
stancy of muscular proteln concentrations fom!s
the present atudy (Table 1) ) The concenimictd
intraceltular free plucose fs genernlly conskderd
be very low at rest (Efbrink & Bihder 1976 Ream
& Holloszy 1977 but it has previously been dems
strated to Incrense when perfused mt sk
muscle Is stimulated to contract (Rennk & H
loszy 1977) The finding of an accumulation ol #
tracelfufar glucose during exerche at o fime B
carbohydrate oxkdation was Increased may ¥
explained by a relative enhancement of P
transport across the cell membrane (Elbwak &
Bihler 1975 Rennle & Holkoszy 1977 but may &
be due to intracellular production of glucose e
glycogen (Suha Lopez Mondrugon & Narkx
1968 Wehren 1970) and also to a decreased e
phosphorylation duc to an inhibition of hetoker
by glucose 6-phosphate derived from glycogen ™
concentratron of lucose 6-phosphate did i fixct &
Increase dunng exercise (Table 1) But compareds
expts with fat ennched dict the mtracetiular 1
cose concentration waos higher during exercise b
expts with carbohydrate enriched diet in »hd
alo the estimated menn rate of muscular g
uptake 03 well as the mean rate of s

Concentrabon of glucose m  intracellulr
(mmal 1 ) = [concentrstion m wet muxk I
(mmol kg )~ concentraton n platma water (mol 17

amount of extracelhuar water per hg w et M ke 1
(1 kg )Y (amount [ mtmacellnfar water per kg et mos
thsue (1 kg )}

Mean rat of muwular glocose wptake ({) = (U3
amount of carbohydrate combusted — glycogen depketos
per kg active muncle x estimated achive moick ma §
ncrease i glocoee concentration (0 miraceltubar water X
amoant of intracelfudar water in sctive muncle myss + 03
x (wm of incremses i concerrations of Lacate py nn st

nd alsruine a0 plasma water X amount of expracellolsf
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gtycogen breakdown (Flg. ) were fugher Accom-

presert tindy low sousendar glycogen concentra-
thon

panyig the bigher rate of carbohydra yd
(Fig 1) the exercise-induced increase in bactate
coscentnations b muscle (Table 1) and blood (Fig.
5) was higher after carbohydrate diet than after fat
dhet. Lactate production dunng exercrse has in the
past beem comsidered simply a contequence of
kypoua n the workmg moscles (ETbrink & Bibler
1975). However 1o the cxercmmg muncles the
avuhbilty of oxygen (and the exit of bactate aver
the ccll membranes) hardly was Jower after carbo-
hydrate enriched ot than after fat enriched duet
the present e sapport the
view that the magrmtnde of bactate production rather
depends opon the balance between the rate of
ghoolysa and the capacity for alternative elmina
hoa of pyrovate and NADH (Hollosry & Booth
1976)
Effect of glwc 3e on perfe e

gucose gradient between plasma
and mascle water and decreased muscular glucose
6-phosphate concentrtion (Table 1) indicated that
the glucosyl urm tamover i the vastos mmacle was
Jower than earfier doring cxercise The ymaltane
ous increase in lipofysh mdicated by incressed FFA
and glycerol concentrations possibly did not com-
piﬂdycunpm&talhedcamchﬁm,ylﬂu

3 regards the cause of exhanstion. In fact o the
c-rtmm:dhtbe(mprmuofpcrhwby

Low glucoe concentrations m plasma (Bage 1935
Chnstemsen & Hamsen 1939 Berpstrom et al. 1967}
wd low muscalar  glycogen

dmmmixdmﬁrdy:aﬁup-
peanance of cerebral hypoglycemes, because the
ovenll carbohydrate combuston rate
R-valoe

(Adborg ot al 1967 Berptom e al 1967
Kartsson & Satia 1971) kave previoasly been found
o exbaoinon afier probonged exerche. Forth-
ermore elevation of the initial muscular and bepatic
#ycoges concentrations by ntake of a diet rich n

(Bex: 1935 Christensen & Hamsen
1999 Berstrom etal 1967 Karluson & Sahum 197))
« well ;1 mgestion of gocose at exhaostion |
TPt wah fat conched diet (Bage 1938 Christen
‘ﬂ&Hnnenlmhnnbcmﬂnwnwm

drate combustion exceeds a certain
Lo er bt A lower Limat, which probably depends
uPon the wpply of FFA to the working muscies
cubohydrate combusbon s well gy
concemtra-
are togher m expts with car
hﬂ‘l)dnl:cumhtddr(ﬁnnhcmx with faf ex-
nehed et (Fign. 1 and 2. Bope (935 Berpstron et
o 1567 the plasma concentravon of FFA beung
besher i the laner (Fig 4) Al exbastion 10 the

rather than working nurscies
ton bay m“wh&thh:fam
Previanly been drwn from stodics, b

Acte Pivseal Scund to7
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sympathetk nervous activity did not differ with cer
tainty in expts with different diets and d not
decrense significantly during glucose Infusion (Fig.
3) Thus the enhancement after the fat diet of the
clucngon response to exercise and the decline of
glucogon concentrntions dunng glucose infusion
were probably not secondary to changes in sym
pathetic nervous stimulation of the pancreatuc A
cells Glucagon and epinephrine concentrations var
fed in parnlle! dunng exercise in the different capts
However the lack of parallelism between the
changes in the concentrations of these two hor
mones in the postexercise period (Figs ? and 3)
indrcate that the changes in glucagon concentrn
tions most Iikely were due to direct effects of glu

1971 Karlsson & Saltin 157)) We found thit the
averoge distribution space for glucee fn mrdk
reached its highest value (S8 of muscle watm
after 30 min of exercise in expts with carbohy drate
cnriched dict (Table 1) At least ot that time e
distribution space was higher than the extracelihy
space (determined ot rest as the rffinose spxt s
be 20-30% in the rat depending on the ype of
muscle (hipnis Helmrexch & Cori 1959 deter
mined as the chloride space {n man to be 14 md
17% in resting and cxercised muscke respectneh
(Ahiborg et al {967) the ncpligitle chanpe fiva
rest to exerclse being in accordance with e coe
stancy of muscular protein concentrattons found ia
the present study (Table 1) ) The concentration of

cose on the A cells and not mediated via epine-
phnne Further support to this view comes from the
fact that the glucagon response to hypoglycemta is
normal in sympathectomized (Prlmer et &l 1976)
and {n adrenalectomized (Ensinck et al 1976) man

and from the finding that the glucose—glucagon rela-
tionship in exercising man is not changed by nd

renergic blocking drugs (Gatbo ct al 1976 Gatbo

Christensen & Holst 1977a) It is unlikely that
glucose  infusk h d the &l of

intracellular free glucose Is generally comidertd o
be very low at rest (Elbrink & Dihler 1975 Rennme
& Holloszy 1977) but it has previously been demoe-
strated to increase when perfused mat shekeud
muscle is stimulated to contract (Rennie & Ho-
loszy 1977) The finding of an sccumulation of is-
tracellular glucose during exercise at a time whes
carbohydmte oxidation wns incremsed may be
explained by a relative enhancement of glucee
1 across the cell membrane (Elbrink &

glucopon Thus the marked decline of glucagon
concentration upon glucose infusion strongly indi
cates that the exercise fnduced increase in glucagon
concentrations in plasma reflects an increased A
cell secretion

The present study supports the assumption (Qal
bo Christensen & Holst [9774) that an inhibiting
sympathetic nervous activity rather than plasma
glucose concentrations determines plasma insulin
concentrations during exercise Early during exer
cise in spite of unchanged or increased glucose
concentrations insulin levels decreased at the same
time as hrine nthons increased
Furthermore when glucose was infused norepine
phrine concentrations did not decrease and insulin
concentrntions remained low (Figs 2and 3)

AMuscular metabolum during exercise
Accumdation of glicave and lactate The effect of
different dicts on the muscular concentrations of
carbohydrnte metabolites have not previously been
studied during prolonged exercise In the present
study blopsies were taken from the vastus lateralis
muscle No other mitscle has been shown to be a
significantly better represcntative of the working
muscles during exhaustive running (Costil! ¢t ol
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Bihler 1975 Rennie & Holkoszy 1977) but may ske
be due to intracellular production of glucose from
glycogen (Saha Lopez-Mondrogon & Narahar
1968 Wahren 1970) and also to a decreased phucos
phosphorylation due to an inhibition of hevohinxe
by glucose 6-phosphate derived from glycogen T
concentration of glucose 6-phosphate dd in fact ool
Increase during exeferse (Table 1) But compared
expts with fat enriched dict the mtmcethubar [T
cose concentration® was higher during cxercis it
cxpts with carbohydrate enriched diet in which
also the estimated mean rate of muscular glwos
uptake as well as the mean mate of mrurscul

Concentration of glucose in  imtraceifular Wt
(mmol | ) = [concentration m wet muwk L8
(mmol kg ) - concentration in playma water (mmol 17
x amount of extraceltalar water per kg wet musche tress
(1 kg ¥ (amount of mtraceficdar w ter per kg wet maxck
thywe (1 kg )

Mesa rue of muculs uptake () = (ol
amount of carhohy drate combusted ~ plycogen depheln®
per kg active mincke X estenated acti ¢ muncle ma
Incre s in glucore concentrabion 1 intracelular watef X
amaunt of intraceltular water In active muscle ma s + 04
x (eum of fncresses in concen(mbons of Iactate pyrun 4%
and alanine in plasma water X amou ¢ of extraceiulst
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which an intracarotid glucose infusion given at
exhaustion dul not restore the work capacity n
dogs (Narar Brzezifiska & Kowalski 1972) It may
appear strange that performance time was the same
when glucose in the present study was Infused to-
gether with insulin and at a rate cofresponding to
as much as 74% of the previous carbohydrate com-
bustion rate as It was when a smaller amount of
glucose was infused without insulin The explana

tion may be that “insulin mhibited lipolysis (Fig. 4)
and accordmgly increased the glucose need But
how do we explain that the elimination of muscular
fatigue by exogenous glucose during exerczse may
take place without an Increase 1n carbohydrate
caombustion rate (Baje 1935 Christensen & Hansen
1939)7 Let us assume that primarfly resting fibers
are recruited when prnmarily recruited fibers are
exhausted due to an insufficient glucosyl turnover

Let us in addnion assume that an individual feels
exhausted when a fixed number of muscle fibers are
fatigued or a fixed Intensity of innervation is ex

ceeded In agreement with these assumptions glu

cose admi ed at e may be
metabolized in and restore the function of the
primarily recruited fibers in that way saving activ

ty and glycogen combustion m secondarily re

cruited fibers and accordingly elminating fatigue

h .

1977a) These changes in norepinephnne andwe
lin levels together with the size of the extramnats ;
fuel depots as well as the state of recepiors a
enzymatic machinery in these depots determme te -
prumary mobilizntion of glucose and free farty sk
from hver and fat tissue The mobilized sobstrts
are taken up by the exercising muscles the upul
fnvotving mass effects (Schultz et al (977 Ham
feldt & Wahren 1971) and are bumed in compa
tion with intracellular encrgy depots (Gate
Christensen & Holst 19775 Hichson et of 197
Rennie & Holloszy 1977) and in mutual competure
(Rennle & Holloszy 1977) Excesuvely mobizd
free fatty acds (Issckutz, Issehutz & Nash 197
may be stored ny muscular (rigycenide (Zkris
1976) Initiated by decrenung plasma ghwose e
centration o sensitive secondary safety bl v
mechanism operates by increasing the secreixa
of the fuel mobilizing hormones epnepbme

gluengon cortisol and GH !

The investigation was supported by graats from T
Dunith Medical Research Council The P Carl Peterst
Foundation  Forshningsfonden for  Storkwobesnie
Frrmeme og Gronland and The ] Wetmuon Foudaxa
Lisheth Kall Vibeke Ulrk hrisiensen Birdee hpodiet
Rikke Gronholdt and E A Ruchter performed

jcal asgd: Ei for gas analy sis rhat

without an increase in carbohydrute combustion
rate

CONCLUSION

The present study has shown that in man the rate of
carbohydrate combustion is higher during exercse
after intake of a diet rich in carbohydrate than after
ntake of a fat enrrched diet probably as a conse
quence of both higher hepatic glucose output and
muscular glycogen brenkdown However the exer
cise mduced ch in plasma ations of
norepinephnine and insulin are similar after the two
diets and after the carbohydrate enriched dret the
changes in epinephnine glucagon cortisol and
growth hormone arc delayed in parallel with a
slower decline in plasma glucose concentration
Hypothetically the regulation of metabolism during
prolonged pr des as foliows i i
from motor centers in the cerebral cortex or from
the working muscles elicit a work load dependent
sctivity in the sympathetic nervous system (Galbo
Holst & Christensen 1975} which 1n tutn depresses
insulln secretion (Galbe Chrrstensen & Holst
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Power oxtpat During knee extensions the peak
po‘l‘:roul.p\nwnpodﬂderﬂnL'me The
mates of the cheoges were 285 WX
(5 6%X'C)und 15 BWXC™ (4 9% C™ ) at the
angular velochies 90° and 180°Xs  respectively
For the first two revolubom of bicyclmg average
power outpat increased with Incremsiog tempers-
{ure at & rate of 45 TWXC™ (5 1FX*CT)

EMG Tbe EMG-sctivity pattern (defined w3 in
Methods™ of the M vatzs hateralls, M semiten-
dwosus and M biceps femorls were similar regard-
less of muncle tempernture

DISCUSSION

In this stody the effect of temperature on jumping
and speinting performance was of the same order of
magnitude as indicated by the data reported by As-
minsen et al. (1945 1976) Accordimg to the larter
stodies the changes were 4 4%X°C for fumping
(T range 2740°C) and 5 3%X*C™ for sprmting
(T moge 36-40C) performance compared (o
42%xC and 5 1%XC respectively In the
present study

Sprintmg and Jumpleg performances were af
fected In direct proportion to the change o peak
torque This imphes that temperatire changes had
fride of any effect on coordmabon in hese rather
uocomplicated movements. This b also supported

hownm Fy .. Average values are presented in
Fa 3and4 andim Tadle |

Y dmal suescle srengih Peak torque was poss-
rely reied o 7 The changes were 63
ANERXC Q1% 'C )L 98 NxmxC
1473 °C L and 83N mx*C" (49%xXC ) t
Mot anpular velocsties of 0° 90° and 180° 3 re
pectrvely Thaa, the effect of temperature was
#VCer 1 dynenic than 1n lometnc exerche
1 Verncal pmp The beight of the Jomp decreased
suih T atanmeof 2.1 em xC-
P o]
Jmm,pnfam The shortest twe
nhich‘ﬁmnhlmcmldbepu-{mntdvnb
:u’idymh:u_-dml' The work ume wcreased
frmlﬂ.T‘:nT-l&JmlS.ﬂ T =314C

The mcrement in the
- N the averzge speed of the penphery
ool the flywbecl wa1 0.5 m 4

@WI1% T Y Peak
:vcbqy-nuhommdyrthxdwT and
‘Lh.'n;tdhﬂu\mx x'CT w4 T )

by the fact thar the EMG-activity parierns were
by

Falls (1972) m bis review article stated that
maximal ometric strength ks unaffected by tem-
mnuhhmﬂmmmm
by Bmkhorst et al (1977). Aunossen ct &l (1976)
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£ip | The cxperimental protocel T.,=csophapeal tom-
perature T wmuscle temperature

Experimental situations

1 » 3 4
T.'C 3336 3536 3637 3R
T.C 30-32 3335 3637 389

Elevated body iemperatures were achieved by Intermit
tent bicycle ergometer exerclse Low musche temper
tures (expts [ and 2) were produced by immersing the legs
(to trochanter major) in cokd water

The order of the experiments] sittations was vamed Jo
order to diminish the influence of & posaible tralning effect
with testing day atlcast 2 days spart

Maximal muscle strength of the feft knee cxtensors was
recorded as torque during maximal voluntary knee exten
son with fixed angular velocites The subjects were slt
ting in so experimental chair and the lower leg moved the
lever arm of an sohinetic dynsmometer (Cybex 11 Lumex
loc New York)

Maximnl strength was measured at 3 dilferent angular
velocitles 0* (Isometnc strength) 90° 180°%s

Jumping performance was determuned by s vertical
Jump The subjects were allowed to sturt the jump witha
countermavement (knee-flexion) and a Jownward pward
arm swing The hewght of the jmp was meawred by a

measunsg tape with one eod fastened to the subject
wast The attached tape was wlikhing through & shit wath
(riction fust enough to atop the tape at the peal of the

Uty
way € d on using &
mechanically braked breycle ergometer Al subject per
formed 20 full pedal revojution (~8.3 kJ) a3 fast a3 possy
d

[ L.
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Fig 2 Individun! data for peak torgue darieg ke eu?
slont mavimal speed obtained during brcyclg sl ¥
bewght of the vertical sump at dMeren vastes Lies™

temperatures (7 .

thmes the druance covered by a pomt oa the
=work transferred to e
o) Ixo? whete

the fly-wheel and
when s sy 1 acoelerated ft

r‘t‘fﬁ*‘“‘
fly wbed

moment of mertw (0 435xm?) and w=speed of the

wheel (rad xs )]

ks

Body were a}hhe‘htlﬂ P
T, the t the ke el tl
o 1D csophagus 8 e o

Y were recorded @ M ovasts

ble Time for each wa y
with an sccuracy of 0003 s Time for 2 S 10 and 20
re olutone  respectively was reconded  Speed of the
penphery of the fly wheet wa  Iso calculated st all of the
above particulsr revotuttons

Peak power outpat dunng knee extensony was calcu-
lated acrording to P=ifxe where F=powcr o
tfwpeak torque (N m) and w=sngulir velocity (md

X3 1)
Average
u{bkydu‘mdﬂcﬂmnt;i
where Pmpower w wlorce nece
zhe{ﬁc!bmt-d\em the fly wheel and the frict

power outpat Jurtng the fint 1wo revalations

sccording 1o Pe(w + 3%
1ary 10 DhETTOmE
won belt
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left log at vanows depths of 301 50 mm and peak 3
was used (St et | 1968) 7o was momiored cono

oy dimng the expenment T w

medutely before the frength mea urement

measured

after ¢

) mpang te t and after the sprinfing test of g D7
vatoey gven in the Results in rei tron 1o the d erest &
are means of alues obtaned hef e and after the test
Muncle samples from M vastus lateradn were ahtasx
using percutancou  meedle bropay techarque (Mergur?
196.) The myofbnfar ATP-ase method (Padyhula i

Herman 194}

+ modifbed by Guth & Samaha (19691 2

used for mmrcie fbre clas ification The reaction was ¢
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Afuscle semperature axd siremgdh 33
Pawer ontpat Durmg knee exterions the peak
pauwamxﬂwpoﬁtrvdyrrlnadwT The
rates of the changes were 285 Wx'Co
(565X C ) and 15 BWXC™ (49%xC¥)atthe
angular vefocies 90° and 180°Xs  respecuvely
For the fIrst two revolutions of bicyching average
power output increased whh Incressing tempers-
tore at a rate of 43 7WX*C (5 1%6x*C L
EMG The EMGactivity partern (defined as In
“Methods ) of the M vastus lateralis, M sembten-
dincurs and M biceps femorts were similar regard-
less of mascle tempenatire

DISCUSSION

In this wody the cffect of tempersture on jemping
and sprmtung performmnce was of the same order of
magrrude 24 indicated by the data reported by As-
misen et ol (1845 1976) According to the latter
stidiey the champes were 4 4%%'C for Jurping
(Ta sange T7-40°C), and 3IHXC™ for speinting
(T mope 3640°C) peformance compared to
4290C wd $1%X°C" respectively fn the
povsent stody

Sprintmg and jumping performances were af

litthe i oy effect on coordinataen in these rather
nts. This b alo

A ‘trage valoes are presented in
% Jand4 and m Tabie |
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b anpler elocuics of 0 90 and 150% ¢ re-
enely Thn (he effect of temperature was
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1 decreasmy T s neof | am xC
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,mwnw-wwdhm
dﬂ\tﬂy\h«lnuﬂjmxs WI% C ) Peak
Prtocay was alyg cly related (0 7 and
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by the fact that the EMG-activity paltems were
by

Falls (1972) n s review artide stated tha
maximal Bometric strength o unaffectad by tem.
perutre. This i in agreement with the data reported
by Binkborst et al. (1977). Asmmssen ct al (1976)
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Table ! Averagealwesand range for the data obtained at the four different experimentul sunatons a

Experimental situation
! 3 ]
Anee erienrions
T. C 358 356 370 79
o 133-%4 352363 878 3644
- 094 B 361 34
300-11.2 YR 35..-368 RS}
0*xs  pesk torque (Nxm) 6. m2 01 1
190-302 60-310 7538 29%0
90°Xs  prak torque (NXm) 148 177 bIN 16
115163 153-03 181 6., 197 37
9*xs  peak power W m m kXY m
181236 83 EINTH 30837
180°X3s  peak torque (NXxm) 1 136 169 74
137 126-163 139-201 187 19
IB0*Xs  peak power W ug 428 s10 w0
264430 366-512 436631 LR
Vertical fump
Ta °C 3.8 356 3.9 N8
353164 352-36 4 %7371 3643
. 306 D9 362 a4
30.0-3t 323144 354369 76m0
Helght m 0.375 0435 0 493 g0
03250410 03950450 0 450-0.500 0 10040
Bicycltng
T %C 337 356 370 BT ]
35.2-36 15363 366473 1603
T. %C 34 M3 364 o
30 -123 33849 36.1-36.6 RS 1)
Time for *0rev 3 157 1 63 13 1037
1318-20 14 [16(-1365 103113 9951072
Max speed mxs 29 1033 1y td
7 40-10 15 1000-1) 45 1070-12 45 17419
Power W first rev 623 ™ (33} 99
S-789 75 82y 83484 6110

found only a minor effect of temperature on maxi
mal isometric strength and in the present study the
changes in muscle temperature had only a small and
probably insignificant influence in this respect

Thus 1 may be concluded that maxima! isometric
sirength 13 affected lttle by changes in muscle
temperature

In contrast moumal dynamic strength was mar

kedly dependent on T This difference in lempera

ture response may anse from the fact that peak
tocque can be attalned only n alimited pan of the
range of movement (Thoniensson ct sl 1976)

Acks skl S and 197

Thus the tme available 1o atmin peak torg ¥
shorter In dynamic than in isometnic exercise fnté
present study the values were anly 0 10 7 s dudt
dynamic but >4 5 in fsometric contractions At
low temperature it might be more diflicult to &t
vate the motor units during a short me Iend
possibly as a result of a fower nerve tmpulse i
quency (Vangeard 1975} Furthermore the specded
chemical reactions is decreased at low rempert
tures Thus the breaking and Frmathon of
crows-bridpes may be considernbly delayed at b
temperstures resulting In a dower mte of tena



~vtiopmet, even thongh the maximal trmion b
tie efected by termperature. However this sceans
be contradicted by the fact that the temperature
Tect was 4-6%X*C Independent of coatraction
tocity over a wide rmpe of movement (90—

X s ). The remson for the remarkable o
ependence of speed of contraction 1 so fur ab-
jame

From the present reacthts it fs evident that T bas s
onadamable effect on performance fa short term
symmlc exerese [n contrast changesinT ha e

n peimanly & cesalt of & vamatoa fo masioal
Symame strength.

Thi iody 13 sapporied by the Researct Coomey of the
Sa ek Sports Federation (grant (77,
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Seookers and of

compared with respect to kel nuscls (vartes lateraka)
fancronsd

of sedentary men have bees
wiabobe kod

morpholopcal
The perceotase type 1 fibres was fower and that of type OB
fiores Ingher 1 the smokers. Fibre arcas were ahnost equl b the o groops Moscle

aidatire capacrty was jowered in Ihe smokats a3 Judged froom decremsed
wctivitees and  Jowered fbellar space

effect of smoking per se o f backgroond factan are respoatiie.
Kev ords Miock mctabolom  miacie morphology  snoking, strexgth, s

Tobacco smokang 13 known to markedly impar the

9TrPeR ptake (Cooper et al. 1964, Peterson & Kel-
key 1965 McDomough et al. 1970 Hrubes & Battiy
9% Shxver 1973 Ruven ct ol 1974 Ingernano-
m&mmnmmm
rorlung capectty ban been atirbuted to tncreased

(Chevilier ef al 1963 Krumholz e al 1964
km‘"‘dfﬂlm&m&mﬂ]m)

here are data (Ravi
A e ity v

working capacity in smokers might be related to
effects on mmncle There 1 but scanty fuformation
8 the lierature concerumy poisibie effects of to-
bacco emoking on tkeletal muscle charscteristics
ey e e e

ect of smoking or mutcle strength ot
efliciency showed varable resuks (ncresses de
£Teases or no effect at all). Apparently no studies
o8 muscie or metabollsm In sefation
moking have appeard 10 far ©
2t prevent sty senokers and nomsmokers of
. popalation of scdentary men were

% Cslopoal apem (Chevalier et a) 1966).

Th¢ Py wcal working capacy and the meratole

Td“‘mm““‘ﬂﬂymm
Hoflnzy & Booth 1976) 1t would therefore

parcd with respect to skeletal mmscle mor
metabolic and fanctionsl charactens.

medml
Iovtnts u G 1, Karotraka
Sorten ik och kirotlhogskolan, Seockhoks
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Table | Anthropometrical characteristics

Values are means + S E FFS fut free soft titsuc welght n s not dgnificant

No of Age Helght Weight
Group sbjectt  (y) fem) p
Smokens 18 4413 1794 TB4L26
Nomamokery 25 4313 180t1 768116
Iid na ns ns

MATFRIAl AND METHODS

Subjects 43 apparently bealthy men (I8 smokers and .5
noasmokers) volunteered to porticipate in the study They
were all white-collar workers (cmployees of an inswmnce
company) and engaged in Hitle or no physical activity
during their sparc time The basis for acceptance of &
wbject was the desire (o get a subject population as
homogencous as possible with regard to physical activity
kevel Smoking habits were not considered In this selec
tion An oral consent was obtained from each subject after
he had been informed of the procedute and possible risks
of the expenments.

Informations regarding wmoling habits were obtained
by using a questionnaire Each subject was asked to
apecify his weekly tobacco consumption 11 were cigaret
te smokers and smoked 91 (10-"00) clgareties with or
without filters per week. 4 subfects smoked the pipe and
conaumed 62 (25-125) g of tobacco per weck 3 had

mixed™ habits smoking both the pipe and cdgars or
clgarcttea It was decided to consider all amokers together
a3 one group

For each subject age beight weight sheletal widthand
skinfold thickness were recorded Body fat weight skeke
tal weight aad fat froe soft tissue welght (FFS) were cakcu-
luted secording to von Dobeln (1964) The crcumference
of the left thigh was mensured in a horirontal plane fust
under the gluteal furrow  As shown in Table | the two
groupy were very simitar with regard to all studied an-
thropometrical variables.

ATl expertments were performed at B~11 aam. and fol-
lowed a fixed protoce! with beopsics preceding atrength
measurements No restrictions regarding smoking were
given but no subject smoked donag at kenat *0 min pre
ceding the cxperiments

Afuscle bropswes Muscle tissuc was obtalned from the
left vastus laterab by the percutancous peedie technique
@erpitrdm 1962) The specimems were used for hl
tochematry enzyme aisays and electron mkvoscopy

Histochemistry  The muscle samples for fibre typing
and sres determination were tamemed mounted frozen m
opentane cooled by liquid mtrogen and stored at —K0°C
untdl analysis

Serlal teansverse sectiom (10 am) were cut with »
cryotome at ~0°C and the myofibrillar ATPase staining
method (Gomod 1941 Padylals & Herman 1945) w
wsed for muscle (bre csufication Photograpin of the
stalned sections were aken and clasaiflcation into type 1
{stow twltch) and type T8 (fast twitch) (Engel 1962) wa

Acta b viod Scwnd 107

Sieletal Bodyfat  Thgh rs-
FFS welght wcrd!n ference
o [(84] 0p) (cm)
53917 l.4103 100108  Y7toy
AR R) 1 Rt0. 5.103 Y. )

nt. ns ns

made in all 43 subjects In 34 of the whects the npel
flbrea were eubclasified into A B and C whgonn
(Brooke & Radser (970 Dubowjtz & Brooke 1970 Tk
average number of counted fitwes far ofd sifcsin Pt
main groupn (type I and type 11} end sobgroum (e !
type 1A B and C) was 38515 and L3113 teqpeemne
v

The (tbre arcas were calculated from the lescr B
diameter of cach fibre type (type [ amd npe 1) v
eyepiece micrometer (Dubowitz & Brooke 1970}, Arae
ing each fibre [o have a circular crovy-sectvm B0
diameter equal to the fevser fibre dumeter  the meak
croas-sectional arca of ench fibre type was cakulaed Tx
{ibre arcas were determuncd from the NADH tetrarden
reductase staining (NovikofTctal 1961) sl an penp &
107413 dameters were measured per whject The na
fibre area was calculated acconding to the formabi @
sented by Haggmark et al (1578), (e fraction yypel
type | fibre area + fraction type 11 X type 1T e area

Blochemical analises Five enzymes were choes ®
represent the major pathways in eneryy menbdra
Glycolysht was represented by phenphofractobinge (1K
EC27111) lactate fermentation by Lactate achyde
penase (LDH E.C 11177 fatty acud p-oubdion b
Lhydrovyacyt-CoA detydropenase (HADE €33 15
Ihe citric swd cyche by citrate synthase (€S LL4117
and the respiratory chain by cytochrome ovklise (6¥
EC 193 1) Inaddition two enzymes related b e o
tractron proces and the shortderm wpply of ATP @
Investrgated Mg? ~stmulated ATPase (F CI 6.1 4o
myolinase (Mh F C 2743). ForPFh LrlZ!'H nmg
and cytov homogenater were red amnd gy
formed & descnbed wcvioudmndﬁ etu 93
PFR was & uyed according to Shoak & Bover (1%
LDH and HAD by the methods of Bass et o8 (196 CS®

by Srere (1969) and cytox according (o Whered
et al (1969) For the assays of Mg stmulared ATP
and MK the procedures described hy Thomteme!
(1976) were employed LD rsocnzymes wert
by discclectrophoress and reladive quanttics of M s
H subunits were determined sy descrbed by S
(1976) Protein was estimated by the method of Lewny @
al (1931)

Elecoron microtcopy Small preces of mascte
were processed for electron mucroscopy and mecrogf™
were taken for tercolopeal asalysn by methodt 8
scribed by Weshel (1969) An sccourtt of the procedure bt
been gl en before (Orlander et al 1977) Tuis of nowe 8¢
the  alocs on mitochondrial mean volume and mumber i
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RESULTS

Fibre nvpe distribmiion and fBre areas The propor
won of type I fibres was significantly lower
(P<000]) I the smokers compared 10 the
nommokers (33 11, 3% a=18 and $07+. 55
n=25 pectively) Typo I1 fibre
revealed & cor y k Incids
lP<00l)o(typcllBﬂxuhUnlmokm(F;. 1
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40 J Orlander et al

Table t Anthropometrical characteristics

Values are means + § E FFS fat free soft thsue weight. n s not significant

No of Age Height Weight
Group subjects  (y) (cm) 17
Smokers 18 4413 17317 T84t 6
Noasmokers 25 4313 128011 768116
r ns ns ny

MATERIAL AND METHODS

Subjects 43 apparently healthy men (18 smokers and 25
nonsmokers) volunteered (o participate bn the atudy They
were all whito-coflar workens (employees of un insurance
company) and eogaged in bttle or no physical activity
curing their spare time The basis for acceptance of a
subject was the desire to get 3 subject population as
homogencous as possible with regard to phywcal sctivity
tevel, Smoking habits were not considered in this selec
tion An oral consent was obtafed from each subject after
he had been informed of the procedure and possible risks
of the experiments

Informatons reganding smoking habits were obtalned
by using & questonnaire Esch subject was asked to
specily his weekly tobacco consumption 11 were cigaret
te smokers and smoked 91 (10-200) cigarcttes with or
without fllters per week. 4 subjects smoked the pipe and
comumed 62 (25-125) g of tobacto per week 3 had

mixed” hablts smoking both the pipc and cigars or
cigarettes It was decxded to consider all smokers together
21 one group

For each subject age beight weight skeletal width and
slunfold thickness were recorded. Body fat weight skele
tal weight and fat free soft tissue wesght (FFS) were caleu-
{ated eccording to von Dobeln (1964) The circumference
of the left thigh was measured in s horizontal plane just
under the gluteal furrow Ay shown in Tabie | the two
groups were very similar with regard to all studred an
thropometrical varables

All experiments were performoed at 8-11 a.m. and fol-
lowed a fixed protoco] with biopsies preceding strength
measurements No restrictions regarding smoking were
gven but no sublect smoked donng at keast 20 min pee
ceding the expenments

Muscle bopsie. Muscle tssue was obtained from tho
left vastus lateralis by the percumncous needle technlque
(Bergstrdm 1962) The specimens were uved for his
tochcmistry enryme assays and electron microscopy

Histochemistry The muncle samples for flbre typing
a0d wrea determmaron were tnmmed mounted frozen m
ropentane cooled by Liquid nitrogen and stored at ~80°C
untl] analyns

Serlal transverse sections (10 gm) were cut with &
eryotome at —70°C and the myoffbnitar ATP s staimeg
method (Gomon 1941 Padykula & Herman 1935) way
nsed for mascle fibre classifleation Photographs of the
stzined sections were taken and claasification into type 1
(show twitch) and type 1L (fast twitch) (Engel 196.) wa
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Skeletal Bodyfst  Thighom
FFS weight welght ference
kg) kg) g (cm)
39417 14105 100108 447408
5317413 1.8102 97105 W2i47

ns os s (3]

made In al) 43 subjects In M of the wihjects, te el
fibres were subclaalfied nto A B and C sibprw
{Brooke & Kaher 1970 Dubowitz & Brooke 7)) T
average number of counted fibres for classdicaton it
main groups (type [ and type I1) and subgroups iyl
type IIA B and C) was 385452 and 251125 respectt
ly

The fibre areas were calculated from the “lewer S
dameter” of each fibre type (type I and type 11) meg
eyepiece rkcrometer (Dubowitz & Brooke 1973) Aree
ing each Mbre to have a circulr crosssection &1
dameter equal to the kesaer fibre diameter™ the neae
crosy-scctional area of cach fibre type was cakutzel ™
fibre arcas were determined from the NADH teratset
reductase wiaining (NovikofT et al $961) und an wvened
207413 dlameters were measured per subject. The &<
fMbre aren was calculated according 1o the formels 1
sented by Higgmark et al (1978) 1 ¢ [sctioe ype?
type I (Bre arca + fraction type I1 x type 11 fibre area

Biockemical analyses Five enrymes were chea

th i metaboi?
represent S:,W pathwars n cocTgy U ot

Giycoly pr byp

EC2711D lactate rmumbywﬁ'r‘:
grnaso (LDH EC 1 11.7) fatry ack posksin t
3hydroxyacyl-Co dehydrogenase (HAD EC LI
the citric acid cycle by citrate synthase tCS £€4 1
uhilhcmp‘ruarydulnbymnchmm:omm"‘
EC1931) Inadddion two cnzymey reluted o the o
mmnprocculmu:dm-tcmmpplydATP‘:
mvestigated Mg' stanulsted ATPase (E.C361h %
myokinase (MK E C 27 4.3) For PFK LDU HAD
and cytox bomogenates were mﬂ m);rﬁ
formed as described previounly ( et ol
PFK was assayed accordmyg to Shook & Bover (IR
LDH and HAD by the methods of Bass etal (196, C3%
descnbed by Srere (1969) and cytox sccordg to PRI
et al (1969) For tbe assays of Mg* stmulted ATE
and MK the procedures described by M\t"‘;
(1976) were employed [DH hoenzymes werc M-'r""’l
by disc-¢lectrophoresls and relative quantines of M
H subunity wertdcecrwﬁmdndcm‘ibtdh!s’”;
(1976} Protein was estimated by the method of Lo
Al (1951)

Electron microscopy  Small peeces of mmscie 9%
were processed for electron microscopy aod .
were taken for stereologica! smlyyls by methods
scnbed by Weibel (1969) An account of the procedurt b2
been given before (Ortander et sl 1977) it bs of mote 3%
the values on mitochondrial mean volume snd pombef £
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 sermed phy -t
coberent, a0 restrichons ere kitroduced on tds grownsd.
RESULTS

Fibee npe distribution end fibre revs The propor
oo of type 1 fiwes was wpmifiantly lower
(P<0001) o the mokens compared to the
soosmokers (33 122.3% x=18 aod 507+25%
n=25 rexpectively). Type 51 Gbre sobebnsificanon
revealed & comcapondingly increased incidence
(P<ool)d‘trp¢nBﬂrnhﬂxmtn‘(F(L“

Fibre areas of each fibre type, fibre area ratios
#od mean fre arcas were abmost equal fa the tho
Froups. Ifanything, u tendency towards Larper fibre
Arcas was sen in the nonsmokers (Table T)

T TR e e ———————

Typs lara Type Marea Type Nl Mean fiwe
, Gome (o (h Trm T
+ Yecken n 17238109 291102
1Rew
: Noovarkeny b1 H e Imiy 1150 03 Sdatia
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40 J Orlander et al

Table I Anthropomerrical characteristics
Values are meams £ § E FFS fat free soft tissue welght

No of Age Height Welght
Group sbjects  (y) {em) kg)
Smoken 8 4413 17947 7Bt 6
Nonsmaokers 2§ 4133 18041 768116
P nt na ns

MATERIAL AND METHODS

Subjects 41 apparently healthy men (18 smokers and ..
nonsmoker) volunteered to participate in the study They
were all white-collar workern (employees of an lncurance
company) and engaged in Eitle of no physical activity
during their spare time The basis for scceptance of a
sbfect was the desire (o get & subdect population as
bomogencous as possibie with regard to physical actlvity
level Smokmng hatata were not considered In this selec
tio. An oral consent was obtained from esch subject after
be had been (nformed of the procedure and possible rlaks
of the experiments

Informetions regarding smoking habits were obtained
by using a questronmaire Each subject was asked to
specily his weekly tobacco consumption 11 were cigaret
te smokers and smoked 91 (10-200) cigarettes with or
without filters per week 4 subjects smoked the pipe and
contumed 6 (25-1.5) g of tobeceo per week 3 had

mixed” habits smoking both the pipe and cigars or
cigarettes It was decided to consider all smokers together
a1 one group

For each subject age height, werght sheletal width and
akinfold thickness were recorded Body fat weight skele
tal weight and fas (ree coft tlanse welght (FES) weve culens
lated according to von D3beln (1964) The curcumference
of the left thigh was measured In & honzontal plane it
under the gluteal furrow  As shown in Table 1 the two
groups were very sunilar with regard to &l sfudied an-
thropometrical vanables.

All expertments were performed at 8-11 am  and fol
kowed a fixed protocol with blopsics preced ng atrength
measurements No restrichons regsrd ng amoking were
given but no subject smoked dunng at least 20 men pre
ceding the expenments

uscle biopsies Muscle tissoe was obtained from the
et vastirs laterulis by the percutancous oeedle technique
(Berpirom 1962} The specloens were used for hiy
tochemistry cnxyme asanyy and clectfon mecroscopy

Histochemistry The muscle samples for fTbre ryping
and rea determinaton were tnmaed mounted (rozen i
Isopentano cooled by liquid nitrogen and  tored at ~80C

s
mg::‘::mm sections (16 am) were cut with
~0C and the myofibritfar ATPasc stalaung

at
:mme(cmm 1941 Padykula & Herman (935) wa
used for muscle (bre clasificstion 1 of the
1aken and cimsificatioa nto fype |

secthefts werc
{slow teitchy and type I (fast twitch) (Engel [96.) »a
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ns not dgmifleant

Skeletal Body (st Thghomm
FFS werght welght ferenct
tkg) (hg) ()] {cn)
S39t17 174105 100108 U7+
$37t1.3 1 Bto2 2308 4 07 1

ns ns. ns (X}

made In all 43 subjects In 34 of the subjecny, e hel
fibres were subclasificd into A B and C Sy
(Brooke & Kaiser 1970 Dubowitz & Brooke 197 ¢
average number of counted fibres for clavifcsbe ™
matn groups (tvpe § and type 11V and sobgrocps (WL
type IIA B and C) was 985457 and 51338 revpeor= .
ly
The Mbre areas were calculated fram the k1 8%
diameter™ of each flbre type (type 1 and ype L wetP .
eyeplece micrometer (Dbowitz & Rrooke 1973) Are?
ing each fibre to Rave a circular crosssection VA !
dumeter equal 1o the levier flbwe dumeter  the REE
cross-sectional area of each fibre type was calestaed ™
fibre arcas were determened from the NADH ktﬂhi‘:

reductase staining (Novikoff ctal 1961} and an e

207113 dlameters were measored per sobject TH WE

fibre area was calculated according to e !orl’d‘r

sented by Haggmark et al (1978) i ¢ fraction N .

typelﬂhtumn+frnabnwpcllxm!llm«'“r

Blockemical anafvses Frve trzymes were d'o"" \
represent the major pathways 0 enetm meabolr

Glycolysit was rep d by phosy
EC27111) Iactate fermentation by lctaic 4 1
genmse (LDH EC11127) fanty aihd o
Thydronyacyl-Coh detwdroperase (HAD EC 1 ™

the citric scid cycle by citrate synthase (CS r.c“m

and the respimiory cham by cytochrome oakdase “')n'

EC1931) Insddttion two enzymes ekated w &% A

tructlon process and the shortaerm spply of ATP Y
investigated. Mg stimalated ATPase (EC3 600
myokinase (MK E C.2743) For IR :1” n:?;d

nd cytox bomogenates were red n,
formed &y described ptwlw\lmm#ﬂ ad m
PFh was ssssyed according to Shonk & Bouet i i
LDH and HAD by the metbod of Bass ct sl (1963: 53
described by Srere (19%65) -r-lcywuccwd\“ﬂ"“w
ctal (1963 For the avuays of Myt stumwlated Afﬁ;
and MK the procedurcs deserbed by Thorsfes
(1976) were emplayed LDH froenzymes were sf=3?!

divc-electrophoresls and relatrve Mo
H subacity were determmed described by S
(1976) Protein was estimated by the method of LewD @
o (951}

Hectrom mecroseopy Smull plecey of muscle 4
were procevsed for ehectron microscopy and TR
were Lken for tereokomeal ambh by methods &
scnbed by W eibel (1969) An account of the procedare M
been g1 cn before (Orlunder et al 1977) [t i of nole B
the values on mitochondrial mean volume e pumter I

ctormatfiih

|
3
1
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Mascolir endurance messured both tn short
erm Bometrc and dynamuc endurance tests was
0t sigraficantly different m the two groups (Table
A

l’lS!.‘USS].ON
e/The present mvestgation has shown some quite

dearct ddfferences m skeketal ammacle morpholo-
TE mctabolivm and funcuon betw een smoung and

-0 the sookers effects whch may be partly reteted
« Hierences in fibre type distribution

+Fr tpe dismbunon

B b endeat tat the lower proportion of type I
aﬂrnndmcnmcmﬁnm}ymmmm
#88 fixs in the unokens (Fig 1) may efther be
#tiphined m an effect of smong per ze o o sy
1B thatsome backgroand factor s resposiie. Both
u";’;:"ﬂim"ﬂbtcmdacd

W anmie evideoce that the
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Huven wu cie and smoling 43
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e 15

Nm “t Na -
1650154 309:00) I 17470 1.5:004
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the motor net ¢ through ~trophic  influcnces {(Guth
1568 Close 197 Cotrnn 1576) Recemt cvaudence
wdicstes that the control aray be purely a fuaction
of impalse sctivity (Salmoas & Sréter 1976). While
harpan ty pe 11 A and [[ B fdres seem (o some exten
imercomvertble by intemsc traming {Andersen &
Henriksson 1977 Jamsson & hajjser 1977), 1t ap-
pears that type 1-type 1 interconertions (n sdult
murcle can be achicved oaly by means such as
cross fnmervation or electrical stimuhtion (Goth
1968 Saimoes & Vrbovi 1969 Close 1972, Petic et
al 1573) Iths thus bard 1o envisape & mechanmm

ctological agenit. since it stemuslates mmrscle fbres at
the motor endphic and interferes whh scetyd
chollne metabotism (Fischer et al. 1960 Larson et
ol 1961} At of the Dormal

lar mtersction by such effects might potsibly alier
the fibre type drstnbution petiern

Negatrve correlations have been found between
the amount of uncking oa the ooe hand and indicer
of physical {uneys and sports frierest on the other
(Buermmer etal 197} [0 a stody of 16-y car-old boys
and gols, Hedberg & Jamsson (19%6) found that
those with a low percentage type | flxes in vestus
Iateralis were bews acthve and less interested in
physical activires than those wah & bigh percen-
tage By inkcgratmg these observations one might
saggest that those with & kow proporton type |
fibres are more kable to smoke this would provide
an atematy  expanation for the present finding.
There 1t cvidence for & $rong gevetic mikence v
fibre type destribtion in man (Komi et &l 1977) It

Recent cbeerratons by Janswon €t ol (1970) do how-
VT WOEpet Thel EXTTRW ITaing moght proc type

n
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42 J Orander et al

Table 3 Enmvme activitles

Valucs are means £ S E For (ull namcs of cnzymes see Material and methods n.s not sfgnificant

PFk LDH HAD Ccs
Group a  umol X min  x (gwetwt)
Smokers 18 31 71 177 J40
t116 170 010 1020
Nea 25 8.56 751 22$ 4.5%
sookers 073 164 10.14 10.22
P ns ns <005 <000l
24 subjects 16 aubjects 23 subjects

Enzyme activitles The activities of the 7 studied
enzymes in the two groups arc shown In Table 3

PFK LDH (including subunit percentages)
Mg* stimulated ATPase and MK were not signifi-
cantly different in the two groups For the mito-
chondnal enzymes significantly lower (HAD 21%
P<005 CS 25% P<0001 cytox 23% P<005)
activities were found in the smokers No difference
tn muscle protein content was observed

Ultrastructnre Table 4 gives the values on
mitochondrial volume fractions as weli as apparent
numbers and mean volumes in the fibrillar and sub-
sarcolemma spaces of muscle fibres The volume
fraction of lipid droplets is also indicated

The only significant intergroup difference was a
diminished fibrillar space mtochondnal volume
fraction Q1% P<001) in the smokers A similar
trend coukd be seen for the comresponding mean
volume (23 % lower in smokers) this difference was
however not statistically significant (P <0 2)

No significant difference in lipid droplet content

Tabke 4 Ultrastructural parameters

Cytox

amol Oy X Mg* ATPase MK HiDH
min % “oLD8
@wetwty umol x min X (gwet wi) sithomn
2.2 nt 1507* e
$0.32 t10 t14 137
4126 109 17794 ue
o0 107 173 +
<00S ns ns s

was present but when those smolers who smole!
50 g of tobacco or more per week were consind
separately a significantly (P<0 05) reduced 1oe
was observed (03510 3% a=5)

Muscle strength and endurance are thova ®
Tables § and 6 Maximum isometric strewk
measured either as a one of & Lwoleg contrkbt
was found to be higher (P<0 05-001) in the »*
smokerx (Table §) This also held true for dysac
strengths (P<0 05-0 01) except for the b
angular velocity studied (w rad X s or 16 x93
which was almost equal in the two groups (Ta¥
5) When dynamic strengths were expressed inrdr
tion to maximum isometric strength 1t was Rwé
that the smokers were relatively stronger &t
highest angular velocity (= rad x s ) wheren®
statistically significant differcnce was scen o &
other velocities studsed (Table $) The scems lo#
dicate a quantitative as well as qualitabve
ference 1n muscular strength between the B/

groups

Valuesare means + S E aneumuumben-ndmeanvdmnﬂ.mmnmlwm(neunuﬂalwmcumd') ns ¥
significant —
Mitochondra in subsarcolemma
Mitochendria in fibrilar space spece Lipd
Volume  Number 10* x Mcan  Volume 1P Mean Volume
fracton i ohume fraction  Number volume fraction
Group A (F) pm~ Sarcomere  (um?) ¥) (Wm ) (am) oy
moke 7 14) 10 363 i s’y 618 o™
Smoken M 37 B solo £040 6 1038 0 018
119 470 239 468 7t 097
Nog e 4R T $14 048 £33 £096  £193 I
,,I <00t ns B oL ns ns n ne
13 subjects
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would be tempting to speculate that there exists a
hereditary predisposition towards taking up smok
Ing this might be related to the well<stablished
connection between smoking behaviour and per
sonality trarts (Cherry & Kiernan 1976 Simon &
Primavera 1976) Any conclusions on this point
would however be premature at the present hme

Muscle metabolism
The enzyme activity determinations reveaked a low
er muscle oxidative capacity In the smokers HAD
CS and cytox actlvities being 21-25 % lower than In
the nonsmokers (Table 3) Ultrastructurally this
was reflected by the equally decrensed (71 %) fibril
lar space mitochondnal volume fraction (Table 4}
A lower mean volume per mitochondnon appeared
to be the main cause for the decreased volume
fraction cven though this difference failed to reach
statistical significance

The impaired oxidative capacity in the smokers
muscles may be due to varjous causes Essén et al
(1975} found proportions of 5 19 1 4 for suc
cmate dehydrogenase activity in type I 11A 1IB
and I1 C fibres respectively By using these values
and those in Fig 1 1t can be estimated that some
40-50% of the difference in oxidstive capacity may
be attributed to the difference in fibre type distribu
tion A lower physical activity level in the smokers
would contribute to the lowered oxidative eopacity
{cf Holloszy & Booth 1976) The fact that subjects
were recruited on the basis of a low and homogene-
ous occupatronal and smarctime physical activity
level and the very smuall differees in an
thropometrical charactenstics (Table 1) tend to dis
pute this possibility The similarities in fibre arcas
(Toble ?) point In the same direction Furthermore
amokers rnd nonsmokers reported similar spare
time activities in a questionnaire It can however
not be ruled out that the smokers might have
adapted to a somewhat more sedentary way af life
since there are indrcations that smokers generally
tend to dishke strenuous physical activities (Blers
neretal 1977 Finally itls conceivable that some
of the well over 1700 substances found in tobacco
leaf and/or smoke (Sted 1968) might infl
enzyme levels in muscle For example carbon
monoxide has been sugpested to produce thsue
hypoum (e £ hlausen et al 1968 Sagone ¢t “;{
1973) which might depress the synthesds
mtochordrial enzymes (¢ 8 Hakami & Prous 1967

Acrs Pl il § and 167

Simon & Robin 1970 Hallman 1971 Meh et @
1976 Kinnula 1976)

Functional characteristics
The most striking finding {n the finctonal durc
teristics of the muscle was the lower mows
strength in the smokers cxpressed in hometn »
well as dynamic terms The relatnve differes
amounted to approximately 16% for rsome
strength and 15 17 and 7% for dynamw strengh
at the different angular velocities cormespondag &
60 170and [80* X s ! respectively

It should be noted that the abyolute and relatn
difference In maximum strength between the tw
groups decreased with incrensing speed of contix
tion (Table $) At the highest speed of coatractee
this difference was not statistically signiffcant. TH
is pot surprsing since the smokers had a lgo
proportion of type 11 muscle flbres which {s ks
1o be essental to a high force output dunng I
muscle contractions (cf Burke & Edgerton 9%
Thrs is most likely due to the short contraction bt
of type I fibres (Close [964) Infact whendysame
strengths were expressed as percent of mavwest
{sometrc strerngth a significantly higher vahit 372
found for smokers at the highest angular vekah
(Table 5) This ls in nccordance with Thorsteaset
et al (1976) who demonstrated a positive comdr
tion between percent type 11 fibres and dyrs
strength at 180° X 3 expressed as percest
maximum Isometric strength

The reason for the lower absolute mosadf
strength in the smokers Is at present not koot
gth 1s mahly depend: v upon B¢
cros sectional area of the muscle and the Do
of recrurted muscle fibres Since neither thigh @
cumference (Table 1) nor fibre areas (Table 8¢
fered between the two groups a different crovs-%
thonal area does not scem very plansible A diffeeed
muscle fibre recruitment pattem thus appears 10K
the most likely cause for the lower
strength in the smoking subjects Itis however ¢
early (o speculate upon the mechanism for this, s/
further atudies will be undertaken specifically &
analyze these questions

Af y
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RESULTS
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O OR
Flg I Testpoutions for measurements of static and

dypamic plantar flexion strength In left drawings subjects
are placed supine (o the right uprght shting.

cquipment have also been described (cf Darcus
1953 Asmussen & Heeboll Niclsen 1961 Tornvall
1963)

Since the functional demands on plantar flexors
are dynamic fn character even in their posturnl
alignment function dynamic force should be the
most adequate measurement for therr charnctenza-
tion strengthwise The Cybex I (Lumex New
York) dynamometer offers possibilities of measur
ng both the maximum static (isometric) and the
dynami forces For the latter mensurements the
concept of isokinetics as first described by Hislop &
Pernine (1967) and Thistle et al (1967) is applied
This concept provides opportunities of mensunng
the dynamuc force at any constant predetermmed
angular velocity of motion greater than zero and up
to 300 degrees per second The validity and relia
Hilty of the device has been discussed by Moffrod
etal (1969)

MATERIAL AND METHODS

30 chncally healthy right-handed men (mean age 30 1
years SD 5 7) were mvestgated for stabic and dynamic
(lsokinetic) plantar flexion strength None of the subjects
were engaged In reguiar physical tralning and oIl had
sedentary Culf d in
the standing posion at the horizontal intersection be-
tween the upper and the muddle thirds of the lower kg,
was369cm SD L fortherightand366cm SD 2
for the left leg. In 5 of the men (mean age 31 4years SD
4.57morpho$opmhmdm-mnborrﬁoﬂned

one for each leg Thrs instrument allows for |
:rc:\n from10toa i of approd-
(mately 550 New tonmetres (Nm) within 17% of the latter
registrable torque (Moffrosd eta! 1949} Semul-

mraximam
“memo{w
::kw};h,'m diaplayed onan ¥ T storsge-oscilloscope

Acta Piosal Scend 107

(Tektroafx Oregon) and registered on an ik sy o
mnicqmrellntﬂf{rcqumtyrcmoﬂdﬂn]:mm
(Mingograph Sitmens Elema, Sweden) The vecordey
imstruments were coupled o paraliel,

The subjects were placed in the sumne powton oy
pimth Two kg positrons w ere applicd Euther the bopm st
knees were bn the 0° position or knees were ky the @
fexed position and the hips approximately 4 feved iFy
1) In the 0% position the knees and hips were fivd wie
plhlhbyvelao—hund;.lulhe%’knccymhnnpﬁu
tight angled board was fixed firmly with vekrotud v
the dorsal surface of the leg extending 40 cm sbone -l
below the knce thus sccuning a righdly standardued
knee-angle In another series of experiments sabyeen
were seated (Fig. 1) with hips virtialffy cauealy fine)
and knees 90° flexed  The feet were fimly strapped wote
Cybex !1 foot plate and care was taken to slrgn the ficrim
extemsion axis of the talocrural joint with tha of o¢

apparnfus

Each subject wat instrocted to perform maunes
Isokivetic plantar flexions of the ankle ot w prese
anpular moton velocities of 3° &0 10 md 1N
starting at maximum dory-flexion Care was Ghen Bt
the subject doriflexed slowly pausmg shortly i oe
maximum dorsi-flexed posiion The manoauttes et
cusplayed on the X--Y oscilloscope with force rephaered s
the Y-axis and anglc on the X-axis (Fig ) Thisvmdn
to mssertam that the subsects were famikar wkh the o
perimental procedure and able to produce +irtsally uodls
maximum force-angular curves throaghout the ruage d
fotion thus validatmg the procedure The matem

Fig 2 An examplc of an X } regstration of static sl
dynamic plantar flexwon torques Torque 1 displyed e
the }-aus and angle on the A -auy Maxamam dorsl fict
fon £ to the extreme nght and maxmum plantar fexkn -
the extreme keft (1) denotes maxkmom static torqus in Bt
angular position identical to the peak torque posdtion &Y
the slow (30'/s) dynamic manocuvre It wa here used B
d rect companson of statc and dymame forces. ¢ ) &
notes mavemam dy ek, torque throughout the range o
mathon of the ankle joint at & presel cloerty of 30%s (3 4
) denote Torgue at angolar velocies of 60°) 1055 3%
1807/ respect ey
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ol compansons of oitraindrvidual structoral skde
differences wathun the m. gastrocnemrus were 50t
1 performed on sccount of the small mumber of bilat
eral biopuats. [n contrast to the tendency towards
oean belsteral structural symmetry consderable n-
randrrdml sde dafferences m both (bre compotr
000 snd dameser were found I several Cies £1
cmdmzlﬂ% This was cspecally notceable for the
and fwe

H ma plantar flesion strength and sirwcinre 5n

Table 2. Cocfficient  of correlanox bermeen
matimum static and dymemtic peal forques in npht
(wppe [awre) and left thow er [enre) ke of JO clind-
all kealihy subjects betmcen 20 and 39 years
peformed w U wpoe ponition with

knees fulty exiended (1)
w/ h 18 IKh
Statne (3] (1] 063 [X;]
on 0% [ °m
wh an on
os? el wr
L o ons
o8l o7
oh o
on

tolal meeps surac and fof 13 sepanatc componenls
(Table 3) Accordmg 10 Fick (1911) the mean
rhywblogical cross-secuonal area of the triceps
wirac 13 43 cm® of which the m soleny represents
47 and the m. gastrocnemius 535 Home o the

physiclogicat
widely mira- and inter-dndhaduafly For the brter

for sobsect B

(d Taide 1) Evdently dos to these dhorepancres
%, the reatrvn crossaccoonal areas also vared The
- podoct of the flbre croas-tectional arca and the
s Phyuologal crom-secton was cakwated for the

. o was mssomed (cf Johnson etal. 1973)
that the blopsy specimens obtaioed from the deep
Cacicles of the lateral bead of the gastrocoemi
ewche pinacty s structure ddentical to that of the
medial bead.
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Table U Indnidual static and dvnamic plantar flexion peak torgues for the nght (R) and lefi (L) kees
healtin sedeatary males

Static 30/s 0t

o [ ] [ o %

R L R L R L R L R L x L

Nm Nm * % Nm Nm * % Nm Nm %
A 163 159 [T 41130 B0 85 08 104 9 ¥
B 180 191 BT 162 158 93 M T I R
C 19 12 £ 91 s 14 8 3% 88 9% 9 8
D 139 1% 8 8 19 135 [T % 108 B 3
E 125 140 100 64 s s 3L M 0 w

47 183 o0 I 130 85 B 101 107 H 3
tSD (Nm) 42 17 2 I8 241 s 19 (LI
X (n=30) 1 146 [ 1 123 1% 8 sl 101 LA
+S D (Nm) 3% 4 019 JE I L] LI

Mean values + 5 D for these and for additionally 25 healthy males are gnen Measurements were perforexd e
position knrees efther fully extended (0%) or flexed (90°) Vakies for the 30° poaktion expressed a3 per cent of the correse
value at 0" S D cakulated from actual performance (Nm)

two internal nucler were occasionally found No  while although within a wide range (1 °1) wd
diffuse or frequent focal abnormality was seen In  fibres occurred more frequently in the katerd g+
sections treated for myofibrillar ATPase at pH 94 trocnemius muscle at pH 4 6 (Fig 5h) High SH
fibres with low stajnability genernlly dommated In  mtensity corresponded to fibres with low stanabd -
the m soleus scattered mntensively stamed fibres  ty for ATPase at pH 9 4 and vice versa Jathe®
were also seen (Table 3 Fig da) while in some  soleus these categorics showed only subtk ‘: :
specimens from the m  gastrocnemius such high  tions in SDH atainability and subclassmg w33 :
ATPase fibres were more abundant (Fig 5a) In  sidered mvald (Fig 4c) Forthem gastroceme
sections treated for myofibrillar ATPase but pre-ine  such subclassing could be performed (Fig ;;‘irw“ :
cubated at pH 4 2 and 4 6 the picture was reversed Inthe m soleus there was ho significant i
In the m soleus at pH 4 2 less than 1% showed asymmelry fmfdmgmﬂﬁbftdmw
jate stalning chamacteristics (Flg 4b)  type (Tabe 3) or fibre cross sectional are.

S ———— S .
e ‘l;-jftF) Xq.n A g X‘Pﬁ
FERS LN
? 7 ("- &W }p‘,} |
" N J.l oo N "C"Q‘f}‘
’ :!“ ﬂ o E) -] ¥4 S_
ﬁ? g ° ﬂ AR o8 W2
Loy ™ / =70 0
\“
.- ,{/.} C’;'na-} j
gt st e

ered highly stamed fibres ( and @) Aler prefncubation stpl AL a
;ﬂ’m:&hﬂ'd wt:‘:du( these Litter fibres (x) showed intermediate taining

charactemnstics X 100

Inter

y
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fferences withm the @ grtrodnemie were aot
yperformed on aceount of the small rumber of bikat
1or3) biopues. 1a contrast to the tendency towards

bt aod drxmeter were found m evenad caser ex
cerimg (0% Thes was expecnally notuceabie fo the
e and fibrt d for subgcet B

Human plantar fTesion streagth and stracixee 5
Table Cocffickents of correlation berneen
mavimum static and draamic peah £ rgurs in rght
(upper flgure) and bef? thow er figwr ) teg of 30 clinl-
cally kealthy  bject Berneen 20 and 39 years

Measaremests performed a the wpbs povition with
kaces fully extendsd (07}

! &/ 12h Inr/

St an o 0es 0%
o9 o o™ 0%

by (X o on
o o1 ar

6rh 13- o
21} omn

e} (3%
o

wotal triceps strse and for Hs scparate components
(Table 1) Accordeg to Flck (1911) the mean
physlojogical cross-sectom! wrea of the triceps
surac 13 43 cor* of which the m solus represvents
47% and the ta gastrocnemdus 337 However the
prodoct of the reiatl ¢ morphological and the
physiological  cronstectional mreas abse vatded
widety mire- and mier-individoally For the latter

3

1\ Tabke 3) Evidendy duc 1o these dricrepancies
T reerve crous-sectiona? arems aho vaned The

-« Product of (he fibre cTosy-sectionsl sres mad the
Pysclogical crors-sectom wis calcutaied for the

T
E _f:'t*(g A

et o way asumned (¢f Johmon et 1973)
that the biopsy specmens cbtalned from the deep
fsscacies of the lateral head of the grstrocnemms
Bruscle potsers & structure weritscal 1o that of the
medial boad

(—"‘l"‘_ At i s
Rt Sty
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Table 3 Morphometric results on the triceps surac pucle
Mnsdeﬂbulppwmecmdﬂ'br:dhmc(crwcndc(mn[ntdon the basfs of low and high stainabikty In yectoes e

foc myofibrillar ATPase at pH 9 4 R = right L = left

A B c

Subgect D E Mean * $D
Leg R L R L R L R L R L R L
Fibre (%)
Lc’l‘ll?oku

i3 Y & 77 70 o Bl T+ .74 4] 2] FARS TI+1
M gastrocnemius 56 7 46 87 67 8l - & » - -
Fibre diameter (umP
Low ATPase
M toleus noon 71 ™ 71 63 & 7 83 ®» 7118 Rabe]
M gastrocoemius 57 63 61 Ul 62 & - 5 o - -
High ATPase
M toleus &2 % o &8 8B B & 5 9 9 LIE2) LA
M gastrocnemivs 58 64 o 8 68 &5 - 7 8l - -
Product of relath e flbre cross-sectional ares
and physiological cross section
Low ATPase
M toleos 1304 D511 105 1612 (34 1382 104 (61 105 1985 (364£4) (e X
M gastrocnemiug 757 1188 713 1825 1071 14% - 826 1348 - -
High ATPase
M soleus 64 97 43 801 763 393 418 374 S W0 Moriw S
M pastrocnemius 616 478 939 314 609 03 - e 4 - -
All fibres per blopsy were counted (usually more than 1 000)
*One hundred fibres of each type were measured sccording to Schmitt (1976)

(Fibre diameter/?Yir X relative occurrence X percent of the total phystotogical crovs-section accord ng to Fik (911!

Spearman rank correlation calculations {r ) were
performed on the senes of ten legs (sokeus) and on
the eight legs (gastrocnemitus) to elucidate whether
the structural findings of either the sokcus or the
gastr {us or the bination of these '
were comrelated to maximum torques in static and
dynamic manoeuvres However no sipnficant
strength—structure correlation (P<0 05) was ob-
tained

were monitared (see Methods) and keft and 3l
plantar flexion strengths were tested aftematd)
first we feel that the intramdivadual bt
strength differences were real

The significant co-variance between staic &%
dynamic strength in both legy or normals come
rates the findings of Asmussen et al (1965} in &
upper extremity However fn the tnoep bt
Osternig ¢t al (1977) could find only randomus!
correlations between isokinetic and jsometrk &7
ques The maximum dynamic strength of the ha
plantar flexor muscles jn the untramed males #2
charnctenzed by a decline at hugher angular motx®
velocities This finding Is m good agreement »8
that of Thorstensson (1976) in the quadriceps MF*
cle An interesting deduction Is that ~pon-funcix®

DISCUSSION

Strength

Normative data on static and dynamic strengths for
feft and right plantar flexion In healthy ! v

younger Swedish majes between 20-39 years are
presented To our knowledge there are no previous
descnptions of dynamic plantar flexion strengths
prucntcd clsewhere A relanonshm between plan
tar flexton strength and calf circumference is dem
omstrated here  Furthermore because of the de
sign of the experimental procedures measurcments

acta Ph 2icd Scand 107

al' measurements of stati: strength are abo K7
resentative of dynamic manocuvers at least in %
tramed adult males When measunng masime™
plantar flexion torques i seemts most appropriate ¥
perform measurements with hnee extended 34 ®
this position fength-tension relatonships of all pe®
of the triceps surac are optimal for dc»clopmmfd

1
1



Aumm foce (Hermom & Bragtn 1967 in the
rtvent senet of cxpts, bip porhiion did pot seem L0
Vhyence plastar fievion strength.
We cim offet 0o obvious explanation for the sig-
kﬂdaimdlbtkﬂk‘phﬂﬁfﬂﬂbﬂ
treagth on er the cight kg Colnckience <8R herw
“yer be excluded a5 m & greater saries o male and
mklubnd:bemmwmdu(n-lu) we
oend & ngnificant dormimance of feft plantar ficxon
« kentkeal icveds (Fugh-Meyer et 8l o be pub-
wshedl. The refabonship between ealf cmTumfe
mmwummmmmp
X Lanptecar & Montoyt {1976) and O'Donovan &
Vaixm (1977 wbo propose that the maximam
egih of werscles i the spper extrerstaet s cor
iated to differest anthropometncsl vaciabkes
I rewsonati 10 essame that of the (w0 chosen
0900 wregih o greates @ the O° than m the 90°
toee position. [n the former of thest positons
feagt-temuon relationships e opurmal for both
the omeqowt oL soleus and the two-0iRt M. A
Tetoemmr |o ancther tudy of 3 young own
VFogHleyer Burstedt & Lbagstrom of mano-
XA we addriwnally regrsicred the rectified lowe
P flered efectromyogram from alff three parts of
¢ ncept surse cuog surface electrodes. The pesk
+ teomion of the m. sokeus was Menteal for mae-
®EVIes performed o the O and i the 5O knee
,mnummmw;m&m
$OOR the phak (et st the 90° portbon was
of Tower (P<0.001} for the Hatic end for
a3 dynerac macoryvre The decrorse averaged
AL 455 Porthermore m the strarght ke posk-
10 fr 2¥ the dufferent manocuvres the peak acti-
Tame of the theea pats of the toceps o dd oy
53 agaficantty 1n the %0 knee posiiion the o
2008 bebuaved ot the yame mammer L this posttion
mmumwumhuwuzﬂpux
mmmmnwmm
! iy explain the tmaller
Pesk e differences between the 0 tnd 90° knee
O30 &1 bigher angubse vedosities.
12 youger mules the triceps o Comtimies
:‘lf"“‘hmmmmmtm“
The Erkasos c1 i capoblished obssrvations)
et Foissection b1, accondmg to Fick
lx‘\)uhmlt!lttit:-lna:.uh.nd‘ As the lover o of
b v B thout doubie the Length of that
Mrroey Phastar flexors (Jerpeson quoted in
oL (19°6) the trceps peras 1 by far the
! pear fesor Thoy Yok {1931) and
[ .

Human plantar flexion reneth and strwcnire 53

Mmy:ul.(l%)c-kuhltdlhuhmtluﬂ-ﬂu
leg posftion the m gastrocnemius would contribete
about 45% and the . sokeus sbowt 33407 10 the
madimom plaatar fevion torgut
ﬂwb!ﬂ;uklammhmew“mmn:d\n
1he ° knee possson averapeing abont 3090 cam
thus be explained by the smaller peak stivisy of the
m. gastroenemius in e S0° peaition in the wsaight
knee posihon the m sckeus ' tnerdiore Yin deto
m\;hmhwmﬂanh:ubnﬂo';m\he
maimom plastar flesion forgee

Strwciure

The motphometric retudts from the rman trceps
wirne dewcribed bere wee fairly simBar to Fndings
previously peesented chewhere (Table 4 This
conclusion s obslomly made on the aumption
that the fRores by dilferent mathors termed &3 red™
“slow-twiich™ and “Type | bres xdf comeapond
to the fibves termed bere as ATPase low wt pH
$4° We have chosen this terminology simply dse
to the fact that our onfy criteriuen (which h also
osed by all the other nuthors fisted in Table 4) for
classifying the {bres b the degree of siminablliny
thawed thin cryosections for myolibrillar ATPase at
pH 94 Thix chusifeation of oncke fRwes is alwo
frequently wsed o cfinical  thegnostic work
{Dobowtiz & Brooke 1573 Engel 1974) 1t b been
pomted out ehewhbere (¢ . Edgenon e ol 1575)
that myol baliar ATPrse reflects st feast ooe very
useth! functionsl prrameter samedy the speed of
contraction, Derect proofs for this correation in the
solews mescle of the oaf have been prevenued by
Kageiberg & Edstrim (1968) sad Kogelberg (1973)
However 0o mch evidence exists concernlay U
buman triceps surae Futhermare there are mor
Ppbolopcal differences between the rat and the b
man solens muscle both st Light microscopical bevel,
- the degres of stainabllity for SDH aod distriba-

3bould therefora be mads with grest caution.
Jotmson et of Q97 found only misos daffer
cces between the deep and wspecfical potions of
e humaet sokens rauscle repardiog the cecwence
of Types 1 and 2 fRwey This sevms to be analogoas
Wit the statements by Collack et al (1972) and

Acte P¥rsil fcaad HT
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Table 4 Fibre composition of the human triceps surae in diferent studies

Age

Source Mean  Range
Edstrdm-Nystrdm (19%69)« - -

Johmson et al (1973) s 17-30
Costill et al (1974 1976) P} 328
Gollndk et al (1974) - -4
Taylor etal (1974) Adult -

Edgerton et al (1975) 55 1-83
Present material ki +35

Bilateral study

Edgerton et al (1975) which were based on find-
ings from the vastuy laternlis muscle that the pro-
portion of slow and fast twitch fibres are similar in
the superficial and deep regions of human muscles
On the other hand Johnson et al (1973) found that
the fibre composition of deep and superficial parts
of the laterni m gastrocnemius could differ constd
embly Determinations of flbre population
needle-blopsy  specrmens  from  approximately
wlenticnl sites in the human triceps surae might
seem vald However we found mirandividual
differences in fibre composition (kow and high
ATPase activity respectively see Table 3) with
night-left side differences in the soleus of up to
cleven and in the lateral gastrocnemius head up to
40% Therefore we hold the view that for the
tniceps surae these intrmndividual side ddTerences
which are eliminated m statistics are based on a
heterogenous fibre distribution even though great
care Is taken to secure specimens from dentrcal
sites Consequently we dispute the valdity of
generalizations on compositional muscular homo-
peneity based on blindly obtained specimens  How
ever qualitatively for disgnoses of muscle pathol
ogy this technique has its grven place
The wrde vanations in fibre population between
hese {ise healthy men of which none was actively
engaged in competitive sports are In close apree
ment with the findmgs of other authors (Table 4) A
genernl feature of both the soleus and the gastroc
nemius muscles was the preater diameter of high—
In relaton to low-—ATPase activity fibres  Might
this phe non in healthy males without spectal
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Frbre occurrence md

M <leus
Biopy Nomen- Range ‘
technique clature T 15D
Needle Red n ()
Autopsy Type l 26 deep -0
*9 superf T
Needle Skora taitch n
Needke or Stow twitch Lol 410
surgical
Needle Slow eitch 77
Autopsy Slow twitch 70 1"
Needie ATPxclow 1 Lia)

traming reflect relatively high funchonal demash
on this small population of fibres”?

Structure and strength

Relationships between structure ond strength il
muscles have previously been demomtrated fY
knee-extensors in seated man where the onejert
m vastus lateralis has been subject to momboke
cal analysis and the findingy have heen

a8 representative for the totl haee extension f
(cf Thorstensson et al 1976 197N In sk ¢
might be expected that for the triceps sure m
espectally for the one Joint m soleus which acts®
a quudnceps surne (Campbell etal 1973) wr
ture-strength relationships at keast for statx
slow-dynamic manoeuvres and specifically o £
knee 1 fully extended could be demonstrated Sot
was however not the case and several factors pad
be discussed

Firstly none of our subjects were actheh &

gaged tn regular physical tralning and only in s
mdlvkluals have relationships between functed
capacity and structure been demonstrated (Sahm ¢
ol 1976 Thorstensson ot al 1976 Bylud ¢t ¥
1977 Thorstenssonetal 1977) Secondly theind
tional classification of musche fibres based @
stainability for ATPase i more an operabond
abstract than a real measure of fibre difference &
not as such 2 reluable meawre of the st
bases for the functional capacity (¢f e g Edpert™
ctal 197%) Thindly we do not with any degree @
certainty know the relationship betw cen fibre pref
erties amd the maximum angular foree velocty Tt
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the mactive delayed blastocysts are kept in a state
of growth arrest and therefore rematn expanded
without signs of trophoblast outgrowth (Naeslund
1979)

The question arvse whether delayed blastocysts
when incubated in a medium that keeps them in a
state of growth arrest would be damaged by the
presence of AIB or DAB in the mcubatron medium
indicating an operative carner already before induc
tion of implantation To test this mouse blastocysts
from animals in delay of implantation were Incu-
bated with either AIB DAB or DAB together with
two L amino aclds that compete for the same trans
port system The blastocysts were then transferred
to a serum containing outgrowth medium after 10 h
and were observed by light microscopy 1o Judpe
their viabilty and capactty for trophoblast out
growth

MATERIAL AND METHODS

Pregnant mice of the NMRI strajn (Anticimex Stockholm
Sweden) were ovariectomized on day 3 (day | was the day
a vagmal plug was found) and given | mg of the depot
peeparation medroxiprogesterone (Depo-Provera, Urgohn
Co USA) b ly to delay i jon {Yothr
naga & Adams 1966) Blastocysts were recovered pot

Table | Effect of fwo non-metaboiable o
ackls on blastocvst appearance and owtgras
The blastocysts were first madntained for 10 h i Breee

th medum, D-d
blastocysts damaged 1o ability for normal gronth mtx
oulgrowth medium

Amino ackd concentration Numberof  Owikrec

in the Incubanon medum blasiocy st at
10mM AB 18 N
25 mM A[B 20 N
1 mM DAB 17 D
10 mM DAB ] D
10 mM DAB

5 mM L-alanine 20 N
5 mM L-methlonine

10mM DAB

5 mM D-alanine 16 D
5 mM b-methroaine
Brmster s medium with

gplucose (lacking all

amino actds) 6 N

scope to find out whether they were expanded to awrdl

extent or showed signs of demage. After 10 h they ¥e®
ferred to an oaggrowth rcdmm Bttt

earlier than on day 7 when a steady state of bl yst
outgrowth activity is attaioed (Naeslund & Limdkviy
1578) The uterine boms were dissected free and the
blastocysts were Mushed toto watch ghasses with a syringe
contaiing phosphate buffered saline with Mg' and Ca
according to Dulbecco (SBL, Stockholm  Sweden)
Dialysed foetal calf serum (Flow Laboratorres, Irvine
Scotland) was added in a concentration of % to prevent
the b from b ing adhesve The serum was
dialysed in u 100 times excess of a 0 1S M NaQl solution
for 3 days with changes twice daily to remove the ammo
acidy and ghuicose among other things, and was then filter
sterilized.

Brmter's medium for ovum culture (Brinster 1963)
wat used but with [ 0 mg/ml of ghecose instead of sodinm
lactate (Brimater & Thomson 1966) Reagent grade water
from a Mili-G System (Millipoce Corp  Bedford Mass.
USA) was used Thh water had a specific resistance of
about 18 MlJan The medium contained 1 mp/mt of
bovine wbamm AIB DAB L-abinme L-methionine
D-uhnhenndp—mdﬂoum»mldd:dmlhem
tiooy given fo Table I Fltter steriized stock somtrom
contabting 02 M of the amino scki were used with
‘ddlﬂmnfgmgjndu(Nﬂwrmduumhomﬂc To
.m.hmmhckdmlhllmlno-dd:ddm

.Mo(blnvocyw-nmh-
in Brimer s with glucose but without
a1l amso ackds before

medum Dw'inuhcu!:”
m;b@xyﬂlmemhwhvﬂtﬂm
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medium with glucose and with addition of the s
acids of Exgle s BME (Eagle 1935) and 1% dralysed foed
calf serum to ascertam the capachty for outgros th of &
trophoblast (Gwatkin 19665) The blstoyst m’;‘
were observed for 5 days by Hght
m-lnofe‘pcnmmu‘urq:ucd!—énmnnd“‘
prited umnlly 16-28 blastocysts totally As a con¥

incubated with [0 mM DABR were abvmt

blxtocysts
matched with blastocysts in otber experumental

RESULTS
The results are summanzed in Table I ADB **
harmless to the blastocysts of its co*
centration withm the range 10-25 mM while DAB®
& concentration of 10 mM induced a gradual &
lapse of the blastocysts atarting after 34 h follos e
by lysis of the trophoblast cells (Fig 1a) THS
celis therefore displayed no ability to grow out ae?
being trnsferred 1o the outgrowth medium wbe?
cxnmined daily for 5 days The blastocysts wér
damaged in a szmilar way in | mM DAB but not ¥
severely as a few trophoblast cells grew oot aflef
transfer to the outgrowth medium The outgrosih
werc however quite small and sbnormal
Concomitant incubation with $ mM t.alanine sed
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" mM L-methionine prevensed the effect of 10 mM

IAB, Heace, the normad-ooking expanded biasto-
i showed normel tgn 1n the outgr

DISCUSSION
Thed'kﬂo!AmlndDABonch:bhnncymm

mm«zm]d:yi(ﬂn.lﬁlnd ) The
)mhpt.dm:ou:umdlmnlnm
vexied the DAB effect but 1 2 much lower degree
Four owt of 16 bastocysts were expanded and the
€Xparcied blatocysts ooty dnplayed small owt

Blastocrus (it were maktumed m Biinster's
m‘mmmmmmm.n
IO ackls were expanded and bad & normal
mmmhmwmax
Fth et traeafer 10 the outgrowth medhm.

hated In the presemt experieents from the ca-
pacity of the trophoblast cefls of delryed blasto-
€Y o grow oat in & senmm-containing complete
mcdhmlftrrktﬂ:ujmwhhlherﬁpcuinmm
ackds. Sioce the responsc by the trophoblast cells
ander the prevasting conditions was unesutvocal
RO graded scating was decided necessary

In-ﬂcmphloldtkvenlhnd.udindcundhnm
for atgrowth 31 ponibic Thrshed aut
of the uterf froe mice i an cxperinental atate of
delayed implantation were used The use of delayed

mouse bin
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offers methodological advantages These blasto-
Ccysts no longer possess a zona pellucida (McLaren
1970) which excludes interference of hatching with
the outgrowth Further these blastocysts have a
defined capacity for outgrowth (Naesiund & Lund-
kvist 1978)

The observed blastocyst destruction is most
probably due to an extensive accumulation of DAB
This accumulation will lead to exertion of increased
osmotic pressure inskde the cell by the non-metabo-
lizable amino actd This high osmotic pressure and
perhaps the lowered adenylate charge potentral
(Atkinson 1977) both caused by the energy-depend
ent accumulation of DAB  will eventually result
m lysis of the blastocvsts An accumulation of an
artificial amino acd inside the blastocysts does not

blagtocysts  This 15 reasonable smce dang,
uterine blastocysts are known both to mereae ber
werght (Hensleigh & Weithauf 1974) and to pesser -
many endocytotic vesickes (Schiafie & Endn
1973} both features indicating metsbolic actnn
Further m vitro studies of the transport charayr 1
istics for ''C AIB on blastocysts recovertd dry -
delay and activation for implantation wookd me
whether the increased uptake after inducton o=
plantation (Lindqvist etal 1978} b carsed by anss
synthesis of carrrers in the plasma membrane och
a changed affinity of the receptor-carrier campin
for the amuno acids Such studses are under w8

This siudy was supported by grants from the § theh
Medical Research Councll project No |1 Mmd ™
B76-13X 22%1 A We thanl Mrs Barbro Emanres it

necessarily per se lead to destruction or ighibited
outgrowth of the blastocyst As observed AIB
in the medium did not impede subsequent growth
after transfer of the blastocysts into the outgrowth
medium This is explamed by the saturation kmet
ics dnplayed by AIB which result in a lower intra
cellular accumulation of this amino acd as com-
pared with DAB

The transport system mvolved s most probably
the Na -dependent  energy-requiring System A
since the DAB effect can be abolished by L alanine
and L methionine which are both to a large extent
transported by this system (Oxender & Chnstensen
1963) The present effect s most probably ex
plained by competitive inhibitron between the
maodel amuno ackd and the two phystological amino
acwds for the same site at the receptor carrrer com-
plex  Accordingly the D-analogues of alanme and
methionine which have a lower affinity for the car
ner (Oxender & Chnstensen 1963) interfered with
the DAB trenspost to a much lower extent

To prevent activatron in vitro of the mactive
delayed blastocysts it would seem suitable to use 2
medium contamuing no glucose arginine or leucine
since such a medium keeps the delayed blastocysts
in a state of prowth arrest {(Nacalund 1979) In the
present expenments the medium had to contam
glucose since an encrgy requang transport mech
annm was beeing studied dunng 2 relatively fong
observatron period bt the abence of all eyscntial
amino acids however probably prevented the
ghicose from causing activation of the blastocysts
Further the effect of DAB was observed after only
a few hours in culture indrcating that the carrier
mechanism 13 already operative in the delayed

Am’hd_”,....uw

skilful technk Depo-Pronera was s
supplied by Upjohnt AB Sweden
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For the purpose of methodological control A
for THO (intiated water) was determined by the
same experimental procedure

METHODS

Preparation aad contrel of M-odoantiprrine
“l-odoantipyrine (I Ap) ln 0 2% NaHCO sohition was
obtained from New England Nuchear Chicago The
amount of free 5[ was determined according to New
England Nuclear specifications by sliica gel thin layer
chtomatography (Polygram SIL N HR Machery NageD)
with chloroform—ethyl ether (85 15) as eheent Since free
= often cxceeded the amount recorded by the manufac
turer shortly before shipping (1-5%) the preparation was
purified oo a Sephadex G-10 cohrmn with diameter 0 9 cm
and beight 18 em using distilied water for elution (Hope
ctal 1976, Munck & Anderien 1967) Af the time of pse
the free fodine content was usually 1-2% and never
exceeded 3% Flnal dikutlon in sabine to sbout 3 uCi/ml
was made shortly before infusion

Ewperimenial procedures

Exprrhnenumtpﬂfmmdauummldop weigh-
10g from 1S 1o 23 kg. Ancsthesia was induced by Lv
Nembutal 25 mg/kg b wt  and supplemented with doses
of 3-5 mg/kg when needed An cndotrachen! titbe was
Inserted but the ventilation was not assisted After anet-
thestn the dogs were given a constant§ v infusion of 0 9%
NaCl and 35 mannitol af o rate of 4 mi/min Pora-amino-
hippurate (PAH) wm added to provide an arterfal con
centration of 10-20 mg/1 In three expertments an addi-
tioaaf infuston of 5% NaHCO was given (o obtain aks-
Hne urine and In one experiment dilute HC1 was infused
for udne acidification The abdomen was opened by &
midline Incision and pofyvinyi catheters wero fserted in
both ureters A nylon soare was placed loosely around
each renal pedicke with aa litthe dissection as possible The
spleen wat removed the portal vein dissected free and
nylon snares were placed loosely around the ocigin of
the celiac and supenor mesenterx arteries Under short
hasting occhrsion of these arferies, a shunt was csiab-
lished from the portal vein to the keft common Tiac veln
by means of polyvinyl tubing, diameter 8 mm. Pressure
in the shunt was measured through a T-coamecton (o &3
certain free druinage of splanchnic blood  Arterial pres-
sure was meanmed with & Hewlett Packard transducer
through a catheter in a brachial artery A PE 120 tube Wt
imserted into the femoral artery for blood sampling. After
establishing the porta-ilisc, shunt PAH clearunce war
determuned on each kikdney in two or thres consecutive
10 min periods, arterial bcod samples being drawn at the
midpotnt of each period [n order to atop also hepatke
arterral biood flow the saare on the coclioc artery was
coupte of mimstes later an | v iofusion of

draioage
Y 500 s Wtuslon tbe renal pedicies were clampsd

Acta Pivuol Scand 107

The kidoeys were rapkily removed amd frores w (0
cthano] and thereafier stored at - %°C

The procedure described above was folloned in Yy
wﬂhlmlyxcsoulloulo(llkﬂnqt.l.nlrwdu
acys analysed) the procedure was simpkfied by s
the portailiac shunt Instead, liver blood fow was e
by clamping the superior mesenteric and the oot
artenes as well o3 the portal veln a coopkt of arer
before tracer infinlon  Hemodynamk reactons Wi
procedure such a3 changes in arterial pressre ad &
in renal blood flow (Nycotron clectrootapaetx fm s
were found to be soall and tramitory

The A for THO (tritiated water) was dettrmimed s
of the expts described above and fn 3 sditional epé
without interference with liver blood flow

Treatment of tisswe and blood samples
Thsue samples were obtakned from the sull frazes ine
8t £C as follows 5-7 mum thick sagghal secton seta
by saw and thereafter 12 1o 40 sampics of .4 willt
were dlasected out by scalpel from the andde o e
of the renal cortex Each sample way immedntely or
ferred to 8 prewcighed counting viel weighed spa ol
added 4 ml distilled water Equilibration of | Apad TP
was found to be completc after 24 b After dewrmerd
I Ap activity on the whole sxmple 100 a of each ot
was tranaferred to vials containing § ml scinbltais
for measuring THO activity
Bloodumpmo{ﬁltol.l}muormnmcid“
activity were pipetted into countrg #
weighed agnin and added 4 ml distlie wuer Tew
cumbersome bleaching st
whole blood was used for determination of THO xc®
Onc glass capllary was filled from each blood wopk
spun In a hematocrit centrifupe About 0.02 § pixsst
transferred to preweighed counting vials which wert!
weighed egain and sdded 6 m} acketflation flakd €3
thon of whotke blood activity was made on the asoft
of undorm activity in plasma and sed cell water 7
platme and whok blood water coatent detenpiond ¢
experiment as described below

Calewlotion of ke
Slucei(hno(pondalelnemyupcrbﬂﬂloem:
plcte equiibration between thase and the b \
mtpkx.wuukuh(edbynm:tbudwhkhhlﬂd
account the whole arternal concentration corve s ¥
the actual renal blood flow (Hope ¢t & 1976) Co®
Blood flow was roughly cstumited from the PAH ceo®
(C an) under the sssumption of 73% extraction acod
flow fraction of 050 and cortical vokune=0.7 X K
weight (KW)

Cau 09

- (5]
(I-Het) 075 Kwo 7

Fiw

PAHmphmmmdu-LnemdcrermncdbyU-e”
of Smith et &) (1945)

Under the
tween thase and venou blood the thisue concentrad®
an Inert tmcer (C) at time T 19 given by the follo™
equation (K ty 1960)




ViTba T & (e
here C s tracer comcemtration ks arverid blood. 4,
¢ toeec satoraton rale comsat, cqmb FAW lal,
ere FTW in blood flow per wxxt weight, o casa cortical
aod fiow cbaleed from PAH clearaace (e 1), By

—wwing varios valucs for de, 20d mting the 4, resoltmg

comespondng

B {T) were obtawed from eq
51 churved CAT) was derired by kterpolatmn (Hope
=l 9.

rrtieecy selplasma  cter mnd 1-Ap partaion

doed froce 8 dogs ghea FAp for Dow messrements  m
“=rarated by cestrfogation in 10 al bebes for 10 s at e
v 5 of 1800, *1 ruchoactrvity ay well &1 waier com-

Al selnbiery of I-Ap

e shre ediwater partibon of I-Ap was cxamined by
v and shakmg equal vohnoes of water comtaming
£Ap 035 fres ™7) mmd ckve oal &€ rocen temperstuTe.

1 A5 Cres mamtes equibraion, warer sad ol S4r¢ Mpa-
souad by cestrfirgetion amd 1 actrvaty wis mewssred m
¥ 1aq phaser,

S meerwvmenss
37 AP actaty wen desermined m & well sciatllaton gamea

wroweier wd THO 11 Mark | or [3ocap 300 bquid scmisd

“Amzhlﬂfuwlmmmﬁm

N

-

+LESULTS

I} mlprdﬂnmmcdpummuouilnd

0% Ay b the cncnsion of wiw (weightf
A Tmmwmduan-ndpamm

:’;:pocrwﬂblood..uvh.).mmedm
)

Tessnelblood purinon of 1 Ap
J"Wmm'ummmw
f-hkd&unu:mml—!«pwnmdu
% 40 cortcal fhagme

hcatier m individua) i

Kidocys was small, with coetrl.

Remal cortical ™i-odoantiprrise space &5

H
YR ]
L4 cm{

]
° L]
Serwss
Fig 1 Two arwrial concentraton curves (C ) and corre-
wpomdotg tisoe comcentrations (C(T) mean +1$ D) for
=} fodosrtipyriae. Calculaied o 131 tn expt. A, 139

™ xm

meyL B

cienty of varmbon ranging from [ 410 5 6% (Avg.
32%) attesting 1o unformuty of equilibration snd
partithon coefficient w lthia the cortex

Two experiments with bnfusion times of 78 xnd
300 3 respeciively shown in Fig. 1 demonstrate
clearty a moch higher I Ap sctvity [n the remal

above unkty The svernge calculated for 18 kidneys
hlldopml.)ﬁ(SE.u(Lbemequl The
range was 11710 161 and the SD 013 The b
d}vdndlwr':fotd::lldopﬂkﬁley\hs
dogs) was 1.35(8 D 0LI2)

As evident from Fig. 2, A, tended 10 increase
mmmmmm\m
no(ﬂlhd:lﬂyl&nﬂ'ml(pwﬁﬂ') The Aa ob-
taoed 10 3 expts with saturation periods of 300 5
[§-] 1.3 and 1.39) dd not devaate from that of the

PH In the range of 5.5 10 8.6
E')f’tmlebhmmofwerml-u

Thempeﬂcﬂyhhﬁl,fq“\pmbcdm»
ﬂv-ul-Apmaccumﬂnhmiu:uuummh
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1"
.
" 4 o | Ap
__Q—T-A—o———r—'f—
12 o o,
THO
10 » *
)\ 1/.———rr
tb '
. Loahen o om 1%
ol
¢ X omem 005 x o
) 0%
[
20 % » s w s W
Het

Fig 2 In vivo partitlon coeffickents for THO tchosed
clrcles) and for 1 Ap as related to hematocrit The var
ous aymbols for 1 Ap indkate urine pH Open circkes.
pH<6S  Triangles. 6 5<pH<74$ Squarey, pH>7§
Crosses pH unknown

plasma water A (red cell/plasma partition) for
I Ap and water was therefore determined in blood
from & dogs infused with [ Ap The observed A,
for 1 Ap (w/w) nvernged 085 (SD 005 or 058
when corrected for trpped plavma  Hematoerit
avernged 42 (range 37 to 47) The water content
(w/w) avernged 0 9°7 (S D 0 006) In plasmn 0 678
(S D 0017) in packed red cells (10 ml tubes) and
0817 (S D 0019) in whole blood Taking the cor

responding tpecific weights to be 1 025 [ 090 and
1050 glves an avernge red cell water content of
0657 indicating 4% impped plasma In pached
cells and a true A, for H,0 of 07 {wiw) The
1 Ap/H,0 partition rtto 0 82/0 7= 14 thus indi-
cates that the apparent [ Ap concentration in red
cell water is 14 higher than that in plasma water

Similarily {t may be calculated that the apparent
I Ap concentration in kidney tissue water ts 607
higher than that of plasma water at diffuston equilt

brium

Lipid solubility of I Ap

The olive oil/water partition coclficient of 1 Ap
activity at room temperature avernged 1 D8 viv
(SD 006 a=9) Correction for free fodine (av-
sumed to be insoluble fn ofl) gave a true T Ap parti

tionof 1 16

Tisswe blood partition of THO ‘
tion of THO concentration mmaong tivale
m:m;lh: same hidney was nhout twice that

A ta Phsiol S and 107

for I Ap with on nverape coeflicknt of vann
of 717 (ranpe 3010 12.6 in 8 Aidneys) Theme
age tissue/plasma partitron coeflicent (hghuadt
(SD 005 v/w Conversion to tste/bhad jr
tion (A ) wns made on the assumption of 8 el of
plasma THO distribution equal to that of waa,
plasma water content of 095 (vv) s indhil
hematocrits (Avg 41 mange 26 to 49) and
water contents (Avg 084 SD 0015 At Ik
resulting As, avernged 097 (SD 006) 3w
shown in Fig 7 Aa for THO tended to boren
with Increasing Het but the cotrelition watt
statustienlly significant (p>0 05)

Inner medullar bood f1m

The Infusion periods of 75 to 300 & resahed bl &
60% saturation of the inner medulla Udp &
observed cortienl partition coeflickents ne
taner medullary “blood flow  estimated from by
and THO uptake in 15 hidneys was 0 "4 {3 D41
ml/min g No difference between | Ap and T
was observed In 6 expts fn whih hoth rxe
were determined  Cortical blood flow ewmdt
from PAH clearance (eq 1) avemged 439 »A
range of > 10t0 6 ! mU/min g

DISCUSSION

The avernge 1 Ap partition coeflicknts of L3F
Lidney/blood and 0 85 for red cell/plavm.., oot
with the common view that the distribution 521
for antipyrine and 1 Ap in cells and the fem
10 that of water (Hope ct al 1976 hraaow 4
1963 Talso et al 1955) or even lower (B
ctal 1971) However vome literature data s |
dfferences bath wmang specles and among (K90 |
and the peesent findings are not without pres
dence For dog erythrocytes Cffros & CH
(1969) found a 10°F higher apparent | Ap conctn®
tion in cell water than n plasma water i P>
ngrecment with the present fgure of 14 wh
Carlin & Chien (1977) recently reported a s
of 40°F in red cell water We have no explmn
for this discrepancy Inany ense the high solub®
of I Ap in erythrocyles with o cell/plasma parfil® |
clove to unity should Implay a th sue/Mood partfe®
coeflicient rather Inseasitive 1o hematocrit changt
in agrecment with the in vivo experimental Nndss
(g ™

For the dog bidney Soberman et al (1949) N



Inﬁhwrmvmo(mwyrbchmm
ger (two kidocys examined) than in plasoa
_ster whike Hockabee (1956) reported a surplus of

Mmmmmmm
 man. Otriomly a direct comparison with 1 Ap
qoewonsbie since the observed fat solubility
whnmumhwmmmd
» milpyrine (Renkin 1957) No previous measare-
ot seem avaiable for 1 Ap partition between
dney twsne and biood in the dog. However our
st fiading of a1 00 fox the rut (Hope ctal
776) and the present rather great wdividuad scatter
“umd the sorprngly high  versge of 138 calt
» dose scrutmiy of the methods

Erory doe o free lodmne or other breakdown
roducts of | Ap would seem to bave been redoced
2 mmbmem by (1) excluding the bepatic cfreula-
oa.1d (2) by mung the shortest posubic ifsion
riod compatible with practically complete equili-
Tatiom betw een arternal biood and the renal conex
¥ vamration half tenes or more) Extendmg the
oslon period from 73 to 300 ¢ bkad no consstent
flect on the cstimated A, grving no evidence for
lowly wtursting intrace lhular compartments withm
“m period of tieme

The method nsed for calculating Ag may veed
Ome commeTits. As 8 {iryt approxmation Ae W
*Emrd 21 The rabo between the observed thsoe
coceatrition and the Averge concentration of the
"ot theee blood samples However became {the
ofedon teae and somewhat changmy artensd coo-
Fioabon, a repreientative artemal valuc mght oot
 oblamed in thn way An mhwtive o for

Renal cortical Di-todoantipirine space 61

umﬂ)dcvblcbykndmﬂﬂﬂﬁmibc“hﬂllcd
value )

The fact that the pH of certain compartments
of the Kidney may deviate gready (rom that of other
blotogkal (s made 13 so1pect some assockbon
between I-Ap uptake and tabular uid scuddication,
bt experimental evidence did not sopport that
suspicron (Fig. 2}

The (indmg of a Ao for THO of 097 closc 10
that expected from the avernge waler contents of
cortical thsne and blood sficuts strongly to the
validety of the methods and of the mesured Aa, for
1 Ap However i spre of smaller aaah tical errons
for | Ap than for THO in tissue snd blood (cf
coefficlents of varition for individual cortical
sampies) Ay for [ Ap showed greater scutter than
that for THO sogpesting individual differences in
the rensd 1-Ap space.

In conchnion. Having exchuded gross methodo-
logics! errors, we murst accept that [.Ap kas a moch
higher sohubility in kidney tssue than in bood In
fact, cakutations show that I comparison to
plasia, the tissoe has an apparcat distribution
volume about 605 greater than fts water content
The fmiing b cspecially surprising I view of the
A close to ity measured with the same techndque
in the mat kxdncy (Hope et al 1576) but we have
no planihic for this species diff

Know bedpe of e s necestary for eshmatmg local
blood flow sccordmyg to Kety (1960) Since the error
o cakcubated flow resulting from am inappropriate
he will mcrense with ncrensing degre< of saturation
(ERR{ ctal. 1974 Hope et al. 157¢) the spparent

;"udmw‘m\wuldbemnde
®sed o the actoal arterial curve snd knowledge of
’hwmmm mte constant. Thus,
78 te oxie of mcreesmg fioel artermd concenta-
0 008 would choote a somewhat lower srterial

riatioms, in ke for 1 Ap swpgest
the wse of shart infusion periods. On the otbes hard
the effect on cakewstated flow of maceuTate tiing of
the bfasion d ration (aboat 10 3) will be greater
with short mfuseon periods (Clanen et sl (579)
However the higher Ao for FAp than for THO
wmpiies that the infloa period for I Ap may be

2R Fg | eror in corucal flow of 20%
.;:‘“W&wml.byb-mom
o hh““'lpp(mv:h outhned above would

o

by 40%

infsenced by counter
curent eachange and urine flow and does therefore

reflect  outrhive flow” rather than “true
bood

T (Fox furiher Siacutalon sce Aukland & Ber

boer 1964 Hope et al. 1976, Clazsen et o 19%)2)

Acse Phried Scamd N7
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Total renal blood flow was somewhat lower than we
usually observe under control conditions probably
because of the rather extensive surgery and the
porta-iliac shunt

While the present study 13 pnmanly of interest
for the use of I Ap for mensunng local renal blood
flow fn the dog it also permits some genern! con
clusions The distribution space for 1 Ap may
deviate greatly from that of water In & given tissue
Furthermore this devintion mny vary considernbly
among tissues and even among species

Added In proof In agreement with the present data
Sakurada et al. (Amer J Physiol 234 H39-H66 1978) re
ported a much higher solubllity for fodo{ ‘Clantipyrine
than for [ *Clantipyrine In nonpolar solvents However
the brain/blood partition coefTicients for both substances
080 and 091 respectively differ markedly from our
results on the renal cortex
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{stribution of blood flow In the dog kidney

“Baturwtion rates for Inert difusibla tracers, “‘l—lodomﬁpyrlnelnc!
| tated water versus uptake of microsph under control condt

;': CLAUSEN A. HOPE, A. KIRKEBD 1 TYSSEBOTN and K AUKLAND
3 +Dtwe of Paysiology Unfveruty of Berpen, Norway
'

CLAUSEN G HOPE. A KIRKEBO A, TYSSEBOTN L & AUKLAND, K.
Dastritxstion of blood flow t the dog kidacy 1 Satwrstion rases for factt datfurslbie tracery,
“odosntipytise and tritzed waxy vertus wpaake of Tucrospheres ander cootrol con-
sdetions. Acta Peysiol Scand 1979 H7 65-81 Recerved 17 March 1979 18SN 00016772,
Lesirmte of Piysiology Usiversaty of Berpen, Norwsy

mmmwwmmm direct comparhon be-
fwern mcroipheres (Ma) aod mert difirlbic tracers (DT). The “tivsoe saemimg tech-
que hmhﬂhlhﬁmmmw{wﬂthwmh;
“hodowntpyre (1 Ap) and trimied water (THO). M (1S xm) were mpecied 3 min
poor 0 10-15 DT mfruon mede durmg cowhnooss | artermd blood saping. Tracers
wert moasred m 7 10 20 sapic froes sach of the follos ing 70oes: Cwter middie and ener
cortex (C, Co. Co) ooter and ioner hatres of oater medulh (OM OM ), nd fumer redails

1NLFﬁlﬁm0mmmhm-ﬂmmmw
Mow (|

ficrw of biood and DT

Kry  onds. Renal biood flow ludney cacadation, local fiow
owsrement,, inert duffirsible

oamonly ewumed that changes of the Intra- (Ackland Bower & Berliner 1964 Thorbarm et a]

1963) However with both methads objections
functions However the verificaton may be rabsed against the
dm'm“’“hﬁﬁ?ﬂtdbymcuadm cording local gay techndqoes used for re

T4 of uptake (or removad) of parlte desaturation
‘ﬂlﬁﬂl::(bkh'm(knyml)ndmmedh- tes. For these or
‘u‘mﬁ?ﬁlmwm with the two methods difyer

e care gy be et lndlnvlfhunpeﬂ-
":-ﬂ'Kx(or“x.M)oaummm nu:r ?dmmnwymwmd
Wyﬂﬂnﬂzcdmm,ulmm mWhﬂulhemeof"“ﬂmpbmiwkchubm

Acte Phy el Scomd H7



70 G Clansen et al

widely accepted it should be realized that there 15 cquihibration for 75 10 300 3 gave an arerage by W13
only indirect evidence that the microspheresdistrib-  (SD 013 n=18) wiw (weightiwerht) for the
ute in proportion to blood flow within the kidney  {o1en without sutitiedty snifiant ey
It Is especiaily conspicuous that renal vasodilation blood and thsue md‘;. bnmw:' und‘f‘:
nvarably causes an inproportionate rse in micro- will give flow in gram per mn per gram thsue Conewe
sphere uptake in deep cortex while no such redistrr to mimin ¢ was made by dividing by the spetc o
butlon has been observed with diffusible tracers  ©f blood 103
(For references see Aukland 1976 ) h'l;i{lwe blood partrtion for THO determined n te sm
Because of these discrepancres we decided to wdgi:t‘; ;L‘,‘,‘,;m,ﬂ:,’ff.mﬁm.fﬁ
study the local uptake of inert diffusfble tracers in Preparation of Pl-dodoantiprrine ™-odvemr
the dog kidney by the ‘tissue sampling technique™ :Ap) in 0. NaHCO, soktion :::’l”’d‘*
(Kety 1951) providing atraumatic flow measure ew England Nuclear Chicago Free bty
ments 0 well defined anatomical reglons This S'k: zmmm? dclr;i:: ﬂﬁﬂ:
approach permutted simultaneous measurements of etal 1976 Clausen et al 1979) At the tne of ne. i
microsphere uptake in exactly the same locatrons free B content was usually | 7 and dd not eweeed¥t
Since the volatithty of gases may cause consider g dllutien kn “’“’“ to t"‘c“f““"o"fm";":’m“
ble technical problems we deckded to use M) e borty before ectonofa iR |

sodoantipyrine (I Ap) and tritiated water (THO)  foemed on maongrel dogs (b wt 15 1o 25 Lg), L o
The uptake of these tracers is commonly assumed  night but with free access o water Ascvhess 13 |

to be exclusively flow hmsted and in the cnse of duced by I v Injection of Nembota! ?m';
A h; and supplemented with doses of 3 to o
1 Ap we have recently obtained evidence that this e ) e wan Inserted to secart e

holds true for the rat kidney (Hope Clausen & _F ways Respration was not assisted Fohetyr®

Aukland 1976 Clausen & Hope 1977) catheters were Inserted into a femora! veirt For infemn

A brief account of some of these expeniments has  and In an artery for pressure reconting whi ek
Packard transducer and recorder

appeared in abstract form (Clausen et al 1977} Ton o B Tty TS

ported Serles A Iocludes 9 expts with 1 Ap s the
tracer Dnckid‘neywnupmedrrwmﬂlmﬁ":
METHODS a flank nchlon The ureter way catheterred od 1 m
sling piaced koosely sround the renal pedecie W‘:
Inery diffusible trocers Tisswe sompling technique Hven a1 a constant 1y infusion over & period o ‘:ﬂ
Principle The bask: assumption underlying the method s 20 & Onclmahlh!omlﬂﬂw*ﬁ"ﬂ'mt:n
that highly diffusibic tracers cntering the tissue through & femoral artery PE 60 catheter an deseribed o
arterfal biood will resch complete cquilidnum with the  Catheler Jength waa 0 can, and 1he 1ip was locared
thisue {n one single paasage I other words that the IScmrmmummwymu:remaﬂmmlenﬂ:‘E
tracer activity Is equal In venous blood and in the tissuo  mately at the sartic bifurcation. Catbeter voluwe wit
it is dramed from As shown by Kety (1951} blood flow  m! -
per unit trsue wewght (F/W) may be estimated from Serles B inchudes 10 experiments with practically -
the tracer concentration m the thste (C) attime T arte moankdccilonoflmﬂﬂo-ndrr&m"rbﬁﬂ(“
rul (racer concentration (C ) o the perfod G to 7 and the  Both kidneys mrcxpxncdrctmpﬁﬂoﬂtlﬂ’“"’c-
thaue/blood partition coefficient (An) 1nares were placed joosely around the resal pedicles.
renal artery was provided with an eleciromagnetc %
(1) probe (Nycotron Owo) and catheterized with 8 tiin ol
vinyl tube for infusion of acetykcholne A cade®
where the rate constant & =F/(H Aa) Thus If A s “1phcrdlnlhzlcﬂvrn1ridcthmmhlhem)ﬂf"d
Erown and € (7) and the € ~curve from tme zero to 71 artery for racer injechions About 3 min before begianst
blood flow can be estimated Since ¢q  the experiment to be reported here one Ms barch b
(l)unnmbtwlvtdmmbennuclﬂy a curve Is comtruc been Injected undér controt conditions Theresfier end
ted for comesponding vakoes of CAT) and &, wning the cmlhuman;:hnuw Jafu fon :Acﬁ lnkﬂone by
concenfration curve for esch particular exper:- & sccond M wa injected Info the wertridks
anerial coneer P foflowed within 3 min by a constant Fafuvion of | ANTHO
e K B taion cocficients The thase/biood 110 the saime catheter The doses of | Ap sad TIIO wet
M“‘)far]-Apielhcmnlo(bhodblm 50 pCl and 30 mCi respectively  Anterial blond s+
parttion (L) [ T ome gram of tivwe provided  sampled from & 30 cm fong femoral catbeter the tiptest
the s Dbrium  has been shown In & piaced In the sorta pproximately at the level of the
complete d“ﬁ?gﬂhmmkmv"ﬂ"h“’ artencs Both renal pedrcles were clomped slmultaneod!
Wm’ studied 30 far {Clamsen et ol 1979) In vivo xfter [0~15 sec infirvion.

C (N=kak JTC e WT 4t

A ta P ol Scund 197
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Loced blood flow in dog Lidrey mn
row of prew cighed heperinired visks, and continoed wertd

2 3 3 after clampiag the renal pedicies. Catheter fow rate
snd mean tramat tire were cakcudsted fron the tamed
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pmig 10 ¢

LT

Microspheres Preparation and injection

Two Injections of Ms tagged with #Srand  1Ce (3M Co
Minncsota) were mode In the experiments of serfer B
\hmudiq}cubnpftcedlng!ApdeHObyZ—lmlu
Spheres with measured dismeters of 16 122 4(S D) pm
were used {n 7 expts  spheres with dlameter | 941 3 pm
in 3 expts. 4-800000 spheres (5-10 Ci) were suspended
In 1010 1.5 ml 10% dextran sonificated and hjected
into the left ventricle in the course of S s A reference
arterial blood sample was obtained from tho femora!
artery cstheter by suction pump drawdng 12.2 ml/min for
a period of 45 5 Tho number of microspheres trapped
in n 100 ing cortical thsue sample was estimated at 100
to 250 comreaponding to approximately 02 to 0 S spheres
per glomeruhns,

Isofope measwrements

Radioactivity was messured on the same day in thase and
blood/plasma sampies as follows In series A and partition
experiments *H.activity wat measured in a slagie chan-
nel well scintillation counter In seties B the sctl Ity of
M) 4Ce and ®Sr was counted in a I-channe] well scintil-
lution gamma counter (Searle Analytic [nc Model 1185)
for 10 min (mdolmum 1000 counts per costical sampic)
Standards were Icluded b each nun to check window

spillover ratios

Tritiated water actlvity was determined in a Mark [ or
Tsocap 300 liquid scintiTlation system (Nuclear Chicago)
using external standard to correct for quenching Inter
ference by *P Bquid scintillation was minjmal becmso of
the 107 times higher activity of THO In the infisate

Cortex outer and faner Pl
account for 70 20 asd 10% of
‘;;ynv‘:lﬁu:: 'fnpcclhﬂy The further subdivisions of
:heeonexmmldrr:du]mthkkmmorm
DIpscidewﬂhd‘Wﬂt(m?Jnlem(lmm(m
:ldneyl of different size) glving the following
Arnﬂ'u.ld.‘(-nlm

Time se¢
Fig 3 Arterial and thsue concentrations of I Ap in one experiment (Series A). Armow
indicates clamping of the reml pedicio relative 1o the arterlal curve (comected for cathe
ter delay) Right Local blood flow calculated for individind thssue samples Zones
defined in Fig 2

fractions C 29% C, 23% and C, 13% Suniy ev
mates for outer medulla gave 129 and 8% for OV
OM; reapectively (Fig. 2)

RESULTS

Serfes A

Series A represents our first measurements of
uptnke in dogs and has several Imperfectios #
compared to later experiments (Series By There
of a short sampling catheter implies an unsccomt
able delay in the lower sorta and the tming
isotope counting were bess accurate in some expet
ments While these shortcomings may hne *
fluenced absolute flow values the relathe fn
distribution shoukd not be seriously affected T¢
results are reported mainly because these et
ments probably represent the best contro” 6%
distribution  No experimental intervention 8%
made on any kidney and the I Ap Infusion was
preceeded by Injection of microspheres xhed
theoretically might [nfluence flow distribubon

Table I Average coeffickent af vartation (per e
of tissue sample tracer concentrations witkin o

Series A 9-%0 ramples {rom esch ronc fn 9 kit
Seriea B 7-10 samples from cach zone n 10 kidneys

Serica D

Series A
Zone 1Ap I-Ap THO M
c 1ni 49 n7 162
(o 127 87 106 1nd

1658 122 173 REN)
OM 1.6 Ll 41 2]
OM 43 4950 333



Local blood flow in dog kideey T3

wic .. Zonal blood flow per ¢ tissue and zomal fraction of total renal blood flow determined by I Ap

cantSD
€. Comonter wadhe asd
~GMTIM D =derp fraction=Cy + M
Sw Al B
Zoval fiow Zoowd fraction
(ctfexn g )
se_1m Q3tas
CRT1K W4
42508 17326
4 160£074 4412
o, 0574038 1.0+0.
Al 1 145041 54323
I 0143008 +01
sl 59123
€ B1443
»F 445101

5 7

o The effectrve [ Ap mfusion period defioed as the
ime trom first appesrance at the entrance of the
tapkag catheter to clamping the kidney varied
T3 10 13 8 (average 113) Mean arterial bood
xesmre (AP) averaged 126 (S D 13) mmHg, and

TR W13 33 6 (S D 4 6)

- Pl'imyﬁnfrmom:xpcrﬁnaumdcpktd

FIH( 3 showng the artern] 1 Ap concentration

L UTC ad thaie concentrations In the various

377041 For the sake of clartty the symbols repro-

> SXmg concentrations m the different zones kave

20 moved apart Local biood flow cakculated

, froo the L-Ap concentrations of mdividual tisse

;,’nﬂ;mnhwnw.beruan. 3 Ithevident

, Soocenination cortical

J".Rl[m-lllblﬂ.sﬁﬂ'lhkl) Since 910 20

- ‘mh'kmrnfmmu:hmne the SE of mean

be3sw while calculated mesn

-

,mlﬂvw'ti]hvelSE of 5-10% In three

/Nrnnuhnrumuhdupm

:mumnioibwnmnnlbewmncm
tn-o(nrn:nﬁﬂnﬂlolcm;,hnd:dmdlﬂer
'ﬂ'twlahnwmmnmmm

B Clknhhuulmunﬂoodﬂn-ﬁmmnnml

Th‘““’lttmeﬂ'ldemdmnxbnfurw
within  indrvidmal 2o0es

lner third of corex, OM  OM,=owter aad kemer balf of owter medalla, 1M imocr edala,

SaiesB( 10
Zomal frw Zoaal fraction
(mifmo g} )
STIEI M 4235433
3571187 nex17
314 ni_w
1T8+0 6 36114
06d_o03 1304
7241.8¢
Mu9xY7
3901125

Mewn of OM +OM, + M Sexpts. s OM + TM B dexpts.  Added 0.3 for [M

tracer concemintion gives a lower vale than the
lwdﬂowukulnudﬁunhtvidmlm
concentrations (Hope et al. 1976, Ebof ct of 1974
However even with the rather larpe scatter ab-
served in thn series the aversge underestenate for
cortical sxmples was only 1 6% Since even fower
h\nmmlnrhibumdmhedhhxzxupu
v:hdhjuld’bdbu:ermmulm}om
for flow cakcalation.
ﬂ:mulﬂovpcrmlhmmdmfmm
oflutxlrcmlbloodﬂavmnaued forall 9
kidacys {n Table 2, and Fig. 4 sbows the zomal flow

6C G K g oqaym
o
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<

E

.1

s f1
. L]
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Table 3 Zonal blood flow per g tissue and onal fraction of total renal blood flow determined i 1 cm
trol kidnevs (Series B) with microspheres (Ms) ™1 lodoantipynne (1 Ap) and rruiated water (TR

AMean £5.D

My 1Ap THO

Zoml flow Zomaf Zoral flow Zonal Zood fow Zond

(mY/min g) fracton (7F) (mUmin g) fraction (™) (ml/min g) fractea )
C 6341242 508175 STIHIH 4 5433 531 57 03137
C sS4+ 50 333246 5.57+1 87 326117 34299 394 ¢
c TB9L1 66 4 137418 I 4 177473 I9IEL™ (3732
oM 0631057 » 19511 1 780 69 56t14 1971 15 6117
oM 0171014 * 0410, 064103 13304 068103 13308
RBF 341153 3901128 Inzm
DF 160+438 49137 X1

Significantly different from THO WBcoxon signed rank test for paired samples Abbreviations as in Tabke

Significantty different (/<0 05) from [ Ap

n individual expts in per cent of average flow per
gram kidney The flow distribution showed o rela
tlonshup to the duration of I Ap infusron (9-18 s)
of to the degree of saturation of C (30-7°%)
(Degree of saturation cakulated as tissuc con
centmtion/Ae, for 1 Ap divided by the average con-
centration of the last three one second blood
samples )

Total renal blood flow avernged 4 45(S D 1 01)
ml/min g with arange of 3 19t0 5 %4 ml/min g

Series B
As described in Methods Series B provided g direct
companson of blood flow measured in the same
tissue samples with Ms and within 2-3 min with
1 Ap and THO Acetykholine was infused con
tinuously into one renal artery raising total RBF o
(electromagnetic flowmeter) of the infused kidney
by 30 to 100% above control level Because of the
high flow the effective infusion time for ] Ap/THO
was reduced to average 103 s (8 to [3.5 5) AP
averaged 126 mmHg (S D 15) and Het 380(SD
66) A moderate (<15 %) and shortlasting fall in
artenal pressure and RBFnar of the acetylcholme
infused kwdney was oceasiomlly observed after Ms
myection but ot the time of 1 AWTHO infusion
RBF, o averaged 98 % of preinjection control Data
for intrarensl flow distributron are piven only for the
control kidney whereas calculated total RBF is
ed for both kidneys
Flow distribution within em‘l[f n]nf‘ As ‘:—u“d;:rl
w distnbution {are] given only

for imrn;r?l‘df:‘ty whereas calculated totol RBF Is

t
e o er was considerably lower than in Serles A

the scatt
Acte Ph wol Scend 107

and a coefficient of variation of less tha 3
was observed m C and C; m § expts. Conul
ably grenter scatter was observed for THO e
centrationy within each zone and withoot ewg
tions Ms nctivity showed the greatest varbixs
(Table 1) However the companson of conceder
toms may be somewhat misleadmg smce ok
case of Ma the relative scatter for estimated fis
will be dentical to that of the tissire concentraton
whereas m the case of 1 Ap and THO  the cok
cient of flow variations among samples wil K
higher than that of the tissue concentrations &
cause of the nonhinear relatronship berween the
concentratiors and estimated fiow (Fig 4 Tw
the coeflicient of variation for 1 Ap flow w1 ¥
about 8% in C, and C; and about 13% in €y TR
cotresponding numbers for THO are 16 and 3
Smce an avernge of 9 samphes v erc tohen fromed
zone the standard error of mean zonal flow o8
mated with I Ap will be about » 7% in C; ad &
and 5% in C, Corresponding numbers for THO *¢
Sand 8% andfor Ms3.5and 1175 As crvident frew
Table | a much greater scatter was L]
the medullary zones with alf indicators

In one kidney two sectors had indicator ¢t
centrations 2030 % below average

Flo  di tribution bet een ones Total RBF
estimated from [ Ap varred conswlerably oot
expeniments (Fig 7) with on averzge about 127
lower than that obtamed in Series A (Tubie D
The difference reflects tower flow in all corted
zones (P>005) whereas little differcnce was &
served in outer medulla The zonal flow fractkes
showed less variation and were quite similar in ¢
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& § Zoml flow w1 per cont of RBF memarcd with My
dact colmmny ). |-Ap (hatched colemos) sod THO (cdear
chomws) Average of 1 coatrol kadoeys (Senes B) Deep
tocuon, DF Medults €, Zoocs dcfined in Fig 2 S
ot lews PO, P<OOS m POD

%0 senet, except for somewnhat kower (P>0 05)
xier medollary fractiom o Senes A (Table )
| A1 endem from Table 3 and Flg 3 the avernge
el flow and flow fractions obtuned with THO
Aete quite umetar to that obtained with [ Ap ex
" cept foc alghily hagher C and outer medultary flow
tections with THO

A cleacty different pattern was obeerved with bs
3 Qxpecied, medyllary Ms-sctivity was low but
keady indicated the presence of mikcrospheres i
Wl tusng sgnples from OB 1n some warmpley
o8 OMy, and even th occasional 1M sampics. 1
dton the flow fracton @ C, was abost 25%
wer with My than with [ Ap and THO A signil’
antly bgher fiow fracont was obtwned with Ms in
- wereny the three mdkators agreed well m
e coriex €, As will be descursed hater the
dexp fow fracton  DF defined 2 the fraction
of tial RBF gour 1o Cy + mechula iay provide &
et parameter for compamson DF averaged
uﬂhu;wmmz49mmaurm—;\,
*0d THO reapecirvely As shown m Fig 6, DFm,
od DF,,, agreed well and m aprte of comnder
e scattes Df,, was kwer ma all expts The dif
ference 10 DF,_,, and DFyuo, veragrng about 0.09
Q.U respecuvely seced mdependent of the
m"’“"‘“‘m’ #nd epprovamately the same df

M momtaired alo when
OF Cu(Fg . tompatmg

Thedﬁ'wmnulluwhdmmuo:u

Loce! blood flow In dog kidney 15

m(]exptt)ddnmdﬂcr!m\hne&n\dt&h
diameter 16,124 pm

laner medullary ] Ap and THO uptake was
usually not weasuced in this series becavse (he
tafusion tme w3 too short for » meanmgfid cakcuts-
bon of joner medufiary flow (la ealculating DF
(Table 3 Figs S and 6) the sverzpe vatue of 03%
of RBF obsened in Serles A was msed )

Total remal bload flow  The a erxge RBF cakv-
lated from the three indicalors were pot shnifi-
cantly different in the control kidoey (Table 3)
oot in the scetylcholine infised Mdoey 1o the
htter the following means were cbiried 1 Ap.
630 (SD 19) THO 635(5.D .30 and M.
6T2(8D 1) mmin g Wih some exceptions,
the agreement was good also i individual experi-
ments, but &3 shown in Fip. 7 there was a shght
tendency for REF.. ., sod RBFre to fall off refatrve
t0 RBFo with increasing flow  However the slope
of the regrension Hoes did not dey kate significantly
from unity (#>0.05)

DISCUSSION

Validity of the Kerr madel and the tisue
sampling rechnique

A large rumber of clsborate mathermaticoal models
have been deshgmed to deseribe the blood tisvue

"

2 B % 8
o
*
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Fig 7 Companson of mean RBF in 70 hrdneys a¢ measured simuttancously with THO
1 Ap and Ms (Seriex B). Open crches. Acety lcholme infused Lidocys. Eﬂtddrgkr

ton kmes sofid. Repression o

Control kidneys Identity lines broken,
not different from 1 00 (P>0 @)

exchange of inert diffusible substances Howeiver
for the purpose of estimating local blood flow from
tracer concentrations 1n tissue and artenal blood
the simple exponential model proposed by Kety
(1951) would still seem unsurpassed Two mam

.
g
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Mesaila
T o
0
ot 2 3 4 s
Frate IRBFI Ap

assumptions will be brrefly discussed with spet
reference to the kidney- (I)Acontdnmm“‘
total renal blood flow requmes chffusion equitne
between each regon of the hidney and ven™
blood leaving that partcular regron () A trve &F

s Controt
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Fig 8 Left Avensge flow fructrons i medulha, medulla+C (DF) and DF+C as eati-
mated with THO (open circles) M (flled circkesand 1 Api 10 control kidneys (Senes
B) Identty line broken Solid fme represeniing Ms vs. FAp drawn to best visual fit
Right H,wwpmwmmmdbbodlommramdﬂm
wmmﬂm‘mwmmmmm&mnmﬂm- The

hers grve fow in per cent of tota) RBF
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mate of reprooal blood flow requires m sddrbon that
the mert tracer b delivered simudtancously to each
thsue reglon exclosively by srterioles/caplllanes of

o m the mednlta, The result 15 an underestiomate
of blood flow m the medulla a3 whoke and more
w the higher the diffosibility of the tracer In an
stiempt to elucadste this pomt THO wis added to0
the [-Ap infusion 1n Scries B based on the assmmp-
o that THO should have a kower diffison coefTi-

o Da (MW /MW, P4 (0423150
2 10

Semacty rom Hy, O, 204 COy Dy oy valmer of 24 104
AW 54T (O e ey Drarvpeet:
8 e diacicpest vakow cbzcd o Dy, Dy o of
show §

Cvmmy

Loced blood flow in dog Lideey  T1

In coochnion, the diffasibliny of 1-Ap and THO
In the kidney woald seem to be quite simflar both
having a D of 3-5x10*cm® s This agrees well
with the simitar opiake rates for I-Ap and THO in
the lnner medulla observed m partidon cxperiments
(Clamen et al 1979) indicating that AV shanting fn
the vata recta bundbes affects the two tracen to the
tame extent

Tt foflows that the simattancous determicanon of
1 Ap and THO docs mot provide eny further insight
in the medullary counter current exchange It mut
be assomed, bowever that both sbstances will
underestimate wedullery flow to an umknown
extent. Becante the medullary flow fraction by alf
estimates {3 umil this concluslon B8 bot incom-
patible with the quite good agreesment betw een total
el blood flow estlmated from THO 1Ap and
Ms. On the other hand the agreement on total fiow
provides sirooy support for the aswmmption of
mwmﬂmﬂwﬂo‘.
lmmted mptake for both THO and I Ap in the remat
conzxevmlncxmxhnlv&udhﬂm(ﬁ;,n
Sull, both I-Ap and THO could viokate the second
Tequwement set oot above i, ¢ that the tracer
Mh:ddh’cmduchnhdybywnm
"hh’mwmo{mm
delivered to the deep cortex by diffion from the
Imeriobutar aricries capilbery blood flow fn this

Iﬂeﬂumydmmmm
Ogeigen et al. (999 Barger
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Flg 7 Companion of mean RBF in 20 kldneys as measured simultaneously with THO
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not different from | 00 (P>0 05)

ptions will be briefly discussed with spech!

exchange of inert diffusible s However
for the purpose of estimating local blood flow from
tracer concentrations in tissue and artenal blood
the simple exponential model proposed by Kety
(951 would atll) gcern unsupassed Two amin

3

2
L

P ] 4
of RBF | Ap

0 1
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oe
°

reference to the kidney (1) A correct estimate of
total renal blood flow requires diffusion equiibrxm
between ench region of the kidney and venoss
Bood keaving that particular regron (2) A byt st

ontrol
I3 [+

FEF I84mi/tman g

8 1 Avernge flow fractions o medolta, medwha+Cy (DF) and DF+C w1 s
izu:d m THO (open clrcles) Ms (flled cirties) and [-Ap in 10 control kidneys (Series

B) Idendty line
Right Hrwﬂ*x
m:ﬂwﬂwh per cent of total RBF
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broken Sofid line representing Ms va. [ Ap drawn to best visual fit
postglomerular lvward Mow of blood to sccount for the dfference
calculated from Ms and diffisible tracers in control kidneys The



‘.Q\nmunpkﬂnmhmm-mucd the
cndard eror of the mean zoral flow G3% in
C‘de,,II'PhC)r\‘tﬂwctwbkiutcom-
xwmd(\tx«cﬂhﬂlcdwﬂh)hmmncbdmd
wih [ Apand THO
AR indicators showed much grester ot
cxextter b € and the mednfiary rones taa i C
fuad C; This does wot pecestardly aipnify & greater
flow beterogenerty bt rather resuis from tbe steep
feoacentation (and flow) gradient I this region
3 (Fig. 4), together with the problem of oblaming &
gmmmEmmmﬁdfah\n
1 tom Under low pow er magndicanon, performed by
« the tame peraon thers was evidence for comder
able varabon in dracciion both withee & wegle
- idoey mid amooy different Kdneys, Appreciatie
rambery of Ms might ocour in severst OM mmples
~vodeven i OM samphey while most saghes from
these zones were comphetely free of Ms. These
abesrvatios emplasaze 1be fazard of coaperiog
o Comdls obuned w dderent (aboruorier and o
N €oe tat redsbie compunon of two treceny
demands determination of both tracers m the yame
trroe samphes
Sea00s wich low Now  20-S0% belew avirage m
otloated wal al mdeatons were ocersomlly
abwnved Whic no specaic fuufts werw detected n
theve expenunents we tend (0 bele ¢ that the
| arifacy

Local blood flom Indog Lidner T3

mmmummw.mwww
nmwm:mmuﬂrmet.s‘m"krdw
& more dMisable tan [ Ap and THO (Chumard
etal, 1969) the explamafion might be 83 sugpested
for i Noae of these stndies would seem to Tu
well with the common comparimert amatyshy of
exteymally fecorded SKrawashow ndcaung that
{ooer cortex and outer medolls can be reprewcnled
by v common dewnumition Tte abotit one (hird
1t of outer cortex (Thorburm et ol 1963 Barger
& Herd 1973 Outer medulbry flow caleulated
Grom [ Apland THO agrees well with that obtaeed
from BKr by Paysmors ¢t al. (1977) but are bigher
than e few fn it meswrements reported by
Anktand & Wolgau (1968)

Uptake ol ™Rb which depends on the wok effect
of the brge intracellubsr potassm pool, gves
» toricnd flow deuribution close to that oblained
with [ Ap snd THO (Bilmd Bartha & Fekele 1965)
However ™Rb showy a reiatively mach gremter
uptake = the meduln Two cxphanations would
seem Mty (1) Lea counter nusTent exchange of
the lipad lmoluble ™Rb, of 2) Agher extraction of
=Rh B the medalta than m conex.

Ia conchruioa Whie the (low distribution pattere
obtamed from 1-Ap #nd THO pptake b badenlly
simltar (o that reported for pther daffssible tracen
there Wt discrepancies which I part may be due o

o o gl

o an

father than physiologicsl flow befcrogeneity
Flow dustrdunon betnee 1omes
Compernon 1o ther diffusdl trocers As already

beowase of the tack of unufcre grocedices for 2omal
drvmion of the kidoey In the case of H wrthoot
e ® this Wboratory comparkon seems
femonably nfe Whale the medutliry flow patierns
€ Tuke wndar (Aukland (%67) H memsnrements
lendlog ¢y defference between olter and maer
flrw than obsctved with | Ap and THO
{Autland et o 1973) Tie dffercoct mught resoh
| Fomihe geates lfucttay of Hy causing greaser
| fachooge by the mmuriobt arieries i iner
cortex
In B¢ e of *Kr amoraduogrms ta
K Mh‘tr!’bvhd«p\"hulmedunn'!um‘nm
, Nrvlcal cortex (Barger aod Herd 1973) How
3 :g lkmmdwwmwmud
fecenitly presented by Pasamoore Nefoerper

Compariton of diffusibie tracers and wicro-
phere #p Le Wi computog. 008 Tow st
mated Fom dilfostio tracers versuy m "
uptake one thoud keep m mund the different waps
of upake White practcally all Ms (IS ) are
:T:‘:dl;m Ofm@wﬁﬂ;‘: o Somere (Mt
wn & Egerivery 1973,
snd therefore reflect gomerular blood flow u,,)
defialic tracers arc probably detsvernd matnly by
the postglomenular pentsbeter This the
Jow M uptake in the medolts (s a )
quence of the abence of glomerie in théa region
However i the ghomenti In C,, the (nner third
of 1he corex deirver all blood flow to the pedulla
throogh the vesa recta, and ol bhood
Mmmmthc‘f&m““ e
C Mm\nl]-v\m[)fh'llc+mﬁ_
m"“‘hmhmewmm
ol "'h'“b‘“"mll\pudmom
nC Mlnﬂ{cmwrum
wmmhmm“‘mm
be & rps of Mi retative to L-ABITHO flow in

At Pl S and f0
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the convoluted proximal tubules are kocated close
to their glomerul filtration per se will probably not
nfluence the [ocotion of tracer uptake (See below )

The requirement of simultaneous delivery of
tracer to the exchange vessels seems to be well
satisfied for the cortex An eshmated passage time
through the mterlobular arteries of 0 1 s (probably
overestimated) leads to an underestimate of outer
cortical flow by only 1%

As discussed previously (Hope et al 1976) the
presence of unequilibrated artenal blood in the
kidney results in overestimation of blood flow ap-
proximately corresponding to Its fraction of kidney
volume le only a few per cent Similar cakuln
tlons show that the same applies to venous blood
present In non-exchange vessels No nppreciable
influence on zonal flow ratios would be expected

Even If the devintions from the theoretical re-
quurements are considered acceptable the practical
problems 1n determining locnl uptake rate by the
tissue ling technique are derable
Since the high cortical blood flow and rapéd trocer
uptake necessitate a short infusion period the
tmung of the arterm! concentration curve to the
moment of renal circulatory arrest is cntical As
described under Methods (Fig 1) the transit time
through the termimal aorta may 1f not accounted
for canse up to 153% overestimate of cortical blood
flow The somewhat higher flow observed in
Senes A than in Senies B may at least in part be
due to such errors Obviously o shortening of the
infusion penod will increase the effect of timing
error ond will also prechide mensurement 10 Jow
flow regrons On the other hand prolongation of the
nfusron penod with a higher degree of saturation
will increase the error in calculated flow caused by
an Inoppropriate A, and by Innccurncies in the
measurement of tracer concentrations in blood and
tissue (Hope et ol 1976 Ekldf et o) 1974) Thus
In the experiment shown in Fig 3 withal Ap atu
ration of about 0% m C 1 10% emor in Ay
(~ome S D 1n our estrmate of Ay, for I Ap (Clausen
ctal 1979)) will give an error jn cakculated flow of
only 5% In amother expenment with o saturation
of 725% which was the highest Jevel accepted a
1056 error in A would lead to 155 error in cal-
culated flow In the latter case the deep flow frac
tron would be In error by 1.3% of 1otal RBF for

ot instead of 20%
Ap Infusion pertods of

values for flow in IM

instance 21.5
As described elsewhere |
75-300 3 resulted in higher

Acta P Scand 107

(Avg 074 ml/min ) than that osened w Sm
A (Clausen et al 1979) This finding corroboras
previous results show ing a consderable mto! dda
in Hy washout m IM (Aukland & Berliner 1%h
Thus short infusion penods suttnble for the cora
[4 itly cause under of [M flox v
diffusible tracers Although prolonged infrea
muninizes the error due o the ininal delsy Wi
not prevent underestimatton of flow dut to coune
current exchange of tracer (Hope et al 197}

Smee we found no practical way to determme by
for 1 Ap In the medulla we have ascumed 2 vaw
equal to that determined for the cortex Thhkmt
quite satisfuctory but the error m the medulin
flow estimate resulting from an appropriste b
should be small because of the low degree of b
fion (well below 50%) and probably of ménor
portance compared to the error mentioned thoi¢
The true total medullary blood flow is presumath
considerably higher than that obtained with F4s
and THO (or with other diffusible tracers) butan
underestimate will only strengthen the conchision
drawn ftom the comparison with Ms (se¢ belos)

While the theorettcal and prctical probkms &
cussed nbove may introduce considersble e
in absotute flow estimates none of them are fich
to cause grent errors i the flow mtios between
vanous cortical zones

Flow distribution within each ~one
The small scatter of T Ap concentrations wie
cortical zones C and C, (cocfficient af varlanom
as low as 7 5 in some expts average 4 9and 61
inC and C respectively) indicates 2
intrazonal flow homogeneity among (e reeoe
of 5010 150 mg A rough estimate of the amilytidl
errors mvolved suggests that the truc cocffickeatd
varlation for cortical concentrations fs on avens
less than 3% comesponding to a coeflicxnt
vanation for blood flow of 5% or less

The much greater scatter of cortical THO ¢
centration fs probably due to less acurate detet
mination of B-uctivity While in theory the t¢
tracers might be equally well sinted for flow Bxa*
urement and have been shown to give pmﬂm
identical avernge results there 13 no doubt tht ]
our hands the I Ap is the most rellable

The greater intnzonal scaiter of Ms-sctn®
(Table 1) Is cxplained by the rather small numt<?
of spheres in each thsue samphe (100-2%0) (Bud
berg ct al 1971) However when the activities o

~
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other parts of the kidney As evident from Fig $
good agreement was found fn C, while the My sur
plus was located in C; This conspicious and con
sistent dispanty might result from one or severn] of
the following mechanisms

(1) Mlcrospheres are undemrepresented in deep
glomeruli relative to glomerular blood flow This
might be caused by axial streaming by a stream
line effect (Svanes & Zweifach 1968) or simply
by sterc exclusion by narrow afferent ateroles
(Morkrid Ofitad & Willassen 1976) According to
previous studies in dogs (Slotkoff et al 197|
Mimman Guiod & Hollenberg 1974) there should
be no mize-dependent maldistribution of spheres
with the avernge size and the narrow dlameter range
of the Ms-batches used in the present study How
ever available data would not seem to exclude
skimming with lttle or no slze-dependency e
even with complete uniformity of Ms diameters
deep cortieal flow might be underestimated

(2) Too much IAp and THO are deposited
in deep cortex and medulla relative to glomerular
flow in this region

(a) If appreciable diffusion of the tracers takes
place scross the interfobular arteries or if

(b) a considerable fraction of flow in the perd
tubular network in one cortical layer is derived from
gomerul situnted fn more superficial layers ay
previously proposed for the rat kidney (Hope et al
1576)

A mode! based on the assumption that mechan
isms 1 and 2a are not at work suggests an inward
cortical p k ular flow P cofme-
sponding to 9% of total RBF (Fig B) A net jnward
flow of tubular fluxd would have a similar effect
However it may be calculated from the data of
Nusen (1966) on the cat kidoey that the inward
tubular flow could maximally account for one third
of the observed disparity between Ms and diffusible
tracers An estimate based on the inward directed
flow in the straight segment of the proxdmal tubules
leads to the same conclusion With e total blood
filtration fraction of 0 IS and 60% reabsorption in
the proximal convolution  the straight scgment flow
would be 6% of local flow In companson the est
mated 1 Ap flow from C to C, corresponds to [B%

hermore since the tracer
of flow In C; (Fig 8) Furt
o Tibrate with surrounding tissue en
will tend to equ he actusal amount of fiuld
route 1o deeper reglons
would probably have to
crossing the zonal barders rt of more
pe considerably greater Inward transpo

Acts Physied Scand 107

diffusible tracers for instance H, and "hr 5
accordingly be smaller

While admittedly speculative the List explm
tion (25) meght be the most attructive bt the pes
ent experiments do not rule out makdrstribation ¢
Ms or interlobular artery exchange of diffrat
tracers Further discussion should therefore s
more expenimental data

Thhs work was supported fa part by gasts foa "Ewy
Langfcldts Fond™ and from The Norweglen e
Councll for Sclence and the Humanlties,
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erotonin content in rat duodenal enterochromaffin
ells—in vitro
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FORCE

DISPLACEMENT
TRANSDUCER
~- 10
YT uater
+
ne ; 0;+€0p
- L I
o
o
o
KREBS PLATINUM
SOLUTION ELECTRODES

Fig | Experimental model The gut strip was mounted
between two parallel piatinum meshwork electrodes 7 mm
apart in an open pkexiglass chamber containing oxygen-
ated krebs solution (37°C) with the drug to be tested
The lower end of the specimen was fixed to the bottam of
the chamber and the upper end connected to a force dis
L v Theel des were con dton
stimulator

ther study the ncural influence on the EC with spe
cial regard to adrenergic components using TFS

MATERIAL AND METHODS
30 Sprague Dawley mats (males 250 g) were killed by

the expis No furthet drug incubstion with stops
these animals were dane,

Hlstochemistry and cysofluorimetry ARer b
and stmalation the put specimem were ek
frozen In Hquid propane freere-dried and tromed
formaldehyde vapour peoerated from paraformask
for fluorescence microscony sccording to the Fakt
amp technique (for description and references see Ca
& Jonsson 1967) The cytoforkmetric method b
described in detail earlier (Ablman et o 19%)
cytolluorimetry was performed whh » Lelz W
photometer with an Muminator for incdent |
poltioned to falate the activation madmun of the '
fluorophore at 410 nm  The measuring dopbagm
flxed at a dlamcter of about 20 um enough to cscea
the loagitudmally cut EC. From esch specimen e !
fluorescepce intensity of 20 EC was recorged. M
relative measure of the S-HT leve] of each EC
fluorescence (ntensiy after 40 3 of uftraviviet Ko
was recorded  For each cell the hack ground fwrese
wis checked separately and sabtracted from the men
intensty of the cefl These vafues w ere expresscd it
teary units and fed into a Hewlett Packard 9%21A 02
ter sysiem The mean value of intracelictar $-HT f
cence intensity in each control iz the section fou
paraliel-incubated umstimalated sirip, way set 0 ¥
The mesn vatue and S E for each utlmedated yed
was then compared to He umstimulated control Sk
r424t wa used (or comparisons within each ankmd
coxon # test for paired and unpadred data were v
co within End between proaps of sokmd
Pvalue <0 03 was regarded as significant The free

it intensities reet

Y of the
from cach sniple was normel e
All specimens from ono anfmal were prod
ty and afl were pecformed b

decapitation The proxicmal $ em of the duod war
dissected free and pisced in fcecold Krebs solution. The
gut was then cut into 12X 6 mm? longHudinal strips includ
{ng all 3 layers of the wall Each strip was then divided into
two longitudinal hatves, one haif to be stimuiated and the
other 10 scrve a3 2 control The strip (o be stiolated was
mounted between two paralkel platioum meshwork elec
trodes (7x1 mm®) 7 mm apart in sn open plexiglass
chamber (Fig 1} The lower end of the specimen was fixed
to the bottom of the chamber and the upper end connected
to a force dlsplacement trmsducer to record the contrac-
tile strength developed at tion bath con-
tdned Krebs solution (37°C oxygemated with 3% CO,
956¢ O ) with the drug to bo tested Each control strip was
{ncubated timultancoutly in the same medium during the
same perdod of time as the stimulated strip The mems
were kept in the medmim for cquilibragon 10 before
stimulation mulwhﬂauwnﬂveurmu"ugrul?‘;
Tator using the following perumeters 18V 2

et 19 . The current through the bath wy -6

stimatation procedure was judged o

Teiponse

from the specimen

aame person unader ibentical conditions using coded s
ples 1o order 1o siandardize 1he [t
urernents the following criteria were ined. (1) Speci
st have no obvlous ammine diffasion in srencep< &1
nah or EC (2) EC muut be sectioned hroogh the b
lamima the puckeus and the luminal pracess. (3) 08l
located in the crypa were mewsured (4) In cach Sk
view the EC of mediurm fludreseence inteaty (st
Iy hwdged), fulifilling criteria | 3 was aclected for &
urement

RESULTS
Nonstimulated specimens  either incubated
krebs solution only or with any of the &
ndded demonstrated distinct beaded adreett
nerve terminals with blue-green flugrescence ¥
strongly yellow fluorescent FC

TFS caused a significant 255 decrease of ¥
| lllar S-HT fuorescence after 15 min ¢

Drugs The e,
tn 107 M (Sigrea chem.) and d 1-progeanciol
ml:l(crﬂ' IC) 6 rats were peetreated with 6-OH

W(Smd&m)lwmﬂ:b\ﬂ ip 48 h before

Acte Pin skl Scend 107

stimulation demonstrated by cytofuorimetry (1
ble 1) The morphology was well preserved The

-~
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content in EC Addition of tetrodotoxin which in S HT is due to o direct neural influence on the FC
hibits the propagation of action potentials in the Luminal stimuli ¢ g ack pH plucose mechnk
nerves (Kao 1966) minimized the motor response  stimulation (Resnick & Gray 1962 Drapoan i
and antagonized the effect of TFS on the S HT 1962 Biber 1973) also regulate the refese of S8
content in EC Thus the effect of TFS Is mainly from the EC but the relative importance o sex
mediated through activation of nerves within the  versus Juminal stimult is not known

specimens and not a direct activation of the EC

The 8 adrenoceptor anta, t pro lol had g Thit stody was supported by grants from the Suo
blocldnﬁ fect equal to ¢ tg:ij:t sxin on the 3 T Medkal Rescarch Councl (gans o ITX, 0
B clicet equa fo tetrodotoxin on 2207 04P4I73) The Goteborg Medieal Sockey T

decrease in EC upon TFS This effect of prop~  gyedish Soclety of Medical Sciences (he Medicd Faol

ranolol may be a true S-adrenoceptor blockade or  ty University of GBieborg the M Bergrall's Fomsdar

be due to its membrane stabilizing effect or possibly andH and G Jeansson s

a bination of these h However In

biopsies from rats pretreated with 6-OH DA which

causes a selective chemical destruction of adrener

glc nerve terminals (Malmfors and Sachs 1968) no REFERENCES

change in intraceflular S HT levels could be dem- HLSTROM A

onstrated after TFS This gives further support ‘Hﬁﬁ;;-,;g‘”ﬁgg iw vup] b

to the hypothesis of an adrenergic probably f-ad $ic refemse of scrotoatn from enterochromaffie b2

renoceptor meduated release of S-HT from EC the cat Acta Physlol Scand 98 346-173 ‘
AHLMAN H DAULSTROM A KEWENTER/

upon TFS Since the motor responses m the prop- LUNDBERG J M 19765 Vagal influence on s

ranolol and 6-OH DA groups remained unchanged fin concentration fn enterochromafTin cellv i e &

(ns was the 5-HT content in EC) the motor activity Acta Physiol Scand 97 362 368

E
per se could not be responsible for the release of i ;‘l
3-HT upon the TFS In a previous in vitro study " . . o
where ot duodenal blopsies were incubated with cta Physial 104 36 70

varjous tentative transmitters it was found that not ALGMETS J HAKANSSON R SUNDLELF:

only adrenerglc agonists (odrenalme noredrenaline CHANG k J 1578 Leu Enki \\;ﬂ’:‘}‘b

and Isoprenaline) but also acetylcholine caused a nerves and trﬁt‘"rf:':‘“ﬂ cells in

decrease of S-HT in EC (Pettersson et al 1978) In Bm’m%?v e or mecaniemt fn the %4

the rat a possible cholinergic release of 5 HT from Intestine An experimental sty In fhe ct. A2
has been s, ted also in vivo since the de Ph Scapd Suppl 401

;:Ec‘caxcd thasue r,?:,mtrauan in the mtestine and BURKys’h'JF F &LO“‘PT(’] J P 19664 Catccholim™®

from pertdd
elevated portal levels upon vagal nerve stimulatlon duced Wh‘;mm&m T om 52

could be partially blocked by atropme (Tobe et al S PD-1386
1976) Thus also neural mechanlsms other thanan  pyRks T T & LONG J P 19666 H,h\y:rl
adrenergic mechamsm may possibly influence the taoine release into dog Intestinal yanculiwre

EC From a morphological point of view the EC Physiol 211 615628 M
be Influenced by severnl types of nervous ele  BUIBRING E & CREMA A 1959 Tbe ‘m‘k‘,
oy S-hydroxytryptamine in relation to prevsare €

ments  Ultrastructural studies have demonstruted the mtestmal 1 (Lond) 146, 1623
ausonomic nerve endings of cholmergle adrencrgic  CORRODI H & JONSSON G 1967 The formableb&
and peptidergic types In very close relation to the fluorescence method for the Huochcmknhli;ﬂ'::;
£ duodenal EC in the guinea pig (Lundberg et tion of blogenic monoamines ,thsml«“
base o DRAPANAS T MCDONALD J C &wuw-"
al 1978) J D 1962 Serotonk rekease following
Previous studies (Burks & Long 1966a Ahlman Bypertonic ghucose (nto the proxkual intestioe A%
sl 19762 Pettersson ctal 1978) have Indicated Surg 156 528-536 o
et and vagal nerve stimulation vin an  FARNEBO L.-O & HAMDERGER B 1570 R'm&
;hdat ‘plmhnkmoclwdun causes a relense of 5 HT Daq:‘c'lnemdne fru:;;v;:ﬁgl]g ;y'ﬂdd
fmmmEC ato the portal arculation and PO A’ T & KOBAYASHI S 1971 Ex
u‘-,“un'cn(mmnnﬂd 1978) The pres- Induced granule release (0 the endocrine cefhs of 4¥
llwll:::iy . y sugeests that this release of pylarkc antrum Z Zelforsch 116 S 60,
ent # tronigl
Acta Phrsiol Scand 107
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mportance of sodium and glucose for the establishment
st a villous tissue hyperosmolality by the intestinal
sountercurrent multipher

JAN-AXEL HALLBACK, MATS JODAL and OVE LUNDGREN
cpartment of Phrymology Umiveniaty of Gotrborg, Sweden

HALLBACK,D A JODAL.M & LUNDGREN O Importance af sodiwm aod ghcove
for the extabfhhment of villons tissoe Iyperotnolaisty by the htrstiml couxtercarent
mitpleer Acta Physol Scad 1979 107 8596, Recetved 28 Febr 1979 ISSN ¢o01-6772.
Drpartment of Phywiology Universaty of Gisebory, Sweden

mmmwﬂbwmm”mnw
Ihmtmu&hynth:vﬂiandddilmhdﬁmmmmd
warylog the lusinal contents on the crextion of the vilkn b
-y the

1 bes been proposed by Jodtal and coworkers (Hal-

Jle etal 1973 Jodul 173 Jodal et al 1978) that
¢ moet important physhological impbcation of the
::l:anmm exchanger s i3 signifi-
aier and sodrum sbrorpoon by creating
kyperosmotar

curtnﬂmpmhaummmhﬂovdwuam
lhamﬂmahlvusdmlhcndrpuh{h]qpi.
laries
It was, bowever pofnted out by Hafjam etal
(lm)lhilhalbsa-pﬂmd.nymdmh_
63 phusma osmohity (eq. glucose amino
-dd;):aubcmunumru-utwn:r[nnm.

m:ﬂmunodhmlndlwzhmm

the 1154 perfusmg the intewimt e T
METHODS

A- Operaicre procrdure

The expariments were
e e
m.md""ﬂ o food for 24 b end had ao

s vl e recomtmgs of biged
those Bow were
m"”ﬂ“ud.( axelar o

1975), wiich shouid by
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able .. Tpand men o1molality in various portions
wring dferemt xpermental procedares of this study
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* RESULTS
%« Theresibs of thes tudy are presented In Tables —
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Table |  Composition of the v arious solutions af this study

Concentrations are expressed in mmol/i

Na+ K+ Mg Ca?
Krebsglucose 47 47 12 25
K rebs-mannitol 147 47 1 3
Chollne-glucose
+25 mmol Na 47 Ta 25
Chollne-mannitol
+25 mmol Na 25 47 12 LX1
Choline-glucose 47 | 25
Choline-manndtol 47 12 3
Choline-maltose 47 [ -5

comulted for detlls Briefly total venous outflow from

Gie- Mar M4
hne a HCO; PO* cow sl
3 3 i X
1323 » i
12 12 s e 3
lw 132 S 12 »
H7 13 s 1 30
4713 P 1 »
14713 Ki e L]
ert ) the of the alusioiom ok v

i d Ny and the amount of tisoe ht &

two 1y cally denervated | i gments (mid
Jefunum and mid{leum) was reconded by a drop recorder
unit opmmllni an ordmate writer Mean arterial blood
presaure was measured from the keft femoral artery by a
preasure tramducer (Statham P23AC) Cholinergic influ
ences were chminated by { v atropine admindstration |
mg/kgb w

B Recording of intestinal net water tran port

thawed ot each temperatare jevel way deicraned fr
photographs taken manually at the end of 1n equbinba
period  usundly lasting about 10 mun A 7eln caect

(model C35) adapted 1o the micrmcope was wwed Somt

of the results obtained with this technique hus beea ®
ported In an earfier publication (Jodal et 8 1y
Resuhts)

tn the Latter part of Lhis study the temperature o B
t Inal tissue wat changed automatically by a dost

Intestinal et water transport was Y e
with & recircudating system that was coupled to the lumen
of the intestimal segments and contaloed a reservelr (vol
ume 700-1000 ml) to nunimire recirculation The volume
change of this system was recorded with & volume truns-
ducer connected via a Y-ube to the perfusion system
Provided no motility occurred the recorded change of
volume reflected net water absorption or secretion (Jodal
ctal 1975) The intraluminal preastre at the outflow end
of the scgment was hepe at about | emH O and the intesd
nal segment way perfused at a comtant rate of approxe-
mately ! mli/mun by means of n roller pump (Model mp-4
Iamatec Sa Zirkch Switzerland) The temperature of the
perfusate entering the segment wus contiououdy mond
tored with » thermometer (Electrolab
Copenhagen) and kept at sbout 38°C

C Crrosce pic tech g
1 General procedu ¢ The cryoscopic method has been
prescnted fn detall by Jodal et a) (1978) also describing
1be cal'bration procedures Brefly afier tleast *0-25 min
of coniytant net water tran port the scgments were rpxlly
extirpated and momentanly frozen in isopentan pre
cooled to —150°C in liqued nitrogen The hle;;l‘ncnl wall
t obliquely in & cryostat kept at ~ 50 as
mmmﬂm ut JifTerent levels of the vili The
Hasuc sections (15 pm thick) were embedded 1n kerosene

constructed by rercarch engincer Lars Siage The 2!
ing tempemture the temperature locrease per scp *
well as the number of steps (10 or 16) coukd he vanel. T
t{ssue temperature was usually increased fn [0 stem ek
S-min equibration period betw cen eaxch sep As w
matic Robot Star 50 camera way used io this eenes,
Determination of Hxsue osmolalin The iempeai
at which the Laat ice crystaly thawed in a viffous v
tion was taken a1 ity melting polmt The Lnwwe o
point determined fn this study way consifered w k!
measure of the extraceliutar gunotality The maguifiax”
used (about 50 imes) wns oo low to allow any o2
tion of intracellular ice cryvtals in the vdkurs tasse o
The thawing of the intestinal dysoc abenys “mﬁ‘d'
villous tipy and spread gradimfty ol
the crypt regioms rtnwhu.tmam“brmwiﬂ‘“
melted at largely the mame temperature Thcrﬂmhs‘b
melted villoas thsbe for each temperature kevel wn
termined from the photographs The dams were fed W"'
computer which cakulated the trsue ovmolal 1y s
20 30 40 30 60 70 RO 90°% of villous lengthn ds
the mean osmolality between § and 30 § and 50 snd S0
1007% villowy length (Jodal et ol 1978)

D Sofutiont
The Intestinal mucowa was cxpoved fo seven difer®
h

1 plates and tmo I to a
bcﬁrrto?uld;[l cp(‘mﬂsun; of an aluminium block mounted
g micrewope Hded with 8 camera

re of the aluminium block could be set at

lﬂm l‘m beween —4.5 and +0.5°C Tbnwhu:;
ﬂ-eykr(ndnallhmuxxhwvcdbyﬂthcmm

tlgsue temperature

In the flrst part

A 1o Pl ol Sewed 107

of ths tudy (about one third of the

fom The contents of these are glven in Table ) B¥
expls oaly one type of sofuton wa perfired troof
cnch segme tatudied

E Seari tics
Statitical vignificance wa teated wdng Wilcown y 5
parsmetric kests (Swepel 19%6) .
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cxted m the Fg For farther details conatt dend to Fig- 1

wrved when the perfwsate coatained 147 mumol
#odyers per Irter are indcared by thin lmes Compar
% the two solutions with 25 mmol sodfum dxd not
‘rach any statmtically significant difference be
sTvecn O oxmolhality values neitber a1 the tp bor
. between S and 30% of viBous kength (Tables 3 and
4% Wthough the values for the picose contemmg
scbucion atways were higher

, P 3 Wounates the oxmotic gradsents along the
. "oy Measired when the ftestinal perfisate con-
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Teble 3 P ralues when comparing villons tp osmolality (upper value) and mean tissie csmolaer in e
upper 5 1030 % of vlllous length (low ery alue) in the different experimental series performed on the jorm
The statistical significance was tested rting the nonparemetric method of Wikcoxon as =not dignificant

Choline-glu- Cholme-man-

krebs cosc+25 nitol+25 Choline  Choline-  Cholme-

manmitol mmol Na mmol Na gocose mamital maee

Krehsglucose <001 <gal <001 <¢ ot <001 <l
ns <001 <00l <001 <001 <t

Krebs-mannitol <0® <001t <001 <00l <00
<008 <001 <0.01 <00t <@l

Choline-glocose m ns <001 <
+25 mmol Na m m <001 <«
Chollne-masaitol n <00 -
+25 mmol Na m <00l "
Choline-glucose <008 <y
o bl
Choline-mannitol :

given for each companison the upper one was ob- In Fig. | are somewhat lower than smilac vaket
tained when testing the tip osmolality values and  presented in an earfier report (Jodal ctal YR
the lower one when comparing mean osmolality  which may be attributed to the modified cryosa
values in the upper 5 to 305 of the villi technique (see Methods)

Fig 1 illustrates the compiled results of measur Fig. 2 illustrates In the same way as in Fig. |
ing the osmotic grodients along the villus when the  osmotic gradients along the villus when the W'i:
petfusing solutions contalned elther glucote (con  concentration in the perfusing sotutioos ¥
tinuous line) or mannitol (dashed line) and the mmolfl and the perfusates contained r{lhtfﬁ"":
sodium concentration was 147 mmol/l Data are  or mannitol The osmolality of the perfusaiel ‘d :
presented both for the Jejunum (left panel) and the  mafntalned around 317 mOsm/kgH,0 by sddte®
illeurn (right panel) In the jgjunum the tiposmolali  choline chloride (Table 1) The resudts o
ty when using ghicose solution was significantly  with the perfusate contalning glucose (coal )
higher than when perfusing with mannitol solution  line) or mannitol (dashed line) are prese pive
but not so in the fleum (Tables 3 and 4) The tip  for the Jenunum (left panel) and the ifevm he
osmolality of the 4 experimental groups presented  panel) For comparison the osmotic gradweats

Table 4 P Values when comparing sillous tip osmolality (npper value) and mean tisswe o:molafb’v;:
upper 5 1o 30% of villoxs length (lower value) in the different experimental series performed on the

The statrstical significance was tested using the tric method of Wik n=not —_
Choline-ghu Choline-man-
Krebs cose +23 ritol +25 Choline ~ Chotine  Cholsc
manaitel  mmot Na mmol Na glucore  manaitol  Afto¥
<001 <001 <001 <00l <00!
Krebs-ghucose ™ <003 <00 <00) <001 :&g}
<008 <001 <001 <00l
Krebs-manaitol ns <a.as <001 <001 <00l
n ns <001 L
Chotioe -glucose o m <001 ns
+23 mmol Na m <001 o
ol " <00t "
+25 mmol Na <001 s
Cholinc-glucose <00) o
<0
Chotine-manaltol <00l



ilerest n w0 cases 10 the Jepmumn » stabstical
upuficant difference could be demoostosied be
Aten nafiose and glucose and in the Geum be
e waktose mad marmitol
— Totad blaod ficew in te Tw 0 intestinsl scgments
nmmcrlyuphmédn'eﬁmh\‘hbkl.
T wvtrmps bhood flow 8 sepments perfised witha
hition contaming gucose was cooaistently tghet
~heam the correspondang groups with masaiiol per
wsme. No stamstically sgnificam difference could
wacrer be demonsirated between  indivitusd
Wmmmmmmu
mnlnndnmcm;hﬂupnﬂmtmm
:hmn\nnhm-nnnﬂuww revealed o Highty
o HPdBcant dufference (P<0.01).

>
+ASCUSSION

FThe elfect of ghucose on villous Tayve hyperos
f‘lr:l-l-n’y-n-nrmu.m'dIrycom;mnn:d:\neexvm-
* pental resufts recorded when segrenty of Jeyuam
nd $evm were perfused with iotonge sokutiont
~ Jomeming either glocose or memmeol Funtbermore
4 i evdosse the sodiem and hucose terdepend-
* ewe expermnents were performed at 3 dferent
*sodera concentrations, e 0 25 wnd 147 mmoil
P 13) Ormolaliy in the different soluons
¥ %ot kept constamt by additiont of holine (Twble 1)
1 Whes the sadiom coocentraion tm the perfivmg
<7 soliton was bugs (147 mmoll) addiion of glucose
o odcrionly tmaft e m villous Unkoe ownolalny
7 vempaced with the mmnentol soluton (Fig. | Tables

a0d 3} The wcrease of tasne bality produced

Inte tinal conmtercarrent mutriptier 1 95

1971, Thns process mphesumn.olhcnh!mﬂ:
presence of an Intaceluler gicose concentraion
bt {3 hights than that of plasma. Jn vivo bowever
mmdnlmﬂuhrmmﬂmofﬁxmbm
been thowa Lmindnnhcponbltprncmdnn
active truriport syutem (Espostto et 1977} Both
mcchmtmpmbablyﬂylclonmelhcm

The imigodicant effect on thae csmolaly of
gucore at hugh sodivm concentrations In the perfu-
sate may be explained by & bighly eflicent and fast
wctrve transport of sodmm into the fteutinal capll-
Tarles TRking the trenspoct of ghocose quantistive
ly uniep the slight hyperenia in
the gitoee Srpetyncnls a3 compared to the man
firtol ones might have decreased villoas oxmolality
by ¢.g reduaang the efficency of the countercurrent
sulpplicr (<L Sodal et at 1978) The resuks whh
glucose ouly partly corroborate the by pothesis pre
sented by Fordoran and com orkens (Fordiran ef al.
1968 Fordtran 1973), which fmphes that ghocose js
the main sohute determining net water absorption
However at low or 2eto sodiven conceptrabon in
the humind woition this hypothesis 5 i befter
sgreement with the resils of e present stady

1o ther cootoxt it vhould be pomted out that the
sodivm concentratlon close o the vitoos surface by
probeily not 1670 undet 0 ive comdihont eves X
the cotering perfising solnton is devoid of sodhum.
Thoa 13 for two reasom. fiest, there b3 a contioooas
sodum diffusion from thsee to kumen along a

b7 the addmon of glucose was however bwger
*h doneuginng sodeen concentraton, end thas
the bryent raese 1o tnwe cumolatity Wt obverved
Mo todum concentravon m the perfussty
oedaim wan zero (Tahles 2 and 3. A Increso of
e otmolshty wath tng 30d v

Dot m the miesymal perfusnte wan wso demon-
e (Figs. | 3 and Tabde 2)

The result of the present study hevce sugpest
et gucore may coatrite to e establhment of
<0 exmokar gradyent 1n the wilkes particulerty m the
"”‘Wdﬁm\nmpﬂfum Ths hypotheus
I B e shrarbed ghacote ereasen the bood
Dot comtentraton  the vilown cupllanes (e
MrodUction. Thes can be aceomplished m two
12 el stubes bave provided evidence for a
Deltated diffesion procens at the baso taterd
“<wbane of the epiheliem (Morer £ Hopler

padlent  second  the
sparse s kons mey have g0 uncven dsuiby-
tloo in the lumen due 2 negative charge of the
slycocalyx which ¢nhunces sodum concentration
¢close to e villoos surface Therefore ooe canmot
entirely exclude the porsibity that the effect of
#ucote oa thine osmobity may i the sodhrm free
perfysaie be lodoced by entncing active sodhum
tranpart o the brush border (Crame 1962, Schattz
& Cyrran 1968, 1570).

;nmwwxmrmmﬂmlmnunl

mmahose waiend of ghwcom Thert cxpertments
were based on the observation by Crane and co-
workers (for ref ﬂﬂumlmmm
olecnler prodced by v xpiating of madtose are
-bmbedvh-ndhmhd:m

ﬁ:mmammmmw
Mnmtﬁudmhdﬂ&mm‘mfr
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4 D A Hallblck et al

Table 5 Increase Inillous osmolality in the upper 5
glucose to the perfusate

10 30% of \ llous length produced by the adénmr

The increase is expressed in mOsmykgH,O and In % of the osmolality values observed when perfining the ineey

lumen with & solutron coatalning na

Concentration of Jejunum Tlew

sodlum in fom m

perfusate mCsm/ mOm/

(memol/l) kgH,0 % kgH,0 *F

147 45 7 9 1
23 52 10 39 1
] 9 24 92 2

a higher osmolality A significantly higher mean
osmolality in the upper 30% of villous length could
only be demonstrated in the Hleum

The results mven in Fig. 3 clearly demonstrate
the Importance of increasing sodlum concentration
in the solution perfusing the intestnal lumen par
ticularly 1n solutions devoild of glucose Stepwise
increases of the sodium content in the mannito!
solutions from zero to 147 mmoalfl sigrificantly in
creased villous osmolality (Tables 3 and 4) In the
expentments with glucose containing solutions the
increase of sodlum concentration from 25 to 147
mmolfl produced a statisticolly significant osmolali-
ty Increase while the nise from zero to 25 mmolfl
induced no significant effect (Tables 3 and 4)

Table 5 illustrates in another way the effect of
glucose on tissue osmolality in solutions with vary
ing sodlum concentrations This Table is based on

He0
oo
o
00 A Ol rsiens
000
o
3
wo R
00
TESTANCE FROM VLIS T
ot of el vl b
0w 4 w0 0 w

At Piosol S end 107

the avernge valucs given in Table 2 The obsendd
Increase in tissue osmolality in the upper X7 d
villous length upon nddition of glucose to the per
sate is most pronounced in the solutions devod o
sodium  Similar results were obtained whea &
pressing the osmolality rise In per cent of the vt
observed when exposing the tissue 1o & ghucone fet
solution

[n one serkes of expts the Intestinal mucvsa vs
exposed to & sodum free solution contarg B
disaccharide maltose The observed villous 098>
lality gradient s illustrated n Fig. 4 As a cooyd
10n the osmotic grodrents recorded when the perfr
sate contained glucose or manmitol but no sole
are also shown Comparing the tip osmolality &
tamed with the maltose solution with those ¥
whth the two sodium free solutions containizg g !
cose or manmite! showed that they were statiseed !

1

oo

10

Thioe osmolality in the villi of fejunum and deum when exposed 1o a choline
solution (triangles) For comparison the Uswe ovmolalities obiatned wath
continuous line) and chotine-mannitol (4 hed line) salutions are indi-



ta Phiysol Scand 1979 107 97-103

“yelease of prostaglandin-like substances during elevations

- fleft atrial pressure in the cat
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rtate of Phyvokogy Uneversty of Oslo, Nors y
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WIBERG, T VAAGE.l! & SCOTT E. Release of
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The parpose of the presext  ock was to measare
hypertemion
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weh ay
d srokmg or strmng (Piper &
Va2 1971 Bakhie & Vane 1974) Drstortion of cell

# Serbrancs bas been uggested to be a common

e

Addtiomlly we ha ¢
of PGLS were duix 1o

findings have been presemied in
Tmunation (W herp ef o 1976y

METHODS

Cutt wergtrmg 1343 kg were
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tance (Caspary 1977 Semenza 1977) and the pres- pump I the basolateral membrane of the extomax
ent expenments also fafled to show any conclusive In Intestinal permeation (ed M Kramer wif
effect on tissue osmolalty of the disacchande Lauterbach) pp 107-114
To summarize the present study has demon- FA‘;‘J?SNS‘EH!‘E‘;N :Uimﬁmﬂh:ﬂ
strated that the creatlon of a villous hyperos | dibatation afier intradocdenl o
molality is dependent on the contents of the solu- Amer J Physiol 2.3 1058-1067
tlon perfusing the intestinal lumen It has been FORDTRAN J S [575 Stimulation of acthe wip
shown that the presence of sodum is of pasticular mmmd'fcu" ;bln"’mpld‘;; 7;_.,‘;’7"" e e
importance in this respect while glucose may be FORDTRAN I S RECTOR F C & CARTER MY
contributing at low luminal sodum concentrations 1968. The mechanbm of sdien mi*
When comparing blood flow in Intestinal seg- human small Intestine J Clin Invest 47
ments perfused with isotonic solutions with glucose mcliﬁﬂ!': H ’g&;&: ﬁ{mgzﬁz
or mannito! it was noted that the intestinal blood villi durlng sbsorpiion of sodmm cakonde A%
flow was significantly higher in the animals per Physial Scand B9~ 580-59)
fused with a glucose solution It scems reasonable  JODAL, M The significance of the h‘"""”:“;
to propose that this vasodilatation represents a :&"m“ﬁm"‘:;b‘“pﬂm dl';#m
functional hyperemin produced by the lununal con JODAL, hl, HALLBACK D -A &' LUNDCREN. 0

tents Two underlying mechanisms seem possible 1978 Tisane oamalality in ntestinal vill durieg basi

the release of hormones (Faraetal 1972) and/or the perfution with Botondc clectrolyte sohuon A

sctivation of local nervous reflex(es) (Biber 1973 Physlol Scand 102: 4-107

Postetal 1975) " ) ® JODAL, M_HALLBACK D A SVANVIK !}
LUNDGREN O (975 A method for the comm™

ofnel\nlcrmm-poﬂln(bcfcﬂntmlh‘d
This research was supported by grants from the Swedhsh .:L:?Hyﬁ)lsur\dﬂul-#7

Medical Research Council (14X 2835) from the Swedish (/R ER H & HOPFER U 1977 The functions pis
Soclety for Medical Sciences from Harad and Greta 1y of Uxe intestinal eplthelial cell studies nih i
Jeanssoms Fund from Magnus Bergvalls Stiftelse and plasma membrane vesickes In Tntestioal permeas

from the Faculty of Medicine  Unlvensity of Giteborg. (ed M Kramerand F Lauterbach) pp 24311
POST J A CHOU C C KVIETYS P TSt
PITTMAN R. & DABNEY J M 1975 P

mechanisms of postprandial Intestiaal bypee®
REFERENCES (Abstract) Fed Proc M4 459
BIBER B 1973 Vasodilator mechanisms in the small SCHULTZ, S G & CURRAN P F I%&llﬁf‘- “:i
intcatine Acta Physiol Scand Suppd 401 sbsoption of sodhum chioride and water

CASPARY W F 1977 Mechanism and specificity of book of physiology utdmﬁ,vdlllp%mn
intcatinal sugar transport. In Intestral permestion SCHULTZ, S G & CURRAN P F 1 thuc“':
(ed M. Krsmerand F Lanwerbach) pp 74-84 transport of sodiim and orpaoke solutes.

CRANE R K [962. Hypothests for mechanbsm of intea 50 637-718. o
tina! sctive transport of sugars Fed Proc 21 891895 SEMENZA G 1977 Intestinal MF

CURRAN P R & MACINTOSH J R 196. A model bohydrases as sugar trandocators Io Int I
1ystem for blological water tranapoct Nature (Lond.) meation (ed M Kmamerand F Lauterbach) 1P
193 347-348. 281 the

ESPOSITO G FAELLI A & CAPRARO V 1977 A SIEGEL S Nonparametric statlstics for the bebavi
critical evahimtion of the cxistence of an outward sugar scrences McOraw Hil New York 1936
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#* fud abvicrnd 0 biood e reacicd 10 stancierd doves of |
uzwdmanaz.-uwmaror.r
P amiena e Wiy spooianecd  BrwEyy
I rmcrossclectaws (e g wcre maflaaed (o
Pesk Pry of 0 o H,O for  few secomds S mum before
 Seatxnof P Tho left trad bubloon v nflated to grve
b P o 00 menily 1 sowe caves the Inghent £

1
RE L[ \w i
? !_u1 rgmligg;

Fir 2 Efflet of mfaung anpotemun 1T L to s
anesthetzed ot (cardoc ouipat 400 oilrtin) oa femonsd
bbadpmmlf.)mdzmymmamhmnry
seperfused by srienal blood (10 mUmin) rat stomech sirp
(RSS) a0d rat ckon (RC) before and efer | sdmioistrs-
tion of ldomsethacn to block PG yywthesls

hﬁr\lmePGE.‘hﬁmi doe
ack the K3y L 0 abowt
2agim] Wikeathe sy Uviees ad reached  pitewa P,
woan ancreased with 1he wifwsaon of POE, pomg. wo tent ff
change 0 PGE, conceniriiyon In enenal biood ocorred in

the comcrntrution b arkene! blood found by bloaswry

P imomary nd cardlovasawlar effect

o edPy,

Whew the balloon b the keft atrtum was inflated P,

and P mcrexsed and remadoed elevated vntil the

balloon was deflated. Simultaocously Pry locressed
wheress oadiae ovipn P and

paimonary vescular resistance decreased. These

changes m Puy aod P are presented in Tabke |

tads (Hauge Be & Aaneth 1977)
Reieare of PGLS

Atowl of 18 » clevations were perforoed n 9
cat (Tuble 1). Dunng 14 of thew clevations the

yay thwer contracted suggesting refesse of
Pﬂu-rmh.mupkoflin(mn The contrac
tiows were mamtaned bot subvided raphdly when

Adtn Pl (o amt 97
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Table I Lftecr aan rened PpyonPCrelene

Dutataon Porlike P Nfwe
ot re ure of P substances and dunng
al cevavon P ckrvation  (anmated Pyoelevatnon Indomethars
~ Y (mmitg) (mm) a FClL ) (mmg) wfrned
i 1 4 ~ 0 t-1o
: \ L [ [\ -
! 0 ! <4 1101
! : 5 1 (S 1]
t 7 IAG &Y REEN
1 ~ b 1 10~ <8
\ ) 1 0 uo. 2§
} L n 4 ke o)
4 t y ta [ETL A
v: . Y ) e 8 +
: 1 1 n LI
W N s o 8 +
6 1 W 18 nars e 2
1 9 15 LIRS )
7 40 n 0 et
3 0 1 oLy ' 0
3 1 0 ! Al
9 1 3 t SR N " *

PGLS indnates that tipe W G ouk! not he elrd

bepummred with W0 UJkg and evsangumated by
andiae pancture: Treach 100 mlof thr Bood wa added
100 T U diy pomer hepann The  umpeal provedtures
have preveandy been described in detail (agge 1§

1gnesad 1970

Venr? 1w Atrwheal annula wa meerted & minake
Hyfranm-La Rxhe 0% mpdg)
W ENCD AR PORHIVE PrevaTe Ventilation with ~omiam
tantad | ndeypimat vy pre wire win
Lot al +1% 'm HO b meam o 2 water wal The
4n and the 1hlal v ume
wa adinted W a0 Leep plE i artenal Nosd between

Wo 48 atihe waet Texh eypenment and wa then

relnant ¢ \hfenne
] v Jume wa

e Mrat Wy freguency wa

ket at this kevel throughout The eaxpt Tra heal prevaire
whi h m thi model equab transpulmonary pres ure (P )

wan reovnded b a Statham PV IDC tansdiser vuaa wdes

arm fthe trmheal annula
Sae Hpan Jut Pre reandfIworerowiae The
thoray wa pencd wadeh by plung the Mermum
Polyethviene  atheten wete iIntnhiced it the femoral
artcty and mt the pulmenan artery through the nyht
venincular wall 3 recond ag ¥ femawal artenal presare
(0 ) and primonary artenal e 170 reapect b
y Rakowon atheter U Matea N Frwa placedmt the kit
atnum t recond RN atnal prevaare (P VP M be
elevarad by milatng the Ralkoon All presaunes w e mnn
twed o Statham transhieen. vanevted U tna
hgraph N TBL Ui lantrument CO Quinn
l';‘h Us\) Candin SUIPQT M MR onman fhrw ) wa
ared By 30 cRNTromagnein flom poe placed ancundd
o~ cond ng aorta Path ohatk and mean flow were
e .:a!r\ 2%y SN MqUATE wa € (R (e \
\m;:‘““ W Nsman) omeasd B the (o
'\‘;\TP:, A o (Rt of the Mond bathad wx n

AR

technnque (Lane 199 wa ined & dewnhad b Ve
Wiberg { Soult (1970 When the smpral pracedut
completad the at were goon 10N T L 1 Y he
t troma aiermibe Kt ard aiten W mlra e
Rood wan purmped U anperfing a senes Yo w1 o
ral Dk unp (A3 rat ok (RCYand hadre 22
ICRY, The Bl then retamad T awgs e pa @
The tranen wore preteated wub Bocken o™
ateholam ney hrslamune sorot n and acenkid T
Naage Wikerg ® SO 198 a4 ot ol X
anps o R soma (RRAY were inchidd &
sometr tem m of The a sy nares wore reeveded B
e et N Jocer ekements ~anccted &
O pobgraph Upimeam 1 the eaay trass sunde
s WXLy I W angatemam 11 were nfined b
abbat W

Ta tetw When the exiavorpval ol m »
A al whoke B wa mfined 1 ~ompenate P
Boad kn mt the eximacoronal S (RSt mh (K
Nood akne totonk waline % deat n (Macroky &
Tharmacid ywaken) wa gren thoughot e ev®
ANPATE NN T mant n Bond presse ™
“andin Wittt

1 ohparom e Ao
Phonphate bafter ( S mg mb wa poon
it PG anthewn (v ne 19T

Pl med wremear nantenal Bhoaad mere amed Y0

Indomethacm drsohed
« meigt

wah an AwiBase Anal rer PHML 1 Rad vt
C ypenhagen Denmark
Hemarstir wa Ktemonad  n hiplaate B2

mendemar ot senmfige

thmy Now  Jdeermndd m pawma wah ¥
X med DRimain, Chmmicrer (4D anced [ ty=ets
Inv Neoddan Heght A\t Lsu

¢ penme pek W Prr\wut\-%‘!‘__‘n were (N
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e | The effet of elevaiing kofl airial pressT m s
prxhetzed cai with the che st peied and ventilated with

1PL), Carde cutpt (L0, fesmoral oo
v presare (P) e monetne fe-
wr a3 bursay it

*d  ben bevrhe lemuon of (b mway fraeer
Sad tabvhred s bood sad reacted to stanstard doses of |
i wymd of FGE, aad 7 ad 4 rgfmd of POFw T

it B¢ tenlency lowards

P ostaglandin ard palmonary Inpertension 99

mn
B [
mha

RS e
%‘[d:\uar»{:\«sm

1
. B
¢ Iy
v v,

Effects of infmilng mpotessin |} L o m
Ltumw(mhm@wm]mm
blood prvsesTs (P ) a0d 3 baoxssay trveases conbruomdly
vaperfesed by artermd blood (10 mlimn). rar aosusch stnp
(RSS) end ol colaa (XC) befors and after L sdotantra-
ton of ssdomcthann to biock PO yothesn

change i PGE, comcentralion m srkeral bicod occurred m
elalon { prevyoee elevanon.

Cobopiert g pulmosary mactn tom of PGEr Mued
venoms coocentraton of POE, durleg sflusion was cales-
lated by diviciog the amoont mfmed (agfaun) whh the
Cardeac ontput (mifmen), PeT CoNt NmCTvaton WA £
oced after the followm foroaie. [( - pike] 100%
hert msouxed enowny concentration of FOE, snd b it
the conceatration m aiteral blood fownd by bioswsy

Pulmonary and cardsoy asewdar effects
of relsed Py
When the bafloon in the feft atriuc was inflated, 2.,
and P mwcreased and remained elevated until the
balloon was deflated. Simalancowly Pry increased
moderately  whereay cardae outpot, P and
putmonary vascular resntance decressed  These
changes m P, and P mre presented i Table |
Y %od cardwovascular chamgrs fn whe same
model kave previously been descnbed in more de
talls {Hauge Bo & Aarseth 1977}

Release of PGLS

A total of 18 Py, elevations were performed in 9
1 (Table 1) During 14 of thete chevataons the
2 sy tissues contracted relemse of
PGLS withm a coupke of min (Frg. |} The contrac
thont were mamtained bot subskted rupddly when

Al v £ el 51 wad 147
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Teble | Effect of increased Py on PG release

Duratlon  PG-Fhe P, before
cat Preswre of Py, substances nu;d durmg
C clevation £ clevation  (estimated P elevation Indomethacm
no (mmHpg) (min) a3 PGE,.) (muntg) Infused
: | 24 0 0 130-170
1 42 6 0 130-170
k) 43 ! 4 110-100
| 4 25 1 &0 70
3 3 I 7 PGLS M- 68
_l' 9 % I 110- 83
26 21 0 110- 23
3 i k) 1 4 90 60
: | 30 10 b4 140 g5
4 28 0 3 135~ 75 +
i EX) 11 L3 80
_61 k4 30 4 98- 75 +
i 30 16 PQLS 1 %0
7 | 49 15 2 113~ 80
7 2 £ 13 ] 90- 65
7 J J0 10 raLs a3- 70
3 1 0 | 90~ 70 +
9 I A 1 rGLs 90- T0 +

PGLS indicates that type of PG coukd not be spectfied

hepannized with 500 1 U/kg end exsangumated by
cardic puncture To each 100 ml of this blood was sdded
1000 { U dry power hepann The surgial procedures
have previously been described In detail (Veage Bo &

Hogmestad 1974)

Ventilution A tracheal cannuta wa Inserted @ musche
relaxant (Alloferine® Hoffmann-La Roche 0.5 mghg)
wa given and positive pressure ventilation with constant
stuted End-exp ratory preswre was
kept af +1.5 cm H O by meauns of a water seal The
reaplratory ficquency was 4/min and the tidal volume
was adprsted 30 as to heep pH m arterial blood between
7 357 45 at the onsct of each cxpenment and wa then

tidal volume wa

kept at thes level throughout the expt Tracheal pressure
whkhin thi mode! equah transpulmonary pressure (M)

was recorded by a Stathem P23 De transducer via a side-

arm of the tracheat cannuta.

Sureecal proced re Pre re adflow record xes The
thotax was opened wadely by splttmg the stermum
Potyethylene catheter were introduced mto the femoral
artery and {nta the putmonory artery through the right
sertricular woll for recording of femora! arterial pressure
(P ) and puimonary arteral pressure (P ) respectively
A balloon catheter (Folate No ) was pleced into the kel
strum to tecord teft aitial prevsure (P £ could be
ckv-lcdhyhﬂmmmehdloon Allpre ure were monr
tored by Statham tramducers connected to Qrasy

ph (Model 7B Orass lnﬁh:’uqmls Conqowu)t:c:‘
fass USA) Cartiac output (mi coronary
:neuurtd bymemmnumkﬂwwdrpkxncg‘u:ﬁ
{he Kicerdmg vorte. Both pubatiie ind mean phil
reconted by a Nycotron square wave flow gietet (WM

Nycotron AlS  Norway) connected to the

PO A rfcaton of the bloabbithed orpan

Aute Ph wd Scend {07

technique (Vane 1969) was used & described by Vasgt.
Wiberg & Scott (1978) When the surpeal procedore wa
completed the cats were gren 1000 1 UAAg of heportt
i v From a catheter in the keft carotad anery 10 mlime &
blood was pumped (0 superfuse a scries of ass3y e
rat stamach atrip (RSS) rat colon (RC) and chxck rectod
(CR) The blood then retorned to a pugular vem by prnd
The thsies were pretreated with blockert apssd
atecholimings  histamuine scitonm aed acet) khobt
(Vaige Wiberg & Scoft I978) in 4 expt  sparalhy o
tnps of rabbxt sorta (RbA) were sncluded 1y wel
Isoretric temsmon of the A say b wes Were recorded b
semiconductor transducer elements onnccted W UK
Gra « polygraph  Upstream to the sssay tsuxs sandnl
doses of PGE, PGF,. of angsiens n 1) were mfiised 6
calibration
Traad shom  When the exiracorporal circulution ¥t
tarred cat w hoke blood w s infursed to compensate for X
blood koss Into the extracorporal cireu | (0-.3 o Crf
blood ajon¢ roton saline of de tran (Macrodey 67
Pharmacia Sscden) wa g ven throughout ihe eapit
whencver neccuwy to mamtun blood preswore ol

cordue output

Inhsbntion f PC 1h u  Indomethacind solsed 3
phosphate buffer (S mp/mh » A pvent  ( mghp®
mhibit PG ynthesh (Vane 1973}

Pl mea wremenr 10 artenad blood were carmicd oot
with a0 Acid Bawe Analyzer PHM 71 Radwmeter
Copenhagen Denmork

Hematoont  w determned 0 duplcate by 2

mkrohematoent centrfuge

O molann w determmed i pliuna with a0
Ad anced Dymatie Ovmometer (Ad anced Instruments,
Inc Needham Melght Ma  USA)

Experimennd protocol Preswre clervations were el
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~fg § Efectof P ebevalion on petmonary

o wiried PGE, The tracrag are potmonary mrtcred
e (P ), lef wird praseart (P} femmorsd asteral

e by

. yperalinted (1) Py, win chrexsed duteg
-

mtescn of POE,

Primoner, inpertension nd aactn anon

o PGE

Thes was wvestigated m 3 cats grven mdomethacin
®© prevent PG ymihean, After cahbraton of the
Iy tsanes PGE, was mfuscd
Taned sy trisues contractiom corresponding to
shot  ogimi o artenal bood Ieactivanion was
foend 10 be between 81 snd % and wan not
flscnoed by cievation of Pua (Table 21(Frg 4)

Hematorn thety end osmolelry

AL the omset of each expt. bet was 27-35 (range) and
&chocd 1o 15-28 (range) throaghout the expt.
Peotably doe to -

ooy bty whs unchanged @ 370328

Uroughont each expt Tt dad not change
ducemg pressare

Br Koue 1

Provtaglond! + and pulmonar™ hypertension 101
DISCUSSION
ln\bewm-wkwluvelcmmdmhamcd
hydrwukprnsureh\mcpulmnrychmh(bnn
lpouhxkulu:ﬂuldl’l‘)iwnmumdrﬂmc
from intact cat lungy. Liflation of a balloon in the
left atrum caoses pubmonary hypertemsion and
Wumun;y’mwm(w
Bo & Aaneth 1977) Simahancoasly the bioassay

sensitive to PGs (Fiper & Vane 1971). Counteract
mg ther contrachoes by sdmnistration of m-
domethacin an mhibitor of PG syathesds, fs further
wodummumﬂywmnbxdlh\cemr:
lease tepeesenits de novo syntheshs (Piper & Vane
1971).

The assay trisnes were calibrated by known con-
cenimanons of the  classkal™ PGE, and POFm Dot
10 the different contraction pattern of the 3 thsues,
the PGLS relexsed could be claastied a1 PGE, or
PGFmike material. However during the conver
2071 of wachidook: ackd {AA) in kangs poly & mimor
fraction it traamsferred ioto POE; snd PGFy A ma-
Jor fraction of the endoperowde intermedimes
(PGG, wd PGH ) i coaverted to the highly unua-
bie bat fcally very active A
(TxA,) (Hamberg, Svensson & Samoelsson 1975)
Comcervmbly endoperoxides and TxA, are released
m far ingher concentrations than PGE, and PGFs
i the preseat cxpts. Our sasay trases src slso
sensitive to TxA, and endoperaxides (Hamberg et
sl 1575 Bumiing Moocada & Vanc 1976} The use
of the RbA 10 detect RCS which &8 & mixture of
TxA; and end (Hamberg, S a
s 1975 S 1976} confirmed the
relcase of these mtermediates. Recent investigs-
Boe fuve indicated that AA m the hings b abo
rmformed into the vasodilatory PGI (Desting et
al 1978) PGI is skso able to contract the RSS and
the CR (Omul, Moncada & Vane 1977) Comae
qently the presently nied ondine browssay may

1 te biclopca) sttty and vanety of sob-

AA f during the brological conversion of

o

hhmﬂmlemumdﬂeumym
lease of PGLS m 4 of the [§ el P T
ught mdicate Al relense 1 Dot comstamt
P aomonor. o that la tome expta. the wmoants
were too small to be detected. The relexse
amounts which w detected, are chowe © the lower
foved to detect by biosssay Release of

W are

Acte Piey st Scond 147
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2ng/m lag/mi 0dng/ml
PGFy PEE, Angralensin 1

Flg § Typical ¢ffects of standard dones PGE  PGF,,
and angiotemin [1 on 3 bioassay tissues sperfused with
arterial bood (10 ml/min) from an anesthetized cat The
nssay tyswes are from the top ot vomach wrip (RSS) rat
colon (RC) and chiel rectum (CR)

P was returned to normal When compared to the
pattern of tissue contractions abtained by swandand
doscs of PGE, and PGF,. PGFy, like matetiaf (1-4
ng/ml}) was released in 10 cases In the remalnmyg 4
the contractions could nat be matched by the cali
brations The tissues usually contracted to | ng/m!
of PGE, and 1-2 ng/ml of PGF,. Dunng control
penods (P, 1-5 mmHg) no definite change n PG
like aenvity was observed

Dunng 4 clevations of P | ho release of PGLS
was detected The expennmental condittons In these
4 si{tuations in 3 cats were not different from the rest
of the group (Table 1) In all these cats however
release of PGLS occurred during other pressure
elevations (Table [}

Duning ” pressure clevations gross alveolar ede
ma developed fudged from foam pouring out of the

trachea nnd ' p increased throughout presare &
vation and dwd not normalize afterwank (Hazge, b
& Aarseth 1977) Only onc of these cases wxa
companted by release of PG like actrvity (Tak It

In cats 6 10 9 o rmbbit aorta (RhA) w25 nad it
of the 6 pressure efevations PGLS were detecisl o
all four tinsues

Lffect of indomethacin

During 4 clevations of £ , accompanxd by kin*
contractions of the assay tisues mdometkocst
mg/hg) was given i v to inhibit PG-syntheth. J22
these cases the tenson of the tissues retumed e
controf fevel within a few min (Fig 1. ho e
change in ten fon was observed when 2y Lkre
turned to normal after deflating the baflaon

Prsuble interference of anciotensin ll

In all cats a redretion m Py occurred whea !
wity clevoted (Toble 1)  Somcimmey & 3¢
hypotenston developed This could activate e &
nln angiatensin sydtem with generation of #
glotensin 11 which might inteifere with out 17
since the tissues were mot blocked apsimt *
glotensin Il To evaluate this possibility angase
1 was infirsed 6 tmes an 4 cats both 1 v and dreck
aver the assay tissues to give o ood concertrt?
of 0 [-1 Gng/m] The tssue reactions to sapok®?
1! were independent of the route of admintratet
1n 2 cats angiotensin 1§ was infused twice v B
fore the second infuswon indomethacin (3 oM’
was given However the t1ste contractions befee
and after Indomethacin wen. wentcal (Tig. ) fa
cating that this blood level of angiotensm {f v
not increase PG-ike nctivity In arterial blood Adk
tlonally the pattern of tssue contmctions 1 L
potensin 1f was dissmilar to that of PGE »
PGF,, Annmlmxinllnmchﬂymnlndcdd‘f“
powerfully (Fip 3y

Table ? Effeet of increased Py 4 on pulmonany degra lathon of PCE

Acti Hy in
POE, Actevity in arteral bood
S.,,",',Julf fnfuslon [+ art blood r during pre wre deprn
Cat no (miymin) (pefmin} (ng/ml) (mmtiy) clevaiion (ng/ml)  datlon
.5 2 9
1 g :g 3 3o 3 3]
i1 %0 1 bl 2 =

Po———L4
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L7
‘g 4 Effect of P, edvabon on poimonwry degracation
K wised POE, The tacmgs ane pulmonacy wicmal
wErene (). kft aral pressars (P fenonl arteriel
resmce (P ) aed nomeing ternos o 3 bosnay o
comtamounly srperfowed with mricnal blood (10 mifmen)
™ choumach strrp (RIS, eut cobow (£C) and chuck rectum
(CR) Isdomethacn 1 mgfkg was gves  before the
Oart of the Wacmys  The trrsoes wers cadibrated by PGE,

o the ko eypermillaied () P, was chevated donmg
= mivioe of PGE,

FPrimoner: inpertension and nact anon

of PGE,

Tin o mveigated 0 3 can pven mdomethacm
o prevent PO ymbews  After calibravon of the
Y tascs PQE, waa il sed atadose which
uned xyay trisucs contracuoms comesponding to
o agiml m attna blood Joactvation was
found 10 be between B1 and 52% and was not
mhuenced by elevation of P, (Table 2) (Fig. 4)

Homasocr (het) and ovmolahiy

Atthe omct of each expt bt wan 27 18 (range) and

deckaed 10 1578 (raage) thtoughout the expt.
+ Probably dne 1o hemoditution caused by trans.

P owmolalty wan wochanged o 320-328
m\numﬂnwmumcxhu;mnd:dno(dmp
&orag prevvare ebevatiom

Prostarianding and pulmonary b pertension 101
DISCUSSION

lntheptucnl‘nrk-clnvefoancdonhcmscd
hyﬂrwumv:p'nmremlhtpdmrydmummu
a powible stimatus of PG syntheshs and relewse
ﬁwuhuxlwhmlrd‘h;hnof:hanooumdx
keft atrarm canses pukmocary hypestension and
nmsdonuw:ﬂnlylltﬂ!cbypottmbﬂmwn
Bo & Aaneth 1977) Simultancoasly the toassay

semtive o PGy (Prper & Vans 1971}, Counteract
ing their contractions by sdministration of k-
domethacin, an inhibrior of PG synthetrs, s further
proof that PGLS really were released since PO re-
jease represents de novo syntheshs (Prper & Vane
i

The ussay thsues were calibrated by known coa-
centrabons of e classxcal” PGE, snd PGFp Due
to the d¥ferent contraction pattern of the 3 trssoes,
the PGLS redeased could be chanified as PGE, or
POFp-bke materad Homever during the conver
sxm of srachidonic acid (AA) in kmgs only a munor
fraction 11 tramsfemed into PGE, end PGFy A ma-
jor fraction of the emdoperaxide micrmedmtes
(POG, and PGH ) b5 converted to the highly unsta-
bie but blologically very sctive thrombortane A,
(TxA,) (Hamberg, Svemson & Samuelsson 1975)
Concetvably endoperoxdes and TxA are released
o far bigher concentrations than PGE, and PGFy
m the present expls. Our aswy thsbes are also
sensitive to TrA and eadaperaxides (Hamberg et
al. 1975 Bunting Moocads & Vane 1976) The nse
of the RbA to detect RCS winch © a mixtore of
TxA, sad > (Hamberg, § &
Sarmxchison 1975 Samuchson 1976) confirmed the
release of these intermedmter. Recent wvestigs-
Uom have indicated that AA m the lungs b stio
trnsformed {nto the vasoditatory POI {Dusting et
al 1978) PO! bs abso able 10 contract the RSS and
the CR {Omire Moncada & Vane 1977) Comse
quently the presently used ondine tosssay may
rtﬂml}nbbbpa]lﬂ:vﬂ’y:ndnﬂetyo{mb-
Twammwmﬂ

In the present cxpls. we could not detect amy re
letae of POLS jn 4 of the 18 elevabons of #,, This
might indecate that release b not a constant
Phenomenon, of that m some expls the amounts
rdmed-mmlaﬂlnbedcwctcd.'l‘bcrdmc
smounts which we detected are chose 10 the lower
Wm&mMWMny Refesse of

Acke Pirvued Scund 7
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smaller amounts of PGLS would have eseaped do
tection

The systemic hypotension occurning dunng cle-
vatlon of P \ might cause gencration of anglotensin
IT which agnin might contract the nssay tssues
Indeed the contraction of the RC during P, 4 eleva
tion could probably be completcly evplaned by the
effect of anglotensin 11 However angotensin 11
can neither explain the contractions of the RSS and
the RC nor the effect of indomethacin Dut an
ghotensin 11 might be releascd together with PGLS
What we have chamctenzed s PGFy. like sub-
stances mught be PGE, Ihe subsances plus on
glotensin 11 Angiotensin IT itself Iy alvo reported
to stimulate PG syathests and release in several
tissues and cells (McGiff ot al 1970 Gimbrone &
Alexander 1975) However in the preeent expts it
appears unlikely that PGLS were relensed see
ondary to release of anglotensin 1 1 v infisions of
angiotensin 11 dwd not Incrense PGLS in artenal
blood The increase in blood level of anglotensin It
during our infusfon was higher than the mavimal
blood concentrntions (0 33 ng/ml) deseribed dunng
hypovolemin (Hodge ctal (966}

A main question is the site of orign of the PG« 1F
they are released from extrpulmonary tissues then
they would have to pass the lungs to appear in
arterinl blood Since the catabolism and inactivation
of PGs is extremely efMictent in the mtlmonary circu
lation (70-907%) (Fencirn & Vane 1967 Piper
Yone &Wyllie 1970) this situation would need ex
tremely high levels of PGs in the mived vepous
bood reoching the lungs unless PG degrodation
was impaired 1f the pressure elevatlon Ignificantly
Increnced shunting of blood outskde the pulmonary
microvasculature during pressure clevation PG
originating in the systemic circulation might eseape
degradatfon and thereby ncrease systemic arterial
concentrntions of PGy We tested the degradation of
PGL, in our model (Table ) and coukd show thnt
the pulmonary nactivation of PGEe (RI-977) was
not changed by clevation of 7,4 The values we
found for degradatron were close 1o the volues given
by Ferreia & Vane (1967) fn cat Conscquently if
the POLS released do not ongnate in the lungs
then mixed venous blood must have a concentration
of PG higher than 10 npfm to cause the actls illy::;n
the nssay tssues Thus it appears highly I““ phely
that the PGLS relcased have an extrapiimonary

orlpn
m‘cnc: m:::hanlcul atress due to Increased hydro-

A Ph vl S wond 167

stotic vascular pressure in the puimonsn orvr
tion and extravascular accumulation of fod e
theoretically stimul ite PG sy nth s, Sad & Yo
da (1974) reported that hung edema stimobied K
synthesis and relense fiom lungs However mb
presently used model fluid accumulation i te e
terstitinum Is usually senice unke </ hewew
ly high (1lauge Bo and Anncth 1977) 1nontdt
two cases where fulminent alveolar cdema &
veloped ro PGLS appeared  Recently we due
found in rolated perfused ltmgs that e PGS
were detected in spite of pross alveolar edeguad
hypertension (Scott Vaage € Wiberg 19791, mé
cating that the relense detecled in the present wat
is dependent on the intact state of the anmml wf
probabdy not due to direct mechannat effect eatt
lungs
The clevatton of Py 1 0 marked Mrin mk
animal [t must ey jtably be accompankd wah®
creased activity i the sympathetic ferious 3 3
and release of catecholamines whnh o met
cause PG release (Hedquist 1976) Intercyiogh
stimulation of sympathetic nerves to the kgt &
been reported to release PGs (Mathe et 2l W
Relense of PGy from lungs secomban W0 erensd
activity in the sympathetic nenous sy fem 84
explain the difference between the findings m !
ammaly nnd 1 isolated lungs during eleyated vas®
Jar pressury in the pulmonary cirul wion
1 Vaage were resewch felkm of 86

Smwc‘rt;lr:r:(‘g b Fmg:fm wa a re<earch fepon of
Cibu-Gergy Fellow ship Trum London R
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-ffects of acute hypotension and hypertension on serum TSH

:oncentrations in male rats

T MANNISTO ] KOKKONEN and T RANTA

of Kuoplo xad
Jeprtment of Phamacology Univeruty of Hehunks, Department of Pharnacology Unfrersity
Jcpartmset of Serology and Bactenology Usrversity of Hetunk  Findand

MANNISTO P T KOKKONEN J & RANTA T Effects of acwis hypotession aad

bypertexuca on serom TSH

Departnext of of Kuoplo asd Department

of SeToiogy and Backriology Unrvermey of Helsenk
ad serom TSH i eimducd
ﬂm(lomﬂnu)dﬁw-ﬁdﬂwﬁ
£k ] and Incrensed

sgrificantly modlied teram TSH coscentra-
whes gven p caused kypertensioo, bot agaia

Che mcrease of serom TSH evels was st comntent When the whole matena! was ana
comistion betwees

the changs of blood pressary

sguficant
and the changs of scrum TSH level Ilhmum&ml&m‘ﬂﬂm
o Dol exaTt theer action wokely by cheaping the bivod pressurs

Ke» onds bypenexncs, kypotemkon serm TSH moradrenaiese, cloakiens rydea
e sodum atroprussade anpotentn orde

Whea rtudying (e eurntransmutter control of thy
rophn (TSH) secretion we (Tuomusto et of
1975 Ranta et al 1977 Manmnto & Ranta 1978)
4ad others (Ozaya & Hastunime 1976 Anmrnzato
4 1577 Kndich et al 1977) bave used drugs
beh bevdes affecting omue beogeruc ammes,
Lt the blood presure of the amimals There 1
ouly 8 baused mformation sbout the effect of some
sthypertensise drugs on the bram blood-fow Na.
SO docs not segndicantly affect baan per
firvom (GrofTithy et o) 1974) but clonid ne may mi-
tady decrease the beun bood flow both In man
LS2Es ot ) 1970) nd tm en mal (Sherman et at
V&) Conceraing the antenor prtuary Porter &
mmm«l%nmmmmwmn
“mmnmwmlw

foad by potenyson Heace tr e that
change poy raped

bypertemion were comtioously kfised We aho
wed drogs whose promary action ks known not to

MATERIAL AND METHODS

Male Wit ahuno it Glertes mon epicas), weighng
mmnmw-mmdummm

e tatme were mfined o V. peie

;’:&0 1340 003 calne (Harvard Syrunge
Some of the

OR300k Afer e s oy e 1 10 i, the

bhood we cenertoged






LESULTS AND DISCUSSION

L e effect of anous drugs and bleediog on the
ysioke {A) and dmsiolic blood prevsare (B) the
" srdwc nte (C) and the serom TSH coocentra
wm (D) hshown in Frg. 1
Itbecame clear from theae results that n pid sod
xokound decrease of the blood pressure i induced
vy the penpherally actag drugs bke Na-oltroprus-
e nd dehydradazme did not ugnificantly depress
e TSH seeretion, aliboogh blood-flow m the pars
drsizin of the punsary pland should be increased
tPorter ¢t ol 1967) The biced ng of the snimals
waned only a tranruent hypolemsion sod—after a
correction on the bwars of the hematocri—was not

xsocmied with

anry sgnificant fall m the serum

TSH kevefs The manstonng of hematocrit 13 mpor
Y1201 f emabirple blood sampies sre oftected for hor

wooc exalyi

Tt effects of deogs mcrenssag the brood presamre
of the serum TSH concentratiom were nol con-
sHart and wxh one excepton (Noradrenaloie Lp
30 1n ) dd not reach statrsbical sgniflcance

The

may

nrmbermnﬂnmlmsduxunmﬁﬂ

COMOULTB0n

We have shown earber thar al-

g enous aeesthetes ooty sUphtly modified
e besal TSH levels they nearly compleicly -
hibzd the cokd-mduced MSH secretion (Mannisto

o 1% Therefore the studies on

Blood presuure and TSH secretion 107
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©

SERUM THYROTROMN
110~ CoNCENTRATION

’ ‘:,MM

N MIN
0 [LRRTL [ 20

by
_‘A —4__ ﬁ w
Al
v o Wm @ e w0 o

V¥ e

flg | Effect of the intravenous infusion of 0 9% saline O- <O dihydralazine ¥ 9 Na-nfropne ke
clonwdne | g

tensin amrde & A and norsdrenalore A—A or bitedmg @—& or the nimpernoncal mkection of
O -0 or norodrenaline | mg/hg B—M on the systolhe (A) dia totic (1) blood presmure pukee rate G

) and (he s

TSH concentrations (D) The value sre exprossed as 3 of the preinfuaton vohres which were in the l‘nﬂmﬂ:‘:’.
mm

systotkc blood preasure 135-165 mmilg diastolic bood preysure 90-120 mmHy pules mte #0480/
TSH level 360-530 ng/m! Mean +8 E w=6-7 The statnixal ignikance of the change from the pret
=P <0 001

{sahown s follows =P<005  =p<00!

anatysed for serum TSH concentration by »
mdiotmmumoassay 8 carfier
Some mis were ingeeied | po with chonidme or pormlren.
hoe (1 mg/ky) and kilied wt 10 or 30 min Blood prey ure
cardiac rute and serum TSH conceatrztion were mon
tored and wline Infused ay above Sooe rats were bed
(about $ ml) at 0 time and the pammmeiery were fallow ed
a3 wbove Scveral inlact rats (not cannabated unanecs.
thetized) were alo kiied throughout the experiments,
The following drugs were used Anglotentin emide
(Hypettensin® Cliba, Baske) 0015 my/mi the mjum
coin mg fo 10 rv:inI Ulomzli;\ 3<rsmm1n Clon ;
Hﬂ:o&mwﬂ:)hln:‘;‘ Bask) 03 mg/ml 0.37 m.: 10
’n:m 111 mg in 30 mla Norsdrenal a bitartrate (Nor

Adrenahin® Star Tampere) elther | mghgip ora an

A Piniol s w107

homalogous
(Ranta 1975}

nfesion vart

imfusion. 0013 mgtm) 0 0IR mg wn 10 men oussnzh’:
min Sodrum nhropru We (Npnde  Roche Base},
mg/ml 0 mg o 10 min 0.37 mg en 10 min. The hn
of drugs refer I respectrve acnd of hases

Bload pre sure nd cardiic rate s cxpre wd ¥R
centage of the premfusion pressure and cantioc 13 ®
spectively Serum TSH concentration s cxpressed 3 #
pereentage of the TSH concentrations of the It 74
The serum TSH fevels were corrected on the ta {s o ¥
change In hematoctit The o tlstical synificarce of B¢
changes (nduced by the varfous treatment was fesied
using Student ¢ test and In case of serum TSH ~owce®
taton aho araly i of varfince w  wsed The relut®
hetween the change of the bood pres re and (he chaoft
of the serum TSH conceniration was tested with P’
t0n & regrey bon analysh
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Viorphometry of myocardial apex In endurance-trained mice

of different ages
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myocardml gpex
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L
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Ker ords Stereology enducence tons, cacthac mansche  aliochondria, mow

The effects of endurance traliung on skeletal sod
carduc mascle are ddTerent teadning

sdaptanons have usually been found and the few

Gases typical edaptaiion. o the energy metabolnm
of skeietal muscle These mdaptations are centred
o the serobac component of the energy-producing
fscckamn of surscle Gores o have tho effect of
ukng skeletal murscle more remimuscent of cardiac
omsck (Hollowry & Booth 1978, Pette 1965) They
ode mcreased enzyme activitses of f-oxxdation

(Moke et ) 1971) crtrc acad cyeie (Holoszy etal
P and the cespomiory cham (Bakdwm et al.
1971 Unrastrmctimal tdies show meremsed mito-
imm olume dewsdy (Hoppeler et al. 1973
kmgctal 1974 Viko etal 1978) Endurmece
w«mammmmmhhm

m

& Bowth 1976, total protein content (HoBowzy
Tkmnmlcﬂedolmdmmm

aml 2 merease b wenght {Arcos et al,
vy oo & Mecesen 1969 Crows & Akdioger
Onca &t al. 1971 41, No mayor enry mathc

studses regarding the effects of en-
durance traintg on cArdic misicle eapecially on

1971
Paciagua etal 1977) [t therefoce appears that myo-

cardium responds to long-term phyncal exercise
hypertrophy (Bazner by

oL 1568) and that no maoc qualistive o
“”"Wmmﬂewmhmm

The aim of the prrsest bvengations was (o
stady by ueresiopeal methods the effects of two

typuo(cndurmcemhh.mmeulmnxmmuf






Ioen rmersed for

Apex mitochondria and rrainixg 111

sxmber of mriochomdria. The serface destity of the
:;:mdc-:hwa-ntwdﬁmd

7
orvhysiowiihivoriy felde-finr o
=it S § e 100% ethaacl The dehydrated s
et were iusferred o propaone oxkde for 3 7 run and
. b3 opyienc cxxle  Epon 812 (1 1) mixte for
1 b efher whoch they were embedded m Epos (A B
3 L DATP D) Sumpies were btpt &1 room temperature
. rermpi and the Epon was thea sllowed 10 polymermze
ok e
' Uk thet scciomy cre cut with Poster-Bhum olira-

! % 0 5esh gradt, stmnsed with bea cotray e exmiacd

RESULTS

The morphometncal results are given m Table |
Mocoh y the ul o 4
tpex appeared oormal in every group of mkce Very
few th dJit

d photographed wiih # JEM 100 U electron

“Varphomein
r Bocks ware wxalyred from each apex. Thr secton

~Taicy memher of oecTographe wat eritnated §1 dee
wrThed by Wewbe! & Goagn (1968) and by Herbeoor ef o
<731 10 bt wpproxacmirly 20 (Fag. 2) Accondiagly two
Secrograghs per gnd were taken rewitog wotal of 2
<P per mryocarduum

=othoadrm] aad et kg
b 63 wrperanpoved o sach amcrograch (Merz 1968
Retd 139 The lamee wchuded 20

7 o aad the lengih of the cove w3 31 cra ad flad
+ Snpmicacon (Fg 1) The wwan mumber of

¥ B calalny eccordeg ko the owettiod of Wesbel & Go.
+ ez Dirngy (1962) Mean cartochondrial vokeme wa ob-
e by g the macchosdrel vokve dematy by

]
ol b ey
B mg
R w200
L85 pe
1] ‘”X'“ 19

“

fnifk ff were found
betw.cen groupy.

The mitochondnal volume denshty the surface
Mdmmmmmmwww
of mewn tlze of mitochondrm did not differ between
the groups. Aot hatf of the musche vohume was
occupled by autochandrial mass i the myocardml
tpex Depending oo the primary magaification vsed
lhuvtbemledbct‘mumdmﬁ(‘h.uen

The surface deosfly of the outer mitochondsia!
oembnne was alightly lower (P<001) in (he
trained TRZ group than b the con
ol (@) group The mean myofitwiller votme
demuty of il antsals was slighly lower (43.235%)
Mmmwumwtm“)
“‘mmmmmu“’
-Uukmﬂn()’@.ﬂi)ﬂnnmuhmm
The sarcoplasoie volume density was come
mﬂyhrm(f’cn.os)lnmqu_hm
C! 1a the trained groups a simitar i —

volume demity iy
$roup TR2 wes barger (P <0.01) thaa bn group TR
There were t T In the
ohme denstties of the pace
the duTerent groups (Tabie 1)
DISCUSSION

A et Seond (07



110 Helkki Aainulainen et al

rex
£
umﬁﬁ)ﬁfm

fiiti i

g 1 The lattice used for the estimation of mitochon-
dral volurae sad surface densities 80 points were used for
the volums densities and potnt-counting was perdformed
with total magnifications of [3650xand 228%0x The
curved line was used for (he cnsta membrane surface
densities with a mognification of 228%0x and for the
mitochondrial outer membmne demuty determinatons
with o magrufication of 3650% tho total kength of the Imc
being 30! cm The slze of the lattrce wos 19 Ix.3 8 em
The sample bt the flgure was taken from a controf anrmal
of group C1

MATERIAL AND METHODS

Animials amd traising

Fhybrid mice of ke strain BSD.FIBOM 6 1
Bombholtghnd [4d Ry Denmark) aged 60 (Y-80dns
the beginning of the cxperiment were uwd The v
were mndomly divided [nto two traming grows (Tt wl
TR.} exerciving regularly and into (%0 sedeatary coen
groups (C1 and C7) Controls and the maiomg sk
except while training lived under ordepary cage Gt
tions with free access to sobd food peficts (Hadlp
Flaland) end tap wajer The traméng in the TRI-pow s
Intense These mice (1=9) were made o run on 8w
driven treadmllf with horizontal tracks dady for X em s
a speed of 20 mimin and for 45 min at |8 sma e
fore noon and for 7S min st 18 m/min in the slkms
This raiing programne Listed for 30 days ke te o
ctees were performed 7 dnys 2 week

In the training group TR. (1 10) trsiniag w s moderrt
but lasted for a longer period (han that in the TRI-pewt
The programme conshled of a rim on the treadll ke ¥
min at a speed of 20 mimin 5 days @ seek over 1 pol
of 120 days

Two trafned anlmabs and two controls were bied o
day after the layt cxercise during cach cyperimen ‘*‘ I
Animals In the finvt controd groep (C1) {n=9) were
the samc age as the animals in the first traimmg gt
(TR1) and the aimals bn the seconsd control pom €
{n=10) were as ofd a9 those in nrsccnednJh(E
goup The sge difference betw een the younger
anirmal groupy was 3 monthy

Electr st microvcopy

Mice were Kilied by diatocation of the neck aad the b
was Hnmediately removed The spex of cach my o
was cut off and rmmersed i we-cokd 27 e
buféred with 01 M sod um cacodytate at pit 7
thsue sampics were cut knto smaf (opprox | lT‘;‘:
and ket In tre (hxatlve for 24 h st +4°C and thea b

4
Table 1 Resnlts of momphomerrical analy sis af myocardial apex in two groups of sedentnry control mk¢

in twa groups of endurance trained mice Alean +5 D

Duta in the lefl past of the Tahle are cakulated from micrographs taken with pnmary magndicat

on 4000 % sed}im

ar
npht with pelmary magndication 6700 x 1y _ =volume demity of mitochondrma, V4,,» ofume degiy
mh V;m:vo“umcdcnmy of warcopasmic space v:-vo#urnc denyity of extraectular q\u:t"M l“‘f o n
Tomina, 31,

mit S5y =surface demsity of outer mitochoadnal
deasity of cristac

- average vuze of mitoc!

i

—
Yolume densitres o Sm
1
Group :-ﬁmm) L™ Vi Yl Vie 10 am (m’/uﬂ/
[N
44143 436118 DIGEDAL  ITVr0 % € 244029 206
o : ﬁ:ﬂfluﬂ 4095£0.68° 11 5)i0R6* L3 0 4 4914070 210 08
e 5 020 495t0E 917052 Y930 6 173031 o S
ws O%ilol 1167 1161061 20.0m  4és:009 (s
o]
,@\i{m(r<00§)d;ﬂcrmm;-mlwnvun
Statlstieally 28 feant (P<D 81) duference compared o grovp TRI
Statlstically 0.01} difTerence compared to group

Sutistically sgnificant (£ <
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. sochoodrfal number and mass after fong-term

-erchse
Exdurssce tradnfng dud 00t cause any major qual-
Live chaages m mitochoodria The surface density
,,mmmhfhcvﬂvmhﬁl:" e
mchanged oxidarrve crpmcity trained
Em Panagm ct l (1977) reported no
mxcmpbmmmdmmmm
e et
cytochrome ¢ oxdase
> myocandam after swinzmmg traming. Myoffbrl-
=4 wd witochondrul vohme deasiuer end the
~ owber of mtochoodrm were abo  pchanged m
e sindy In the presert study  smafl decrease
¥ o 10 trexng was reconded o the uface density
f octer mitochondmal membewne The resalts of
drgton & Coermas (1972) and Cosmas & Edmgion
1913} abomed » decrexse | the average volume of
‘ochondra reyoiung (n an increased outer wrface
fea. o the volume dematy remauns muchanged |
e present sty the swtochondaal yoluroe density
od the sverage number of mrtochoodna per umt
olurpe were shghtly smafler i the TR2 group than
wthe QY groop resulting the same average vohune
054 xmY of & emetochandron m both groups
wdently the difference m (e surface demsiy of
uer orfachomdmml eembrane n csused by the
~behily saaller average oumber of matochondra m
ramed mencle

The volume denssty of myofibol was arger w0
e younger C1 thaa m the older C2 controd groap
By comtrnl. the ohume frachon of sarcophsm
(m thes wiaddy i othes cellulas costents thao mito-
chondra, oryoftbnts and nocke) was larger i the
- Q2 than the C1 grovp The hatter defference was
#10 0bser 4 1 the truned anamaly, It posable
thad thes difference 1 due to the age ddference be
* Mtew the groups

The encle  all muscker osp those of

Apex mitockondrie and trabxdng 113
tlon concerming the mechanisms of exerche-in
duced myocardul hypertrophy

* mkmvm-ndmwr{hmu!aacd—
Sext techoncal assistance
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Co-ﬂld-n: of variation

s 10 15 1
Humber of micrography

Number of micrographs

!

10 - -

>
cr
o5
1 L}
Number of micrographs

Fie
pha per muscle sample accordmg to Herbener et
al (1973) The broken line represent the vernge valuc
for the varlaton coeffickent and the two unbroden lines
the extreme values of the coeflicxent Data arc (ahen from
the mitochoadnal yolume demsitres m group Cl - (B) Deter
mination of the requiste mumber of micrographs for estr-
paation of matochondcial volume den ity Cotumns rep-
resent the volume demsity euimated per
the (raction in¢ represent the average value of the votume
density a9 a function of increasing nurober of mctograph
and the two lines of dashen Imdicate the 37 confkience
|umits of the mean volume demity cstimated from 0
T
instion of the requisite nut e
End:mmm of the volume deslty of mﬁw&cﬁ
V1= vohime demity of sarcoplasmac  pace
planations as InFig 2B
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(A) Determination of the requsite pumber of

of the myocardium seems to be hetween e
and ventricular parts of mouse heart mnck
values of mitochomdrial volume densty mere.
in the apex in the present study were ratber und,
1o those reported by Herbener et ol (19 a ke
ventricle musche of mouse heart In the stndzn
of the myocardiim the mrtochondnal okt
density reported by Herbener et & (157 3+
smaller (33-35%) than that in the xpey (-8
n this study Estimations of the mmxchodnd
volume density based on micrographs kes v
the more powerful magnification gave eren b
valtes (48-50% Table 1) as ohserved earber (R
et al 1976) This rs partly duc to the methdd
choosing such arens for electropmwrogra®s
which contained large numbers of mitochondu ¥
facilitate the analysis of the surfuce dowd) ¢
cristac
In respect of the number of rmatochondrd 79
unit volume of myocardium the apex (4 AR
um’) was also between the atdum (3 691
the ventrcle (° 01— 10) (Herberrer ctal 1979 T
volume. of an average mitochondnion »a g
1n the ventricle (1 45=2 83 pm?) mecdum fn the Xt
(0 85-0 94) and smallest in the atrium (0 -0
No significant effects of tralming were oty
in the indices of mitochondrial volume den
number or avernge volume This
with the previous results of Arcos et & (%
Bozner & Mccwsen (1961 Golluck et sf (171
and Pamagua et al (1977 observed with rn A
training programme conswtmg of | h duily nwert
at a speed of %0 m/min for 5 days a weeh S
an -1 srgnificant imcrense in the heart wew!
mrce after 20 exerciscs (Vihko & Satmin<n L
published) The Inck of trauning effects in matoch
dnal vanabies or in myofibrillar volume
therefore suggests that myofibrillar ot moch”
dnal blogenesis occurs in proportion [0 o ¢
muscle hypertrophy  According t0 Baznet
Meessen (1969) mitochondral volume fracton ®
creases ot enfly phases of trumng being L
highest on the fourth day after the h‘ﬂﬂ?"“"{
training Thercfore 1t i also possible that at e2b
phases of hypertrophy mitoc hondral capacrty 54
increases and improved capacity for encrgy P
tion cnables raped protein brosynthesls resuting ®
anew hypertrophied steady state relatively %
¢ g after one month of trnining as in this atah
(TR1-group) However Aldinger & Sohal (e
and Arcos et Wl (1967) have reported incred
~

1 b agreen® !
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illous tissue osmolality and intestinal transport
{ water and electrolytes

-I-‘AN-AXIEL HALLBACK, MATS JODAL, ANDERS SIOQVIST
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prtcst of Prywiology Unvecsty of Gotebory, Swedea

Hame
HALLBAS D A JODAL, M SKOQVIST A. & LUNDOREN O Vilows
mmwﬁtyc;dhnu-lmmdmnddumdmmwsm\m
107 115-126. Recerved 28 Febr 1979 1SSN 00016772, Department of Phymology Usbver
ity of Gotrbary, Sweden,

The vascula arrangement m the cat intestinal vl
8 cowsrient with the exrstence of a counteranTent
euchenyr w1 abo sopported by cxperimental ob-
wervation (for reviews, see Luodgren 1967 1974)
Jodal and coworkers (Haljamae et ol 1973 Jodal
1973 Jodaletad 1578) proposed thad & viflow coun-

Jch reveaded a villoes p ormolality beyond 1000
O .0 m the felloe gt dunng Liroemal per

Mm-mnnammwhnh\mmlmhm
1 pucore

% Other thrngs dependent on the rate of ac
- vptake By varying the compoution of
e Yok pertusate, s posslbio to vany the rate
o absorption of sofutey (e.g. sodram) which

influcnces the concentratson graduent betwesn the
two lunbs of the countercurrent exchanger This, n
turm affects the degree of e byperosmolality at
the villous tps Uodal et ®f 1978 Hallbck et ol
19795)

The present atady was desimed to mvestigate the
effects on water and solute absorpon when thssoe
otmolality in the intestinal v was varied The
efBoency of the s
shered by changing the sodum andfor glucose con-
tents of the tuminal perfisate Bafirectsoval flates
of water and sodnm 2 well as net potassim and
met chlonde tramport were determined and corre
lated to thaoe osmolalny

METHODS
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bl .- Absorption of water (wef and fluxes ) and the corresponding iisswe osmolality In varioas portions
—untestmal vl during the different xperimental proced re of this study
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nations of water and clectrolyte fluxes will be described
below

A Blochemtcal and radioacti e measwrements
T determine water and clectrolyte fluxes across the in-
te tinal epithelrum, samples (°-7.5 ml collected in plastic
tube ) were taken of the perfusate entenng and leaving the
tnfestinal segments after a perfusion period lasting at keast
.5 min Sodium and potasmum concentations of these
sampley were measured by flame photometry (Eppendorf)
and chlotide concentmtions with o chlonde meter (Com-
ing Edd 970 Chloride meter Halstead Essex England)

To determine unsdirectional water and sodium transport
from lumen to ti e 5060 uCi HTO and 4-8 oCi ®Na
{0 03 g) were added per liter perfusate and the S-radia
tiont was estimated In a Pachard Tri-carb liquid scintilla
tion spectrometer The thne of counting was profonged 30
that the coefficlent of variation was below 1 F An exter
nal y-<tandard was used to cofrect for quenching All
analyses were carried out in duplicates

In 0 animals the arterial concentrations of the two
tracers were determined at the end of the expt  They
never exceeded 377 of the lumninal concentration In most
expts they were about 1% of that of the perfusate

B Calcrlation

1 Intestinal net wate tran port was calculated from the
continuously recorded change In perfusate volume in the
recurcuinting syatem (sec Jodal ct al 1975)

2 Intettingl net tram port of electrofvtes were caku
lated according to the following formula
JomCaX b g Co (b a= 28O m
For explamation of ymbols used see Table |

3 Unidirectto al  ate and sodi mt tram port  wert
col-ulated according to Levitan et al (196} and
Skndhauge (1969) modified to ft our direct net water
transport deterrmnations Mean lominal concentratioms of
sodlum and tracers (®Na and HTO) were calculated a

uming loganthmie reductions along the inteutmal wg

ment The following formulas were used

[HTOI% b m=[HTOMN Y w=s 28
1o KFWH10) iesittiab

IO« Q)

(Na] +a-["Nawd(Fu=J80)
10 KalVNl km[EN
g HhwINa | EmlNamd

-

o

Jm=dm= It ]

Lated [0 serosal arca anxl expressed &
E;‘I’lu::ww;::md u-fxc(-ucr)orymourrﬂnnm
em serosal surface (electrolytes)

C sted tiex ng Wilkcoton § non-

was toted v
mclri:hl’cm AP vu]u:n-(OCUorln wa comidered

+s sugnificant (Swce! 1956)

At P Soend 17

RESULTS
Warter trunsport Table 3 summanzes the readhe
net and unidirectional water flures when e Fe
tinal mucosa was exposed to the 7 differest pal
sates (»ce Table | Hallhack et al 1999) Tk
also gives the tivste osmolality data recomded s?
the different perfusates These results are presers!
as vitlous tip osmolality and mean thae oot
in upper S 10 30 Sto 50 and Sto 1007 of via
kength

Fig | gives rates of net water trasport W x»
num (upper panels) and fleum (lower pamhl?
plotted ngamst villous tip osmolility Teft s
and agalnst mean fsue osmoldity 0 the pper &
10% of villous length (right panels) The rea*
arc classed according (o tivse ovmolality o
less of porfusate used In fig ° the mmsfiecb
water transport mtes are plotted ina shmilar 2
ner

In Fig 1 negative values denote net watef °
port from tissue to lumen and postne vaur
dicate net transport in the opposite direction
n Jeyunum and In fleum net wulcrlmnqmth"d
from secretion to conskiembie aomitwn &
or mean asmolality in upper 5 to 307 m“i“‘;
length was enhanced and transport tended 0
off with Increasing asmolahty At villon tp 0
alities around $00 mOsm/kgH,0 ot #t 3 &
tissue osmolality around 400 mOsm/AgH,0 8 87
(o 30% of villous length net water trmpt ™

Table 1 Explanat: ms of vvmbols wted in [

1

7, net transpot

iz antdmechond pramspurt of (ml %
solute from lumento b “‘M"

S ualirectond! tratmpoit of
sotute from s to jomet

Va rate of perfusate entenng
intestina)

Cu menmrmddwmﬂ‘d
olurikon entenng the e
swcgment

Cou concentratton of solute In B¢
wlution lea  ng the wntestind
segment

[Nan] [Naed concentration of sadium 0 %
wliron entenng or kesviaf
the intestinad vegment «

[®Naal ["Na] concentration of 7 enken¥

kavi g ihe m;‘u?ﬁ!al ot
concentration of (n J!
Latevernd

(HTO,] (HTO,
-1 -l entermg or ka ing the
wmant
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“Chie 3 Aet soduom absorption as well as sodum flax from Lemten fo tissu  and from tissxe to bimen
C smed ith the different perfusates used in the study

T vihees DOt Sbe0rpLon  DEgaiTve sacTet lou. Mean valoss + S E

Net sodiem Sodima fiux from  Socmn i froo
g movernert hnc?::Lﬂnue throme 1o bermen
- 100 cnr®) 100 e’y 10 c®
4922106 910130 466355
€ 41163 LIS T7E71
108 41 1785 57 1127
-1.9% €5 12t 14 41173
-0t 92
2431 82
70t 85
A2 1003+ 153 60164
Tex12y 1050% 06 4353144
~31% 36 217t 55 2t 64
177 43 1255 17 302% 37
-9.0% 13
-258_ 99
%9t 90

rtlt:rmrncdbdmlhemmm
, L;Lémwmedwnunwuplmcd
. codrmm Muulh-lﬂmrtl-uhmh.b
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i

+

e ad the e, [n Flg 6netru of chioride

TIROTL S plotied v1. trsue ovmolaliy b aimlar

o ¥ For et water tramport (Fig. 1) In the yeyu-
chlonde
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Tl 2 The relationship between the unidirectional trans
ports of water and tissue osmolality The abscisw in the
left pancls denotes villous tip osmolality and in the right
pancls the mean e osmolality In the upper 5 10 30% of
the villi The upper pancls show resaits from Jejunum e
fower paocls from [lkum The obtervations were classed
according to ysue osmolality Bars denote S B

flux from tissue to [umen also showed a tendency
fo increase with enhanced tssue osmolality (about
190 and 250 ul/minx 100 cm® in jejunum and deum
night panel of Fig 2) an effect that was most pro-
nounced 1n Jejunum at low osmolality

Sodium transport Data on sodium transport in

NET S008I TRANEIORT
vl Aran 00 on® el mardoce
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Jejunum and fleum are presented m Tabke ) v o
mg both rates of net sodium trensport  sd»
rates of unidrectional sodmm tramsport {7 &
seven perfusates used negative sigms bdicatryr
sodium loss into the lumen
Fig 3 illustrates the compiled data on aet sok
transport in jejunum (upper panels) ad der
(lower panels) plotted agatmst villous csmedn
The keft pancls show osmolality at the tp adf
rght panels mean tissue osmotahty fn wppa Y
30°% of villous length Only experiments where bt
luminal perfusates contained 25 o7 147 mod \s
are ineluded ond plotted separately
When the intestinal lumen was exposed 02K
fusate contaming 25 mmol Na/l net secreten e
curred amounting to about 10 pmol sodiunia
100 cm? serosal surface This secretion teodad X
constant despite varying tissue osmolaley Wit
the perfusate contained 147 mol Na/l there vat
net sodium absarption of S0~70 pmol Na/mmxF
cm? scrosal surface which appeared to be cons!
or cven to decrease with increasmg villous »3*
lality This decrease of net sodum transpt ¥
not statistically signeicant
Tlg 4 summarizes the calculationy on uptes
tional todum transport  classified m the =%
manner as for net sodium transport 1t b e
that the dufference in nct sodmm atrorpisa i
tween the 25 mmol and the 147 mmol Na_sokt
(Tig 3) was malnly caused by a marked weres
In sodium transport from Jumen to thesue T
port in the opposite direction was furly cort

HET SODIUM TRANSFORT o
oA -~

DO¢r spcnsl wrixe

1

o =
= +
-
-
o
=
2
-
oA AT
«0 o D

The relatiombdp between net todi mtramport and U ve osmolabity Blistrated

e ol atning .3 (dotted lnes)
in Flg 1 The reasdts from the Jorts containing .8 (dot
:m::a‘r:::ﬂm hnes) 37e {nchuded Ban denate S €, %
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e 3 Nef sodnew absorption as  #ll as sodlum fInx from lume 10 tlsswe and from tissx to lomem
wrmed 2k the different perfusates used im the study
Cwrre valoes denote absorpiion, megative sccretion. Mean values +8.E.

n

Net sodimm Sodiumn fue from  Sochurn B from
d movement lomen w0 thaoe  tss o lemen
i 100 ca?) 100 ey 160 emt)
C—
- tegicose [ 6) 491136 1.0+130 466155
wbt-s——l ( 626+163 ™IS 177+71
e Pacow+ B ool N ( 6) ~108+ 41 178+ 57 301427
BuowolN ( =7) 129+ €9 12t 14 41173
. Ol ghocose ( -2%0+ 92
—~ - meserid { 7) —248+ 32
‘ Ot -wnllre (=5} - s R4
-
wou-plucose ( st 10051153 € 0+164
Cﬁl—n'-.\i( TLE1129 1050+ 06 4554144
chac-ghacow .S eanol Na ~51t 16 217+ 58 772t 64
y Scheme Snmmtol Bamoiba ( =5) =177+ 43 125¢ 17 302+ 37
i 90+
154+ 99
3 wheme-ratione ( 6) 6.9+ 90

"M w0 atabally vgarficant difference could be
'mmwmbtncnv.benom

, h'i’ﬂ-emm:o(wnummpmr,m
o for socum, sbow g that thi relatoasip
both jerum and kenm Addi-

thm transport rate are preserted in Table 4 and
Fh.Blnbuhkhmmlndﬂemnlnmlllb’wpmn
ofpmnlhnnvnmhnﬂlheexptﬂum.]
series.
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Flg 5 The relatonship between net water tramport and
pet sodium tranaport in jeunum (upper pancl) and lleum
(lower panel) Squares fllustrate results obtained with
sohitions contalning glucose and triangles depict expert
ments with gluote-{ree totutions. Bars denote S E

DISCUSSION

There 15 no evidence to suggest that water transport
across cprthelin 13 an active process It is penernlly
sssumed thet wates pesuvely olfows anidvely

transported solutes (House 1974), To eyimre
water absorption in vivo In the abwence of 0 %
a lumen fo plasma otmolar gradient, a kyje
lar compartment has been postulated toevy oe;
the intestinal mucosa (Curran & Melnich %
Schultz & Curran 1968) which acconing w Sb-
& Curran {1968) should be localured to the %z
between the epathelal celly and the hasend® =
brmne Dmamond & Bossert (1967) ca te &
hand propoved that a standing hyperosmols &
dient 1s locahzed to intercellular spaces of e
Such hypertonic spaces around the epithehl &
have however never been eyperimentaly &=
strated In vivo in the small mtestme 10°F
Machen & Dinmond (1969) and Stmmoes & \&
hin (1976) provided indirect support for ¢ &%
ence of a hyperosmolar compartment a L3
maimn goll bladder and small intestine reqeet
Iy Gupta Hall & Nuftalin {1978) locshaed @0
tracellular  hyperosmolar  reglon  berué®® 3
cpithelial cells by ekectron microprobing bt
abserved profiles of [Na] k] and [C1) asnd®
enterocytes were not conwstent with the
gradient hypothesis of Dramond & Bossert (%€
1ts modifications by Sackin & Boulpuep (1973
An alternative hypothesis explainiy ‘ﬁ’;
transport 1n vivo across the epitheia in ‘h’\
structures was proposed in reports from
ratory According to this hypothesis a costd™
TEM eathonget evists 1 wost vkt o

Table 4 Net absorption of chloride and potassium in jejunum and flexm during the different ¢ P

procedures of this sindy
Positive values denotes Absorptiont negatrve vahse sextetion Mean values S E
Net C1 movement Net k. movement
(umol/manx 100 em?) {umol/men X 100 con®
Jojunum
Kretsglucose R0 4( =9) 06910 48( =8)
Krebs-mannftol 3741 B6(a=B) 4530 78 (w=0)
+25 mmol Na 1881 E2(n=9) 069t 1 23( =9)
rannttol+ .5 mmol Nu —0.5t 65(n=9) 0TI$0 .S (n=D)
e —181% 83(1=9) 0 131.30( =10)
Choline-manatol 6351 _9(n=d) 08)1059( =6}
Choline-maltose - 8% 79(n=6) -05510 98 (n=6)
Hewmt
577+ 6.6 (a=9) 1313033 =9)
mht'm*:)j 473114.6 (n=8) 42045 (1 =6}
K rebs-mann +28 ol Na 1331 68(nm8) 1571034 (v =9)
Choboeghocise i O Na tat 9. (=9 0871038 (n=9)
Chohne-panrt A5t 4R (a=B) 561033 (a=8)
Choline-ghxoil 35L118(s=4) 16 $0.36(n=7)
mt;mm“ -mamliol 0% 78(a=6) ~0.2030 W (#=6)
Chal -
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Frg 6 The relahonahip betwesn oet chiorde trumport and tasue osmolaley ostrated
0 the sane way a3 10 Fig. | Bars denows $.E

Fanctloony as a coumtercarent multiplier to create

marked locreases in

villous ovmolality (f Hal

wxmac et al, 197 Jocal 1973 Jodal et al 1978,
Hallbick ¢t ul. 1979b). Simbar mechanisms have
beea proposed to exru also m papllary structures
o the toogue (Halback et al 1979 | The evidence

x these mechan:

mchdes the o

very hogh clectroiyte concentranions (Halpmae et

¥ W Zeathen & Moage 1975) and marked
yperosmolaiy Uodal et al. 1978 Hallback et al
I )1 the villoms core i vivo A close correla-

toa betaeen e of pet w.

my

“!hnm.m,,d‘

ater absorpion and vil-

the prevent tudy tssoe

akered primanty by changmg
varable

tonendty ¥vo experiments it
verm Secepted that soor 13 the mam fon de
Curran toggy o e Schuitz &

such ressons the coacentrations of sodlum and glo-
cow In the lumnal perfusate were aftered i the
present expts.

The reashs presented fn Fig. | show a close cor

MET CALOROE TRVISAORT
wroe 00 e o et -—
= o gua
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hum transport and thisue osmolahty fhus-

Fig 8 The relat hip between net

trated In the same way asin Fig | Bare denote S E

relation between net water transport and tissue os
molality Net water secretion changed into net ab-
sorption as villous osmolality increased from just
above isotonicity to o marked hyperosmolality
This increase in willous osmolalnty augmented
primarfly the flux rate of water from lumen to tis
sue thus supporting the hypothesis that the villous
countercurrent exchanger is crucial for intestinal
water absarption

Assummg that the tissue osmolality measured in
this study represents the only driving foree for net
water absorption it 1s possible to cakculate a hy
droulic conductivity coeflicient of the intestinal
{I,) This plron represents of

course an oversimplification of the phy sokpd
situation It should however be pofnted ow it
the osmotic forces created by the tissoe ol
are very large indced aw discussed {n preen
reports (Jodal et ol 1978 Halbdck etal 1970 T
calculations presented {n Table $ are hased oa e
nct water obeortron rates and the thase oonola
measurements reported in Tabke — The L, vt
were calculated from the difference between 8¢
choline-mannitol group and the other groun 1
they are expressed per cm® mucosal surface 7%
the ratios for mucosal to serosal surface aed ™
ported by Wood (1944) The reflection coeflioed
was sct 10 0 60 for the jejunum and to 0 &5 for 8¢

Table 5 The diffiusional permeabilits to water (Py) and the hydraulic conducth ity (Ly) in the jejuormt L

the Heum of the car

All calculations were made aturmang that the exchange of water occumed across varying porttons of the vily The deta™

of the calculations are described In text

Jepmum Ieum
Length P emx x P cmxs X
(23] (emxs x[0% Pa x10') (cmxs x10°) Pa x1¢'n
30 26 36 e 2)
hrebs-gluco 50 17 N 1L %0
100 0.57 M 060 16
-6 k3 Iz 113
K rebs-mannitol ig T % I Is
100 [ 22 060 1
30 ) 19 1 b4
Chollnc-glucose 9 17 17 I 19
100 087 i 060 7]
’
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m,xhcehluumudmuhemmemmohll-
tncrease was puinly made op of sodium chioride
ordiran et al. 1965) Table § Includes calculations
1, suurmg that the water absorption takes
umur-.hdcrllnorotdy-lt}:wppcr}o
$0°F of the vilk. When doing the calculations in
¢ two lustmentoned groups the assumed moco-
4 sixface aress were sitered correrpondmgly The
values of thes study are of the same order of
aguede a3 those reported in earller fovestigr
on3 on the small intestme in vivo ief Hoose 1974).

~poried carbeer (20-45)x 107" cm s
1973), the hydraulc conductrvty of the micstmal
riincloorm 13 moch xmalier
1t bs aha posuble 10 roughly estimate the diffu-
€ permesbalxty of water () from the present
it For these calkculaboms we have chosen the
"o iafix mte of tiusied wader 1 the cxpert
ents with the kowest villous oxmolality §e when
botne pammitol was used as fumim! perfouase
“Tabke ). In hewe experiments diffusion ought to
| ¢ the domenatmg process by whach tritmted water
£ soves 1mlo the tmwe The values obtarsed are gh-
‘exin Table S The diffunve water permesbility
teonded i the present study is umulad 10 that noted
olher wndies m vivo (House 1974)
© Threseh presensed m Fig. S on the relatonshp
>3t ecx net trarsport of flud and pet tramport of
¢ wodemn mepyests # clear rehatiombip betneen these
? 10 trIm1port processes a3 has #ho been shown Ina
. Lwpe ownber of otbher stodies (I vitro Curran
190 Clarkson & Rothstem 1960 Barry ctad 1965
™« Carnn & Salomon 1557 Phaltps & Sum-
enkill 1967 Fordran etal 1968 Staden & Daw
F“m)
““ feall of the present stady mdicate that
' of pocote 1o & perfusate contabneng 147
%00l Nafl caanved 00 wymificant change in sodwam
Port 1 The peranum of in the leom. However
“hion of gacose 1o sotmom contarming 25 mmol
A enbence Lo mmcoal o serosal s of sodien,
Mﬂﬂﬂmmnmmn
7 Xt the effect of shucose om the men 1o thase
ot of sodbum. The  sodvam gradient
by pothesy oy that sodrum and plocose fa-
teract wyh CommOn carrier-rasport system at
:Whr*rdmmm.,udmnm
s&“'mwlﬂbfcmxu
the ﬁ:cm\m Schaitz & Frizrel 1972). On
Rind. m @ owno expt on humams

b

Intestinal countercurremt muldplier 1 3
Fordiran and coworkers (Fordtran et ol 1968
Turnberg et al 1970 Fordtran 1975) obtained evi-
dmcelnmmmbmm&hic\mforlpm;h:
nbaapﬂmo(wdhmvhltdvaudfupbcmme-
non secondary to an active ghucoe tramport. Ttk
not possibie to differentiste between these two
mechantims oo the basts of the present resalty.
However the resuits do not support the proposal
by Forttran and collaborators that sodmm trans-
port fs govemned by ddferemt mechanisms In
Jejunum snd Bewen,

Akhough the present results do pot suggest sny
difference for ghucose tramsport between the
Jejanuem and the Beum the observaiions on chioride
tramsport cleasty indiente that it differs I the tvo
parts of the smadl intestine, Thus the resolts pre-
seoted In Figs 6 and 7 and Table 4 suggest the
presence of 2 sodium independent transport
mechanism of chlorde lons o the feum while no
such mechanism seems to extbst bn the jefunom This
observation cormobonates earfier reports that have
proposed the presence of a chiorile—tacarbonate
exchange mechaniym in the Jeom (Tursberg et al
19705) as well as a sodian dependent transport
(Nedlans et &l 1974). In jejunom no sodbeen inde-

al (1970a). The conchusions repurding a chioride.
Yearbonats Interaction in vivo are based on the
obaervation of % high intromiml Py, Tt shoakd
bowever be underined that the high casbon dioxide
concentraton in the small intextinal krmen may at
beast m part, be produced by the presence of the
Intestinal coumercwrrent exchasger which very ef
fectively tends to delay the pet absorption of
bpophullc solutes soch 25 €O, (Lusdgren 1967
Hamilton etal. 1567 156 Bond et a. 1577)
M‘m“m‘yh‘&'d\ﬂhwmﬂy
abnorbed  throogh  solvent drag (for rel see
Turnberg 1972) Owr study indicates that net
Mw“mmhlﬁed-ﬁdm
thisoc ounolallty 1nd an incressing oet water
bsorption. However an mugmented parsive potas-
m"”"'mby’dvmldn'mh
thyoo may be batanced by an Increased loss of
mmmmmwﬁmmm
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tion of sodium provides the driving foree for passive
water and electrolyte nbsorption in the small intes
tine implies that the In vivo system is extremely
complicated In & previous study the importance of
different vascular parameters for the efficiency of
the countercurrent exchanger was investipated
Uodal et al 1978} Furthermore experiments were
performed by Hallbick et al (19794) which
studted the dependence of willous tissue osmolalty
on varying the active solute transport The present
study relates tiysue osmolality to transport of water
across the epithebum However to get a detailed
knowledge ot the intermction betw een the counter
current miltiplier and the transport of water and
solutes across the intestmnal epithelium  the influ
ence of a large number of other factors has to be
evaluated

One important factor in this context s the ability
of the enterocyte to transport solutes agninst con
siderable lumen to tissue concentration gradients
The rate of nctive tmnsport depends on a larpe
number of factors such as the thicknesy of the un
stirred layer n the lumen the introcellular concen
tration of the various solutes the numberof pump-
ing sites per unit plasma membrune surface aren.
The latter factor may i some instances vary atong
the villus due to an ndaptation to the extrmcellular
environment (¢f Csaky & Fischer 1977) Turther
more the active transport of electrolytes together
with the extrocelfutar and introcelilular fon concen
trations determine the potential difference ocross
the plasma membrane of the enterocytes one fur
ther driving foree for epithelial movement of fonized
solutes

The established tissue hyperosmolality forees
water and dissolved solutes into the tissue through
pores by most workers belleved to be mainly
located in the eptthelfal tight junctions The rote of
fluld transfer 1n the pamcellular routes is among
other things determined by the width of this space
and the leakiness of the tight unctions. The size of
the intercellular space (s in tum dependent on the
\nterstitial hydrostatic pressure created by the pres
ence of the fusue hyperosmolality according to
Curran s double membane hypothesis The rate of
fruid tronsfer fs also one factor that governs the
{hickness of the unstered layer by varying the con-
vectional stirring at the Tumen-tissue inter

phase factors dis

realize that all the

m‘._::ll::::v‘:m;‘i‘b"’ vary quantitauvely atong

et P ol Scamd 107

the villous length The situmtion s further o~
cated by a descreasing oxygen femuom 1ai np
creasing carbon dionide tenoon bn the naet- |
base to tip also o result of the intestind comemn.
rent exchanger (Lundgren 1967) Flnally theprt
nble existence of acthe secreton mechrmn
perhaps mainly focafized in the crypis, knedik
taken into the occount as well as a dfiad
solutes into the lumen in the vilk akoeg fnoms
concentration gradients

The deseription above clearly Indicates 1
large number of technically very diffiult ey
ments are needed before a detailed andentiaby?
the villous transport mechant ms fa wno ket é
tained and further that one shouhl be catims
transferring in vitro results 1o the In vhoy s
(cf Corbettetal 1577

This sesearch was wpported e ©
Swedish Medseal Research Councl (14X-1155) boa®
Swedish Sociely for Medial Sckences, from )u-:-\d:
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and from the Faculty of Medicia Unherdy
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luence of intravenous Infuston on heart rate sympathetic
d vagal efferentation and left atrial and
rtic baroreceptor activity in dogs

\RTTI 0 K HAKUMAKI

sacicnt of Phypology Unbvendty of Kuopeo Fhsad, and Deparmen of Physiology
sy of Helmky, Fiaieod

HAKUMAK] M O K. inSocsce of infvenom mfusio on beart rate
ad vagal efferenaon ead lefs stria) and sortic actrefty in dags. Acta Paysiol
Scand 1579 167 177 133 Received 3 Macch 1979 ISSN 0001-6772. Departesent of Phy
Usiventty of Keopwo Flalod end Depertmest of Piymolony Universdry of

actrvity 0 roaorty of the cases bat abo noasigmlicant chaxges
woe cbserved. Vi I mout of the cases bot Ko Docadgrabicast
changes or mXTERIEs m ACUviy occuiTed. Symipathet momialy decreased o

sace Banbrdge 1 (1915) observaton o the i
ot of  mfiruon on the heart nte M dogs
T M cugEliom have been done 10 order o

M eTie the phenomenon snd 10 fimd the local
e "o wea of the afferent pathw sy and the roke
-:‘,m"""wrﬂmuumnmnmm
vt sudey it ha been sbown that a tachy-
Sora b e 10 anfuvion ean be choied
ek Mazala 1970, Anrep & Seqall 192) bt
iy (DcGall & Sand 1925 Bali & Ksta
m.Lcwnm 10 depend om the contrat beart
m_‘ AWM & Limden (933 Pathak 1959 Jooes
oy & Nicoll 1963 Herweh et al. 1964) and

Fxde of the jocal tretch (Goclz 19651 Aho

uible reflex area of afferentatson has been

smdied by
Ledwme & Linden 1964 Kurin e al 197" gnd
Rappagoda, Linden & Soow 1977 and w a3 found to
be locallzed  the funttlon of the arta and blood
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pathete efferent cardiac activity incrense dunng the
distension of the ntnal—blood vessel junction (Lin
dent 1973} An increase (n sympathetic cardine ef
ferentation dunng{ v infusion has been reported by
Berpstrdm Hokumaki & Sarnjas (1971) as well a2
decrease 1n vaga) cflerentation and an incrense 1n
sympathetic cardinc activity (Hokumiki 1972)
The difference between the left and nght ttrum has
been studied by Kolrumi et al (1975) who ob-
served that distension of the right atnum always in
duced an Increase in sympathetic efferent cardine
activity but on the feft side the response to stretch
was immediately a decrense and after that on over
shooting in efferentation and heart rate In bled
cats sympathetic afferent activity from the heart
also increased after an Infection of saline (Mallon}
ctal 1975) Previous works have demonstrated that
different types of local stimul and also 1v In
fusions induce both tachycardia and brodyeardia
and different types of responses (n sympathetic and
vagal efferentation while changes in afferentation
and  afferentation - efferentation relapionshipy are
unknown

The aim of this work was to study the function of
[eft atnal receptors nortic baroreceptors amd sym
rathetic and vagal efferent cardine activity before
during and afteri v infusion in Bainbridge type ex
periments In anesthetized dogs in order to find out
what kind of changes In afferentation and efferenta
tion can be observed m cardw-aceeleratory or
bradycandrc responses

METHODS

3> dogs wreighing 8-15 kg were premedicated with mor
phine hydrochloride (I mg/kg) and 1 h later aneytheuzed
withaniv infusion of a-chloralose (100 mgfkg) The dox
was then intubated and artdficial reypuration was started
with & gas mixture of arr and 20% onypen When the chest
was opened an expirnlory resistance of 3 cm of water
was placed in the expratory outlet of the respirator The
ieft skde of the chest was opened and the for rth b was
removed The upper lobe of the hmg was resecied and &
fTin ofl pool wa formed imude the thorax ca fty from

P'Tlpk‘n partetale The femora! vein way cannolated for |
miusions. In some of the expt  cathetery for reconling
yortic arch and left atrml pressure were Introduced
_hroagh the femora) artery and patmonury ve n The cath.

flushed with heparin sofutw £ S0 U1
,"n;"m;'z;'..:me during the course of the plkl m the
et ke of the neck the vagotympathetec trun pre
ortiet to record vagal efferentation tumrc«wh

parcd In and keft atrial afferemt actl iy Response
fferentation routating electre.dly
fTerentation were tested by ¢ st

ﬂmm end of the baroreceptor perve. Those

At ol 3 end 107

fbres of the vagus nerve which shoxed Hoetaen ¢
{r_rcmurivltycnfnbkuﬁchuhun\cdbmr
receptor nerve stimulation were schected for the fror'y
of cardiovascular efferent vapl wetrvity The i
balance of the expersnental sl %y womesd b
taking blood samples anacrobically from the fordl
tery The correchions to acki-base bahisce sad bd
state were made by adusting the ventiied g modt
and respirator rate and by giving I v 7.5% sodemhr
bonate The pO; of arterial blood was adjescd ¢ 1t
140 mmHtg pCO o 2040 mmHyg and pH 10 T3+ £
Th:lemmmreoﬂhemlmlmmwd:‘ﬁ
esophagury and temporarfly from the keft stnua by ror
of an ekectrie thermometer and regelated v
heated operation table Additional doses of a-chiairt
were ven when needed The trinary blddkr sro
nulated The | v infusions were performed throd &
femornl vein knd the temperatore of the inflsed e
equal to the temperture of the keft atrla) bood o ien
perimental aninal The sympathetic activity » wows
ﬂ'omlhcfmﬂbtupremhno(lhclhddﬂ":
diac nerve  Vagal efferentation was recorded komd
fibres. The aflerent sctlvities In all the experineat o
rccordcdﬁmu:inﬁcﬂbtumm;dtﬂr‘_
fikmed from the screen of a cathode fy tohe ﬂ'p
speed of 152 cis mlmm-muﬂ:df
ually from the fltm. The number of [mpubses per
one heart cycle was cakulated and the valies forittr®
cal analyses were the mean of the kmpuhes/s from sos
stve periods of 4 5 Thellmh‘hncenfﬂ"d;z;
heart rate and wrerve activitics were stdxed by 8 -
rHest The corelations between two par"‘::“
tested with regresuon anafyis The change? e
nificant if £ was kess than 008 Anlhcalnd-lﬂm
were determined from a period before {contrafl yoll
and afler the infursion amd from a 103 period afkers
break In the recording followmg the fuskn perod

RLSULTS

In all the experiments attempts were m-’*;:
cord simultaneously as many different nené p
as possible  usually from ” to 4 diferent penes
32 dogy with 42 infusions the discharge rtes
norttc baroreceptors | left atria) B-ype "‘;‘;
31 tympathetie cfferent nerves and 31 v
cfferent nerves were studied |

!

Heart 1ate respcnses 1 infuswon

The 471 v infiskon of #0-150 mi of bedy * |
saline In 37 dogs withm 4080 s induced i
in 31 cises and brikdycardun in 1 eases The
values of heart ute in tachycardic responset v
from 54 beuts/min to 158 beats/min mean 91 b
min and th maximal effect during or after iﬂ"“:
Wn [t m ¥ be tvmin to 183 beaty/min mean b
beat /min Ihe difference in heart rate hetween &
m f control and lhcw the tachex®
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TACHYCARDIA
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Fixr 2 Ixfleence of  saine lafwdon om the mutio of

cakcubatad from cycle 1o Cyeke The weaght of the xalkmad
e 127k

creased m 1 (3%) (P<005-0.001) and was not
mdhs(l?%)mm)u(lhchﬂnh“
Vagal efferentation increased m 4 (13%) decressed
hm(ud)mmw‘weob‘cnedin7
mmufu:mmnmorumpmw:xo
vmjmwhnnwm:cdm%(!}%)dtﬂn«:dm
Olﬂ'Xundlunotuunﬂ'hnUydnqrdlnSle
orthec:u-:.Amkbtum:epm-:umyrmb
creased sqnificantly fn sl the iachycardic re
whddmeknnumﬂ—wpcmwynu
Typhcal changes | aflerentations and efferentations

UON from 78 beads/mea 10 133 beatu/men mean
7 beats/min The difference betwoen the mean
- ke of the oups was heghly uignificant
= P<oog)y

4

PN B e i tach areha

+ Intac

(WNWWlthIh{M the ym-

Kfﬁt&mmmh.l(n'}‘ gt

e de l\Fk\.lmdl.Themrr:h.bm
cucmdem;wbcncmunhmmcudu: ym-
rathetic

cﬂermmlonvrkdfmmﬂ.l“toﬂ?ﬂ
meanaf Q 702, =18 P<0 00} of mean value and
from ~0 226 10 -0 Rss oean of —0577 ww |
P<001 of mean value The correlation coefficterus

mclndupldfcrm:.mumd

from 0.275 10 0 799
=19 P<0.001 of mean valoe sod
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L T |
Number of sympat Sympathehic vagal ratio

P4

ic

efferent impulses m
Flg 3 Heart rate us a function of the number of vagal cardlac efferent frmpfs = -0 891
upper keft) number of left atrial B-type imp/s (=0 950 upper right) number of sym-
pathetic postganghonic efferent cardiac imp/s (7=0 866 lower left) and as the retio of
the numbers of sympathetic and vagnl cardmc efferent Imps (-=0 887 lower right)
Each point repeesents a mean of the resutts cakulated lnmptcnowcctulvepﬂ'bd’
of 4 5 before (open circles) during and afler (closed circtes) infusion of sakme of 80 ml

within %05 The weight of the animal was 10 6 kg and te response tachycardis.

the correlation coefficlent between the heart rate
and sympathetic vagal ratio varked from 0222 to
0937 mean of r 0691 n=i9 P<000I of mean
value The correlation between the B type Impulses
and heart rate was from 0.546 to 0 976 mean of r
0 828 n=19 P<0 00! of mean value Fig 3 repre
scnits a typical example in correlations between the
heart rate and calculated nervous parameters in
tachycardic responses

Nen e activities in bradveardia

tion varied from 0 199 to 0914 mcanﬂf":;
n=18 P<0 0l of mean value and betwes2 "
rate and vagal efferentation from —0.360t0 0
mean of r —0 466 =18 Pcoosormnnvﬂw:|
from 0364 to 0727 mean of r 0439 *
P<0 05 of mean vatue The correlatron
between the heart rate and the sympathet %
ratho varked from 0207 to 0912 mean of 7#
n=17 P<005 of mean value and (rom -0~
—0737 mean of r —0 605 nm21 P<O0I A
value The correlation coeTicients bcn\tﬂ‘['*“l
and the heart mte varfed from ~adl

In bradycardic with 11 infu sympa-
thetic efferentation increased in 0 (0%) decn

in 8 (755%) (P<0 050 001) and was not changed
@>0 0%) in 3 (25%) of the cascs Vagal efferenta
tion increased n 3 (775 decressed In 2 (187%) and
was not changed in 6 (35%) of the cases The ratio
of sympathetic to vagal Impulses increased In 3
(2856) decreased in 4 (36%) and was not changed
in4(36%) The wortic baroreceptor and leftatnal B

type acuvily mte tncreased in all of the cases In
b;y:yardlc responses the correlation coefTicient (7}
between the heart rote ard sympathetic efferenta

Act P siol Scend 107

—0885 mean of r ~0430 a=17 p<Olol >
value Fig 4 represents changes n vagal a0 97
pathetic cfferentation heart rate the sympae |
vagal ratio and feft atrial B-type activity ina
cardic response to1 v saline infusion.

DISCUSSION

In this study sttempts were made to record s
tancously the changes In left atrial sortic t
receptor and sympathetic agdoyagal effercat &
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VI3 and 10 (ind oat % hat s ther roke  separately
*# 2 wpether m beart rate regulaton One of the
¢ Tulaes met m s work, was Lo find and et most
r‘hhaﬂmmdmuﬁdm
:qu Wpother and ymulianeowsly  Foe this
¢ N8 the recorting of mortxc and atral prevsures
o stral wed wcuviizes was dooe
140 @afes cxpt The oee of hepann  addinon
570 e wie of ¢ Qnmatae caused an mereased
¢ WANCY W berd m nenve preparations Tt o clear
# B unge i feu e recontings from sym-
i wnd wl Derves ark a practical way of
ndymg lferematon and effcrentanon b W 1
o oy that

# Afl the seformation traester betnern the comral

’
,"’“"'! ytcmand the beart However changes m

V gaf and sympathetic ducharges 133
the wctivity of thess fibres workd grve some pew
laformation on thelr role m the pbenomenion
studred

The morphine premedicaion fiay sugment the
vagal tone (Prge & Holl 1965) which of counse
tas a favoursbic effect oa elicathxg the tachycardx
refiex Ancsthesm with achloraloss was chosen,
because ft keaves the sutonomic balance and re-
fiexes tasgsly lutact (Prico 1960. Grebsheimer 1965
Cox 1972) Pentotmrbiial was not comidered to be

propes

ardiovascular reflexes and pervous actvives (Ha-
lincn Hakomiki & Sarsjas 1978) n sprte of the fact
that & has been widely wed in e

scarch physiology
The man rescton with 42 Ly infuskons of talme
o 32 dogs was tachycardk I 10 mfusions of

thete a decrease in heart rate ot the begmaing of
the infiion during the £Tst 4-10 beart beats was
found. Mt Is possibie that (hess Lemmpornry beart rate
changes s merely due 19 the augmented mechan-
wcal Jogd on the beart mduced by increased vendos
return at the beginning of the fimon. However it
seems that also constant bradycardia b one of the
responses 10 1 Infusion m socsthetized dogy in
addntion 10 tethycarda, The mexn of the comirol
heart rute b tchycardla was sgnificantly lower
than the mean of the coatrol heart rate fa brady
card, but wiso the bradycardk responses were
obsctyed with & low controd bear rate

The {lefings about efferentstion fn tachycardia
i the present work are In agreement with the earfrer
worky of Bergstrom Halumdkd & Sarapas (1571)
Hakumak] (1972) that 1ympathetic efferent cardiac

work, winch mmphes that there might be more 1po-
efic reflex arches so thet different cardiac perves
mught be activated separately and independently
Vaga! efferentation showed dimioutson in moxs of
the cases m tachycarda, withough facresses & ac.
trvity were also observed. It s possbie that all the
pervous actimty fecorded as cardae efferent im-
pulses might ha ¢ contalaed mpalscs of efferent
fbemt 3 somme oty Orpwes wWhich incTeased ther

bcwdﬁ.emcﬂca}vemmmmhuchy
eardic reaporses. This s was increased in 535
of the cases, u decreate wxs nat observed. The e

Actst Pievsoed Sownd M7
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sults of efferentation In this work support the hy
pothests of a reciprocal function of the sympathetic
and vagal cardiae efferentation reported cardier by
Marguth Roule & Schaefer (1951) and later Wel
dinger Hetzel & Schaefer (1967) However thisan
tagonism seems not to be the rule because different
types of reactions were also seen in vogal and sym-
pathetic cardiac activity 1t is obvious that the heart
rate as a result of the sum function of the sym
pathetic and vagal activittes and the ratlo of sym-
pathetic to vogal Impulses s a main regulator al
lows different types of reactions in both the auto-
nomic nervous activities
In brodyeardic results the findings n efferenta
tion are quite opposite to the findings dunng tachy
cardin In most cases a very clear decrease m sym-
pathettc cardinc efferent activity was obscerved al
though therc were some nonsegnificnnt changes
There was never an increase in activity A very
important point in these results is that In vogal ef
ferentation activity was not greatly increascd and In
half of the cascs was not changed significantly 1t
15 also fusing that the sympathetic vogal rutio
does not correlate clearly 1o the heart rmte in brady
cardin It is possible that bradyearda duning volume
ioad 13 a result of a combination of cardioc con-
tractility changes and neural factors So the brady
candic response can be explained in the following
way The pumping capacity of the heart has de
creased in the course of the experiment and by | v
infusion the increased volumc load thus stretches
the weakcened ventricles and stimulates the ventrie
ular receptors more than usug! This overwhelms
the tochycandis initinting neurni systems and de-
creases the sympathetic effercatation to the heart
Thts hypothesis supports the findings of this work
that 10 tochycardic reactions were preceded by a
1hort penod of 3-10 heart beats of brmdycardia at
the beginning of the mfusionsy Also the recent ob-
servations of Wenncrgren Thorén & Lisander
(1977) support this hypothesis of the role of the
ventneular receptors in bradycardia
What 1s the role of the left atnal B-type receptor
poriic arch barereceptor activities in these re
::Idl:? in all the tachycardic and bradycandrc re
sponses the activity satet of these receplors in

has both an

creased The leftatrial B-type receplor
ml excitatory in-
mhibatory (Habumaki 1970) an e

Zue;;o:;w;nl ctal 1975} 0 that tndtral response
to left atrial stretch fs inhibitory and the later re

A e Pl vk Scwnd 307

sponscy excitatory in sympatheth, cardut e
activity It 1y obvious that the incremed atnin o
atnal receptors 1 responsible for the moesce
cardine sympathetic efferentation and beat ke |
is difficult 10 expLun w hy ntrinl receptors dasae
fluence the sympathetic system in bradhycxi
sponses though they incrensed ther acnmy T
nortic arch baroreceptor may Inhibit atmal reee
influency in CNS in bradpcardia but why B d
not do it in techycardic revpomses where ek
receplors also increased their sctivily T !
may be concluded that baroreceptors do et fls)
significant role in heart mute repulion &
volume toad os Dishop & Peteron (1993
cariier suggested in consclous dogs 1t B pee?
that n more detaited analysis of the baro- md et
recepton would glve new information ok decet
fn heart rate regulation at the CNS esel

1t s interesting that most of the oberae 7
conclusions made in th ficld on peural o
vascular regntatron have been correet of ety &
rect [t can be nssumed that the so-cakd Bf
bridge reflex is a sum function of driferent Lesh
overdappung inhibltory and excimiony N‘!“’:‘:
which are working simultancousty during 1ad
the Iv Infinon ond the respomes lkb:"
rate are dependent upon that reflex weh ‘h‘t
stronger and overwhelming the others. It W“
ther are still numerous open questions fa e
vous control of heart ul'rcrcmnlionmdfﬂﬂ"ﬁ'
and in thelr Interrelationships di(Tecent k
cardovascular condithons amd mare €Y
work I+ needed with anesthetized and oo
anlmals before the detafls of cunfiovaseuls!
tion are well-known

Th work was upported by the Academy of S
North-Savo Reglonal Fund of the Tianish Cod T
dation and the Pasvo Nurml Foundation. [ ¥7
pres my gr ttude to M s Rays Holopaines &
Lya Hotma I‘m‘lypmzLrN:rmnu\cfrr-(ll""h -
figures.
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Y togetber with saalyihs n
Laterricly feorescent ooy forn chroaffin by in the wall of tho

o, e wall of the most xtenor part of the keft cardnal vets xnd the walls of the
arteries. The

bo0 of the stembons In

doctinates in the airarn Dwring stress aduced by phytical disturhaacs of
Une acrmhy SUrong mcTwe (4 cipecially the noradeenalme conceatraton of the plasem

waa detected

K ords Lumgflsh, Profoprenc arthioproc chromediin isme, casccholarniacy

01300, Kohn mtroduced the term for

catechotaml:

B winch are stained brown by certain chrome
k1. & phenomenon fint described by Henke (1865)
ﬂmmm-:hnhmmcw
1943 157) defines a normal chromafTin cefl as
o% Wixh develops from

stored In ch cells of the
hean(bmhvtnmdemdnrhm)mhmepum
vein beart of Myxine (Ostlund 1954 Augustinason
ctal 1956, Osthund et al. 1960 Egler & Fange 1961
l:‘bometl] 1961 Lu:mm\da.Ninoulmy

I8 stubes of chromaflin yatemn of lower ver
‘d'unlhqmlybtmpouﬂieloom.mﬂmﬂ\
ﬂlkxcbf\mmmlhmmmmdthtlm

1 Lherefore wied in bews exact sense
mcale el woray brpe quantdies of

_:*':r"‘::i‘vcdb‘ chromaflin sy stems are found ko a
T vertcbrates, bt contrary to
‘N'“'““"drthamfrnlnmnnmmnpd. a
o e renal medulla. T eyclortomes (hagihh
bepeey y, chromaffin thwe hay been de
“““'ﬂ"’fm\kncm(&mmm
quanu)-dumn.,w,_,"q tities of

o

have their ch
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Fig I (A) Intensely fluorescent cells Iming the lumen of the atmm Cahbratoa=1

’

00 pm. (B) Itensely floars

cells in the wall of an intercostal artery very close to tho dorsal sorta Calfbration=100 xm

the walls of the postenor cardinal veins instde the
head kidney (Ogurl 1960 Mazeaud 197 Grove et
al 1972 Nilsson 1976) The chromaffin tissue in the
head kidney of the cod 1s innervated by pregang
Jionic cholinergic fibres which control release of
adrenaline and noradrenaline into the blood stream
(Nilsson et al 1976 Holmgren [977)

Chromaffin cells in the lungfish Protopterus an-
nectens were described by Gincoming (1906) They
were found m the walls of the intercostal arteries
and also 1n the antenior part of the Jeft cardinal vern
( azygos vein™) Holmes (1950) confirmed the find
ing of chromaffin cells n the mtercostal arteries of
the same spectes  but wans unabie to venfy Guco-
mnls finding of such cells in the cardinal vein
Sympathetic fibres reach the left cardinal vein and
an nncevation of the chromaffin tissue i the inter
costal arteries has been described (Jenkin 1978

50,
H?‘E:;‘sz)wns started to clanfy the distribution
and function of chromaffin ceils in a Dipooh;n;ﬁxh
by usc of Fakch Hillarp fluorescence h‘;‘“m niry
st i 17
which from findings in othet lower vert o
te suspected to store catechotammes

\ . P S and 10

MATERIAL AND METHODS
African lungfish (Protopterus acthiopen) of 0/ 1t
wﬂh-b‘ﬁyknmo(u-wmumwdh*"‘f;
ments The animah were captared near Khoss. \t
and flown from Nakrobt to Gbteborg where they “:W
m fresh water at 25°C and regutarty fed before B¢
menis. d
Memurement of catecholamne bevels i I‘L"‘r':w'
tissues were made by the method of Bertler ctal (P10
modifted by Haggendal (1963) The ol -
pcmhbrx-ddcxmn!phsmlﬁww
purificd on Dowex S0W X8 rexn and fuormetric

[}
urement  were  made  1amg & Ll::"""’ A
spectrofivorimeter  The recovery of 3 a0
dremnl, h “mr‘)ﬁu‘l"i

(100 ng} and
colummy was determined and faund 10 be
82t o (mean + SE. =11) and poradremiet 83
(mean S E. w=11) The vakies grven below bne 70
coirected for these recovertes AHVIM‘ITEF"“"::d
means £ SE  Stress was indoced by chasing e o
around its tank for 0-1%5 min Blood samples €€ 2
with a heparinized syminge from the dorsal st
mediately afte ilhng ”
Floorescent hutochemustry wa  curied out b7
T Icl Hillan metbod as described hy Fakck & 037
(1969) Freeze-dried pheces of tssue were e, -
formaldehy de vapour at 80°C for [ or 3 h Trasue se™
of 10 4m were mounted | Entellan (Merch) and vicn©2
a Leftz Orholux fluorescence microscone w ith tof
Mumination and  barrier filter

t %l
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™ | Catecholamine level In some tiswwes and plasma of the Afrfcan lungfish expressed as pglg tiisue

\el00mipla ma  spect efv
| thacs aex grvem s coenms + $ E. Number of extimetions =
i Adressboe
4 418110
‘ proumal part of
| i $10_206
Pt LTI
drstal portion 03
Fal vem (feft) 033t0n
fod plruma (comtrol) 191077
xd plewny Catrereed”) 6411133

}SULTS
e quantiies of intemely fi

% adre

Naoradrermirse e

ATTEITI 5 6
02610 4 "

3 L 1
005+0® 7 ]
[ ikaikind 93 €
2361115 » 6
21014 1 4

and hater by Hotmes (1950) The present findings of
the posltion of the chromalfin thaoe in the fter
costal arteries of P acthoopicin 8 apecics closely
refated 1o P amectens agree well with these earlier

~th ere found by the Fakk Hillarp floorescent
 Mochemical techniqoe 1n the atrmm of the beart,
03! provumal part of the wtercostsl artenes
W & the mntenor $ mm of the eft cardionl em
B lasd )
1 the arwm, the fiworescent cella Bine all mmer
*laces of the pongy tissue (Fg | A) No such
huere peesent o the veatricke A samilar Ening
e (B¢ essel wall by flaorescent cells was observed
P T¢ kefl cardial em (Fig ). whie i the mter
* oal mrtemes thero appeared (0 be layer of son-
herescent tsave between the chromaflin trse
#dtbe evset bumen (Frg. 1B) It was pot posy ble
o actect ay differvoces i the mtenaaty related to
v’wml.kh,dencutmmmts(lwlh) Table t
Aom tbe resaty of the catechotanene amtysfs of
hm“‘“““mmﬁum. U s notable that
dommates over adremalme 1 the
then = 2\ m the plesma of the stessed” ant-
sdrenabnie appean 10 dommat m the

) DISCUSYION
Ckm,.m“ o
T e w gy
B mriercony

ympathetic fibres tnnervat
dexerthed by Giacomim {19061 m
mrieney of Protopterus amnectens

¢ A further claim by Glacommi (1906)
ibat chroquffin cefls were also present in the keft
cardinal vein was refirted by Holmes (1950) on the
grounds that the chromafTin reaction nsed was not
speciflc enough to allow wich a statement. From the
present work, where the highly speafic floorcscent
Bistochemical techerique was ised it s evident that
Oh':m""ﬁﬂl!,mdﬂnxu:reunlcudg
Vthpcdchumﬂhmhtbemahpmonbe
left cardmal vein azygos vein™)

Fir 2 Intemsely i cetn N

Oow wadhs of Lhe
20U KXWTIOF part of the Jeft nizg
Cabbreion = 300 uen, "'"‘“‘Wﬂ.”ﬂoﬁum.,
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In addition to confirmation of earlicr findings
large quantities of chromaffin cells were found in
the atrum of the heart This s similar to the situa
tion 1n cyclostomes where adrenaline and nornd
renaline in {arpe amounts have been found 1n both
atrfum and ventricle (Lampetn Petromyzon Myx
ine) and also in the portal vern heart (Myxme) (st
lund 1954 Lagerstrand & Nidsson 1972}

Thus It is clear that Protopterus has o remarha-
bly well developed chromaffin system with its
chromaffin tissue orgamuzed as o combination™ of
the systems seen in severnl of the other groups of
lower vertebrates

Although the marm catecholamine of the chromaf
fin tissue in the mtercostal arteries and the left
cardinal vein appears 1o be adrenaline noradrenn
Ilne is the circulating amine showing the most
dramatic increase during “stress  This amine 15
stored {n large quantittes i the atnum and 1t fs
possible that o large portion of the arculating
catecholamines are released from the heart An in
nervation of chromaffin tissue in the Intercostal
arteries and left cardinal vein has been described
Jenkin 1928 Holmes 1950) but the nature of the
control of catecholamine release from the atrum is
not known

The esth of the hol, content of
the heart must be evnluated considering the fact
that only the atrium contains fluorescent cells The
amount of amines per grum tissue present fn the
atrium is therefore more than twice the figure given
i Table | Similarly the weight of chromaffin tis-
sue proper embedded In the vessels (fntercostal
artenes/dorsal gorta and cardinal vein) is very small
compared to the total weight of the vessel tissues
and therefore the amounts of amines per gram
chromaffin tissue are much higher than indicated by
the presented figures This is also shown by the
much higher catecholamine content in the sampie of
carefully dissected intercostal arterfes (Table 1)

The strong increase in the concentration of espe-
clally noradrenaline in blood plasma following

physical disturbance (“streas ) indicates that
circulating amines play & role in the over-all control
of rculation and other organ functions The effects
of circulating amincs may be of particular fm
Protopterus  since the sympathetc
portance fn Protop developed
adrenerpe system 15 very poorly

(Absahamsson ct al '973:) cesent study that the

1t s concluded from dican lungfish is com-
chromaffin system of the Africal

+ ta Pisied Scamd 197

posed of chromafTin tissue in at beast thyee e
regrons the walls of the intercostal wrienes &
wall of the left cardinal vein and the wal of &
atmm  Adrenaline s present in liger g
than noradrenaline in the miercosial xens &
the left cardinal vein while m the atrum—md 3
in the blood plasma of stressed™ snimab—fexe
a dominance for porndrenalme Prelmen v
indreate that the roradrenalipe In the Prowpe
heart can be synthesized focally and notonhy sl
up and stored ps suggested in certam ks
(Sactersdal etal 1574 Abrahamssonetal 193k

Our thanks go to Mrs M Fernandes and Irof M ik
Zoology Department Unlwnkydudmtuaml:
[n oblaining the animals We abso sincerel) o

B Egnér and M 0 Rydmruum‘re‘rﬂ""*‘:
asslstance This work s spported by prast o
Swedish Natural Science Research Coonel e B0
Bergvall Foundation and the Lan Hiem M
Foundatlon
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The wiatormy of the yrputhetyc

neTvous sy stem m There are direct
gl L4 connections between the
Sympatbetic chalns and

\nfu-udctmbcdby(}munmﬂ?oﬁ;
Protopseroy
k(1900 B?:u:uﬂmdmmdan]by]m

fibres mught at least
the nerve jom ng the Vagys panglion
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fg of drng-taduced tewsion changet Ip Bolard strp preparations froo
ﬁ: .T-::rn ) mod hung (ouddle and fower traces) of Prowopeeros. Nombers
i 1o e foganthen for the agoant comceneraton 1 mokre (M1 The follos wy
were waed adresthing (Adr), Doradrensime (NA) and carbaciol (CCK). Note
ummwmwmbmmmwmmh

(M)

Adremalne or noradremalme erther coatracted
Dy for adrenadine 5 891097  =3) or after pre
Fomacnoa wxh carbechol, relsed (pDy for
dresuiae 543 5.05 ~2) the kmg stnps (Fig. 1)
o coacentrapons (10 107* M) of the beta

o ootncted hung stnps, while bigh

the vagis every 2 min for arteast § h. Preparmtions
from 2 animals were used. The foree of contraction
and the duration of cach contraction could be in-
amcdbyndihmo(cmne(m“u)mrh:wpn
bath (Fig 3) Additon of d-tubocurarine (7 6x10-¢

M) or atropine (107* M) strongly dimmithed or
botisbed the 10 nerve Ttk

¢ K™ M) produced  contraction of previous-
¥y wdreated wnps. Samdar 1o the spleen atript
Usd unpy showed & moch lower sepymvity of

Fued on the same prepanaton, sod m 4 fih po
'memunmb-drtmrpcdnm‘h
tuned,

A strocg negative iotropec effect was caused by
r-stectol oo amel mp from ooe fish tested. w ke
‘ﬂteﬂmm K als ump was amall or absent

4 (Fig % Foutrve motropsc respomes were
» Ooaed wih whremaline on ventrular tpDy=

,u:oh maumsl ocresse m beat  (orce
.4’1‘7 107 w3 but 0ot atnal (w=1) strrps (Feg.

AHsokited nens dung preparation
ttmdoghn,mu

be obtamed by
,«Wumdmmm«

(Fig.
3

©wn Tr-nahndwq:mbm-&mhu
Tohes of BV 20d | o doratson 10 9 iz e
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acetylcholine produces bradycardia (Johansen &
Reite 1968) Positive ino- and chronotropic effects
of adrenaline have been recorded  the chronotropic
effect being most pronounced in aestivating snimals
(Mohsen et al 1974)

The spleen 1s an elongated organ embedded in the
gut wall and is nch in lymphold tissue (Parker 1897)
No direct sympathetic innervation of the type seen
in other vertebrates (splanchnic nerves) appears to
be present in lungfish (Jenkin 1928) and if ony
sympathetsc fibres at all reach the spleen they must
run with the intestinal branches of the vagus

This work aims to elucxdate the significance of
the autonomic nervous system in the African lung
fish and the effects of cholierpic and adrenergic
drugs on the lung the heart and the spicen

MATERIALS AND METHODS

African lungfish Protopterus acthlopcus of elther sex
with & body kength of 35-50 cm were ured in the expert-
ments The animals were captured near Kkumu Kenya,
and flown from Nairobi to G8teborg where they were kept
in fresh water at 25°C and regularly fed before the expert
ments

1solated strip preparations

Strips with a thickness of 3 mm were cut from the
atrtum and ventricke of the heart the spleen and the Jung
of freshly killed lungflsh The strips were attached 1o
GRASS FTO1 isometrk transducers and suspended In
organ baths containing a lungflsh ringer of the following
composltion. NaCl 5.5 KC1 033 CaCl, 2HO 032
MgSO 7HLO 019 NaHCO 20 NaH,rO 2H,0 04

glucose 1 0 g/htre The ringer was kept at .5°C and bub-
béed throughout the experiment with 97% Q/3% CO,

Strips kept in ringer at +4°C could be used for up to 4 days
without detectable changes in responses A basx tonus of
25 mp (1 mp=vertical force of 1 mg=9 BIx10~* N) was
instalty appl ed to the strips which were then left to recov

er for | h before the start of expeniments.

The atnal and ventrcubar strips were paced by electr-
cal pulses of 6 8-1 Hz 1 ms and 7-10 V delivered from
GRASS $6 strmulators through two thmn platinum wres
attached around the fower parts of the suspended strip

Concentration/response  curves  were obtamed by
cumalative addition of drugs snd affleitle for the drugs
determined as pDy-valies (pD = —log ECW) (van Ros um
1963) pDy values are pventSEM and » md cates
of animals From each ammal 1-6 prepanations
pD determinations amnd mean vakies uwed
crminations  The pAJpA-vatucs for

ps were determened with carbachol
- umby,«rkm&mrtmxum(wm
and van Rossurm (1963}
L
,,alaredmﬂunxpw:;h“m g were carcful

the pulmonary
lzyimofcdrr:‘mmmmm andalcem

number
were rsed for

Wm-dsmmllﬂ

wide ring of the Ring was cUt posienon b the st g
ment The nerve/lung prepantion was meeakd nr
organ bath as described for the [sakated strp preyaer =
and the nerve placed over tvo fine platmes bod ¢
regularty stimulated for 30 s with 20 Hz | s deramazd
10V with min itervah

Fluorescent histockeml try

Pieces of the dorsal s0a spheea, uog md AT
chain were quick-frozen In kqukd propase cooied nlpd
nirogen After freeze<drying, the Uae peat w1
treated as described by Fakl & Owom (M
Paraformakdelyde treatment at 80°C win camed o el
or3h Scctions of 10 xm were viened ma Lotz Ortets
ml’cmscnpewﬂhwnmmrumhnlor-dlb.ﬂﬁiﬂl
470 mm With thh tresmment the precsse o at
cholamines in the preparations cxa be kesied b
a blue-green ('specific ) fluorescence

Drucs

molflitre (M)

RESULTS

Isolated strip prepurations .
Spleen strips contracted In response ¥ 3
cholinergle agonists carbachol (pDs=4 5%
n=6) and acetylcholine (pD,=4 0920 14 4 fl p
the adrenergic agonmt adrenaline (pDy=6 ¥*0
=10} (Fig 1) Nomadrenaline produced veys

»
or not recordable responses nol 'm‘:m
quantified estimations (n=6) The dm::.c e

cholamines were invarinbly weaker than o
of the cholinerpc agonists when tested %
same preparations Atropine (10 =10 2y et
a paralte! shift of the conccnlrnlwmr‘“’"‘ ol
for carbachol giving pA;=8.2 and pAn=? L
mated from 7 antagonized curves from 3 ’
which indicates a competitive Blockad
muscarink receptors bt
Lung strips were contrmcied by acenyh

(n=2 pDy, 496 414) and carbachol (%
$38+0 11 w=8) (Fig. 1) The effects of ¥
ocetylcholine and carbachol were anta ‘2
atropine (10 10~ M) but no esaluation of T
values was made since consecutive controd un®
wlith the ngonists 1hourdirrrgul:udcpfﬂ“""°(ﬂ
sensitivity of the stops making abnolute deter™s”
tions of the shift produced by the antagonist ke
sible

PR



' sarwe crfl bodkes Catsbralion m both A and #=30 on.

b The results obtained w(th atropme and exenne on

ity of the ganghons blockade were per
A rmed o thiy study The effect of csenne suggests
"% Preseace of chotmesterases 0 the preparation
A% magonnic adrenerpe mhibriory control

{ O beog cookd be cxerted by curcniatmg cate-

The paams of adrera-

Drug effects i a hengfish

143

anumals have been described (Motnen et o 1974)
Powtive notropk effects of catecholamines on fo-
lated ventricular smips were scem in the present
study Agaaniti possibie that the kevels of circutar
ing catechotamunes affect the heart fn a manner
smcar to the tkoatlon n clasmobranchs and tele
osts (Ganson et al 1972, Wahlqvist & Nilsaon 1977
Holmgren 1977 Short et al 1977 Butler et al
978

A lack of a negative inotropic effect of chofinengic
agonnts 0a the ventricle b found m other ver
tebruses (Garmon 1971 Hedberg & Nilssoa 1976,
Holmgren 1977) Semfarly in Protoptenss the

™ Betexes from 013 ub! m contro! mammal

W mliucnce the bung maculat re 4 adged from
R cooceatrumon) evpomse corves for adcensbne
y'dwﬂmm trips
0 sxbes of chroratrope effects of drirgs on the
m‘mm“‘t‘muu«tmm
N,. effect of ad evcdee on the heart
r"f uanectem  rarticutarty sevtn atmg
*

rbach effect on the ventricte b abs m or very
Mmmmu“‘“‘““ﬂlﬁtmlnl
teleout (Holmgren 1977) wod o o Py
Nihson |m)uhtmu=mm,ﬁm°{%”
uer:uudvcdmunm“y”hu‘m
ent work, a dhlinct posime inotro effect of
m.cchnhmm‘nwmm' The
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-1 1 amine release from the chromaffin tssoe m e
\/ parts of the animal (Giacomini 1906, kel M\
L}_Ll ‘ l l l Holmes 1950 Abruhameson et o 19% The Lt
Lo
=

of a prominent sympathetic adrenergs mma.
may in part be compensated for by a more g
adrenergic controf by circulating catechobarn

JLLLLLLLLMMM__»_ The elongated intensely fluorescest ceb me

Forem sympathetic ganglia are similar to celly onene!
- other vertebrates and may have some ke g
——
3 ulatory function like the SIF-cells of roned
JL‘L\J\‘M = ganglia (McLean & Burnstock 1966, Niksoe 7
b Tosaka & kobayashi 1977)
Fig 3 Effects of chohnergic agents on the The Ian spleen b contracted by &1

of the Protopterus hing produced by electrical stimuty 1ol v sctng vh a dh

Dfll;e pu&mmm branch or,lohe vagus nerve with 20Hz 1 spleme gmooth musculature but the eetsd

ms duration and 10 V for 70 & 2 mln Addition of

eserne (Ese 10~ M) produces mmg In contrwction  2CCtYkcholine arc weak and v;r;b!c;:m’ﬂw

force and duration (upper trace) while d tubocururtne  $¢¢ Davies & Withringion 1973) cw:g

(dTC 7 6x10* M) and atropine (Atr 107 M) sbolishes  0drenergic excitatory effect is aho seen ®

the respoase (0 nerve stimulation (middle and kower strip preparations from ower Va‘ltw:r

een dyke & Opdyke 1971 Nilsson et & M
Elasmobranchs  Vairel 1933 Nilson & Got "
1974 Holmgren & Nilsson 1975 Tekous, Vo

Fluorescent histochemisiry T
The effects
e e e 2 M T e Do
any of the organs studied and this may ot least in n .
part be due to the presence of strongly autofluores-  ¥toKly ¥ i the toad (Bufo wn:lﬂ
very strongly excitatory and conssstent m

cent material in the tissues However no speaific 3y0eTd
catecholamine fluorescence was observed in the Ot (Gadus morhun) ;1""' ?bio‘;fbkmg:;kﬂh .
cell bodies of the sympathetic ganglion cells exther “‘th"'““ffk iisiinion
but only a dull orange yellow granular Nuorescence €0 postulated (Ni "Onubk that the Proxpes
(Fig 4A B) Ina few cases cells emitting o very & Nilsson 1975) Itis no cholaem !
spleen stnps were more sensitive (0
strong specific fluorescence were observed in close agonists than to (he adrenergie drgs. The 1{*‘-"“ N
proximity to sympathetic ganglion cells (Fig. 4B) Protopterus Is somewhat specral with 5 =
positron embedded in the gut wall and cosered '
DISCUSSION muscular fibres and peritoneum (Parker mln
The sympathetic ganglia are diffusely armanged n the present experiments this muscle coat ‘;@
clasmobranchs and chomdrosteans while distinct  fully removed to avokd interference from pot
5 thetic chains of the type acen in the tetropods  [ature
mY:"sﬂmm In holosteans and especlally telcosts Also the lung stnp preparations contratd ,
(Nicol 195 Regulardy armunged sympatheth  strongly in response to acetylcholine and carbuc®
chains are also found in the dipnoans (Guwcominl  while the contractory effects of catechola™
1906 Jenkin 1928) although early anatomists over  were weak If ot alf present In Wtd ‘.
fooked the very delicate strams (Parker 189  preparstions o conshstent relaxing dr:p‘\‘f
Wicdershemm 1989 quoted in Jenkin 1928) The pres-  catecholamines was observed whrch M s
findings that the sympathetic cells do not con-  ment with the previous findings of Johame®
ent i catecholamines 0 produce a visible  Rette (1967) This dual effect of cat N
tain €nough ith the Falck. Hillarp technique sug-  mught be due to different receptor propernes B, 1
fluorescence & pathetic system of Protopterus  ferent regions of the lung tissue as found in ”‘ﬁ
. lheu‘rﬂ role a1 an adrenergic nervous  (Bufo marinus) were the fung wall was pros
The sympathetic system may  nantly S-relaxatory while the septal edges »ert®
coatrol of catechol  excitatory (Holmgren & Ca 1 197H) ;

asd
plays a very
controd function
however be important the

acun P ool Scand 107
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4 Sympetheix ganghos celly from
“tpecific *back-grouad™ fuorrscence
1 of the cells ars Clearty vrnble La B clongaied cefls emxiing a0 irase
servy coll b Calibration i both A iad B30 xn

The revuts obtatried w1th atropine and cxerme on
$ Bene-humg preparations are compatible with the
* Ut the poimorary branches of the vam car
3 cholmerpc excrtaory fibres 1o the fung. The
g effevt of f tubocumanine which serves as s
o ganphonic blocker i toad (Nisson 1978,
wwmm«mm
e kng However DO tests to chucudate the
Wity of the gaogloni blocksde were per
mulrllhnmny The effect of erenne sogpest
<mmo(6hnlmcwnmmunmﬂm
Ay adrenerpe whabsiory  comtrol
[ e ag cond b exerted by crrculatimg cate
%mmmddm
¢ wrenes from 013 @M in controd anmals
OB aM 0 Aireyed enaman whike the cor
“eoatag for moradrenaline wre 014

Gerey
M aad | 7w\ respectn cly (Abvabaanson ct al
These

i

"’Mltnalrmmnohicdim; s

\ﬂh:huunh’mrw\ctﬂm of drugs on the
‘m‘mmmmuxmmthm
e chronotrop, effect of adrenabne on the heart
* Protertenn emectens purtiwtary acinaeg

Prosopterus, detectable fn the fuorescencs microwcope ouly by ther weak
and  wrak orange-yelow fworrscence exnited by cytoplasmx
specic

sraoales. The
Ouoresceace cam be scen abonguidy

anamaly have been described (Mohsen et al 1974)
Powtive motrop effects of catecholamines on 1so-
lated ventrcular strips were seen n the present
study Agan ot 1s possible that the bevels of circmat
Ing catechotamines affect the heart m a manoer
shrular 10 the sioation lo clsmobranchy and teke
outs (CGannon etal 1972 Wahiqvist & Nilsson 1577
Holmgren 1977 Short et al 1977 Butier et al,
1978)
Abckufnqmv:motmpk:ﬂmo{chﬂbaﬁg
-mtdauonmevcnlndehfmndmcrdverwr
tebratey (Gamnon 1971 Hedberg & Nimson 1976
Holgren 1977) Semiarly In Protopterus the
mﬁxhﬂcﬂmmunmnddehlbsnnwvw
mnncmndwthecﬂmmuxmxn.
tedeost (Hokngren Im)andluune(}{dbgrla,
N lIsson lm)whﬂtlheh‘mmtﬁm;o{@m
Id’tttldkdhlhtum‘lylsm[}gm
ent work ld\'-h\':\poshhehﬁ'uopucd{m.,(
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hearts of cyclostomes (Ostlund 1954 Fdnge 1957 mnervation of the heart of the puil ada
quoted {n Ostiund 1954) The role of the large arfetans Comp Biochem Phy dol 3C.
quantities of calecholamines in the hearts of Hoﬂl‘:E‘s W 1950 The mirezal homokscsately
Protyierus Proc Roy Soc B 137 48-%
ccicnrimmmc: and Protopterus fn the control of the  HOIMGREN S 1977 Repulatwon of the bet faxe
mc work 13 not known  but some local regula o3t Gadu morhia by autocomic nen e asd ey
tory influence may be suspected ing catecholumines, Acta Physiol Scasd % &
1t is concluded from the results of the present HOLMGREN § ¢ CAMPDELL, G 17 U
work that the sympathetic nervous system plays o rim Lr:frm'hm‘ :;.'n:-
minor rofe as an adrenergk nervous control system sympathetre ety e stimulation, Comp Bockea
in the African lungfish although sympathetic fibres 60C. 11-18,
may be responsible for an adrenergic humoral cop  HOLMGREN S & NILSSON § 1576 Ffletsdl =
trol by rekease of catecholamines from stores in wdr r'j: ::::ﬂ(-m,' :mmp:m
chromaffin tissu¢ The sensitivity of the lung ;{“,’;J‘,’:‘g "
spleen and ventricle to catecholamines suggests the  JENKIN P M 1923 Note on Lhe sympmibeis &n?

possibility of a regulatory function of circulating system of Lepld tiien parde e Proc B B

Edinburgh {8 $5-69
levels of amines in these ofgans JOHANSF?:' & REITE, O B 167 Elan
acelykeboline and blogewx ainc cu ol
Our thanks go to Mrs M Fernandes and Prof M Hyder smooth murck In the African tmgflsh ety
Zoolgy Derartment University of Natrobi for their help ethiapiens Acta Physiol Scand 71 B8
In obtaining the animals We aho sincerely thank Mn JOHANSEN R & REITE O B. 1968 Iofmnté
Lena Utter for ber expert techmical assistance and angelc acetylchol ne and blogenn aminey o8 h\t
Lt B
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techolamine synthesis in the chromaffin tissue
ithe African lungfish Protopterus aethiopicus

MMY ABRAHAMSSON ANN-CATHRINE JONSSON and STEFAN NILSSON
artment of Zoopkywology Usrvendty of Gtebory. Sweden

ABRAHAMSSON T JONSSON A.-C & NILSSON S Catecholaning yuthesis b
the heart and mtereostal artenes of the Afncan bngflsh sethuopices. Acta
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The actrvines of dopectine3-iydroxyiese (DBH E.C. 11417 1) snd phenylethanclN-
inethyl traeferate (PNMT E.C211 10) were determuned in thasue homogenates from the
e atrmn wad arteries from the African lomgfih.
Clearty meawarable activites of DBH were foomd i both kind of tson, wie PNMT
wcirvaty was asccrixmed onty i the bercostal acteries. The activity of DBH I the striom
mbcaes poyubnty for local syntbesis of the larr meownts of catecholammes, eapecielly
noradrermime, foend b thrs trrsue Catecholamines ryxtbetized in and relcased from the
Uoes of may be of preat im for the adrenergic control fn
thes cmal o the pbicace of  %ell developed sympattenc mervows yricm,
A ond l:uﬂd:uhmmnm extecholamines, dopamine-f-hydrosylse
7

Yonfla cel m the sysiemec and portal vem
 of cyckotiomes (Gracomms 1902 Gaskell
.. Outiond 1944 Lagersirnd & Nibsson 1977).
Horge of catcchobanuncs m endothelal cells of
¥ ENE by been described m two species of

20 syethetized (Sactervadal et sl 1974)
T Lkt teps i the bosymthesn of ad.
ok m e “Blaschko ratme y  (Blaschko

bl &€ the hydrony Lition of dopemine (o porad-
the

e hydrotylase
c lul?u.,d..u.....f v (DBH

1974 PNMT and DBH) The properties of DBH
and PNMT from lower crtebrates appear 10 be
-huh:m\houo{mmnrnnmzym with the
mwd-mwm
(Wurtman et al 1968, Wooten & Seavedra 1974

m'“’!mhnﬂmrymwnummm
hwemmdmumw;nh

Fnfense (T EC (11 reypectively
ANDS hy been demomimted

~
e LT Y T Wooten & Sanverda

chromallin tiswe from the Afrcan kgt

MATERIALS AND METHODS
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Table 1

Thesue

weight
Tissue sample (mgh
Intercostal arteries animal ! 101
Intercostal artenes animal ? 94
Atrlum ammal | 786 4
Atrium animal 2 .

Mean value from triphcate incubations,

The atria of the hearts or pooled samples of the inter
costal arterfes were homogenized in 4 and 2 m! 0.14 M
KQ respectively The bomogemate was then divided into
two parts, for the determination of the activities of PNMT
and DH respectively

PNMT was determined by the method of Axelrod (1962}
exactly as described by Abrahamsson (19795) Incubation
with pL-normetanephrine as substrate was carried out for
30 min at }'C and pH=79 wing *C S-adenosyl
methionin as the methyl donor

DBH was determined essentially occoeding to the
method of Nagatsu & Udenfoend (1977) as described by
Jonsson & Nilson (1979) One drop of Triton X 100 was
added to the homogenate and 04 ml samples were i
cubated for h at 30°C and pH=35 4 with tyramine as the
subatrate

RESULTS AND DISCUSSION

No optimation of the vanous incubation parameters
were porformed on this very small material The
determinations of enzymatlc actlvities were mude
under conditions shown to be optimal for the re-
spective enzyme from other fish (Abrahamsson &
Nilsson 1976 Abrahamsson 1979a 4 Ionsson &
Nilsson 1979) giving the results presented in Toble
| The exact determunation of the enzymatic nctivi
ties for companison with other chroma(Tin tissues iy
also made difficult by the great vanability in the
amounts of non-chromaffin vascular and other tis
sues homogenized together with the small amounts
of chromafTin tissue proper It1s however evident
from the present prelminary results  that both
PNMT ond DBH are present in the Intercostal ar
tenes and that DBH in additron is present in the
@ of the heart The possible presence of
PNMT 1n the atrium cannot be ascertained in the
tstudy due to very Llih.bt"aﬂkd"ﬂ‘::“c::;‘:
ues presumably arlse due

}:E‘: :l?n:m:lmo:; catecholamines to *C meth
The octivity of PNMT in the

metabolites
::::uci can however be cxpected to be low since

atriu

a1 Phowd e 167

DBH activity - 3
(nmol octopamene PNMT aciniy
formed/hxg (remel Puciamebree
tivsue) frmedh g tna)
5308 38
739 u2
401 9*
176 &+ ¢
H
k)
norndrenaline greatly dominates g [
this trssue (Abrahamsson ctal 19794) 1
The rake of catecholamines thus Icv:iyh;l"
oo

tized n the atnum is not hnown, bt 3 :
ulatory function may be speculated The

tisaue of Protopterus may also be of gred 7Y
tance in the general adrenergx function of e ®
mal since a sympathetic adrenerge racnaﬂm:'
appears to be lacking (Abrahamssen aul 199

X
Our thasks go to Mra M Permundes and frof 3 1
Zoology D:-p(o Unlyersity of Nairoty for v &
oblaining the animals. This work was suprected 5 £
from the Swedith Natural Saxence Rescarch Com
tbe Magn Bergvall Foundation
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itimation of cerebral extraction of circulating
impounds by the brain uptake index method
fluence of circulation time volume Injection

1d cerebral blood flow
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The Oldendorf “trun uptaks mdex mkdb(tmudchmh;h;me

dmmmmwmhmmhmnw
vohmw the

Kev onds. blood-brases barmer cercbeal blood flow cerebeal extraction

=cthod onpnally described by Gidendorf has
i *kly appled for estumating the tramsport
mmbbwmmmwxofmmnwb
L3mces (Okdendort 1971 1973 Wade & Katzman
TN ¢ a0 Okdeondor & Szabo 1976 Padndge

7 The anemd n decapuated after 15
:‘mﬁdmmw‘umnwm

bean hemasphere retain, 1o (e eference sub-
B‘an, ""Wh\cdnd\tbnmmlendn

M%E’Mmdmnlwmgmn

ron cercbnl Bood flow (CBF)
m«-%u Lisen 1975 Bradtury e . 1975
L Benn 19 Raschie er ol 1976)

Thepn:acmnmdybmlnnnuloevﬂmu:
dwmcrmunbknod‘dhimaofﬂr

“”m“lhmbolmvdummym
the cevebral hemodymemecs (Hardebo & Ndsson
the test and reference
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1971) the amimal was decapatated 15 s after injec
tion This interval was an estimation of the time
required for wash ot of the test substance from the
blood compartment after n single capillary passage
However as shown by Furlow & Bass (1976) n
non-diffusible substance appeats on the venous side
(external jugular vein) already after a few scconds
with a peak after 2 5 s It is almost totally washed
out after 5~6 s and reappears due to recirculation
after 7-8 3 Hence a time interval of about 5 s
between injection and decnpitation shoukd be pref
crable At any prolongation of the interval the BUI
obtalned will not only reflect brain uptake but also
clearunce from the brmin into the blood stream and
may as well be influenced by brain metabolism of
the test substance

METHODS

Preparati m of animals The experiments were performed
on male rats welghing 300-330 g Wistar rats were used for
determination of cercbral blood flow and Sprague-Dawley
rats for BUI stwlies. The rats had free acees to pelket
food and tap water uatll operntron  Anesthedia wa in-
duced with -3% halothane to allow tracheotomy amd
immobilization with nrbocurarine chloride (1 mg/kgiv)
Habothane 0 6-0 8% was given during the operation pro-
cedure then withdmwn The anjmals were artificully
ventllated on 70% NyO and 30% O (Broun) the PaCO,
belng adjusted to nbout 35 mmlig The body temperature
wus kept at 37°C by means of intermittent heating

Ce ebral blood f1 In 4 ancmab catheters were placed
Just d stal 1o the aortic hifurcation via the femorul artery
on ome skde for record ng of the systemic blood pressure
(AoP) via a pressure trunsducer (Elemma Sweden) and
sampling of arterial blood for blood gos measurements
(BMS MKk I Radiometer Copenhagen) One femoral vein
was cannulated for {nfusson of fresh donor blood during
the penod of blood <ampling Both extermal carotkd
arterres were cannulited as descnbed below The intra-
cranhal pressure (ICP) was measured Lhrough a needle in-
serted Into the cisterna magna connccted (o & pressure
fransducer (Elema)

CBF was continuously menwred whh the technique
devetoped by Nilseon & Sreyd (1976 1979 Thu the
cerebral venous outliow wa measured by drop counting
In » cloved clrcuit diverting blood from one ret
vein durmg compeession of the contralateral vein and

tummg the biood—dramed from the forehmam on both
it a catheter in the u(crrulj'\lp#:! wm

al venous y fem od
one shie ’m‘;‘):,::ﬁ‘ by the use of a dlagram reluting
volume w84 Tt o controlicd that hemesd kation

attempts W
upon drop
The out

4 o Pk s Scuad 107

wed soluton
ohume of the s el foto COF vabues

fow yohme w2

nfusions In e £
il oo e
Y-~

ek
Y

I7¢ 1 Posltron of catheter for |
carotd artery The infindons are
cartid artery ond in odddion % the
pterypo-palatwe and ecciptal arterics. Pnd 0
for mewsurement of Miracarotid preswre & B
the carnthd bifurcation b tndwcated

xmm by

L 100
expressed in mi/ 'dHTe o o yet

cerebral arterio-venouy A
(AVDO,) in the controd siluanon A ulrhm -
oxygen comsumption (CMRO ) of 738 nl/luu -
(Niléson & Ske Jo 1976) the CBI ta il 1.::6»
coukl be cakulated from 7 SWAVNO sed
actual s enous outllow vohume

The effect on the CBF a3 mm:cuhm'g""
venou outflow rate as well s the effect (-udn"

recorded following ammultaneoas Infu on im0 o
nal carotid artery of 10 5 or & pl dusing 13
Ringer buffer sohtion of blood Snmlnmﬂ‘:’y‘
run in each onimal but o new upcﬂmnn:m
ldlcnnnldlmmuﬂmlmwnlehadrﬁ“m‘d "
level A&cqualercacdﬂlydlhecﬂrluh);ﬂﬂf*"u
found s te ted kn each ankmal after the ¢
been completed

Inlmarr:cndprr wre Inmnpmpo(lmma";‘:‘
dic w s inserted nto the external wr:ur::r"‘

e with the Just dl 1) to the e '
(Fig 1) The e arimeter of the neede ‘310;:’:_
compared to the inner diameter of the cathete?
tha nﬂuﬂllfmﬂmp«llbemdkdmmmﬁ\‘ﬂ’
In sdd ton a catheter was placed 1 o on€ ot
T record ng W AoP and sumphng »hru-d.-l‘r::’_.t
blood g4 me sarements These animal were 852
16 mreasure the effect on intracaroind pressare (€ e
Ing the v nou mtrscarotd Fafu ton (10 33 o

during |} M
B ain wprak ind  After bgation of u b
rmain trunk of the right  temal carotid reny 46
Loted cemtripet Ny In 71 mnimal with the catheter <!

placed within one mm distal t & befusca™

w
ot
o

q

Al

v

l
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133

¢ | Changes in CBF ( erebral blood flow a determined by the cercbral v emows owtflow rate) I(,:;
recerond presswre) CarP (imtracarond press re at th level of the corotd bifurcation) and A
Ytewwe bood pressure measw ed a1 the lev el of the sortic bfurcation) Induced by an infuston of 10 25 or
wden gl of Arebs Ringe bufler sol tion or blood Into each atermal carotid artery

MtSE wamber of cbscrvatiom v bar parvntbeses

! CBF maxsmom
wered wtracarotd  Derutom of ncrexys n
P roce derny wcTerse % of the
,-f CBF() restng CBF
Val
Suffered okt 340410} 67107
Yood 57+03M 33to.
l
Mered ol 106212 () 13942
Food 108 075 93109
z0x18

177811

Jrchons tromph e catbeter m the exteraad carotd
"¢ tars camed o the mienal carold anery sapplymg
forvinn (st m acditon 10 0w Merrtory of the extra-

aond forrchon . performed alowg com.
oruke 0 Okendor (1971), the braes
d'_\ﬂhraun = cakculied from The wpcedfic ac
) amd C (reference
T vt s i e e )
B e Hhnae 2C 1o
oy Hiey O
M Diftereaces
. beraern mean
Y O Statea trutfox wan et ere v

ce mu::m

incrense

% of the Increase Tocrease in
restay ICP CarP (mmHg) AoF (mmHp)
31108 4003 ) 12404
10+07 13103
124103 12.2_12(3) 46110
116407 4811
241238 25 4+2.5 (16) 72104
% 131 s0t1.0

RESULTS

Cmbrlbla)dﬂo\rndhu'rmfdmxmr The
mlmmanttSE.)AnPwnllDtSmlern
ln;lCPlZ.!ilJmHl,CBF737iunﬂJImgx
mm AVDO,; 103 +0.3! ml/100 m! PO, 10443
mmHg, PICO,JSJ:lJmH.lnipH7JAt0 16,
Tbecﬂcmc{hm:uﬂdh\fhbmmﬂ.u:dh
lekllndlﬂlmructhk_Llhovmlthmol
anw&mmhﬂmm
dlDlndQOumeua}vﬂy of buffered solute
lnﬂnbuo(lﬁmhrﬂtrcdlolmcdln’h;llhd\md
nvu—yd’dnh:rnuhCqudCBF and a gmal]
change 1n ICP AoP was almost unchanged. Jn.
ﬂu:qlhehﬁicdvvhmeovﬂﬁwlﬂplpw
me io mmmﬂwﬂww
1 CBF ICP and CarP The locrease m intraarterial
F’“mmbylh:hﬁnnnmcmrtﬂcucd
‘Mhmmﬂﬂrk‘fﬂo{ml’w
mmTheCBFlndnmrnmnedm.mulcv.
ﬂmmmllﬁf\'h’mdnﬂdmﬂw
nl

the CaE ‘mb::med sohute a1 infusate
dnclolkncmeofhcnndhn.hn while the effects
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treroroied huson of
0l tarthered okl sec

ar
rn gl

P
b Hg)

e 3’\
Lol

Teme

e 2 Representative e
ilhstrating changes in cerebral blood flow (CBF
preswre (ICP- measured In the cisterna magna)
brfurcation) and acrtic (systemie) blood pressure (A
Krebs-Ringer bufTer solution over |l s

Brain uptake index The BUI in a brain
hemisphere for inulin NA and water after varous
clreulation times (5 and 15 ) and infected volumes
(10 and 40 pl) are histed 1n Table ? Injection of 40 ul
gave n significantly higher index than 10 #l for wa
ter A similar tendency was noticed for NA and
also inuln  Further 15 s circulation time fave
significantly lower index values than $ s for NA

DISCUSSION

According to the oripinal technique (Oidendor
1970 1971) the mdiolabelted mixture in an acque

acawd rtuen o
QB ke )

s »

4 v

Yperiment performed in one animal (intracarotid pressure was measured ina wrﬂ*""";
as reflected by the cerebral venous outflow drop r:ul.b?t:ﬁ
intracrotid pressure (CarP- measured at the knel ofﬂ!“‘
o) induced by an intrecarotd infusion on ¢ h e of Ker

ous solution is Injected through a meedk -vl:
common carotud artery on one skle A W:df
inyection 14 chosen to minimize mixing weth o
ing blood during the brain passage IMWFYF"W
ing from binding of the test subsance ©0 n «
proteins OF the bolus minture of >00 gl Hﬂr
within approx 025 5 about 40 gl nﬂﬂm’""d
enter the Internal carotid distifaution (O™
1971) However the blood flow to one hcﬂv‘f"""
is normally only about 10 pl/s (cquiakal :“
ml/100 mg and min) (Nilsson & Skesjd 19780

0 75 g brmun hemisphere  Therefare it rl‘(“"':
ing to find that 40 ul of an scqueous slufR

e
Table ? Bram uptake index (BUI) [ tritluted water | noradrenaline and inulin wsing 'C“""'Wm
reference substance aft rintracaranid injecti n fa radi sactive by of 10 or 40 uL and cirenlath

aofSoriss

vahies represent mean uptake (15 E ) in repons wpphed by the internal carotid artery from 6 anmmals (R
vakucs acconling 10 Student s 1 teat for water [1V40 ul *001-S 8%
otherwise pon-ignifkcant deference

animals) Comparison of mean

The on
rmmhnesllh P<o00l
10 gt

Subrstance "

Water

1 Noradrenatine
[rulin

34120
1641005

cra P saed Scamed 107
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ledover] domn 1o the extrmal caroted bilater
¥ to reach the internal carotid drtribution ©-
ces a substagtad locrease b CBF and ICP
Mmd\h:nﬁnzdvol‘nmcmﬁnh:cx
cerebral cacaiation (vim the plerygopalatme and
apwal erierien) It 13 notable that the flow m-
mmmmwmdwmm
& m Oldendorl's moded Le 15 3 after injecton
ql)joplq,\car.dum'wxhnufyo_ss
mmmmmmmm&ﬂl
fection (the common sad external carobd lipated)
anes an exen more marked ncreass m CBF and
Tebrovascutar volume (Furtow & Bass 1976) &
. o probably the vohume mpected fn the orlghml
endorf techaxme and m e.g. the CBF techmuqoe
s by Crone (1963 aod Hertz et sl (1977} Apart
~ oa hemodintion L ncrese m CBF s caunsed by
prevsaremdoced desteasson of vessels  which
+ Ry open chosed

Cerebral extraction of cironiati £ composnds 157
memmdhmbywpdhmaddwpl the
npuhnmbeman:.hulcdc\mlba\tdnmlh
n:cd.Um'ImhldnmnmeW
(lﬂll{wndlmnBU‘lhlh:hmmp}:r:o“J%
for NA at a crreidation time of 15 3, whereas in the
present experiments, tamg *C-cthano! xs standard
(10 and 40 pl volume respectively 15 3 circulation
time) valoes of 3.36-3.54 were obuined Okden-
dorls (1971) and the present values for tooim
were | 99 and [ 64168,

The aignificanty bower BUI vahue for NA fter 15
circubation thme compared (o the valve after 5 s

' another mechanism that re-
duction of the circulstion time It fs generally coo-

chyma (for review sce Edvmsson & MacKenne
1976, sce also Hardebo et al 1979a) To a high

thereby
- ¢ nailsbie capillary exchange sorface [t shousd
_ enoked bowever that, for fechascal reasons. the
resent CRF endies had t be undertaken with
ateral mpechon. thus oot exactly mwnickmg the
Eects of imitatern] mpectsoms wsed for BUT studies
£ wently the use of water ay reference substance
“ AmcBUI ames that sre overesteated as com-
#>aed 1o the  alves obtamed with » more difusible
erewce subuance The higher BUI vafues for wa-
b7 foomd mn the prevent sencs when a bolus of 40 ut
¢ wwedTabke ) should primanly be expluned by
O mererve m CBY pros oked by the mpection Thrs
ripbaition would bowever 1mply an meTeasng
¥ Biom dependence of the extrachon atvo for the more
ddfinble sbstance (used o reference) whach
P wproried by the flodogs by Rakchic ct o
U5 These wuthoss found that abow 5% of an
, mied bolus of abefled water wav e changed with
' 0 CBF of 0 my/I00 ¢ mim. while the
parable figare for ethanol %33 9877 However
Be cuncion a4 redoced to about 77 and 87%
£Tenely at CBF of about 100 my/ 1005 man
$hookd lomer the ethanolis ater uplabe quo-
. Ut Ponubly other factors come meo plry Then.,
= Ttered tack diffuvon of ethanal during the
,:’:“MmmmMnmm
for g al The findiog of a0 unchanged BUI
POM It compared 105 further mdicates
Tn“m"ld-ﬂmonhucrmmnn
N :““ definrte washout of urulm shoukd
E:T:'d"‘mmlhcu‘m and yet the
Fiotuntmedin, cthanod by meahered W eh icroasing

extent, the ! mnity of the endothelml fin-
ing at the kevel of the BEB (Reesc & Karnoviky
1967) prevents the polar and water-solublo NA from
being extracted from the brun circudaton a1 re
fected 1o the kow BUI after § s circudation time The
few per cent of NA thet do penetrate nto the en-
dothelial ceils of brtin microverseh and—ar the
level of bran parenchymal arienoles nd pial ves-
sels—further Into the smooth eruscle cell layer are
metabolized by  moooamme  oudase  and
catecholO-methyl transfernse present i these
siroctures (Bertler et al 1966, Spector et al 1977
Hardebo etal 1977 19794) peobably comtrting 8
forther enrymatc bartier for moncammes That a
small fraction of NA actwally can reach the bruin
vasculir amooth muscle celh and Induce a tran-
ucot vasoconstriction (before the amme b me
hboht:db—lld:z’ﬁuavdhmﬂcmmm
—+¢ conmustent the findmg of a shortlasting
redoction n CBF opon intrcarotd fnjection In
the 1 of 2 boluy of NA (Hardebo Nilsson &
Oumlm)llhhidﬂyhkdylh(lh:mh
cxphmzml‘a'lhelolchUlnhxrorNAnls
Hmfmmﬁehck-dlﬂmkmloﬂtcmh-
ton and warhowt from the braln~ts metabolnm
ndueh-dn\nydnnmdmbwwaﬂchrm
ack to the catuktion Rapsd degradation by
mtcbol—().mcmyllrmsfm‘cmyb:mahlyr:
sporuble doce metabolism vim moncamine oxk-
d.neuaxknuwacnx.l\lhoddbemtcdthu
rmmbndcmmbnmdmnumunmny
hnlrncelheBUlrw‘mLe.m-mu.boﬁzm
substance  Homever & penend prnciple, it
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should be advantageous to avord the possible influ EDVINSSON L. & MACKENZIE E T W¥ A~ !
ence of sccondary metabolic effects by using o mechanismy i the cereball cireuliton, Par |
short circulation time Rev .8 275-348

In the present series of experiments e further maﬂyﬁhm th.?s.fmidthI.m
modification of the Oldendort technique comprised Indicator-dilirtion techaiqoe Brain Res 110 -1
wnjection into the Internal coroth! artery viathe can HARDEBO J E. & NILSSON B 197% Hemahir
nulated external carotid and not through a necdle in changes in brain cancd by kol i d
the common carotid artery This procedure elimi by ™ L"r solution 2 anom-cmbu

tes any interrupt dim; o it
na y muption or diminution of the blood HARDEBO J E NILSSON B & O%MWN(T
flow through the internal carotid artery and also 1979¢ Influence upoa cerebral blood flos of e
lowers the risk of vasospasm of this artery frequent lasting intracarotd injecton of w.:
ly occurnng when th monoaminey &3 meured by &

I3 ¢ common carotld artery is od Acta Newro! Scand 60 Suppl 72, 1%-137

Wl =

manipulated HARDEBO J L. EDVINSSON L. EMSON P (!
OWMAN CH 1977 Isolated brun merovench @
CONCLUSIONS zymes reLuted to adrenengic and cholscrpic facon

In Neurogenic control of the brtia cirartoa el 0
The present study cleardy fllustrates that minimizing Owman and L. Edvinwson) pp [05-11} Feps
the volume Injected into the rat brain circulation s Press Oxford ENTEE
necessary Otherwise the flow artefacts Induced ~HARDEBO J E EDVINSSON oo
by the injected volume and the rate of inection will T & OWMAN CH 157« 1l e

nuec 00 moncamine entry mto the brain before

influence the BUI This principle should also be opening of the blood-brain bamxr by B
relevant to techniques using intracarotd inyections mechanisms Acta Neuropath (Derl) 47 145-1% .
for the direct sty of CBF 10 uf was the smaliest HARDEBO § E EMSON P C;;flgw
precise volume that could be mdministered in our OWMAN CH & ROSENGREN L.1 brain m®

related to moncamene metabolism in
model if possible in the rat the use of even smaller vessels J Neurochem In pres. ¢
volumes would be an advantage The results further HERTZ, M M HEMMINGSEN R ”’3;‘&7‘

elucidate the need for reducing the circulation time 1977 Rapid and repethive oeasurement R
and oxygen conwmpllon fn the rat bral “&ﬁ

from 15 s to about 5 s (cf' Oldendorf & Braun 1976)
Acta Physbl
to avoid as far as possible effects of clearnnce and :;Tnsa?"]’u;m injection
metabolism The usc of ethanol as reference sub- NILSSON B & SIESIO B Kk 19%. A miﬂ‘:
stance is advantageous cven if it is maybe not the determining blood flow and oxygen comampoce ¥
wdeal substance rat brain Acta Physsof Seand 96. 782 e
NILSSON B & SIESJO B Kk 1979 A:D‘:‘
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The endothekal cefls xad pericytes of brakn cakroversets (cpllancs xad sondl veim) are
eqrpped with a3 enTymaanc barmer tmpeding the pestage of circatating Lno ackdy, soch

shcer and nolsted Borm yanoos species inchacding e od abo feta] moteriad
[olkra a3 wxcobmtion m cahydroxypheaylatanme (DOPA), Shydrotytryprophea (S-HTP)
oad (DOPS). A wptake hewding o

Inbsbwion sxpertment
provided wipport for the presemce of momosrsing oxdess bt absace of capechot O
methy) tramferase, i the mscrovene walh,

Kev ord  bron mucTorerchs, aroentec aownoscd decarbo noRowTne
blood-bran barmer yiese xidese,

= mErovessel (capdlanies and small vews)inthe  MATERIALS AND METHODS

THADNON ) tem are capablc of akmgUpacd  Amevals The
“Crboxylat - monoermmoe precunan, such s L 3 scalt ammals of erther rex

jonty of the siudy was performed o

*4 1% Owman & Rosengren 1967 Barthotia ;‘:_“ﬂn‘hﬂ 4 cows, 3 baboons and brad thywse

N IST1 Dowson & Laszio 1971 Wade & Katz
L S-hydrovytry peophun (L SHTP)

Taey Kilied urder
AN 1964) and 3 4-dihydrovy phenylserioe O Bembotal ,“:;‘ bkt ether

orvthesta,
(Mnhnami)m presence fom (12 Fetuses row 4

wmah), rabbr (% from 3
K Lammoucid decarboryline (AAD) SV aned buman ( bicy

m
PNt of theve €vels st wppear Inthe cemtrg sorled Blood ves.

wErYoRL yyem
2 €ATyMIlic bamer umped ng the pay- | “dnunh.m.rl\\urnlmy h?:;ud‘l{
orRamIne PrEcuTan into the brun, s 491 of pretason (Donaboe 1964, a0

the rat and mouse Berder et a1 1966 "‘“"“‘M"'hm eckof

€ present o b

- 1721 elaton (Pos behok et al,
werlak, "olgate tcmbafom of 1

mechannm  for mm./:..;:.k mﬂmdm

mwella the AAD activi.  and hea from 4 exima of each ™ apenad cord

et of anous species vemroral corie  fromtal cone ,""*‘.‘“‘*ﬂ“‘{*_:
reannce of these functioms mthe o7 C% T PA20r blade ead tramferred 1y
=h contumrg icecold bt

ey, €7 a0 bk en frocs e braje et Lokation
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erentially coctical tissue—of fetuses of various ages from
it rabbitand man The buffer solution had the folkow ing
composition {mMy NaCl 118 KC1 4.5 CaClx H,0 2.8
MgSO x7H,0 1 0 NaHCO,25 hH PO 1 Otowhichwas
added | mgfml Hucose and 0.2 mg/ml ascorbic acid The
sohution was continuously acrated with a mixture of 95
0y and 3¢ CO, givingapHof74
The vials were placed in an incubation bath at 17°C for
preincubation during *0 min in the presence of the decar
boxylsse inhibitors, carbrdopa or benserazkle (100 M)
follow ed by incubation dunng 0 min after the sddition of
the varfous monommine precursors atadose of | 10or 100
pa/ml L DOPA D-DOPA (+)-¢n thro-DOPS (=)<tyth-
r0-DOPS (2 )>threo-DOPS and L S-HTP In some of the
incubations the moncamine oxidase intubitor nialamide
(10 M) cor the catechol-O-methylransferase Inhibitor
U<0S 1(10- M), replaced carbidopa or benseraide Con-
trol slices were incubated withoot addition of any drugh
The uptahe of L DOPA L S-HTP snd (+)-erythro-
DOPS (in the presence of carbedopa) was further charax
terured bn the presence of ouabain (10-* M) at low sodium
and high potassium concentrations (in the buffer sohtion
KC! substituted for all NaCl) undef combmed anoda
(continuous bubblmg with 95 N and 57~ CO,) and ab-
sence of ghicote in the presence of dmitrophenot and
also at 0°C
Flworescence microscapy  Following incubaton  the
various tiswe pleces were frozen to the temperarure of
liquid nitrogen and further processed for fluorescent
moncamine histochemstry acconding to the Fakk Hillap
method (Bforklund Fakeh & Owman 197°) The paraform-
aidehyde used In the histochemical procedure had pre-
vioush, been equilibrated with air of 7% humhity
The formaldehyde-nduced Mistochemscally v thie
% of d drenal dopamene
DOPA and DOPS are indrtingud hable since they have
the same spectral charactenstics and exhibit a green light
under the optical conditions used (Afdrklund et al 97
¢ HTP and Shydroxytryptamine exhibita y eliow rapidly
(g leght under these conditrons (ARhIund ctal 197 )
When evalratmg the changes m fluorascence intemsity
after incubatons under anous conditroms the material to
he compared was atwnys frecre-dred and further proc
eveed on the same occaon
Iy Namon [ erebral micror ol Whole brauns from
rats were used After removal they were hept m an we
cold 67 mM phosphate buffer (pH 74 throughout the
ure The memnges including the pal membrane
and its vesch were carefully tom off amd the chorond
e mes were remored White matter incliding the
whole brun stem was d ssected awny  Ti we obuncd
from 46 @b was chopped wath a razor blude and then
disrupeed by some 10 strokes up and down
yendy further h
Theough 3 different 10-°0 mi plastic syringes eq ipred
o ayton net {pore alze 1000 um SR umand #0um
w Mmﬂmrﬂ"“““”‘" The matens!

homopenized ty hund with a koueely
way salmegoeath nooth gla  tube (0 1 mm clear

homogenate »as washed throagh one mbon
re § um pore sre The matenal remainmg on
aftc Hc tensi ¢ washing »3 re-homogenered

(‘x:lxk»e MH (mes through the ame carcfully
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wathed deve The tissoe phung the enn x>
lected and nered throogh another e wid s -
slze The material remuaing W thes wcve syt
was re-homogenuzed and re uned i the ure a7
wathed siere The tveue frachon remameg cateb
deve after extenshe wa hmg. comnty of o
vendes and a fen Liger vessek, wheress rodd
tarper vestelr and vesseh bran bing off ik deasd
amuall vessels, w well s a fen szl oo d e
and gt mhmxhe..Spmdnemndr\'ani!"
Neuroms, gha semall micron cvse] spmeets, il
tar fragments fass the 78 um sieve The capikn F=2
is pure with repand 1o vessch and b eay corun
with a few glal emdfect mxk«mme\r«du”r
debo et al 1977) and possibly pemaceia sndd
sield of micrune sehy it keay than 100 clenest
weight of the grey matter B MWeera 1.0
(1974) have shown that a ewxed frrh!ldm":
vessels ;rq-r-:dwukrn‘mﬂdrnnmm ot
ly active
ylmbcﬁ.u o Holated mironendt The 2w
fractions were tramfemred to Incukabon vk eraTy
jce-cold Kretw-Ringer buffer soluhon feompo o
above) The vials were placed in an ncobane e "
nl1mle\!mm\n‘hhrllcl’ur’ﬂmmll)T'Clnlitr““'::f .
the decarbon lase Inhibator AL
Incubarion which was startcd by wkdog B
the solution The thswe mur-ﬂm*‘"“::
15 min at a temperature of 37°C Tktuﬂ‘crum r
continuoinly acrated with 937 O and T 08
fncubation was termmated by tramfemng (e & .
ot <ok buffer solution Tbcmvcrmn\dm;:‘p
lected by centnfuganon at 4°C :l‘:llﬁoi”‘l
In isotope-free cokd buler for ¢ L
I eer 10 forther the it BT
\dfrnak-m‘mdsomlﬂrfdn\h'm
bain (10~ M) and at 10°C s
Viewr rement of rad sachin ARt *;:J“"d‘;,, '
microvessel samples were welghsd and o
Bauid sanhfation vl They sere whetilized 3
Sohuene (Packand) and liguet sciediflatnn o
performed m 10 m) Irstapel {Pachand), & m(""
priste samples (5 al) of the incuhation M‘:,dr'
“orrections w ere ohtamed sccondmg 10 €%
4
e e L DOPA ant DDOPA (St 41T
DOPS (++L and ¢ xDenthro-DOVS ot it
Roche) L &HTP(Sygmat cartwlopa (MSD. bt
(Roche) outhan (Spma) melsmaie Tk
H L DOPA (Radmchemscal Centré A
mmad) ﬂ‘«
Stan fies Mcan  lues were ~ompared aceeed
Stundent ¢ 7-pest 3 unparred duta

RESULTS
o tam©

Fluoorescence microscopy [ the vard -
groms from controt slices incubated in boffet =
thon alonc howed n dense nerw wh of &5
catecholamine-containing nerve, termmals emav
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meden) folloving 15 mo cubarion of habited cerbed

mwlwuw)rmmwm
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1o<pct of

reea fluocecence W (he cerebelhum only & smedl
B of molated axons were
MM The purenchymat biood vessels were
STPed ik varyly amount of aympetbene
TVeL 1o the heert trysae adrenenpe nerves were
1 the myocard end m avsocmtaon with the
o oich A tvsues shoed » slght defirse,
el gecunh background

" el wafl proner was m all repon essentral-
oo-Gaorewcent  except for the miense amo-
Jrescenee m the micrma) elnath, membrane of
Wl artenes

AR mcbaton with the  anows monosmene
yons (i e presence of the decarboryLrse
"h“‘mhbrnuw;mm
¥ Beoropbers weak but sbore the ddfore
<Arowd fuores,

43, VDI<AC0 05

WdeLDfncnrhnmhmnmeudm
m‘d—mkuwnmmnﬁmmd\c&tmumhu)
LDOPAMeadlhemmmtmurmnuk-
mmm-mdmfmml&m-ndmhwn
anmaly L5—HTP-,d(+)-cnlhm-DOPslm
wimt weaker fluorescence wheress the floores-
cence induced by D.DOPA, (~Ferythro-DOPS or
(2 H-0reo-DOPS was waker The
dmwybﬂwmmchumkybn‘m[__
DOPA on one hand and L SHTP and (+)eryth
o-DOPS on the other B well explainabie by the

the same foc |, L37p
lmiamlbeprescmenlm
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Aneral speces F'w'%?;;,;:,; ety
House ——
Rat adut m—
ewborn —
fetus 16 17 days [
W days —
Hamstee m——
Gumea g —
Rabbrt  aduit r—
fetus 28 days —
Cat —
Dog ——
Pig ——
Cow —
Baboon [
Man  adult —
fetes 20 12 weeks ——

Flg 2 Accumulation of fworophore (L DOPA and
dopamine) in the microvessel wall of brain cortical shices
from various species (ndult untess otherwise stated) incu
bated for *0 min in the presence of 10 ug/m! L DOPA
following moncamine oxidase inhibitlon (10 M
nialamide) and processed wccording to the formaldehyde
hestofluorescence method The compurison refer to the
combined presence of L. DOPA and dopamine (formed by
decarboxylation within the microvessel wall) since the
1l ph are undnting ble under the optical con
dibons wsed Tapering part of the bars ndicate inter
mediary intensities

hanism into the cells

cnergy-dep uptake
of the brain microvessel wall
Inhibition of monoamine oxidase by malamide
(but with intact decarboxylase activity) clearly en
hanced the accumulation of the fluorophores in the
microvessel wall ns evidenced by a stronger
fluorescence intensity in relation to the background
fluorescence as compared to that obtained after in-
hibation of the AAD activity (Fig. 1a) This pro-
vides indirect evidence for the presence of micro-
vascular AAD activity In all species studied as
well as the presence of n subsequent breakdown
mechanism via monocamine oxkdase In these vesse]
walls However consklemble species ddTerences
were now revealed ndicating varintions in AAD
actlvity (Fig. 7)Ao in slices from fetal brins
inhibwtion by nialamrde revenled 2n enhanced ac
In the microvessel wall indicating the
cumulition tar AAD activity already at
presence of mieTovacH hand Inhibitlon of
\hs age (Fig. ) On the other

A ta Ph ol S el 107

catechol-O-methyl transferase by U4O! diu ¢
affect the accumulation of flurophore mte s 1
vessel wall

K
DISCUSSION

The integnty of the endothelial linmg g st 3
paucity in tramendothelial vesicular tranqatr
absence of fenestrae in brafn vesch (Reed
Komovsky 1967 Westergaard & Brighen 17 2
constituting the morphological blood-bram ke
Impedes the passage of a large varkty € o7 >
pounds from the clrculation into the bron He
ever substances may pass this barrier by \rx?
lipid solubility or with the ald of ot
mechanisms The present study provabes ks
for the existence In varfous specks mchf!'; u
of an cnergy-dependent uptake mechuma b2
the Immediate precursors to
monoamines ot the level of the crﬂdmﬂfd‘: "
pericytes of bmin mucrovessels in W”n
endothelhum of brain parenchymal arterioks
study does not show whether the upake o<
across the luminal or the ablummal skle of 8¢F
crovessel wall orboth An nviduydnkedL—[f:
in vivo fnto brain microvessel walhs of tbe o
been reported followtng intracarotid ndrﬂi“:"
of radwactive L DOPA (Oldendorf 1971 %
Katzman 1975a own unpublished drstf\l:;
but simple diffusion also contribiites to s00¢
{Wode & Kotzman 1975a) An emciRy s
uptake of L DOPA into rat bruin slices (bt o
Ing both an uptake Into meurons and inlo o
walls) has also been charactenzed (vmh*hm
1963a and b) in o similar way as .
crovesscls Also in the newborn amd fetal ba
this noticed ddt
The present uptahe mechan! m at the ke .
blood-brain barrier is supposed to be -
other neutral amino ackd as shown for lh‘u
phenylalaune methwonme  histidne '-‘Y‘"h‘(
inc lsoleucine leucine tryptophan amd the!
(Chingos ct al 1969 Oldendorf 1973 l‘m::
1977) Moreaver this mavement across B £
branes Is bulirectional (Christensen 1969 Wa%" 1
Ratzman 1975h) which 1s consistent with the &~ +
ing that L DOPA is readily taken up into 1be &
vessel wall alo when administered mto 1b¢ .
parenchyma (Bertler ctal 1966) Af.ocﬂlultd"-'j‘
slon of I DOPA Into the microvascular enk
cell and pericy tes would mean that the uptake®

~
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~ sowg a concentration gradient so that the
ryf\'cn:thcv:m:uhm:m—crlewl].n|:mt|\d:y|m
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aﬁckywuno(pmwelanuuhhhdrl‘ﬂnl
materal

.t

et et ol 1977)—ceases when the Hhut

cextrutsn of free L DOPA {3 equal to that oa
outside of the cell membrane That  bb-
~encally visibke accumulstion of Duotophore
& that of the background fluorescence m fact s
amed, even when the conversion to dopamine
zﬂ'xkrﬂ)bcc-mvmudbyldtmhu(y‘lu
baor médicates that some kind of Huk

V with the oxidase
hibltor " hanced the Iation 1
the endothelm! cells and pencytes of the macroves-
sci wall. Thes finding offers soppost for the presence
of monoamine oudase In these celbs (Bertler ct al.
1966, Spector et al. 1977 La & Spector 1978 Har
debo et al 1977 1979) When stodying the effect of

with roalemide po d -

Img of L-DOPA ocours in the mucrovessel wadl
aher possibaaty B that the  plake b not solely
e facirated dffusion, but bas a coarponent of
tve tgmportof the  uphill™ type aa Indicated
the mode of infobion found m the present m-
00 wodicy, tn e with the reasoning made by
e & Ratrman {1575 )

X the tno decarboxylise mhibitors osed c3pe
Ty carbadopa bas a  tructumal sinmbanty with L
JPA. 1t would, therefore be possible that this
Wollor harey an optake mechamuym 10 common
th L-DOPA mcros  the endothelod membrane
fhey 1o reducs the sbsohrte amotmt of L-DOPA
g shie 10 reach the endothelnd cytoplasm when
% thoagent are fresent together m the incube-
Mbath Even so the upake of L DOPA + sull
# exouth for sdequate Nooreacence hatochemr
#\ramakraton.

The depree of muraceliular L-DOPA sccumuls
£0xs reficcted in the rato of madioactivity in the
Serovessel fraction and the medrum, way less then
bt reported for the uptake of poradrenaline 1t
Yerathenc men ey wnder umilar condmons (Ed
Tvon & Carvan 1977 Almet sl 1979) bei cone
by hegher than the extraneurooal amme up-
e 510 unooth muscutatore (Al etsl 1979) The
ey epemdency of the m crovesse! nplaks wa
oxfemed by the whitehon accompished with
9 potberman combtened anoua and glocose depei-
50, 0% vncoupbing of the oudative phosphory -
™0 uh drtrophenol  The resolt from the m-
oatxa weh low odmem and bagh pourssum. as
U m ihe presence of ovabam,  ugpest that the
;‘:hhhhd-uhu M dependent ATPae

Ul of moncamme precurson | stereo-

ETINE snce LDOPA sd ( herytheo-DOPS
o Dhea wp moce readuy than D-DOPA, ¢~
Y0-DOPS and ( pthreo-DOPS m bearns from
;“:mﬂmm-mmmnmoamkmu
Hm:k:xnm Comazimndss ¢t 2l 1975)
. Pouble existence of a sterroape

-

hibitor was presert n the bath. Hence the en-
banced accumulstion of fluorophore m this sstus-
tion b primarily doe 1o the formation of the comre
wpoodmg il Shydroxytryp-
tamine or noradremaline) from the respective pre-
cursor (L-DOPA L 3-HTP or DOPS) whthin the
mcrovessel wall 1t should be recalled that the

of the pr and the 4
ing moncamine are Indmtmgunhable under the
optical conditions used. The decarboxylase actrvity
thurs revenled was found to ywy between species,
21 reflected 1 the difference in accumulation of

This species ddference agrees with
fiodings {rom chemical determinmtions on tolated
cerebral microvessets (Hardebo et al 1979) and m
bntofloorescence studses following adminatration
of L DOPA 1n vivo (Langelier et al 1971) or after
incubution of brain sices in the presence of the
amwo acld (Dowsoa & Leazo 1971 Dowson 1973)
Decarboxylsse activity was indicated also in the
wacroversel wall of the newbom and fetal brabn
Thas sopports the findings in vivo on rats (Kellogg
ctal 1973)

of catechol-O-methy'tn ad
not affect the aceneulation of fluorophore i the
ukrmcw‘ﬂhﬂnﬂnlmﬂﬁmhm‘
present n the endothellal cells and pericyten (see
tho Hardebo et al 1979 of Spectos etal. 1977).
L DOPA, and probably S-HTP too b fouod in
e cirtulaion (wbere the normal L-DOPA con-
certration isabout 3% 10 M Hamvson et al 197%)
deapde the presence of a comsidenable decar
botylae acthvity bn many viscerad orgam.
from metatolizing crculatiop DOPA and S-HTP
that would others. se have beca taken wp acrons the
blood-brakn barmier by the neutral amioo acxd cwner
z‘:‘ﬁ@t’tﬂmhyhmm
wall - may ohed Jo a more compie
mmmmmrwoﬂmw%
mino aenls vach s phem lalanioe tyrosioe and
tnptophan oc may be fnvol cd i a hitherto un

Alra Phrrd Scawd 197
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hnown metnbolic pathway across the blood-brmn
Interphase

The efTiciency of the blood-brain barrier to im
pede the passage of L DOPA into the bram by de-
carboxylation in addition to the decarboxylation
activity In the periphernl tissues have required high
doses of L DOPA In the medical treatment of Par
kinson s diseasce with disturbing side-effects as a
frequent result Thercfore a decarboxylase In
hibitor (carbidopn or bensernzide) effective in
periphernl tissucs as well as in broin microvessel
walls but only to a negligible extent in the brun
parecnchyma is now added to L DOPA In the
thernpy Under these conditions the amine precur
sor cnn be administered in Jower doses reducing
the incidence of undesired swle<fTects

This work was supported by grants from the Swedish
Medical Rescarch Counal (grants No 04X 732 and 04%

36)
The skilful technical ascstance of AMn Ingn-Marpt
Higg i« gratefully acknowledged
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1n acuwe on cats = chiorsose snesthesia the ffects of efferent aod afferent
wmawsmwunwﬂmmammm

Ker ord  Pylonc spheacter @aatne motiny electneal stimolation, vagal nerves, cat

e presence of an saxtomical w ell-defined pyloric
Phacler bow been demonstsated 1a some species.
= siregly questioned m others (Dwdio 1968 Ed-
Wit 193 and Kaye et ol 1976) Homever
forperen (194 ) demonstrated the peesence of
och  pinncier at the praroduodenal junction of
Mo Hnlockeracal studics have verified & high
ket of chohaerpe ganglion cefh and adrenerpic
XNE kerkseuds i ths region compared whh sor
“omdwyg pay of the pastroimestom) tract indicat
™ e preseace of & specrfic sphacter repon
Ndarsictal 1974)

Ahchm\mmnxb:m;wm
llvh:\kmﬂm-ncrlcdmrmkdll 1965). Antrad
thhhumedndm'mdmm withun ths

I3 ocremsed the pressore (Fisher &
S0 I Than physiclogienl characteristics
ot pomtestinal phincter are fullfled for the
Jnction accordeg to the deflnution
tnlmhﬁshu&fuhmum,
1 tabes Bane Indwated trat the
TS € 65, monchal nerprc rebamiony (e

the pylorus in dogs (Mir etal 1977) If these fibres
are identical to those which medimte (he non-
T paatric is st

pyloric repon, which can control this sphincter In-
Y of the gratric motor activity fs not
known.

The alm of the present kuvestigation was to study
e cffect of efferent and afferent vagal nerve stimo-
hticn on an externally applied flow of sakine
throath the fefine pyloric sphincter It was o
Judeed to be of Interest smuttanconsly to study the
Fnric motllity in order to investigate whether the
vagal nerves might exert specific effects on the
Pylons sepanated from these oa the stomach.

MATERIAL AND METHODS

The experioacnts  ere performed m 7 cas of both sexes
The amizais evc faniad for ahoot 24 b prot { the
PO but bad fres acern 10 water The ascwbeun

-
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& KREWENTER J The vagal control of the el pyloric
E:;Nﬂ: A::m;:—‘m 107 165174 Recwived S Apnl 1979 [SSN 60016772
Dq-mmn(sarryllLUmwydOuems-ukn
expen cx m chionkose tnestheuta the effects of efferent and ofTerent
Itk:::nl m:un:mmwmmmp&dmnwdukmwm
et plorms was stoded Tiee movor acthrity of the domach a3 recorded Ummitaecomly
wh vokume recordrag trcksigos Effercat cervical agal stimulation cared — decrease m
(he tramspybon flow and en increwscd gauric motor activity | e acdermhy the de-
rrvepbracien flow s preceded by Mmt!!nfhamfﬂv"wb:;b:
s

Kev onts Pylonc sphacter pastne motikty ekectrical stinolation, vagal servey, eat

e preveace of an anstomical wefidefined pionc
Phencter han betn demonstrated in some specics
= urosgly questioned m others (Dudso 1968 Ed-
Twh (%3 end Kaye ot i 1976) However
lorgersen (1947) demomsireds 1he presence of
h aptncier ot the pastroducdenal umction of
b o Hntochesucsl tudees bave verdied a high
mber of chotnerpxe ganglion cells and sdrenergic
Ve termuals i they region compered with wor
oy parts of the gastroimtestizal tract indicat

uncton

Ben by Fisber & Conen (1973)

e s b Iicmed that e g
monchollnergse relastocy fboes to

the pyloruy In dogs (Mo et al. 1577) If these fibres
are identical to those which medhte the pon-
cholmerth 4 i grtre relasath

ments Whether the vagl convey merve flbres (o the
pylonc region which can controf this sphincter in-
dependently of the gastric motor activity s not
known,

The #km of the present investigation was to study
the effect of efferent and aflerent vagal nerve stimu-
liioa o0 an exiemally appiied flow of waline
through the feline pyloric sphincter It was also
TJudged 10 be of nereat dmultanecusly (o study the
patric motithty i order (0 Brvestrgate whether the
vagal perves might exent spocdkc effects on the
Pyloras sepenated from these on the stomach.

MATERIAL AND METHODS
Thw expencassts ware performed ta 27 cats of both sexes.

The anixahs wers (rised for sbout 24 h prior 10 the ex
PATTAEES bt Tt free acoE™s 10 waist The anchesia

AChe Pirred Scond N7
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Y FROM
RESERYOIR
Flg 1 Schematic drawing of the technique used to study

lorde flow Note histology sections from thas re-
g a circular valve/sph

gon d

was initiated with ether and was continued with chloralose
(SO mg/igb w ) stowly injected through one of the femoral
veim The animals were placed on an operation table on a
thermostatically regulated heating pad in order to majniain
the body tempernture at about +38°C A tracheal cannuls
was imerted 10 guarantee free airways A femoral artery
wa lated and d (o a pressure d
(Statham p .3 DC) for contimous recording of the arterial
blood pressure The abdomen was opened with a midiine
Incrdon The catecholamine secretion from the adrenal
medulla &3 known to be a potent Intestinal inhibitor To
climinate thrs effect the artenal and venous vessels of the
adrena] glands were ligated
Nene operations and stimulation procedures Through
the tracheostomy incidon the cervical vagt were bolated
from the sympathetic trunk and divided uni- or bi-latersl
ly The cut ends of the vagi were ineerted separately into
insulated ring electrodes which were cauthously placed
deep into the wound before nerve shmulation In 16 cats
pven efferent vagn! nerve sumulabon the planchnic
nerves were leftintact in S anmals and divided bilatenalty
in 1) antmals at the p Jiomse bevel substiaph
cally prior to the stimulation
In ankmaks given umdlateral afferent nerve etimalation
the splanchnre perves were left intact in 7 and divided
bllaterally In {1 cats In 4 anmmaly both splanchnic and
vagal perves were d vided during the expt  AD nerve
stimulations were performed Usng square wave pulses
from a Grass stanulator (S4E) during 5 min The stimula
don ters (B-15V 0. S 212 Hz) were divided
v fvating hagh (5 o1s) and jow threshald (0.
into 2 groups activating
rm) cferent fibres sclectively accordmg to Mart mon
(19654) The same grovps of parameters were applred for
the afferent nerve ﬂhnﬂawﬂc' ‘ﬂm- A pon-compresuble
1
Reor g et s mm) was Insertel throogh _senall
I‘h“td greater convature on the
lm:ﬂa wall o the lamer corpus repion of the ot 0
an Iypature mmedately pro
and fixed with a loose vmnjmwf‘fd'“'mﬂm
the pytonns C ¥

A1 Phoid Sewnd 107

infleence the tramsphincteric fios. A sl plre1y
was frserted throagh & longriudinal inche in e et
portion of the duodenum opposiic the sphucer Teet
was brought up to the py lors oppouie e prm Ly
In this posivon the distal tobe was fived by 2 frn b=
around the doodenum (see Fig 1)

A resenvolt contaiaing ponml safine termnirah
regulated to be at body temperature wa comaecd wi
procimal tohe The drstal tube was comected 1Pt
electric flommeter which records 1ohame changts
transpyloric flow within 0-1 000 mt/nm The ot et
the flow meter was coliected and comtanth peree! 8t
the perfuston reservolr Since the fhad et fH
mnmruulmﬂmcmﬂtkﬂbmmﬂ
the sphincter couk! be hept almost consiat by @
recirculation of the malinc The pressare gradent T
both reservoirs and the pylorus was yarubie Thrﬁ:
height between the resenvolns wn ‘OmTahﬂp
inflow a pressure of %0 emH,0 u‘hhmlr‘ih
mediately thercafter reduced to sbout 10 k0 ¥ .

Reconlong of pastric tome A fiacead plndk bben
about 1000 ml volume was introduced orah ™
corpus-fimdus part of the stomuch i lbttm‘i*rl
animal The balloon was connected by a raidee P
water tank mounted on a welpht reconder G e

Transducer FT 100) and m:dh
amplifier The water kevel In the unkcu!UN\ﬂ“_‘
changing the level of the welght transdecc 3‘..&
the system with the tank at d fTereat ‘whunﬂ
tion to the stomoch water was alloned u gl
balloon In most expts such an hdmﬂlﬁ‘ﬂﬂd“‘
drent was accomplished at § emH QO wﬁ:” i
pressure ntragastric tone aoad trasem ek e
simultanreously recorded by meass of 8 G
(Gmss S4E) (Fig 2}

RESULTS

Efferent vacal nerve stimulation U
efferent cervical vagal stimulation w

i and B

jth acth awed

Tabke | Effect of bilateral and wnilateral fﬁ';:
vagal stmmlarc n respectiele wa the trant?
Sflon and gastric motor actin

Low  stemulation of kow thresbokl fre. Hight &7
00n of hugh threshold fibre (For detarbs sce kexll

Baatera!
Unflateral Baker
Low High Low Het
Priors
Contract S5 144 14 Y6
Inhikitron ol S ad .
No effect o oom
Ssvmackh
Contract A5 14718 L7a il
Inhition o8 o4 o4
No effect s o ool
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Fig 2 Scherwic i of ! setup and of the pylore i

| threshold fibres elicited n reduction or cesas-
of the ranspy Jonc flow after shout 20 s mhie s
W { ithen 4-5 3) contraction w as obiamed in the
wach (Frg- 3 Table 1) 10 5 of 14 amimals piven
taterad stmalation of the high thresbold flbres
Te a6 a mall bt clear immedmte wibal in-
a3 of the tramaphmeteric flow followsed by a
foction of the flow [ § of these cals the gastire
otrcton was followed by 3 prompt decrense 1o
e tome a1 the cessatioan of surmulanoa There
1 50 gifference in the pylofic or gastric response
bether the  planchalc peTves were cot or left m-
a

Unitaera! vagad snomlation sctivating the low
Featold sed of (e, reduced the transsphiveteric
% withan 205 1 2 oot of 3 caty. Basternl sthmls-
on actrvating the fow threshokd fibres. reduced the
Roudoctens Bow | onty 0oe of 4 ealmaly (Ta-
L

Aferext  gal nerye nmudanon The effect of
e cevcal vagal ptrve semutaton with the
Mher il nerve ket atact Iy scen fn Fig. 4 A

of the tramzpylonc flow and a concomit

Tihold fibres were activated Activation of the
ow thevibod tet of fbres resulled n a pylorkc and
mmmlmmnﬂs{m'\'ﬂl)

wction of the tracssphinctenc fow at sfferent
T shintation fad u detay of 5103 while the
#PMC relavation shways Wt procrpt, In 4 enfmals,

with cut splanchatc nerves, the cut distal cervical
vagal nerve was stimulased In afferent direction be-
fore and after the contralsieral side bad been di-
wided In the meck Vagal strmahation elicited o
pyloric contraction and gastric relavation in ol 4
amimaty. The respomes dhappesred completety af

Arterml
tood pressurs
wm g

Trenmn

Eftrsct vagal  stm
SHz Bam DY -

Fig 3 Effect of efferest cerma

ariend blood pressery mmm‘,,m‘m“’“

Jond fiow Howe Une tatusl
bakors the e of traepylerkc fow

Act Phrisal Scuad 187
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Astern| 1
biood presaurs ww
mm Hg 0 - \.—.“
Transpyione flow
mi/men J
250
Tome n ran B r——y
Aflerent vagal n sym ‘_—-—50,
8Hz Sma 10V Gouh v

FIz 4 Effect of afferent

ter the intact vagal nerve had been cut (Fig 4)
Efferent sttmulation of the cut vagal nerves again
induced a contraction of the pylorus
Efferent vagal nerve stimulation dunng con
comitwins splanchnic nene stimulation or norad
reaalinesnfusion In order to investigate if the va-
gl nerves also convey relaxatory fibres to the
pylorus region the vagal nerves were stimulated
when the sphincter tone was increased by a con
\ant splanchme nerve stimulation or local 1 a
infusion of rorudrenaline The effect of vagal stimu-
latton during simul, lanchric s latk
was studied in S expts A typrcal expt is Mustrated
in Fig 5 Splanchnic nerve stimulation with supro-
maximal currents at 8 Hz elcited a contraction of
the pylorus Bilnteral efferent vagal stimulation with

Talde 2 Effect of unilateral afferent vagal stimula
tion with the other vagal nerve left intact on the
transpyiovic flow and gastric moror acth ity

Low stimulibon of low threshold fibres High. stimuls-
ton of high threshold fibres (For detdas see text}

High

5 n

Low

P lorws "
Contrct.

No effect

Stomach _
Contract 10

Noeffect

Acta Prisd Scand 197

vagal stimulation on blood pressure and tramyn bork flox
before (feft pancl) and after {right papel) dividing of the contralateral cenkal vagl
nerve

5

octivation of the high threshold fves cared®
increased transsphinctenc flow

In ” amimals the effect of vagal mmmtd;
and duning noredrenaline infusion @ 0142‘;‘“
b w /mun i.a) was studied n”%mj
contraction of the sphincter Efferents
tion during concomrtant norsdrenakne lﬁ::
caused an increase of the reduced flow o
animals studied

DISCUSSION N
In postmortem studses in cats we md-!mfl';
presence of an anatomical pyloric sphmctet '
lar or semilunar in shape (see Fig 1 l!uﬂ)“m‘
described by Torgersen (1942) The vast max e
previous in vivo studies of the pylorus rt-;lt'ﬁr
been performed by means ofrtmdlnf‘d"“h
or electrical activity within the pyloric '"‘W
sure recording systems have some dreadv
when gastrointestmal sphincters are m g
It can be difficult to heep the presare ":’1
within the spincter regron which afso mght

ficult to exactly Idenufy Furthermore lhcf?;
g device might interfere wath the sphiacter -
¥ Recondings with strin gauge force 1R
do not allaw the study of overall motor fm“"u
regions of the gastrointestinal tract B e
explain tome of the differences In preveous ¥
of the pyloric aphincter

In order to avold some of these dvt'u-h’“';

und to be abke to study the overall motor r.mm"’
the pylorus region a flow recordimg method "
used Such n method has previoush hcvn‘:‘;‘:‘
the study of the ﬂco—ceu/J;nMnanIL .
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1

pyhicmhkybdblhuumuplunummh-
hbhwylma‘vubuu(memkrm()(wﬂﬂ.lm
In the presert oapks., efferent gl stimalabon
caned an Inftial relavation of the pylorus with an
Incrznedmmnphh:u-rkﬂovfauo‘edby 8 coo-
tracton of the sphincter also indwcating the prey-
ence of rehatary vagal fibees to this region To
furiher confim the evhtence of soch fidres within
&nwh\:\mmmdhmm
increase of the sphincter tone s the brtestiml tone
has been conskdered to determine which type of

=0 Inu:uhnlmpnmctov-pluiﬂnﬂzuoulhuanh

mduced (Garry 1957 Van Ham 19631 Thin ow

4w En tonc of the intestine was sud 10 favour excitatory

e g responses and high tone ishibitory responses.

ot wpa H Therefore the yagal perves were stimulated when
& Sem TV the sphiocter tone was [ncreased by cither an
. daderad efferent sobxbon o rial drenaline infusion or Fa

J&dmmn;yﬂnd balke nerve Efferent vagal ste

w durag crmcometant splanchosc serve stomrdabon.

et 1976) and has been thown to have sevenal
rantager. Thus, the mterfermee from » balloon
* aatheter withm the sphincter region 13 avolded
™ even umall varfatons n sphiocter tooe can be
aded However when  perfusion method rised
vl facton bave 4o be taken nto comadenation
. the perfouon pressure hao to be kept st 8
oustest leved by uung a reservoir whh a large
Ton-sectionnl atea and  cecrealetion purp The
eriion aad drainage tube must bave a capachty
hach 18 targer than the maximal flow though the
Phiscter aad the twbes bave to be placed closc to
e spbincier trea m ofder to avosd secondary o
& from the camlaantrum area aod the
Heodears. A3 1alie %13 wred 3 perfusion flud
‘wariereace due to visconty conld be  1cluded
i of the perfopon fluld bas been
AMovn 10 be of great umportance (Pabfin 1979)
the temperature of the perfutaon flukd
W ket wrpond 38°C Grewt case was taken oot to
‘b the Ipatore around the proximal tube 1oo tight.
Mﬂnndo(a:hup‘ o0 sdgn of bachemmuc infury
1218 repon was obncrved
Electrica) fleld stmsulation of nolated strips of
e trom te pylors of ezt doga and oporsac
¢t mbiory Encrvation of the guatro-
b L Jncion (Amras ot ol 1974) Efferent
i xhon 1 dots, afher pretreatment wath
b ¢ a ibiton of gpontancous

ltation caursed an mcrensed flow in both these series
of experiments indicatmyg the presence of retatatory
fibres within the vagl to the pylonns Thus, the
present expts. support the asstamption that the va-
gal perves convey both excitatory and knhibitory
fibres to the pyloric sphincter

The physiological significance of the vago-vagal
excitatory reflex to the pylorus [s tunclear Palintal
(1954), Andrew (1957) and Iggo (1957) have hown
an incrensed ducharge in vagal afferent fres on
wtimutation of either chemo- or mechanoreceptors
of the Intestioe stomach and ocsophagut. Harper et
al (1959) and Jansson (1969) directly smudated the
afferent flbres within the vagl and found » reflex
activation of the vagal relaratory fibres to the wtom.
ach. This gastric respoats was abolished by vego-
tomy of the contralateral vapuy Indicating » vago-
vagsl relaatory reflex. In the present study a gas-
tric relaxation &t afferent vagal stimutaton and a

son (1969) suggened th the vago-vagal relavatory

sand reflex may form part of the nofmal gastric

'wmhhm%ﬂmmuw,m

i reflex. way In the
Rutric emptylng and in the

bie refiax prevention of

‘nhm“ullhthnxyo{u‘
TepOMes was much shorter at



174 R Edinetal

vagi These rather long latencies might indicate sc~ EDWARDS D A W & ROWLANDS.F N i N

uvation of composite neurohumom| mechanisms slofogy of the pwmhmkﬁp‘c‘:!: b Rt .
¢ g the relense of of physiology sect § vl IV p
8 oF gustromicstinal hormones o o & £W & COHEN § 1973 Py dokoged ns

simply reflect that the innervation of the sphincter stics of the buaan pyhorkc sphncter Grurormeh
reglons 15 far more complex than of the gut jtsclf o HETTS £
(Goyal & Rattan 1975) The faster responses (o GARRY R C 1957 Inn¢rvation of shomaml i k
afferent i Med Bull 13 20_-206
ol “kv;ﬁlc st mul::]on :’;ﬂght lhc: be duc to a GOYAL R K & RATTAN § 1978 Nawe o tered
neuronal activation through a poly mhibtory Innervation to the lower exaphaged 2
synaptle pathway rather than the crude mixed ef ter J Clin lavent 3% 119-113.
fects on smooth muscle cells Intramural ganglla  HARN G L. v 1963 Responrces of mosckeelats
and gut endocrine cells eliclted at efferent stimula Intestine to autanomic nerve stimuluwon Al
tion RPER AA AIDD C & SCRATCHEID.T
R, R A A Kl
It has previously been shown that the vagn! As:o-v:;:l refien effects on gastric sl posnh
nerves contain at least 2 groups of efferent nerve sccretion and  pastrointestim] motkny § P
fibfes  which control the gstrle motor activity (Lond) 148 41%—:"&‘: -t
1GGO A 1957 stric mucoid
(Martinson & Muren 1963 Martinkon 1965q) Thus vagal affercat fibres fn the cat, Quort J Fyp fire
excuatory fibres could be selectively activated 42198409
when comparatively low threshold parameters were JANSSON G (969 Extrimic nenows awvlﬂ'ﬂ';
used If the durntion of the stimulatory pulses was motllity An experimental study i te o B,

increased to high threshold values vagal relaxatory Phyziol Seand Suppl V6. "
HOWALTEL

fibres were octivated as well The high threshold  KAYE M D MEHTA S 1 & SIOWALTEL |

fiber group also include fibrex stimulating the acid Gayroenterology 70. 477480 ¥

and pepsinogen secretion in the stomoch as well s MARTINSON J & MUREN A 1961 Exian ™

-
latatory fibres (Martinson 19655) In the  fnhintory effects of vaps stmolibion of gre
3 . ) Ity I the cat Acta Physkol Scand 57 35316

prezent study contractions were regularly obtained xapon of the &
when stimulating porameters activating the high MA:PNSON ! ﬁ’;h:':ﬂh;‘bun of the cooart¢
threshold flbres were used e g the same parameters the tmmuminion mechaiun, Acts P 52
which activate the non-cholirergre non-adrenerpic 64 433462

relaxatory fibres to the stomach This vagnl re  MARTINSON I 1963h The tﬂmﬂﬁ
sponse with pyloric contraction and gastric relaxa- mhﬁ"@"{' mr;y‘“wg 019 o
tion nckd and pepsinogen secretion and vasodilata- MIR § § MASON G R % ORMSAEENI 1 S
tion ecems all qurtable for the digeative gastne  An thibitory irnervation at the pirde e

activity tion in anesthetized d>gs Gastroent
y 975 Extrinsic nervous coared 5
PAHLIN I E 1t 1 ¢
Supported by the Swedlth Medical Research Counell 1 ol o C A mﬂgﬂ

ks,
(grantno 17X-05220) and by Giteborgs Lakarcsdllshap Suppl 4%

PAHLIN I' E & REWENTER 1 19% 5’““2,)
rervous control of cat feoceaal sphictel
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1note on the bolus injection residue detection method
ir measurement of capillary permeability

R SEJRSEN

wtats of Mecaca] Physioiogy B Uneveruty of Copenbager, Denmark

w bobes mpection  external regrtranos method
I mertarement of capdlary extraction was nto-
1eed by Sesen fn 1970 An elaboration of thes
sthod wod  farther experimental wupport has
‘e gnen ma hater articke (Sejrsen 1979). Ina pote
B method Garby & Gronltund (1978) perform a
<toretcal smatyins on the bashs of some conditsons
4 sxsonepioons of the method. The present note
2 correcting the erTors mtroduced by Garby &
rwclend (1978) 1 thewr analyss 1n order 1o show
€ elevance of the analyus performed

From the article presentng the bolos mpection,
v~neoe detection method for mesvarement of capll-
' Y exiiction (Serrsen 1970) the folkowing quota-
b tker A large frachon of the bokrs of
roemn-5t EDTA will pass through the manscle
Whely a1 very fast vascutar taesht aod
ke B, will be xtracted over the capilfary
Xobne and thus ks ¢ aho an cxtvescalar
*E. By thes sentcace 1t was made exphcrt that
€ ancied facton, . of the intrs-artenally m-
r"0od idicator bolas has both an - and an

12 Be oo be Garby & Gregkand (1979 equa.
"0 {11, 1t emrooeously reprocuced from the ar
kb Semen 970, that the registered curve

by & retropotaton from the time
:f‘mmw"wﬂf tbed m an expres-

1o of g
‘m
4
b'mmu'pnnxdyby
which most register the total
vader stady grven ay & refative

The Ibat
comen wrg T A Hhetr euation (14) o

From an estanate of the yolume of arterial vessels
and the actual blood flow level it can be cakculated
that more than 10T of the imbxcator moleenbes muat
be present in the arteral vessch at tme of
maumum heght of the curve in the actual experi-
ments (Scinsen 1970 1979) This part of the jodi-
cator will be separated m an E and T fraction Later
on m the following part of the washout But these
cmdliumdonothvdvtl}mntqwumo(lth
and T fraction b impossible by the retropolation
proced re Thuemlﬂcrﬂmslbcnhplylht
equations (9 (1) (! ) and (13} i the arncle by
C-:by&Dvmlund(lmlbtmnemtcnwyde
mands

For the apphcabllty of the method the essential
qoestion fs how accurately the reprstered reskdoe
mmclnherﬁdvtdhlklifmbulhkhm
the isterstun! tpace, and the T fraction with an
exchnively imtravascular transit. Doe 1 the comud-
enble ddfference in transh times of the extracted
and the tramymitted

tor of 26 kay been found betwcen the vahues of raze
mm“”"‘ﬂmdmmhm‘
mﬂdmwﬂmfu 31
EDTA in skeketal muscle Even for the fastent pany

Acte Pin vl Scend K7
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positioned in close relation to the enpillary wall
which constitutes a pronounced diffusional reist
ance for the actual molecules

By resldue detection the total amount of indicator
in the area under study will contribute to the regly
tered counting activity When the total input to the
system hnv a shorter durntion than the shortest
transit time of the system (Scjrsen 1969) then the
maximum height of the registered washout curve s
a relative measure of the total bolus Input  The
washout of the extructed froction fiom the total
system Is expressed relatively by the registered
curve after some time when the vascular transit of
the transmitted fraction for all practical purposes
has come to an end This curve part can be simu
Inted by some mathematical expression employed
for the retropolution of the curve The value of this
curve at the time of maximum height of the regls
tered curve ylekls the extretion fraction when ex
pressed relative to the maximum value of the reghs
tered curve As the totel nmount of indicntor is
present in the area under study at this time the total
amount of the extrocted fruction I also present at
that time The location of the extrocted fraction will
at that time be partly in the difTerent segments of the
vascular bed and portly in the Interstitinl space
There i1 no demand of complete spatinl separmtion
of the extracted and the trmnymitted fraction at that
time and in principle no demand concerning nn in-
slgnificant back diffusion from interstitial to vascu
lar spoce

Subtruction of the retropolated curve from the
registered curve glves the translt curve for the
transmitted fmction through the vascular system
expressed ns a relatlve measure The vascular vol
ume (calculated from the mean transit time of an

APkl 8 107

Intravascular indrcutor amd the duectly sered
hlood flow {n separute experiments) da kol by fc
mean transit time of thh vasculur e ore 4
ylekls the value of the bood fs Tha vl
compared to the directly measured biood fiw Tx
configurntion of the intravancubir tramd onces
be compared to that of an Intrvasculr ey
These compansons have been performed ineia
Investigate the validity of the supgested oo
tlon procedure (Sejraen 1979) The cosdeon s
assumptions necessary for the method I
and discussed in detall In the artice by Sore
1979)

A correction of the crmuneotss ropon e
duced by Garby % Grimlund (1978) hay e &3
that all the supplementary conditions and R
tions proposed by them do not confifuke rﬁd;
ments for the method One might speeek
thelr approach could be used mhnMutm:::
tive analysis but the unrealfstic depund p
B and T fmctions are sepamted at ﬂt“:ﬂl‘
maximum of the registered curve ehmine

possibility

RLFLRI NCLS s
7. A

GARBY | & GR{NIUND J ) - et

single Injection reskdnc functron ext
eapiilury permeabrlity Acta Physiol Soand
cniernd T

W

SIJRSIN P 1970 Singi lnjecthn o
lhon method for measurement of capflasy !
In Capflary permeabiily (ANred Denrot [y
(ed C Crome and N A faven) 7
Murnhkagsard Coperhagen b

SIIRSIN 1 1979 Caplilary ,.mm..mdydxr-dn:"‘k
botu dnjectlon reskhue and venost
Physlol Scand 105 73-92
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uction of adrenaline turnover in cardiovascular
as of rat medulla oblongata by clonidine

1. FUXE, GOSTA JONSSON PER BOLME.
EX GOLDSTEIN and TOMAS HOKFELT

rement of arsickon) WIMWS\M
Deparincut of Hea

g Hoxpeal
aad Depuniowet

Stockbotin, S+ eben,
of Baochamistry hew York Uskrerly

"wvbtﬂpomﬁlﬂll}m:bnhﬁn‘um
x-hne(A)mnﬂhL‘r-ec:mnlmmuym
that trs action coukd be of waportance for Ty
odepressor sctvity (Fuxe et al 1976 1979
sefore, in the presen paper the acuie effect of
wime m clmically rekvant doses have been
fied ow nordrepale (NA) and adrenal ne
Whmh)po‘msn\dh:lhcdan!
Dre wrea of the caodal medulla cblonpsta

* Male wecric pathaen Frec Spraque-Dawhey Tty
vebeen wsed (150 g b w ) The rats were kept 5
+ T cage ander requlat Lighi-dark condions {hght
Adbum adoff 18pm) They were give
? o el e war ad Tatum They were ke
decxpititon betmeen 9 and 1) af. Clomdine
~ B ETe i the jgubu vein under kgt ether
Lmmedmtely before the clonsdme mpec
T:;:&WSK&FHIDmmmﬁmﬂd
( p)and 40 m,
bbefore batg kg ( p)respecthvely 100
By mera of & reviangaia punch (3 4 wam) the
was dnsected out from  frozen
T:':‘“"“'kdm:tvhlm The DCMO
drvsected out by means of a rectanguiar
«ach (1% mem) from  frazes coromal | mm thock
100 of the medulla obloogats, the caudal plane
"oy focxted anmedianely betwnd the obex DCMO
Oatmmy, kier aln, the muckens actos soliarkns
s foria oot rervt vags and parns of the
muabumiin (st Frane et al 1979 ) The

KURT ANDERSSON LUIGI F AQNAT]

Department of Podatncs.
Umrverty of Botogna, Bologm.
Mebcal Conter wew York USA

|hn-1hekmchem)ddcmn~lnz.md\)l
nmhtemﬂnunldd(kzﬂnﬂilﬂﬁ
Medford et al. 1977
Whnmdwm*ﬁbﬂﬂyn
énctdxh:SK&Fl-lll‘Hrducchqutbﬂhlb:
DCMO(Fig. 11 Anly injectron of clonidime fn »
do«d75pmupdhmlywbccdlhcmm
induced A depletion i the DOMO while the FLA
63 induced NA depietion in this area wan ono-
fhoerced (Table 11 1u the hypotalamus bowever

DORSAL PART OF THE CAUGRL
MEDULLA DBLDMOATA

ve
¥

QROUP MEAN WALI
8

40P SKP BATI ALDNE THEATED

o

s B X

Fig 1 The effects of cloodme ow the SKAF 64
dcnd 19
Ad""““ﬂ’mlﬂ:emdmc-r:

DCMO 0313 ngfp tavc), The satrtucal

aoal

2 the tabe of the figure The Dvn fest wa F"':;\:
expenmental wha eror e of =0 1 n"" et
wh&mhnwm.m'

Actel P el S 197
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Table | Effects of clonidine on FLA 63 induced changes in CA stores in dorsal midiine erea o b =.

medulla obloncata (DCMO) and Inpothalamus

DCMO
Dose of
clonkdine NA
Treatment (ug/hg) % (ng/g thssue)
Saline 8¢
(4 6681354)
Clonddine  h 10 B9% (5)
Clonidine * h 30 9419(5)
FLA63 1 h 10016 (4)
(06t 15)
Clonidine +
FLAG3 1 h 10926 (8)
FLA®32h 100£1 (5)
(7 653£317)
Clonidime +
FLAG 2h 73 100£ 11 (8)

For treatment, see text Means & S E are shown The values are given ln per
mean value respectively The

1 h group mean value and of FLA 63 2 h grou,

A
% (ng/g tiswe)

100 (5)
(104123)
13211 (%)
16113 (5)
1007 (3)
(7915)
142177
100+15 (5}
717

13121

DA
F (npfg thssue)

10013 (5)

(%621M
1024 (%)
10526 (%)
100110 ()

(1 148177}
194108
100£11 ()
(9581107

99£13(8)

cent of untreated group e 47

Hypethar=
NA
© (g g

[Nl

120111 0W

’

tissue As seen from the absolute leveh, go{ treatment with FLA 63 reduces normdrenaline coakeet

contents 1n the DCMO to 56% and 43 % respectively of untreated
edu ¢ porawdremal ne and adrenaline levels to 38 % and 6. % respect
parenthesls Stnthical analysis wns made by means of Mann-Whitney Udest P<005 <001

clonidine in the same dose instead seignficantly
reduced the FLA 61 induced NA depletion without
influencing the FLA 63 induced A depletion in this
aren (Table 1)

The present findings give evidence that clonidine
admnistered nto the jugular vein can reduce A
turnover in the DCMO since clonidine reduced
both the FLA 63 and the SK&F 64139 induced A
depletion 1n the DCMO 1 doses from 7.5 to 30
ug/hg However no evidence was obtained that A
turnover was reduced in the hypothalamus by 7 5
ug/kg of clonidine Thesu results are in agreement
with recent reports that clonkdine can reduce A
turpover In brain (Fuxe ct al 19794 Scatton et al
1979) The present results therefore support our
hypothesis that clonxline at least in the DCMO can
be an A agonist 11 chintenlly relevant doses 1t is
fnown that injections into the jugular vein of
clonwdine tn the doses used produce vasodepressor
m‘mm(ﬂolme:lnl 1974) Itisunclear however {f
the reduction of A turnaver observed 1 due to
activation of post of pre synaptic a component of
Cﬂl’z‘rzlc‘.‘t"lmmu that hypothafamic NA was more

ive to clonidine  treatment  than
respom Thus clonkline m a dosc of 7.5
hY"‘“h"mk A ) hypothalamic NA turt-
wghe seemed to reduced hypo!

4mrln»~'l-\ﬂ-l v

over since it significantly red
induced Nfdepletion sn the hypothalssres
fore when discussing the mechanna
the cardiovascular effects of clonkline

NA nnd A mechanssms must be comsiiered Me

Feh

ty

p mean value ln the b "
of untreated proap mean vake Mskrd

-bvoluaekvd‘mp\nllr"‘::_
w1

uced the FLAY
™
of actea!
ot &t

aline mechanisms in the medulla otm‘:;
/NA mechanisms in the hypothalamu wem o

2 shmikar sensitivity to clonidine in

1 paper gives evidence that clond o
trom 7 § up/kg can reduce A (urnaver M1

e W

d NA turnover i the hypothalamus

260 froet
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Table | Effects of clonidine on FLA 63 Induced changes in CA stores in dorsal mhlfine oa o be
medulla obloncata (DCMO) and In pothalamus

DCMO Hypotileens
Dose of
clonidine NA A DA vy
Treatment wehg % (nglg tissoe) % (ngdg tissue) Fngfgthue) i
Saline 10048 (%) 100£22 (%) 10043 (8) e
(4 6631354) (1041.3) 1396117 098 %
Clonidme 2 h 10 89 (5) 1$211(5) 10249 it
Clondine  h 30 9429(5) 116213 (3) 10526 (5) bl
FLAG 1h 3 o060 10017 (3) 100£1064) a;fz:::
0641 1 1 14827
(;,:L e+ ( b 13) (1 1482 7) -
A6 1h 10916 (8) IM£17 D 421108 I
FLA632h 100£1 (%) 100%15 (5) woixol_,()n o s }_)f“‘
653131 477 11
Clonidine + o n “rtn 8 .
FLA 632k 75 100£11 8 13521 @®) 9113 ®) 13100

For treatment see text Means + S E are shown The values are given In per cent of untreated group e e 4T
1 h group mean valie and of FLA 63 7 h group mean value respectivel ‘rhcuhohnelcvdvmdmh“‘:':.‘,
livsue As scen from the abeolute levels, » h of treatment with FLA 61 reduces noradrembne coukeah il
coatents In the DCMO to $6% and 43 5% revpectively of untreated group mean valoe In tbe by pottalrmn B0
“duces porad enaline and adrenaline levels to 38 % and 6. % respectively of untreated groap mean vatoe heatd
parenthesrs Statistical analysis was made by means of Mann-Whitney U test P<005 <001

clonkdine in the same dose Instend significantly  over since it sigmificantly reduced the Fﬁ
reduced the FLA 63 induced NA depletion without  nduced Nfidepletion in the hy pothalsmes. o
influencing the FLA 63 induced A depletion In this  fore when discussing the mechanbm d'“;r
area (Table 1) the cardiovacular cffects of clomidine toth

The present findings give evidence that clonidine  NA and A mechanssms must be coasklered .
administered into the Jugular vein can reduce A /n]inc mechannsms in the medulla Wb
turnover in the DCMO since clonidine reduced {NA mechanisms sn the hypothalamy \tf“““-a
both the FLA 63 and the SK&F 64139 induced A | a smmilar sensitvity to clondine In ‘m‘h:‘\
depletion In the DCMO 1n doses from 75 to 30 ent paper gives evidence that clorddine post
pefkg However no evidence was obtained that A {;:n 7 § uug/hg can reduce A tumover mib
wrnover was reduced In the hypothalamus by 7 § nd NA turnover in the hypothalamus
#/kg of clomidine  These results are in agreement .
with recent reports that clonidine can reduce A Thyy work wa mmm,dhy.m(wx.:&mh;
turnover in brin (Fuxe et al 19795 Scotton et ol Swedhh Medical Research Councrl Clomdine "]
1979) The present results therefore support our  cusly suppled by Bochringer Ingeihcim (Genmas
hypothesis that clonidine at least m the DCMO can
be an A agonht in chmcally relevant doses It is
known that imections nto the jugular vem of REFTRENCES ot
clonxdine tn the doses used produce vasodepressor  BOLMI' P CORRODI H FUXF K "?;7]' Eﬁ
menons (Bolme etal 1974) It unclear however 1f LIDBRINK O & GO!.DSTEIN M o

myol ement of central sdrenahne mcuroes
the reduction of A turnover observed 15 due 1o moLoT and respaatory control Studiey w1k KT

activation of post or pre-synaptic a components of wnd (3 interactions with pipe ounc sad )
1ral A receptons Furop J Pharmacol 28 £9-94 ot
cen! t that hypothalamic NA was more  CORROD!I H  FUXE K HAMBFROER o
It 15 of interes than LJUNGDAHL A 1970 Studies on conmd

to clomdine  treatment penphera) norsd enaime peuron ing # )
Thus chonkdine in o dose of 75 dopamunesS-hydroty! s lntubwtor | W’Mﬁ
duced hypothatimic NA turm- [N FLNTL]

ey ponLIVE
hypothalamic A
PI’-“‘B seemed 10 ¢

A ra Pk ol 3 wend 107
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ie influence of prostaglandin synthetase Inhibition
1the spontaneous contractile activity
1d induced responses of the human oviduct

TONPE aad B. LINDBLOM

rtment of Obaetrcs and Gyvecvboy  Unn cruty of Gitchorg. S cdem

¢ ithmx portion of the humaa FaBopum tube
ooy thiee mmcke by ers with duferent fibre
tchon the outer longitudmoa!l the ntermediate
Cex mad the mnermost loagrtudwal. the bitter
“epeanng s ards the distal end of the hthmus
i & Crernobudsky 1968 Danscictal 1975) We
¢ recently demonstrated that m the outer bon-
sl by er at the drstal end of the mthmun, e
¢ ampulen stime Junctoa (AU) there 15 &

™) Mareover prostaglandm Fy (PGF,) has
3 how 10 be u potent stnudator of the lon-
C&ﬂmmmckmmmﬁm{unduw\n
159

mMmmlh:mlumdb.
owcthacm an lnhibrtor of PG ynthess oa spon-

.y

I

ey
xrletory iprin

tancous activity and a-sdrenoceptor respomses of
longrodmal smooth munscle at the AU of the human
ovaduct.
Trsoes from "0 women B4 yeanof ape were
included m the undy Afl patient had regular
cyches and b con had
been withdraw n for at beast montirs prior to kil
el tubal resection. Routioe premedication and
general ancithesda were ghen 1o all paticats. A 4-§

Muscle unps from the loogrndimal Layer of the
rthmus w ere dhscected ender a stereo
Thulrm-mwe\hmdylmmm-khn
cross-sectional wrea of approt. | mm? The mascle
mrpglmlmpcnd:dln!'ondupntnthcﬂunm-
g buﬂcrnntmpemm-eo(m
mdmcdcommmy\uhsflco.ho. One
endu(ﬂxlulp‘nlmdmll.umfholdcrbyllik

Wt recorded under
passsve besion of 4 mN (for further

Mn%anlmmhnm&'
vrftPhtnyh-ptnmhydmchlwxdg(s‘w.Cbm_
::Ctm;nny Mo USA) PGF,, (trmethamine
khdlymppﬂcdbwapn,,

Kalamaroo  Mich ) wybmnmimy
chloride S K & F Laborstones
(kindly nupplied by

Rabway
F, were dnsolved in
Present adresc S, ¢, B Medeal Colegs G C

Gk 733007 Orsea, Inka.
i, adrenceptocs, cakemn, Momen procagien

¢
Lid UK) and

Merck Starp & Dobme |
NJ) Phenylephrine aaxd PG|

Kev erds Saooch wmcie
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18 N Tonpeand B Lindblom

=™

1
PE Fau

[___ ,
Fre PE

Fle 2 The effea of PGFp [ pg/ml on longitudmal
muscle maxtmally contracted by phenylephrine 10 uM
(PE) (upper recont) and the effect of phenylephdne 10
#M on a simifar | maximally d by
PGFp 1 pg/ml (bower record) Vertical calfbration = 4
mN borizontal calibention = 5 min

buffer  whereas indomethacin was drssolved n
0 9% sodium chloride with 0 05 % Tween 80

Some 10-30 min after the mounting of the
speaimens In the organ chambers sponttaneous con

contractility which in tum h considersd b irlen
the transport of the ovum through the Ker
feview see Arel & Hafez 1973). St ™
utenine tissucs from the pregnant rat hae so
ndlcated that an intact PG synthess h el |
t s my wl iy =it oy
{Atkhen 1974) In the latter stndy ndomethamst 1
concentration of 0 01-3 0 pg/ml wn fomlur
hibit spontancous contractions and hgh coar
tions also abolished the stmulutory effed ofieh
precursor arachidonic acxd On the othet knd [
der et el (1977) failed to demonstrate s B
effect of indomethacin on human ovkdoctal med
i vitro and concluded that PGs are s dn-
involved in the regulation of myoger &t ¥
thes tissue The very poor xnnd
the large tubal segments used m that soh U;\
doubt however as (o the valuidy of théT c't
sions
The present Investigatron performed “':
strips from the longitudinal musculature o B¢

man oviductal rsthmus demonsirates B ¥
d hacin in oc tons between 10854

tmcetife activity appeared  Addition of ind, hact
to the bath in a final concentration of 1040 ng/ml
cauzed a concentrtion-dependent reversible inhibi-
tion of the spontancous contractile activity The
fhibitory effect appenred within 7-3 min after the
additron of the drug to the bath Total Inhibition of
the spontaneous octivity was achieved at 300
ue/ml (Fig 1) The inhibitory effect lasted for ap-
proximately IS min Phenylephrine (10 £M) caused
a marked stmulatory effect on the preparations
charcterised by a tetanlc contricture  After total
whibition of spontaneous octivity induced by m-
domethacin the effect of exogenous PE was un-
altered (Fig. 1) The excitatory effect of PGF,, (0 »
ug/ml) was wimilar to that of PE and also thiy re
sponse was unaflected by indomethacin (Fig 1)
Maximum contraction evoked by PE could he
further augmented by PGF,, Similady prepam
tions maximally contracted by POF,, exhibited a
further incrense in tone after the addition of PE
(Fig 20 After a odrenoceptor blochade with
phenoxybenzamine (0 1 uM) the cffect of PE was
abolished whereas the response of PGF,, was un-
affected In nomknally calclum-frec solution both
the spontancous activity as well as the responses to
PGF ,, ot PE were abolished

and local hormones such
Both adrenergc nerves be of

1nvs (PG$) have been clarmed to

:srut:ml importance m the regulation of ovaductal

Act sl Scamd 107

whibats spontancous controctiie actinwy @27
versible and  concentration-dependent "':
Morcover the imitial contractile pattera caa ¥
stored by the addition of small amounts of ,
Together these results suggest that mxyrﬂﬂ"
of crucil ymportance for pontancous "'“"3
the human oviduct in vitro Both PE s
elicit powerful excitatory respomses and e
fects are not reduced by InMclmdf@“":
tions that cause total inhibitton u{m‘ﬂw"‘;r
uvity These observativns demonstrate that
htbitory effects of indomethacin are rot mdof
in nature and that a-adrenoceptor mtdﬂlm f
trction is not mediated via an infloenct o
synthesis indicating that the sympatbeie
may utilize other paths in the activaton of he l‘r
cke cells This suggestion is xlrtni‘h‘“d&'
finding that after maximum contraction &
PGF,, a further increase in temuon
achieved by the additon of PE and vke \®
Nevertheless the excltatory actions of PGS ¥
a-adrenoceptor stimulation certamly Mo ¢
common final mechanism since both effects ¥
abolished in nominally calchm-free solution.

Thh invevigation wa wpported by grants from P“_'“f
Alce Wallenberg | oundation The Swed sh Meds
search Councll (2273) and The Gdteborg Medkal S5
Sweden.
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n the VIP-ergic innervation of the feline pylorus

EDIN J M LUNDBERG H AHLMAN A. DAHLSTROM
FAHRENKRUG, T HOKFELT and } KEWENTER

e of Nearobwology ead the Department of Surgery 111 Unsversity of Gocborg.
Hrstalogy Karokemka lesatoret, Stockholm, § cen. and the
Fuctoent of Chascal Chermesdry Brspetyerg Hospm! Copeohagen. Denmark

rouctve intestinal polypeptude (VIP), bolated  rograde direction In its fmal position inb fnfirson
o sequcaced by Sabd and Mutt (Sad % Mwit 1970, after the expeniments showed distrntnrtion to the
wl &k Swd 1974) kn been focalized by im-  fint part of the duodenum the pykorus and the
to perpheral neurons m var  stomuch VIP (kindly donated by Prof Viktor Mutt
¥ nerves (Liodbery et &l 1578) and orgams. 1.6 Karolinska Imifunet Stockhoim) was dhsoh ed m
the prrtromiesinal repon (Larson et ol 1976} =aline and given as ungle botus doves (003-1.3
eriermore VIP ba been Jocalized to sphmeier  nmol) s ba this catheter The VIP igections indaced
Pom {Alumets et al. 1979) and foand 1o relay 2 prompt gasric relaxation aad & marked Increme
"k the antral amooth munscle (Morpan et 1 1978) of the trampylork flow at all doses g en but only
»d the cardr sphincier (Rattan et & 1977) In 1n %0% of the experiment with the krmest dote
Sdion, VIP can be released from the gut by (003 nmol) The effects lasted aboet 10-15 mun and
lectnca! stumalation of the vagal perves in the prg 4-3 mln respectively (Fg. 1)
Fabmenkrwgetal 1978 )
Hwms iso recemtly demoastrated that close 1.a had characterntie d stribution attern. VIP km
s of thrs peptde caosed & gastric relaxaton muporeaclive nerve celk were observed In moder
=d a0 icrewsed blood flow to the stomach (Ek Me nuembers m the oiyenteric and bigh numbers
wad et o 1573, » respoerse umiar (o the vagally m the submucous plexus, Numeroos VIP bmmene-
Maced effect at high threshokd simulston reactive fibres were seen in the lamina
Martrrssom 1963) Together these find gy strong in the circular smooth muscie layer (Fig. ) and i
:wwmmwpmybemornh:mm‘_ the myenteric plexus.
u:l*;ll:rnwwmummum Fahrenkrug I the stomach VIPdmaumoreactive nerve cells
) The purpose of the present stndy wa  were obaerved both | the myenteric plexus (fewer
0 demmomtnate VIP-erpc neurom w hen the felme than i pylorurs) and fn the sobrmicous plexas (s |
Pl by immooohustochemistry and to further Pyloma) In the corpur-antram the -
iy the crrcubar may-
ke wmuttaneous effects on gatnc and ckhyummh:dnmt&mdmnﬂnorkd
m::;ny-rznvxp-nwn tocal perve fibres the lamina propria mocosac a demse
rThe eomunohtochemeal studees were per
Mhdﬁamnnmﬂy({mwfmm
(E‘“ﬂ Al 19795). vamg VIP antiserum 6035
ol 1977 1978 ) Gesinc motilay mainty m
¥ tudicd by vokmme recordmys of  flaced e mmh T plens aad. the circutar
[T ric balloon at constaet mtrakeminal prevsure 19795y, F yer of the pylorus (Edi e al
(Martinvion 1%65) Pylonc motilty was recorded a simrdation camed 3 e £ well as vegu
%duwwhdwym which were Me;mmmbu effects
:""aj_fzu‘:wﬂwﬂ(muulmys by mloxone (Edin et af
ither sex un chioralose amestberia  cireqter
WWmMAmwmmm wh:mkhmu.dmmhmm
CHbeter (I mm) way hntroduced akong the greater keptatn nerves,

o s the two
,f"'ed&e tmvhdu-plcukmayhm pyh-icrth‘:ﬂou llhlﬂ:r?h(lb -
note that, in

Ak Plrvied ¢ oud 107
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'SKI J F H73 The inhibeory effect of vino-  RATTAN S SAID . [ & GOYAL, R k. 1977
e imgumal polypcpude on the muechenical iad Effect of vavoactve hasesnnd polypeptade (VIP) on the
FHernaal actrvity of canise antral smooth mwsclke ) low er esophageat sphincicr prevsore (LESP). Proc Soc
Eriymd 22 514w Expd Biol Med 139 9043
TV &SAID 8 | M Stnxctore of the porcrse SATD S 1 & MUTT V 190 Polypeptmde 1th brosd
moucirve iyl oclacon pepiakt Exrop 1 Bio- rolopeal activiy- Holation from small icytme. Scr
frhem O: 9159 e NY &1 17 1218
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186 R Edin et af
Arterial

biood pressure
fom Hg

150

THne In min

VfP
4

Fig I Recordings of intranrterial blood pressure gastrk
modlity and transpylaric flow In the cat ati.a bolus injec
tion of VIP (1.3 nmol) Note the long-Iasting retaxation of
the stomsach (1013 min) and the more shortdasting dilata
tion of the pylorus (4-3 min)

agreement with the results of Eklund et al (1979)
the VIP induced receptive relaxation has a very
long duration whereas the pyloric relaxation seen
mn this study was more short lasting 1t seems there
fore possible that neuropeptides may play impor
tant roles In the regulation of the pylorc sphincter
tonus

The technfcal assistance of Mrs Waldtraut Hiort and Mrs
Hamict A s gr y ged Thus study
was supported by the Swedish Medical Research Council
(grants nos 17X S220 04X 1887 04X 2207 and 04P4173)

by the Medical Faculty Umiversity of Gdteborg Gdte

borgs Ldkaresaliskap and Harald och Grets Jeamisons
Stficlee Sweden
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3to 2 coupling of the Na-K pump responsible
r the transepithelial Na transport in frog skin

sclosed by the effect of Ba

JBERT NIELSEN

i of Bolopcal Cherariiry A, Aog krogh | et Copendarpen Demmark

tonkng 10 the Imo-membrane hypothess
ocfoed-Johnsen & Ussing 1958) one wodMd e
“Ua mcrene m e K permeatrllty of the out
d facing membrace (o result bn &n active out
wd troxsport of K (Fag. 4) Polyene antiboticy
Tease the permeablity of cell membranes for K
dother ioas (De KNl & Demet 1974) Addition
Poiyene enibaotes (s mou amphotericin B) to
outude bathang solution of the nolated frog k n
1= fact resait i an actrve outward tramport of
(Nehen 1971 Noclsen 1972) In a recent pape
hien 1979) u n shown that the Rpm-mdoced
reomtaard K tramsport 11 coupted 1 the active
AN tramyport and the data suggest that the
kg ™o between the act ve tranteprihelul
wd K transport 13 | S (3Na/2K) If the act ve
! larport acros the olated frog sk s carried

N Lt
»
k]
1
Ead L ”
a
T ESrief by on the
haied acTovy
h.‘:‘wummmm (5 M) s dded to
adewt —— Bhort-orcet curren

out by a Na-k pump with a coupling ratio of 1.5
then the mbdibon of & component which completely
mhibits the pastve K current across the bnwand
facing membome should | the atwence of fillpin
iitrally sesalt #n 66 6°F Inh bition of the hont<ir
cut current (SCC) (see bedow)

The experiments were performed on male and
female frogs (R ma 1 mporana) o described previ-
oasly (Nielsen 1977) The epitheta were dnsected
from collagenase treated shins (Johnsen & Niclsen
IWE)nrdrwumcdhwlchnnﬂxn(lm07
') and bathed i sizred Rieger s sohation (Nx
HS K 23Ca' 1 Mg 1 O 1" Cco,. s
PO™ 1 glucose SmM pH 783

Addlon of 3 mM Ba 1o the invide bothing
solwonllBS)mnhcdh-nhhMlmoflheSCC
uuin-nhtru\chlhclrurwpdbtlhlrhhume
(Fig. 1) Abowt 3 min afier the addrtlon of Ba
the SCC started to recover and tbe reshiance
siwted 10 decrease The recovery phase was com.
picted %0-50 mm after the adduion of Ba The
mwammammmemy In
lheprmn(mtronlylhhllﬂcﬂmnfﬂa will
be drcy sed When Ba s added 10 the IBS of
Mhidembdnvnmmmhm“h
whole sk (FIg. 2) but the Inblbwtion 13 fuster
because the thiknes of the umstined liyer on

Uxmadehsbcrnrcdwcdbyrwmﬂofmem
neciive th ue

A maxzmum inhibition
reached  Addtion of By (5 @M) to the Ipg a

A b P s A (47






ctronentraldy in the cells the pet N flux acron
ours ard factng membane b o be reduced by
awent of K which s pumped into the cells. If
coupling rawo for the Na-K pump b 1.5 a
opiete blockmg of the K flux viathe K charme]
Fimymlly resuk b a 66 6% intubition of the SCC
wreafter the SCC will change gprobably becmre
1 peesence of By camses secondary increase m
- K permeataiity of the membranes as show in
rhec mascle (Hermameyer & Sperelakls 1970)
w obseryations that maxdmum Ba  -nduced -
| mbsbstion of the SCC 18 pot sigrdicantly diTer
1o 66 65 (Frg 3) supports the idea 1hat the
wepaheind Na - (ramsport in frog akin ks camied
by 3 Ra-K pomp wrth x coupling rato of 1.5 In
meerial cells (swch a erythrocytes, moscle
dwerve) it o genenally accepted that the coupling
00 for the Na-K pomp 1 1.5 (Thomas 1977)

-FERENCES

KRUUFF B & DEMEL, R A. 1974 Polyews ao-
oot -Arol mrieractions tn meerabrances of wchole-

Irogesec mechanran m frog oaronas mescles
b Pigen Arch Ges Piymol 1031 #5

C wpled Naand A tra port 191

HERMSMEYER, h & SPERLCLAKIS, N 1970, De-
crense In h conducteace and of frog
candoc awncle prodoced by Ba Am ) Physiol
19- 11081114

JOHNSEN A H & NIELSEN R 1978 Effect of the
anthirretc bornome arpinine vasosocm, theophy loe
fiipen and ATIET on €y clec AMP In holuted frog skin
cpethetum (Rane fempormria). Acta Phytlol Scaad
ok 23129

KOEFOLDJOHNSEN V¥ & USSING H H 1958 The
aature of the frog kim potendal Acta Piryunl Scand
42298300,

NAGEL. % BT Ba  decrexsas C, fa frog shan. Fed

Proc J7

NIELSEN R 1971 Effect of semphotericn B on the frog
sk stro E xdomcs for outward  acthve potassm
mamport acrom the epitheium. Acta Mhyadol Scand
3 106-114

NlE.LTF)I R. 172 Thtdk\:lu(rdywndmuc\m

the sidovtcrone mduced changer b sodum

Kmmmhoudﬁqﬁh.l&nﬂmlll

NIELSEN R 1977 Effect of the polyene stibrotic (e
o the permestaiay of the breard- snd the outw xrd-Ga
fog membrane of the rolsted frog sk Acta Physol
Scand 99 195411

NIELSEN R. 197 Cowpled trameprihelal N and K
trassport

merve and wuncle cefts Phyuol Rev 52, 561594

Alsa PUT 3 ed M7



190 R Nielsen

b
ot @
- i
[
")
”_\ /
4
10
° £ v
° 1 2 3 4 1 »
L

Fig 2 Effectof Ba  on the short-clrcuit current across an isolated epithelam

concentration which gave maximum inhibition re  membrane of the cpithelum followed by &
suited in n 650+19% (n#=10) inhibition of the extrusion ocross the jnward facing N
SCC this inhibiton 15 not significantly different  the Na-K pump If the acthe Na transpent 8¢
from 66 6% Bn  has been shown toreduce the K rled out bynNn-l\pumpwhhnv:CNT'“""""e
conductance in frog heart (Hermsmeyer & Spere 13 then accordmg to this moddl (Fi oid
lakis 1970) in frog muscle (Henderson 1974) andin  SCC across the inward facing mcmhﬂ"'“w
frog skin (Nagel 1978 Nielsen 1979) by k ronsandj by Na fons Additron of s
According to the two-membrane hypothesis nent(Ba ) which completely Hocks the b .
(Kocfoed-Johnsen & Ussing 1958) the active Na would abolsh the k. current via the "h"’\t‘
transport acroas the isolated frog skin occura in two  the k. which Is pumped into the cefl v b
ateps passive diffusion ocross the outward facing  pump cannot feave the celis In oner

g. - -t !
¥
i' 384
¥ e - ®©
" |
) Tad ‘
reduction of the thort-cireult e [

Fig 3 Maxdmam Pt 2 et of B Vidue
Flg 4 The twormembrane bypotbests. P Na-X 1!

current eticlied by various
af the curve are number of
are the mean £ S E. (igures with a cowpling ratio of |3 SNaD®
cxpls. J& -
N -
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hloride transport by self exchange and by KCl salt
fffusion in gramicidin treated human red hlood cells

BEXT CASS ant MADS DALMARK

martment of Bophyscs, Uthreriaty of Copenhegen Pramca Invixnte pnd the Departomnt of Medscine M

ederksbery Houeal Deoerk

CASS, A. & DALMARK M
diffuson in

Chioride tramsport by sefcachange and by KO s

Ioweaan red blood ceftv. Acts Phynol Scand 1979 107 193~

ramcidta-trexted
3 Reochred 10 Jan. 197 IS5N 60018772 Departnat of Blophypikcy  Undveruty of
Pewumn (outiote Department

Copeakagen,
Dewmark

swd the

of Medhewe M Fredenksberg Howpatal

The permeaiority of promscde-treated b red blood ce membranes o K and C” kan
destribution

been msasured st moroal ook strength (1) by tracer exchangs of
“lt

with mcresung Sracicades conceatration. At high
pactxuin concentraions (0°C pH 7.2) the  chioride coetlicient™ cakubited
from (racet exchinge (19 107 cas) wis 290 thows the chioride coetTiclent

chionde condwctiece of 42 10 ohex e The

cakcnlated from met salt tremport (065 107 cnfs) The hiter vahus comymponds to
chloride

crlbs ary aroom sedectres o the serse that enow

1 Htenh gt 25°C (pH 6.0) mdecating vadue of ) fo (be O [t appears Tl novmel red
exceeds cation

ordery of xgustude fruter tuaa 0008 traewport by xakt edfiraon.
Kew onds Chlonde transport red blood ctih graumicikdm

4 mpgested by Warburg (1922) and Van Slyke
T (1923) that the hwman red blood ce1l 13 sckec
mmpﬂmﬂb‘nmlﬁ:ml}rﬁn@npﬂ
Teabdty exceats caton permenbaby by orders of

change The hanter ahtermative s favoured by the
charcteriatics of chiorde seif-exchangs which
l?mmfmwnuffxﬂhuddﬁmh(mby
Dalmask 1576). The low electrical membrane con-
ductance refative to the chioride tracer exchange in
the red cell of the giant salamander Amphluma, fs
consntent wih thls view (Livwen eval (974 1978)
The cation permealty of red cell membraces i
by sddilion, of varkous omoghores. In

these moddfied exlls the restriction
bmmummmuwmp*““






Chloride tramsport in erythrocytes 195

?\:ﬂn

T
a Lo
‘ Lf_ 3 i

1 The pHshats of  Jow soulc streagth wedsmca Sollowmg wowenon of red ceth n the mediom aad, hiter on, after
trm of gramicde 10 the cel (Fg 1) axd of low loaic treagth oeda
g sespcenon of red cefls o the maedaa (beratocriz .01 v/v) s functions of the pHs bn the metha pror to the
o of the cells I bience (@) of b presence (O) of gramicidn (10~ &) (Fig [4). Thecxlimere washed im salt
trm (190 mM KQL 27 oM sxcrom) and triraed 10 pH 6 6 (32°C) before the cells were suspended i the kow

TMmed citeer () by covometrc turshon (CMT It is generally believed that anioos Re chioride
zmmmy: nndhydm;yibmnphﬂyrnchlbcfmdymk
e dacnbraton, o =C1 between ell waser equilbrum The distnbation of chlorkde across the
:Thpm::::mnmceu,mm: nireated membrane determines the pH of an -
e (Radiorsrter  baffered KCI solition because the cellutar pH ks
c_:: constant owmg to the high buffer capacity of
Uit m nodmo ed the disinbation of *K
T - was do.  DemORichin. Fig. 1 shows the ackification of a
et by facon phoavesetry s costometnc tergtion, ¥ 1081 strengih medium follrwiog suspension of
* $quetion of the permeabully conffiont onployed m 16d ¢¢lls | the medim Subsequent addimion of
! ramapert n‘lnﬂdd.hhlh:&ﬂﬂl‘pﬂnbumdtplihlh:

Epwd membranes (Myen &
potassium diffnlon potenthay
ftdt!ﬂ:dtlﬂmulhecﬂ:ﬂ'ﬂ’mhuofm
7013 the cell memixamas in the

od witer st mormal fome ureagth The omton employed experimental sh-

Fug. lblﬁ'ﬂeddrdu)dmmwmmg.:uh
thon of the medhim &3 fonction of the pH peior
ool cells were suspended n i unbuftered low
et of gremicudtin o ebectivury mmmmmhmm,d

thin
Haydon 1972). The
b gramicidin-treated

unpended i fow losic strength

= at nextrad pH (Davacn 1999 Wilbeandt 194
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194 A Cassand M Daimark
(1) an anion exchange or (2) a net anion transport
accompanied by cations (net salt transport) in the
presence of n concentration gradient The effect of
1onophores on net salt transport has been \nter
preted as if the anfon transport by salt diffusion was
much slower than anion transport by self-exchange
(Hams & Pressman 1967 Scarpaetal 1970 Toste-
ron ct ol 1973 Wieth et al 1973 Hunter 1977
Parker et al [977 Knaufet 2l 1977) Estmmates of
the chlonde permeability coefficient were obtained
by using the Nerst Planck formalism with the
Gold field ptron of by Nux ratlo
measurements The absence of an inhibrtory action
of the wnophores on chioride exchange was not
directly disproved

We used an jonophore gramicidin to increase
the cation permenbility Gramicldin is a linear
polypeptide antibiotic of molecular welght ¢ 1880
isolated from Bacillus brevis (Sarges & Withop
1965) Gramicidin contarrs many nompolar side
chams and no jonozable groups as both the Cand N
termunals are blocked Gramicidin forms channels
consisting of gramicidin dimers through thin Upkd
membranes The chanrels fnclude monovalent cat
lons and exclude antons like chlorkde and divalent
cations (Myers & Haydon 1972) Reviews on
gramicidin have been presented by Haydon &
Hiladky (1972) Hladky (1974} and Bamberg et al
asTn

We demonstrate that gramecidin turns the human
red blood cell into a highly cation selective mem
brane with an unaltered chlonde sclf-exchange
which at ncutrn! pH is orders of magmtude faster
than the KCI diffusion  The calculation of permes-
bility coefficients from net salt transport was
simplified because the expermment was designed a3
u special casc of the Nemnst Planck diffusion re
glme ic the single salt diffusion case The term of
the electrical driving force is eliminated in the equa-
tron of the permeability cocflictent In this experi-
mental situation Some of the results have been
ted previously (Cass & Dalmark 1974)

METHODS AND CALCULATIONS
tzed human red blood cefls were

ture in order to Ipcrease the cabot perpcabainy W
temperature were stried eat o
was ackded 10 the cell sepexdon, () bow mez
experiments were camied oot with el ocabaicd
gramicidin at room temperatore for balf e bose '
eperiments were started Only bsigrdicat vt
potasyiam exchange was obsereed i mhew
wahes of the (b)-cells in prasyckin-free L visr
Jow temperature The pramicklin-reated cels vot &
ed to pH 7 (°C) and resurpended In a s w34
(150 mM hCl 7 mM sucrosc). The drbunn
KCI between cell water and medinn wi why P
these cood)tiom (Dabmark, 19755) Gramcidn i

h 15 wert ko™
Soligen Mknmr;;:;mr'mnd\w

tained appr 1 min after an acud or base
(2) The exchange experimests et
mm&wmhum:m
sabsequently by st
by raped e €8¢
Yinctics of poress
cloeed tu o-com®

equibbrium value The
e mw‘:‘;mhdm-rh‘iﬁ’:t
are the specafic phogron

equilibrinm flux (nflux=eflux) %28 Cakturl ¥

equation

Vo (mmol/3x 10% celts min) =k x{Cll, x4 XF
oo B

where L is the rate coefTicient of aceT i
QI is tho ceﬂuhrchloridccotmﬂnﬂhﬂlm
water) |} b!hecenulm'mlrrmnecm(gmﬂ’
20ix) wnd F ha the dimension kg ceft .
cells (Dalmerk [9754) The Ix100 cefls N:'cch
'muﬂmm'(mwd:rlmmucmwl”:w
at an fork atrength of 0,13 (Finder & Wth

(3) The n ¢ salt remsport experime "‘“;‘a.d
with cella pretreated expctly as the cefly of #¢ €0
expts The expts were inhlakted by ]
10 a hematoceit of 0.5 fn a salt sofution () ?m“
Ie Mmluﬂmﬂmdmﬂmn&'#'
across the cell membrane st the beginfing A
and Lhtcdhhepnl.auhwulm

pH 68 25°0) Jf‘d
; The bufly cost was removed
of the gramicidin effect (cf

meamdunl o {a—tn afl experiments—
gm)mmdmm“ﬂmmwﬂ-h%m
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time of sampling the cells were scparsicd froe
pendmy medimm with a0 amownt of trapped €1
fleid of % (w/w) by oltrafilteation The

content was meawirel by dryleg packed cefls 10 €0
weight (105°C 4 h) The ceifular content of ¢k
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aeperson of ved ccll n e el aod Batey on. after

of tow iomic strexgth media

Fig
uﬂm-aolva)nmdm-pu  the medo prior 10 the

The cels ware winbed In - 13X
.-lvu-um-ah-nb-u(.)arupnm(onlpuﬁddn(m"m)m;lb\.
‘h—lm-\llllz?numyummwpuesomm&@mwwx:;
2 srapth med (4 £\ KCL 302 ol mcrose) av YT mpﬂdmtuwmdum-mdm

- - befors the cells werw

.

“sermand citur () by comometnc tarstion (CMT
*lecke Rackomacter Dewnack

£ M tqaton of the permeababty codfficient toployed
711 owaport expernents 1 derrved 1 Rasuks.

Eonmy

"M vty wil be presented fn 4 sections. The first
txtiom dercnbes the effect of gremcdm on tome
flestivay of the red cell membeane at low ok
ATEagTh, The sccond and thard section contain ex
Perimcatal data oo { ) pokasshum aed chiorde self
Pcrge sd (6) et traosport of potassium
(H"'chdwnuunumlmcmm
A 1Clom containg am emadysis of the bet transport
Wnﬂmumdl}:cﬁh&m
ety cocfficunt

+A runkd wcidtication of the medmn occurs when
[ ol red ell e suspeseied 0 bow st mrengeh
3 P ! nevtral pH (Davion 1999 WiTbradt 1940

It ks generally believed that amons fke chioride
and hydroxyl loos rapidly reach thermodynamic
equilibrium  The dhtribution of chiorkde across the
ntrested membrane determines the pH of an -
buffered KC solution beease the celialar pH
comtant owing to the bigh tuffer capscity of
bemogiobin Fig. 1 whows the acklification of
brw yomic uirength mediom following suspervsion of
red celts m the mediim Sulmequent addition o
grumicida 10 tho cell saspenivion shifta the pH in the

Fig. 1b (flied circies) demonstrates the mcidificn-
thon of the mediom a3 & function of the pH prior to
Bormsl cells were suspended in aa unbufTered low
vouie strength mediunn: the change b pH incresscd
with tho pH Inidally present in the mednm. No
change in pH was observed at an inithal pH of 4.6.
This pH value was prediciable from the chiorde
dntribotion across the cell membranes the activity

Act Plermed Scund 47
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fig 2 Tho Arrhenlus plot showing the rate conatant &
(mlo ) of protos flux across the red cell membranc after

sddition of gramicidin (10~ g/T) to cells suspended in an
unbuffered low Jonk strength medium (hematocrit 001

bality fs fncrensed relative to chioride perme s
in the pH range from five to nme in the prveszd
gramicidin  The gramicidin molecwle contens ©
fonizable groups as both the C and N krmah et
blocked (Sarges & Witkop 1965) & oo
modified artificial Iipid biliyen are ngh o
selective even at bow pH (Myers & Haydn /7
Formation of cation permeabie chazach 81
complicated process wmce gameiba b i
soluble both In water and {n lpwds and furtherst
the cation permeable untt is belicved tobe2d v
(reviewed ¢ g Hladky 1974) Fig. ? domorse
the high tempernture senstivity of the format
cotion selective membranes follow g akdine
gramicidim to the auspendmg medum Fg 2%
Arthenius plot of the rate constant of e 17
flux initiated by additton of gramicidie 001 W
sion of red cells Inununbuﬂ'cn:dlm"iﬂ\'*““"r
medium The mic constant was detersix) b
the slope of o plot of In (AH,/AHw) % nm‘k:,
Al AH,, are the cumulative protoa
the time ¢ and ot the new steady sate B0
in medium pH was observed a1 U within X7
1 h after addition of gramicidm. This tempea™
sensitivity demanded that the celly had to e o

v/v) us a function of the reciprocal absolute

Ck) The cells were washed In a salt solution (150 mM
KC1 27 mM wucrosc) and titrated to pH 6.8 (25°C) befare
the cells were suspended In the low jonke strength medium
(] mM KC1 302 mM sucrose peutral pH) The relation-
ship betweenlnk (¥} vs 107K (Y) was described by the
equation Y=-=1271+42) r=-099 The Arrhenrus
activation encrgy of proton flux followlng addltion of
gramicidin was 105 kJ/moke (25 keal/mole)

coefTicients of chforide and the Intracellular pH of
6 6 at J8°C  The sclectivity of the membrancs dis-
appeared at pH above nine A large Increase in
catlon permenbility has  previously been de
monstrated as an effect of a high pH in the suspend
ing medium (Passow 1964 LaCelle & Rothstein
wfﬂdiuon of gramicklin alters the cell membrane
10 & highly catfon permeable membrane as demon-
atrated by the upper curve (open circies) in Fig
16 apH shift was measured of & similar sfze but of
an opposite sfgn &% that obscrved with an anfon
selective membrane under fdentical conditions cx
drsg nce of sekectivi
cept for grmickdin The disappears o
4y sbove pH nine was also obrerved wilh &

treated cells
dlnl:‘u 15 demonstrates that the potaysium permnea

Acte Phssod Scand 17

t
with grmicklin at room rmmt‘“:’,
cells were employed [n low tempensd
ments (¢l Methods)

Effect of gramicidin on potassikm and
chlorlde exchange

tancously at 0°C using a simple Miftratick A'“.I
(Dalmark & Wicth 197) The chlaride €405
normal cells has been studsed evtemnelf p
tempernture (Dalmark & Wieth 1970 G2 ©
1973 Dalmark 1975a) Fig 3shows the B2
gramicidin on potassium and chionde €
The half time of potassium exchange et
drastically with gramicidin concentralon (c:\"
in contrast to on unalicred half-tmne of o
exchange (Mg 3b) The half-time of potast -
change in normal cells in 39 day» under
conditions (Dalmark 19756) but the hat47%
decreased 0 1 3 in the presence of $0aM "‘:ﬁ
din The slope of the line (Flg Ja) I8 sty
the expected slope of two for a dimer ¢
However the relationship between 1 ©
tance of artificial bilayers and the gramicd®t
centration also demonstrates a skope of les*

'y

o
A
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' 0 o
| ot
- l
] o ot o o
AN COMCENTRTION g/
it 3 The effect of grawmcxdin on poteruum exchange (P 3 ) xad on chioride
Ochange (Fy. I4) & » matio of potartion

Mmdm-ﬁmdm(pﬂ7*m The
of O medoon (M) 190 KO 17 socross.

Hops of
ucirrae

Patirvay ed

' 13 Brearty related to chioride
,Wkthlh'lmmmh“ymﬂba
PPeTiRponed the chiorids

compoultion
The mes were drawn by eye () with

13 (Fig 3 ), and (b) with sope of zero (Fig. 35). Anerning that the

Smﬂundm;:studkswvanfwm.:u‘c
upHubcclnselhedccmullddnrpmﬂ:e
nmullnhrbuﬂmhmnﬂﬂspHndlﬂnpcn-
ture Mmhmcﬂllhllw
tme of 2ppr 0.2 3 (Tosteson 1959 Bnhm 1977)
w:mummmmmuumm

tique that chlonds tracer was Botops: equibibrivm
within 2 ¢ the gramick

increased drast,

althongh exchange y
€ 25°C a3 & 0°C (Fig. 3a)

Effect of gromicidia on Ret potasshem
chloride transport

The cefls of the exchange experiments were say.
pendedhl&ﬂmllkﬂpinﬂmhmmnp}i
68 QYC) or at pH 72 (©'0). The potassimm
chlonde

port of salt took

The cells of the following pet sa
»OT pretrexted with gramycidin :mpa-xwﬁm;
Mm%hlﬁmﬂxum
e ape celt began 1o take op potasstizm chiorige
md'mhdzmdnmmﬂﬂ"
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plouhcwi\lunmccomunt I
#1013 the red cell membrane after

£1g 2 The Arthenfus
(min ) of proton flux

'.hecell.-wenwlpendedhlbebw ke atrength

(I mM KQl 302 mM sucrose Dam‘:lnp}{) 'l'berl::‘ligc:I
lbiphcrweculul,(}’)v- ID’/'K(X)mdtlcrfbedhylhc
cquation  Ye-12.74 +42.3 ==099 The Arrheniur
activation energy of proton flux following addHion of
wmﬂcldlnmlosk.l/mol:mkuljmok)

coeflicients of chloride and the Intracellutar pH of
66 at I8°C The selectvity of the membrmnes dis
appeared at pH above nine A Iarge Icrease in
cation permeability has previously been  de-
monstrated as an effect of a high pH jn the suspend
ing medium (Passow 1964 LaCelle & Rothatein
1966}

Additron of gramickdin alters the cell membrane
to a highly cation permeable membrane as demon
strated by the upper curve (open cirches) in Fig.
15 a pH-shift was measured of a similar size but of
an opposite sign as that °b”'“’d, w"h,“" ation
selective under id cond ex
cept for gmmicidm The disappearance of selectivi
ty above pH nine wes alio obterved with gramic-

din-treated cells jum permea-

bility is increased relatnve to chionde peraes

in the pH range from five to nine m the e d
gramicidin, The gramicrdm mokcuk coourm =
fonizable groups as both the € and N ks =
blocked (Sarges & Witkop 1965) and gorn
modified artdficlal bpid bilayers ace bbly e
selective even at bow pH (Myers & Hndoa 5

Formation of cation permesbde chameh 33

complicated process smee pamats s 4
soluble both m water and in kit and, e
the cation permeable umit h bebered tobead
(reviewed e g. Hiadky 1974) Fig. * demrems
the high tempernture sensitivity of the forsate
cation selective membranes folloniag skiter
gramicidin to the suspending medum. Fig. 187
Arrhenius plot of the rate constant of te ™
flux inftiated by addinion of gamicidn 01 A¥e
sion of red cells i an unbuffered Jow ek st
medium The rate constant was determmod ke
the slope of a plot of In (A/f /Al w) Vs m“:
AH  Alfy are the cumulative proton trr
the time ¢ and at the new steady state Mo d=”
in medium pH was observed at 0°C shia 57
1 h after addition of grmicklin This tempt=™
sensitivity demanded that meeelhhndnk'h:
with gr at room temp bekrs
cells were employed in low temperaturt €5
ments (cf Methods)

1,

Effect of gramickiin on potassixm and
chloride exchange &
The potassium and chloride exch ""‘f;
human red cell membrarne can be '-"d“"‘“d*“
tancoutly at 0°C using a smmple filatxn &2
(Dalmark & Wieth 1972) The chiorile extTe’
vormal cells has been studied extensively
tempernture (Dalmark & Wieth 1970 Goe2 &
1973 Dalmark 1975a) Fig 3 shows the ™
gramickdin on potassium and chionde xR
The half time of potassium excharge &¥%
drostically with gramickdin concentration (F¥

in contmat 10 an unaltered half tme "‘d':‘
exchange (Fig 35) The half time of potasyo®
change in normal cells in 15 days andef w;
conditions (Dalmark 19755) but the half e
decreased o | Ihlhtprﬂcnccnf’o)‘“pm;;
din The slope of the line (Fig 3a) Is ymalk?
the expected slope of two for a dmm
However the relationship between the cond
tance of artificial bilayers and the gramenst @
50 demonstrates a stope of kst &7

Fig 15 ¢ that the 1
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Chloride tramsport in ervthrocries

————
e ©
rhop
- l
- o L » ° o =
CPACIIN COMCENTRTION 4/

Fi eftect of umx_mhuewu\udu:m
g 3 The rema Riwigh

L]
Chionde betwern cell water mad pediorn of enfty (RH 7.2, 0°C) Tbe compodtion
of the mednem (m3D) 150 KQ 27 socromw The Imes were derwn by eye { ) with
dope of |3 (Fg 3 ) and (b) with  slope of rero (Fig. 35). Amaneag that the
L ) ddfference ressonmble

u cquml W e
be

potetmd
the et dratribwtion Mo of wolty 1

fsacondy) The

in vew of
cocfficient™ (P) B given

“rracer
by O cqoetam P (cow ) 0 107*34| where | r the hail-tiove of mcer
praxscikhn

/0 probably because a troc partition equihbrium
" Iwen medom and wembrene can pever be
#Mamlmmnu

Oraricitio had mo ibMbwory effect on chiorkde
aags a1 phiysiclope jonac strength as tho balf
J"“ﬂuﬁmhmmudepwdnndme
| sl concentration (Pig. 35).
,J::’u“‘/dﬂ*mmm:hnnd:wnchm

€ be teted by meawmng the chioride
" xpelabrrn T vi. chiloride coocentrabon. ASSom-

’&ndtﬂu'khlmwonm‘hﬂmu{
e with
?arr. ey chioride exchange

axchangs
wzs added 10 The celhd 1 oo wnpeninye (cf Methody)

Similar cxchangs stodics were performed at L$C
a2 pH 6.8 beoanse the electrical et charge on the
mtracellular buffers b ze7o at this pH and tenrpera-
ture Chioride exchangt In pormal celts bas & halfl
time of appr 0. 3 (Tosteson 1959 Brahm 1977)
We demonstrated with our mamm] flrstion tech-

the
ahthough potassium exchange increased dratically
at 35°C as at O°C (Fig. Ya)

Effect of gramicidin om met potassium
chlonde trarsport

The cells of the exchange experiments were -
pended m 150 M KCY plos 77 ma wph
68 QTC) or sl pR 72 {0C) The potsasium
chioride distribution ratio between the concentra
tioas 1 ¢ell water and mediom was vnity umder
these conditions (Dalmark 19755) and no net trans-
port of ralt took place.

The cel3 of the folowing net ah transport expts
wero pretreated with granucidin as described In
Mecthods sd rewnpended in 165 mM KC1 where
wpon the Cells began 10 take op potasskim chiorkie
ad waler in the presence of - concentration differ

Acw Pirmol Scomd HT
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CHLORIDE EQUILIBRIUM FLUX (mmoy3x10°CELLS MIN)

o 00

300 800

CHLORIDE CONCENTRATION (mmoj/)

Ag 4 mdemnaachmmmummmxmmmﬂmm(pnumhgmmw
gramicidin (10 /1) compared with chlockde exchange in normal cells (~) taken from Daimard (1

concentration of sak was ahtered by the nystatin technique (Caws & Dalmark 1973) The e
(mM) 50-500 KCI 27 suctore The distribution ratho of KCl betwcen cell water snd medim

treated with gramickd (of Method

at room

ence of 15 mM Kl across the cell membrane Fig
5 shows simultancous values of the celiular potas

sium and chloride content in a net transport ex

penment One observes that the cells took up
potassium chloride Fig 6a shows the cellular wa-
ter content as a function of time after addition of
gramicidint in a net transport experiment Fig 66
shows the cellular water content as a function of the
sum of celtular potassium and chlonde content. The
transported fluid was slightly hyperosmotic as 2 64
g water was transpofted concomitantly with one
mmo! ion against the expected 3 03 g water/mmol
jon for a solution of 165 mM KCl The imperfect
osmotic behaviour of red ceils has been described

under vanous experimental conditions (Ponder

1948 Dalmark 1975k} A net uptake of potasshum

chloride acc panicd by a hyy fe water

transport was also demonstrated at °C (pH 7 )

Theoretical analvsls and the estimate
chiloride permeabiliry

lnfnlhn section we develop expressions for the net

ranspost of a uni-untvalent salt acTovs @ membrane

‘havlng u highly catton selectis ¢ region and a highly

rective region We imagne these two re-

Ammwl-‘f—“ﬂ

presexct £

Jectroty ¢ poltion oFE™
wrs ity Theodk

5 |

iwo
|

gm
3

g |
200 30
CELLIAR CHLOROL CONTENT tmmothe 855
the ot

Flg 5 The cellular content of potasdom & S
coatent of chlorhic in celts from onc Wt IRTRSL o
ment (I°C pH 6 8) mqrh-mrrb'w&’“G
ment cquilibrated with 8 salt sobution (10 ™M B0
mA suctose) and in another salt sakd?
mM KCl) The experiment was started Ml‘”‘m:“ﬁ
gramicidin (104 ¢/ and the cells ool up RO B
presence of a KCI concentration difTerence scrod. =5
membrane At the appropiste tmes the ocf
snatyzed for pota vhum chiorkde snd water
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CELULM POCERRI MO CAORCE CONTLAT
T

adr ary dewribed w lepead 10 Fig. 3 The follwing exmstion waa obtxined by regresdkon soatye of the celotar
™I comier, 7 v the som of (he calhular conteat of potaishers mad chioride X ¥ (kg waterfkg cell sobds)=0 00264X
= m, potruome or chionde/kg cell sohd1)+0 1963 =0.950.

001 10 he physically in the s in the branc, which we
#Dough (he expressions we obtam will be sonlar  neglect, and (2) the chionde permeabillty b wrf-
» thowe demrved from the Nermt Planck Oux equa-  fected by grmucidin.

003 rworing that the sons pass through a siogic Fig. 7 shows the suggested equivalent circult of
™ homogeneors regime. The reason for assoming  the membrane The batteries, £ of Eq Tepresent
" the reqioms in our red cell membrane are phyti-
sy seperaied 1 that we have crested the catlon
teciree region ertifically uaing gramicidin. We
461 1 desermme the permeability of the natnrally

Xeuring chlonde selectrve repon—of in any case

¢ demontirue whach fraction the chloride trams-

rt by dffsion constitites of the totad chloride

Peaport i grumicfin-treated bumen red cells

¥e 0010 alcolate net potastium chlorde fux o
Vi trough & mosake membrane coataining

i chanaeds in the presence of a poteasion

<}

P chloride xnd the potasatom sad chionde a

""“nnlreundqmeconﬂmmpbycd
T by
:‘“‘l O+ K =(CTy, o Py

Fig 7 The equaivalent corentt

/ T""Whm&yw.ummm bra0e of pracncat tresied g 1os poor £
e o blood cebi. The
et e PB4 PH valoe fe. where the clectical POt sod chioride oy, Ey aod Fon
e on hemoglobin is zero w':.-ﬁ.‘hmmd
, e that (1) the gramicudin-intoced e sapioes o -um’:i.b., the resistance of the

Pat The dependence of
s depicted by the acrow

Acte Pirymel Scamd 197
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Fig 8 The celtular content of chloride ay o function of
tone after sddition of varieus doses of gramicidin in 4 net
transport experiments (25°C pH 6.8) The experimental
condittons are described in begend to Fig 3 except for the

ndoses The drawn curves are paralicl at

the two

highest gramickhin doses indicating that chloride at high
gamlcikdm concentration i the rtc-limiting fon of the KC

fux

the potassium and chloride concentration cells
whilke R, or Rq repreaent the resistances of the
regrons through which the fons pass  The Ry, vories

with the granucidin content in the membrane

The current through either limb of the circuit may

be written

fh=g (En—En)
la=galE \—Ea}

Ca)

where [, of [ are the potassium or chlortde current
densitles in the inward direction g or g are the
cormesponding conductances per unit arca and £,
s the electrical membrone potentinl difference with

the outside solu
and chloride batteries are deflned by (cf (1))

EmRTI A NI A )
N RTLE) In (KCIAKCI)

- RTI.F)In((CD-HC\).-)
En':RTI_F)ln((I\ClL.I(hCIL)

where R b the universal £38

Acta PR el Scwnd 107

1on as a reference The potassium

30)

ab)

constant T is the

absolute temperature  the vakoce adFafn
day 5 comstant

Hence
Ex=—Eq -

At steady state of tramsport we hane e x0T
rent condition

Lot lamgulEy~Ea)+aciEa-La) &

and the membrane potential ddference ngnab

Eu=(n—galr/Er+ralk ©
At steady stote of transpolt the farues ot p°
by

M=M= =hJF=1 JF [

where My My and My are the fuses of 6
salt of potassium amd of chiaride <t 'ﬂ\:d
From(?a) (3a} (5b) and (60) w¢ obtza ¥
meutral salt

Vaa=(RTIFDangolen+e ) ¢
In((hCla/(RCTL)

*®
We expand the natural loganthm i;r d:f-“" .
potnssfum  chloride concentrat o
ARCl=(hCI~(RCI soting that SRCTY
Is much le<s than unity and we obtan

My 1= 2ARCI(FYRCILRTE ol

+(/HRCIJRTe

r
Defining the potassium ,\'::PH!J{) mﬂ'r;t"";\
and the chloride permeal ity cocflickent £ v

L\ =RTeJEHAClle and
Pa=RTg JI (KCNL we obtain from (6¢)

Uram P ARCINP +1 d=Paay MRCHE

whichis Fick s equation of single salt flu whet
P o b an openationally defined apparent )
bility cocfTicient of hCl equalta 7 PoltP +F
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¢ The permeabaidy cocfficest of potrssamn chio-
b Pac 81 5 kmcon of gramckim cooceatrabon
+ mypeshay medmn (pH 69 27C). The Pac is 3
mtwmally defined sppRrest cotfcwent of
3 dacrred Rzt for the et trmsport
Ghe e vak caffimcy case.

# The st ftux well Increxse with graemoxdin—as
permeabsty kecreasesr—to a finte
se which 13 determined by the chloride permes-
Wy L (§d) If expenmentally we have that
1B mch feys thona the mezsared P then Po will
Meverae the vahoe of Py and chloride will be the
dc-mang ion of salt flux. smce

=oAL +P /P ))H2P @

i ¢bave

‘

# P MR T2 P, AKC) @)
Fig 3 thows thet net potaasasm chiodide finx
eased with gramicxdin concentrabon to a fimte

od I contnat (o the

Chloride transport In erythrocy1es 20t

hﬂuﬂn;mArrt:m‘uuctMlbummdlm 40
kJ/mote (10 keal/mote)

DISCUSSION

The paper a marked y in
gramicidin-treated haman red Hood cells between
the chioride permeability coefT keulated
from (1) chlonide exchange and () net raht tnm-

je the single sah diffivion case [t bs unnceeswary
In this sruation 10 know the actoal membrne po-
tenthl difference as the term of the electrical driv-
g force s clmimied In the equation of the per
meatnlity coefficicnt The electrical mémbrane po-
tentisl difTerence and thercfore the clectrical driv
Ing force was sapposed to be zero in the exchange
study becante the drstribertion ruio of potasshm
chioride between cell water and mediom was unity
The chlonde permeability coefficient” calco-
latedd from tracer experiments M ankon equilibrivm
b 1910 cmfs (FC, pH 7.2) regardiens the
gramicdm concentraton (Flg. 36) This value bs
790 tienes the chlonde permeatility coefBicient cal-
culsted from net salt transport experknents at high
sranmickdin concentrations (0°C, pH 7.2) These ob-
wervapons demoastrate that the tlow chionde pet
tramsport compared 0 chiorkde exchange b not a
sramuckdin-induced decreass In the transport rate of
the chiorkle traaspoct ipparetrs whiich oly for the
ressom of chectroocoinainty bas to work lke »
chiorkle exchange mechanism ba pocmal cefly

Are these results oo chlonde tramport In

s fux (of Py | and P 3a) So the
“*Spermenty performed with a bagh gramucidin con-
Y Tataton flfiled the requrewsents of eg §

FIL 9 thows the cakondated Po, 88 & function of
T

comcentration. One observes that Py
> mtl &

ted cells valid bn fonmal cells? Quak-
intively 1t appears that chioride trassport by duff
4on also in pormal cells only makes up a srmll
fractson of the total chloride transport since (1) the
chencteristics of chlonde exchangs ks unalfected

Paltas where P, way hiv

charmels bave & chloride permeability

The
Fuzicide arenutive Py oH 68 25C) was
S AT emby 3D 29%10 =16, indhcatmy &

P a xigtemp,
A Pio wt O°C (pH 7.7}
; 13X onh S0 0IX10® =T Indioat

TP 0f 65102 cimfa. The Qs was app there

mucy 3 than expected from chioride
exchange The magnitude of this fraction b difficuty
10 wsiers wnce the exact value depends on the
selectivity of the gramicidin chammels. Myers &
Haydon (1972 noted that the

of chioride was 02 i gramickiin treated
Bllayens separatcd by ek pbpa
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membranes are very low conductance membranes
as calcium is almost totally cxcluded from the
lcidin chaneels C ly it is difficult to
exclude the possibility that the chlonde diffusion in
red cells increases with gramicidin concentration
However (1) the chlonde permeability coefTicient
1 independent of gramicidin concentration at high
gromictdin concentrations (Fig 8) and (2) the value
of the chlonde permenbility cocflicient presented
here agrees roughly with values obigined by inves-
tigators using valinomycin as cation transport in-
ducing substance (Hunter 1977 Knauf etal 1977)

Grumicidin has previcusly been used to invest
gate the chloride permeabllity in human red cells
under various conditions Qualitntively Scarpa et
al (1970) pointed out that the electrogenic chlonde
transport was much smaller than expected from
data on chlonde exchange given in the hiterature
Wieth Dalmark Gunn & Tosteson (1973) deter
mined a chlorde permeability coefliclent of
12x10~7 cm/s (25°C pH 68) from potassium
chloride net flux into n low fonkc strength medim in
the presence of gramicidin and phioretin a potent
Inhfbitor of chloride exchange This value I3 6 times
greater than the value presented here The differ
ence might be an effect of either the low ionic
strength which Is known to increase cation permea-
bility (LaCelle & Rothstein 1966) or the presence
of phloretin a aglycone of phlorizin which is known
to Incrense chioride permeabihity (kaplan & Passow
1974)

The chloride permeabdility cocefficient in unmod
ifted red cells can be determined by measuring the
clectnical conductance of the cell membrane as the
mensuring technique is Insensitive to a large efec
troneutrn! chioride transport by exchange How
ever impalement of the tiny cells with glass clec
trodes mvanably causes 8 keak around the ekectrode
bywh}chnmp:ddlschmnmsnfﬂrcmﬂnbmncm-
tenttal takes place This difficulty Is especlally pro-
rounced with the small human red cells (Lassen &
Sten-knudsen 968 Jay & Burton 1969) The prob-
lem with the rapkd discharging fas probably been
ented 18 the measurements of the mem-
um;"u,c;amcrcdbloodcdlonhc
that case resistances as him&ul‘lﬂ

ed (Hoffman o
"”:‘ﬁ“fm ctal 1974 1578)
be compared with a “chloride
~ of 4 ohmem calculated from chloride

exchange in the same type of cells

mn‘pdsmdrﬂ

circumy
brane tesi
Amphroma 1o
ohmem?® (18°C)

The chioride diffusion has a ke temyxmirt o
sitivity with an activabon energy o app. 28 %
(10 keal/mole) in contrast to chiands ewckegrs
an actvation energy of $-1% Rfmoke (3
kcal/mole) (Dalmark & Wieth 1972, B 1
The chioride exchange Is orders of mamink bt
than chloride duffusion with a beghly tempest =
dependent factor 2.9x10* (°C) 0.7XN (0
and 7x 10* (body temperature).

In conclusion lrtonpmlmgaw\'!\f“‘
(1922} Is still valud the red cefl membrane 8 K
tively anion permeable in the sence that A
meability exceeds cation Tee
membrane ks amon sckctrve welk l::‘;‘
13%10t (0°C pH 77w the passivé
permeability coefficient under ideatical cons™
(temperature pH cell and medium compour!
Sx10 " cms (Dalmark 1975H) The merl™™
selectivity lasts from 0°C to body \mﬂ"";
both chloride and potassum diffusios hu'
tempernture sensitivity The M“‘;
change fe the Hamburger shil h;w
coupled transport process where a0 oy
efflux are lmhed :ogclhcrutzri:mm
the anions and ps at
brane This i toansport by exchTEE wal
of magnitude faster than chionde transpot B
pendent migration

Mn 071
lmphdm:x;tmnyu.dcbudnﬂ\lﬂ A
Olwnfmhdvnhxdlccmhlw%
nmncdby-mnnrrmmwd‘hlkﬂ‘
Copenhagent Denmark

REFERENCES

BAMBERG E. ALPES H APELL
JANRO k KOLB H A LAUGER.F &G

-
E 1977 Studies on the gremkid 8

Biochemistry of membrane

Sciences (ed @ ‘cemenza and E. Carlot- f

Springer Verlag Berlin chaopt
BRAHM J 1977 Tt r,.jul!l

chlorkde franwport hinctics [n buman
Thysiat 70. 8%

CASS A & DALMARK M 1973 l:quﬁbﬂ‘;ﬁ
ofbminny:u(h—unltdrrdtcﬂ! Nature
47

CASS A & DALMARK M 1914 "‘“‘d:;
cation. In. The red bood cefl (e D M
p 662. Academic Pre New York

DALMARK M 975« Chloride tran port i bot
cells J Physiol (Lond ) 30" 39

DALMARK B 19735 Chiooade and water rerd™®
human red cells. § Physiol (L Sk



"2 A Cassand A1 Dalmart

membranes nre very low conductance membranes
as calcrum 13 almost totally excluded from the
gramicidin ch. Is Co ly 1t 13 difficult to
exclude the possibility that the chloride diffusion 1n
red cells increases with gramuctdin concentration
However (1) the chlonde permenbility coefficent
13 independent of gramicidin concentration at high
gramicadin concentrations (Fig. 8) and (°) the value
of the chlonde petmeability coefficient presented
here agrees roughly with values obtmined by inves
tigators usmg valmomyein as cation transport n
ducing substance (Hunter 1977 Rnauf et al 1977)

Gramicidin has previously been used to mvest
gate the chlonde permeability m human red cells
under vanous conditons Qualitatively Scarpa et
al (1970) pointed out that the electrogenic chioride
transport was much smaller than expected from
data on chlonde exchange given in the literature
Wicth Dulmarkh Gunn & Tosteson (1973) deter
mired a chlonde permeability  coefficient of
12X107 em/s 5°C pH 68) from potassium
chloride net flux into a low fonic strength medium in
the presence of gramicidin and phloreun a potent
inhibitor of chlonde exchange This value is 6 imes
greater than the value presented bere The duffer-
ence might be an effect of either the low lonre
strength which s known to increase catfon permea-
buity (LaCelle & Rothstein 1966) or the presence
of phloreun a aglycone of phlorizin which 1 known
to mcrease chloride permeability (kaplan & Passow
1974)

The chloride permeability coefficsent 1n unmod-
ified red ceils can be determined by measunng the
electrical conductance of the ceil membrane as the
measunng technique 1s insenstive to a large ¢lec
troneutral chlonde transport by exchange How
ever impalement of tho tiny cells with glass elec
trodes invanably causes a leak around the electrode

The chlorue diffusion bas alow kzpeazo
sitivity with an activation evergy of pp. U ac
(10 keal/mole) in contrast to chlonde evchu. 203
an activation energy of 3136 Lok %
keal/mole) (Dalmark & Waeth 1572, Brda I
The chlonde eachange is anders of magmink £
than chlonde diffuswa with a hnghly ez
dependent factor 2.9x10t (O°CL O.7x¥F 0
and 7% 10 (body temperature)

In conclusion the ongnal sugpestaa by o
(1922) is still vald Utrt\lctﬂnm;:rﬂ"‘i
tively nnion permeable in the sence thal 20
menbility eaceeds cation permeabiny The &
membrane 15 anwa sekctne wih 3 ﬁf::
13x10t (0°C pH 7.2) as the pusne
permeability coeffickeat mkruv:nnalu‘-f
(temperature pH cell and medium cospad
5x10 ' cmjs (Dalmark 19758). The wm:
selectrvity lasts from 0°C to body lt\‘ﬂr'ﬂ“‘“L
both chionide and potassmm dnfﬂmu“h-":ﬂ
temperature sensithvity  The physiokogs 3 N
change ie. the Hamburper shift "‘:“;
coupled transport process wbere anka e
efffux are hnked together by mierachd <27
the anons and groups attached (o the «l
brane This anion tramsport W“dm‘”“;

of magnitude faster than chionde trampart B
pendent migration

1o Mn A3
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omram\m:mwmmut;hﬂw
supported by a grant from The Danlsh
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{etabollc properties of nerve endings
olated from rat brain

E.JANSSON M H HARKONENand H HELVEf
purisent of Chrucal Chermetry U oty of Hedsaokd, Medabt] Hogpetal, Hetuakd, Faland

JANSSON S8-E HARKONEN M H & HELVE. H Mctabokc properbes

endwgs Botated from rat bran. Acta Phywol Scand 1979 107 205-212. Recerved 23 Jaa.
979 1SSN 00016772, Department of Clical Chermrstry  Uni craaty of Helsloki, Fintand.
Encryy oeabolna was sioded i merve cadngs bolated fom 3-wcrk-old md braca,

respaatson maix of 63 nnol O, mg proL. oo, mecared with & ox
& probably reflects cossampion of thes ghytogen stores. (Rucose
of bt

1) e
cubetion i the presence of wexxe

Kev ands energy

Preseat koowledge of the metaboisa of nervo e
Amgs s lncied aad besed maindy oo the resutts of

sadas on the axypea consumpuon of solsted Drerencs of Daepiasomer Thrve-week-cid Spragae
:‘\"mdnm(mptmun:l)&achm:dhhn whmmw__m-:ﬂ;‘m
* i symaptoomes respare nsmg gocose,  =OToRenurd e 0.32 mol kee-cold, a1y prasted
aod Loy G Plexghag

Pyrvate (Bradford 1969}
(lemnmmdl}m.\ﬂmdphm— m“mmhzmh

The proses
ulcerable af
X Immudum(mma ll-dln:wdq‘h'

The present

m imporaat role B aymapisc

TIDCRLON was
10 Low;
96... Hirkonca ot al. 1969). trmctons veen o o 331)- The gty

intact and that bocal Prepanation wery STpioome
fetabolnn playy T potyprops -qh‘;;‘mhmwu:d»u
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St 2. The comcens mdmﬂauMumlna/mmmubaﬂullbdﬂtdunt:mﬂnnndh

corvbral cortex of the rat (mmollig prot )

Cerebral cortex
Lomediately Deiayed
tahokg Symaptosones frozse* frozen®
ogea 4204051 731066 18002
xow [ + 1474036
T 2811034 17.8£6.06 36100
Teatms 1310 11451.98 2193088
e S 4L M4t0en Hor2st
» 036
Ao 4511093
b (Y] 0020
;:: - laquad tmrosfiately echpalatum.

vty e without addicos of substrades
y 19 cnol Oy/mg prot /on, mean +S.E. of
" aplosocasl preparsions, age 4.02 124 mnol
g’:‘ potfon). Ongen comsumption was
:T&huh;"mh('-hovﬁmmm

} w10 meanmed witbin this time) but then

el 0, ey

" s 1o 20% 12 60 min. Endogencas
‘:‘mt y kowered when synaplosomes
4ot a4 0 for x3 loag 41 6 b, altbough

1
,

sometimes the respooss to sdded substrates seemed
10 bo weaker than that of freshly prepared synapto-

$Omes.

Addation of 10 mmoll ghcose 1o the incubation
mcdinndiinn(lnuunmmcﬂuu(r.u:“_
Mostly resperation was umaffected, but im some ex,
periments  small icrease was seen Even with
synaplosomes which had been aged by incubation
at 30°C for 30-60 oedn m the absence of substrates
addsion of ghocose did not rabse oxygen coosump-
ton significantlty However when symapiosomes

Em(‘r-bhummmw] i

bighest values wers measured

fow mingt durlng the first
menmnw.munncwmdlﬂ

wnxmmnhh;hmmn

the level without auy added substrate (Tabic N

wmm‘"“lﬂmmmﬁ.

fwmﬁyn“dmﬂ@w
FCCP (carbonyl cymaide

phanylhydrarone) and

A U sl Scund 167
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Table 1 Effect of substrates or inlubitors on endogenous respiration of 5 Raptusomes

The decrease (—)
respiration in the particular cxperiments Values
batches of synaptosomes/ihe total number of tests

Effect of oxygen uptake

Agent added nmol Oy mg protein ' min
Glucess 10 mmolf] +0331030
Pyruvate, 10 mmolie +5 901045
e 10 mmolf) +6 41048
ADP | mmoy1b +1 461016
ADP 5 mmolfl +5 081135
FCCP 10~ mmol +2.5410..8

Oligoayem 1 rg/ml¢ =010

l)xrh:zrlhe first linear minuge.
et

12 oxy gen uptaho induced by an agent was
e means & S.E. of 414 expls. indicated 5 Uhe momder of dix

). All exprs, were cnc w1
i compuricawteial |

No. of
(&3] expls.
+3 14
+8916 i
+2t4 412
+ 433 i
+5212 4
+3M16 S
-1 ¥4

* The
FCCPwunddcdaﬂn;lumor;hxouphulorSmnnMADP
‘ TbcdfcctoroUmydumnudochuvbeprmmofIOmnmmm

%alomucdkwﬂhomh(mp(mofhmbqlbnm
ﬂxtdlmnwdludywhhmemm]vuhnmu{ﬁ&ummkc-
Coldpcmh)odcaddconuhdnglmmomEDTA"l‘hemh
mnm:mu-l!updhlhem‘dmssouxgrwsm and
lponbnn!l}nwpcmummmuuﬂlud(pﬂéd)wﬁh
«3 mol/l KHCO,.

Determinarion of exgen consumption The oxygen

of H i b

eethod of quantification w us conftned by pmecn ¥
actual counting of vesiches, 21

Reagents mmmdhﬂh'ﬂmw‘
medmmmmpnmuw
nndpyrﬂbcmxkdhk:ummm’”‘
Chemical Company (St. Loubs m"w),h’
Boehringer and Sohne (Manghelm W“‘&_‘M

e deh

P was
with a Clarktype Oxygen electrode (Clark et a) 1953)

method (Folbergrova et al 1969)
Semiquantitathe e aluation af the  esicle comtent of
incwbated  svmapicsomes  For electron
studics a sample of the synaptosome wupenLon was
dﬂulcdwlihke—coleJ%Maldch)delounmmul
molfl phosphate buller pH 74 After fixation the yDap.
1030TC Wero fi and the d accord.
ing to a conventional EM routing ves
of representat] ¢ areas were taken at 10 500x
tioa and after framing and codung
pendently mspected by two of the authors and every rec
Ll'ly by‘“ fuated for us veskclo con-
ressis filled with vesicles as a percen-
tent by expresaleg the wrea
the synaplosomes (except for the
tage of the wholo arca of L. Thes 100% denotes
¢s packed with vescles whereas 0% denotes
symap! dentidied a3 symaplosome ghosts of a3 synaplo-
particles veucka. E ery pegati ¢ contained
soo3 without lntact ve about
and each authot ¢ abuated
Aol D e s siates for each of the dufler
gqmpﬂ"m The salulity of this subject ve

At Pyl Scand 167

was wsod 1t
(Frechold N.J USA). Other chemicals
mercially available provucts of snalytical grak-

RESULTS

Punty of the sy naptosomal fraciion Fﬂ\d
The purity of every synaptosomal l‘nctl!ﬂm -
was checked by electron mucroscopy e b
endings were mainly wcllpresened but

tioms also contained some unsdenufied ﬂ"“‘“"
profiles erther empty nerve endings 0”“9“:6
glial origin. Mitochondrial contammnatioa ¥ -
than 10% of all particles and coassted ah\:;’
lely of small apparcnlly synaplosomal m
dria,

Ox¥gen consumptic n .
R 100 was stinfred inely '““mhm;a
yating of NuCl 136 (valucs in mmel per bicth b0
56 CaCl, 22 NaH,PO 12 MgCl, 1.3 oo
wlazole buffer pH 7 4 30

The effects of Ca? Mg' K and IO
$) naptosomal consumption of oxygen Lhe e
ence of 10 mmol] glucose w ere tested by N‘”ﬁ
the concentration of each fon from zew 0 10

om

~
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3 ths ratc of wss of ~P i3
wm‘knlvomormcmmpwﬂdnnmﬂ
mg prot/min. The s somenhat kower than the
nhwmmwtdwhhmolymdcmnk.

the P O ratio s takem a8

Gmrwo-d'ATPqu«kaWrrﬂJw
incubated with constand
cootammg 10 mmoll gx-

<t %o pregare, ghocose was oot measared dur
locubstion studics. During the Grat $ min glyco-
dropped 10 635 of the metial kevel xnd afler 13

mmel and photp [
wnhHm:mlpcrk;pmtdﬂdm-LulhcﬁmUmn
(nluc:mwmu(lu-pxluupu) Further
more after this initial fall, the kevel of both com-
panﬁ:rmlhﬂiﬂmnma(ATPlOmdpbmpbo«

1 oaly about balf of the ongmal
3 ket (Fig. 1) The rare of then

uwluﬂjmmuﬂk;m)furlhwhﬂ:m.
puation, bigh-cacrgy h

wed dowa, bat ar 3 b practucally all glycogsD bad
£0 osed ugy. Lactats mereased during the frst 5
230 then decreased at o constani rate and at 3h
Iy trace aounds wese detected. ATP and phos-
Jcrtatioc fell at copanble rates after 5 min
© vakes were only about half the mital kevel
dafter | bless than 105% was kft.

wd mos slowly (Fig 2) After an mmtlal lag of |
i the bicrate concentration row and the mcresso
|4 rougsly proportonal 1o the decreato m
*yoogrn ATP and phosphocrestme fell rapidly
# oy the fie mun reachng 30% e 15% of the
¥ Apeine munad fevels After 10-13 min, bere was
1714 than 10% of thess subsirates e

¥ A% approsamate metabols: rate cas be cakalated
4 X O 43 mapiosomes frow Lhe rate of use of bigh-
’:‘mwm‘“”m"chamnl\‘r?
: Brlo ghocose and gycogen (sec o8-
# stal 1969) Daring the first mzs of anoxia
: PR et at 4 ate of 10 macl/kg protimin, If

Were pr. 4
The presence of 10 mmotl glucoic coukd not
pvvnnthewuhwulADPmdAMme
ing durog b fy durlng the

frst 15 mm (Fig. 4A) ln Fig 4B tincobaton
medam supplemented with 10 mmol glucose +5
meoll ADP) the bocar decrease of ADP and the
Ioear mcrease of AMP as a functloa of time,
snggeat (he presence of cazymath. ADPase activity
Generation of bighcoergy phosphaie was also
stodied i 8 Co-free medwim contalnmg 20 mmoll

:E?Aa
an

%

—o"N
s

4 ® ®
NOBATON TRE  MNUTES
Fig 3 Axmoan profactos i howied sery "
2 alectroty e sokution. withou ad -ndﬂu-
hwumwnhﬂudﬂm.mlw‘“‘:
1y pacal et

L1

Arve Pt
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NCLEATON TRE MAUTES
Fig 3 Generntion of ATP and phosplacreaime 843
t030mes [ an oxygenaled ckv:tmbk-nhlﬂ,
The medmim was supplemented ah 10 maok g
with 10 mmol/! glucosc+$ mamolfl ADP Revaty 1k
cal oxpenment

Fig 1 Uulization of energy metabolites in fsolated nerve
endings. Synapmwnmwemhcubucdulrchoxm
nated substrato-free electrolyte sohrtion buffered wath im-
nhml:i—HCI pH 74 At the times indicated samples
were withdrawn from the stapension Results of a t pical dent peLtio
experiment Gly=glycogen Lacw=lactate and PCr-yphos- chilled Thus became ¢ when e »
phocreatine were measured 1n extracts of cerehral corha

tained either after freezing the head ul'\hl::
Iquid nitrogen immediately after decapialing

4
glucose whubited the respiration by 7% Likewise ter disscction in the same way as fa’pm“iiu
synaptosomes followed by freczing (Tabke

when oligomycin was added after 40 mmol/l arse Y

nate 18% inhibition was obtalned and phosphocreatine concentrations “"m .k
little tower n the synaptosomes Lhaa

Metabollte levels layed frozen” cercbral cortex and w

Table 2 shows the concentration of cnergy metabo-  well to levels previously reporied ¢ o
lites measured In perchloric acid extracts of freshly ~ Mcliwain 1976 Hawthome & Peburd 197 °2
prepared synaptosomes The metabolitc concentra-  son Krause & Howard 1978) Thus “’:‘m
tons were considernbly lower in the synaptosomes  actual isolation procedure the decrease ‘wﬂ-‘
than in cerebral cortex which had been frozen Im-  tively slow This was apparently d'-“’“"h:mm
medlately The decrease was very mpid dunng the  the synoptosomes had adequate suppbes it
initial 13-20 3 following decapitatron whils the bram ~ and nutrients and metabolsm was M; i
was being dissected out and thus before i1t was  chilling The dufferences 11 glicose i
levels between the synaptosomes and the o

frozen™ cerebral cortex is probably duc ®
s of these compounds 1nto Ihcwﬂ“md"“w

Changes in metubolites dnnng
Incubation in ovygen
The concentrations of glycogen ATP F
creatine and lactate were followed dunag
tion in oxygen for 2-3 h in & substrate-free el
in 3 different synapiosomal preparations (
When synaptosomes are [solated wn a sucTose
ent measurement of glucose 13 dlﬂ"cuzmb;w‘ 4
0 20 P perchloric acid produces ghicose vid by
ROLGATION TRE MIUTES sucrose  For measurcments frtﬂﬂyml"“o‘ﬂr
of encrgy sed the
Effect of anoxia on Lhe utilizatoa synoptosomes we therefore u "
qu;oma Jo holated perve endmgs. A ww;;:‘_;’ £nSO precipiation method and found sﬂ*“”‘.l
synaplosomas %At mw?’?c.mdmpkl‘mukm be approximately 0.3 mmolkg prot ‘T"mn
ﬂkdsmﬂud.“pa]updm\( As the concentration was so low and extrsts
3t the tlmes indicated. F

v P secd Scond 107
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Energy metabolism | naaptolmes it

@ ATP or phorpho-
= qumonlyucmbﬂﬂylﬂc \ha‘\\uhmﬂ)myduna: !
;h?-niﬂlumﬂu-mdaxmmwwﬂm mh:mmmmmnuuuzn Our

Uansson & Harkd-
2 conmanod oot of selr iycogen $OrEs, MY toalized m the 5y paplosomes
\:h:ndmmv.hmmbohsmwddnmuem ncnwbcpdikbcd)uwuexplan\hedcam
dm:mudmhnhnduprm mdadm)umdurh;hmhum

oduction % i3 considerablc. Encmmlabalunudnmplk)’mbu

The mseasiiveness of OGT $YIAPIOIODE PICpATE- Tbenmmno(nervtmmnpcmﬂy 3y Aaplc
mnwmhuppueuﬂ'yrdbm‘heﬁathu mnmﬂm(Lunboe&khnpmnl%...w
the complex metabolic sysem which the ¥yoAp- oen e al, 1969) 18 very sensstl ¢ lo glucose deprrva-
'Wr:wuaiumpmﬁmhmuuﬂcduu Llon.hhul:ctnxho\lnﬂnl[lﬂwvu(ummsbn
<& Tach m not Affected by uncoupiers. occurs long before ATP and phowpbocreaime are
The stmuatng effect of ADP 0n flucose Tespera- u}uucdmdxpntﬂun-mdtbhwcmmcdn—
o lewhs Uy to axsune . ADP despite e post- alevnhdtplﬂh\o{hwsu(mﬂi
v clarge, doct 10 soma extent peactnase the 19691, Evideoce also fodicates that the Jocus of the
”Wm'ﬁmﬂ:mdﬂn failure s at the synaptic level and severad explana-
-mmhmmawvmwmm uoas ba ¢ been offered without direct expenumental
1 bacaco 23 an indwation of iba Teapinocy control W(wm&mmmimwm
10 system (Chasce & Wilhams 1956) & ratwo of e al 1966, Harkones ot al 1969) The prevert
5 7k obisimed wib $ ool ADP which would resulty show that 2 1t afier the sant of incubation
> pggest fair resplratory control. When wowsynap- (when trammizsion throogh the gangtion w koowa

(F‘Wminmeym-ha‘hownpod dedAWMWmﬂ.
gtmbnkmwymmp.nmrymmu(m&. though glycopen was stll present. Therefore, bock-
o ek 1976} sge of impulse propepalion at tho synaptc bevel
o appears to be due to local depletion of ATP m the
R nerve endmgs, follow ed by faure of the fon pump
g+ Hnerition of hgh-escrpy phoiphales The other possible explamtion would be the
7 dlnd (1969) reported that, with ghcose &s catabolism of taus tiemenia n the absence of go-
5+ “straic. synapiorones yoibealzed both ATP and cose; this hypothesis gaams support from the high
| Waghocreatrse Closer scrutny of his data, bowe producton of mmmon kod disappearance of ves-
»

ponom In oar geacrabon experh  depieton of aceryb-Coa,
meats w¢ followed the coscentration of both com- of - tansomalon sugpesied becausa fallure

concides  with of
_» Pouads dunng the coune of cubation The rapsd  hexoses, seem o \ dt#::m:.
'-’-‘ldutrmanTPcumuﬂmmddbudu 1969) Tk
¥ b membruae Na. K -ATPase (ADekLand &
- \t"“’"""whwmm and
L B e acubution medam. The shmultancous
'“mﬂphmphaa’ﬂﬁl:ouldlbmbldmm m‘“l"lm‘ib'mmh
(¥ ST lrant wciviy tendeg 10 syatheslze ATP Bascarch Comcl i tha Acadeizy of Faland ihe S
.:'f from ADP and posphocreating. After the Inral fall Foomdaon, Hewali, asd the Frmka
w®
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Fig 6 The effect of i at 37C i
clectrotyte solution without added cnergy substrates on
the preservaton of synaptosomes The [lled” syoapto-
lomc:oonu.lnlbemm\alqmnuryu{mkle:(ocwpyim
60-100% of tho synaptosome ares) those which are
half filled™ have lost about half thelr vesicles and the
“empty synaptoscmes contaln few ifany vesicles (oc
cupying at most 20% of the synaptsome area) The potnts
represent the result of two independent investigators.

PO~ During the first [5 min 50% of the ATP and
phosphocreatine were lost but after this instial fall
there was no further loss of either compound

Ammonla production and vesicle
preservation in incubated synaptosomes
For synaptosomes incubated in an oxygenated sub-
strate free medium ammonia production was after
an it lag about 1 5 mmolfig prot./min during
the first 30 min and then lovelled off (Fig. 5) Under
nitrogen ammonia production was much slower
avernging 0 4 mmol/kg prot /mm (Fig. 5)
Syunptosomes incubated at 37°C without sub-
strates showed clear-cut morphological alterations
as compared with wnincubated synaptosomes
stored at 4°C on ice The number of vesicles de-
creased drustically and often enlarged vesicles as
well as swollken intrasynaptosomal milochondria
could be seen These changes were apparent after
as httle as 30 mua but after tncubation for 1 h most
3 contained handly any iniact vesicles
were filled with debns These changes were
m::]umcd semrguantitatively (sce Matenal and
e )} At zcro ume well preserved synapto-
mcm"d:nd symaplosomes with a very fow veskular
in number (Fig 6} How
content were about equal -~
7°C only about 107 of the synap-
ever after thatl carly 70%
condition and neary
(osomes were 10 good

Act P Scend 167

were badly damaged {empty of vesciesl Wi
performed 1n the absence or presesce of oW
incubation had the same morphokoped effet

DISCUSSION

Pattem of utibation of encrgy resenes
Despite the low concentration of eadogrson s
strates the metabolic changes that occumsisby
the tissue was incubated m an ovygea of BEF
atmosphere show that the symaplosomes £\
and utilize their encrgy resenes nccmlﬂ\?ﬁ;'
requirements In both condihoxs dhoogre \
and phosphocreatine the myor exemyedd
compounds in nervous tssue (b g
which i vivo onginates from bioodh “R‘-“
sumed |nap:uumquned.Lﬂ'r_ﬂ:n!fmtllﬂi-l“‘:r‘;7
immature nerve celis (Hemmuki & Wai
or 1n the sympathctic ganghion (lhww
1969} In synaptosomes ATP uod pbm{"i’m
were used rapuly m both the presext N
absence of oxygen uhﬂchlbeahcrl-b“h
lasted much longer especially i o13ce™ Tl:J
imithal decline of glycogen in sy naplosodsy -
pared to ganghon cells or in mmmature X0
could be due to the fact that they &© F':t
devosd of endogenous glucose whah 8
strate utilized initsally at keast I lhtP’g;
most of our synaplosome »
was delectable at substantial wocrnﬂm"’l
after ATP and phosphocreatine were M'ﬂ
obvious from the small decrease 1n gho¥?
15 min in oxygen l}nlthuurxﬂlbtm-‘:wr‘z
supporting the substantial reapiration. -
considerable amount of ammonia %13 o
tween lSnnd}Ommaﬂ:nhcuanofwf““’W
would explain the oxygen conuW'““‘ML
most of the ammonia formed 1 pENOUS -
ing incubation 10 vitro ongmates from aﬂ‘;"\’N{
that are oxwdatively deamunated (Wed
1962)

Ovvgea coasumption fIsoluted
nerve emdings o
It has been shown previously that !)WD‘_
have an adequate endogenous o

which can be stimuluted by glucuse of P’ﬁ’:y
(Bradford 1969 Venty 1972, Diamood & T
1973 Bradfond ctal 1978) With our techa °)
endogenous respuation rate was Wwﬂ,
manametric lcchnlquc\(B/rn!jwd 1969) but ¢



d wewere only b able

whow a slight of oxygrn

Energy metabolism in sysapiosomes un

thers was hardly any change 1n ATP or phospbo-

ghcote.

[he Insczstiveness of our synapiosome prepan-
2t ghocose 18 probably due to the short muml
mlﬂhlmed]rm;\\h:hlky‘mllﬂlm
¢ o eadogenons glycogen stores. The fasure to
Tome m aged which

ceatioe during the next 2-3 b. Our
interpretaboa of these resalts 13 that NA <k -
ATPasc activy creatme hinae actniy and
oxidative phosphory Lation supported by glucose (or
lycogen), came to equulibrum, and ATP and phos-
phocTeatine reached a steady state-concentration in
the

4 comzmed most of their glycogea stores, may
V4 beea doe 0 tnsac catsbolsm and damage to
A curymatic structares during tho agmg process
= cxplinstion s supported by the observation
 during the flrst 30 min of incubation, ameonia
odaction was coassderable.
Tkhmknﬂmdawsympwsomptm
=3 0 uncouplers apparently reflects the fact that
hunphmho&-yum-hkhthnynp
NS represents, respmation b controfled at a
P which 1 not affected by uncoupiers.
The similating effect of ADP ou ghucose resparn-
= Jeach 3 0 aasume that ADP despae s posr
© charge, does to some extent penctrate the
mexbane Taking the o of the
“peradion rats fa the presence of ADP to that m its
"Cﬂfcnmmdmbnunhgmp(ruu-ycmuu
e rystemn (Chance & Willams 1936) 2 rawo of
7 B obtaioed witk $ mmoll ADP which would
e b respiratory control When fntrasymap-
ol nitochondria ba ¢ beea hotated i Fcoll
" mefis they have who shown good

Mm’“wmﬂ(m&
Tk 1975).

"NTRI0n of kigh-encryy phosphates
obxin (199) reported that, with ghcose a3 a
STEptosomes synthesced both ATP and
Gmcrtcnmnyu(hnmhow
\rp st acimlly he measured the evels of

Phophocreatme m
Watonfor | hin wroes
Eciabolxe

The AMP deamnase actniy
localized i the synaptosomes (Jansson & Hirks-
en, 10 be publishied) would explam the decreasing
sum of adeny lates during incubution,

Energy mewabolitm and \napiic fumction

The funcuon of nene tssue expecrally sy napte
tntmlsson (Larabee & hlingman 1962, Harkd-
oen ctal. 1969), s ey semsitn e 1o glucose depriva-
lhn.llh:btculb\nlhxflﬂmolmnuﬂsyku
occurs koog befor ATP and phosphocreatine are

mmmznmm:mam
(‘hmmmwmcwb‘um.
0 fafl, Hirkboen et al, 1965), tbe synaptosomes
were depieted of ATP and phosphocreatine al.
wdytumunmnmﬁcrdwe,bm
e of umpubic propegation at te synapikc fevel
-wnnmbedmbbc.]dcplﬂhuo{.k'n’hm
mmhm.rwmdbymdmhuml
The otber possible explanetion would be the
mnbdmufmmdnnmuhwlbsmolﬂu.

icles of of ves-
conlamag the tranymitier It might well be
ﬂmﬁhtufchanummb.hhmm
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Flg 6 The cffect of incub at I°C in i

electrolyte solution without sdied energy sub on

were badly damaged (empty of vesciol Wi
performed In the abvence or precace of o ¢
t had the same morphokoped il

DISCUSSION

Paitern of utili ation of energy resencs
Despite the low concentratwn ufmiu.mnl
strates the metabolic chanpes that oecamd
the tissuc was incubated i an oxygea of B
atmosphere show that the s} caplosoms Mt
and utilize their encrgy resenes acconkag ¢
requirements In both condiwons ghaes A
and phosphocreatine  the mapor enerp i

ﬂnprucm@o(:ympmm: The fMled™ synapto-
lomuconuhl}unomnlquanulyofvcudc:(ocwpm
60-100% of the symaptosome ares) those which are
half flled™ have lost about half their vesickes and the
emply” synaptosomes coataln few ifany vesicles (oc
axpym.nmnm%ofﬂwly'rupumuu) The pomuts
rcprmmlberesullolmin-kpendmtinmﬂpmn

PO* Dunng the first 15 mun 50% of the ATP and
phosphocreatine were lost but after this imutial fall
there was no further loss of erther compound

Ammonia production and \ esicle

preservation in incubated sy naptosomes

For synaptosomes incubated 1n an oxygenated sub-

strute free medium ammonin production was nfter

an iutial lag about 1.5 mmol/kg prot./min during

the first 30 min and then levelled off (Fig 5) Under

nirogen  ammonia production was much slower

averaging 0 4 mmol/kg prot./min (Fig %)
Synaptosomes ncubated at 37°C without sub-

strates showed clear-cut morphological alterntions

o enthated

compounds in nenous tisue (hesks Pa
which in vivo ongnoates from bioa) ¥eé
sumed in a pattemn quute different fmtllh-i‘C;
mmmature nerve cells (Hunrmnu&lﬂ!wd
or 1 the sympathctic ganglon (Harkoee
1969) In synaptosomes ATP::\JM'W‘L“‘:
were used rapidly in both the prexeo<t X
absence of oxygen whike in the mhdm;:b
lasted much longer cspechally m ox) 2. s
imtial decline of glycogen 10 lynaplw”:‘w
pared to ganglion cells or in immatire
could be due to the fact that they ¢ Fﬁ
devosd of endogenous glucose which "
strate utilized tutially at keast in them;‘ﬂ
mosl of our synaplosome preparalioas. b
was detectable at substantial con-:cn:::.
after ATP and phosphocrealme ¢ 2
obvious from the smull decrease in shod®
15 min 10 oxygen that this 13 not u‘cm}l;mr\ﬂ
supporting the substantial respiratiod- i
{erable amount of "‘“J’F"‘h“
theen ISand}Omhnﬂ:rlh:MDfW‘“h‘uw
would explain the oxygen conwmrﬂme
most of the formed 10 penvous

as compared with y
stored at 4°C on ice  The number of vesicles de
creased drastically and often enlarged vesrcler as
well as swollen intrasynaptosomal mitochondria
could be seen These changes were apparent after
as littke as 30 min but after incubation for [ h most
s s contaned handly any intact vesiches
and were flled with debns  These changes were
evaluated semi-quantitatively (see Material and
methods) At zero tme well preserved symaplo-

o3 and synaptosomes with a very bow vesrcular

ber (Fig- 6) How
1 were about equal 10 aum

coulc“xafh:rl hat 37°C only about 107 of the ‘)mﬂ
ool good conditron and nearly 70

(osomes were in
A saPu siod Scand 107

>
ing incubation 1n vitro vngmates from&ﬂww
that are oxidatively deamnated (%

1962)

Oxvyen comumption fsolated

nenve endings .
It has been shown previously that l)ﬂ"f":':
have an adequate endogenous SRt e
which can be stimulated by glucne “F;’n}’,
(Bradford 1969 Venty 1972, Duamoad &

1973 Bradford ctal 1978) Wuth our technd.”
endogenous respiration rate was higher "“’ﬂ,
mmuk:cchnmx(wrw 1969) but €
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yptophylglycine dipeptide in ACTH/MSH cells
the human hypophysis its identification
1d studles on its antinociceptive effects in mice
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2 e pars drataln and the pars muermedia of
m;';:m‘“ stodied coatan substance(s) which

2 urong specific after treat

dibydro-f-carboline derfvatives (Partanen 1975). In
mode] experiments ghyoxylc acd treatment also
appesred to mduce the formation of a highly

et v b moddfied formakdehyde fuorescence his-
tochemachl methods and after eatment with
Fhany ke aced (ace Partanca 19784). Previously this
« LNCe was (hought o be scrotonin, primary
Componnd Uyptamies o1 tryptamme-lie
bt accordmg to Sephadax G123

studica by Hikansson et al. (1972,
Iy des with

peplids or

product from aomo-termioal

typtophyl
dipeptids without breaking the
tanca 1976) peptido bood (Par

ata ypophysesl sections in sa
bexteg s of gyosyil ackd fokowed by
Yeadiag to formation of highly fluocescent

In the present work a siudy
ature o tis hypophyseal Duceogrce mwm“m:l
Wentaficaiion o bumen bypophyais Afterits
a4 Ltsyptophylglycine rescarch was
carmed oat oa its oplokd-ike effects fa vivo in muce.
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The project was stimulated by recent fndings of
substances of hypophyseal ongin posscasing strong
opidike effects

MATERIALS AND METHODS

Source of hwman kypophyse Slxhummmmcopfc.ﬂy
nunnlhypophymwvnobtmdunnopsyfmnchﬂz
patients within 48 h after death The cadavers were stored
at #C mhywphysaumnomimu-duuqbnu
-50C.

F1 orescence kustockemistry Two hypophyses wers
freeze-dried and embedded in paraffin wax w thouwt for

hypopbym(nﬁuqh‘.lnlmbmml“{
with u glasy homogeniror in 5 \okumes of ik
ackd monohydrate (GA) & ethanl the hemargrare s
transferred (0 a gins tube, hich wat shopped &
heated a165°C for 1 After coolng 1o I Ot e r
was cenmilged for 15 min at a speed of J00 pna I
precipliate was washed th 2 volumes of Gl it
recenirfuged The precipiiate was » shed ) s $ea
with 3 volumes of diethy kther aod extraced bk
min with 3 volumes of placial aceic sl
19785) The extract was allowed to craporait ae2d
volume and the volume %as fimally adpestcd »id fu3

-ethanol-glicial
3) isopropanot-water {4 1), 4) a-butseck-sbod &
ackd-water (4 | 1) 5)n-butanob-ghacial scctx 83

(5 1 4 upper phase), 6) a-butanal-acetone-sae
NH (15 15 5 1) The fuorescencs oa the pa

through a secondary cut-ofl fTter (460 nml hal
reagent (0 1% ninhydrin E. Merck) in a-boie-#t

acetic acid (9 1) or 0.1% amido black (E. Mo w
acetic ackl was used (o visualize Lbs chroslyd
extract and the ) erence amino ackis.

Actd kydrolys:  The Buorescend baods sepaed 22
hypoﬁy:cdun—mhthh—hyu:hfm"ﬂc‘,
vent system | were seraped ol aad extracted o T o
400 1l of glacial acebe acxd for 30 man and with 208
min, As a control the same arca as abore 3 o
off from the purc plate and treated o the 136
Theﬂndnlaoctk-dlem-:u-malb-cdﬂ"""
0 dryness and dissolved ln 0.5 ml of 6 N HOL 52
0 glass tubes filled with Ne, stopped and beaod ¥ 7
for 28 hor 72 . The hydrolysaies were then iy
dryness snd dissolved i 90 ] of 0.1 N HO A3,
(United States Blochemical Corporution) dusahed #
NHaumw).muwu.m«mmm’w
pipeited In amovats of 1 &l (1 g therealier ¢
were aerated for 30 mm and Y]
Flaore cence model aperiments 1) L TONT
solution 0.5 ml (1 mg/m] dissolved in 0 1 N HClH -
of 455 GA-cthanol were heated at 65°C for | 1. 81
tion prodocing highly frcarbol (B’W":
etal 1972) 3 gl of Lhis sokutson, wbich turned y €%
Mnaﬂamcmmfahymrﬂdwﬁ
b and for 1ty hydrol )Smaﬂﬂ"’:’a

Sgmal

dehyde vapour The d sections
were bnefly msed (n absolute ethanol aod immeried in
4% glyoxylic acd monchydmio (Sigma) In absowts
cthanol for S mm at .2°C biotted dry and heated at 100°C
for 5 mun and then embedded m Daatex (AB Wilh. Becker)

Extn dbw)“dwnkprp:dr Four

Ausa Pinsal Scand 107

pure L tryplophan and L tn) plopky gy cies (ST
treated n the same way as th hypophysch 83 P>
et extract (mk:nulytﬂow)‘cr:mo-‘l‘”:ﬂ
2-3 ul as & referenca for hypophyseal extract o
hydrolysate “
M asar ment of antwociception 1o toe astnocrtT
cxpernments maks w hite muce of the NARI stras "‘z
3640 g were used They were kept on a standand &t
mmup-muub.um.‘rhemckcpmtm‘“:
-mxm:uuu.n.u.hqpue}. Fddy & Lews
-
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{Pharmmacopoch
mmmmwmmmd
mwummmmw;m‘-w
L tbe statmtcal tresiment of Uba rvsaits.

RESULTS

e b kemistry In the hy 1
sections treated with GA-cthanol numerous oval Lo
round celts m the pars distalls and the myadlng cells
of the pars nervosa cxfubited moderate to strong
yellow fluorescence restricted to the cylopknm
(Fig. 1}
Thin-laye chromatography of hvpophyseal ex
tract Two chromatographic plaics were given o
application of 200 | of hypophyseal extract as one
band 18 e I Sength. The plates were developed m
solvent system | In UY light one strongty yellow
fluorescend baod (corresponding 10 46.7 mg of
bypophyscal wet weight/] cm) was seen [n addi-
thon, one strongly fluorescent band of spot was
observed when the extact (3-20 ul) was
chromatographed in solvent systems 2,3 4and 6
(Figs. 3-5} The fluorescent spots did oot stam with
a2 Akca el of 15 ul of acad by n.}nh)‘\ﬁ"lnbmf.k‘ljxulnmﬂywrﬂlmﬂdobh_k.A
iy of bypopicyscal Duoresceat bead ) developed wpbed srongly band was
71 s-smtzacl-aceroa-water 23 5% NH, (15 15 15 1 vfv)  screped off from the 200 4l extracts and extracted
- woryed with mckydrm 4 cowirol acad Iydroiysast of o 1 glaclal acetc s From the new extract, 360
o0 wieca, gl plats (realed Wb e a8 Wy &3 (e fluores- alwas d and subk 10 ackd hyd: .
o besd. Giycoe w wesc m U acd by~ ad
Vtrte of e B Tt Tro.2 50 3 Giy 6, The hydrotysis tumes w ere 26 and 72 b Twenty pl
Yot Sar + Gy of extract were afso papetted a3 a band (10 mm) onto
of chromatographic plates aad the plates were de
# 8 derer Chrogmingnaph bypophyeeal €Tt yeioned b solveot
oy ysems 2 and 3 One strongly

*a4 henpogerord b 45 ethannbx plyoxykc sod b w23 3ecm 60 UV Light 1he 8y vahocs
~hend Comrn) aod of Ltryplophen (ngho trowed wih WD 033 and 0.61 reypectively The spots did not
Wi W Sobverd yales a-btaock-giacel i stan with ninhydrm and no sained baods were seen
‘;ﬂa«uﬂrmmyﬂww o the plates.

o the ongraml bypoplyscal exdract, teo weak & ky kv drods
Vow Tnortycout basdn are sccn ear e ge, A TRADET ¢ ATapky of acid
Wrdectyig of the rowgly flmoreectat band prodoces e FIVE u of acld hydrolysate (corresponding to 42 mg

nloddmlhypo;hnnl-u‘u;w-nnppluu

o0 $pot sogribes with the control hydrolysate of

subica gel and with reference
o puro ammo ackds, and
,,._,,,q’\"“m"?:m’ﬂw‘“ o deveioped 1 salvemt vutem 4 The from was
7} 32 iczatre), of L tryphophes (Jeff) snd of LArypaopbyl.  ADOwed 1o move 118 mim. sed the following Ry val-
e (rgh) ues were obtalned after visualzation of amino acids

et soune fiacreacs biudakly .
s dorrvatrve of L-rypiophes, g, 3. Pig. 3 sotvent F‘: solvemt yyemas i
. o bed,  acatcead-wier2 111 f

Ache iy el Scmandd 147
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Fly I The pars diatatis of the hypophysis obtained within
-tahnncrdmhl‘mmuuh\crumy‘furc. Yelow
mupluuﬂc(hmuccnminmpandlmhceﬂxin-
duced by immenion of freeze-dned deparafinized sec
lknuinl%gbox}lkaddmnh)dnwhclhlmu-."c
for 5 min foﬂoucdbybmlnnu 100°C for S min X >00

The project was stimulated by recent findings of
substances of hypophyscal ongIn posseasing strong
oproud like effects.

MATERIALS AND METHODS

Source of kuman by pophyse  Six human mucroscopically
normal hy pophy scs were oblamed at autopsy from mdudt
pateents w thun 48 h after death The cadavers wese stored
at £C. The by pophyses were stored after dissection at
-%'C

Fluorescence hutochemi tn Two hypophyres were
frecze-dned and embedded m parafin wax witbow for
makichyde sapour treatment. The deparaflinzed section
were bricfly nosed 1 absolute cthanol wnd wmmered in
4% ghoxylk acd monohydrate (Sigma) in abswolute
etbanol for $ mun a1 XXC blotied dry and heated at 100°C

Lhen embedkded m Dratex {AB With. Beoherd

for § min and
(Partanca 1975). The sectwns were eramined and photo-
graphed with a Leitz Orthoplin fluorescence mcTusope
equipped with an HBO *00 bigh pressure mercury Lamp
Osram) a5 UV lght source the prunary filters were
18, BG ) and UG 1 and the sccondary filter waus K 470

[§
seul Jluorogenxc pepinde Four

BO
Exrraciion f A popky

Ler Prosed S uad 187

hypophy scs (w et w cight .1 g) were beemogenedu’
with a glass homagenizor in $\ ey of 43 v
ackd monohy drate (G V) x cthaaok the hngzs
fransfened 0 a ghns tube, which 2a sypetd
hcnwuwcﬁrm\nac\mu-mm.:
was ceninfuged for L5 o at a spead of JA¥rex
peecipitate was washed with 3 vowes of G\l
recentnfuged, The previpate w v wnhed } Laa !
with 3 volumes of diethy letber asd evracied Lo
mm wih 3 volumes o gl acctn sl
19785) The extract was allomed 0 a4y
volume and the \ohume wat finally shied 38 &
acele acud 1o 00 u)

Thindarer chromar graphr  Ascendoy oal
chromatography was caried out va prevasind wad
plates without a fluorescence mdwair (o &V
0.5 mm, Sibca gel 60 E. Mend) AR whewst
analytical grade  The foBowmgrohent ket ¥
used 1) a-butanol-glacidl acetc ad-azat 11
a-butanol-ethanokglaclal acetc ackd-suer i 1
3) sopropanol- ater (4 1, 4) a-tuuad-gled |
acidwater (4 [ 1), 5) n-butanol-glacial wetn s
(5 I 4 upper phasc), 6) »:

NH (15 15 S 1) The fuorcscence o L fust
studicd with excitaton light at 370 naL, aed phott
through a sccondary cut-off filer (460 oml. Vi
resgent (0.1% nunhydnn, E. Mevcl) in pusni
acetic acad (9 1) or 0.1 amdo Hack (E, el 4
acclic acwd was thed to Vhalize the chwokyd
evtractand the  crence amino s .

Ackd kvdrotrar The florescent basds serarnl ©
by pophyscal extract i thia-layer chnwm_:‘
vent aystem 1 wero seraped off and eutractod of - "
400 ] of glacial acetic acid for 30 msa and walh 304
méin As a coatrod, Lbe sxpe arva a sbnc ""J;
oﬂﬂumuwpucphlendmutdnm““n
The glacial acctic acad eatracts were aowed WORT
Lodr)ncu.\mldzuohnlmwmldoNHﬂw;:!
10 glass tubes Mk with N stopped and hesed 43
for26hor? hmh)dm‘)um-crevbmt‘#‘“ﬂ
dryncss and dissoh ed Ja 90 ul H0 | N u‘:-l
(United States Biochemical Corporstua) drsd -
N HCT (1 mg/mi) were used as a refereme MH
ppetied in amounts of |l (1 g thereaner 6

were acrated for 30 men and chromak: T
Flworescerce model ¢ penments 1) lTl');I*L’
sobution 0.5 ml (1 mg/ml dissol edin 0. INID .
uf-l"FGA<lha:k)l‘mb<.ucdu65’Cfurlh.ll“J
thon productg haghly fluorescent g-cartolmes (Br o
ctal 197) 3ulofthh sohstwn whuh trned yeB=
used as mfemwbuancefmh);-qvh)«almﬂ‘i‘:
substance aod for iy hydrosate ) Small 2
PUre | tn) ptophan and L-try prophy bgly o (S¥m3!
treated In the ame w y a3 the hypophyscs, 38 #27
acetk extract (CW)C&:‘llmu‘tJl‘lm"
3 ml as & referemce for by pophy seal eatrat
hy droly aze "
Y a rement fa @ movic prom inthe aios ‘T:J
cypenments malke while mu e of the NMRI stan "“
Wlumuw\LTbtyur:LqumathMm
B oen tp water ul Ubstum. mmnqm:rr‘f“‘,
-mlnwwumwmuymmmhaum—



31 A wca e chromatograpk of 15 al of wcud by
yeinae
- o ypopiyresl foorescent baad (5)

™
f:?:nlmhmu I Pro 2,8 3 Gly 6

et
,:“’h U1 1 A) One stroegly yellow freorescent
e RYpopiyseal Extract; two weak.

Tr ptophy gl cine [n human hypophysls

1953) AN injections were pives 6.5 in  vokume of 0.1
oy/10 g The sabstaaces oicd wors LTy prophylghycmse
20d (- Yoorphme bydrochionds (Pharmacopoca

They were dusolved m 0.9 % NaCl solution. The doses of
morphuss gh e refer 10 the bk, Stadeat’ -4t wad wned
in the statmtical Lreaiment of the results.

23

RESULTS

Fluore cence Abiochemistry Io the hypophyseal
scctions treated with GA-cthanol numerous oval to
round cells 10 tho pars drstalis and the Invading cells
of the pars nervoss extubded modenate o stroag
yellow to the cytop
(Fig. 1}

Thin-lzy r chromatography of kypophyseal ex
tract Two plates were given an
application of 200 ul of hypophyseal extract as onc
band 18 cm in kength The plates were developed in
solverit system | Ja UV light ono strongly yellow
fluorescent bond (cosmesponding o 45.7 mg of
hypophyseal wet weight/] cm) was scem In addi-
ton, ona srongly fluorescent band or spot was
observed when the cxtmct (3-20 gl) was
chromalographed In solvent systems 2,3 4 a0d 6
(Figs. 3-5) The fluorescent spots did not stain with
ninhydrin but did staln w eakly with amado biack. A

strongly fh band was
scraped off from the 200 ul extracts and extracted

with glacual acetlc scxd From the new extruct 360
Klem 20d ected 10 ackd hyd,

The bydrolysis tmes were 26 and 72 b Twenty ul
of axtract were also prpetted a3 a band (10 mm) oo
chromatographic plates and the plates were de-
veloped 10 solvent systems 2 and 3 One srongly
floorescent band was seen in UV Gght, the Ry valies
were 0.33 and 0.61 respectively The spots did not
stam with ninhydrin aod no staied bands wers seen
oa the plates.

Thinlay  chromatography of cid
Frve 1 ot s bty e Ay of o bydrodysct
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Table I The effect of L Inprophviglvane on the reaction times of mice in the hot plate tes (w s

SE)

Sahino or L-tryplophylglycme were infected 5.¢ 3-8 mics in each group The v atues of Lutry plophy lgh ome g zt
sigmficantly dufferent U}ouo(oormpoodin;ulknm

Treatment
Time after L-tryp Ighycine
infeotion tophy Igly
(min) Saline 1 mgfig 10mg/ig 100 gh g
10 78109 82106 - - !
20 78107 91107 76104 65106
30 78107 88404 - -
+0 84107 3.010.5 - -

with unhydnn, Ser 021 Phe 0.53 Asp 0 I8 Val
042 Tyr049 Glu0"4 Argo0 08 CySH007 Trp
055 His 007 Thr0.27 Met 045 CyS-SCy 007
Lys006 Ala028 le0SI Asn0 I8 Pro0 2] Gly
0.22 Lew 0 53 and the acid hydrolysate of fuores-
cent band 021 The colour was violet as In the
serme and glycine spots thus diffenng from the
proline spot which was yellow The hydrolysate of
pure silica gel plate did not give any definite spot
The results were the same after .6 and 7 h of
hydrolysis Thus the conclusion was drawn that
hypophyseal amino-terminal tryptophyl peptide
contams erther Ser or Gly or Pro or some combina-
tion of these anuno ncids Thereafter acid hydroly
sate from a fluorcscent band was developed in sev
eral solvent systems and only in system 6 did Ser
and Gly move clearly separately Pro and Gly also
moved scparately (Fig 7) Glycme was thus kden
tified in the hydrolysate

Thin laver chiomatography f fluorescent bands
When portions of acid hydrolysate of hypophyseal
extract (7.5-*0 ul) were chromatographed in the

solvent systems described two fluorees Hod,
bands wire seen in all except sohvent t)ﬂ-ﬂlt:
moved as a hypophysea! fluorescent h:ni.m’:‘
spots were yellow fluorescent the second mx ‘
one {luorescent spot or band dGA-u');iqhﬂ;' <
ture and the spots were blush fuoreeet (F¢ : i
Takmng together the obscrvations u[lhtp‘bﬁ\‘a.
both amino-terminal tryptophan aod ghooe #
hypophyscal fluorogenic peptide the ﬂg
hypophyseal etract and products of L7 .
and L tryptophylglycine treated 1n the s10¢ l“‘:‘
the tissue extract were chromatograpbed 1 % "
systems ?and 4 The hypophyseal luonsge™
stance moved in the same way 3 l:‘;
tophylglycme and both Huorcsced yelon >
tryptophan extract several fluorescent q\ﬁ“
observed which moved in a shghtly daTeredt

in addition  blue fluoreacent spols were I"::
(Figs 4 5) The present results s-““,ﬂ
tophylglycine for the structure of the by popt)
fluorvgense peptude and 1ts antinocceplne
were thercafter studied

te oo
Table 2. The cffect of L tnprophnvighcine on the antinocicepin e effect of morphine in the kot pl

mice
The second mnjection way gi en 5 min after the fint one

-
all the were given s c. Thal'f-'f“"“wp

injections
ma salue g
messured after Lhe {urst injection. # =number of animals. #<0 001 compared to Ibe saline +
vn}uclo(L?l’)plopb)ld)m*memm(wd’hunﬂydchrmlfromdkmofume#mTﬁmm"’/

Reaction time
W a (scconds S B
16 74_03
Saline + sale as 10 ”.9152‘
Sallne+ morphne T
L Tryplophy telyclac (10) + morphine (15) 7 w7514
+ o+ morphune (0} 7 1er4s
10 454232

t;gw(wm’ﬁiumuoh morphlne (10)

wcta P Scond 107



1 Tnpecpiny [ph ciae and tearing of amtwocicep-
w L Tnpuophylgycine alone even at bigh
w1, kad o sigmfloand antinocicepthe effects
cxsared by the hot-plate method (Table 1). Moc
o o doecr of 13 and 30 mg/hg upficantly
olongrd the bot-plais Gme but LATYMophyl
yeioe dad not change the antsociceptive effect of
arphine (Tabie 2). L Trypiophylglycine did oot
a4 12y chear effects on (he behavioar of mics w
x dowct osed.

ISCUSSION

he yelow cy fluorescence m cenain
Povhrical ce induced by OA-cthanol dicated
= fix 2 remalas 1Y
sochewical reactivity when hypopbyses are ob-
med ko 43 b afier death (rom caday ey slored

Ty prapdn Iph cine In kamas In popi s 17

Back, 40 be poblished). Thut, ammo-termlnal tryp-
tophyl peptides are released into the penpheral o
culstion and possibly also directly mto the ceniral
nervous system via the retrograde by pophry seal por
1 clrculaton (O er et al (977) together with
other hormones of ACTH/AMSH cells. It has been
shows thut S-endorphis shows panliel chanpes
both in bood and in the hypophyus wkh ACTH
1Oudlemin et al 19771 The sequence Try-Gly I
preseat I AHipotropla, ACTH and MSHs but
it bas 0o ACTH or MSH-like activity which re-
quiret ot lead a teapeptide o whch Try-Gly
532 the carboxyl termuml posdloa (Wallis 1975).
1n sddion, tbe present resutts show ed that L-tryp-
sophylglycme alone adminhiered subaaneously
oo mice had no antiooaceptive effects sod na

phyl pepdes m the mouse bypophysit expressed
in the form of uyptophylalaome aguvalents hag
been reported to be about 10 ug/g of wet weight

et ol 1974, Thos, although it i possable

that L-ury iyomo B bydrotyzed by pepil-
dases a0 emkephabos f grves systemateadly (Pen
il 1976 the dows wetn 10 luge that miact

;mﬂuhmuqums Partanen 19784 ).
The presext rewwlts gave the structure L-tryp-
P43 lgfycme for the hypopiryseal (luorogeax sub-
tmce, The taolecular weaght of this dipepixta b
4 wwd Afny from the previously reported
Roleowtar v exght (o e $000) of the mam fraction of
T wrming

 the e o 1973 Hikanson et al. 1974) and by
g £0bors difered whach could explen
¢ dlfereaces concertung the molecular weight,
/B by peen g [
2yt smino sl yplophy} pep-
O the by pophyreal cells decreasod concomi-
Sy With ¢ decreate o the knmomohistochemicah
hWACrH-hm&qmd.‘sum
Wikacaon & Sundier 1977) and 12 the momgber of
g demonstrable  hormone
Fracudes i the pars mtermedia {Paranen &

uy 'was probably presend b the o
cubrtion at fimer when the mealurements were

made Alo It seeoms thal L-tryploghy lgh tine does

o w foocion.

The work wes wopporied by g
mexmmuﬂrm.;:lm
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-ompsrison of effects of pentobarbital and ethanol
- the neuronal activity in the posterior

 arietal association cortex

 HYVARINEN M LAAKSO R ROMNE and L. LEINONEN
- wa s Dicpactasead of Fryasotogy Usfvernty of Helrakd, Fiakod

HYVARINEN ] LAAKSO

4. ROINE, . & LEINONEN L. Comparnsow of eflects
of peatobartets] sod ethanol oo

1be necossl activity in the pastenod

amocudion
conmx. Acts Physiol Scand 1979 107 219125 Recemed 28 Febr 1979 LSSN 0006772
Departraeat of Physiology Unaversaty of Helunkl, Fralead,

The probleen of thm sudy wat
urvetsl

whetaer the effccts produced by akoobol o the possenor

B o e sgencd i e elfocts tnerved
after admetusiration of aicohal sre noa-
pecaic an somler o the effects produced by other

anlly achog depreant drugs soch as barbitu-

eacraeva U actions of sl (DiPerm etk
h:?uud 1974L W have shown proviowaly
o £cihas actrety 1n (he pouterior parieis
o oa coxiex 1 sexalove o the acuoa of ok
Hyvanses ot ol 1578), and that often the
action of alcobol 18 closcly paralielled
z‘:.:"“““"mmmmm
“a oormally panicipairs in the sensoc-

Celer  conirol
13 of haod- sl sys-movemenis

(Hyvarinco & Porsnen 1574 Mounicastle et al.
1975) t was therefore of faderest 10 stody whether
the effects produced by aicobol im the posterior
parfetal assocaation cortex are specific %o ajcobol or
whether barbrtunates would prodoce similar reaslts.
Wa performed thls sudy esmg peatoburbeial in
doses that produced effects in the moukeys sen-
sori-mowr coordination comparsbie to those pro-
doced by skcobol. The results iodxcate that although
shoilaritics exist i the actons of these two drugs
thefe ars also sgnalicant dafferences.

MATERIAL AND METHODS

This xindy was pevtoroaed wich 5

R R e
ol 1omg €xough o the 1iady of the drogs, becamse tho

Arve P
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Fig 1 (A) Multineuronal impulse activity @, sorha
pper trace) ad the same activity rectified and miegraicd
control responses during reaching with fpsiluteral arm toward a food reward are seen. lhmmh;

an Integrated response from the base-line of the recording is fudfcated (a) Mean amplitudes and thewr
; ponses. The mean and standand deviation vakucs obtaiaed denzg i

then expressed as pereentage of the mean control vahio (B) Spontancous actisuy gl

tneuroml recording shawing two periods of rhythmic discharge The beginning amd the e of the

were { of ten
drug wero

apadi
-4

indicated by arrows  Pentobai bital was infected 12 5 mg/i, o
5 divided in 4 Joses the sample was
phaso 53 min after the last dose. For measurement of the percentage of time u(lh)lhﬂ*dlm:‘o;:‘mup

actrvity was recorded
of the recording (C)

the dunation of rhythmkc periods was measred and expressed as percentags
Tbchtclu(pmloharbﬂalonmeracMr‘mmcymwdlhah\cm\

abe of the 2t
cathetrr ¥

latency measured electrically mcnchumwm.orpmmhammwuﬂm:wwhuwbw_u

and standard
figures

wducton of and recovery from the cffects took sev
eral bours. Therefore  muohiple uf‘:'rrcord.mp were
mede Multineuronal impulse activity was recorded In the
mpanufﬂ;ubnumlm7uhnurprcvﬁoulpam
(Hyvarinen ct al 1978) ko chronc expts with movable
icrock des. No other except the drugy
stdked was used during the expts The recording methods
have previoudy been descnbed in detad (Hyvarinen &
Poranen 1974 Hyvanoco ctal 1978 1979) In this study
multincuronal activity was recorded with glas-msulated
megsten electrodes mo cl o Lhe cortex through the
hundm-nuuhnhydmﬂncmumnfpuhm The muly-
euromal activity (Flg. 1A) was filtered recufied aod inte-
grated usiag the apparstus described by Weber & Duck.
ald (1561 High-pass (ihicring at 300 500 or 1000 Hz
od completety show wa ¢ signals from the r cond-

dh“hh eaving osly action poteatlal spikes Julging (rom tha
amplitudes of Lhe action poleatialy ro-

arfance 1 tho
:onkd thess were d“‘]"“mbydem’;:f
seuroas. Many thiogs e tbe size of the ket

rooal respomes, such facions as

Acta P ol Suand 167

«kvhuonvnhmo(lmnahoxprmdupacrmo(oonuolvﬂutLTbeumcw

xrude,xbeduoru:ncwnmrmxddﬂﬂ"’}:’f,
of the ehectiode fn reference to the cells sskel
inato the Influcnce of these vansbics, e CER0
were not moved durmg the study of the droF ot
Ltusdes of the 1 multi Jmpm‘"r_
upru;cdnpcmmumdmcmﬂﬁ“‘““"b‘n,
mwmmmm‘wmwmd“‘w
(Fig 1A} The drugs were infuscd through a8 00875
catheter permanently kmpLusicd i e right 2325
heart a3 previoualy descnbed (1fy anoea et ak 17
some exply MHH(N:MURI““F“:‘;"
30 capts. uere performed using pentobartal 4%
results of theso expls. -mcompamlﬂh””“mug
expt performed with akcohol and pubishad € 2
(Hy anen et al I978) The dosape of Ihe & °
o) sed by followng the beha wural actos. FY 5
PUIPOC & raling scalo was comstnxcted for “‘“““’1,
the monkey’ reaching sccuracy for foud 1o
point were gl en for norml rapud aod s urie T4
for food rowards offered by Lhe eapenocntcd "‘1,
€7¢ sing dosagn of the drugs tha reacheng becam™®
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* & s D W u"m:uuo-
TiME

Fg 2 mhmdmmmmmmdmmmmd
m&um-wmmmmmuwwm
fasicus (arom ) of 5 (M arew) +3 2.8

the reachog (A) Pensobartatal
meky (B) Alkcohol mfouont S 0 5 g/kg Mmrhy\hnmmwhmhmizy:
eres wore coned

mdwmiqmuhhuuulnm
‘ﬁmhmmwm Jenat 3 sacoeiarre witvss . om raquned for panod 10 ba
o ﬁmmu.dmdumm'numm coauxdered frequeacy of the
&Mhnhmmmum mmwwmqm.md”m
oy b—c-chqh-mm-zln'z 1» somw expts. wEer Dot umet derag tee perods
n"-vﬂandlhihlnrymhnkv-w
dmuawdm-muy reachag
oy ey pecmlty food well A close
™ Ghuan ed batwres Ohe RESULTS
Yikes of reachesg latency (Fg. 101 The
of riythem w (e Both - ad aleobol produced a
™ Umied by memareg the tose Ot the  fhythoic
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*—* RAEACHING CELL RESPONSE
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% coNTRoL
8825883383
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A PENTOBARBITAL DOSE mg/kg Lv

Fle 3 (A)Llckor:ﬂ'actorpmmburuulmmemuplhmkofhumucdmvomﬂul

e YISUAL CELL REISMONSE
- - REACHING ACCURACY

)
" ®

-3

o 5 10

8 PENTOBARBITAL DOSE wy/ky

reconding wie e ®

i
o vements performed with the: contratateral hand. Alhough the eachaag accwacy el wak bercrsg !
pentobarbetal the celfutar respoases remained unaffected Mmmwdﬁmmomﬂw;ﬂﬂw;

of b dose on the ditudo of a visual

and reaching accuracy At thh

bmu;htlulolbcmonkey-viun]ﬂddckne(ol}wmhn}l
produce

triggered a response bat visual Sastion of

fantor fod bl

responses At each dose level 10 new objects were presented (0 the mankey as st aud e me &
xunduddcvhﬂomoflhnr:smmpbu:dhﬂwﬂme

This rhythmkity appears to be related to the slow
EEG rhythms produced by centrally depressant
drugs In the multiple unit records the proportion of
time that the spontancous activity was rhythmic
Increased with increasing dose Closing of the cyes
increased the prevalence of the rhythmuc activity It
was also evident that the amount of rhythmic dis-
charge correlnted Inversely with the performance of
the ammal expressed as reaching accuracy and that
this relationship wus similar for alcohol and pento-
barbital (Fig ) In alcohol expenments the fre-
quency of the thythm became slower with increas-
ing dose (Hyvdrinen et al 1978) but such a relation-
ship was not scen in pentobarbital expenmeats 1n
which the dominant rhythm stayed at approximate
ly ? Hz when present
7 expts with pentobarbatal were performed ar
sites where the cellular activity comelated with
reaching mosements performued wath the contralat
el arm and hand as descnibed before (Hyvdnnen
& Poranen 1974 Mountcastle et al [975) The re
th those vbtwned from |
sults were compared wi Lur recond
aleohol expenments on functionally similar rec
sites. The fliects oa motor responses were less
:;lmm in the pcnlObuIb“-ﬂ group in which three

Act Finsd S w107

of eight sites were affected by U\cdnrl‘h“‘";:
12 sites were semsitive to alcohol (Tabke I \
negative result of one pentobarbatal ‘m‘:ﬂ:ﬁ
ustrated in Fig 3A The duTerences of t "
of pentobarbital and alcohol oa ul[uh.r&"-"nw
tated to motor behaviour were ot statist<a
ndlcant however '
Visual stimuli activated 13 teconlod *“m
pentobartntal expenments. Ekeven oflht'*w
sensitive 1o the action of pentobarbtal * T
two were not These expis are
results from 10 smilar expts. perforsxd ;:
alcohol in 5 of which there w.s an cffect of 1% o
(Table 1) These sites respoaded lol’olhﬂlu‘snﬁ
of wvisual stimuli wvisual approach towands
amumal visual flxation of obgects, vistl P“"i’
tion of new objects uncovening of the €¢% |
movement in the visual fickd
Fig. 3B dlustrates amplitudes of ynudd lt’f‘:::
as a function of pentobarbital dosc at a i€ ¥ .
the celis responded to new visual stunult 31‘r“u
ment of indifferent visual sumull 1 the visud L
of the animal or visual faaton of fo sl
activate ths recording ste The effect of pesioh”
bital on this response was  tron iy decrementd
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:4E&umdpuahmuw..ddmua»aﬂhmmn Bt respondang 10 brye mo g stimeull browghd
O wead fiekd from e coutralatern sude The two SXpErLDEDts wers performed st Uhe sam cortcal 3o with ax
el of foor days Peiobarbital mfvaloos (errvw ) 3 mgfis each wad dicobol infushons 1 pfkg eech. Masess and

x hn——m;.l.mdusmmmumummdwmumwm
“l::'-‘: 1w performsed & the tahe cortical sits wah sa scierval of efght days. The shis responded to touch of

g 4A sad B show decrement of visual recordmg
responses  ahes (Tabje 1), whereas 7 of 9 frr=y
Wl:;:ﬂbﬂmm;mc-cumdpm- npnﬁlnzmmm-dmhuoummn::
akeobol. At this ute both dregs to
““’“ﬂwmhmm pro- Thncﬂcctul  ow tbe
Somerthetic

mm(r<0 test
:‘ b ,OSx' ) than the effect of
Feipowss anpliudes st oaly 3 of 10 recording Fig- 4C and D show an examnple of ddfferent ef-
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Table I Effect of alcohol and pentobarbital on multineuronal impulse resporses at differeat revedt

sites in area 7

Pentobarbinal effect Alcohol effect
Yes No Yer No Tod
Type of activity N a v 4 v & v - v
Motor (reaching grasping,
man ) 37 5 ® 8 67 N LI
Visual (complex visual
1o 2 s 5 % s 0w 3"
Somatowensory (skin
muscle fout) 7 7 - 3 0 7w LR
Total 21 7 9 30 16 % 15 2 € 2
The differences between the effect of alcohod and pentobarttal are statistically (xt-est) on the womAT)
respoases (P<005) and oa the sensory y and visual baocd #<001). The ikt
bctmnlbecffecuoum!orrupomumdmuorymxllsllrmfmtfurpcnwbar&d(l“oﬁ)-
fects of pentobarbital and akcohol on responses to  ence the magrutinle of muftiple uet actnay S+
slmular cutaneous stimuli  As reported previously  factors are for nstance the xlz:oflhcdt:‘:‘;

no effect of alcohol on the celiular activity was

and the size of the cells reconded as »
between the cells and the ekectrode- T ¥

observed in the pnmary sc Yy cortex

(Hyvidnnen et al 1978) One expenmment performed
with pentobarbital in S I indicated a small effect also
10 this regson

Table 1 indicates the distribution of effects of
aleohol and pentobarbital in 62 expts The kevel of
dosage of the two drugs was comparnble since both
reduced the reaching accuracy close to zero The
effect of pentobarbital on all sensory responses
(somesthetic and visual combined) was significantly
more common that the effect of alcohol (P<0 01
x*test) On the other hand an effect of alcobol was
more often observed on cellular responses related
to movements although this difference was not

statistically significant

DISCUSSION

The multple unt recording method used in this
swdy can be conswdered a3 an mtermedinte tech-
nique between recondmg of intracortical slow wave
activity and smgle umt activity For the study of
the action of drugs this reconding method proved
suitable as the effects of the drugs on the multiple
unt activity were quute distinct To sample ‘ﬂ
ciently single unt data for firm conclusion o:k
action of the drugs would have required comsubera

Wy experiments. Several factors may laflu-

m‘,h,.;sud 107

influence of these factons was cummated ﬁ“‘:
present study of drug effects by k“”‘ﬂ‘du
nodcinphccmwlouﬂMKWM .
drugs and by expressing the ampltode \M.
percentage of the control values obtaned et
the infection of the drugs.
It has been
tex are less seositive o ancst
sociative oreas (Albe-Fessard & Yot
Thompson ct al 1963) and this L1 b3 “‘
applicd to delineate the sensory and motor #¢5
the evoked potential and mwM
in decp p harbital parcoss % o
ctal 154 Woolsey 1958) Oulheotherh-m“n
been auggested that the neural effects of
similar to those of other centrally actng der™ &
drugs such ay barbiturates (haknt 1975) ™™ «
fects observed in this study were indeed ‘““‘:.
many respects For instance both drugs prod¥
rhythmic spontancous activity that was
related 1o e behaviour of the e L‘"f
thy thmicity increased as the reaching accurd «
creased (Fig ) Mwmcdl‘:c(mhhcl‘“m P
cellular responses lo stmuli were com
several recording sites in area 7
Bch.anoumnylhenamuofthﬂuudmp‘ﬁd
dfTercnt however Whereas small doses of £
tobarbital produce a generdd appeasande of &

1
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aad 0 tendency to fall asleep the motor per
s o pot mach disturbed when wwake Al
o horever prodices ofien 3 exforic suate
g Iuch e motor beha Jour Increxses bat be
) ot fncoordasted  Therefore oas would expect
~t eflects of the (wo drogs to ddler &t some
ol level
Thas vork maicates that although there are many
aaisats, w the wction of akcoho! snd peatoberbi-
| oa the muitmeronal mmpulse cirvity a the
Wnor panetal x150cmlion cortex the effects Ao
fler from cach other The ddferences are most
e oa the semory responses (somesthictic and
) hat are egnificasily moeo oftes affected by
1 rxobatyal than by aloobol Cellular activity e
", e to ;okor bekaviour oo the olher band wa
e often effected by akeohal than by pentobarbr-
4 Tabke 1) aitbongh thus deffercce was not statis-
aly uplicast. The difference m the distribution

Jects of the two drugs. The general 1edanoa pro-
wed by peatobartxtal corrclates with fts depresa-
% &low on the wntory respomses m ares 7
Aerery the motor ncoordicabon produced by ak-
96l corrtiates with the effect that thrs drog ha oo
::"hﬁwnmumhxcd-omum
" Siwdics 00 the meuraf effects of akohol performed
nm-ﬂn&cdpmmmmmmhve
Adctied that cortical kssoczaton zones and the

e specfic corcal prosection arcas (DiPern

o I964, Perrn e ol 1974) Cousequently it has
08 fcpeeted thad the pol, o

Thin wock bae been sppored by grand from the
Preoursh Foundation for Alcobol Stuckes.
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Table 1 Eﬂ';cl of alcohol and pentobaibital on multineuronal impulse responses at dfferent reum 7

sites in areaq

Pentobartatal effect Alcobol effect
Yes No Yes No Ted
Type of activity N % v o4 N o N AN
Motor (reaching, grasping
manipulation) 37 s e 2 67 4 0m LA
Visual (complox vrazal R
phenomena) i I ss 2 15 5 s 59
Sﬂmllmcnwry (skin
muscle jolnt) 7 0® > n LR 1 m L
Total [} 9 » 16 50 16 9 &

The differences between the effect of alcohol
respoases (P<0 05) and on the sensory
bawccnﬂmdrccuonunwrrupo:m

fects of pentobarbital and alcohol on responses to
similar cutancous stumuli As reported previously
no effect of alcohol on the celluler activity was

and penty tal are statlstically signsficant (™ot}
respotscs c(-haruwm and sisaal combloed PO T dbist
and sensory respanses is sgnificant for pentobarbital (# <0 63k

o the SRR

Sob
ence the magnitude of multiple unt st iy
factors are for instance the alze of the deun:r:
and the size of the cells reconded a3 vl o
Ji betwoen the cells amd the ckectrok.

observed n the pomary

In thus regron

Table [ indicates the distnibution of effects of
akeohol and pentobartital m 62 cxpts The level of
dotage of the two drugs was comparable since both
reduced the reaching accuracy closo to zero The
cffect of pentobarbital on all SENSOTY responses
(somesthetke and visual combined) was sigmiffcantly

more common that the effect of alcohal (#<0 01
x' test) On the other hand an effect of alcohol was
more often observed on cellular responses relnted
to movements although this difference was not
statistically signuficant

DISCUSSION

umt recording method used in this
Ecdymcf:\jp; conskdered as an intermediate tech-
mque between recording of intracortical slow wave
sctivity and single umit actvity  For the study of
the action of drugs this reconding method proved
suitable as the effects of the drugs on the muln:
umt activity were quite distinct To sample wu,c
aently smgle uut data for firm conclusion :3‘“_

of the drugs would have requured con: der

:huTuc experiments Several factors may u

s sl Scand 167

ory cortex
(Hyvhnnen et al 1978) One expenment performed
with pentobarbital in S I indicated o small effect alvo

influence of these factors was clummatel r:
present study of drug effects by keaving e
lrodcinplnccmorloanddunﬂlwm":hn-
drugs and by expressing the amplitude © o
percentage of the control values obtaed ¥
the injection of the drugs. ot
llbmbccnknolnlhuwﬂmmdm'
tex are less sensitive to anesthetic han et
soclative arcas (Albe Fessard & F‘”‘:: pea
Thompson et al 1963) and this fact !
applied to delineale the sensory amd motor 4% "
the evoked potential and clc'ctnul s>
hnigues in deep pentobarbital
ctal 1942 Woohey 19%) On the ather hund €12
been suggested that the neural d'ftcu0‘-‘5“""“‘d
simular to those of other centrally acting dep® &
drugs such as barbturates (halunt l97”m7:-
fects observed in this study were indeal o
many respects For instance both drugs o
rhythoie spontuncous activity that was
telated (o the behaviour of the ansmal, 1€ :
rhythmicity increased as the reaching accuray .
creased (Fig. ) ,umuncrr..-cnonhemu&““‘
cellular responses (o sumuli were comparsbie
several reconding sites in arca 7 P
Behaviourally the actions of the two drug 377
different however Whereas amall doses f P
toburbital produce a general oppearance of W&

mmnﬂl““""ﬂ
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1erease In local cerebral blood flow induced by circulating
drenallne involvement of blood braln barrier dysfunction

L ABDUL RAHMAN NILS DAHLGREN BARBRO B JOHANSSON and BO K. SIESIO
‘shoriory of Experemental B Research 13d Depariments of Aneyibesa

W Kcooepery Umverisy of Lund Swedea

ABDUL RAHMAN A. DAHLGREN N JOHANSSON B. B & SIESIO, B. h—
adrermicas;

The isfhueace of i €noas mftroon of adrensine (823 kg
arnificially ventdaded

vl ement of

wxs™) opom local ceretnal
iy was measued

mereascd local CBF even thongh blood preseare was closs $0 normal af the Lune
of the CBF mesngerment. Is svesape, bocal CBF mcreased b 400% of cootrol [a 6 of 9
ik d

wan at kenat patly dus to

presscrs-mediated paaspe
bomer bot thel ssch  pesiags can ocomr 8 the abiemce of

«utravasencs of protcie.

e of oy
admmistratos of Evaas bloe priof (o infusion of

Key onds. adrenaiie local CBF blood-bras bemer dyafenction

D‘"‘Wymuhnbcmmcmamhwly
PG that Holopeally active amincs
:“Mncuhoumloroxm(mio,)md

:"“""‘denuwlcanmulmm

(cmnrmy)udﬂ(d.nhlu—y)umt:cpmr.c
tivity In the cerebral vessels b such that a peecip-
tous increase in bocal amune concentration, one that
would reuls from an opening of the biood-brain
barmer actzally may transform a dilatory respoase

or

oy srwm Ve o

e ncrenses 1 CMR,, and CBF (James &
MacDoncet

tuther 1975 MacKenze et al 1976a for
oy Semaure see Kuschmaky & Wahl 1578)

:“Mmmmmmmun
hubmhqu 1966, Oldendodt! 1971) 2t bas
textatrvely cooctuded that the buier must be
2" by ncreaung the blood pressare or te
e oy of the biood perfuting the braim, be-
Sxcubimg amines can sxert therr effects on
Tad g cepon (Macheane et ol 19764
ahery ©ver this polat may not be setthed smce
bave concheded that the baltace betw een a

ton Y one (McCalden ct al. 1977).
Results from this have shown that
CMRoy ad CBF oy rise appreciaby n certam
v a0d thet theso increases wre
atic the animals

teated tn Gghuly

anetthetized rats. The results showed that pors-

of Nexroiogy

veriay of Gothenierg T UETRIS mikhesat, Us-






Fy 2 Dugnt Douratog effects on local CBF of kyper-
fumon

the automahe microwacimg
devchoped w the Labormory of Cersbral
Natonal losuw of Heath, by courtery of dr L. Sokolofl.
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Table | Phyvsiologicat paramelters for the expenmental groups

The values are means + S E.

MABP mmHg
Body Pre~ During
Experimental temp infu- measurement  Pag, ':1‘!{
group [wo) sion Max of CBF (mmHp) (waHp M
Control (n=6) 37040 14845 l.td Wi paser 18
Adrenalme (x=9) 373201 13714 18127 13817 9615 393tS

o4
drenaline indoses of * Sand8ug kg * mmn 'gave this potnl, halsthaoe supply w8 “‘“"m":‘,
femoral arteries and femorl seums were caaalir, i
arteries (0 allow blood pressure icoonliy sl Lorsy S
artertal hood for measurements of biood pres il
*C fodoantipyrme acthlty mm-::r:;
and the vems to allow nfusoa of sdrenaes

rise 1o a moderate {average 50%) incrense In
CMR,,, which was bloched by propranclol How
ever following adrenaline in a dosc of 8 ug kg !
min ' CMR,, was doubled and in many animals
CBF rose 4- to 5-fold (Berntman et al 1978)
Various vasoactive substances like metaramine
angiotensin  porndrenaline and adrenaline can in
duce acute artemal hypertension in expenimental
animals keading to blood bramn barrier {BBB) dys-

function It has been shown that areas with BBB ! of this stock solution was o

dysfunction as revealed by Evans blue or sodium
fluorescewn extravasation have higher CBF than
non-damaged areas suggesng o loca! failure

Body temperature was alpsicd to 3
10 3340 mmHy Heparin was ghea Ly s

and arterd !
7C adredd

bl 2 8
Infusion of adremaline Adreaikne & >

bltartrate dissolved ia physiolopeal

salng o & comoi?

]
toaof [ mg mi (ACO Stockholm) Bekre i

vod with phpadps

saling to a fiol volume of 10 @l yxking 8 205
concentration of 80 xg sl About 30 mua G

res the adrcahic*2

compietion du:qmulwwm;n Lo COF w2

infused at a rato of 8 ug ks

of 10 ma.

b mcasured afler an infusion penod of
€ break through ) of autoregulation (for review of Vear cment of local COF We mﬂft\]?fw
with an autoradsographsc tcchnm:‘m“lm Db ¢

lerture see Johansson 19744 and 1976 Mac
Kenzie ct al 19765)

The present experiments were undertahen to
provide answers to the following three questions
(1) Is the previously recorded increase in cortical
CBF following adrenaline mnfusion o genernlized
phenomenon affecting all brain regions” (%) Is the
flow homogenously increased or does it oceur in o
“spotty fashion? (3} If the latter 1s true is the focal
increase in CBF correlated with signs of BBB dys-
function induced by the increase in blood pres-
sure? [n order to provide answen 10 these ques-
tlons adrenaline was infused | v 1n rats in a dose of
Bug kg mmn
autoradiographic technique  using  *C sodoanti
pynine as diffusible tracer and evaluated BBB dys
function by recording the penctration of Evans blue
from blood to tissue

METHODS

obocuranne ~ At
oaobilized with ¢ 755 N,O and 57 Or.
tlited with
and aruficially €9
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cation (Abdul-Rahman ct aLdllmL
phasized that the method 15 of Imaed ™
bigh flow rutcs Thus ahbough quiaiiine b"
been given even for flow rates exceedng

gy 447
-

xumalons.
these vatues are only appro To ted the 657

Measwrem at of BBB dy\funcinn
of the blood-braka bamer (BBB) Evins
ml kg wasgieni

H]‘-IMJ

tde
»a G sokaion l"ﬂ‘“:‘p,

ot
the adrenaline infiswn was stated 1o th [%
biod 10 serum albumin [+ vo Extrasasston of 8¢
profein comphex cuuld be =
However 0 all 4 anmals mfueed with Evorm b

bralna were sectioned m a mxcrolome aod ph HiN
We measured local CBF with an n o . Ltson betweea Mg
E aas blue extra asution aliemiats ¢ sechions

o

foc autoradrography aod pbotograpby rescine

C 1 lation

Statnbedl differences were ck

uung Student 1 test

RESULTS

As stated adrenaline was infused | v 10 2ot o
Hg kg  min
radiographic determunation of local CBF 10 5
following the start of the infusion Physok

parametens are given in T-ﬂ;}.]n-h:'l'll‘ﬁc-l-‘“‘"“1

-~

in 9 rats with subsequent 5

)
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othens showsig DOCETMS OF
mi g rem w0 of kanded scouracy (500 Heeods.

vt biug s al rats nfunion of adrenalme was
opaned by 3 nse m ocas arterl pressure of
B0 sty However as Tablo | shows the blood
Piare wbiequently fell aod sl the time of e
OBF maurenent, mesa arteml biood pressurcs
neped between 120 and 170 mmHg The table slio
Hous Ual aricnal P, was closs o costid
s, exchucing the possibiity that mcreases
locd flow rates wers relsied to hypercapais. A pro-
et study (Dahlgren ef al. 1979} showed that infu-
ot of adrermlos m a dose of 8 ug kg oo

4 blood ghucose concentrabion from 9 (o 14
s=d g
The kxal CBF measmements gave 3 main re
ik P, olowmg adreraline lausion flow -

warkedly w all brun Second (n

Adrenaline ad foowd bral blood flow

R

Tbcﬂnlpcﬁnnlunm:dhﬁi,\mﬁv“
local CBF values b each separnte acima) and com-
pares them 10 the appropriste control values
(means + S.E. e Abdul-Rabman ct af 1979)
In making this graph 00 attention was paid 1o dif
ferences im flow withe a structure. Instead a0
aversge valus wis obtaned by making 57 des-
snometric readmgs from differvnt parts of the
strocture in question. The resafts show that in mmny
structures, the lowest CBF was tuice the mean
control valos whule the highest was $-fold control.
Trn most structures, the average increase in CBF was
19 400 % of control. [a two structures (hippocamp
acd caudate putamen) the mean incredse was oaly
25 fokd and m ooc (cerebeflar cortex) il was >
fold. These prooounced Increases i flow were pot
due 10 increased perfinion pressure and abolk

¢ Cuaorgy of ancemals tbers wero clear dfferemces
® flow nies cvem wih the same ares Third,
%h 3 of 4 aauauls showed Evans bluo extra-
marked locrexses o Mow occured evea
:dmmd"m"m‘mw

blood pressure at peak value a3 well as at the time
of CBF mwasafement, wo correlation between CBF
and prosuse was apperent (oot thown) In fact,
kocal CBF iocressed 3- to 4fold even In aaimats
Un had mean fterial blood pressres bekow the
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7 %, ¢ £ 02 merenso i oasmolasity dad nok contrl
> 10 te curcubatory wad eabolic effects 6b-
# &tved presentty

? Th tagatde o the lacrease in local and ro-
¥ poad (BF

* Tasoddalation (e bras 13 obtaised 1 hyperesp-
22 o Berviaam 1 . 1979 tn ordes 10 allow &
of ocreases 10 CBF 4 amimals were

i el o thovs used la the s
N ~afwsed amozaly Mean arteris) bood pres-
o m s

Ammals was {4944 munbg at 30 e
coapaes local CBF bn adrenalne-infised
e Drpeeay aainish, Clearly adrenalme
:‘Cmbmnmm-mcmu.
o pronoasced han, ot observed
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ypanpnh-ltdwldbccmphnh‘addmm
:f}\:shndmﬁudalnmhdwmdﬁiﬂ
activation nor docs 1f cass accurmulation of bt
-ddhlhuu:memahlmn-l.lm;u\bac
resulis 10 the fact that adrenalime exerts ds
aﬂ':mp:(mwtbnlmmmhbyo(ha‘

tasbsoss rather than an activation of the reticu-
tar lon system of a0 of acid.

mewdbym&nﬂlb"ibm
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n":’;‘[m mean (14214 mmHg) ot ICBF measurc  increases mean artenal pressure, the markedmen
local CBF was present at a tme when prossae va
The second point 1s illustrated in Fig 2 which again close to normal values. Forbermar #
shows autoradiogruphs from two high flow situa- though local CBF rose 1n all bram stractszes stadel
tions In one (lop) CBF was increased by mismg  some ammals showed sigms of 2 muked ll
artenal Peo, (0 80 mmHg and In the other (mid-  homogenelty For practcal reasons Evans bhe |
die) adrenaline was infused [ v (This section was  albumin extmvasation was only estmmated muTe
taken from the brain that showed the most pro-  scopically As the brains under the prewest o
nrounced inhomogeneties in flow ) In hypercapnla  cumstances could not be perfused and the coscer
local CBF in grey matter areas increased in a fairly  tration of Evans blue was high o the blod, ¢
homogenous fashion while the adrenaline infused  conditions were not optimal for detecting ks prak
animal showed pronounced Intrastructural dufer  of tracer extravasation Morevver lbalht“'
ences in flow For example in the parietal cortex  diffusable BBB tracer sodium fluorescem n pa |
CBF vancd between 24and 4 7mi g ' muin and  together with Evans bluc In acute by petezan 0
in the brainstem and the hippocampus comparable fluorescent areas in the brain are more exennt
differences were observed Of the 9 ndrenahine-in  than the blue arcas and Evaas bluc-ubuse et
fused animals 6 showed clear intrastructural duTer  travasation s not observed 1o 2l fluorescea a4
ences in CBF predominantly in parietal cortex  (Johansson 19745) Thus it scems ool unbleh &4
hippocampus brun stem and cerebellum In the  the BBB was disturbed also In arcas wath s \
remauning 3 ammals CBF was increased but intm-  scoplically apparently bntoct BBB to protes o
structurnl differences were not observed The very high CBF In the cercbelum s ko
As remarked 4 anmals were used to wentfy  in light of a recent study in which the BBB dysfa
arcas of Evans blue extravasation In 3 of these  tion 1n adrenaline-induced acute hy pericasoa *4
multiple areas of extravasation were observed an  quantfied with 'BIHSA (human serua Jums
example of which is shown in Fig ? (bottom) In  Although multifoca! pr\)lcznl::h:“-“*"""""“'i
general areas of extravasation coresponded to  parts of the bram the highest concentrabor o &
CBF values that were 3- 10 S-fold control However  tracer was found m the cercbeltum Jobams¥
a quantitative companson could not be made smee 1978) In contrust acute hypertensud Induced 3
tho areas of extravasation were much more cir  angiotensin or metaraminol results n eatrm A=t
cumsenbed than the areas of excessively high flow mainly i cortical structures 1n an acoompin)d
rates Furthermore equally high CBF valucs were study (Duhigren et al 1979) it could be Ml:
observed in areas visibly devoid of cxtravasated  when blood pressure was kept coastant duns
Evans bluc Thus olthough the infusion of adres-  sron of adrenaline tm a dose of 8 45 k™
aline gave cvidence of blood-braln bamer dys-  nelther CBF nor CMRo, rone The combunod o2
function in 3 of 4 animals bocal CBF was markedly  strongly Indicate that the fitlal increase 18 B
increased in the absence of macioscopically visible pressure allows adrenahne 1o pass the bloodde!
stgns of such dysfunction bamer and that the enhancement of 9S% %
sumption and b#oodﬂowhmu\cdbyu:';u"“‘
the amine on intracercbral adreporce
DISCUSSION tentatively conclude that Lhe increase 1 P
The present results have confirmed our previoks  lemds to an enhanced translocation 0“""“‘:
observation that Intravenous infusion of adrenaline  ucross the blood-brain bamer ¢ g by Y6
inadoscof8ug kg mun keudstoapronounced transport even when mny concomitanl il
increase In CBF (Bemtman ot al 1978) This re  tion of Evans blue protcin complcs W’:E
sult and that showing 2 accompanying ncrease In — cally undetectable As shown n amoiher M
CMR,, corroborate previous observations in man  (Duhigren et al 1979) the iafusion o{:drt'ﬂ-lm"m
(King et al 195?) although the circulatory and jod by a e in blood glucose cOREE
wbolc cffects mduced by adrenaline were far  tron to about 1507 of control Since such reb -
me moderate changes In glucose concentratwn b3

more pronounced in the rat However itis duTicult
P! doses in the two studies, The present  not previously found o i ace CBF o

o Its have also shown that although irenaline  CMRs;  we tentatively conchude that perferal o
resul e

Acta P sl Scund 107 -
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! nhibitlon of fast axonal transport and microtubule
~wlymerization in vitro by colchicine and colchicsine
r

| NDERS EDSTROM, MATS HANSON MARGARETA WALLIN
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purtment of Zoophywokogy Ui ermty of Lund, Sweden

resalts wath mutons n have been The

EDSTROM, A HANSON M. WALLIN M. & CEDERHOLM. B inhbeion of fast
axoms) ramsport xad wetTotsiagie polyDerizathon a Yo by colchicing and colchicene,
Acta Payuo] Scand 1979 107 233-237 Recetved 13 Mach 1979 ISSN 00016772 Depart-
et of Zoophyuology Universaty of Lond, 3wedea.

Tha effacts of coichicras knd colchh.cind on faet 1roas] traesport b frog sclaix: oerves were

traosport by oterfanog with
Colchacine and colchacemne ded aot affact the Jevels of high encryy phosphatey
(ATP aad CrP) oa frog serves lockoatmg that  redoced encrgy supply wis fot fesponsiie
Tor the arested tramport.

Kev ords Azonal traneport, mcrotutes, cakchicise colckrouias, sergy spply

The role of MT i3 central for the undentandmyg of

tho properucs of colchucins while Lackiog othery are
lhuefw-mdmunhhmﬁndumjum
$biity of transport mbibits

by colchicioe due to effects on cefhilar processes

wnrelated 0 MT bas been duscissed. Such effects
™nnuow of whulm m celifis sysemn were coosidered less Lkely since humeolchicine
(ereabery & Tumasbe(T 1970 Backs & Tel 1975)

whuch docs not bind 10 tubalin, lacked
4 degren sad tae-course of fhibition fmaport

effects (Banks & T 1975 Dublstrom of &) 1975
Liod raesport conkd be asenbed (o s slow

found 1o mhiblf fast a3 well as sjow

Pulson & McClare 1974 Prico 1974). To obtam
‘mony:hmmdﬁbq-:(l”nkuﬂ 1973 nmhulniumnoulhunmhpmb\qnmmhudo—
McChuwe 19743, Cokhucrae fa presmed nvative, eolchiceme  waa reccatly mied. Jt
Ooly 10 toixie 2ad 50t to mtct MT thers- s

n tha fith optic system (Schobarting 1 . 1977) i
19%) This process fr accekerated by cold 1pie of s 0 bind
™ e lakiriory ffect of coi - Labllsty to Tt brain mibalin.

Nenber dut the
wmhwdmﬂmmuhn changet fn

.
Dwaica et ol
ey IXbeEDg Ut sobler effects can be

mkhkdne-umedmlncmm

n:nhxnthhrrpaxnhathepou‘, ty that trany-

- fhout vebls Winsiructural Svemts by coichicsioe are dos 10
micrference with MT

1973 Nonstebm ctal 197)  colchcime, 1 conely tmdr o 1bos of

Axooal transport fy closely depondeat oq

1, - (hrough ATP (Ocks & Hollngrworth 1971). Col
-~ -_
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Commutrniion ()

t { e of colchucme ind colchuceme on the
of MT m vitro  Proten winphes were

RCHicd for $ man i 4C with Or wathaut drgs (10

W \Lj amed g polyraermiation was measured a2 STC

TR % 6xpcrmmaia] perd of 23 man. The resols are

] per cout of Caane contral Mves (mese
et o ) 1pta )

[l vad

ESULTS

skt ot O { mbd and 0 (25 mM reduced the
st of abetled materfal in froot of a liga-
14" 4 sad §7% respectivaty of comtrol, The
riponding valoes for colchicse were 54% and
% (Tabke 11, Cokchucetm 1nd cokchucine thiss
M"’“‘tbcnm:hmwwycﬂcamw
30rt. Neither deug affected protem synthesls 1
* vy Precubation at 1°C for 3 b i tho
reoce of 0.1 mad cochucine or cokchucen re-
%o e accammilased activity 10 # third of tat 1n
o4 tated w1k drug bt wizhout cokd (data not
hl%“"'“ﬁ“vmd’{cﬂvﬂhﬂ
M‘Mﬂlhcuummmug

Theiesch of ATP and CrP bn control perves afler
%["'”h‘mwﬂmmuﬁmo
A Pt g wit weght (meas £ S E. A =4) rv
Pecin gy Thete valoes are caly slightly lower
hh”“”’ﬂmcdnmn Parred perves e
W“‘“Fmdwl\uwmnmol
" O colchucia thowed wackunged levels
Yth cvenyy phospater.

The effecsy of colchleme and colchacesna na
N%dwmmmmm

-~
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Fig. ] Both mutosh-inhibxtors were found to inhubad
pol Hon at ons (107 and
107%) and 10 nearly the same extenl. Cokthicios was
sbown 10 be a morc potent {shiwtor than col-
chiceine sloce i affected the polymerimtion pro-
cess even At m bow cooncentrations as 107 M At
thy concentraton no effect was resolved In the
preseace of colchucelne
The acthvities of calf beain MT associated Mg
and Cx'  ATPases did not deviate from normal val-
ues, 2.5 and 3 1 amol Pf Ubersted/mg/min a2 pH 6.8
(Wallm ct al 1979 mt colchicesne concentrations
ranging from 10* to 100 M

DISCUSSION

Colchiceme ks & metabolite of cokchucine in ome
naimals (Schontmting et al 1974). It bs less toxe
than colchicine but ity effocts o the organtsm are
simiar o.g cell diviswn urate mduced edema and
=1 refexse from the thyroud are all affected 1o some
extent (Zweig & Chignell 1973 Fltzgerald of al,
9571

Io the optic system of fish colchlceine was re-
poried 1o be & more effect] ¢ lhublior of axoml]
transpoit than colchicne (Schdaharting ct al. 1977),
[n cootrast the two drugy kad almost equal eff:
0a transport m the frog scutic perve [n the present
sy The two agents duffer i some properbes,
Colebicee s more Lipophilc than colchicine and
hn-nllﬁnnyfurSH-tqu(SchndldlLl%).u
k0 mhibety phosph probably by fof
wuhd.mk-mcummd:enczﬂ.lws) Its of-
floty for tobulln I3 moch kower than
Schonhnhuq.]_ugmmmm‘nyw
Ing of [ H}-colchiceine
other

ever it bas earller besn shown
chicme binding to tabulin to
Chignell 1973) Aoother
s effects on mwbutin potymerimation,

was thown, In the present 4 o

HTnlcmNyumncmuubn,uulolcu
bigher than colchicing,

How-
10 Joiubét [ H}col-
Souc extent (Zwely &
cruerion for MT affinsty is
Colchiceme

nhubrt
times
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Table | Meanalues +5 E of radioacthvity In ganglia and 4 mm segment of nen e protimol 1o e bty )

30 mm from the ganglia

From:achmlm.nlmwnuvewuutalulmnlmlﬂn o com s contalned 20 Ci{"HHescme
wfn p-nm;:‘h 7l Fgmdtqlw

131

iccine or colchicine was aded (o the

Colch
to Iollnrmmpanmcnu.Pvnluﬂwcmobmlncdbyumolllwmﬂcdl test for paired preparabiony

County/min

C Cwﬁ';/ i [ ol haol
one gAn, %of at lgature

mM xI® control X108 contrll P -
Colchicerne 01 1793140 %4 11318 61 <o 1
Control 18613120 1129
Colehiceus 0025 1330+ 48 9.5 D21 571 <oa 4
Control 13641 34 U323
Cokhicine 01 19614324 %0 14123 5. <00l 4
Control 2043342 195169
Colchicne 0023 1312%161 1nzs 144170 50.2 L ¢
Control 1 165% 180 16027

™

chicine has been shown not to affect energy-depen- ATPand CrPumnuyﬁdmd‘“”ll;’:z;c,

dent neuronal processes other than axonal transport
(protein synthesis electrical acuvity) except at very
high concentraion However no direct measuro-
ments of high energy phosphates (ATP and CrP)

Ichicine or

sonncau (1972) Nerves were mcubated for

OlmM:olchbdmorcokhnnemﬂ"’:::

mmUymummwwﬂm

nitrogen and crushed with a pre-cooked sed ,;.Lu‘

nndCrPucruuunclcduuthP“‘hh"‘W
fzed sod the formatos of

have been made in the presence of

colchiceine and the evidence for an unaffected
encrgy metabolism 1s indirect In the present study
we have measured the effects of transport mhibi-

tory concentrutions on the levels of ATP and CrP

MATERIALS AND METHODS

of the &th and Sth dorxul ganglia to-
getber with the sciatic nerve was dissected out. A ligature
was placed oa the perve 30 mm from the ganglis. The two
preparations from the same frog were used for experiment
and control respectively and were mcubated in an ap-

Frogs (Rana temporaria) were used in this study A prepa-
ration conusting

paratus where tho ganglis coukd be scparated from the
nawu:ryﬂbomm bamers (Edstrdm & Mattason
1972). Frog Ringer sofutlon with L{4.5- HJeucine (10s
Clnmole 1 mCUmi The Radiochemical Ctr Amer
sham) and cokhuceme o colchicino were added o tho
pn;l)bonk compartments of the expenmental perve and
ordmary Ringer 10 the other comparimeats After incubu-
ra:l7hul!’Cuwna'\numaumw4mm
oo od with 5% trichkoroacetic ack! 4t 30°C for 1 h
.ndAn:rmwuhhlmmmcmﬂhwlhcxncpkg
solubt zed i Sofucne 150 (Packard Co ) Tho pro-
i’ ndhclhuy‘uumscdun.hahck

st H
fmmd:)mMAWbymh‘f“‘d__mu
y assayed by sp

was subsequently converted to Cr and ATP by %
kmaso and the assay repeated d
Caif brain tubulin mwnﬂcd"'/‘“gd:u

pol! on a3 ™
etal (W74)uuimai:ﬂcdbymdd.“’7“l‘

part of braln cortex was -u.hl.:];;‘:d

PEG-buffer (PIPES 100 mM EOT:IA_hl‘nN "

pH adjusted ro 6.8 with NaOH) ")
mnuﬂhﬁrduﬂul),fm'lhllo—fCleuh‘:"
-upmm:mmmmumralsn”w‘
tnfugel Pellets were stored at ~40°C Pror M
mulhcmﬂcummmpcnbdh?‘iﬂwhnul
denred protein concentration (2.8-3 1 mg/od) o
mined by the method of Lowry et al. (195]) wies X7
serum albumen 43 staodand  The tubule ’j',,";;:(r
Wchrubucdfw:muumnuu-mum“
0107 M) The ume-counse of s ot
followed by -iscometry s the presence of A

of o

ATPaso acti oy was assayed m umplﬂ"(”r’w}

thons by measunag hiberated inorgank phospbats %
ing 1o WeikMalherbe & Green (1931) aod mobicd
Ledig et al. (1973

Cobehiomine (o O detme s Keotehuc ) was e

from colcbicine by scid hydroiyels (Boyhiad & 1 =
1938) The resulimg precipritate was washed wih pl
trssolved in alcobol crystaiized from water-skohol

by Liquid santillaton § mn a
Ssc?gmMmmmum(wadcwnm.m

A sa Physied Scund 107
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transport at mM concentrations in a way which 13
related to their amphiphilic charncter (Edstrdm &
Hanson 1975) Direct compansons betwien the
concentrations used n the MT polymerization and
transport expenments are probably not possible
The sources of nervous tissuc and the incubation
tUmes differ conswlerably The present rusults
suggest that the transport inhitatory action by cok
chicewne 13 on MT or associated proteins of impor
tance for the polymenzation process

Very bttle is known about the exact mechanisms
by which colchrcine blocks axonal transport In
most cases there is a decreased number of micro-
tubules after colchicine ndministration (Banks &
Till 1975 Hokfelt & Dahistrom 1971 Fink et al
1973) However n some nerves transport can be
blocked by colchkine without visible structural
changes In rabbit optic nerves Kardsson ct ol
{1971) found o normal number of MT n spite of
transport block after colchicme admunistration
Identical findings have also been made in the
hypothalamo-pituitary system (Dustin et al 1975)
Low doses of colchicine might thereforo affect the
function of MT without degrading them It is possi-
ble that the primary transport inhibitory action of
both colchicine and coket is on the function of
some MT associated protein imporiant for both
axonal transport and MT stability

Neither colch nor cokchiceine affected the
ATP or CrP levels of frog ncrves Since col
chiceine in contrast to cokchicine is known to I
hibit phosphatases (Sicbert ct al 1975) its wterfer
ence with ATPases necessary for the utilization of
ATP for nxonal transport cannot be excluded Very
Lttle is known about transport ATPases in nerves
but a possible candidate is bramn dynein an MT os-
sociated ATPase which however was unaffected

by colchxeine
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“fects of cholera toxin on villous tissue osmolality
wd fluld and electrolyte transport in

$e small intestine of the cat
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I8 reports from this laboratory
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dact ks been presented for be cxistence of &
et eadirpler m the vlli of the feline
e e (Halsumac ot a1 1973 Jodal et al
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te
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METHODS
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Fig 1 Net water transport in Jojunum and Beum before and following 2 30 m
exposure (o cholera toun Bars denote £S B

emH,O and the Intestinal scgment was porfused at a con
sant rate of approximately 1 mifmin by means of a roller

NET WATER TRANSCRT ~
e 00 wrcedl srkos
500 O, P it ik

ad A nae e wi
300

-
oo -
0

-

300

|
i

C Biochemical and rodiuctive measiremerd

ter and clectrolyie fnes A
&D."krfu?']m]"‘.,“ o iy vt

pump (Model mp4 Ismatec Sa, Zurclh Sw n
mlmpaumcol'lhcpaﬂlmecmedug[bcmm
d with a ther thermo~

Lhe
from the perfusates entenng and ka 19§
El‘?neumpluummﬂrt&dmﬂ"“*‘

wal P
mcter (Electrolab Copenhagen) and kept at about 38°C by
a heating pad thlrtuhﬂonwuprevmlcdbylncmmmn
Iarler:urmlrm-lunml)hl}nch'\:uhihglyucm
Aﬁaloonuwpaiodo(unuwnphuﬁbcpcrﬂu-
ing medium entenng and leaving each segment were col-
lected  Thereafter 200-300 mg of crude chalera toxin
{freeze dried culture fitrate NIH lot 001) per 10 cm intes-
toc dissotved in 56 ml bodywarm physiologic saline sl
lbnmphccdinﬂnlummo{achmnl Both ewds
dvbewuncmmecbudmdl}:mxlnm:xpmcdm
the mucosa for 30 min. The toxin was then gently washed
outwuhlo—wniwnrmpermnn;mtdxummdnwpcrfu-
300 was again started Sampluu{lhepcrﬁnnoenl.cnna
and leaving the scgments were taken at 90 and 180 mm

Wsodhmnndpomxlumcancmmﬂomh\:'“‘h
were determiped with 4 flame photoaxicf | nﬂ‘“‘ds
and the chiorde concentrations lcﬁdﬂﬂ"”"m
chioride meter (Coming Eel 970 Chionde
Halstend Essex England).
ﬁr*mmd‘uummm
transport from umen to tasae 625 xCIH
"Nl(OMpnwmuLkdpcfhwdﬂlmﬂmmw
Radloactivity was measured by a bquid 9 oty
udTri—urbbq.uhcmmhﬂompsgv::ﬂ ok |

uremenits wa below 1% Al amlyses weme

! e
du?‘:uhun net transport of sodmum, pw“"“d

after the start of cholera toxln oxp. y
after the collection of the last samples from the perfusion
system the scgments were rapkdly extirpated and momen-
tarily frozen io isopentan precooled to about - 150°C in
Hquul nutrogen.

Table | Rates of net waler transport and umdirectional water fluves before und 180 min oft

ntestinal incubation with cholera toxin

intestinal segment
aT::r‘lsk denotes statistical sguuficance
Net water movement
(ul/ounx 100 cnth)
Control Cholera
Jr}wwm — 1144 (8)
370£90(8)
e 1534 @ —1745%0 )
hrebs-maanitol E
s huco! —3 $38(6)
3561106 (6)
Kmn:’ mnn:d 33087 -1_308)
3]

A1 P Scamd 167

o1
chioride a3 well as maidirectional traasport of A7E
bl »

reled
(1979) Thcmmn:pmwu:mnlu;':"w
scrusal arca and cxpressed as plfma

cra 4"

1SEX
were perfused with  Rrebs-plucose or a Rrebe-manmiol sobuion Mea s

W ter flux from lumen (o Lnsae

(ul/minx 100 crat)

Coatrol Cholera
997_139(8) 73 1103
928170 (9) 42 B0
LOvI£1456) 918 18(8)
113 $184¢6) 9157
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Fig 3 Net sodium transport in the small Intestine before and folkwing a 3 1e
exposure (o cholern toxin Bars depote + S B
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RESULTS tional water transport rates 1a the K

Water transport Fig. 1 illustrates the net water
transport rate in the yejunum (left panel) and in the
deum (nght panel) before 90 and 180 mun after
cholern toxin exposure Table | summarizes net
and undirectional water transport 1n the jejunum
and the leum duning control and after 180 min chok
era toxin incubation A positive value denotes n net
water transport from lumen to tssue (absorpuion)
and a negative value a net trunsport tn the opposite
direction {(sccretion) Statistically stgmficant differ
ences are indicated in the Tabke

It1s evident from Table | and Fig | that cholera
toxin caused a marked and statistically sigmificant
reduction in net water transport particelarly when
the intestinal scgments were perfused with a
Kreba-mannitol solutton Fig  shows the unrdirec

panel) and In the ileum (rght pancl) W;
Fig | The obsenved rductions 1 et ‘.ur.:m
port rates i the jegunum and the icua (Fig ”
1o be duc larpely to a reduction in the waef
port rates from lumen to e (Table 1
Sodwnt transport Fig. 3 summunazis lbt“ﬂ:
on ncl sodum tramsport rates plodted in ‘u-k
way as for net water tampoit (Fig lr)[u\ﬂ
presenty net and unadirectional sedmm .
ing control and after 180 mm cholera Iunl e
swre  Statistical sigmificance s indidt
Table
Both 1n the yejunum apd in the dcumrhﬂk”"‘:
led to statistically sigmificant d“[irmcmn::d"
absorption In fact n many ey
creton of sodium was recorded Sodium »

i
et d
Table ¥ Rates f net s shum trunsport and unidirectional odus n fline bef we amd 10 min &f

testinal incubatiyn with ¢l dera 1 Hun

The atestinal segment were perfised w (b 4 hrebs-glucone or o K ctn-mann tol solution Meaa ol

asterish denotes tatl tal mgniflcance
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expoaure to cholera toxin Bars demote £ S B
RESULTS

Water transport Fig. | Wustrates the net water
transport rate in the jejunum (left pancl) and m the
eum (rght panel) before 90 and 180 min after
cholern toxin exposure Table ! summarzes net
and unidirectional water transport in the jejunum
and the ileum duning control and after 180 min chol
cra toxin incubation A positive value denotes a net
water transport from lumen to tssue (absorption)
and a negative value a net transport in the opposite
direcuon (sceretion) Statistically significant differ
cnces arc indicated in the Table

It1s cvident from Tablo ! and Fig. | that cholera
toxin caused a markhed and stathireally sigmificant
reduction in nut water transport particularly when
the intestinal scpments were perfused with a
Krebs mannitol solution Fig.  shows the unndirec

SE
The wmiestinal scgment were perfused with a Kitbs-glucose or  hrebv-mannuol wivon Aean skt
Wfles

Table
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intestinal segments except m the ileum during  ondary to the active tramsport of ehectrolyies. b
ly sodium chloride In accordance with tho ve» |
cholera net secretion of fud and cltcud)m:' :
be produced 1n 3 ways (1) By adecicascol .
mally occurring salt flux from lumen to s . >
by an increase in oppositely duvcted iRt

krebs-glucose perfusion

DISCUSSION

The present study has shown that exposing the cat
small intestine to cholera toxin i vivo turned a net
fluid absorption Into a niet seeretron wathin 1t ? h
as earlier reported from this laboratory (Cedgard ct
al 1978) Concomitant with this fluld loss a net
secretion of Na Cl and K into the lumen was ob-
served as also reported in a largy number of in
vivo studies on other species including man (Ben-
yajati 1966 Banweil et al 1970) dog (Carpenter et
al 1968 Swallow et al 1968 Moore et al (97}
Krgys et al 1978) and rabbat (Leitch et al 1966
Love 1969 Norris ctal 1969)

It1s gen rally agreed that water tramsport across
the intestinal epithelium is a passive process sec

(3) by a combination of 1 amd 2. Dunl
cal circumstances at least 3 major raa

\port et

at
ansms are resporstbie for the active U‘Jr;\h:‘
sodium across the ntetny ephelum { \

ctnl 1974) A iheogenic glucose-falital

ol rs3

poit system and a chloqde-coupled ok

neutral transport mechanbm ae
apwal membrane of the enterocyle ¥
dependent ATl ase  catner

basolateral membrane The lustment
reved not 1o be mfluemcd?

system is generally bel

the cholera touin (Schultz etal 1974). bu

loated 3

Iy wwated A 0%
oocd s

et

bfat
Table 3 Net chlonde transport rate net petassium transport rate and 1 tal intestinal Bhood flo Bt K
180 min after a 30 mun intestinal tncnbation witl ch dera tovn

The intestnal segment were perfined w b hreba-glucuse of  kreb tol sofut s Mean akucs

asterbh denotes statl tical slgruficance
Net chlorde moement

(gmol/mm 100 cm®)
Controd Cholera
Jejunam . o
ucose 1 -
mﬁmuﬂ szsllé) 8 19
Hewm 7 1
60277(6)
tﬁ:m 412159 63_164)

e Ph ol 80 BT

SF

Nt pol wum mosement

(wmol/mm 100 ¢’
Coatrod

01 06648)
097 0w (&)

13 11016)
ros o193

Cholera

045 0618
3720 8O

0w_069er
—tte | 4
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Cholera and luesting countervmrent multiplier

posmohaluy especwally at the villoos up This
mmnhky‘msbcenpru-pmcdwb:ﬂtm
qhufnrpdvewmmdsohueatnu?
win no(Halame ctal 1973 Jodal 1973 Jodal
. 197, Haldck et al. 1978) and 13 & recent
pe by Hallblck et ol (1979) a corTehation be
-e¢0 tveme Iy perosmolality and et water uptake
u depowstraied One oajor amm of the present
wy 110 clecadate to what extent cholera toxla

ductlon of  Boas trssue byperosmohaliy (Fg 7
wTable 4), hich can be ascribed to af Lewst two
arsible mechaoeums.
Ft, an wnestmal hyperemia occurred after
+ bedery toxin exposure maundy localzed to the
woond part of the Intestmal wall, where blood
fow doubled o3 comrpared to control (Cedghrd et al
%) Tna obeervation probably tmplies that also
shows blood flow s ncressed during chokra and of
@, te effickency of the countercurrent exchanger
weomes decreased (Lundgren 1967 Wane 1975).
»ch an effect of vasodatation was demosstrated
% Joded et al (1978) showmg that lious tissue
namchity wyy ko ered 10 approximately the same
©d 13 observed in the presemt study when pro-
mced iaestiml by peremm was fnduced (blood
Pow 150 sl 100 g). The fact that bntestinal
b boxd flow during chotera toxdn exposute was io-
- Toed coly 15 40-60 mlmin 100 g suggests that
e fow factor s of faurty

47

the {otesmal
d by the e
of Det soluts transport across the  Llious epabefium.
llvu.(oreumpkdcuwmmdbyHnﬂuﬂzel
al (IWJ)lhnlbc.dmhnmLmeanhhmrk
cdlydetcdthe;od.hnnp—ndmﬂllm;lbevﬂ]ml
dp mlﬂprob-hlnyrdkalnqndccrasddﬂ-
cmcyo(lhecwrucr:muﬂmnq:bu 1o anadogy
with thes, t scems reasomable 10 assume that the
decreasad thsue csmohlity along the vill dunng
cholem toxin exposure observed 1 the present
study was mamly doe 1o depressed  tramsport
capacity of sodium acToss the villous enterocytes a3
dicussed 1o detall above

The redoction of villous hyperosmolality iadnced
by cholera toxin incubation in the small bow el was
far too small to account for the observed secretion
e of fuid and solutes (Hallbdck et al 1979). In
the normal small ftestne o net loss of flnd occun
when the mean tissue osmolality 11 the upper third
of the vilios was below 400 mOsm/kg H,O (Hallbdck
ctal 1979) whie in the present study secTeton was
apparent alresdy wben tissue camolality m the tame
willous parts was around 600 mOsm/kg H;O Part of
thus ddfference may be explamed by 2 decreass in
eplibelial hydrawlic conducthvity demoestrated in
experiments m vitro during cholera toxin exposure
(Nellaes et al. 1974 Pow.cll 1974), kowenng kumen
to tussie flux of water particularly in the segments
perfused wuh a Krebs-manartol sohution (Table 1)
Homever the most Ikely explanaion seems to be
an

Secood, the mubuplylng effect of
ok [

ent

® Exphiorag (be decromo of villous thive o3
¥ mobiy

HIEL )
nmim

RaLE 3 1TTYY
AL HE

d firdd and sobste transport from tssue
to lumen, &3 dricussed above Sach an jocreae in
water tramport [nto the umen was oot seen In the
present stody  This difficulty 1n finding & correla-
thon between the sodmm and water transport rates
from tasuo to himea was also seen in other studies
that measured undirectional water fluxes in vivo
durmg cholera (Swallow 1 al 1968 Banwell et al.
1572) The explasation may be found In the meas-

toned above and possibly also in the fairfy short
obscrvation tese of the present sndy (cf
Shmera ly Krejs et
Thnmmemmd.ltyremrduﬂulhnvﬂhudp
hmmmdyhtqmﬂmno.ddﬂnqrmu
(of‘rucrlrumjllnmﬂl(sﬂkh) aunomioga
reflection cocfTicient of 06 for sodmm chlonde
(FDnh:nulLl%SLthmd\fwu:ﬂnvnhcdh
seems less lakely that the villi represent the maln
mr«mmmwmmm
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TISSUE QSMOLALITY Croiwa gneum
mOwn/ig KO
200
O Krebs ghcose ackiion
000 4 Krebs -mamiol whsen
a0
600
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o 0 4 6 80
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Flg 7 Thssue osmolality In the villl of the JeJurum (left panel) and iteum (nght piscl) .
180 min after 4 30 min fncubation with chokra toxin Dut. weic obtuned from iatestnd

segments clther perfused with krebs-glucose solutbom (clicles) of with krets-nannitol

solutlon (triangles) Bars denote + S E At many point of the Figs. the S E. b wo wunall

that g fulls within the area of the ymboh For number of obrervatioas sce Tabke 4

perfusate matkedly reduced the net seerction
rates of fluwl and clectrolytes caused by choluru
toxin exposure  Our datu thus support findings by
Carpenter et ul (1968) Scicbro et al (1968) and
Iber et al (1968) indicating that glucose facihinted
electrolyte absorption was unaffected by the chol
cra toxin Glucose has proved to be most useful in
the treatment of Asian cholern (Phillips 1964
Lancet 1975)

The effects of cholkera toxin on the celiular
mechanisms of clectrolyto transport have been
studied mostly 1n in vitro preparutrons which offer
the possibility for more detaled cellulur studies
than in vivo investgations (¢f Schultzetal 1974)

Table 4 Tip and mean nin lality 1n various porn

The duficulty of standurdizing 1n vno \xuh;
reflected in the present study by the cwjﬂn .
large scatter of results  An cven A e
example of this 15 the fact that the bieralue .
tains 1eports which demonstrate that lhthﬂ-"l ‘
tissue flux of sodium s decreased (Swalis &
1968 dc Jonge 1975 kres ct ol 1978), veered
(beret ol 1969 Love 1969) of increassd e
ctal 197 Loveetal 197" Waklctal 197
Lxposing the small intesting to chokerd luut‘b
In numerous teports from this WMMJ
been demonstruted that the vascular urangs . t
the smull intestnal villus can functon 43 4 r;u ‘
current multiplier and thereby credle 4

o
ny £ intestinal vJif 180 min after a 30 5%

eapowwre 1o ch Hera tornin e petoct
lues were reconded 18 4 pre o0 tudy (Hullback el ol 1979) The intesttnal segment (st
f\mrxow or with a hreby munnutod solution Mean values + S E () An  tersk denutes satntica sga-2
St0307 of S o
Villous up osmolahly Uous fength Wou kml‘l':m
(mCrmi/hg H,0) (mOsov/hg M O) (mOvnig
det
Coatrol Chole Coatrol Chokera Control Chter
ay s
Jefurum o1_ 68 (%) @ 1) w558 590_319) Sa
mbﬂbﬂn& ! 2.7,323{‘;{ 751 WD) &5 WM St 0 M et
hreby-manm =
§r7 4T
fe m 5 _63(6) 679 L (¥) WL ) 912198) o
h:m-dum s SR 60 B 64 dimy w_Mm !
] 293257 1%)

T L
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NCET Edwocal. 197 Onl ;umsefdmxd)u
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Thus the present study supports the theory of an
intestina) secretion mechanism imtiated by cholera
toxin the site being anatomecally separated from
the absorpuve arca of the villus and probably lo-
cated to the crypt regions in the small intesune
(Hendnix 1971 1972) The evidence for and agminst
such an intestinal secretron 1n the <Typts obtained
mn vitro and in vivo €xpls. was recently roviewed
by Hendnx & Paulk (I1977) A further observation
that may be of tnportance in this conncction is the
hervous mechamsm proposed by Cassuto et af
(1979) 1o be involved in the pathogenesis of cholera.

The cholera toxin was kund}
Holl De; of Medical Microblotogy Univer
sity of GBieborg The present rescarch was supported by
snants from the Swedish Medical Research Councl (14X
-£55), from the Swedish Soclety for Medical Sclences,
from Haral and Greta Jeansson s Fund from Magnus
Bergvall's Stftelse and from the Faculty of Medicine,
Unrversity of Goteborg

y supplied to us by Dr Jan
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voked 3 10 40-Lold mcrewses m

muce beha x0T pro-

placaza rtni comcratreton. The cChaoges i ream CoOCEDiTE-

Uon with ume were differend m dilferest growps of confronted mice with ooly partm
cormelation bets een the pattern and Lhe cbscrvable degres of (ght The changes were

amdas -

mace w )l

idmeys s 1

K onds m

renis

"‘@uu:hchnwpmmkn\mln-
"ot D paswna ream concentraton., which
2hes abouxt 100 10 600-fokd the pormal m normal
™ ® sepbreciomuzed mcn Soalier bt sl
il mervases are fond

MATERIAL AND METHODS

Y
Wmlﬁm;&hﬁm|mb).
ey U of the mereasc i plasma ream found
™ normal and nephrectomuzed

Aprerion
™t dut 10 release of submandlary rewn In
&) mcs the renm release was

P 0 ongizaie from the knincys, bot e extra-

21 reiease could mot be exchaled The am of the
P o,

7 Wk performed st
least 10 day - and mepkreciomy 2 b befors the atart of the
Apermacxis. la some mics the tpleea was removed o
#rider $h (e kdaeyt. The operations were performmd
dl:;nl thort s ether entthera after

“ith pexcalim. No prtTeatment
cxpenoext Yo M med for mare thae ooe
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ﬁmﬂmmmdm{m-mnmﬂvy dasbed e

howrs icr tha stast of the agpreason mckuding 4
. dspleens and 3 hearts. contaming 68 10 95 72
Wadebom $G U x 10 per g, respectvely

«in noxof mactn remn
1Pasmt cnd orpen  xirmcts from

,:. cedare for pepsln actvation showed il
and entracts contuned bitle o gny mact €
TR E a3 performed on 11 plassa rampies Six

Adew eretaben2( =Noe 3( =3 hoursafier
phrectomy of p 1 "

the renm concenlration was leis Uan 15% m-

cressed In 2 and quite unchanged b the other 6
wamples

VI R nin oncearration and ot nt

The mesa renln coocentration in extracts of 28 Liv-
ers removed (rom 0 to § hoars afier o v
was 75 G U X10° xg  (mope 30-130) the values
mn thes and the followmg proups Dot changog sy
mflcaoily with tane durmg the § bours. Thers was

-“‘h bxch wers hept notated without any con-
Thewr rerwn conceatrabon was 0610 2.5
QU 10l before the pepua treatment
b resaked w only small mereases ess than

3 =3 wumples aad 1931 and 677F m the 3 otber

s F ¢ plauma sumples obtamed from wak-
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At G U 10 mb 1 sl of these the
PN actr ation w us w bOUL segrificand effect Af-
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no between the

m lrivers aken from the group of mice In which
aggression bad becw provoked ( =15) and those
taken from the group in which the mice bad not
been coafronted ( =13) the mean valucs beng 82
ad 67 respectively Tn 19 exmacts of livers re-
moved 4 hours afler nephrectomy the mean renla
concentralion was upnuficanty lower bemyg about
15G U x10° per g (racge 0.3-36) in both aggres
wve and non-eggresy ¢ mice (p=0001) Ax 50¢
mouse has a1l erweight of sbout ¢, the total renin
coatent In tha Liver ks about 150 G U %107 diring

the fint S housand abowt 3 G U X104 hours
after biacphrectomy
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to 4 mice  Antibody agninst pute submaxilary mouse ¢
nin prepared as desciibed by Malling & Poulsen (1977)
was used foc antirenin neutrnlsation of enzy matic activity
of some of the samples which for this purpose were mined
with antibody at 7 § Pepsin acty ation was performed ay
previomly described (Nielsen Malling & Poulsen 1978)
The effect of different memrotiansmitiers ad other
phat mucological agents on 1cn 1elemse in sladoadenec
tomized and nephrectomized mice was determined using
comsclous mrce In theae as in all other expenments, [o
cases where the substances were ghven by intra~arterial in-
Jection a catheter was placed in the femoral artery at keast
2 hours before the expenments ( ) Biood pressuro deter
mination was i some experiments performed using a
Tybjerg Hansen transducer and a Senogor St reconder
Tho agents used were ndrenaline given oy a | min Lasting
intraarterial infusion of | HE/gbw (a=7) after pretieat
ment with 0 5 ug/g dihydralazine The dopaminergic ago-
nist apomorphine way glven subcutancousty in doses of
01lor03mghgv=3Sorl to 5 mg/kg (n=4) of apomor
phine chloride Catbachol was given y n
doses of 3 (a=4) or 12 =3) ug/kg and in 3 mice m doses
fram 200 to 800 pg/kg. The use of Lhe agents was based on
the well documented effect of some neutrotransmittens
and of hyptension on renal and (o) submaxillary 1enln
telease (sco Blng & Poulsen 19794) Significance of
changes in ream concentration were estimated by Stu-
denl sz test

RESULTS

1 Change in plasma remn concentrution

with time after different degrees of

aggression of daloadencct nnt ed

and nephiectomi ed inice

In 4 mice which fought vigoiously and looked

exhausted after the *0 mun lasting fight the plama

renun concentration rose markedly at the end of the

fight The control values from 9 stalowdencctomized

and nephrectomized mice which weie hept isolated

dunng the expenment ure marked & (Fig 1 A) To3

hof3 i h

mc::kc 2 non-operated muce were odded in

order to nitiate and intensily the aggression The

results are scen in Fig 1B The rosuits from

groups of 3 and 4 mice respectively 1a which the
onfroataton dxd not result in any fight but oaly 1n
¢ and small starts with small sidden move
;D:n“tlfurc seenn Fig 1C Independent of the de

CALN WS seen

B oD e sonironsion (<001
=) Theremn concentration varkcd consuderably
. lowing houn but staycd chkevated for sev
= Mn 1 most amaals. Only 1n the 7 anumals
:El, hrg) involved in the lowest degree of reaction

Auia Ph sl 3¢ =1 107

the renin concentiation had tesched bed vdaesd o,
the end of the expenments.

11 Compuraon beween the effect of

agkressive behaviour on plisma rean
concentration in silosdencctom! of 1
mice which were elther acphrectomized

w sham operated bef we the |
confrontation

Nine isolated previously suakoudenectomed Bt 1'
were divided into 3 groups o 2 of thes Y Bt |
were nephiectomized and 1 ;ham-qvcrml-’nll
the third group 1 was oephrectoqured and :-:
operated Two hours after the operations by
tahen for renin assay whereafter the sce bt
ing to a group were confionted ;W\OU‘JJW;
sive behaviour After the end of the ‘Oml’d‘“ :r
changes in plmma tenin concentraind ""u :
lowed for ubout 6 b A showa i Fig- ’lhﬂ‘m
nto significant difference between the mxaa ol
of the nephicctomized (O) and the \hﬂ"“"m N
(®) for the first 3 hours afler the anfnmiﬂ:ﬂ ;
at the end of the expenments the v alues ot
sham-operated were somewhat higher (0
than those of the nephrectomzed

Ul Effect on the plusing remn
concentrations of 3 ¢ xuewuine

¢ wmfrostati ms causing dgRIesHi e
behavionr 1 ith about 2 hourls
Intervals

The effect of repeated fightings was Lot
shaboadenectomuzed mice with umwcht\lwd
(not shown) and in 3 previowsly sulosdcoce

ekt <
mice which had been nephrectomuzed B2

ot
the fint fighting (Fig 3) The three con U
fightings resulied in a .3-fold (range

W, 608
<4
(range -.50) and (4fold (range —H0) oKTed
renin concentraton respechively (16

s o

IV Aatiremin newtrali atiwn of remn

In plasma and srgans from

salvadencct smi ed and

neplre 1wt ed mice

In 8 plasma samples mk:na“hccwldi:u;
ksting uggression (n=6 with a renin tm“"”hm
from 63 to 195G U x10 xmi )ou.mdﬂd )
Liter (n= contuning about 30 G U xIU -
wditon of antirenin compictely neutralee) .
enzymatic effect of the remn A total n:ulrall-'-""‘
wus ulvo obtuned in (1 ulm}dwﬂ" [Cad



Extrosubmazilart and extrarcnal emm reicase

LL £gfeet of sdremoiae apumorphine
rhacbod asd i droazine on the
o remen 1n sabowdencciomied

mwiraton xnd womber of mke are given o Wa-
ndsad Method  Also Inectson of 0.5 wgls g
yializme  ach 1 § mics provoked a profonged
,_Whhhxlptawrefmm-manuflw
by (rage 120-140) 10 & mean of 60 mmig
" hage 819 win wrtbout effect on the plxsma re
' mooscesmiion.

3 WCUSSION

~ bowt 3 hours nephrectomized Mice BEFTEHHON WK
md 10 provoke & marked increase 1n plusma reado
v tccatrace. The concentrabon rose from 3-7
2 3UXI0% w10 values sbout § 10 40-okd gt
T Th pautern was different m daflerent groups
- thoat aa evadent relation (o (be obacrvable degree
£ ACelog (P 1A and B). There wes  sularty
ncrease i plavma fenm coacentrabion i
v, whch after groupmg did oot flght but oaly
eacted with starts In these mace the plasmia renm
e Canser o normal values (Pg 1C
10 sdorclemeciomezed and pepbrectomured mice
“Ttivon provoked wauler changes 1 remn - o6
e pecvioudy found m sialowdenct
) owce wih  ntoocked kadney  (Buig &
Podica 19994 A darect comparvon [ the values
Spopof theve  types of dufereatly pretreated
e owed that the chunges with tims were pot
Sewiicaotly ddTercas dun g tbe first 3 bours alter
b cofroniuion The values werw bowe 1
“menhad higher  the mice with untouched kik-
1% 6 boun after the confrontuon Thes duer
:“"'\"dr-| 7 Yease of renl rerwa caused by
peded bieedngy
a1 ) the ot los of blood being

H

When wdnadencctomized and epbrectomued
:‘:mwfm@yuhmrwww
“ tom, PCW iDcTeans w platma Tone concentras
o Yy B i s w y could reach highes aduey
et wngle Cght (Fig ) Bt even after

_—

235

dr@cfﬂdd&hﬁuwnuﬂt:pﬁac&yw-bﬂx
cmp.uuluﬂh(bcmulmthcmlaulnlbcmwu
studied The liver and spicen which had the highest
cuacenumomhaduonlcmlmo(.hmnim
QU xi0 and the concentrations of heart, Tung
and mesentery were much kower The relatios be
Ncn(bcconcmuuh!lnlmdﬂacmormnnu
Mlbcwncuprwbudyfmnulhmh:rwv
mats (Eskakdsen (973 Ganten et al 1977), but both
fnlMcrym-ndhplnmlmmuﬂm‘n
ubmlo—fohlhl;bﬂhmmdmhl}nolbcrml-
mhwh(nwmudhamcmmarmiu
mwuﬂyr-muaﬂudwhhuuxboéuwnm
submaxillsry renin. The marhed rendn relase cen
pmh-blym(bcdmwmdmwiouufhucuv:
remin ubothp&mamdurpn:wrchcmulncd

fver wboat .4 houry after the nephreciomy was
(mndmmcwnuwnwd]nlnrriu‘hh:h
had been aggressive. And 1he uochanped renn coa-
cestrabion @ the liver durisg the first bours after the
aggresslon makes 1t Improbable that the liver b the
maun source A3 spienectomezed and sham-plence
tomlred mice reacted in the sums way the spheen
canot pley a major ok a3 souTce The meventery
vessch were 10 a previous study found 10 rehease
renn when dogs were subgected Lo hypotension
(Garden ct ol 1970} Thes was, however not con-
firmed in oxperimend oa rats (Wemnze & Sekd 1972)
and Jogs (Fagard el al. 1974), and the present siudy
shows that (a mice dshydratazoe provoked urked
hypolention without caundng any incremse in plasma
rem So fur the source of 1he seatn redened by
spgreion M aalosdenectomized and nephrec
tomured mice hus pot been deteromned. The evie
depce for pershtent  wscular renln activity B ne
phrectomuzed me {Swales & Thuntoa 1973 197
ke it possible that 1he vesseh foand throughou
the body e the sourcs from where the renin i
releaved
10 e unknow A bow (he aggrevsive bebayiour pro-
okcy the renim relesse In the pre wous sxperi-
meal (1) hoprelasdoe and moradremallnie were
fouml to bo unable 10 provoke reada relesse i
o aod neph mice The
present study shows the same Luck of effect ofler
myection of adecnaline, the
donuninerpe apomor
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3 6) respectively with no difTerence betnecn ty

concentration 1n tnsue tihen G o 8and Jhes

nephrectomy

VI Effect of splerect 1my oa the

aggression-provoked ncrease
in plasma renin concentration

In 3 groups of exch 7 spleneclomzed and b

splencctomized mice all of wheh were v
adencetomized and nephiectonuzed 4 2w
gression was provoked ? b after the operaes

Immediately after the fight the remn coaueuar

was unusually high beng 960 GU x10 xd

n one of
I

IS

Fig The mean values of aggre provoked changes
In plasma renin concentraton with time m 4 slakoadence
tomized mice with untouched kidneys (marked @) and §
ny zed and nephi ized mice (O) Vert
cai hnes indicate SEM  Ordinate and abscissa as in Fig. 1

In extracts of spleens removed from 0 to B hours
after nephrectomy the rerin concentration was not
sigmficantly lower in 13 fsolated mice than that of
the 15 mice in which aggiession had been provoked
with mean values 127 (range 40—400) and 218 (runge
25-300) G U X100 per g respectively In 19
spleens removed 4 h after nephrectomy the renin
concentration was the same as In those removed
after 0-8 hin 9 mice which were hept molated the
concentration being 176 G U x10  per g (rango 30~
220) However the mean concentration of renin in
splecns removed 24 h after nephrectomy in 10 mice
in which aggressjon had been provoked was
markedly lower than in spleens removed 0-8 h after
nephrectomy the mean value being 77 (range 10~
180) (p<0 QS) The mean total renin content of the
splecn of n 50 g 1solated mouse was about 10G U x

0 4

] In the other organs studied the renin concentra
tons were markedly lower than i the ber and
spleen In the heart the concentraton way about 3
GUxI10 xg bothin the fir t 8 bt (A=9) ofter
nephrectomy and after >4 h (#=1 )1n mice which
had not been confronted Aflter aggression the val
ves were similar 8 h (1=1] yand 4 h after bine
tomy (n=9) The mean total romin content of 4
phtaﬂmc\\m 06 GU %10 In meseatery  stnated
le- and lung tissue of 16 muce n which no
musé! had been provoked the mean renin con
aggression were 17 (range
m GUXI0 perg
cml:dl;“‘;s (range 0.3 4 and I8 (range 08-
09-2.

R Ll

165G U 10 xml * (range 47420 %
same as 10 the sham-splenectomized %

he splencctoauzed mxe In the otar N
ized mice the medn cunceairind
hchente

b *

mean was 165 (range 47405} Abain '-h‘m"“;‘
4 hours the values of the spknectomed .
sham-opernted followed ench ot In untﬁ‘*'.
24+ mice the 1enin concentration stayed bed 2

the group marked 01n Fig 18

tions being 168 and 163 malli G U pe7 @l

other 4+4 mice 183y
the confrontation Of the e o 11

operated died ufter about 11 h |
the tenin concentrations were full
expenments the mean value 4 h

)
fon being 22G U x 10~ xml  (ronge 3
tat ing 5 i G 7 '

splenectomized and 17 (rnpe 6-
mlin the sham-splencctomized
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hanges in lipoprotein-lipase activity and lipid stores

human skeletal muscle with pr

olonged heavy exerclse

ANS LITHELL, JAN ORLANDER RICKARD SCHELE

“RTIL SODIN xad JAN K ARLSSON

Ameaa Nutritson,
mimUmmdUm‘h.lh-War
-&IMMJWWUMNI&WHM

racmance {FOA 5T), Stockbolin Swoden

LITHELL. i ORLANDER.] SCHELE. K. SIODIN B. X KARLSSON I Chaacs

-Wmmhpu-uhnndlpdmnw
heavy excreine Acts Physol Scad 1979
cnol-lmnepmmdo«u:rt.umdu
Nutrrson, Swrdnk Unvenaty of Agncultaral Soesces,

T o 19 1o
107 157261 Recrrved 19 Apnd
ppuh.t.b-Dq;anmcnulA.-nu!

Horess Performusce (FOA 571, Stockhokn Sweden,
meinpl(lﬂ)ﬂmy.dlmr&ﬂhlﬂywﬂduﬂycdﬂﬂmdﬂmﬂ

- ik bropascs (skes before

wor  trained

and afier an 83 kon skang race from 7 volumcans. The

Ky ords Inicroyofibnliar fal, Lpoprosas-ipese activity nunche (b 1ypes. protoncd

creTue

g aorrad dietary conditions the relative exer
M mendy (e actuad Vo /maxmal Vo, de
1 wha xient energy s wupplied from
Wolydres o fu (Chitenscn & Hamen
54) Chrniensen & Hanven (19395) found that
wore eocrgy wa  denved from fat
“bwion during rolonged €x rese s a relatve
0Ly of shout 657F but 00 al aduplation %83
£ s menutics wbov T3 (1 ot al

zyme Lipeprotemn-] pase (LPL) localized xt the en-

dotheum m tbe muscie capdlunes (Robmson
1970) A work-mduced increase of (be enzyme ac

t Wy shoukd meaa that an mcressed amount of fatty
achls were ade avaulable (o the muscles (Robinson
1970) e addsion an lncreased utillzation of in-
erwuscular TG stores Lhat are hydrolyzed by the
otracelkilurty bocated %o called bormooe-semitive

l”"“wdmucxm was hagher
29 4 funch diet han afier & carbonydratonch
3 Chratenven & Hamien 1939 dor  pormal dict
W€l 4 1967) Dunog exercrse the uptake
e Lty acids (HFA) from pluvma et mascle

ton concemtralion 1o Lhe plasaia (for ref
o Xk 1977} The incTease i Lat combustion
y Priwnged excrerse howeser can only purt
r;',mwb’“mmwdpum

Y anh (for of sce |roberg 197°) Faty
Oh gy o e wppbed from  plasa
PHhcendes (TG) whach o bydrolysed by the ca-
I'y“

| pase & Furman 1962) hus been demoo-
strated both . salmals (Budwin et al 1973
Retman et al 1973) aod humans (Howald 1975
Esvénctd 1977

The objects ¢ of the present mvestigaton hay
been 10 evaluate the changes In both LPL actrvity
4nd intraceltulas Lpwd ssores im mancle tlssue d ring
extremely prolonged, heavy exerche

SUBJECTS AND METHODS

Snmn-hphymddmnumdumnbmhpad
w1 B kom erosrcountry skang ace (e Vasa ace 1977}
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CONCLUSION

Aggression provohes a marked relcase of 1enm in
sialoadencctomized and nephrectomized mice The
source of thiy extrasubmaxillary and extrarenal re

nn could not be located to any single organ and is
possibly located to vessels throughout the body A
similar renin relense was not provohked by injection
of severnl catecholamines or eaibachol and was not
provoked by prolonged marhed hypotension Ag-
gression causes only insignificant ifany rulense of
renal renin in sialoadenectomized mice

This study was spported by grants from King Chrutinn X
Found, and the R of Insurance C:

of 1952 The excellent technxal asshtance of Vibeko
Mey land-Smuth is gratefully acknowledged
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Muscle LPL and lipid siores ia keavy exercise 39

ke L Setemd muscle ipogroveindipase (LPL) actn ity and volume fraction of subcetiular components In
» reack (ST) and fast twitch (FT) mu cle fibres before and after the race

a1t S D Ranges me priom wahin paremthones, =

7

Befors Alter Cange r
4370 589+312 +405£702 <0
M :ﬁ 91—110 161-116 5) 13-1@7
1
b2y 09340 32 0330.9 ~0.£010.30 <0.0
e apials €1210.10 6071024 >0.4
PuST-FT <0 6ol <610 <am
“m 104217 5326 ~49127 <0.01
ey wi: 1 96131 0.713.3 >0.68
P STFT <068 <0aS <0.01
STz 490£075 38614 +106+1.34 <010
o) 214305 208 +0.033034 >0.50
TuSTFT <0601 <01 <010
Teh BILLO 323 +44229 <0.01
e B4 13528 ~06136 >0%0
FustFr <. >0 40 <001
e e (kg thy

MOCTEAL wis negadively corretated
> amouat of ski-trainmy befors the race Asthe
RO of \kltraining was closely commelated to
Pk Lene (7= -0.86 £<0.05) aod Vo,
YU RT3 220107 1 15 not poruible to stare

of the ey any—that was the
oy deterraniant for bow moch the LPL activity

™ Sl reivion was toen between LPL
517 wad tha percentags of ST fibees. This could
810 B sl cameple suze bt the flading 1
el by Litet sudy wih » lacger samplo
L'h"“"-‘ﬂbtwhlwy la rats, however
}L%Me 1004 higher LPL activity than
oy, % (Loaer et a2, 1976 Bovenszaagn et al,

“"‘&ﬂumv

lipud was stored m ST thun
M FY frey o

= Hoppeler et al. (1973) of 2.5 timen
W:wmnummmmmncd
h-quxdn
ot R0 FE hpwd wtores decrensed nificant.
%‘“"m“m-ummbxmmm
::u'“"““lmwwsm(-s-r+m
on“""""*ﬂ‘uﬂ»«uau
h"‘"w\rd\incruscdwumd‘mh

buman nuncle after prolonged beavy exercise Le,
after & previom Vasa maco (Frobery & Mowsfeldt
lWl)lndnﬂ:r-lmkmnu(HmlleJ)hunot
for ST and FT fibres sepanately However Reftman
et al (1973) found that mancle TG decreased

0% m red 25% im {ntermediate xad 0ot at all fn the
white portion of mts quadriceps muscles This s kn
sgrecownt with Paul's statement (1975) thar .
u'\muxcuhr(lndevmmawuumsmhnm

plasm
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Table | Characteristics of the 7 subjects

Mean SD Range

Age (yT3) 67 3 L3132
Helght (cm) 1757 43 169 7-180 8
Welght (kg) 76 4 6.8 66.6-43 |

o, Max (I X mun ) 47 037 416-5 ..
Vo, max{m! X kg x
A;n"'h ) ) 67 66 573780

uscle composiion

(#ST) 64 146 21-64
Amount of ski training

(hm) 49 1 100-1 000
Performance time (h) 807 139 35396

volunteered for the uudy The subjects were of normal
body weght and hefght but varjed considerably in capact-
ty (within the upper purt of the normal range) and trainmg
level as indicated 1z Tabde 1 Meaa performance umeo was
807 h (range 5.32-9 6,)
Biopsﬁuw:mmkcnrrunlhenumlulmhxhcday
hd'ornlberactuldmmtduldymam:nc:mlhl
needle technique (Berpstrom 196.) The blopsies were
divided into three portions Oue wos embedded I a plastec
medium for histochemical analysls by staining vections for
myosin ATPasc and sentification of slow twitch (ST) and
fast twitch (FT) fibres (Gomori 1941 Padyhula & Herman
1935} The sceond portion was used for ehectron mlcro~
scopy Small pleces of musche tissue were Oxed in 4%
5 buffered g Mehyde pH 7 4 (at Jeast 2 b at
C) wasbed postdixed in 1% veronakbuffered osmmm
tetroxide washed In Tyrode s solution and dehydrated in
cthanol After treatment with peopykene oxwde the muncle
preces were embedded n Epoa. A fm 60-70 nm
theh loogitudinal xections were cut with a kD
Ulwrotome | stained with uranyl acetate and lead citate
znd cxammned in a Slemens Elmino:, 101 About .S
micTographs ([ nal magnification about .5 000) were taken
at random [rom two tssue blocks per biopty Volume
fractons of myofibnis muochondnia fipdd droplets and
sarcoplusm (inckuding sarcoplasmic reticutum and trans-
verse lubules) were estiouted stereologically «rording to
Weibel (1969) The study was resincted to the bnllar
space of the muscle fibres Tho fibres were classdled as
ST ot FT according (0 Z-loe widih (Payne et al 1975
Wroblewshs & Jao son 1975 Encnbery & Auda (976
Tomunck 1976, Bylund et al 1977} measured w the
nearest 0.1 mm w th 4 measunng magoiler Ondy cheasly
murcated Z-Lines were chosen fur measurement excid
ing the fuzzy mainx present at the Z line border
Mincie LPL actis ty was determmed i the Uun: o
Mdunbﬂ?ﬂ"—“k‘“‘b“’b’ Lithell & Boberg (1978)
ero incubated 18 reaction mediem con-
The bupsres & Intrabpsd (V trum, Stock
ooy H triokeatc Wwd Holew acd wa sed @
potm Sweden) T:“’\‘f"m.m Wy war ¢ pressed av
et o eekess per i 4o per gram
“ﬂmdmggmu(m FAxg  gun )
wet % uemmhn‘b“‘“"""""m
“’",,.,.,“""'L'?’m hocaicd 4t the capiury emdotbcbuien

e P 30 w17

(Robinson 1970) Speaificily tests bave eciuked i ry
of the determined enryme oty o dut W0 oty
sensitive lipase.

Maﬂmum)mmmqle)naWw:
ing treadmull exercne one weck bekxe the )
according 10 the Douglas bug procedwre (Saka k Awal
1967}

Statistical methods. Stdent § <Intnboton o vd |
when (eatmg the means of iih kial chages (hebre-ds
ter) and differences (ST FT) and w ben teoumg corcisn
coeflicients,

RESULTS
Sheletal muscle LPL activity averaged 184 mnd
FA g ' x min ' (range 11 =31 4) before the iz
and the average mcrease dunng the race a8 1
(range 8-637%) (Table ) The increase -li
actsity was negainely rehated © Ve
(r=—085 P<(.05) amuunt of s tranag bt
the race (rm =097 P<0.0)and fitness e 1-tl
Vo, max divided by body weight o
P<0 05) and positively related to performuse ¥
=0 83 P<0 03}
(chfon: the race the volume fracton D“Pdf‘:
lets was higher in ST than in Fl'ﬁbm(&?‘dw .
019% £<0001) The totd volumnxﬁm“m
droplets (i ¢ 1n ST and FT fibres) before e
was positively correlated to the amount of -
(r=090 P<00S) (The conclawns for * o
fraction in ST and FT scparately r-&*ﬁ nx'
were not stathstically sigmificant ) Dunng .
the volume fraction of liphd droplets "
ST fibres (from 0 935 to .35~ <00l .
i tly 1n FT fibres (Table 2) .
' T‘Pﬂc:nccr);ue n volume fractan oﬂ\P‘M“:‘; ,
1 the combined muscle fibre populatron (ST ot 1
comelated postively 10 b, max (r=038 ’\“} “
and amount of training (r=0.79 P005h1¢ e
truned subjects used more of the intramas
lipld stores than the less traned subgects dsd- .
A 46 decrease 1n the volume fractwa 0‘*‘” .
plism (from 10410 5 37 <0 01) was found &
ST fibres
A negause relationship (r=-0.81 P<0.08
present between the increase in LPL acinity o
the pre mce volume fraction uf fut droplets B
muscle fibres (ST + ET)

) ¥t

DISCUSSION

P
Onc myor finding in thus study was 2 mkd‘d
crease in sheleta) moscle LPL activay durng €
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:&-Mmrwam:uumﬁm-d olmefurrbud'ubrdldurmmh
ek (5T) and fast tmitch (FT) muscle fTores before nd gfter the roce

--&nﬂuwnmlmwhau, -

7

Before Afier Changs r
<0.@
15 9112 4055722
v ) :mvt—nn ki-1165) (127107
<001
05910.2 01510.39 —6 601030
e 019018 0125010 Q11034 >0.40
fuSTFT <00t <Q.10 <@
- <01
10417 55426 49327
Fen 1911 96531 407435 >060
£ raSTET <ats <0 pEs)

10
ey 402075 sl +106£1.34 <0,
it 2t0D 177708 +0.03 1084 >050

futTFT <0.001 .00 <010

yebicly
- e 09110 23122 +4.4129 @01
] w14 13528 -0633.6 >0.60
prchea) <8.001 >0 40 <0.01

¢ smd thxt the mcrease was ocpadtvely corrclated
30¢ amomst of ktrainmg before the race. As the
7 Mt of wkleinieg was closcly correlated to
A peroriacce e ( =086, P<D 05) and b,
AT P<RLIOH 2t 18 mot posssbie Lo sTaLe
A of (ha theee facton—of any—bat was the
ey deermgantfos o st the LPL actl oy

# ™ wnikant reltion was seeg between LPL
47 s the perceniage of ST fibres. This could
;’“‘"”"ﬂﬂnﬁemmmrmuu

% by u later study wih a Luger sample
Ll et . 10 be publnhed) In rals, bowever
F‘L"‘d"‘“‘elwwmmmm
3 ,,,,L“"“"-hkm-l 1976 Borensziajn et al
-
el e more Likd was siored ia ST than
T fRres aod well-rumed subjects had oo an
:.m“,,“"‘“?“m T fiodmg 13 m ac
ey M the observations of Morgas et ol

'-\'m_‘""‘"’d“ﬂium;or 25 times

“\«ww“wmmhmmxmd

Funcley

3 O racy Lpud ssores decreased signulicant

."ﬂ)-s‘rﬁhrn.\\:u.mmmm

LYY acre of the ot stores (= ST + FT)
e tabacd wobiecs dud

M reportcd decreased cootent of TO in

v

 Oden

human muscle after prolonged heavy exercise e
afier a previoas Vasa nce (Froberg & Monfddt
1971) and after a 100 km race (Howald 1975) but not
for ST and FT fires separnicly However Rerman
ot al (1573) found that musche TO decremsed by
0% mred 25% m intermediate and not at all in the
white portion of rats guadneeps muscies. This mn
agreement with Paal's statement (1975) that in-
tramuscular (and even more s0 cxtraumuscular) fat
depots of truped anlmals and subjects supply more
faity scads as cnergy substrate dunog exercise of
long a3 well as of short duration #3 compared to the
fat depots of ontramed anmaty,

The decreass i the volume fraction of sarco-
phasm m ST flbres mdicates a debydration of this
flore type This dehydmtion i probably connected
with the gycogen depletion which Forsbery et al
(1578) found to be more frequent m ST (ibres (85 5%)
thaa in FT fibres (3%) after a previous Vasa mace
a3 water is reieased when gly cogen B oxddlred (Sré
ter 1963 Koziowslu & Saltin 1964)

There was a relationship between Lhe change m
LPL act1 iy and the amount of Epld droplets before
the mace, w that the well-Tained subsects who bad
the largest amount of lipsd droplets had the snatiest
increase of LPL activily There mught be several
reasons for thhs. One powsbiuty s that 1a the well-
trmncd subjects faity acuds rebeased from the In-
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tramuscular lip:d droplets might repress the synthe-
sis of LPL (Pyhalistd 1S70) Another possibiity is
that there 1s a time lag from the ume when the
synthesis rate increases before increased LPL ac
tivity can be detected at the endothelial level Dur
ing feeding experiments it was found that the hepa
rin releasable LPL acuvity In adipose tissue was
not significantly increased until 6 h after the feeding
started (PykAlistd et al 1975) Furthermore very
heavy work eading to exhaustson after one hour did
not sigificantly affect the LPL activity In muscle
tissuo In man (Lithell et al 1979) However dunng
heavy work for 8-9 f the LPL activity in muscle
increased also in well traned subjects (Cedermark
ctal (o be published)

The results of the present study confirmed cariler
findings that the encrgy supply to the muscles dur
ing heavy physical work s partly denved from in-
tracellularly stored lipwd and that well-tramed indi
viduals both have larger stores and more readily use
them However a selective decrease of liprd drop-
lets in human ST fibres has to the best of our
knowledge not been reported eardier Hermansen et
al (1967) found lower respiratory quotients in
truned as compared to untruned subjects indicat
ing a relatively larger fat combustion in trained sub-
Jects. Those subjects who performed the roce
fastest also had the best capability for fat combus-
tion in terms of larger stores of liped and a greater
readiness to use it If the time lag before LPL activi-
ty increases at the endothelial level 1s about 6 h
trinng does not seem to shorten this penod but to
result in larger lipid stores that can be used befose
increased amounts of fatty ockds denved from
scrum tnglycemdes can be available
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s effect of Ingestion of amino aclds glucose and fat on
¥culating neurotensin ke immunoreactivity (NTLI) in man
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The effect of begeston of om0 acads (Ve N)
of I lak s

plama
hoalihy sade vokmicers Aftar tagestion of [ntrabped (53 ol 200 g md™ ) (here wae
wm-mmmdm mmtegrated
Nmmmn(&71unﬂwlmm)wm}y

b et e, meludng mm, EmUOOCYto-
mal maugatons bive shown that peuro-
o, 3 tnidecapepids (Camavay & Leeman 1973
5L b soced m » specafic type of cell (the N
) bk s present 1n the mocosa of the iieum aod
Xpem 184, 10 2 Jesser catent, m the coloa sad
Sdowrs (Carraway & Leeman 1976, Orel et ol
4, Sanller et al. 1977 Helmataedter et al. 1977
"“‘, fal 1577 Frgeno et al. 1977). In anar-
dogs hugher concentrabons of neuroteotin-

Lt fmcwacreactrn ity (NTLY) were found m biood
eny froom the tdewm Lhan 1 the arteral blood
o ol 1978b). whch mdicates that
SoEan 1 relensed o O Blood from the
fex 11 has beew cbown Lo man that mgestioa of
Fried meal causes o marked e wm the concenta-
b “Fmﬂﬂwl\hmmunlm
detad 1978a) uand food xppeans to cxert a
‘wwwmwmd
oTH Olasbhord ot WL 1978e). Neurotensin ad-
P by st enous afusson 1n Tow doses in
g et Inkirtaon of pastic motlty (Andersion
BB, wppres b of gastric ad secreion

{Andenison et al. 1976), vasodilatation in the gas-
trofotestmal regron and & delayed vasocoostriction
in subcutancous adrposs tosoe (Roscll et al. 1976)
Taken together these data suggest that pewroten-
sm, or metabolite thereof b the blood may be a
bormonz serving some physologcal function m re
havon 1o the digeston of food (Mmbhford et ol
19784).

The present experiments wero designed to find
out if one or ;mare of the principel comitituents of a
mixed meal bas a domioant effect on the venous
concemtration of NTLI in humang.

METHODS

\umspth'ﬂJ‘nnm_ﬁd.Ghnhhynh
ChtecTs, aged 247 years alier ua on ernight faat; (he
Axpennents beang darted bers sea § aad 10 m On sepa-
Tl day, Tes sibecls were grven aanno scide (430 mi m
Vacws N Vitrucs), gecons (30 ¢ a3 300 mi Glocoss, ACO
100 mg ﬁ')wh(ll‘u”dlﬂ.ﬂhﬁ,vmm
g wi ) ondly m nocaloric aowars (showt 460§ HIS
mmmwvumalw
sifioen!  Mer was grves 0 ke the fical vokxne of
meﬂwmmmmdd
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Fig ! Cozmumiuuo{lenphumlnuanmJ
murustraon of Intralped  Vamin or glucose Number of
subjects=s The ertcal bars meficate the tandand error
of the means. =p<003  =p<00l

water orally on o scparmte day Enach voluateer stood or
sat m an upright posibon whike i0gesung the nutrients
Heparin (Vitrum 30 unt xml  blood) and aprotmun
(Trasybol 100 k. U xml  blood) wers added to the ve-
nous blood samples The samples were hept m e unul
centnfugation at +4°C The plisma was tored at -20°C
wnil subjected to radolmmunoa say
The method used i the radiummaunoassay of neuroten-
1m will be presented ln detal clsew bere (10 be published)
mdauy.bmrdcxcnptmoﬁhcumhod 35 en hee
The annserum (0-7700) was raised 10 rabbits by inpection
of neurotemn (Beckman) coupled o b e serum afbu-
mea using t-cthyl-) (3-dmmeth) Fammo-propy D-carbodr-
made HCl (Goodfriend Le we & Fasman 1964 The
‘umdwum Freumd” complete ab-

mtervals, Thes antrerum reacts with
juvast ut 3-$-weck 1) (Gin ) NT and (Glo ) NT

heuroteasin (NT) NT (1
: uh NT (4-13) or smaller € termunal (rag-

L Pl s wnd 107

Pepiado (VIF) secretm, chokeey sokunn-1), chiejrs
Lmin-39  pancreatic phacagon. <abhune P o
somatostaten bovine pancreat pohpepide ot 4
bombesa, gastno- 17 gastrn 34 or wulh tny paured jo
tin 4 which presumably -ontans the N-cmod dop

d ke Synthetc (Bokzma) va |
habelled with 1 ® nung the chioramune T eetbod (Hera
& Greenwood 196.) The assay caa measare kach doss
to 5 pM Work is under way W determune wheter t2
measuring some mectabolite of peuroteman o kkoa v
oewrotensio iself Expenmental data mdwate tha 7
the actions of neuTolensm (v awn oIKtos @ BN
tssue) may be caused by subitancets) demed b
neurotensin (Rosell et al 1978)

In order to estimate the miegrated NTLI revpore &
wuundcrunphmqummmlmmc&ua
umeo“n:uuonorunmmwm—w
when the NTLI concentraton bad returned w cend
(AUC...)auaJmhlalnm;U\cm;umﬂr*-M
control value nas etmated graphicaly by darpd
um;hllmobcmacnmecoumlunmpmbd-n
the ingestion of the nutnents and the g P
180-240 mum post inpestion. To cakubis he @ige!
response the area under the siraight g orver [ ma s
subtracted from the total AUC,- 1

Statistical evaluation of tbe data w a1 performed A
Wilcoxon signed rank test and Student s /-3 for wrr
lated means The resutts are reported as mcaa
emmor of the mean (M £ SE)

RESULTS

After an overnight fast the mean
neurotensin like immunorcactivity (NT
ma was 5116.7 pM (n=6) Followmg gtk
Intralipid the concentration of NTLI uncreacd ®

ated NTUB
all the subjects Two peaks of clev e

concentraia® d

L1 e
d

plasma were seen one at 30 min and the “
mun (109477 pM) with retum of the plasma
Fg 0T

NTLI to control levels by 180 min (
cakeulated integrated NTLI te pone wds 6

A
Table | Integ ated responses f NTL afiet
admmistration f antrents (a VX150 oun)

Intra
Subgect ipsd Vazun Glaod
AB 18 69 &3
i? 13 09
76
AR 3 14 0
IL 3 05 o
GO 1'% 03
Mean SE 67 3 R 1119
p0OS A LI

i



Auirienss and newrorensbrike immunoreacthity 265

ap b ome ko owm W
g

%% L Concearnow of NTLI o plasms i 0ue suigect
shet o aiommarsiraison of Totrubpad. ¥ e of giacose

o

Jonr 190 s (Tabis 1. After mgesion of Vas
+the \TTLL tn blood rose s all 4 subyects but there
n m apqrecable merease m coly 2 tubgects and
e peak concentration dd pol differ R
iy from Lhe mean resting concentratons. Smk-
ly the cakeutated miegraicd NTL response was
" agnicant (Tabde 1) After ingeation of ghucose
B¢ NTL level in bood sacrensed m ooty 1 0f S
_:""*mmnmnmmndﬂmnbbod
.ﬂ:m""’““’mmvmna
A ook resung. alues (Flg. 1 aod Table 1)
ored ai wbyects responded with as /-
hdmd"""“"m'ﬂﬂm
hmwm'ﬂ-mndhmh—

‘aabaily partkuleddy as regards mmo—e
rmw“mm-w‘n.
_mmdmumpmmmnlo
w.m“’om(ﬁi ) whereas ot
(Y] o 0XTCRse 1 PSDA CORCETITRIOR Wik

’ﬁun:m“”""fhoemmwnwu
sy partly cxplaa the findmg Ut the meas
.m:““""”“ﬂmedmumammpu
"an ,""", pak alucs (Fig. 1) However
m'\r: the phsma NTLI concesirabon
w}‘f‘“““?ﬂhuwmmwm
Tcandy (Fg. 4 Toe uegaied NTLL o

v Aier Totralipkd wgestion sso dhowed pro-
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n
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inlnunmmwmm
o e

Fqg 3 cwmdrrnihphmhmub)-a
Mﬁwdwvﬂmm

water (500 ml) (Fg- 4
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NTLI in blood Although ingestion of amino acids
and glucose caused an increase NTLI in some
subjects fot was clearly the most active nutnient 1n
this respect In one subject responding wath an in-
creased NTLI to all 3 nutrients 500 m] of wateralso
caused a slight increase of NTLI This may indreate
that the distension of parts of the gastroimntestinal
tract may be of sigmuficance for the relense of NTLI
However distension 13 not of importance in all -
dividuals since ingestion of 500 m! of Vamun or
glucose did not change the concentration of NTLI
1o blood in all subjects We have reported earlier
that there was no response of NTLI to alcohol
coffee or heavy exercise (Mashford et al 19784)
Our new data further support and extend the
hypothesis that food and particularly fat exerts a
major effect on the plasma concentration of NTLI
in humans
The nse mNTLLis probably caused by release of
neurotensm from the glandular neurotensin-con-
tuning cells in the small ingestine presumably due
to a direct exposure of the gastrointestinal tract to
nutrients  Evidently the fat does not have 1o be
absorbed since intravenous adnunistration of In-
traliped [0 the same dosage as was ingested orally
dud ot influence the concentration of NTLI (to be
published) The segment of the gut from which nu-
trients elicit release of neurotensin is not known
One possibility is of course that neurotensin 1s
released from the jejunum-ileum where most of the
aeurotensincontaming cells are kocated (¢f Bloom
& Polak 1978) In some of the subjects an increased
NTLI evel was notced 10 min after the ingestion of
fat. numymmnsmnpcncd{orlheﬂmdto
pass into the small intestine and there cause n re
lease of neurotensin which is detected as increased
NTLI in blood However it has been shown in
fasting normal subgects that chyme appears in the
small intestine 100 cm distal to the Treitz hgament
from [0 to 30 min after adminustration of a
homogenized standard meal (Clun  Liang &
Malagelada 1978) Thero 1s also the possibiity that
some neurotensin 1s released from its storage sites
by he action of releasing hormones or ufnl:r\ou:
reflex onginating from the proxunal part of the gas-
tract. Further studies are needed 1o
truml:m‘:fmc from which neurotensin 13 released
:_‘i:]';tr;g food intake and 1o elueadate the release
mechanisms tecnth ceatuny 1t has
Since the end of the amc! uon and gastne
been known that gasine sccre

Acte P s Scundd 107

motility are inhibited when Ingested £ reacher § 4+
small intestine (Ewald & Boas 1886, Babln td 2
In man several studies have been mak mma ==
years to elucdate the xuonufruum:qm
Intesting on gastne secrebion and gastn oty
Windsor Cockel & Lee (1969) foond that mak ’!
tion of fat into the duodenum and 1l miest
depressed a near maumal gotne aod ogput
approximately 50 Swmilarhy Chnstumes « 5
coworkers (1976) have demonstrated a poosmeas
nhibition of gastric ackl secretoa m the bata &
small intestine follow mg infusion of Intrabpwd &5
cm distal to the hgament of Trez, Cln Lurg
Malagelauda (1978) dnverted the chyme from te r
testine at a site 100 cm ustal to the hgamen €1t
Treitz, which resulted 10 an mereased pﬂn;i‘
cretory response to a meal They suggested bt :
distal small intestme plys an mhibdory (k1
postprandral gastrc secretion Thas, seh eral e
h:m:dcn*pomtmtcdh:un:mLhcex.mn:-cec'(ﬂ"“’n!1
prstprandial gastrc uckd inhibrtory mechans N
the distal part of the small mlcsuncuhxhnhll
vated by fat Expenmental evndence has beet N
mmmimuhnmhfbmmdm(cdbyﬁl(mdi:.'l
acid and hypertonsc glucose Gregory 1% "
caused by a hormone from the micstinad B y
and Kosaka & Um(|930)uamcducmcrw”: N
Severnl gastroitestinal hormones bave htt:mr
gested 1o have enterogastrone actvity (€&
un cholecystohinin and gastn¢ mhlbdu')nfg
tide GIP) although none of these has bees ol
lished as the enterogastrone (¢f Babhu 199 ot
ory 1967 Brown et al 1975 and Catalisd ,":
Our finding that ingestion of fut cancs 3 "
nounced increase 1n the plasma coocentratod
NTLI during ? h or more suggest that rxun’“?‘; :
or a metabolite thereof may be imvohed 2
postprandual inhibition of the gasine mﬁ"m
sastric acid secreton cliated from the small
tine The localzation of most of the ghnddf
neurotensin-containing cells to the small et
where fat seems to elioit u:mhibmoﬂ"“:::
ackd secretion and gastne motilty  suppoits s
hypothesss  In addison 1v mﬁ.ts:oﬂuf‘““’:,1
tensn m uanesthetized dogy m low doses g
pmolxkg xmin ) inhibkis molor acUvity 18 ‘;"
antral part of the stomach (Andensson ¢t al. 19 A
and gastnc acwd secretion (Anderssoa et al 197 \
However before neurotensin or some metatolst
thereof can be ascnbed a physiologxal role ”n‘j
eénterogastrone it remains o be hown that N
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cratraioes m biood after ngestion of fat are m
 raoge found after the admindsiration of doses of

" i wady was spported by the Sweduh Medical Ro-
mch Comacal (graat wo, 3316) nad by the Astra Rescarch

- wdan. % Chumk Drs R Carraway (Harvied Usév

. oo, .}, . Chucncy (Lily Res- Lab
soml, K. Foletns (Usry of Texas, Awstie, Texss) and
ot (Kamcharalz Lesizitat, Stcckbol) for e peoet

- w mmpcky of vances pepludes.
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ureased hepatic glycogen synthetase and decreased

hosphorylase in trained rats

GALBO, P SAUGMANN aod E. A RICHTER

S of M Py okogy B Uneversdly of Copeahagen, and Departaent of Mexficion,

Hompeal, Awhos, Denmark

GALBO H SAUGMANN P & RICHTER, E. A. Incresssd
decraased phosphory

syothetess sad

bepatic glycoges
Lase in trused raus. Acta Payslol Scand 197 107
Madical Phrysiology B

25-272. Recorved 23 Apal 1979 ISSN 00016772, Iastrtuts of
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Rats were exther phyacally runed by 12 wk swming progian or were fiesly eatleg
o wegkt mached, sedeaiary comtrols Trsdocd rats bad  hagher reiave hver waght
sl bepanc giycogen symthetese (EC 24 1 11) activity and  lower

phosphorytase
(EC 241 1) activity tha the other groups of rals. These chaoges mmy partly caplain the
dercestued

n gucoss tolenace Noos of the fladings could

traang-lnduced maTEe
be ascribed © dalferences in food intake or body weaght.
Koy ords. Liver enzymes, gycopra, ghocoss wolerance tst, €1orciss, metaboksm

'H’:;:ﬁﬂoflhecdmo{phyxhlmlnhu
metabolc
el funchons bave been pre-

Seamm 1564) o

markedly meressed after
Ahmﬂd Bt al 1975 Qalbo et sl 1977)
ecky gy Tunmg-educed incresse m
T o ¥ CPmeEninbon (Hollowzy 4. Booth
ey g o 97T el to @ estigation of the
mq:"'miwm)mwcdhrmnde

METHODS AND MATERIALS

uwmmm%—llﬂlmm#
wided i0 ) growps. Oue group was sabyected to P
©usly descrabed (Galbo et al. 1977) 12-wk payxical

progran conslaing of swinmog § days  wk st 33-34C.
The durstion of winsamg was

Inbetied
O3 ¥ cpn ol io 100
1) contamng i adiion 7.5

e

oM FIPES (pH 64 o
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Table | The effect of

anthropomeinic measures

Values are mean £ S E The number
(P<0 0.5) from the

weight matched trained rat Apahr‘lsl‘mm

rats dud not duffer sigarficantly (P>0 a8)
Synthetase Lise
{umats g ) (units g )
Truined rats 31368i0 181 10.15110 772
(0
Weight matched 1010 25 10..7210.31*
controls 4] 3)
Frecly cating 2 34910 285 12.71110.763
controls 6) )

mg ml rabbit lver glycogen 100 mM NaF and 1.5 mM
AMP Syaibetase was assayed using 4 mM UDP-( *C)
ghucore (7.5 10°cpm mmal ) in S0 mM Triv-HQU(pH 7 4
nl..J‘C)conmhmln-ldnjmlOmMﬂucmé—WWe
and 7mg ml (Thomas ctal 1968) The asays
were performed at 30°C for 10 min One unit of activily b
mcamounlofcnzymclhallncorpoaue.lnmolorwb-
strate nto glycogen per min under the conditions of the
anay The ghcogen content was deternuned after
hydrolysis by a hexolinase method (harfwon Dumant &
Sattin 1971) Hepate cuu:emm(fommexmncdpcrks
wet weght (Hepatic proten concentrations were nenu-
cal in the difTerent groups of 1ats }

For ghicose tokerance test (cf Table 3) 2 poly ethy lene
catheter was imerted into a carotud artery 30 min before
blood sumplmg Blovd ghicose concentralivas wete de-
termined by a heaokinase method (Schmidt 1961) Data
were analyzed by 1 test and the test for paired compari-
soqts was tsed when applicable

RESULTS
Physically traned rats increased their body weight
less than sedentary tats but developed higher rela.
tive heart weights (Tuble 1) The total hepatic
phosphonylase activaty was low r and the total
synthetase activity as well as the relitive liver
weight were higher in truned rats than in both free
ly cating and w eight mutched control (Table 1) A
higher hepatic synthetdse activity wa accomml;‘,;-d
by a higher glycogen concentranwon (Table ) r

cose tokerance test blood glu ose concentra-
o s“ixcrc lower in truned rats than in the other
Lo

groups of rats (Table 3

DISCUSSION

The present study has
rats have a higher re

Actw P nd Scwnd W7

ed
shown that phy swally trua
Latine bver weight amt total

of determunations s glven m parcntheses,  denotes vk
value m trained rats.  denotes that
body w ¢ight (P<0.001) the varmbies in

pivsical traimng on hepatic gheogen regmlating eames and w s

€1y tangle bahoe w23 hagher Uisathe v
1y caling sod v cghil matchedvrs
Body
BV Hewtwelght  Lner oyt
:”V} (ol BW) " ol BB}
T

36419 03710.01 (?’llliﬂﬁ
) a1
(Jwﬂo 0.>910.01 loee
W] o Vissory -
46811 0.3110.01 3185
() ) uo

hepatie glycogen s)ntinctase activity and & Ln:
phosphonylase actmity than sedentary i
sedentary rats the nkuun::‘ Tm(c\::\‘:;
agreed with previously reported values -
\mustrong .'3'?8, At the end of the evpenacal 8 ¢
truning rats ate 47 more than the fredly e
controls but the mentoned dilerences ¢

be asenibed to differences m food intdhe ThnﬂJ
slnce the measured hepatic pammimddﬂdw‘t
fer signficantly in freely eating, scdkatn

o
Table 7 Cosrelation bei cen hepatic £ 3
and svathetase concentrativm

skall wicasT
truned amd two lrecly calng. 4
I\LWLM e mandomly »dc:‘cldcdliumﬂ
both hepatic g1y ogen (€vprea: -
Xhg wet weight ) and nynwh‘:’%
Truned rats were used 67h4ﬂcﬂh¢¥u jobis

for the last tme Two scdemtary raf et M
matched with the tramed rats by 'mw:curcﬁ\

Up to 48 h before aampling. Lnrrumphu Tod B
in the momung afler 4 h w thout avess i
weght 5 shown m parenthesn. Comelabon

=090, (P+.00%) —
i
Syothetase  Gh )
nat g ) (meed b )
Physsally traned r 1
(36l g) g 1836 A
Phy wally ramned rat
(378 g 3% 9
Werghl matched control 0
(308 g) 3w 4
Treely catng contro!
5t p w s
Lreely cat ag controd
(0 ) 293 o4
We gh mutched satrod
a7 J6o “



; v mgnibCactty mn valos (P<0.05)
1ot peonbeg Tiine m anad rus (P<0.05) Values b fresty saoeg

— gt pched comtrols (70 05)

0om Omm 5 mm

T35 7542031 27 TIHOSTY
7Q4077 TTIL032 LI

6 B3

LA3£04  0BLEL 09

pared w sedeutary rats with restncied access 10
o, aicgh the former group ato 395 more than
et Neaher can the daferences m bepatc
b sscnbed to duffereaces fo body weight snce
X7 vere preseat [n comparrsons bewcen traloed
1w weipht mached coatrols, aod smce duffer
X0 vaght betw eem the two sedeTiny FOUPS
ot d by sl in
i daty

Tie dbrersed tracomg-inchuced bepaxe changrs
"W bt wnenl comequences. The cnryme
"k, the comtlanon between hepatic synthe
4 ol gf)cogen conceatratons and the higher
e Ingr weight 10 tramed rts mdacale an eo-
oeced beratic capucaly for piycogen syntbeals and
0. Probubily Lhese chatges contribted 1o the
mmdﬁmm wich wa
= 1 trained rats and whach may protect
#%% the des ebopnent of duabetos mellitus (Bdm-
" & Shurdes 1978) However changes m

T cema, for mstance doneg prolooged exer
/:::! melal 1975 Galboetal 1977) Into the
Mﬁ"‘m:xmlwm
ol a3 trned hat 1 umtrained b i
‘t?\a * s er depletoa of glycogen stores 1y
i -"M\han m the st

Hepaifc gheogen oathetase in rained rat m

10 ma 0 mm 60 nm

21 4110 45% 7411038 PASEaR L
491120 159941 %6 15640, 10
poReibah 2o 13811 K 13 20£1 91

etal, 1977) accoant for the slower depletion of iver
glycogen i trained thag i mtramed cacrching
snimaly. The present foding of hepatic sdaptive

ctnnﬁﬁnﬁmnpwl‘unkﬁuudmd
holic adap 1o traunog fo

thsucs.
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“+achycardia during egg hypothermla in incubating ptarmigan

=lagopus lagopus)
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ary the amount
[y ‘o the eggs It was observed that
PLTupn retumed 1o moubate after
?‘““'hﬂnmwurou-hme
gy ¥l The dta further idicated thag (e
d“""dnwdupcmd-crmd-nh n
:"'Mh ¥ from the nest and lower am-
h*-naam

H\Iu_,u_
AND
Nesgy METHODS

= Cotaciod durng e vucamers
hartwy Troom Coumly “orway

Urey
Yooy T

Intemay
The eggs we beated 30 1o S0 shower
B-recepior blockng apeat.

A toal of 8 % id v3ow pamugas bexs were caoghit om
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telemetry amaxtier conthtiag of an ECG
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Fig 1 Heart rate of two wild incub-un;wn}owpurmlpnbmxm
c]mcbaanerdxl’rmlpmodno(‘bwncc (A) Just prior to sittmg on the chach. (B)

Immediately after sart of incubation (C) Turning the eggs. (D) Disturbance.
5

grven ad b Both paurs Laud a nomal clusch of eggs After between 500 and 600 b/min. The durawon of
:-;e“zt:mgs mw‘:ﬁ ,,"“";n‘;"fcd“‘h‘ffr"“h the  tnchycardia seemed to be associated with the kel ¢
bﬂrdxmplxedumiawwrvcﬂ.;ncemdmﬁdb:-‘;t of time spent away from the nnlndlﬂb:‘
served durectly as well. ambient temperatures. This 1s Qlustrated by B¢ \
For each ben an artifical clutch was assembled Ths  lowing examples Hen 1 (Fig. 1) stayed asay fx
conmtudu{?un[mﬂlzcdnuuﬂmwm“mm
mmmmn.m;ﬁmﬂnzhneruunbh-mw
lixed pcgfnm in lbe‘nuddle otnl::x:ej “"rt:?dm":r‘ Table I Duration of heart rate ubunr!v.lﬂi"-:r
mocouples were fixed insido b egg, one touctung the "M among eight nild hens reterniag 10 ¢g8) ‘:
varving times awas from the nest und vanist

bt

(wdxceulﬂnpcrlnm)lmdwnlbe:m(becmluo{me
o cen t 1ure) bient temperature N

Two seres of expenments were conducted The first Dorataw of
senes conssted of exchanging the hen s own chutch with Loy ars
the artfical clutch which had previously been heated or Ambient  Abscoce  dbore
cooled 1o a predeteruoed temperamre When the hen Hen temp from egps ‘001;‘4’-"’
returned to mcubate the wrtificlal clutch smwhancous ™ (min) (ma
nmumuu&emmko{mﬁnh&nbaxw
change 1n egg The ambient was 8 17 5 1
ahways 20- 1°C ] I8 H :

In the second senes of expenments each hen wasgnen 2 :55 ,[g f
0.3-0.50 mg Inderal propranckl a S-receptor blocking 6 16 s 3
agent which effect] ely mhibts ucceberaton of the heant 1 m 0 ]
before presenung ber with chutche of  ddfercat tempera- 3 Is 18 3
ture 4 pairs of eYpis. were cooducted on  dufferent bens, I7 9 10 4"—“

ly batched thewr cluiche 10 1
Both hens eventually ' b Iy e
4 10 20 S
,l i0 >0 tz

9

RESULTS [} ‘:l‘)] had
The fickd experuncats reveaked the followmg par 3 H - o4
tern of heart activity As each hen carefully ap- | 6 _33 35
the nest after a perod of absence the ? 4 x 67
prouch 200-.20 bymun. Within 7 143 ot

heart rates vaned between 3 2 i 0.5

the heart rates rnse to
10 5 after sctihng o the c5gs —

Acta Pl St 107
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| Ex 2w, Sev e hoars passed beforo the beart rate
- ®tawd o rormal. Hen 2 stayed away for %0 mint al
# wbyert eoaperature of 14£C Upoa retmng,
B¢ beart rade socreased 1o 575 but dropped below
%t S win, After 30 mm sbe had resumed

134 50 man a1 en umblent temperatre of £°C and
oy

Incubation tachycardla 775
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Fig 2. Heactrain of captree han retuming to  clotch of egxs cooled (0 10°C and the
% Lemperatire fobowing mcubation A, B Caxd D ssin Fig. 1

normal beart rate (Fig 1) During this declive
penod a temporary locresse in heart rate occwred
each tme the hen had tumed ber eggs and & de
erease occurted when ahe was duturbed  Thus latter
responsc was dewcmibed by Gabrelien et al. (1977
Eighteen simular observapions support the conclu-
1300 that this {3 2 pormal pattern of carduc response
amoag wikd plarmigan hens returning to ther epgy

Dantained & heart rade abo ¢ %00

{Tabie I)
Vaart ram Toswpmrtiars {C)
ot |
Haart rote.
e Hoart rom [ ]
e Egt st Hocmal baa
bod e Hom i e
“ 0 Fecanad ) blaker
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109 Hean weol W Temg bt
catn hearciammgio cuchal  Fig 4 Carduc
TR O scperaue of 17, aad the TEpoma of ma inderd brated aod a0
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Fg 5 Subwrfncccutanpamunnﬂeronsc(o{mmbmbnbyncqxncbﬂbdaﬁ
and after infection of B-blocker Inltlal egg temperature in both cases 74°C

Captive hens have a higher resting heart rate
(?00-260 b/min) and a lower maximum heart mte
(420-580 b/min) than their wild relatives (120-140
and 550-600 b/min respectively) probably due to
Inck of physical traning.

Fig. 2 shows an example of the cardlac response
of a captive hen returning to incubate a clutch
which is previously cooled 10 10°C The same figure
also gives the surface egg (emperature duning the

t penod of incub. The heart mte
increased immediately and stayed high until the in
ner egg temperafure returned to normal

Fig 3 fllustrates the response of the same hen
returning to eggs with a temperuture of 39°C  There
was an imitial period lasting about 5 min when the
heart rate was increased but very uregular After
thus period it retumed to normal

Fig. 4 shows that a hen which has previously
received B-blocker docs not display tachycardial
cardiac response upon returung o 8°C eggy  Her
h‘mmeurﬂmﬂﬂuyﬂ’u“““m‘ww‘

above the resting kevel found in captive hens The
same pattern was found in all the other expen-

ts.
mc:i;. § shows that a hen which cannot accelerute
heart rate due to B-blocker will heat ber cpgs

her
pormal heart function
siower than & hen with 0 cooled 10 78°C

began lo mcubate cE8S
Bﬁ:zmn:mmnmmwbwulh«mw

22.5°C while the other hen had beated hers to

Acsa Phssd Scomd 107

16.5°C The results of the other expenmests &
compuled in Table ®

DISCUSSION

Mot bird specics form a brood patch, a portad
the skin covening the pectoral muscles wheh b
comes free from feathers and nchly yascukat
during incubation (Lange 1928 Alken, Stodba? ¢
Stalsberg 1978) The fncubating bind caa ed
the egg temperaturo by varying it posture asde

Table 2 Comparis m of lenperaiure wereds ”
egqs incubated by 2 ptarmigan hens before v
after they have receh od an intramusealar iec®
of the B-recept w blocking agent (propramsdl) _

Egg temperature €O}

H Pro- $ s
e pra- Inr min
Do nolol Lally wcuhatog C":
! 74 ns 15¢
! 70 163 L4
! 140 308 i
! . 140 Y I
0
100 %0 it
03 s 1o
0.3 10 163
2 - oo jo 1o



e drstance b0 the cggy (Whie & Kinney 1974) In
e present sindy we found evidence which ndl-
cates that the heat tramsfer 10 1he egys I also reg-
sated by vanations in brood-patch blood flow
Thes wit thowed that ptarmigsn bens increase thear
heart-rate 2-4 foid when they retum to cold eggs.
Thrs uciycardss 1 maintamed wntil the eggs have
amed pormal brooding temperatore.

Suce the temperature of the cggs increased faster
nbem b tackycarda, tban 1 those where heart
actigalon was whibiied by a S-blockmg sgent,

conclade that the blood flow to the brood paich

acduied through freceplors (Nkkerson 1967)
Whether the heat production of the bird fs also
Yeirvated under these condstions is prescatly under

The obsenvatlon that beart rate kocreases after
Sonact betw een the brood palch and eggs at & sob-
Rl ncobation lemperamre wrongly supports
the suggestion by White & Kimney (1974) that tho
bod seases ogp temperamre la the skin of the
brood paxch. This s further antested to by the car
dac reaponse follow ing, the ben 3 tarming of egp.
T betervsour ines tably exposes a cold cgg sur
e 10 the brood patch and It alw. ys eiciled mccel-
Ton of the hewrt. Signaly from the receporns of
the brood paich presamably activaie the  brood

Incubation tacky cardia 7

patch m the hy which
maintabrs tachycardia and mcreases egg beating a3
toog as the eggs wre below the desaed brooding
temperainre
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after onset of incubation by a captnve hen before

temperature
and after Injection of g-blocker [nittal egg-temperature b both cases 7-8°C

Captive hens have n higher resting heart rate
(200-260 b/min) and o lower maxumum heart rate
(470-380 b/mun) than thewr wild relatives (170-140
and 550-600 b/min respectively) probably due to
lack of physical training

Fig. 2 shows an exampie of the cardiac response
of a captive hen returning to incubate a clutch
which 13 previously cooled to 10°C The same figure
also gives the surface egg temperature dunng the

b period of batl The heart mte
increased immediately and stayed high until the in-
ner egg temperature returned to normal

Fig. 3 illustrates the response of the same hen
returning to eggs with a temperature of 39°C  There
was an injual perrod lasting about S min when the
heart rate was increased but very wregular After
this peniod 1t returned to normal

Fig 4 shows that a hen which has previously
recetved g-blocker does not display tachycardial
cardiac response upon returung to 8°C eggs Her
heart rate 13 remarkably stabie af a rate *0-30%
sbove the resting level found in capuive heos The

same pattern was found in all the other experi-
g 5 shows thai 3 hen which cam sclerte
Mwmcdutoﬁmw will heat [~'3

crl}mnnhcnm(hanoml-dlmrlrunam

Bt et

5 the normal hen had
g?cjﬁue the other hen had eated hers @0

A Pirvd Scomd 107

16 $C The results of the other cxpenmeals uc !
compiked in Table ®

DISCUSSION

Most bird species form a brood patch & portoa o
the skin covering the pectoral musches whih
comes free from feathers and nchly vasubinred
during incubation (Lange 1928 Allen Stobhan &
Stalsberg 1978) The incubuteg bind caa repubi
the egg temperature by varying iy posture and ¥

Table Y Comparnon [ temperalure iwrase ¥
expy incubated by 2 ptarmigus hens befwr wnd
after they have recened an intramuscular et
of the Bereceptor bl x king agent (pr pran A ¥}

Cgg temperature F0)

Pro- "
Hen Pra- In+ 5 oun "
no nokod lally ocuhatwa o *
1 74 ~ 8¢
1 70 164 93
] 140 308 13
1 140 Y] re
100 %0 140
108 ] e
- ~as 370 L34
- wo Jo re
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Peptides in the cat carotid body {glomus caroticum)
VP enkephalin and substance P like

‘mmunoreactivity

AN M. LUNDBERG TOMAS HOKFELT JAN FAHRENKRUG

AORAN KILSSON and LARS TERENIUS

Xpruecal of Hatology Kerolsska [ostiotet, Sockhobm, Sweden Departoeat of Chirocal Chessiatry
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Looely wa exleplatie-like pepude has beea ob-
“ned m the gland celts of the wdrenad medulla, (n
F ot wd m somx ympathetic oordrenergic
wuroes (Schaltzberg ef al. 1978, 1979) In the pre-
X peper 8¢ report prelamagary fesults on the o
=meace of wa cakephaterike pepods 23 well 2
42 other pepindes in the carotid body (ghormus
HEl a0 o clnely relsied 0 other
yitems and belongng o the so calfed
APL'D)chmmePc-ncl%*)!
nde or femulc cay (b wt. 24 kg) were
mebetiad wylk Nembutal (30 myky. 1p ) aod
Fofned m the aorta wich e cold 105%
"m-h(}‘mel%.yforzﬂmmwbml
wu-unpdyd.umcdumudmndn
hmﬁnmerwwmsawmmw
n-mm«dwrw wmloohs-
In'wd-gmlh‘mwawqucnl
collsborators (see Cooms 19587 as de
P ously (Holfelt o1 af 197)) The tec
1 mcubated at € over might with kothers
'“ﬂuhﬂh-puhn(ddmml 160 viIp
mﬁwwmw.m"u 50 rosed, incubated
lwﬂkwwmm-mm
Shocliotm, Sweden),
b LI fuorercencs owcroscope The
"‘-'mmmu.h-:un;dmnmmu
Z“kmalnmwﬂml’ot(mwdﬂml
ummm:hzmmnollhcuhux.
;&h&du,ndtl‘ﬁ‘l)(mkcph‘lm
(‘b'tll-m;ﬂdqlm 1978) (YIP anlisenion) and
B2 050 (sobyiance Pantserum)

.,hm:"‘“‘“‘ﬂhhuhnpndcnnpum
ol Immumalluorescence wag obe

ey
.mwd”“ﬁnmh:d]\ﬂ'wcl

Coomy wag
ey
o

»
[

mounted s

cells) (Fig. 1A). Often strongly fluorescent proces-
sex could be ween from the enkephatin kmmenorese
the gomus cefls, No bnmonorsactive cells but
rmyVlPimﬂrunoruc(}veurmﬁyMwnu
lcountneﬂxa-nh-m@yduu—mh.mm
were seen (Fig. 181 They were found wath ihe
aghest deuty sround blood veasels, bist some thua
sagle fibres secmingly penctrated betwesn the
oot cells. After iocubution wath substancs P ag-
Ueruan, some thm weakly fluorescent fibves were
mmdmﬂmmmmmw
Mummmmmm\nhcmdm
Theprumrmnphdhulhnpepmc,m
Mlnd-lﬂcrunwummo(lbnmhbcdy
Whereas ko enkephatin-lis pepilde i presens b the
1yPe [ ghoius cells and thelr processes, the VIR
mmmmmlmnnﬁm
MMmhw.an
ok of xa enkeph Lk o
ocher chromaflim cefts (DGl of ol 1978, Schul
ubagerad 1978 19751, The present study does not
Mmmdmﬂnmdmmm_
uﬁﬂbud.hlhhh&uudu,mgmh_mw
z“"““"“’”“'lﬂwrmmnw
vetceuldmujhim'ymp.hqk(h, o
€12l 197) DiGunboo g1 a1, 19795, (Hoghen
The orlem of the v types of preptde perves 1o
Smce anerons sub-

MpeTor
4y $he the o the bingy ﬂw‘d snghon and
wnedilunibery cral 19794),
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feraly a0 eakepbaln-bie peptide bas been ob-
vl m the glaod cells of the sdrems] medulls, m
T ks od 1 some 5y ocadrenergic
s (Schuliztery et al. 1978, 1979) [n the pre-
M b e report prelinumary results 0a the oc
Wt of a2 exkepialolke peptide s well as
“oc ot peptudes m the carotsd bady (glomas
WAcm), w ogan closely related to other
et jusens o bekoapng 1o the 30 called
APLD 3y e fser Peane 19691
O e oc frale cats (b wt o3 k) were
.:W %ah Nembatal (30 mefkg, Lp.) and
Y2 U mcending aorta with ice cokd 10%
ot Pt 156 for 20 rm Thie carotad bafer
‘:" * Lipidly dsected out and mmunernsed o
M0t fiane for 90 un. Sermd cryoutat sec
e made and Tos

cells) (F g 1A). Often stroagly fluorescent proces-
se3 could be seen from the cokephalin tmmunoresc
tive glomas cells. No opmunoreactive cells but
many VIP cthve stroagly var
icose neryve fibres with a patchy distribution pattern
were seen (Fig. [B) They were foand with the
hnghest depity around blood casels, but some tun
ungle (bres scemingly penctrated between the
loaras cells. After incubation with substance P an-
therum some thin, weakly fluorescent fibres were
secen Nooe of the fluorescent structares described
ahove were seen after incubabion with coatrol sera.

The present flodmgs wdacate that peptides we
present m dsfferent strcures of the carotd body
Whereas an cokephalin-like pepide B present m the
type 1 glomus cells aed their processes the VIP
and

Cory scsordizg 0 the et techelque of
o colsboraioey tsee Coons 1958) as de-
(7Y (Hokfelt et al 1973) The sec
h-.:‘wu“c“‘“llﬂn‘nh.m;m

o lewenhephalm (dduon 1 160) VIP

W o wntanee p
2 HIC conppaieg

®aZen Buorescence mucroscope. The
Nwmun:-uhuucuxdmmpwn:
A g4 control sera. For further detas
gy ana ) chanctenstics of be antiscra,
Far & (1578) (cnkephalm antrsera)
Mg o U977 15780 (VIP aatssorsan and
A - 5T ubatance P antiserum)

%%‘“mnmo{m&mm
3 srong ienollaorescence was ob

ey
i Y of U glomus cells (Type |

P-hike pepides are found i nerves
These resalts ars w agreement with the previous
loo of an enkephalmlike pepude in
other chroma(fm cefls (DhGuflo et al. 1978 Schud-
tzberg et al. 1978, 1979). The present study does not
allow an cxact identification of the pepudes vis-
ualized but o 1 interwsting that both beu- and met
eokephaim as wellas a burger (precunorT) molecule
b3 ¢ been identafied in sympathetic ssues (Hughes
etal 1977 DaGatlio c1 sl 1978).
The orlgzn of the two types of peplide derves m
carotid body 18 uncertam. Sance pumerous sub-
staoce P auumoneacine cefls have been seen m
the petrotal gangtion (Lundbery et al. 19Ma), this

may gne rise (0 the blood  evsel Imnervation ob-
senvod (Lusdberg et ol 19795).
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Fig | Immunofluorescence mictographs of the caiotsd body after Incubation with
antiserum to met-enkephalin (A) and VIP (B) (A) Numerous cnhephalm mmunoies
tive glomus cells of type | and short proceasca (amuws) we scen (B) The VIPhRe
Immunoreactivity 1s present in nerve fibres cspecially nround blood vessets (b) Sune
fibres (anows) scem however o run without any obvious iclation to vessels. Ban

indicato 30 um

The functional sigmficance of puptides in the
carotid body remains to be elucikdated The glomus
cells have been ascubed severul functrons (sce
McDonald & Mtchell 1975) Qur findings ogree
with Peanso 3 (1969) APUD-concept that the glomus
cells are endocrine cells secreting polypeptides
According to Biscoe et al (1970) the glomus cells
1ckense catecholamines to regulate the sensitivity of
adjacent chemoreceptive nerve endings  Perhaps
the enkephalin-like peptide is involved m similar
regulatory mechansm Furthesmore the relation of
the presence of an opwid peptide in the glomus cells
to the welkknown respiratory depressant actwon of
morphine remains to be clucidat~d

With regand to VIP immunorcactive fibres 1t ha
been shown that intracarotd ngection  of VIP
sumulates chemureceptor affurents (Sard & Mutt
1970) either by a direct action of ponsibly due to
local curculatory effects The kitter \::(w\nu sup-

the sent demonstration un-
‘;Td by:mc ,::“ around blood vensels On the
other hand only a very weak effect un respiration
ed after penpheral admmstration of
was obcry te (McQueen 1978) it
¢ P by the same routc
substanc te that intrayentneular
}s however interesting (o w0

st Posed el 17

or Intracisternal administration of SP caned By
ventilation (von Euler & Pemow 19%} aod
medullary respiratory centres coalain 2 dense &t
work of SP nerve terminals (Ljunplehl ¢t FIRtAL

The present study was supposted by grats f“n;
Swedish Meuical Research Councal (04% 3587 644 o
G4X 35 1 SN 3766) hout and Alke WalkendaTR S0
telse Magms Bergvall Stftehe and Clas Grrabs ;
Stifteke The hilful techaicad 2 wetance of Mo W W
nd M Ulls Lindefekdt 1 gratefully s koow edsed
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Fig 1 lmmunofluorescence micrograph!

s of the carote! body afier incubation wuh

antiserum to mct-cnkephalin (A) and VIP (B) (A) Numerous enkephalin apmunoeac
trve glomus cells of type 1 and shoit processe  (arrow ) are scem (B) The VIP bke
Immunoreactivily i present m nenve fibres especully around blood vessels (b). Some
fibres (arrows) scem howe er 10 run without any obvious relibon W vexsels. Bun

ndkeate 30 um

The functional significunce of peptukes 1 the
curotkd body remains to be clucwated The glomus
cells have been ascnbed aeveral functions (see
McDonald & Mutchell 1975) Our findings agree
with Pearse s (1969) APUD-concept that the glomus
cells are endocrine cells secicting polypeptides
According to Blscoe et ul {1970} the glomus cells
relense catecholamires to regulate the senvtivity of
adjacent chemorec ptive nerve endings  Perhaps
the cnkephalin-like peptide 1s mvolved in similar
regulatory mechansm Furthermore the sclation of
the presence of an optowd peptude n the glomus cells
to the well-hnown respuratory depressant action of
morphine remains to be clucidated

With regard to VIP immunoreactve fibres 1t has
been shown that intracarotud ingections of VIP
Jtimulates chemureceptor afferents (Sund & Mun
1970) either by a direct nclnunLcjx possibly due to

efects The katler view 15 sup-
kﬂljgyﬂ;:?mm‘ demonstration of VIP 1m
UNOTEACTIVE TNV ES around blood vessel  On the
a very weak cffect on 7e piratwn

pheral admmitiation of
route (McQueen 1978) It
note that ntraventncular

way observed ufter pen

substance P by the same
13 howerer interesting to

et Phoswd Seund 167

or intruchsternal admirustration of SP caused hype
ventilation (von Euler & Pernow 19%) and
medullary respiratony centies contam 2 deme ot
work of SP nen e termunals (Ljungdah! et d W
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Tha effect of indomethacln on the blood flow—metabolism
supls in the brain under normal hypercapnic

wd hypoxic conditions
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{Shaugh previous interest m the regulation of ce-
theal blood flow (CBF. and m the coupfmg of flow
™ cotbeal actabolic rat for oxyges (CMRy,).
48 mamly (ocosed on wxch couplmg factors as
Tracckior H sad K recent results bave estsb-
bed the lefloeace of neurotracsntiers and neo-
Wawdhiiiors For example 1 bas been demonsira-

ol recepion, indoce meresses n CMR., and
3F (acheaze et o, 19760 s0d b McCulloch &
Hapa 77 Berptman et al. 1978) and that sero-
:'l;‘;n“*wwshe:ﬂcmmu-paau-cm
Eams 11 sgruficant milocace on CBF Thas
Pkard & Mach eazie (1973) w orkmg 0 phencyc

Meythetized baboons, found that wdome

0ot o mduced hyperrapam

10 present tudy w e repeated the expenments
imaahhm(lm)nmm
a7 Gl anesthelic circumstances, and ex
el them 10 mchede artenad bypotia &5 well
St the (e prne wonl mformation o0 the
- 153 couple 1 the braln they are
"Poried m preliurary form

™ Cuermem  ers performed o fod mate W star rais.
P X015 g Aneubeus wae mdaced Wik 3%
2840 N,O s contamed dariag opersin
Yrerons on 1% bilothome teed 7% N,0 The seusits
ey Lo T

tenpenae mamtamed closs b0 37°C,

Cootrol oemtained 0o 79% N,O werw com-
pared 10 3 senes of apiaals e, hy
percaguc wad kypoxic. [n the first series, one groop of

thetzed aymml was

(MMMH‘)MM(M:HWMH‘)‘W
30 mm followmg the Mmection of mdomethacn in  dowe
of 10 mgkg L befors CBF and wers mens-
ured. Swce iodowethaca mathedy CBF an o+
eraction w i N,0 ad t0 bt excinded mdome-

were temied

(Pag,~73 mmHg) was mduced mitead of
Mathods for messerag CBF sad blood axypea

(Cha,). 3 vl m for calulatong CMR,, have beea de

scribed provioesly (Banumen et ol 1979 aad b). These

refereocas shoakd be comaniied also for peaeral

Bl uchaxgues. Suatsucal betwer growgm
vy calcuiated cuung the cxpakred Soudexr f-4esl

1o all expertmental groups meaa body

wm cdose 10 37C Changes “'ﬂﬂ'ﬂltll pees-
sure and pH durleg by percapais and h were
mm‘h"“l": sously observed undes the same

Glrde (1 A mgly  Lamd eatloed arulcally by
M._“-m Bock femond

lons (B ctal 1979a and
) and physslogical parameters w ere similar b un-
lgecied and indomethacin-treated aalmab. In

Om b « of atrieace [rom the D o
Y smepuch Umn iy Sehool of Medirae, 1144
Kogaiby, Ube, Yamaguctd, lapma.
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Yuoactive Intestinal polypaptide (VIP)
ohdits oxytacin induced activity of

-t rabblt myometrium
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Yot knestienl pobypepude (VIP) a bighly
i~ 33 solated from porcme
= e by Sad and Munt (1970, VIP was
vnady comadered to be » gastromtesting) o
A but recent shudies ba ¢ demonstrated that
P bt v 2icout octwence w the
2w bcifited i eorons aad evidencs b scommr
49 A1 06 pepte represents & pearotransamser
Fadroskrag 1979). 1n the fermale genutounmary trsct
. senve fibres seem 10 imervate small
;onds e wots moscie cels (Laruson Fatirer
U & Scadfinky de Mucksdell 1577) This

e “h’mﬂ!d’mm)mmnb-

,L;‘"‘mnhnbbma(mmsnumuntw
.,;,’,:‘“ Sexht 430 kp) bad myometnal
! * Aaced (n promerted bilatend trampear
bl by the techrgne of Wagner
Gty 73 Wag0es 1y azi & Nielsen 197°)

*2 done 44 w eels afler the ear-chamber
ot The actn sty way reconded as eheetmeal
, s 1 e of U pliauim eiocrotes
O B bas of the earchamber and cou-
‘_,;::L“M‘Wmm stereomucroscope
tnumﬂm‘"‘wfumtdnmaib

248 1es grafiog and the  sabily of the
' Mcia a0 B 43 abday 10 respond 1o

Ou the day of expenment the rabbit way apesthe
tized with mebosal (Nembutal?), 30 mgflg iy and
a continuous fuson of oxytockn 0.3-1 mU oon
k3 w»m gpven {ni0 an ear vem. When a sable
myoticetnical eapoate was obtamed VIP was m-
fused mio the superior caval vem In the following
doses o mndomized order 6 pmol cus kg
25 paol ma kg 100 pmol mm kg for
10-man periods. The VIP infusioa penods were se-
parated by 10 mis wtervals with conmel nfissons
of sotonic e contammy bugna serum albomsg
(Bebrmgawerhe Marturg am Labm, GFR), the
vetnele vied for asalsmg VIP

In order to eslumte 1he concentrainon of VIP ja
the arterta blood spplymg the myometral pah
VIP wfinioas uilog the protocol as above were
performed oo 3 additioml fermale rabbrs of identt
ol weighl and age. Blood samples were collected

The bagheat dose of VIR ved (100 peocl min
L8 ) completely abolished the electracal activity
mlbﬂmwmmbym)mlﬁ‘
1C) whike V‘lPhdnurffauoaLbenou—ox)to-
*wm’mﬂm(mmn,\hd

03101 O mia was ctnen ed afrer
the VIP miision before. e discoatimation of
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| CBF
13

c 1 [

During hypoxa in uninsected anmuls there v
{he expected marked nse m CBE and an increax
CMR.,. (cl Betntman et al 1975) As obnern
none of these changes were wflucnced by .
methacin In fact CMRy, m the indomethic m
ted animals appronched 2000 of nomoaw e
rols We are at pesent studying whether or 1
circulating catecholamunes coatribute b (ks Il
OXygen consumption rate (cf Bertmanet o 197

The present results allow two 1mportant coal
slons First indomethacin known to inbib h\d
taglandin synthesis sfgnulicantly nfluences eorm
cerebrovascular tone and mteiferes wih @
coupling of metabolism and blood fluw SecomL
drug cuitails vascular dilatation durmg hy percaped
but not during hypoxia This suggests tha &
mechanisms meduating vasodilatation tn by peres
nmm and hypoxia are at least partly Jissimilar

This study was supposted by grants from e § ol

Normocbne: Hypareane  Hypae Medical Rescarch Councl (project No. 145 283} aod i
Nemaog US PHS (No 5 R01 NSQ7838). The authors ae gretchi b
tance.
Fig 1 Th:tuﬂlmncno{indocuhac{noucu:hﬂb{ood Gunila G for T techrial st
flow (CBF) and cerebral metabolic e for oxygen
Lim.l;‘;)un:crmnuol conditions as well as jn b N
M hypoxla. Values given are mean t SE for REFERENCES .
mdome thacm uwctcdnnlunh(l)ucumpucdmzbc ERNTM,
responding control shtuation (C) P<000] Sulhfgj B e o AHLGREN N & SIESID B

AUCTDOXIC Controls, while those below bars indbcate
differences between Indomethaca-njected and contro
groups.

alf non-bypaxic groups mean Pa,, exceeded 108
mmHg and in all non hypercapnic groups mean
Pa g, vaned between 35 and 39 mmHg,

Results on CBF and CMR,, are illustrated jn Fig
1 In nomMocapnic-nommoxke antmals ndomethacin
reduced CBF to 50% of control with no miluence
on CMRyo, The results confirm those of Pickard &
Machenzie (1973) Sumular resulls were obtmped in
ammals maintuned on 70% N, excluding un inter
actwon between indomethacin and mitrous oxide

In umnjected hypercapnic amumals CBF in
creased 5-fold and there was a suggested (but non
significant) ncrease in CMR, (¢f Berntman et af
1979a) In indomethacio-treated aumals CBF dur
ing hypercapma was only 25% of that obactved in

amjected anmals, and CMR,, was close to cont

Also these results asc m chose agreemen! with

:;lm reparted by Prckard & Mackenze (1973)

Acra Ph sl Scasd 107

1978 Influence of intravepous!
lamunes on cerebal oxygen
flow in the rat. Acta Physol Scand 164 101 106 L
BERNTMAN L. DAHLGREN N & SIEQO B K3
1979 Cerebral blood flow aod oxygen comusg0d |
in the rat beain during extreme hy percarta. Atesi v
siology 30 *99.305
BERNTMAN L. CARLSSON C & SILSI0 B K
19795 Cereteal oaygen consonpion 2 b S
N hypoxia. Influence of ympathoudrend acti 38
Stroke 10 (1) 20725 ~
HARFER A M & MachENZIE, B. T 1977 Corctnd
crculatory und metabolic cffects of S-bydm 3RS \
M 0 anuesthetized buboom. § Physdol 271 T m,
MuKENZIE E T McCULLOCH J OREAN Moty
PICKARD J D & HARPER, A M 19764 Coretvd )
arculeton  and oorepunephine Rels ance of &
bloodbran bamer Am J Phy siol 31 (25: 34k .
«KENZIE E T McCULLOCH J & HARFER.A
M 19765 [am of emd pancpbnos o8
cerebral blood flow and metbolnm. Am J Phywd Ji 4
OF 45454
McCULLOCH J & HARPER. A. M 1977 Cerctrd
enculiion: Effect of stimulution mod blockade of 3>
pamine receptors. Am J Py 10d .33 (2 Howa 1T
PICKAND J D & MuckENZIE E T 1977 Iokitwian
of prostugludm synthes and the 1e poase of kubem v
cerebnl cuculiion 10 carbon dankde Nature (5@
Buwology) 45 187 [as. —
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Comvm unys. 1 Casrouscsonal hormoees (ed. matnum fow ear-chamber and recarding of i activi-
fmcs C. Thomgnon). pp. $91-537 Unl enlty of 1y Acts Endicr (Kbhkl 79 7-T77

Tan Mes. WAONER, G HRYNZUK.J R. & NIELSEN J F

M0, 5 & MUTT V1970, Polypepicds wath browd 1972, EMG (rom umooth mgwculsier by eeiemetry 1m
bwbpcd acingy motsted from small miestine. Baotekroaetry (el H. P Kunmowch and 1 AL Vos), pp
Scrmce W 121744210 T58-306. Mexnder NV Lelden.

VAONER O 1973 Awio-tramsplaatation of rabbet mryo-
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Fig JA-E The myoetectrieal acuvity 1ccorded from ear-chambers in differced rabiats

All 1eghtrations (A-E) wete preceded and followed by & 10 min kg penod of 1egular

Poientials simblar tv thoso dlustrated af the begnnng and end of cach trace in the fgure
(A) Revponse to continuous oxytocin infuslon (B) Contiol mfuskon of 0.8 human
scrum albumin (HSA) in notonle saline (C) Response to 100 pmol VIP mwn [¥}

{D) Respanse to $ pmol VIP min kg

Afterimitlation of the VIp infusion (100 pmol min

kg ) no blanching was observed and no ulteration
n the blood flow was visually detectable

Our teaults have demonstrated that Vp has a

dose-dependent nhibitory action on the oxytocin
actvated myoelectrical und mechanicnl activity of
the uterus  The present findings and the vecurmence
of VIPergic nerve fibres und termunals in the myo-
metnum  which scem to fnnervate (he smooth
muscie cells suggest that VIP pliys a physwological
role ns neurotmnsmutter in the bcal contro! of the
uactivity of the myometrium

This work was supportcd by gramt  from the Damush
Hospital Foundation for Mediaf Resear h Region of Co-
penhagen Lhe Faroe fsland und G cenfand (J or 87 13)

{E) Responso to 6 pmol VIP mun by

axd Thomus Butholms bund Denmak Thuhj
techakcal ay Blunce of Dindie Knudsen Lene Pt
Anita Hansen iy gratefully ackoow kulged
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Quanttative changes in reglonal cerebral bload flow
ot rits induced by alpha and beta-adrenergic sumulants

L EDVINSSON P LACOMBE, CH OWMAN A. M REYNIER REBUFFEL

al L SEYLAZ'

Pepamme of Hisiology Unn ersaty of Lund, S eden

EDVINSSON L LACOMBE. P OWMAN CH. REYNIER REBUFFEL. A M &
SEYLAZ, ] Quantistsve changes i reposal cerebiad blood flow of ms induced by alpha-
and bets-adreserpe sinulents Acts Phywol Scand 1979 107 235296, Recenod M0 Aprad
1578, 13N 00014772, Depactment of Hrtology Usrversty of Lund Sweden.

Cerebral blood fiow was pessured with the C-cthanol (echaiqua o 3 repoes tfrootad,
pancio-temportl aad ocexeta) corier caudase Knckeus. Ualaome, cerepelum, mesence

phakcn aad pom) of raty, The hghest flow wm—n;wuwu:-nnmzam“
cortacal areds, ®bertds por bad the lowest flow (48 ml/100 g/om) totravesoes infnion of

regons except wnd pows The
wx biocked aad the effict of sdremalns pretreatment with the alpha-recep-
tor astagooust, sopresaloe Nfusoo markedly angmened CBF a

%‘dmmmh\dmlmm—

g (b repulaion of cerebral blood flow
to (Ehmicn & Machenzie 1976 Owman &
M-Wﬂ)»mncmubucunblnhcdby

l#\m\-::aﬂm lnnen sios (sec Owman
chem 1974} The direct net effect of
alreradine

aly el 0 1o (EY muson & Owman 19741
b o0 @ no (Wahletal 1977).
ebec

Nadnon &

Ochs 1953 Krog 1964 Haggendal 1965 von Essen
1973 Aublncaa et al 1973a Muchell, Scnven &
RosendorfT 1979 to bave no effects (Gottstem
1962, Greenficld & Tmdall 1968, Olesen 197 or
by others even to mduce an increase in the cerebral
blood flow (Meyer et &l 1964 Bunmuller & Betz
1970 Mrchell et al 1975) However when consuh
cring all 2 aulsbie data, together with a critcal
cv:hm.mn(lh-t:chnnpmnmhcd nondrm-n—

or cervical tumale-
lmrcd.ncamu]reumccmbmbloodﬂa- but
odybylbmulOmIS'}(mmzwbyEdm
& MacKenzie 1976). There are sexeral porsible
rmsomfwlhmkrtumu,llmyhcﬂmrzuu-
unlol-nxlw:olcﬂ:cumrcpom-lhprwn-
nmaw‘nhlk(kmwﬂowchnmwmm\be

Prount sdarew .
Clstbeon veulowe, CHU u:mf.s.m
A e Verdun, 75010 Pacr. Framce, Lows, 10
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Quantitative changes in regional cerebral blood flow
o rats Induced by alpha and beta-adrenergic stimulants

L EIVINSSON P LACOMBE, CH OWMAN A M REYNIER REBUFFEL
|, SEYLAZ

Dowment of Hwtokogy Unrverssty of Lund, Swcdew

EDVINSSON L LACOMBE, P OWMAN CH. REYNIER REBUFFEL, A M &
SEYLAZ, ] Qusttrtatrve chaages ia regional ocrebyal blood figw of rads educed by alpha-
and sumulints Acta Paymol Scand 1979 107 253-296. Recen ed 20 Apnd
(97K, ISSN 00016772 Department of Histniogy Unrersdy of Lund, Sneden.
Cerebrad biood Mow was messred with the “C-ethaoo] techaqus v § repans (froatal,
paneio-tenporsl knd occiprial corel, caadsia Thadpmus, coreoeium, masence
phalon, aod poss) of rus. The higheeut fiow valucs (83-39.3 ol 100 gfmm) were fousd m
cortscl arvms, w herges pocs had the iow et flow (4 ml/ 100 gfam). 1otra. ea0us ifwson of
sorairenalne or adresakos markodly reductd rCBF (by 28 % of cowtrol kvels) o all
repams except thalaes, haion, x4 poas. The Donadremine-ioduced reductson
was blocked, and the effsct of adrenalioe rey ersed, after pretrestmaent w it the apharecep-
oo augmented

reosal flow waa obtagsed doct  mechairin whers the  asodilator
ffect mcondary to activanon of cerebral me predocwnated over e drect ka0
comnciar effect of the Lmme

Frteed
g
LB ¢

:iﬁnminbc:-hdmlmwﬂcm- Ochy 1953 Krog (964 Higoendal 1965 on Essen
Eh‘-"ll’tﬁa.tmnlctmbnlb‘mdfhw 1973 Avbican et al. 1973 Mitchell Scernven &
Ml-;-;a&uxmm&o‘ma RorendodT 1974). to ha ¢ po cffects (Gottstem
iy ) soce 2 could be extsblished by 196, Greeafield & Tindal) 1968 Oderen 197) o
S iy and elecon mucToscopc by others even 1o mduce a0 mcTease In the cerebral
Sy aculsr bed recer evawell  blood flow (Meyer e al. 1963 Haenmuller & Bety
&N‘)hm MOCTYALOS (see Dwoan 197D Muchell eral 1975) However whe coasud-
feay, hl‘ﬂ-t)Thed:mc(nexcﬂmo( cnng all a alsble data, fogether w th a crical
Mm"ht on the y Latwo of the tech w obved d
w@"“*"lmomuhunhubocn ¥ne adminks or cervial hetic sumula-
Ay o o Ao (Ehina & Owoun 1974 ton reduce total resting ceretral blood flow but
wdmh hoWahietal 1972)  only by about (0 10 15 (sec review by Ed myson
i d;:ccnmkmlmmmm & Machcalie 1576). There are several possble
Te sympathommetic drugs on reasons for the weak respouse: It may be the rewl
b u“mmfﬁ:ﬂim&\c tant of a muxture of effects 1 repoms with prom-
) ine "%)M-mr@umw‘mm oent and with lutle or no flow change (Sercombe
hd%u‘mw Thus, the bnjec o
k.\“:::’mﬂtorah’anhbnby\omt
Sty B 10 dorrens the flow (hing. (o plrmst Piyioiope o I womtbiope
ket 195 Scanedhach, Madison & e Sawilow 10

A de\Verdn 79010 Pams, France.
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(Quantitative changes in reglonal cerebral blood flow
of rats induced by alpha and beta adrenerglc stimulants

L EDVINSSON P LACOMBE., CH OWMAN A M. REYNIER REBUFFEL
ad L SEYLAZ

Twmeat of Hasology Uknoruaty of Lund, 3 eden

4 empbus hug been laxd on & bevral con-
ben 10 the repniation of cerebral biood flow

gﬂ(mm, MacKenzke 1576, Owman &
wiom 1977,

ey
dey,

Ed
L]

hwmd:u

deaomiry ey

iy

EDVINSSON L. LACOMBE. P OWMAN CH REVYNIER REBUFFEL. A M. &
SEYLAZ,J Quaattmn Wnnﬂnﬂwﬂxﬂﬂmlﬂaudnumbydph.r
wod

1571 1SSN 00016772 Department of Hrslotogy Unesersky of Luad, Swedea.

Cerebral blood flow was mexsored wxth the HCocthanol techasque 1 & repons (froatd.

pecseso-Lempona] amd ocopual corter, caudate pucicus, thalanas, . mesence

phaton. and pons) of rats. The highcst flow alues (83-99.5 ml 100 gfmin) were fourd m

cortxeal arcas, whereas pons bad the kow st flow (38 mi/100 gfoars) Ietra esows ofindug of

soradrenalos or adrenalme markedly educed (CBF (by 2-33<F of costrol keveb) m il
Dovmirrmaoe-{aduced reductem

weas blocled, and the effect of mirenadns reverscud. aller pretreatment w il the

lor sELRgORl, sogpeoicd rCBF
poms and also m e candute nuckems The respome

redoced by the beta-receptor propranciol Tho  1perment show the pr

sence the cerebrovascalar bed of alpha- aad beta-ad

TesoUEpLors Lhal cas be actn ated by e ystemaically Uf norwdres-

Ocbs 1953 Krog 1964 Hagpendal 1965  oa Exssen
1973 Aublneaa ct al. 1973a Muchell, Scrnen &
RosendodT 1975) to have no effects (Gottstemn

voce 1t could be establithed by 196, Greenfleld & Tindall 1968 Olesen 197°) o
tstochemneal and clectron MKTOsCOpC
- U4 the brun vascular bed recerves  welk
m:wmlm()wm

Niclsea 1974) The doect net effect of
%o.__

by others even 10 induce an mcrease 10 the cerebral
blood flow (Meyer et al. 1964 Bienmiller & Betz
1970 Muchell et al 1975) However when comid-
enng all valdable data, logether with a crieeal

™ %0 (Ehiosson & Owman 1974)

on the of the techm
cominction, as has been  Loe ad L :
ton reduce total resting cerebral blood flow but
only by aboat 10 10 15% (see review by Edvineson
& MacKenne 1976) There are saveral possible
reasons for the weak response. 1t may be the resud-
tant of  muxture of effects m regons with prom-
wwent and with litle or no flow changes (Sercombe
or sdremaline has by some
‘ﬂdc:rnulhnﬂo:y(kln’, CP‘"‘" address. Piynolope o My topathologa

Senvenbach

CHU  Lanboenere-Saxi-Lowes
Madkon& A de Verdmn 75010 Paces, France. 10

m vo(Wahictal 1572).
¢ been undertaken 1o Qhustrate
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etal 1975) in the case of nerve sumulanion prob-
ably related to the degree of sympathetic inperva-
ton (Edvinsson & Owman 1977q) The poor re
Sponse 1o some drugs may afso be reluted (o the
Nmited Passage of such substances through the
blood-brun barner (Ropoport 1976 Edvinsson et
al 1978) The cffect of norudrenaling might be
limited by neuronal and extraneurong| uptake
mechanisms preventing it fiom reaching the vascy
[ar adrenergic receptors (¢f McCalden & Erdelman
1976)

Studics involving the beta-receptor agonnt {so-
prenaline have given more consistent results Thiy
agent 1s only shghtly affecteq by neurona! and
extrancuronal uvplake and degradation processes
(Iversen 1967) The common response to systemi
cally administered isoprenaline 1s vasodilation and
ferease in the cerebral perfuston (Lavbwe & Drouj)
lnt 1867 Xnnalatos & James 1977 Aubincau et al
19734 and b)

The adrenoceptors in cerebrul blood vessels and
their pharmucological characterfstics have been ex
tensively anulyzed {Edvinsson & Owman 19775)
Wahl & Kuschinsky 19779 Based on the recent
findings of local differences i the perivasculnr
sympathetic innervation (Edvinsson & Owman
1977a) and in the reactivity to vasoactive amines
and to sympathetic neme stimulation (Sercombe et
al 1975} the prisent sencs of expts were per
formed to analyze in detay! the changes 1n regional
cerebral blood flow of rats induced by alpha and
beta adrenergic receptor ugonisty alone ar i com-
bination with specific competitive antagonisty

METHODS
Animals The cxpenments were performed on adult mue
Speague-Dawley rals (50-300 g b wt ) ha ng freo acce o
to tap water and commertral pellet food untl operatron
Anesthesa was induced w th hafothun  (Fluothune
Hoechst  -3%) deli ered via a Drager -aponzer When
askecp the aumals were tracheotoouzal and pars
Iyzed (0.5 mg/kg tubocuranne chlorde ) Thereafter
they were ventdated w (h & smulf animal respirator (Braum)
ot 70 4 NyO and 30% Oy withott hulothane B#éum.
ure was measured rectally and adpsied to by a
bcl’""ﬂum' The femoral arfenes and  cmy were can-
b;hgxfcnﬂy One of the arterldd catbeter % 3 ured
:‘u«;ucon:mum recording of asterial blood pressure 1

tramducer for
Ekemna, Sweden) i the other
L o((blood both for blood g4y me sure

e and fi
(BMS Mk 1 Ruafiometer Coptnh?;tn)‘l “::
m\.unp:m' raioactive tracer One of the Temor,
can.n:lilﬂl for infusson of Lhe radiacl € traer *C
:t“b:nol (speeitic acti ity 60 mCymmol Radsochemcal

A1 Fh ol Scund 107

Centre Amenham) 20 uCi dissol o physkys,
saline and the other femoral vein for alnmntraos
the drugs (0 be testod aad of waturated potssee Gk
10 310p the beart at Lhe cod of the expis. ;
CBF measwrements The fow determwaion ¢
not performed untl the p,COy had suubekzed betmera
ond 4 mmHg for at beast 30 mon. The repoad Hor.
flow was determined acconding to Renkh et Jd (56
as modifled by ERRA et al (1973) The ‘C-cthusl s
ton was mjected [nto the carculatory bed v a femr
veln during 30 3 uslng o comiuat rasc brfrucs pom
Aneztﬂb&oodumplunmukcnmmmpl;huan__
ludc-frmafcmorulnncrymryh&n‘hﬂ!rm,
infusion :
Iramediately after the Last simple had beea L, I
ml of saturated potassim chionide was rapadly mectedt
30p the heart. The ankmal was mstuitaacondy docp
tated thcbcmlﬁmhtmnhsquﬁmmmd
at = 5°C in & cryoslat for Liter preparation (14 daysk Th
brain was removed and varous regioas dsected ol 8
CTYOsLat at & temperature of —15°C uhcmnlmlh;_hh:g
phccen were weighed on a oxcrobalics (Aaka) '
mﬁuhcmwhmkenranndyﬂlmﬂudm‘\
grey muatter Theso paeces of braim Usiue a4 duu‘
previously Wilbd.rlwnblcnlwnpkllmakh“ﬂm
ulhﬂwvﬁhnndcmmlcdhaNmlen:‘wﬁ
scintulation counter The blood samphes wcre
rectly with scintiltation flukt (Instagel hluhcl:-“
Centre Amenham) whike the 11 wue pecess mn-u
solved in Solueno (Packand) bcfmlhcthw”:m
was added thhuwauf:;‘nal’wm y
proeedues (see Ekiof et
da%wplﬂhbﬂmdﬂwufw“cwuuhuﬁ:m
termuned by EKRS ct al (197%) and found to be @
braln thsto  Caleulations of the flow vakes ‘T::ﬂn\‘
formed ay described by Rewvich et al (1969 piett
VRme:comwlcdmandc\k:mdw |
Dlmﬂnpfoiocolmalbyﬂkﬂ'ﬂﬂ-(lmqﬂl
rcuﬂumuprcswdonunb:mu(mwcldl”ﬁ
ml/100 g/min. Tha CO, responst tncuwulr\k:d‘m
ng snall quantitses of CO; to the gas muxmure P
by the ventilator until the deswred leve) of wtend
concent was reached
mr:::mummdnmtss aad the &1
eoces between mean values were analyzed wiathwsk
w th the Student 5 1 1ess usng 3 Packand kﬂw
D g ﬂta;ommu\n‘(crmuh)dn‘hl:aﬂ oy
1-cpinephr o butartrate Sigma | roprole -
chlonde  §gma) were infsed 1v  dunog llnll-l-
period w th - LKD roller pump of 2 peed of .
The nhibstors phentolumune (Regaun. Ciba) anl-l r')‘“
Tanolod (Indera) Scanmedsy were adaun tesed -
before afu 100 of the gomisl was started A.Nr:'m
disol el in 097% NaCl and prepared fre oy
b solutwons contweed 02 mg/ml aw

il (0 mmaruse axklutson of the amune

RESULTS
£ wdogical puram ters The mean values of ¢
physwlogical varisbles dun.u/p_lhc infuskn eApis.
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proxumately $3 matg) was imduced by adding COy
px\nibthq\m:dmﬂ\:ﬂt g puxte of N,O

AR dariey the adrenafin infusion whereas bor
drasloe merersed the blood pressure by about
YA (rgay.
Corebeal Hood fiow The mean CBF valuses (nl/
W o) s iried according 1o the region studied:
e covbrocortcal grey substance usally bad
Igher flow (froctal cortex 84 pancto-temporal
@B occitatal cortex B3) than those prepare-
:'Mlknmmm(pauuml-
coriex 62.5). Derp grey regoas, sach as e
Covte mclews (74.5) aad tho thajams {74) had
:fdﬁvﬂww ull In good agreement » ih
wadecs (Berich etal. 1968, Ekdof etal 1973).
Reactnny 1 ko percapnia. The cercbrovescular
7 L icreased arteriad CO, fension was
oed m (e cerebrocortical arcas and 1 the

]

: Pousy of the blood-brain bermer
"‘hm

Com purraciens wmﬂwdﬂ.{

and O, Hyp ala mank edly mereased the blood
ﬂow(‘hbkllhlhcymhdmnlarm(l’dml)
and in the candate puckeus (P<0001). The CO4

pr ) m Oow per unlt
increase m p COy above control) varied between
_6 and 5.5 mU100 gloun for cach mmig m these
umwmwu:ranvhymnyhhsbu(nh
cadate nucleus than m the cortex is duficult to
establish on the basks of the present figures since
peliher the ddfercoce between cootrol fows nor
(hat between Lhe hy percapaac flow values m thé two
arcas was statntically sgadant.

Infusion of xorodrenaline Conuouous kv Infu-
10a for 10 mm of poradrenalme (1 pg/hgimua) be
fore measunng the repoaal CBF resutted ina ane-
ty of flow respoases (Fig. 1). Thin, the amuwse pro-
duced po sgnalicant effect o thalimas, mesence-

T
) 'H‘z:bvhtmutm from fromtal paneto-temporal and oc_ipital) nd cawdate naclens together
1 for pCO during hypercapaia as ompared ik the cffecs of moradrenaline Iafuslon before
e th wres

are aiso preen Figores show meas valocs + S.E_ caaber of asaals
Comparrion of
) ﬂ"“‘lqam“ram (control group ve froups) acconding to Stmdenl’ Het
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! Drmen Cortex biood fiow blood
= (V100 greasm) (/100 geoea) e
Contr smaganiy
Hovcapmy, 15167 (18 TSEHG »3
[ aniaridi s (s 15._10°7 (&) mﬂ‘s
ot 1o cop oo 3318 35135 (8) 376106
Wy mﬂld‘y L0, (;'.;133 . £S5 3=
Carraci ccadrenalons U1 T* @3 124511
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ctal 1975 1n the case of nerve stimulation prob-
ably related to the degree of sympathetic mnerva
tion (Edvinsson & Owman 19774) The poor re
Sponse o some drugs may also be related to the
hmited passage of such substances through the
blood brain barmer (Rapoport 1976 Edvinsson et
al 1978) The effect of nordrenaline might be
limited by neuronal and extrancuronal uptake
mechamisms preventing it from reaching the vascu.
lar adrenergic receptors (cf McCalden & Eidelman
1976)

Studies Involving the beta receplor agonist jso-
prenafine have given more consistent results This
agent 1s only slightly affected by neuronal and
extrancuronnl uptake and degradation processes
(Iversen 1967) The common response to systemi-
cally administered Isoprenaline 1s vasodilation and
ncrease i the cerebral perfusion (Laubee & Droufl
lat 1867 Xanalatos & James 1972 Aubineau et of
1973a and b)

The adrenoceptors 1n cerebral blood vessels and
thewr pharmacofogical characteristics have been [33
tensively analyzed {Edvinsson & Owman 19775)
Wahl & Kuschinsky 1977 Bazed on the recent
findings of tocal differences 1n the penvasculnr
sympathctc innervation (Edvinsson & Owman
1977a) and In the reactivity to vasoactive amines
and to sympathetic nerve stimulation (Sercombe et
al 1975} the present senes of €Xpls  were per
formed (o analyze in detail the changes in regional
cerebral blood flow of rats induced by alpha- and
beta-adrenergic receptor agonists alone or 1n com
binaton with spevific competitive antagonists

METHODS

imals The cxpeniments were performed on adult make
;pruuc [kvtryxpr:u(m-lw;b wi) ha ingfree access
to tap water and  ommercial petlet food unti! operation
Ancsthes was induced with balothane (Fluothane
Hoechst -3%) delivered via  Dmge  porizer When
mlecp the anmals were tracheotomized and para-
Iyzed (0.5 mg/kg wbocuranoe chionde 1 ) Thereafter
they were entilated with & wmall anumal respuratos (Braun)
on 70% N;O and 30% O without halothane Body

tragsducer (Elema and the other for
preaswre phngo:'b"”d :;:dr:)hwp me sure
wumm 1l Racioectier Copenhugen) amd for
menrd (BMSdenc tracer Ome of the femoral veims
o et
cibunol (specibe actity 60 reCummol

A PRl S und 107

Centre  Amensham) 20 G dissohed it phy aokpe
saline and the other femoral veln for sdamniram
l}nd-nmlobeln(cdudofmwcd;unm:&n
mnoplhehunulhecndunicupu _
CBF measurements The flow delcrmmaine 3¢
not performed uatl the p,CO; bad stubuzed beteeen
and 42 mmHg rwukanlﬂmn':cﬁrrﬁ:l:(t_
flow was determened to o
umod.xﬁcdbyﬁk)d(m{l) The ‘Ccthunad at
L[onwmhjcc(cdlnlothecn’mhmryhd\hahl
vein dunng 30 s using a comtat rae infvuoo pen
Art:rh.[hknlumpkli:reukmluuloﬂdmw_l
hrhfrmun(unomlmaycm-y}uhrm'krﬂﬂh
-2
mmuymummmumml\
Tl of saturated potassium chionde wis rapsdly myecied
stop the beart. The animal was inslataneonly deag
tated l}whcad[mu:nlnlo(ohlwﬂnlmmi\lﬂ\i
a1 ~.5°C in a cryostat for later preparaton (1-4day Tt
brain was removed and various regoos drisected ot |
crymumnxempcmmof—li‘cwhmlhﬂh"”:h
ptcnwemw@edm-mkrubuhmcll\-lbﬂl::‘! 1
encephalic samples takea for analysss consisicd -
Brey matter Thﬂcpbcnd'hrnmmuxll‘d““ﬁ
previously withdrawn blood mpaa\m;ucdhwi
ﬂﬂuhnvhhnnd:umwlmlNudurCNﬂ:’m‘
santllation counter The blood sampies were
rectly with scmtillation fluid (Instage! Mﬁ
Centre  Amersham) whie the tssue peeces I
iohedeohcm(Packud)bdmd:tmﬂﬂ#:m
mmmhmwmm
ures (see Eklof ¢t
dlr#nwﬁum coeflicient for ‘C&thdh-‘-‘ﬁ:
termaned by Eklof et al (1972) and found to be ot
briun tusuo Cakulatiom of the flow M‘T::ﬁﬂ
formed as described by Revich et al {19693, Yl
mmwmmpmedmn\vm‘k\kmﬂ;;:'d‘
Ing o the protocol used by EXR et al. () iy
retults are expressed on the basls of thsue wet ]
ml/100 g/min. The CO, responsivent s was w&hm»
ing sl quantities of COy to the gas mixtue dcn 55,
by the ventiator unul the desed kevel of atend (0,
reached
mﬁ?"m‘!muxumxwumxsa ane the 0
ence belween mean values were andlyzed stanis
with the Stude tet test uwnw&ﬁ‘“us‘“ﬂ
Drug mmmmumm:lhymb“:‘; M
tcpincphnne buartrate Sigma, 1 150proter A
chlonde Sigma) were wfused ¢ dm‘[dﬂ-‘\-‘
na\od‘uh-Ll\BmUcrp\mpnlW”‘o'mm
The mbwbuiors phentolinune (Reptm Cibm) A
ranolol (Ioderal Scanmeda) \-malmm“"‘;u -
bdwemrumndlhc.mm»uwumfm
dnsol d @ 09~ NuCT and prepared e
wolutions {02 mg/mi

<cuf 10 muatuzo oaxdation of the amee.

N

RESULTS
Phvsivlogical parameters The mean salucy 0(”:‘
physiological vanables during the infuswo e .



s i the cortacal flow » a3 found (P<0.01) ta
oot 10 the rediction obtained with noradrena-
Ine sloae (Tabis 7). The flow increment was even
mort promoonced in the candate nucheus (P <0.01)
The mTese was somewhat bess procusent m both
Jegos ey cocrection to control values for pCOy.
infsion of adrenaline The pattern of response
® xirmiene Infusion (1 pg/kg/min) was simibr to
rkd-uu-cstuuWununem;
i T, oo statistically shgruficant effect w.as ob-
burd m pows, thalamms, mesencephalon. The
| maa rednction In the caiudate was the same s with
| endreasiase, bt doe 10 & greater individial varia-
+ bty I the response  the adrenaline effect was not
- sricaly sgndicant. In the otbey regions studied
& rmocostTicior response (0 tha amine was
=0 goacnoced thaa for norsdreralios giving a
:‘r&mmdlhvmp-td-uhmrulcd

Mrmivraon of the alphs-recepor blocking
| ¥, phestolzmne (1 mgfkg L ) 30 mun beforo
"o it of e ddremaBine Efusion totally inbibated
¥ mocoouncior effect the vascular response
 lmiead markedly reversed (Fig. 1. A bighly
Tulome iecrease (P<0.001) m flow compared 1o
roly thes ocourred m poes and thatamus (92 and
% fow merement, respectvely) as well as ko the
i mackeus and mesencephalon (4546 %).

Iisn of lroprenadine In orter to cbiam more
ol micrtarcn abost the ascular

T y
hﬁ,mwf*col“hhmdmmhm
a0 i the controhs. Cormection of the p,C0;
h:hmﬂmwwmlhnﬁm
ey ETement, 1 ¥ lrgecton of | mglkg of
agent,

§ mpathomimetic ffecis an CBF 93
metbod should be used which is atrsumanc with
rcp:dmlh:badnﬁbnml.idaﬂy 1 shoakd
peither requure expoyu:a(lh:h-mnmwcby
means of a cramotomy nor shoald it dislurb the
tocal circwdation of the Ussee by durect mjectiom.
r\technlpc{ulﬁlm'ursccmu‘hhlbn:ndc
vised by Relvich et al (1969) This method is based
on the mathematical cakulaons oace denived by
Kety (1951) ushog the ddTusible tracer ‘Cean-
lhryrlne-l(huhlcrbccnnpplh!mlh:mmd
modified since i did pot give adequate quanitative
information in rapid flow stuatons (Ekbof et al
1973). Provided the more freely duffusible tracer
C-cthunol is used and the 1nfusion is carmed out
duning 30 5, the method gives accurate valies withln
the range of flow studscd 1a the present experiments
{Ekidf et o 1973)

As with all clearance methods the ansmol omust
be bn a steady state duTing at least the penod when
the clearunce n recorded. Therefore, continuous
mfusion of the test substance was used beginnuog
10 oua before the start of the injection of ‘C
cthanol. Ahbough the method o regronal d can be
assumed that the pleces, weighmg about 25 mg for

reasons, arc composed of severa) areas

with different flow charactenstics under normal and
Itissn though,

that the repons measured can be exactly defined (in
contrayt (0 smmbors when radicactivity is meas-
ured ) and that any hal contami-
natlon 13 entirely eluninated The controd blood flow

kevels obtalned mn the present stdy oa 250-300 g
make Spoaguo-Dewicy mis were somewbat lower
than those reported for 300400 g male Wistar rats
(EXIS et al. 1973) [ndicating hemodynamic varla-
tons between the tv o srams of haghly Inbred rats.
The mean arterial blood pressure was affected to a
varying but small extent by the different mnfused
drogs. It bas, bowever been thowa o numerous
stuches (c.5. Haggendal & Jobansson 1965 Harper
1966) that the sutoregutation of the cerebral circula

bocking an-
Mere Teiponss to {sopremalin in cases
,Fhlfnupmdnc:d-dn:unlbwm

Yscussion
dolorical owsiderations In order to obtam
Mmmmdmmmm
""Nondm«mmum., regional

tion for thés. Therefore, the
cﬂmmnﬂuﬁwmjnamummhe
secondary to the biood pressure changes. Attempts
wero made 1o mamtain blood gases (p,CO; and
P20y) #ad pH within normal limits b the varioas ex
pamulmbumcmh,ﬁnwm
boas were ooted in the mean p,CO; (a3 well m
P.CO; and pH) values in some of the groups. For
tus reason, flow lovels wers lso glven corrocied to
cootrol p,CO,. The same tendency m the flow

Acte Phriuel Scond N7
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Reponal cerebral blood flow (rCBF) in untreated control rats (C) am! after 1nfusion of catecholuminct (NA ual::'

line A adrenale 1SO 1soprenalioe) alone of after peetreatment of compe!
the anymals with titrs ¢ anlagomsls
phentolamine Prop propranokl) Mean valucs +S E F«uﬁmmnhunb::zmbuu(mwmn

physclogical parameters see Table |

phulon and poas In all the other regions the flow
was reduced by approximately 10 to 77 The
over all reduction 1n (uncorrected) cortical blood
flow amounted .27 (P<005) As shown in Tubles
1 and 2 there was a shght (though statistically insig
aficant) fallin p COg 10 comunction with the nosmd-
renaline infusions Assuming a hinear relavonshup
between the flow and arterial CO pressure incre
ments n the interval tested (39 10 53 mmHg) the
CBF levels could be corrected o the same (coatrol)
p CO: value This shghtly augmented the nordren-
alme induced reduction 10 both cortical and caudate

blood flow
At Posed Scosd 197

{

sk

The reduction in focal cerebral blood flow 108X
adrenaline could be prevented by the "U““‘"d
the alpha receptor antagonist phentolamene e
g iv) prorto the infusion of the amne (s 1+
There was cven an increase i the flow under e
conditions The resersal was statistically signdiea
(P<005 and P<0001) m oll repons except
paricto-temporal cortet and the cerebelium If 100
adrendine was adminsstered afier the structird
blood-brain barmer had been opencd through 3
hyperosmotic shock (see Edvinsson ctal 1970
wyectivn of M urca (which in itself did not 3
mificantly affect CHF) into the 1nternal carvtnd 22



aroee 1 O contical Brow a3 foaad (#<0.01) in
it 10 the reduction obamed with pofadrenas
e kot (Tabds 2). The flow incremend % xd €120
sy owaced in the caudate mscleut (P <0 05).
The mereasc wis somew hat lesy promenend s boly
cortchon t control values for p CO;

Mo of miremaline The patiern of response
Bubrmta e (1 pgfigiman) wan umiler 1o
¢ chaagrs m CBF found with paradrenalioe 1Fig.
! LT, w0 catnzicatly szgnificaet offect was ob-
s W pons, thalamus, mesencephsion, The
J et reduction o the cadic was the 1aiae 18 % ith
ik, bk dok $0 8 greater indniicd vame
ey i (¢ respone, Lhe adrevalme effect wis oot
~ Sty sigraficant. In the othes regons stlied
e roxonscior response W this smuse Wi
x prmoncged tnn for sorsdrenalioe ghving &
#-8% recuction of flow compared with untreated

e,
Mwwestraon of the alpha-receptor bhocking
o 0 ogkgi ) 30 amn befors
} M st of te dsemalmc ifision totally inhibized
 mind murkedly reversed (Fig. 1) A lughly
et ncrcase (P<0.001) in fhow compased to
?h’mﬂmwmhmmm
fow mereonent, tespectively) ss well s m the
W dclews ed meseacepiakon (AS-$%)
:""lw T ofder to obtam more
Soraation about the vascular ro to
e rcepar pone

au
o vatom, soprenalne (05 pg/kg/

§ mputhomimerc fects on CBF - 293
mathod shoukd be used which 1 atEumals with
npzdmzb-badrrﬁmml.dd}y 1 should
mhquuu:awﬂo(\h:musmby
mcans of @ cramoiomy nor should 1t dusturb the
Jocal crculation of the thaue by dirent mpechions.
p\t::hnqxﬁ:mh;lhtmcmuhhasbcmdc
\ised by Renkh et ad (19691 This method 18 based
on the mathematcal cakulutrons oace dern ed by
hety 11950) uumg the diffusble wacer  ‘Cane
mnm,lxhuwabomapplxdwwmm
modfled smxe 1t Ui nol give mhequate quantitat &
mformation fa rapud flow utuatioas (ELIS et al.
1973 Provaded the move freely deffusible tracer
“C_gihapot, s used and the mfusion is camed out
durmy M s e mthod g1 ot accurate atucs wihn
the range of flow studsed ia the prevent experiments
(Exlof et ol 1971

As with all cearance methods, the aragial coust
e ma teady vate during et least the perfod when
the chearnce s recorded. Therefore contnuous
infusion of the text substance was wsedd, bepmasng
10 man before the stant of the kpecbon of “C
ctbanol Although the method 1t reponal 1t can be
agumed that the pecces, weghing wan 25 mg fos
peacixal ressont, st composed of snverudl artas
wih ddTerent flow charatteristics under nocmal and
expenmental conditions. It s an advantege thoaph.
that the regaom measured can be cxacly deflaed (m
coatrast to shiations when radbaactivity is meas-
ured ly) and that amy coatanl-
mation 1s entirely eliminated The controt blood flow
leveh obtamed m the present sy oo 250-300 g
male Spragie Desley raty were wmewhat loser

Uoas betw e h tno struns of highly mbred s
The mean artetial tlood pressare was affected (o

varying but wnfl xxent by the afferent mlused
drugs. It bas, however been shown In pumerous
stidien (o 5. Higgendal & Sobamson 1965 Harper
1966} that the mutoreguiation of the cercbeal circula-

ton ¢t for thir Therefore, the
effects noted after the amine mfussons cannot be
secondary to the biood pretsare changes Attesipts
wero made o mamtain blood gaes (p,COyp and
PxOy) and pH withrt aormal limts {n the easious ex
perumentel groups. Desprie this effort, slight varis.
toas wero notod in the mean pCO; (13 well 11
2,00, and pH) vakues m soms of the groups. For
thls reason. flow levels were alto given corrected to
costrol p,CO, The same lendency da the flow

Al P e Soumd 163
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mesencephalon and pons) now showed a murke
flow increase This shows that sasm omtncior an

chanpes dunng the vanous treatments was found
after this correction No COrTespOTMiing corTection
was made for vanations in p O, valves since it fs  dilator respamey to vatecholumunes had outhd
known that as long as p O, 1 heptabove 100 mmHg  anced cach other in the absence of phentolussn
there is no significant influence on CBF (Borgstrém  This nught reflect a negromal heterogeneny = th
Johansson & Siesfd 1975) relative propostren of cominctory and diliton 3
Infusion of sympathomimeric amines Inorderto  tenocuptors pethaps related (o a focal vanasen s
achieve steady sinte conditions continwous nfi-  the degree of sympuathetic 1AncTsation 2 drimx
ston of the agonists was utilized Both noradicna  above A similar Jarge merease @ flow was ot
line and adrenaline reduced the regional flow in  served after administraton of the beta-apens
cerebral and ecrebellar cortical structures toa vary  1soprenahine. The cffect was antygonued by b
ing degree and a reduction was alio obsenved iIn - competilive buta receptor blocking agest, MY
the caudate nucleus A similar pattern of decrase  mnokol
in regronal CBF has been reported dunng cranial Therv 12 reason to believe that the above o
sympathetic nerve stimulation in rabbits (Lacombe  tioned effects of the sympathomametse amac
ctal 1977) CBF primarily represent dinect s asomotor
The finding on the caudate nucleus confirms 1c in this vascular bed Amines are known (o penetr®
sults from local mensurements with the thomo-  the blood-braln banisr poosly {se¢ Rapoport 1576
clearance tevhnique in tubbits where these amines  but can be made to 1each wmto the brun by Tamxe
as well as sympathetic nerve stimulation cleatly  opening of the baner with hy pertonse soluton. &
reduced the caudate blood flow (Sercombe ot al  shown fn the rat by Edvinsson etal (1978 Unk
1975) Duning those expenments another bram re  these conditions however normirenaling 1oeress
gron the laterad geniculate body showed hittle orno  local CBF by an cffect that was not mhiwed t
1spomse The difference in the response could be  phentolamine This effect was therefore & s
iclated to the degree of vascular innervation the  activation of intracerebral neurvas (Macheare ©
caudate has a densily of sympathetic nerve supply  al 19764) mediated by beta receptors (Edvorod
which is twicc a3 high as that found in the vascular  etal 1978) causing an incteass in brain mclibdn?
bed of the taterul gemiculate body (Sercombe ctal  and secordanly an enhamcement of lov o
1975) Thus regional heterogeneity in the extent of  flow
sympathetic nenv e supply of intrucerchbral arterioles It has been claimed by Rusendortl & aﬂ.&:
has been studied 10 more detail in baboons (Ed orators (1976) on the basn of intracerchral 2=
vimson & Owman 1977a) 1t may be that this htd  systemic administration of amines that the eflc™
of varability to some extent expluins the different  on intracerebral vessels are meduted uru;
reglonal flow rewctions scen also In rats (sco further  beta odrenergic 1ccepion i the sascubar ‘\!n
below) whereas the sympathomimetic effects on ‘_DL.
The CBF reduction obtaed after winunistration  cerebral (pial) vessels are mediated by 1%
of the cotecholamines wa  mediated by alpha1c  alpha-receptons In our vpinien both HW‘“W
ceptons 10 the sensc that 1t could be pre ented by are supplicd with alpha as well as betd ali e
previous  Injecion of the competiive alpha-an  receplon the effect of an evogenous amune e
tagonist phentolamine 1t notable that the redue  noradrenaline released from P“""’“":“w
o 1 CBF 1s a net effect including a vasodilatory  pathetic nenves represents the net clfect on 251
component s shown by the revensal particularly of  tancous alpha-receptor medited consing

the odrenaline mduced flow reduction upon wd-  bela-receplor mediated  dilibon 12 Ihe 1P
qunntration of phentolunine This supports preve
ous cvidence (Edvinsson & Owman 1974 Ser
ol 1977) that direct cerebrl sasodilate-
bty pe of recepton i
pon is mediated by the beld, su
mc\chcl\\nﬂ(v.hcr::spcnphcnﬂ\ww»‘mh
hoown to be medited by betaprecepiors) Regrons
hich previously had nat respomded agmficantly
:: nordrenaline of adrenaline (¢ thalamu

combe ¢

acte Py s Sl 197

Mudicd Moreover tegonal yanation in the »&
pathomimetic re ponse may Jlso be a soxated ¥

the dufTerent degree of sy mpathetic penvasculs &
nervation in the bran (Edsmsson & Owmn 19774
Sercombe et al [1975) When novadrenddine is bt
ated from the intrucercbral neurun ystem X
when it is administered dietly into the brasm { o=
paruble (0 stuations where the blovd-bram barm<?
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changes during the vanous treatments was found
after this conection No corresponding correction
was made for vanations n p O, values since 1t I
known that as long ay p O, 18 hept above 100 mmHg
there is no sigmificant influence on CBF (Borgatrdm
Johansson & Sieyd 1975)

Infuslon of sympathomimetic amines 1n order to
achieve steady atate conditions contimuous il
sion of the agonits was utilized Both noradiena
Iine and adrenaline reduced the reglonal flow in
cercbral amd eercbellar cortival structurcs to n vary
ing degree and a reduction was alwo observed in
the caudate nucleus A similar pattern of decreuse
in 1cgional CBF has been repotted dunng crunial
(3 1€ nerve stimulation In rabbits (Lacombe
ctal 1977)

The finding on the caudate nuclkeus confims re-
sulls Trom local measurcments with the thermo-
clearunce technique in rabbits where these anuncs
as well as sympathetic nerve stimulation clearly
reduced the late blood flow (S be et nf
1975) Durng those experiments another brain te
glon the luteral genkeulate body showed little or no
response  The differeace in the response could be
related 10 the degree of vasculir mncrvation the
cawdale has a density of sympathetic nerve supply
which s twice as high as that found In the vascular
bed of the luterul gentculate body (Sercombeo et al

1975} This reponal heterogeneity in the extent of
sympathetie nerve supply of fntriecrcbral arteroles
has been studred 10 more detal in baboons (Eu-
vinsson & Owman 1977a) 1t may be that this kind
of vanabuity fo some extunt explains the different
reglonal flow reactroms seen afso i rats (sce further
below)

The CBF reduction obtaned after sdministration
of the cutecholnmines wus mediated by alpha re
ceptors m the semse that it could be prevented by
previous injection of the compettive alpha an
tagonist pheatolunune It is notable that the reduc
tlon 1 CBF Is a net effect including a vasodilutory
component as shown by the re enal particularly of
the adrenaling induced flow reduction  upon ad

minndratiea of phentolamine This supports previ-
(Edvinsson & Owman 1974 Ser
oux evulence $77) that direet cerebrul vavodilatn
combe et al ! the beta subty pe of receplors in

won is mediated by the ral vasodilatation 18

the vessel wall {whereas penphe Regrons

be medhated by betagrecepior } Regron

ponded agnficantly
thalamus

h presiously had pot re
\:thn“:’mme or adrendine (e

4 ra Piasd Jeund 107

mesencephalon and poms) now showed a maker
low mcrense Thus shows that vasoconsineor s -
difalor responses to catecholumunes hud owhd |
anced cach other in the abwence of pheatolouse -
This might reflect a 1egponal heterogenctty m te
relative proportson of constrictory and ddaton & 2
renoceptons perhaps related to @ local vandtws u
the degree of sympathetic inniervation as drscusses
ubove A simuar Luge ocrease in flow was ob !
served afler adminbtration of the betraposnt *
{yoprenaline  The effect was antagosized by te,
competitive  beta-teceptor blocking xgent, prop~_
runolo!

There i 1cason (o belicve that the obwsc-ocs
tioned effecty of the sympathomimetic amencs ot
CBF pnmuily repiesent direct vasomolor actas
{1 this vascular bed Amines are knowa o peactiaiy
the blood-brain barmer pooily (see Rapopart 158,
but can be made to reach into the braln by Uansst
opening of the barrier with hy pertomie sluom & 3
shown In the rat by Edvinsson ctal (1978) Unh:
these conditions however mdrzn-\lmclmnsd’
local CBF by un ofTect that was pot mhided b
phentolamine  This effect was therelose i€ ¥
octivation of intrucerebral newons (Nad\fﬂn‘dfl
al 19764) mediated by beta-receptors (Edvmst
ctal 1978) mu;lnguninucuuiubrmm&x
and secondanly an enhancement of foud |
Now
It has been claimed by Rosendordl & cobd
onators (1976) on the busrs of iulructfﬂ‘:‘ﬂm
systemic administration of umines that lhtw
on intracercbral vessels arc medlated aﬂhh
betu wlrencrgic receptons 0 the vascubr ‘ﬂ;
whercas the sympathomimetic effects m;;u‘
cerebral (plal) vessels are mediated by
alpha recepton In our opinwn both vascubar o
are supplied with alpha as well as betd adrenct] “
recepton the effect of an cxogenous AMAE “' .
norudrenaline teleased frum peshsscubys ;’ﬁ- .
pathetic nerves represents the net effect of s o
tancous alpha receptor medialed constncbon 224
beta receptor mediuted dilatron In the TEPR Y
stdicd  Moreover regonal vanation in the ):: .
Pathomimetic response may also be associated »
the dufcrent degree f sympathetic perivasulal &
nervatron in the brain (Edvinsson & Owman 1977
Sercombe et al 197%) When nofodsenaline 1s b
ated from the intracerebrl neurva systems ¥
when it 15 admunistered dicetly Into the brun (o= ‘
purable (U situations where the blowd-bran barx?



shpund of oo ented dunng systemic ad-
e, & pereares blood (low twough an
et action, & 3 beta-teceptor mediated -
et de izl of thoke cerebral pewroos
3t art moen aed by the catecholaminerpe perve
dug (MacKenne ¢t al 19764 and & Ed 101300
ad TR
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1 phibltory actions from low and high threshold cutaneous
«iafferents on groups Il and lit muscle atferent

1pathways In the spinal cat

k1
+J TORGNY JENESKOG
Jhmndh)u:bn Usnenuty of Umed, Seedex

JENESKOG, T Iahbsiory actons from fow wad bugh Ureihobd cutzacous affernly ou

sosps U aod I mascle afferent palkw ¥ 10 the wpmad cal. Acta Plyvld Scand 1979

Bl 107 297-308 Rectived 16 001 197 1SSH 0014772 Deparment of Physiology Uoner
y wty of Urned, Sweden

- The whcuiory tffects caused by oliey 0 Curmco affeTeRs on Lhe traasmhsion through

$ormt potys) sapiat segmental ays acrvaied by togh teeahold muscle affereats wers

Hudued w chiorio apmal oy Padieayy stadad wok proaps (1and U

motoacwrones a3 well a4 group 11 W pommry silerents. The rewdta that two

uncons
g thocky, bat conld ou the coutrary be facisied by sclvily i low towbold
artats, probably al (e ooly tameunae myvolved i tils group 11 pagey

Ky ords Ctastom afferenty. regex path tnasmaoos. preyymaplc tohibeaoa, post-

1R mhibxion. sl

through  wegmental
MoTeoc reflex pathea

o

namber of potysynaptlc pabways (to alpha
MOlopeTones Lo prusary afferent terminals and to
Certam ssoending tyiietms) bas been panbentarty
well amalyzed (Engbery et al. 19%3a b). Thn de
wcendmg system was recently identified ay the mb-

o Landbery 1966, 1969 1975 Schmudt
ey Thete 13 also the possduiny
Tz Iclhtaon between descendluy sed
\‘L\aq"’““" for posisymptic mternction
tonge 879 mm well s for presyoaptac
: etal 19635 Hoogo etal 197
dercendwg path, the doral re
» mlazd‘-“u
1 mbutreon 0 fint order Ml

o

Fatanlay

) path (RBSP) by Jeneikog &
Jobansson (1977 Thewe mothors found furtber

flex rummession io & very similr way and it was
even suggested that the RBSP and the distal, Jow
tueshold cutancon afferents may act through
common group of emeurones which postsynap-
tically 1ohitxt mterseurcoes ln the sepmental

polysyriaptic reflex pathways
The whbitlon from cutaneous afferents of
redlex pal has now been firther

Acte Movsad Scomd 147
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Flg 1 A-F Low and high threshold cutancous mhibation
of Group I1 EPSP In a PBSt motoneurone  Each parr of
traces (4 averaged) show test EPSP alone (ower) and
conditioned EPSP (upper) (A) Low threshold condition
ing stimulaton of Tib nerve 50 ms interval (B) Same at
A but 260 ms interval (C) High threshold conditionmg
stimulation of Tib nerve 260 ma interval (D-F) Same a1
A-C but condrtioning stimulatioms to Su nerve. (G-1)
Low threshold cutancous inhibition of Group [I DRP
evoked by sUmulation of PDSt nerve. Each pair of traces
(8 averaged) show DRP in an S1 flament (upper) and
mcoming vofley m L7 (lower) (G-H) Stimulation of PBSt
nerve at 4T and 5T respectively (1) Suppression of
Group [I DRP by preceding stimulation of low threshold
uiTerents w Su nerve 30 ms interval Calibeations at C

horsontal bar 20 ma to A and D 100 ms to B-C and
E-F vertical bar (positivity upwards) 4 mV to A-F

Calibratrons ot I horisontal bar 20 ms to G-I vertical bar
(negatlyity upwards only for upper traces) 0 4 mV

mvestigated  The results suggest that a pathway
from low threshold cutancous affcrents may inhibit
polysynaptic segmental reflex pathways from mus-
cle afferents (groups 1 and 1) to alpha-
motoneurvnes amnd to primary afferent terminals It
is suggested that thi mhibition 15 exerted at an
interneurcnal level but there are also results
suggesting inhibiton by a presynaptic mechanism
mn agreement with carlier studies (Eccles et al
196256) This mechanism works however only
when also high threshold cutancous afferents are
acuvated by the conditioning volley

METHODS » ,
results Jdescrnbed were cullected from 10 cat
Tbemhm(_-l‘:?kpmunhl provcdures amd the care of
l‘;\:-mmdldwmmc expenments were sumulur to those
scnbed previously (Jeneshog & Jotun wa 1977 Dur
. recordmg Lhe eommals were paralyzed wuh Flaxedd
:‘P::rmk}ol;!w;mwyvcnﬁw.mf e
Operation e (Thl  Thi3) where the
o e o S P

dura was opened In some cxpenaent
uw;mchmbarfm L6 assl o ontral St were
thun donal votlets

A0 PhoamdS 1T

dissected for about LS man and cut distally for ket revord-
ing of dorsal root
Some or all of the follow wg nen e o the keft had ke -
were dusected and cut penpherally (abtwes whoas da
parcotheses) antenor baceps and  semenembanows
(ABSm) pastenor bicept and semiterad mosus (PRSI, gav
trocoemius and soleus (GS) nene ko pretbul Sowe -
{DP) sural (Su) cutancous dn nawa of wperficud peroncd -
(SP) and tiblal after grvmg off branches 10 flesor diphore.
and hallucis Jongus tibsabs posterior and pophicus (TéL
In a few expenments the perves to the medul bead of -
gastrocnemius (MG) and to sokcus (Sol) were ined sepe -
rately whike the one o the lateral head was ometted.
Recording mmm(\wanmmmm:-
of penipheral nen es were reconded af
m::nuunlry in L7 lamacelilar recondegs foa
motoncurones (mastly PBSI and tikceps)  cre ouade nilk
glass capillary micro-clectrodes (up slre 10 pm, o
dance 2.5-6 Mohm) fllled with M polassua omx.
Moteocurones were klentufied by thelr antulroom, ma
w00 from the muscle nerves Donal root poteniuh et
reconded with bipolar electrodes one of the poles chost ¥ 4
tho cond and the other at Lhe cut end of the flimast
(inter-clectrode distance sbout 15 mn) i
All signals were amplificd (itered (LF filer 12 ‘
ﬁnu-reﬂuhrnndda\dm!rmmll: Il:xﬁ;w
root ument recordings) and depliyed oa s
kncuperonkualmptclmndslmhmmlywﬂl
a FM tapo recorder (Sabre VI Sangano) for Liler prvor
m;hdmecmu{kmlmm;kMrM[\ﬂ;
tlals (DRPs) was drstorted by the 1 Hz L'lfol’:mm >
o) shorter than they really were.
ILTWMCIY‘WWMMIDRP‘ﬁI:’
tion of the negatine ware of about 100 am (1 12 o
mn;uulsm-mahhmlmdwiﬂ-—‘ﬂmi o
and a duraton of the negatne wa vu{l.}-lﬂhu(lm ‘
fllter) cormeapoods o a real duration of about W=
recorded o DC mode Sigrals were ussally compedd
avmwwlhmwpbcdrmmthcw \
Yy Permpheral ere n
St mulation Denes W
bipolur hook clectrodes The stumubu ﬁnb-mﬁ;ﬂ: :
square wa ¢ pulses Tbcw:nnhn[unumnﬂrm
multrpies of the threshotd (T) for the ot € i
m the nerves as determined from the Incomag "‘:"Hr
the appropiute donal root cairy zone AR cundst
test senes were ;crfa-mcdmmaknrtpclmff':‘:
€3 u wally around | Hz with bong combionmgiot
a downtw QS Hz Pret
Abbreviunon DRP donal oot poteausl B e
atatory postsynuptc potential, FRA flesor reflex
ent (cf Eccles & Lundherg 1959) 1PSP inhibeiory g
y0aptac potentsal PSP posl yaaptic putential RESPAS
ro-bulbuspunal path ( £ Jenesk g & Jobun wn 1977

RESULTS

I Cutune w inbubs v action on Grosp 1l

mu e affe ent path avs

The interaction between cutancous offerent 44
Group Il muscle afferent path o moloncunucs



ot meowt inhubition of kigh threshold muscle affercat paths y

) Mu3 8TAI3 MR C

-1—-4\./ —N-—v"\—f-]
e A
") L. Low Goeatvd cutaoconn ladubaron of Grooe
A YR G3 motossurone, Each record coasats of &
scoped morp, w A-B EPSPs 1 vpper traces x0d io-
J—Hr) w lower tacts (A) Ocomp U-EPSP
,Mhﬂmdmm«.mysmn&
kKPP precmded by low thresbold anmaimtics of
Thiene, 35 g meerval (C) Central parts of A 0d B
opond md cataped 10 show spprexa of e

Compoucty aren). Cakbranons in B. borr
> i b g 10 A-B,  etical bar (potvaty upwards,
| W) YaY o 48,

19 poomry afferent termmals was studied m
Moag iest cxpenments, ug the PSPs and
theveled by smgle shock sticulation of murscle
T m (st Tho results that emerged wero

W1 dat 2 Geoopy [HEPSP from the MG nerve
Frormg o acound 15T htency {rom eod of
0 meonking volley 3.6 m3) was suppressed by
fritdeg 150 @) oliey m low threshold affer
0T i the mized Tib nerve (A) or b the
-d’. Cuanconn Sy oerve (D). At loager tatervaly,

BB sod B with 260 ma, there was no
%74 low rvabold iahitos of thes Group 11
I Hotever when be streagth of the cond-
8 stactuion wes russed 0 3T the suppees-
::""wmcman Tha bow thresh.
" mpracrdve effect dad oot seem Lo be
ate *cllc oo« | due Lo contuctance clanges
o Detoacarces membrae 1ince 1 oshey oelly,
%'mehmmmmmm
ot by u precediog low threshold volicy

As dewled 1 Fig. 2C (stippled
Lic PSP componeats wers suppres-
Perther Results sectaon ). Heoce the m-
c&mmwﬂmw“_m
:yc::;:’dhh'ﬂﬂ'ﬂhuﬂcmnmu.r
10 affect the reflax pack trans-
0w her B to bt o eoffect oo the
A themacives
Heke lorw threabid cutimeous wppretion of

bl

uwumh;buwmary-ﬂmlmhhm
wuied n Fig 1G4 In this case a sopramanisal
Gmuplmmuhlbu(ﬂ')uhhc?ﬂ&lmdum
cvokcmyw:dmaDRPmlhtSlﬁ]Mm
coeded from (G) but when the strength w as faised
wﬂ(H)lwnmanblﬂDdeodOpd.Tha
Group 11-DRP wm heavlly suppressed by & pre
ceding conditwamg olley in low threshold of-
ferents of the Sa nerve (1). Pamlicl 10 the record-
mgs 1 Fig. 103 % MO motoneurone das in ot
nwd(noliﬂumlnlLln\hhccﬂanoupl!EPSP
nppnmduwynbml_tﬂ'ﬂhumbnoflhe
PBSt nerve and further increased on ranmg the
strength from 4T w 3T Thiv EPSP was ldewhe
suppressed by » condmomng volkey in the Sunene
(1 4T 30 ms interval)

The time course of low and high threshold
cutaneous iohibutory sctions oa a Groop 11-1PSP it
shown m grester detul o Fig. 3 for 2 Sol
motoncurons. A and B show ypecimen reconds with
different  condionmgrtesy wiervals of wwoa-
ditioned Group 11-iPSPs from the DP mene
(threthold for the 1PSP la this cefl was abom 2.5T)
in the lower traces and condsroned Group 111PSP
@ tha upper traces. The full test senes s Trustraded
in the disgram of Fg 3C and demonsirates tha
with Jow threshold condionag stiomulation {SP
1 4T) the suppressive effect was maxuma) around 3
s mterval and then gradaally Guded off at H00-30
wms. With stronger conditioning stimubaion (SP 3T)
the suppression was more effectve @ all intervahy
where SP 1 4T also had an effect, bt the inhsbation
was now fooges lasimg. A simikar effect on (e DRP
simulisneouly recorded ia a candal Lo donal roat
flameot (most Lkely Group Ihcvaked since 1t ap-
pared with smgle shock siimalation only well
above IT) s sthowu i Fig. 4 For the tansmbscg
0 plmary allerent termioals ;3 well e bagh
treshold condithonmyg stimulanon (SP 3T) bad &
suppreusrve cffect that was grester than and alwo
outlasied the oot oblained with the low threshold
mgi_d:mh-nhmhﬂm(smm

wore efficient and bonger kustmyg ahubet

effect of high threshokd e
wa1 mosl probably not only a quanutative dffer
ence as indicated by the renudts preseaied in Fig. §
with data from the tame cell and from the same
ol root (lament a3 In Figs 3 and 4 In the

Group L pathways t0 the motonctroos (crcles) and
to the pnmary afferent terminals (triangles) bas

ACM Piry el Scond 187
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Flg 3 Time course of intubltion of Group Il PSP in & Sol motoncurone by low ad
high threshold conditioning stimulation of SP nerve (A) Specimen reconds (4 aveniged)
of unconditioned IPSPs (Jower) and conditioned 1PSPs (upper) at indicated combution-
mg-test tntervals (ms) with low threshold cutancous stimulation. (B) Same a3 A but
with high threshold cutaneous stimulation. (C) Time coune of suppression of transsuy-
von through Group 11 pathway to motoncurone Abscissa b interval betw cen armival of
condithoning and test volleys at tho spinal cont. Onlinate Is transmission 1a percent of
unconditioned value Filled circles and full line SP 1 4T crosses and interrupicd linc 5P
3T Positivity upwards in PSP traces.

been plotted agaunst the strength of the conditioning  tion and in the lowermost trace the dferes
stimulation of the SP nerve Two intervals were  between the two indicating that a new Lute conp>
chosen one short (30 ms filled symbols) where Jow  nent had appeared (component 1 DRP o €
threshold conditroning was effecuve and one long  penteretal 19634) This component I had a bite
(300 ms open symbols) where low threshokd condi- ¢y of 15-20 ms fiom the mcoming volley 10 contr®t
tioning was no longer effective (cf Jeneskog &  to the component } DRI which hud 4 3¢
Johansson 1977 and Figs 1 3—4) As scen from the hlcncyofon]y"SmnuuluﬂumMNo{h"‘u
dingmm  the transmission of Group 1l cffects was 1 1T In the dlagram of Fig 6C the two cune
suppressed already at 1 1T cond imul show the amptitudes of the DRPs plottcd agus
of the SP nerve at the short interval and the sup-  stimulation strength Twe lnlcnahfrutnlbﬁm‘"
pression was more efficient at [ >-1 4T At300 ms  of the incoming volkcy were chosen Fintly 15®%
interval on the other hand there was no inhibitory  fe  when the component [ DRP (! highet
effect by the conditioning cutancous volkey until the  strengths) had not yet started and sccondhy —‘5‘;
srength of sumulation was mned 0 16-18T  ie approximately af the maximal amplitude of
Then the effecuvencss of the conditioning stimula-  component I DRP As scen in the dugram thert
tion grew with Increased strength at keast up 1o 3T was no appreciable difference ampitude bﬂ‘:‘r'
the strongest condivoning stimulstion used the cunes at stmulation strengths up 10 1 o
These data shoukl be comclated with those of However from 1 6T and upwands the amplitu
features of the dorsal root po-  the DRP ut 35 ma interval suddenly was cuasnicel
ese same conditwnmg SP vol- 1y greater than that at 15 ms interval thus indicstiof

Fig 6 where some

by th
lcuunlu;:l’::d“ L,, hown. Specimen records of  the presence al those strengths of the componest
o P:c»owmarosmlsmomlrwl filament I DRP -
the DRI strengths arc shownin A In The appearance of the com, CLDRPa16

at different stimulation

is dlustrated the DRPsat 1 6Tand | 4T sumuls  stumulion correlates well with the appearme
B

Act P sl Scamd 107



C tascous Inhibition of high threskold muscl afferent pathwars
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00 400ma

Fig 4 Tuoc coore of nlubeoos of Group 11-DRP m cawdal L dortal root filamest
condstouning

(dareraged) of DI

temamiaon m percrat

Aburaa by
aad st volley ot tee sprasd cord. Ordurmte 3

Filed circies aod full ke SP | 4T

of vocondstoned vake
Crosses aad bnterropted Line SP 3T Negatinity wpwards i DRP tracse.

©a *eTe 3253 my, a3 measured in
the end of the Group | mcomicg
a9 st of g P 4 of these 14 celta jn
ey %0 Group ILPSPs with & sborer L.
Nm"ﬂt‘b‘fna Dot iabubated by
N 11, tath at the it

ek

low thresh as used here
s 1 l—lﬂ{mmbamgwﬂmw
cnscwbm:lheSuncrwwuuhnuhudmm]sT
This stimulation did not, however evoke a compo-
ncmllDRPhﬂhemd.nlLSdornlmo(m.m
recorded (rom.

u Cwmmuuhwwymmaawm
muscle affercat patkway
Group LI PSP (appearing sround 10T stumulation

ur-bovedEc:lu&hmdhu-;_lm)m.]m
iahubried by conluioeing imetanon of

of tranumis.
hmma‘“’mm! in sccondance
with the

for the Group It pashways.

of Group 11{ PSPy
+bown in Fig. 7 The teq e
Gs

"mh’“""w(’?mlmmm

{A) wmy
g (35 ms) volley m low threahodd
r

afferents of tho
Acte Plyned Scand 167
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Fig 5 Transmisson through Group 11 muscle afferent o /ll/l Do T
lnts) 120 o oy ooty oneurone (ieles s 10 12 14 16 18 20 22 0

lines) and to primary afferent terminals recorded as the
DRP in a candal L6 donal root filament (tnanghes and
interrupted lines) plotted agaimt the strength of condition
mg cutancous stimulation (SP nerve) Intervals betweoen
amival of condltioning and test volleys at the spmal cond
wete 30 ms (filled symbols) arxd 300 ms (open 3y mbols)
Note that the abscissa is broken

Fig 6 Ampltues of rostral 51 donal rool st
cvohed by graded simulation of SP pene. (A) Spevmct
M(Jn\m]leﬁﬂddhuw“Q
nene at indicated strengths (tmes T) m upper B2
anmniulmn:)nulheuwmcmryhunbw;
traces. (B) Uppermust and mukdie traces DRPs by SPT4
ard 14T stmulation, tespecinely Lowermont n‘m
the computed difference between the o Otnenne

Jong Litency for appearance of i high threshobl comee
neat Vertical lmes indicate 15 ms and 18 ms wicnd b
arrival of incoung volkey s, respecti ¢y (O Ampliak

! ¢ (B) Fig. 7C-D are from a MG moto-
P at tw of mony
of DRP at two dufferent lnlmahfmrn::’l o

neurone and show that the Group 111 IPSP (30T

late component) was inhibited by a preceding volley at the spinal cond pRotted again ™
(30 ms) volley in low thieshold afferents also of  SP sumulation Note that the abncissa b tekes. 1 w
the purely cutancous Su nenve trangles and full e 1S ms I‘dl.cdcwrbntlwu“

line 35 ms. Calibratwons  kower right '\-ht""::‘d,'.'I

In other cascs (23 tests in 14 flexor and extensor
moloncurones) a Jow thieshold cutancous condi-
torung stimulation (below [ 7T) did not affect the
transmission through the Group 1II pathway to
motoncuronces Only when the strength of the con-
ditrorung stimulation was rused to or above | 8T o
suppreasive effect could be demonstrated as

0m to A verticl bar (ncpatinity upeand
‘DRIM) 0.5 mV to A-B

lation (up to | $T) eather affected both umsckaﬂ:
ent PSR.components or none of them le‘h‘)\
when the conditiorung stimulation was 1 the )

cxemplified in Fig 7E-H from another GS
motoneurone The Group I 1IPSP evoked by a 0T
ABSm volley (late component) was uninflucnced by
a preceding (30 ms) conditioning Su volley waith
strengths up to 1 8T (not illustrated) However
when the strength of the Su volley was rased to
20T the suppressive effect appeared as scen in
some of the supenmpascd sweeps of Fig 7F With
stronger coaditioning shocks (G-H) the inhibitwn
of the Group [I IPSP became more cilicrent The
results described mdicate that with inhibitton of
gh Group Il muscic afferent

transo throu;
sson s Iy In

pathways too mare than onc mechani
vohved

In cells where long Late
Group [11 PSPy were €v0

ncy Group Il as well 4
\ed by the test sumula
cond stmu

threshokd range (at of obove 18T for tﬂﬁ:
cutancous nenve used) the musche afferent I'B' \
components were either suppressed 10t
occastonally neither of them was influcnced Ther®
was thus a4 parallehsm in the sease that o mand
the bow or the high threshold cutancous ‘“‘“'fﬂ
was operating long Latency Group 11 and Group
muscle afferent pathw ays were affected wgethes

Y Furthe imteru tions bel cen catdneow’
and mu dle afferent path davs

1 mol neur e

As descnbed above (vection 1) oaly Group I (3]
with ruther long Litencics (3..-5.5 an) were suf
pressed by conditrorung volleys 1n low andfor b éb
threshold cutancous wfferents, In sddiwn  ther®

ton alow th hold ¢
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test [PSP by precedng (33 wn) volay B

(C-D MG motoatwrone %tk test 1PSP froo
precriing (00 i) oliey w low Uareshold

)

O g1 4 tens

f\/_'-

C uassml0

gt
—m—

G osuzawt ™

m--ﬁml?&?ﬂmmmwmbﬂdwmw

afferests of the Sa servd Obrterve Lenonal

E-H PSP1xmlones
obeys az L7 dorsa

wp artts, oaly for PSP 4 oV 1o A-B aed B3 IaVwCD

e m s { =%) motonemrones also shorler I
ey EPSPY (latencies 2.0-3 | m, as measared
bone saae ce s from the end of the Group | mcoar
m \dley 0 the siat of the EP3P), which were
™ mppreised by 4 5

affercat PSPs are evoked through ddffercat inter
neuroma) pathways
All 1he three PSP components dealt with [ the

e taagy of intervals tested.
T short snd long Latency Group 11 PSPs coukd
b oked im the 1ame cell a3 shown for a PBSt
N fa Fig, §A-F Tho EPSP appeared st
9t sigitly above 2T stilatioa of e GS
e, and ws of conuderablo ure at 5T (A) The
et bency component (2.0 m) bad the Jowest
L bt the Yong Ladency componer (3.2 @)
MMshocvdent at ST This compoacnt grew with
ook thocks 1 the GS erve aoed was a4 pro-
wsd wikh 67T (oot dhustrated) s with 10T
%m)mhmh‘m

$G-H from another PBS1 moloocurone Wah 10T
sumulation of the bomonymoas PBSt nerve, the cell
showed (G) the anpdromic spike the short alency
Group [LEPSP (at first arrow 30 ma), the long
latency Group {FEPSP (at second arrow 41 o)
and the Group L1-EPSP (x thad arow). The tue
Group 11-PSPs both had a threshold around 25T
Below this strength only the antidromic spike was
ebeited. The Curd coazponent did not appéeac unnl
the strength was ralsed 10 B-10T and was ths
comsidered as a Group lIFEPSP This hst cox

pent (bui Dot the two frst 0oes) was alto even more

* A Heocw the second componeat s comisdernd
592 Group I mrscle affesent EPSP In thas cell
t""“""mmavu EPSP was unafTected by
» Conlocang low threshold shocks 0 the

oerves tested (C-E) However the short

P d wikh 19T sl Whez, a3 ka Fig.
W fupper trace) the 10T PBSK shock was pre
ceded (30 ms) by a low threabold volley m the Tib
nerve the long Latency Group 11 and the Group 111

B m Fig 3F tho cutacous low
Ermibold EPSP (ower trace) s 3 toper

ampare Fig. 8H lower trace). It
observed m other cefly that,
when both Group Il PSP ¢
by the teu volley the long latency PSP was sup-
?‘mwm?mw

wa3 even

‘::lbylcund.mmn' oiey m Group 11 {3T)
5 of the QS nerve Such results further mdi-

hﬂmmmbuhxmcyﬁfwllmb

Fig. 31K are from a MG motoneurone with a
test Group IHEPSP evoked by of the
PBSt nerve When this test EPSP was 0o

Acae Pyl oumad 147
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Fig 8 Funther internctiom between cutancous and muscle afferent pathways
motoneurcnes (A-F) Spatial faciltation between low threshold cutancous

and short latency Group 11 muscle affereat path to & PBSt motoncuronc (A B) Gioup
I EPSPs (see text) evoked by stimulation of GS nerve (C E) Facilitation of short
latency componcnt of Group 11 EPSP by preceding (33 ms) volleys in kow threshobd
afferents of Su SP and Tib nerves 1espestively (F) Revened sequence. bower trxe
test EPSP by atimulation of Su nerve (1.55T) upper troce test EPSP combtiecd by
preceding (30 ms) volley in Group 11 afferents of the GS nerve- {G-1) From a DN
motoneurone () Antdromic spike and PSPs evoled by stimulabwon of PUSt nerve at
10T Observe 3 componicnts marked by arrows (H) Lower troce, same as G but ker
amplifcation upper trace same PSP comitioned by preceding (30 ms) volicy i Tib
nerve at 1 4T Note that only sccond and third components are suppresscd (1K) brom
a MG motoneurono Lower traces show teat Group 11 EPSPy by POSt ST stmubiten.
Upper trace m (1) shows absenice of interaction by preceding (30 ms) volley m the s
afferents  Upper trace in (K) shows low thresbold cutancols sppression of test Group
11 EPSP Lower traces In A E and O are mcoming volleys at the L7 dorual oot catry
zone Otber traces are PSPy All traces are averaged sweeps 4in A F Tadh §n
B-E aml G-H Calibratlons in G honzontal bar 4 ms to A G-H WmtoB-Fasdl K

Vertical bar (posttivity upward  only for PSPy) 4 mV 10 A-G 1-K 8 mVioll

ms) by a conditioning volley in the Su nerve (1 4T)
there was the usunl suppressive effect (k) but
when the conditiorung vollcy was in the same affer
ents as the test volley (1) there was no interaction
at the same Interval Such results weie observed for
a number of tests In different cells and indicate that
the intibitson of transmission through the long la-
tency Group Il pathway (and also the Group 11
pathway) by low threshold cutancous conditioning
volleys dwd oot depend upon a mechanism of post

excitatory depression through the test pathway to
the motoncurone which might have been the cuse if
these low threshokd cutancous affereats sumewhere
shared interneuroaes with the test muscle wfferent

pathways

DISCUSSION ot l
The aum of the prescat nves on was (0
pm?jwym}mml;hl Into the mechanisms responnble
for the suppression of transmusslon through Groups
11 and I muscle alferent scgmental pathways by
xiivity in cutancous afferents  which was de-
1::5 by Jeneshop & Johansson (1977 Sumilar
n:‘rxwm betw ecn culuneous and muscle uffcreat
iy o mOloNEUrones were carly studied by
K “:.‘& perd (1960) They showed 4 suppresswon of
uno

tcte P Scand 197

Groups H and 1] effects on the excitabulity i k¥
nucler by near maximal surad volky (for myc
nated fibres)” (Kuno & Perl 1960 p 1) and th
it 1» not possible to decide whether the clfecné
afferents were low or high threshold ones aibre
terms arc used here Later Esches et (1969
studicd mhibitory interactions between cumh"j

and muscle afferent pathways in 2 n;‘rn:rmtfﬁ
sltuat They found ia thatt
o ! el s the Jond

charge in flexor musche aerves &% jrim
root potentials cvohed by the same 1ype
volleys were inhibited following single cundiwest
volleys in cutancous afferents The stardund sun
lation strength they used for culancous shouks #
4T (cf Eccles ot ul 196 a) thus upun inlodd
both low and high threshold afferents They «oF
cluded that the inhibitory interachon was due “c’;
presynaptic mechanism working between dufer :
FRA systems (flexor reflex afferents Eocks
Lundberg 1959) at the scgmental kevel of the s
cord They also suggested (Eccles et 1964 “l
77) that the interaction deveribed by huno & &
(1960) wuas another example of presynapii
ton withi the FRA systems challenging the vn*
nal interpretation Contraiteral cutancous ¥ 4>
have also been shown to mhibit the iransmi a4



Cutaneout [shibition of high threshold muscle afferest path @3

yoimc FRA pattrwayd (Ecches et al. 1964) by a
pomed presympe mecionom  These authors
2 wxcd siroag coadsboning shocks, bl aa ep-
pcable part of the nhebrtion was produced by
cather kow thresbold afferents (up to 1 7-1 8T Ee
. 1964, ther Frg. 5) Some evidence alswo
o e the efiect that idenufied Group 1l mmcle
ety e recpetnts of presyeaphic whibrnen
o coumeous afferents (Eccles et al. 1963). Un-
bmatzly oaly strocg (4T) steaclanon of cutane
acnel s med to produce the primary wfer
tdepobriraton fa Group Il muscie afferents oo
Taken together the intubtion of in

308

PSP and are thus not troe “central latences™ They
were however oaly wied to ddferentiate between
Group 11 PSPs which were suppressed by cutane
ous condioamy stumulation (“loag latency " —pre
samed polysyusptc) and those which were pot
suppressed, but might mstead be Galtated (*shont
flucocy —peesamed disynapt for EPSPa).
The present @ cxligation demonstrated that the
nteraction between culancous and
Groups 11 and 1(] muscle afferent pathuays seeos
10 kol € more than coe mechamsm. As far as the
© L the 1o-

b trehod cwancous and muscle afferent
F14) peirn a1 10 motonesroney med to prumary
Gereal teraczals bt Deen attnboted. e hoke oF
ot (Sciemdt 197) 1o & peesynapbc mech
-

W pesest caperiments were performed on
o sl calt, 10 arder 10 exchde potasble long
o spraspral ceflex Woops (¢ 3. Shumacmire
2% ¥ Ax low threshald cutantous afferents
-\’mmw:ﬂddnmcﬂmemwp.
o de tmamsion tuough bigh threshold
e afereny pattways (Jencakog & Job

tobriory were evident whetber or not
U cotameous voley evoked a PSP by uself in the
motoneyrone under study  Hence {1 is unlikely that
the suppresuve effects were dependent upon action
onthe b ft e concluded that
the inbibatory actions were exerted at stages in the
reflex path poor to the motoncurone el Tius
conctaion ts wpported by the fact that the short
fency excuatory Groap L pathway to flexor and
1CAI TOWCTETIDOCS wal never obsenved to be

D7, e wand, the cutamcous
part of the superfi-
l-'d'm'"“""‘“"‘li':lllhcr\rawm:uwd¢o(

m‘ww@m&m
W, e colaterals at all (Cullhelm & Kellerts
Saly bemisr spprevirs elfects have
Nw'ﬂwmwmu

weTo ity of-
fected, and an 0\ ofvement of Renshaw crils o thay,

coasidered ualikely 3 they soem 10 nfioence ooly
mmmmmmm‘.,,.,uhm
r&b::‘“]h‘m)'mmmlomlﬂahbomu
al 1971
mmmmmmmm;nmmmum
'ﬂmpdhymplkmh\uyxmwby
ooe path acnvated from Jow threshold
affercats Pathways affected were Group 11
Poty3ynaptic o alpha-motooeuranes and to pamary
lﬂmlm}-ﬂh“‘cﬂu(}:mpmm,w
The mhitriory effect was
thmﬁmmhh\m

pathw ”brbwmdmmwam“_
mbmmﬂymmlmﬂ"dﬂa
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Flp 8 Further ntersctions between cutancous and muscle afferent pathways w
motoneurones (A-F) Spatial facilitation between low threshold afferents
and short latency Group 1T musche afferent path 10 a PBSt motoncurone {A-B) Groop
11 EPSPs (see¢ text) evoled by sumulation of GS nerve (C-E) Faaltatdon of short
latency component of Group 11 EPSP by preceding (35 ms) volleys m Jow threshold
afferents of Su SP and Tib nerves respectrvely (F) Reversed sequences bow T trace
test EPSP by strmulaton of Su nenve (1.55T) upper trace test EPSP conditoned by
precedmg (30 ms) volley in Group 11 afferents of the GS nerve. (G-H) From a FBSU
motoncurone. (G) Antdromuc spike and PSPs evoked by stmulaton of PBSt penve st
10T Observe 3 components marked by arrows. (H) Lower trace same as G but lower
amphfication upper trace same PSPs conditioned by preceding (30 ms) volley in Tib
nervoat 1 4T Noto that only second and thind components are suppressed. (1K) From
a MG motoncurone LmnmdmlcﬂGroupH-EPSP:byPBSlﬁmm
Upper trace in (1) shows absence of micraction by precedmg (30 ms) volley m the same
afferents Uppetn'ncem(K):hu“bwlh:tmo}dcnwmomwppmuoud(cﬂGnﬂP
M EPSP Lower traces in A-E and G arc incommg volleys at the L7 dorsal rool calry
zonte Otber traces are PSPy, All traces aie averaged sweeps 4m A F Taodk 8w
B-E and G-H Calibrationsm G horizontal bar msto A G-H *0mstoB-Faad -k

Vertical bar (positivity upwards only for PSPy 4 mV to A-G -k 8mb ©o H

ms) by a conditioning volley in the Su nerve (1 4T)
there was the usual suppressive effect (K) but
when the conditioning volley was 1n the same affer
cnts as the test volley (I) there was no interaction
at the samo mterval Such results were observed for
a number of tests in different cells and indicate that
the inhibition of transmisston through the long l-
tency Group 11 pathway (and also the Group 111
pathway) by low threshold cutaneous conditioning
volleys drd not depend upon a mechanism of post

excitatory depression through the test pathway to
the motoneurone which might have been the case of
these low threshold ¢ afferents here
shared nternesrones with the teat muscle afferent

pathways

DISCUSSION - '
The aum of the present inves 100 was to
gnmlr’mlnﬂﬂn 1nto the mechanisms responsibic
for the suppresson of transmussion through Groups
1f and 111 muscle afferent segmental pathways by
activity In cutancous afferents which was de
seribed by Jeneshog & Johansson {1977) Sunilar

eractions between cutaneous and muscle afferent
. t0 motoneurones were carly studied by

Kun\:n& perl (1960) They showed a suppression of

ct Pl Scod 107

Gioups 11 and 111 effects on the excitablity m moie
nucler by near maximal sural volley for My
nated fibres) (Kuno & Petl 1960 p- 117 and s
It 13 not possible to decide whether the effecne
afferents were low or high threshold opes. 3 e
terms are used here Later Eccles et ok (1964
studied inhibitory interactions berween cutapes
and muscle afferent pathways m a pumbe? of Wt
situations They found {a that the rtﬂtl":
charge 1n flexor muscle nenes, as well wthed
root potentials evoked by the same type of wt
volleys were inhibited followmng singie
volleys in cutancous affercats The stapdard st
Intion strength they used for cutancous shocks w8
ST (ef Eccles et al 1962a) thus agam inches¥
both low and high threshold afferents TheY “":<
cluded that the inhibitory nteracton was due 0
presynaptic mechansm worhing betwcen differeet
FRA ystems (flexor reflex afferent Ecckes &
Lundberg 1959) at the seymental level of the 3]
cord They also suggested (Eccles et df 1960 P
377} that the nteraction described by huno & Pert
(1960) was another example of presynaple mbs
tion withun the FRA ystems challenping the ongr
nal interpretation Contralateral cutancous + ¥K)3
have also been shown 1o imhibit the tran mussion 4



Cuzaneous whublition of high threshold mascle afferent parhwa)s

) paakra FRA pemays {Eccle ¢t al. 1964), by &
p:-d;ruynptkmn:hnhm.'l‘hcw-mhon
o med roog condriionlng sbocks, bt ae ap-
wecatie gt of the nhbstion was pr duced

05

PSP and are thus not true centra] latencics™ They
were however only used to ddferentiate between
Gtwp[l-PSPx‘hkh‘mLupp{ﬂdeym

et ow threshoid afferents (up to 1 7-1.3T Ec
d ol 1964, thelr Fig. 5) Some evideucs also
omtt e the ffect that sdentifled Group I muscle
2eraty ars recipients of presynaptic {nhibition
b cotmmeny afferents (Ecvies of al 1963) Uc-
Gcomeely onty stroog (4T) stimulation of catane-
 mKna posed b0 produce the pricary affer
» atdpclarzation in Group 1 muscle affercats too

ous lation (“long latency —pre
nmwdpdylymplk)mdﬂmwmhtmnm
Wmmmxmuwrm
hl.:ncy—ptcsumeddbymptkforEPSPﬂ.
mmh\udpumdmwwmmdmm
fohibtory Interaction Detween cutancous and
&wpsllandlllwmkﬂmlplhmhm
to mvolve more than one mechanssm. As far as the
lssion to " ed the o~

~ Tukew iogetber the mbubetion of m

, W Grobold cuncons and musche afferent
(RA) st ays to motoneurones and to primary
ot wrmomals bas been aitnbuted b whole of
Nt (Schrmdt 1973) to m presynaphc mech-
wa
The present experanents wern performed on
e acal cata, b order Lo exclude postuble loag
Wl or caprasploal reflex loops (¢.g. Shmamura
ad B As low Lhreshold cutaoeous affercats
30 dstal recepire o feids are effectsve in sup-
Fsimg (e trosmlsoon through huh threshold
B e pathw ays (Jeneskog & Sohansson
DI, the sanad, the cutaneous part of the superfi-
@i perooea] and the bbud perves were used for

e, bich ako contams jouot and musche affer
99, Ctmeous afferents wero sasmmed to be re

e for the wppressive effects becanso the

knm&cumumdwﬂmmM

A cotnbiion 1o the
inbatory cffects from tbal
™ dauiation by Reashaw cell activation i+

that ubkal metopeuTowes do not
P ove
=4 coacrats at all (Cullbemm & Kellerth
b g AT Gppressive effects have
Numq‘:hwummmmm
g & Johenseon 1977) clewrty sogpess-

g s Foemed for Group ILPSPs were
‘ﬁlm::mdmhd““h'c‘prl weoming

1Ot entry 1068 &0 the foot of the
L)‘

o~

hibitory were evadent whether of oot
the cutsneous voliey evoked a PSP by stsetf in the
motoncurone under study Hence it s unlikely that
the suppresasve effects w e1e dependent upoa ection
oathe beane. It 1s ded that
the inhibitory actions were exerted at stages @ the
reflex path poor to the motoocurone usell This
coaclusion i supported by the fact that the shoet
htency excuatory Group 11 pathway to flexor and
eXtensor MOONCLNONes was Dever observed 1o be
upp d by the ioning olicys.
Furthermore, excitatory and inhjhtory polysyoap-
tic pathways to motoncuroees were sanilarty af
fected, and aa m olvement of Renskaw cells 13 thas
comidered unfikely as they seem 0 influence ooy
the transmussion through pathways [avolving the
d 1a inbubitory (Huhbor et

aL 1971
The tamsmeasion through high threxbold muscie
afferent polysysaptic pathways was sappressed by
ono path act ‘ated from low threshold cutane
afferents  Pubways affected were Groop 11
polysynapix: to alpha-motonctrooes and (o primary
afferent terrrmabs as well as Group 111 paths to
alpba-motoncuroncs. The [ahibstory effect was
produced by cutaneous affercats also m the ery
low threshold (<1 1 T) range. It was pot possibie to
defineato tho highest threshold cotaneous affere
mvolved, because with conditioniag shocks of 16—
1 8T or greater anolber inhibitory path was also put
1040 action. This high thresboid cutancous path alio
affected all reflex paths studied, but its characteris.
tics were differeat, c.g. the tume course of ris action
ws slower than that of the kow path
For a number of reasons it 1 suggested that the
difference m e courso of the inhabation of trans-
musion through the polysynapixc muscle afferent
pattways by low and high threshold cutaneous af
ferents 1 pot merely due to & quantftative difes
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cnee Fintly the low thieshold path was rather
labile amd in a few caperiments only the high
threshold path could be studied because UppIes
sion of transmission was not evident until the
strength of the conditioning cutancous stimulation
wis raised above 16-> 0T In other cxperiments
the transmission to some motoncurones was of
fected by the low as well us the high threshold
cutancous path while for the transmission to othur
motonkuiones only the high threshold path was
operating  Sccondly  when investigating the in
hibitory interaction at long comditioning test inter
vala (e g 300ms asin Fig 5) 1t was found that the
lowest threshokd for o suppressive effect wus 1 6~
1 8T Thirdly with high thicshokl stimulation all
three cutaneous nerves were effective in suppres
sing the reflex trwnsmission  whike with low
threshold conditioning shocks commonly only vne
or two of the cutancous nerves weie effective

Regarding the mechanisnis of inhibition of trans
musion through the muscle affeient reflex path
ways the two cutancous paths will be dhcussed
scparately Concerming the high thieshold path the
thieshold for its activation was the same us that for
cvoking a component [ DRI The component 11
DRP evoked by stimulation of cutuncous nerves iy
consddeted to be un “FRA cffect fiom cutancous
afferents (Caipenter et al 1963a) und is presumed
10 represent primary afferent depolalzation in FRA
terminals  Tuking nto account also the large
petipheral receptive fleld for activation of this
cutancous path (all thiee cutuncous nerves equally
cffective) it 1s thus suggeated 0 ngreument with
cazhier studres (see Schoudt 197%) that the inhiibr
tlon of ransmission th wugh polvssnapne Groupy Il
and W muscle yferent pathvavs by actnary in high
threshold (aborve 1 ST) cut ine wes fferent s due t)
pressnaptic inhibition between these puman fler
ent systems The apparent disagreement betwcen
the duration of the DRPs presented in the figuies
and the duratron of inhibition of reflex path tansy
mission atinbuted to the same mechanbm 1y
expluncd Mcthods section It s howerver not
excluded that Ml\%mmmmm inhibition

nbute to this

m%cuﬁzmmmld cutancous inhibitron of I;:,nw‘_
misswon through the teflex pathw.ys cannot

be explained by the same mechani m k-
r P e of this irhibitory mteraction
fs produced by cutancous
oke a component 11 DRP

(4714
though the time cou
b also rather long. 1t
afferents which do ot et
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but only a component | DRP Thas DRP(evched bn
the low threshold cutancows afferents, and Lotz
to give pumary afferent depolanraton m ot
cutancous afferents) canncd be consnbered as part e
the FRA effect from cutancown afferents (o
Carpenteretal 1963 1) Thas i fther mdiated by
the fuct that m the decerebrate cal the mbubiaoao
1eflex paths (from Groups [h 11 and 11 menck
affercnts) by the donal retcukospinad system does
not include the path evohing the componeat | DRT
(Carpenter ¢t al 1963u kngberg et o [9%68)
There we fintheimore a number of aweadiag
paths that aie acthvated from the FRA {Owanwe
1973) With 1egud to the contiibutin ftom cutast
ous afferents to the activation of veatidl yuas-
olivocerebellar paths the stimulation strength aus
be 1 5-3 0T or above (Oseanson & Spound (97
excluding the tow thieshokd oney from the IRA
concept at lemtin this 1espect
Altogether and taking into account s the e
stricted peripheral teceptive fickd for the bn
thieshold cutancous aierents 1csponsbie (oah
neives with distal fiekds, and commenty enly sl
them) for the mhibition of transmssioa the weh B¢
high threshokl musche afferent pathways, u b w
likely that this cutancous path belongs to the 1 RA
av orginally defined (Lecles & Lundberg 19%9)
There s stll the posubility that the W%
thicshokd cutancous path mught inhibu the fet
trunsmusion by anuther presynaplic mechand:
separated from the FRA mechannm Tb""":
however no available evidence suggesing M.k»
component [ DRP 1cpresents piumary affercat p
polatization 1 terminals other than thow !
cutancous dlercnts (Carpenter et al 19634} llf:‘ X
only the rather long tune counse of the “
thieshold cutancous mhibitory sction reminds ¢
presynaptic action 1t s however well Lnull‘h-:
PO taynaptie interncuronal inhibitoa may b
tather long ume coune i some systemn The
teticubonpinal system (Engberg et al 1968d o
the RBSI (Jeneskog & Johansson 1977 » Lo
example where posisynaphic inhsbatn of transed
son through reflex pathways ha 3 loog B
coutse The latter authors described furtheim®
4 smilar whibitory action from low thieshold
cutaneou  affercnts with distal receplive fickls o8
the same 1elex pathways The effect wa ‘U“G\S‘
0 be a postsynapti inhibition at an intermeur
level because fucilitatory intemction belween de-
seending and segmental actions was reveaded



C taneous uthibirlon of bgh rhreshold muscle afferest path ws

o weshebd (iess than | 5T) wtanecns offerents may

oy malt e tranumlision throwgh poh s mapitc
Coups 11 and 1 mascle off re 1 pathmans o1 on
cracarond 3 el.

Adrroein dly the krw threshold cutaneous -
ko cowd be a0 cxperznental artdact” doe lo
‘mYdeptrtduLnOtwpillmdm
e sffcrent patfruays, provaded that the low
o] catancous afferents also activated Inter
savmes lu these paths. This explanatcn o how-
?““hili-n‘y becarse when condioartg nd test
; voheyt mere applicd 1o the same sfferents and thas
3 tengid ko affocted the same 1temewrona  ys-
e, there w03 o hubitory cffect on the trans-
e throogh the test refhex pathway bot with
o frevacld cutancous cond(bioag the suppre-
;. 23 readkly spparent (cf Fig 81-K)

bskoukd (mally be recalied that regarding Group

Wi fereat patbway. oaly e polysyoaple
® e affected by the two mechantms do-
¥bed abxne. The short aiteocy Group 11 path to
Yoo powncarones whoch 18 conudered 10 be
Sormpoc (Londberg ot al 1979), was mover -
!:"”b‘ll’mdmmynm-ﬂm
1 08 Bt ceher hand, #t wis sometuncs possible to
dBcsnia a factatory mieraction between low
y bk cutancous affesents and (low thresboid)
¢ o Il muscle affercnts i the transmsson 10
4 cardicas of whether the culancous
-";&-’d“ﬂ”ﬂ“ oficy was msed 10 bt the

4 ™ Tpome 1f tha Group (I muscle afferent
*’:"'“)mﬂrﬁaﬂm:ﬂcﬂfm

‘:Mmmmaﬂamuwmldbuumcd
7 w:hﬂln'mrmd\td as the faciliatson
4 Prodaced by cutaneons perve stkpulaton

#\:“Mmbwmmmqu
>V 2 named 10 be day naptic on the Group 11 m-
& oouoone, t the shorient path (0 mOKDEUTOBES
v tireshold

""'lrm cutancous afferents ts presudia-
o= (Lundberg 1973). Lundberg et al

4 Vi ¢ receanly reported # sumilar convergeocs

07

Jjoint and Group 11 mincle affer
reflex pathways o extemor
Such 4 convergence between low

pohtcdmnhy/\ppdbtrnrnl (1977). These -
thors reported dynamic
wrongly \fluenced by acti wy m swch alferents.
From the posat of lew of losd compensalod M
motor coatrol .cwmbuurummmuln
qxuhnmxkcmmw(nwcuuondymk
ﬁnimoluurwﬂ\\mﬂds:tmwb‘ullwh’
value
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Counca (Proeat Ho BTHMX-0857AU-
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Scpments of saall Descutoric wteres (~150 un lunca duameter) and of

ey are takes from

mached Wintar Kyoto (WKY) costrols The segmcnts werr mounted oa
bach eoabled thewr and be

comrespoadiog
spoctancaanly byperiean  rats (SHR) and from ags
™ ograph

Igied wmmd-

[
CmtdmmmWKYlmhduhm-mdthﬂlmum

foumd oa the venous nde.

Key onds. artarms, veos, bypertensive s
Evicarg] by @

man ks veischs are also present in
:‘:“““lhlnﬂv.hcknmdlulmxe respondmg  ems. the cor

hypertens e rat
W Hely wsed 3 & model for human esseatal
PEro0 (Udeatnend et al 197%) we bave

= & greater wall thocknes
: O‘d"‘m"“‘—"ummnlmy}hmcn
“unn“"'m souller artens and artenoles

MATERIAL AND METHODS

Sagracats of thad pracrance vesuls of o or neieateri
G sp  abowt 0 7 o loag, v ars taken from S-month-okd
spouisosouly hypaumiie o (SHR) and from s
Wwwmk)mmxy;m“
supplsed by Melcguards A hldbortonum, L1 Skenyved,
& was the arteral

Lt ] nten
of the versel, the wall and medes cucuomference
e veuel nomcioe vl temon.
Nomonclamre
Thhmdcvdapdb,mm,ﬂ
cumlerental ol ieusien, T defined by s
T Fie
Where F o the force messared by the

force

Lt by e i
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0OmmHg

»

Wall tension (mN/mm)

0 -

W00
Internal circumfe ence (um)

Fig 1 Rclation of passve wall terslon and (ntetnd oir
cumference of attencs (circles) and veins (squares) fiom
SHRs (filled symbols) and WKYs ( pen symbols) Each
point shows the mean intermal clicumierence for each wall
tensioa kevel obtalned from 9 expts {wheie necessary by
interpolation) Hortzontal bary show S E The line marked
100 mmHg jolms points which are cquivalent (see text)
10 an effective preasure of 100 mmHg (13 3 mN/mm®)

s the totd wall tenslon following activation leas the wall
termuon immediately before activation

To eatimate the charactenstics which the vesacls would
have had in 1ty wo have cakeulated (Mulvany & Haipern
1977) the fJe the | men diameter d ond (usog La-
placs  cquation) the effe tne pr s we p according 1o
the fullowmg equations.

dalLix
p=TidM

where L 15 the intemal circumference

Solwtlons

The physlological salt solution (PSS) used had the follow
Ing composition in mM (Murphy Hetbhy & Mergerman
1974) NaCl 119- NaHCO, 14 9 KCI 47 KHPO

118 Mg50 117 CaChy 16 ethylencthamineiciracetc

ackl (EDTA) 0026, glucose, 5.3 Veased were actnake
by a poldsuum solution (k PSS) whch waa as for PS
but with an equimolar substitution of KCl for NClaa
with 2.5 mM CaCl Sdummucrcbuhbtnhuhi"mf
in Oy adjwated to pH 74 amd held & 37C

Protocol

The protocol used was [n general siralur to Ihat dewnbe®™
previously (Mulvany et d 1978}, 1int with te vewd s
PSS the internd] clicumference was increawd i sk
of about 20 um at 1 min wtervals untl the dfect ¢ pes
stie (sec above) equalled 100 mmilg (13.3 raN/mne) o ~
internul clreumfarence belng defined 38 Loa Yond
were then teleased through a simibir sequesce abd ht
passive characteristc was then taken s the cunie dfise
by the points obtaine In this sequence

Veasels wero then set 1o a0 ateind coenaderemd
L 0L p, and mean wall and medul thicknenss €%
¢ umated M two ways. Fint as descnbed prevwsdy
the micioscope was focussed on the oukr elp o s
mounting wires o that the wall (and the medu vl
1) could be seen in tongitudimal section and mesurt
using an ocular micrometer Second o daew methol, B
microscope was focussed on the portion of the krpef A
between the wites and the pieparation w8 UP“J)N
sectioned that b we measured the vetkcal nm-c:ﬂ
of the mKroscupe stago tequired to move the ;i-ntm
focus thiough the successive layer of the il
wdvaningo of the second method was that we coukd ety
measurements on those porbons of the all which ¢t
not in contact with the mounting wires. Mumc—c:
were mado in 12 poutiom with exch et asd
reported valucs dre the mesm of these me asurezxntd
The nclive characten ey of vessch were lhc-dt:

minced by activaung them at Lo with tho high M:u-
solution (K PSS) and measunng the active vl -
after 3 min Finally  ewsel were fixed oa the s
at L In 5% ghutaraklehyde post-flaed i o
tetrowde and cmbedded In Epon for laer b
CXanumbon

RESULTS \
The passive wall tenson—internal cmmnfﬁx
relalions of the SHR und WRY urterial and *

Table | Morphological and medhunical parameters if the vessels used in this i estigation
Values show meant S E of parmroelers measured with vessel held at normulired intermal aircumference L

Artery Vetn
SHR WRY SHR WhY
9 9 9 9
Number of vessels 160137 240£54 3601127 3770187
Effect] o lumen pa 177£L 1 13.3£09 571 02  63_ 04
Wall tickness po 126103 25204 425 01 462 0.
cdulhﬂ\wwwmm Joz0- 3301 05: 01 0st 0l

Actlve wall tey

Indicate slgm
a the 5% and © 7% leveis o3|

At Phowd 3w 197

ween the SHR parameter concerned and tho comespood ng WAY paramcict
ficant d!ﬂm“ Seterminod by the 1wo-tw) Student 7 test
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01 mm
Y of ewels Dxad on the oy OpTLpR
“L () WKY ariery (b) SHR wtery () WKY ven.
5N s Soctoms cmiacd with tohikdene bhus

Vonch are \bown By | For any given wall
orxa the SHR actenes had a smaler intermal
s (Lywml6 pm) than the WKY

e (Lje=2id ) There was bonever 60
ddflerence between the comesponding

el crcuafereace of the SHR and WKY vens
w““""“"dlﬂm reapectvely)  both
hwd:u.““““"'nmo-cdmm
wxh e cascls sct 1o oternad o

* L, medn thucknesses of the SHR

T 26 ) wee greaer than those of e
il (X5 pru) while there was o0 ugnifl
" un e betw cen meddaa thicknesses + the
! .:w“"‘*"“?nmnduu respec
o fadings were mado as di the

el gl e, repards

Ty | U;‘an}uunmwwudm
Uy
,4

of crou-sections of
e u Ly (e ) indicased that whil there
404 4 iyens of smooth muscle eells 1n the

\forphology a/quSIIR arteries amd elns 3

] -
Aw}-m.-‘,—o
Fu 3y ldmmwlmnﬁccﬂnwbmudcﬂ:m

hemen o descnbed 18 Methods from dats wed
for Fig | Symbol ss1aFg.l

SHR artenes or about 3 layers of celhs i the WKY
arteres the veins coatalned levs than one layer
Thnhurmtdhdmcvdmmmcanumd
did not fully cover the mieral ehastc amina.

The sctive responss of the veasels 1o K PSS is
show o Teble | The actl & wall tensioa produced
wl\g’au:rmﬂ\cSHRmUOlemm)lhn
o the WRY artenes (23 mN/mm). By costrml
(here was po difference between the actve wall
teotioms prodoced by tho SHR and WKY veins.
The actrve wall tension of the veiny (0.5 mNfmm)
was howe er substantally lower than (bo actrve
wall tenvon devedoped by the arteries.

DISCUSSION

The results of thes mvest gaon sbow that the
thackened media and decreased lumen which | seen
n 150 am anensl relstance vessels in the SHR
mesentensc bed (Malvaay et al 1578) are structoral
dufferences which are not present in the comespood-
ng vens Bohlen, Gore & Hutchizs (1977) have
show  that the absoluts blood pressure differences
of SHR and WKY anmals are coafli

entrely 10 the precapilury vessehs. Therefore our
findlng that the structaral daTerences are abso con-
fined 10 precapuiary vessels suggests that there b
2 connection between these vascular differences

Acte Phvvel Scomd 17
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00mmiyg ¢kl (EDTA) 0026 glocine, 5.3 Yerach were actn ke

N

Wall tengon (mN/mm)

Hoo
Wier al o cumference (pm)

Fg | Relation of pasatve wall tension and internal ar
cumference of arteries (circles) and vein (squares) flom
SHRs (filkd  ymbols) amd WKYs (open symboh) Each
potnt shows the mean Internal circumference for each wall
temsion level obtuned from 9 expls (where necosary by
interpolation) Horizontal tan show S E The line marked
100 mmHg jons ponts which are cquivalent (see text)
to un cflect! o presaure of 100 mmHg (133 mN/mav)

u the total wall tension follow ing activatton less the wall
tension Immediately befoce activation

To estimate the characterlstic which the vessel woukd
huve had 10 situ we have calculuted (Mulvany & Hupern
1977) the effect e lumen diameter d and {using la-
place  cquution) the [ tnve pre swre p according to
the following equations
d=Lix
p=TiLM
where L s the internad clrcumierence
Sl nons
The physlological salt solution (PSS) used had the follow-
ing compusiton 1n M (Murphy Herkhy & Mergerman

1974) NaCI 119 NaHCO, 149 KCl 47 RHPO
118 MgSO 117 CaCly 16 cthylenedianunctetraaceue

Table | Morphological and mehamical parameters

by & potasium salution (k PSS) wheh ws  for PS
but with an equimolar substitution of RCT for NaCl
with 5 mM CaCl,. Sotutrons were bubbied with $ (U
in O adyusted to pH 7 4 and held at 37C

Protocol
The protocol used was fn pencral wumilur to that dewrnde
previowly (Mulvany etal 1978) Fint withthe ewd
PSS the mterml arcumference wan Inctersed m sy
of about 20 wm at 1 mia intervah wanl the effecd ¢ pre
sure (see above) equalled 100 mmlig {133 mN/o’ s
interndl circumlerence bemg deflnad us Lo Voud
were then 1efeased through o Mimilur sequence aad o
pa sive chumctenstic was then taken o the cane define
by the pounts obisined In this sequence
Vesscls were then set to an Intemul crcumberes
Lym0 9L . arnd mean wal and medut thickienses 0
esumuted i two ways. Fint a8 docntu!gn:vl;
the mi was fucussed on the ouler g
moumi:“wm +0 that the wall (and the meda A
1) could be seen in longitidmal seclion ) menaT
using an ocular microaxcter Second 3.8 new meibul. te
macToscone was focurssed o the portkea of the wpcr w4l
between the wites and the picpasation »as opthadh
sectioned that iy we measured the vertical nncl‘:
of the mcnncopcwr:qmralwnmcwplxm
focus through the successne layen of the “l-m
advantags of the second method was that we coukd
measurements o those portioos f the wall whah wert
not in contact with the maounting wues Mcmﬂ;
were made @ | posibom with cach method aad
reported valxe are the mens of theve medsuremesty
The active charactenstics of ¢ sehy were lhfﬂ“:“;
mimed by acuvating them at L, with the high Nﬂw
soluton (R PSS) and measuning the xctive 4 "
after 3 min Finally vewsel were flued on the )08
at L m 3% glutanbichyde postdfived no‘ﬂ:
tetroxale nnd embedded w Epon for Licr ok
exdmunation

RESULTS

The passive wall tension—ntermal cireunferes
telations of the SHR and WRY arterial and eoo

fthe vessel used intht i estgatk s

Values show mean £ § E of parameters measurcd with vessel held 1 normal zed oternal arcumference L

Artery Vein
SHR WRY SHR WAY
9 9 9 9

Number of vessels 161047 140_44 W60_1 7 ITT0£I87
Effecti ¢ lumea pm 177 11 133109 $7+ 0 6X 04
Veall thickness pm ] 6_08 24105 4 to01 462 0
p(a]ulhfn\-f““‘“mmNhnm 30202 3ol 03+ 01 03t 01
Active wall tensio,

“m,mrmdﬁmc
.m.:sl"m-“’ (3 leveds reapectnne

Acta Pl 3¢ #d 107

cen the SHR parameter conc  ned and ¢
I.;ﬂ:‘ determinad by Lhe two-tal Student 7 1evt

he corr pond og WRY par mect
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¥ 2 Craaserions of evecis flaed on the oryopraph
R YKY wiry ($) SHE wtery () WKY vorn.
e Sectons stumed w10k doluadene biue

ek webow  Fig. 1 For aay pves wall
"l e SHR artenes bad a smaller mermal
08 (Lyw=162 wm) than the WY

& Lfx 14 um). There was howe er 0o
difference between the correapondiog
:“’“’““mdmsmmwm{vm
36w aad 377 wm, respecuvely), both
TWMIRUWUMD“&m:w
., vah e cate tet o wterual e
Ceney Le weda thncknessen of the SHR
lnm“m“"“‘ ere greater thaa those of the
L 13 umm) while thero was 0o siguf-
SHR g Det cen medm thicknetses w the
k) Y em (37 um and 6.8 . respec
lu::'ﬁ'““""'“'mumm
Téle | 1. Theye resukts are summansed @
vy Lt micrographs of croas-sections of
o Ly (g, 2) mbeated that w e there
‘ ‘hmdwm&ﬂ!mm

Morphotogy of saall SHR arteries and cins

m

toen
for Fig | SymbobsmmFg}

SHR arterics, or sbout 3 layers of cells {n the WKY
artenes the cns contsined ks thao one kayer
That 15 the media of the veins was imegular and
dud not fully cover the intemal ebastic amina.

The active responss of 1he vessels 1o K PSS o
shown m Table | The active wall tension produced
was grester m the SHR arteries (3 0 mN/ma) than
o the WRY arterdes (2.3 mN/mm). By contrast
there was oo dfference between the active wall
tenawons produced by the SHR and WKY  eins.
The sctive wall tenoon of the veuns (0.5 mN/mm)
was however substantally lower than the acti ¢
wall tenson developed by the artenes.

DISCUSSION

The resuls of tha mvestipation show that the
thickened media and decreased lumen w bxch fs seen
m 150 um arterlad reslstance vesscls i the SHR
mesentenc bed (Mulvaay et al 1978) are stroctural
differences which are pot present i the Comespond-
ing vems Bohlen, Goro & Hutching (1977) have
thown that the absotute blood pressare differences
of SHR aod WKY animals are coofined

entwely to the precapillary veasels Therefore owr
ftoxing that the struchural defTerences are also coo-
floed 10 precaplary vessels suggests that thers 18
* between these vascular differences

At P vl Scomd  H7
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and the loading to which they have been subjected
Whether the structurnl differences are a result or a
cause of the increased pressure cannot at present be
determined We have however shown In & recent
age study (Warshaw Mulvany & Halpern 1979)
that the media hypertrophy occurs concurrently
with the increase in blood pressure of the SHRs
from the age of 6 weeks Thus in vessels of this
size 1t secms at least that media thickness and
transmural blood pressure are closely associated
and that the structural diffcrences seen are not
general properties of the vasculature This conclu
slon 13 therefore in contrnst to Greenberg & Bohr s
(1975) finding that there {s hypertrophy of the SHR
portal vein 1n which there is little elevation of blood
pressure One possible reason for the discrepancy
1s that Greenberg & Bohr s control amimals were
stock Wistar rats whereas ours were Wistar Kyoto
rats

Hallback Lundgren & Weiss (1974) have from
measurements of the perfusion pressure and flow
rate 10 an isolated vascular bed determined the
relation between the radius of an average vessel
and its transmural pressure under relaxed cond
tions Fig 3 shows the calculated effective pressure
—effective lumen relations of our vessels based
(as descnibed in Mcthods) on the internal circum
fercnce—wall tension relations of the relaxed
vessels (Fig 1) The results suggest that the dis
tensibility of the SHR arterles Is lower than that
of the WKY arterles and also that the veins have
a smaller distensibility than the arterles for trans
mural pressures anbove about 10 mN/mm? (75
mmHg) These findings are remarkably simuar to
those presented by Hallback et al (1974) The
decreased distensibility of the artenes coukd be due
erther to a thicker medua or to altered clastic pro-
pertles of the wall comp Our morphological
measurements indicate that the decreased distenst
bility of the artenes is at least in part due to the
Increased media thickness. By contrast this cannot
explain the lower dutensibility of the veins for
here the wall i much thunner Therefore in the
veins 1t must be the clastic propertes of the wall

13 which differ from those of the arteries
compoaen resulls support the indirect
In conclualon our
1al (1974) based on perfusfon
evidence of Folkow ¢ thin the SHR
that the structural changes wituin

Bmdmmmmnnucdwm‘?‘“’pm"ud'
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with little change in the structure of the postege
lary vessels
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between serum IgE levels and anaphylactic
istamine release from isolated rat mast cells

SYDBOM A. & KARLSSON T Relanowship beiwesn scrum IgE bevels and

te histamsme relexss from

aomphylac
molated rat mast calls Acta Mhyuiol Scand 1979 1073133
Recerved 11 Apal 1979 ISSN 00016772 Depertinent of Prarmacology Karobmka

ad Departmont of Madscal xad Physological

n
In-

sutstet, Stockbotm, Swedcn,
Buomcdacal Cors Uppaala, Sweden
Inbred Hooded Lister rals wirs oooronired with cgg alwinds with B. pertnss vaceme uyed

x5 acpurvamt. The senun bevels of toial IgE sad I5E xatsbody (epg albomos 1pectfic) w 1w
befors sod afver mmosscization. The

11 of 15401160

by
Jevel of total IgE 1 serum wis 60+ 110 ngfmi. Afer munoazation matmal peak af day
Antregg

basc

the rato of specalic [gE aatibody over total IgE was used
Kev ords twed Hooded Loter s, inmumnzation, pertosbs vacune, ral [gE-radwo-

EmEROLLEY

HE matibady Iy consudered 1o be resporaibie for the
apiyiacic reactoes of mugea cxposed seo-
Wrtd mat cells of masy tpecics among them the
™ (Sicchichults et al 1970) Thers have been a

UE teveh wah the cliocal ymploms (scs ¢.g.
Elgefors et 0l (974) The results are dhvergig and
% upmaficance of the fevel of curulatg I3E for
Ua development of sopsc reactioas has been dis-
Peted (Hendersen ct ol 1971)

By the wse of aumal modeh for frmun,

twcen the reagm tire and biviamase releass from
ddferent m vitro systems in the at. Howsver Stahl
Skov et al. (1977) have measured histamine refease
from busman basopbils d found a sieaificant corre-
bation between specific but not total IgE and cell
sensarvity when IgE had been determined by a

“udes o ey beea possible (o follow tbe IgE amti-

bom mepuszed anlmals. With PCA 1t 1 however
en dlficult 1o pat well reproducible results, Jar
e & Stewart (1973) repotted that in the rat there
0 doect relationstip betw oam the wlze of skin
‘at reactions asd the Mvel of specific crcyla.
™ LF abody teted by PCA. Neither did
Yaamoto et al. (1974) reghater any corelation be-

Paper disc

bt (T o iy s deil IgE
o ol BE (Karbsson et m 1979 and aat

e (aflerpem) ( )



37 C Adllfzrand M J Mulvany
and the loading to which they have been subjected
Whether the structural duferences are a result or a
causc of the increased pressure cannot at present be
determined We have however shown in a recent
age study (Warshaw Mulvany & Halpemn 1979)
that the media hypertrophy occurs concurrently
with the increase in blood pressure of the SHRs
from the age of 6 weeks Thus In vessels of this
size it seents at least that media thichness and
transmurnl blood pressure nre closcly associated
ond that the structural differcnces seen are not
general properties of the vasculature This conclu
s10n 13 therefore in contrast to Greenberg & Bohr s
(1975) finding that there {s hypertrophy of the SHR
portal ven n which there s little clevation of blood
pressure One possible reason for the discrepancy
is that Greenberg & Bohr s control animals were
stock Wistar rats whereas ours wite Wistar kyoto
rats

Hallblick Lundgren & Weiss (1974) have from
measurements of the perfusion pressure and flow
rate in an [solated vascular bed determined the
relaton between the mdius of an averago vessel
and its transmural pressure under relaxed cond!
trons Fig. 3 shows the calculated effective pressure
—efTective lumen relations of our vessels based
(os described in Mcthods) on the internal circum
ference—wall tension relations of the relaxed
vessels (Fig 1) The results suggest that the dis
tensibality of the SHR arteries is lower than that
of the WRY arterics and also that the veins have
a smaller distensibility than the artenies for truns
mural pressurcs above about 10 mN/mm? (75
mmHg) Thesc {indings are remarkably similar to
those presented by Hallbick et al (1974) The
decreased distensibility of the arteries could be due
either to a thicker medla or to altered clastic pro-
pertics of the wall Our morphological
measurements indicate that the decreased distensi-
bility of the arteries is at least in part due to the
increased media thickness By contrast this cannot
cxplain the lower distensibility of the vens for
here the wall s much thinner Therefore in the
velos it must be the elastic propertics of the wall
components which differ from those of the MT[

In conclusion our results support the indirce
dence of Folkow ctal (1973) based on perfusion

eV ral changes within the SHR
studies that the structt llary vessels
vasculature are confined to the precapt

Act Ph ol Stund 197

with Iutle change in the stiucture of the posteapd
lary vessels
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coded Listet rad pipnortowad ot
WudyxﬁklﬂmwywndwmmdumumpmulnﬁmH
e &y Y macrasion ¢ 20 pg e1g albecm [ pertess o
et Total 1gE
| ) tngfrd)
m 1 SE 1+SE.
5601110 3
‘x‘ 612 1 NS 0% 2 ?
u nt 2 ulmm A
] Wik ; 1.50% :
19
» :g 3?: 2 0 L0110 u7o
3 s Q17 7 10001130 7
a 8t [ 9101 HO ¢
a 0r7 E] NS _ %0
Smdem o0 duy 13 aad subsuenl day
Stachoex z”‘m‘"bﬁm T8E and Lotad IgE ou day 3 and day 77 1Trp
Smdenl’ eut between Wil IgE oa 11 xod wobecqueat
k“ wtagalicat O 01<p<0 65 = 0.001<0.01 ** w001
RESULTS

Phe sermme IgE pust rm after
MmN

Bood ramples for IYE determinstions were taken
Tuady 4 ey from one single rat befors m-
¢ octaos day S day 11 and fimally whes the aat
¢ mtdled betworn day 12 and day 77 The basst
il 37 bl Tor these Hooded Luster raty were
SR nglmd (a=13) Before day 3 no changes
“amldbe woen but betweea day $ and 11 both tho
U BE aed 1he 4E annbody tevels were -
Comed. Betweea day 13 and M4 thert w2
¥ Eaum of [4E watibody of about 741 1 unrts/ml
. \'m-ﬂ’l-lle““Th‘tpmﬂcl;Emubody
+ el doen ook decremae vgicantly uoul day 21
The b0t (4E hows waumum wound day 11 of
» S 102160 Yol =37 Toe total serum IgE
} o Gty han e cpeciic 19T anbody
M““Wmm-m«nﬂﬁum,
D Hoverer when cramuning the data more care-
B¢ Could sew 1hat those rats wath high evels
sy ko showel extremcly bith IeE kevels on

3

'
s
'

Comelction bern oo Igk levets ad
e, kear
O‘“‘)“m‘mmﬂynmmwﬁ,
fuy Feieass wiches and tested for all parame
w waoned, mamnehy bl ot 1gE and woLd IgE.
tpecll 15E untibody 0n day 11 as well 1 on

the day of death The resalis from these 22 mals
were osed for correlanon cakenlations

Baw fotal IgE Histamme release was measured
after challenge of isolated sensliized mast ceils with
anugen The astigen concentration 10 pg/ml was
the Jowent concentration that gave maxioal re
sponse and relemsed 18 4112% (rm31) of his
tauoe Gom mast celly fsolated (rom smauaized
Hooded Lister raty. A uigmificant pegatrve caerels-
on coukd be scen between the per cent histamine
relewsed sad (be basic total I3E level (Fig. @)
High basic total 13E Jevel mast cells reacted less
(weaken) upon antigen challengs with decreased
fratarmne Telene.

Tosal IgE The totad serum IgE level messured
erther at the optwral duy day 11 of at the time of
deain, thows no sigrificant comeiation with the
smoant of hrstaming rejeased with antigen from bBo-
Tated st cells (Tablo 2).

Specdic 1gE amtibody The anti-cgy albvamn R
antibody kvel at day 11 shows a sigadicant positivg
corrctation with the histwnine release wikh 3 corre-
Wiot coelficatnt of O b1 (p=0 003) (Fig. 257 How-
ever thers was no cofrelation between spectlic 158
antibody kevels at the Lime of death and the b
tanuos releass (Table 2)

Specific IeE antbody ftotal I3E ratio ‘The corre-
latson of the ratio of wpecrfic 15 antibody over total
g8 with histamine relemse i3 highly sypeficant
=0.67 p=0.000T) (Fig. 2 ) and shghtly mpro ed
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100

8

par ot of max GE kevel

Fig 1 Changes of IgE 1n rt serum after immunization
Total I3E (ng/ml} and anti-cpg albumin IgE antibody
(unhts/ml) measured in rat serum at difTerent days after and
Just prior to immunization with *0 ug of egg albumin in
pertussis vaccine

It is a weil known fact that rats from some strains
are difficult to sensitize to obtain specific IgE an-
tibodies (Jarrett 1978 Karisson ctal 19795)as well
as good histamine release from solated mast cells
after chalknge with punfied antigen without
scrumfoctors (¢ g phosphatidylsenne) (Nomn 1968
Sydbom & Uvnas 1976) We have also seen a rather
great variation in the response within a group of
animals and 1t is therefore advantageous to be able
to select out the poor or non responders By the use
of these techniques (PRIST PRAST) we have trred
to find a correlation between IgE levels (total or
specific) and anaphyloctic histamine release that
eventually would cnable us to prodict the degree of
scnsitization 1n one single mt The histamine re
lense studies were performed in an in vitro system
using 1solated rat mast cells and histamwe was
measured by a fluorescent technique (Shore et al
1959) The mast celis were 1solated from Hooded
Lister rats as this stran has been found to gne
good IgE antibody responses (Bennich et a] 1978
which enables the study of anaphylactic histamune
release without the additton of exogenous fuctors
like phosphatudylscrine {Sydbom et al 1979}

MATERIALS AND METHODS
was from Difco kiboraterre Do-
3?&UM Ficoll from Phanmacia Fioe Chems-
cals AB Uppnahs‘cdcmnnd pertusss .ncdnnllo(Dr-:
120 274) from Statens Serumimsttut Copenhagen
nbred

methods by many man

[acturers,
mwmmmmmlywlﬁ"tﬂ

vaceEe

ol Scamd 107

production i rats, prewmably because of ks of the
tymphocy tosls promoting factor a3 reported by Tudactd, -
{1972) However wo have found that the Daarh manafa, 4
tured B pertinsas stul possesses high apn ot acth oy

Immuniation of r 13 Male mis were ipcted ¢, o
I ml of pertussls vaccine wpether with 0 g cpg albvma
per andmal Mast cells were usually taken from the ras
to 4 weeks after momunization Scfunumﬂn\mun‘
from the rats before immumzntion aod at iy $ sad 11 _
after Immunization and fizally when the rals were bikd
for Isolation of mast cells, About ! ml of bond a3 b
lected by cutting the tasl and alkow ed to chol for 15 e
RT before centrifugation, 15000-20000xg for 1S me o
4*C The serum was hept at ~0°C before talmg.

Determination of IgE in rat serxm Towl KE xod 4E
antibody (egg albumin peaific) were desermened by wid
phase radioimmuncassay fechniques calier described for
buman IgE (Cesha & Lundkvest 197., Wde ¢t o 197
Wils et al. 197%) and modified for rat IgE. Total K. s -
measured by PRIST (paper radiommuncs orhend (o)
based on paper disc couphed anti rat IgE antubodees of
rabbet orighh an IgE myeloma standand (IR2) and =
munosorbent punfied Thaoti Fe-¢ (T]an: '

kaon et 19790
expreased in ng per ml (ha o mﬁ
radio allergo  orbent rest) based oa paper

Zx.x;rcd antigen (cgg albumen) cgg albumin positne (X 4
standand serum and immusosorbent porficd 0 anf Fo4
(ra1) antbodies was expressed as tauts per 1l where |
unhdxptafmllEmubolymmkdwkuMl
ng of total IgE (Kaslsson et al. 19795)

Isolation of mast ells Mnuccll:um:ulkdrdh‘ﬂ‘
the pleural cavities (Sydbom & U o3 1976) of iaumuet
m-wnohlcdbydcmuypﬂ»cmccnlriw“
Flcodl scconduag 1o the method of Thoa & Usas (1%
The mast cells were washed thiee Lncs ot °C with 4
Isot0nx salme sohubon contam ng 107 v/ )Somnﬂ‘;
phosphate bulfer (Na,HPO +kH PO,. 67 mM) pil é
and humaa serum albumin (1 mg/ml}

1 ¢ bation proced The solated mast cely crt:
cubalcdmth.m(bcu(loulrrd)(aIDm.m.u)TC-
medsum and the Mt cell concentraton was mualy s

an wtopa subod

The stambund incubation medum w43
solution (NaC1 137 mM KQ1 27 oM
mlm)l)cmummtlﬂ'?(l}&ktm\phwu
buffer (67 mM) pH 6.7 4nd humun scrum alboma |
mg/mb The mecubation was termunted by placwg B¢
tubes m we w ter aml centifuged (350xg) fur 10 pun o
£C The supermatants were decanted into pew tabet
o mIDl'OIMHG‘a:-kkdwmccclrtuluctm
Wmm«nmwwummwmawﬂ
water bath for § s | 8 mi of incubativn medmm A
added 10 the cell eaxdue b0 resdpst the volume 1o ok
Hustamune w determmed both 1 tho 2
the cell resulues by the method of Shora et (1959
omilung the extracihon mnhruB«ngorﬂJ.U ]
1977) H stamane release was expressed as penentige of
ttal histamune The  pontancou hrstamine release hs
bee  sublracted from the  alucs presented. The apr
tancou Mistuming releass from muss cells of smmunured
Hooded Listerrat craped 8830 77 (3 =oo).

t

Caly 1.8
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Tatke 2. Correlaaon betn ren histomise refcase and serum IgE

w—meon, of duy |1 sftey

Idﬂdmhm(lunhahhnm&wxwahmﬂ
vrmddes

LI.] -
day 11 () and baaic total IgE (). The
mmM(lel&Em g e

basic totsd I3E

Partul conmelston

W S (1961) The
ol Crran ™
ke [ matixady constust
Comviaton

Carelaton bat sca Tk
Ianmg rtiogsc (1) sud
ac gE (3) 035
ol Z ol 11) oM
Tual g2 -0.19
Sty (4 1) () 061
ﬁ-ﬂ-h 905

e frotel

L] s o¢7
o smthodyfond [gh

et day) [
W aupdan = 001cp<00]  p<0.001

' Yo et 1979) Oar original ratoaake for wslig
Booded Lser razg was thear hagh baesc Lovels of
*m IE (Kacdasom of al. 1979 ) nod the sob-

= oty (Sydbom et al 1979 Pauwels ctal 1979)
1% therefory near as hand to assume that bigh
h"‘““tﬂhvttlmld:wrmpoadmm
M reicesng capachty However we found
~‘“’Yhthhsckvd:du'rumll£cam~
kncied the bestanine release This could be due to
* Compete for che mmat cell receplon berseea
Bebrac (043l 5B pregent m sernos and specfic [gE
SBody tynibetired as & risult of the immunize.
S Bex ionl 4B may fuctute o both bn-
"matd snd posempmmized ammals doe o @
sl faciors (Karkson st al 19794)

A t1ecied vhe level of specafc IgE watbody 18
NeEactly comretaied 1o the hestamune reicaing
S5ty of the mast cells (Fig. 26). Thes sagzaficant

28 the day of doat Thrs mughi be due 10 the

talHees of iE 1 serom and on mas
b Tada et oL, (1975) have cacolated the baif
"’“"b‘llbﬂw‘mmw\nm74d‘y¢mmg
el mrtace That weass that the seram levels
dmmmymk erylow evenata
:m:‘;“'m"mnyb-w-mma:

Teh hatacune seleming capacity The
“idom between Mitacune refeme and (b

—0.65 { 133, 1B achibody coustant)

Q53 6125, bac 1S comtant)

NS

specdic 15E antibady should thercfore be more yig-
mﬁ:ml‘hcnu;huh:mmm!:pcdk];gmj.
body levels, here on day 1 Le. the hrghest specific
I£E anubody concentration that the maat cefts haye
been exposed o 1o view of the competition wtis-
o the floding that the rato of specific BE antl-
bodymmduhum‘bubcmmehud
vnhlhehmmhnrdmmn;pocﬂkum
body itsclf is not unexpected. So {a spite of s corre
tation coelTicscnt not being very mprestive i cap be
mmmnmm-lowmw@
hdmmhmmlmmw.m,ﬂcu
actbody level on day 11 after imaunizanog, thers
ﬂlvﬁvhﬁbmhmmw

Mmmwmm&mm
t,

I conclnsion “WWWmm
WImMmmﬂﬁydmmm
tacmo releate but a signficant negative correlario
butccnhukwugwhw” wda
wmwﬂhﬁmm
satibody e day spectfic IgE
holated

ey can have on the histamioe
mmmwmmmmﬁb‘d

M Yamamotg o g, (1974) have re-
ported that the antipen ing 1 bos
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Fig 2a Comeladon between bask total IgE and his-
tamine refemse Baske total IgE (ng/ml) was measured In
rat scrum collected just prior to Enmunization with 20 ug
of egg albumin in pertusus. Histamine rekease (%) was
measured after addition of 10 ;g/ml of egg albumin (10 min
incubation at 37°C) to isolated rut mast cells taken be-
tween day 1 and 27 after Immunizaton (Basle total IgE
was defined as total serum IgE when measured on day 0 or
at the hatest on day S after imammization. There were oo
significant diffcrence between IGE kevels on day 0 and day
5 (Table 1)

than when comparing the specific IgE antibody
alone with histomine release Thus 1s true for day 11
but there is no signdficant correlation when using
the values from the time of death (Table 7} When
three or more vanables affect cach other and coop-
erate this can be evaluated either by partial correla-
tion or by forming a ratio between two of the var-
ables Both ways were tested and gave a better

H

fuo )

; . L
i

1

i onredy wits/ml

Cmmbglv.em;pocd'lclﬁ anubody (day
.ﬁwwsﬂﬂuﬂw(wwm
n mcwmmm;cmmmﬂcdcdudayllnﬂu:m—
with 20 pg of T8 .ﬂanl:lnbu u‘fullo
release (%) was
pyful of g albumin OF Temween duy 12 e
Wmmaﬂc:ﬂ:
{mmusiration.
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Por Cont Harty e miecne
P
S 11
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Flg 2¢ Corelation between specafic IgE antibody it
I3E (day 11) and bistaming release The ratio of spect
1B satlbody (unsts/ml) over total IgE (ng/ml} buth mez
ured In rat serum coftected at day 11 after [mmpunuratx
mmmmammm(lomwum
to Isolated rat mast celly taken between day 12and 27a
Immunlzation

correlation of about the same magnitude The com
Intlon coeffickent between speclfic IgE anubod
(day 11) and histamine release was 061 and ®
creased to 0 68 when calculated with partlal comet
tion (Splegel 1961) and to 0 67 when usmg a =Y
(Table 2)

DISCUSSION
The specific IgE antibody 1n serum from knmunize
Hooded Lister rats show a maumum between &
11 and 14 (Fig. 1) m agreement wuth eartier studie
(Karlsson 1978) The total IgE time counc paten
is under the experimental conditions used rRUC
similar to the specific IgE antibody but decloe
faster porsibly because the ncrense 10 total IBE
an cffect of adjuvant strmulation of already cxstly
IgE producing cclls as after relmmunization 2%
therefore of a dufferent nature than the expressit
of IgE antibody after pnmary ummunizatoa
The finding that there 15 3 sgnificant pegativt
correlation between the bassc toial IgE before
munization and the histamume rekeasc from molte
rat mast cells challenged with antgen was some
what unexpected (Fig 7a) Using a puro system fo
hntamune release studies that is isolated mast celt
mstead of muxed pentonceal cells @ pure antigen and
not horse serum and without the additoa of phov
phatdylserine will result in very low histamine re
lease (+-9°F) from mast cclls orignatng from
Sprague Duwley rats (Stechschulte & Austen 1974
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Histochesmcal borche flors ceopestion way studied 1a bopsies from the foar dfTcreat
mdmwmmmmmm.‘o&wm@
sotrrmes, O wad ez crums sbdomeat, Tr) x 13 normal lecmaa subjects (7 frmales and 4
paicy, age 24-35 yracsy saltbiadder 1orpery  Mutscle fibres w cro claseficd ss
Type! TA, 1R or L1C am the bass of thexy myofinler ATPaes pH Isbukly There were
e pler-odendsel vanatoss m (e bharese. m proena) Lhe differences
Tarewes (ke STt maaciel WeTs Taooy o oo xisteot. Maen (Thee datnbution Frages.
were 355406 [, L-23% 11 A 21-28% 11 B od 0-1% 11 C flores. The beast Moro dasxcicn
weere pazalar for adl types anxd mertches (razpe of mucans 50-54 gon) xecptfor T b wich the
Type O bres wore sxaller (mead 45 xm) Thers was  high correlaton m the v of Typs
{vs 1L Gbees xad Type 11 A va. (1B fcs m ol yers. The oxdais ¢ porcoimd (NADH-

aang wicnaty) appeared hugh 1 Typo 1 fbres aod low m Typo 1l fibre,
arespectren of sbgroogs. Ty, basod on Thore the live

oxaclet sppear 1o have  mmuer foochonal capacity However huactions) di-
ferencss betwees indrvidusls wero idhcased by the lyge loterdudividodl vamation i

urscly fibre drstribution.

Kev prds Musche filre compositaon, moscle fiore scze hazsan abdowanal tasacles

Baran eietal mmcles coatam & aryog distnbe.

:h‘\nﬂudthudhduTy'pcl(S’nu'Type
(FT 1 subgroups 1A, 1B and 11C (sec 0 4.
Maaw e The fibee types differ
“elboke profe (Essea et al. 1975 Thontensson
%47, contractile properties and

tnbation of Type 1 and Type 11 fibres but with large
mdrvxdoal ddferences {range 32-65% Johmon et
al. 1973 Collmg-Sahin 1979) No comespondmg
data it available oo the obliqus externos (OF)
obliquus mternuy (O) o transversus abdominky
(Tr) muscles.

The emsctes of the abdotumal wall contss! the

:::‘a*dztde\dma(ormeuhtmupca.
o [ relanety nxompiete m buman (see
Sy, Ebeniten & Goodgold 1964 Ruchihal &
Toer, the 19%, of dw Thorseasson (976)

h"ﬂlhcmmnnhlm:-n(u)hum
coatist of e approustely cven dis-

of the tunk and regulate the pressure
within the abdominel cavity One important func
ton of thuy presmrre, which may exceed the wntraar
teral pressiare may be to transform the Abxdorntna
Gty 1io & shock-sbsorber that helps the spoud
column to support part of the static and dymamic
load of the upper past of the trunk (e g Bartelnk
1957 Morns €1 al 1961 Grillver et o) 1978) 1n
both trunk controf and pressure requlation there
APPEar 1o be drilerences between the individusl ab-
douml muscles RA, OF and Ol perform veatro-
Oexion wheress O and OI arw sralnly responsible
for el cdon and rotation (Floyd & Sif er
1950 Partridgr & Walters 1959). Tha ddTerences la

Acki Pl sl Scmd 167
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was differunt in different target organs tested The
response of a single mast cell {s therefore probubly
the result of the histnmine releasing capacity of the
single cell as well as the IgE situatron on the mast
cell surface local differences and dependence of
other factors and other cells

This study was supported by grants fiom the Swedhh
Medical Research Councll (B77-04X 39-13JA D78-04X
39-14B and project No 13X 3556)
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Tade | Wean alses (£ 5.0 ) and raxges for the different muscle fibre charatensiics stidied In m
recoxs ahdomun's (RA). M awqw:wem:(oﬂ,nqumlumuwhadm trons ersus abdominis

1]

RA OE ol T

ssin seElt 3613 14
Fhmise ] P wm 5176
* 219 0113 B 1318
T A e e 48 s 29
SType 1B flres 24313 118 212y p- 733
i 1733 [+ 3 131
Dma Typa | Sbres, 2010 01 Rl 910
" " 1547 38763 27N 381
1 D Type T A Boxes, won 1114 52tl14 E{E3E] 4719
fracs) 7N wu &
{ D Tym 118 forws. o2 52213 54112 52118 438
fracn f1%;) TS 293

e 059104 ossio 0962020 1204025

1 WType I s [ytay 055128 064138 oYL
dmm 4sl4 s4x14 15318 607
1781 G, 3 ;) wn 533

tycth ey evajuats the occurrence of - fibro group-
% il Jokason et al 1973} No differcoce was
#uned betw cen maldes and females.
The dnnbution of the two mam types of muscle
Sres, Type L and 11, wan wumifar {n all four muschs
0 (inexn rangs 5558 Type I fibres Table 1)
Wourrer witbla each cuscle layer the variaton
Wi coumponition was largs between mdividuals
{Fg. 1 cxpecully for the RA, OF and Ol muscles
wal acge 3%-77% Type | fibees, Table 1). There
;:;WmmmaTml
Foo Lt RA. OE 1nd O1 muscles ( =06-08
Y ¥1). Thres persons thowed a predomenancs of
)7 I fibves o these muscles (Fig. 2) In the Tr
Sescle, o the other hacd 2 womalier range of fibro
:::‘m‘“dnmdmdmuﬂhcddu
u,‘;:"dlwtdommmd'l‘yp:llﬁxu
\.umdmnbm.molTypelﬁbtumTr
camelaied 1o that of the other abdominal

h;nmpcqmmmmmdmb
'M the Type 11 fibres (11 A and B, 50 sl

r:‘:‘*l-lmvvmmbemmuﬁnﬁnh
» d m each Layer (Table 1) There was
z.u“oﬁ‘““’:“m % Type 1A aod 11B fibres
1) 0y Ol musces. In Tr howaver the %

»a higher than tho % 11 A fibves m 7 of

Lhe!ul#ul(d\cdjﬂmwu:‘nfmlulht
5% level) and a high % 11 B fibres also corre
sponded 10 2 kow % 11 A fibres la the Tr muscle
(r=-0.86, P<001) Relatmg percenisge dntnbu-
toa of Type 11 subgroups 1o % Type 1 fibres sig
nificant positive correlatoa coeflicients (r=0.70-
0.57 P<001) were found between S 11 A and % 1
fibres withln tho RA OF and C1 musscles.

There were no difTereoces between the different
abdoqunal muscles with respect to Type I frbre slzs

“
»
™ -
r
« | el R
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“ +
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»
~ o o T



3%0 T Hdggmark and A Thorstensson

1 Cross-sections of muscle beopsy specimens
stained for myofibrillar ATPasc after preincubatlon at pH
103 The blopsses were taken from () m rectus ab-
dominds, {b) m obliquus externus, (¢} m. obliquus inter
nus, and () m transversus abdomins in the same person.
(Type I fibres stain light and Type 11 fibres dark with this

procedure.)

Fig

anatomical arrangement between the muscles also
mnfluence therr involvement n the production of
intrnobdominal pressure (IAP) where the elec
tromyographic activity of RA for example appears
to be less closcly related to changes in I'\P (Bar
telink 1957 Morrisctal 1961 Gnilneretal {978)
In addition it has been shown that the abdominal
muscles are active to maintain postural stability
(¢ g- Klausen 1965) and dunng a vanety of natural
lud] fon (Grillner et al

1978 and unpubl }

The present study was undertaken to investigate
the intra- and intenndividual differences in muscle
fibre composition m the four muscles of the ab-
dominal wall to obtain a basis for evatuation of thewr

specific functional capocitics.

The subsccts were of pormal body comstifution aad .
not sufler from any ncuromuscular disorder They @y
all undergoing gallbludder surgery AN were nerier
with an obbque incinon 10+15 cm long, beneaih te coda
margin oa the nght skde The duferent emnck hyeriven™
identuficd as they were cut sod the buopsas (approx. § 3¢
were taken surgkally from the dufferent muscles. oL e ™

versus abdominis (Tr) Due to techoical dafficulics, bopy
123 from Tr were obtained m only 8 cascs (S females 2l
malcs),

The blopsies were durectly prepared for bolocheows
analysis and frozen bn {sopentanc cooted with kquod o
uugcn.Unulmnhcrmdylhuum'melkmd@
samples were Lept at —80°C 1o & freezer

The histochemical analyses were camed oot on K an
lh}ck.cﬂnlcmu—scctmlcmtnammwu-.‘fuu-
cleﬁbtelypumchmﬁtdmu:bamdlﬁtﬂl.
hbﬂilyo(lhckmydﬂxﬂdrAmm(mam
1970a and b) S:rh.lu:dk!u‘mprmhkdlpﬂ
10.3 and 4.3 to differentiate the two man fibre types THe
I(BCIJHMATPIJC)IN“M"(MDCW
Aﬂ‘nsc)lmian46wd|chrmlhlethquhﬁwxﬂ"'h
Typcllﬁb:uT\'pellAlndT)pclletmT)P‘"‘\
hnwnanmxt-cuhbﬂemyoﬂrmu.km.nlh
ualnin‘hghtcrmmlhnnpcllﬂmuup}{“(d.ﬁ
4) Undifferentlated fibres, i ¢ fibrex showing = ot

uak\huuucmhyu.upn-kuh,maldnn
11C acconting to Brooke & halser (197012). No —ckt
sample contamed kess than "0 fhres. The nersth
numbcro(mxc:cmmcdfnxnwhhop‘y‘u'ﬂu D
47). The oxwlatne potential of the fibres was .
mwﬂd;cabn:wuh!bchumbcnﬁduaht‘ﬂm"
for NADH-Jiaphorase (NovikofT et al- 1961). The st b
intensity of the fibres was aibitranly and sabectnelrt
classifred as dark medium or light and e sccTaoRs 7T
l}nnnuuhcdullhlhﬁATanm(leb)faﬁh"DF\
identafication Corparson of siaing inteasity 38 82
00 each masche sample separately o0 cvaluation of &
hute stuning tensity was performed bet o8 Ly oy
subgects. t

F bre slzos were estinated -uhu»muuﬂdlﬂ;\
dismeter (Dubowuz & Brooke 1973). A mimas of ¥
rbteswumchnkdinlhoakuhﬂano(m-ww~
ter for each flbro type "Axsumeng Greular shaped BVEIY
lhcmnuabcmcmnpelmlnpollmwn ’:‘
calculated a well as the relay ¢ area occupred by Tyre
fibres (sce Gollnich ct a) 197" and Thontcnswa 1978 .

Mm‘m(nldfw\@ﬂmanmwﬁl
r-test

RESULTS

All four of the abd A muscles
mosaxc pattern of Type I 11A and 1IB fibres UIC
fibres comprised only 0-3¢ of the tatal number of
fibres) The fibre types appeared evenly distnbuted *
throughout the muscle sample cross sections tef h
Figs. 1 and 4) No attempt was however made to

& trated 3




Fibre 1 pes in haman obdominal mascles 31

Py ¢ Scmd sections of  mancle bopty frows the obliquas kesernut cuscle staloed for () myolbnilar ATPaw siter
mnpﬂuﬂ'rwlu'.dlIBﬂh’ﬂmM.’TmﬂAﬂxnmlﬁJmﬂlb)NAD)lm
S carrrupasdng Ghres acs xdeotaficd and marked 1 Lhe two pachures.

g Salm (1979) reported that RA contasned about
R 28 oty Type 1A flores as Type 11B fibres,
Mich o tnlar o what has earler been found
©r e vastos faterabs mwscle (seo Saltin et al
7M. la the present stidy nearly equal proper
tow of I1 A and 11B flores were seen m RA a3 well
%0F sad Of whereas Tr d an even

1973) found  crage least dhameters of 43 pm
(Type | fibres) and 55 pm (Type 11 Mbres) 1 6
subjects investigated post mortem.

Thas, the abdominal masches sppear to have
simuar charctaristics to the mujority of the other
buman skeletal muscles with respect 1o fbre typo

et perceatage Type 11B fibres. Tr also differed
e the other layers with respoct to fibre size (least
+ mcten), show mrg amaller Typo {1 fibres. [n gene
i, b vz the fibre sizes i the abdoomal mus-
6% (hegs 43-54 yum) were [n good agreement with
%o cuber reported for other pormal bumas
el aiscles (for refs seo Saltln et W 1977)
whdmg RA, for which muscle Polgar et al

The de fatlons seen in Type If sb-
groap composhtion and fibre stze particulardy in Tr
ought be related 1o the activity pattern of the mus-
cles (and of the subsects in general). AT the subsects
1 the wudy had a relatively Jow kevel of dally
phyical sctivity although nooe of them was ex
treely inactive locreases ia the relative number
of Type 11 A fibres and in the size of & specific fibre
type bave been reported In connexion with physical

ML MO OF Frs, % D) gt £ otem B Gk L o WO

0o

8

3 5 &

1 A
n

Fig 3 Mean reimires mumsber of mwacie Bbres of each |
nnchnnmnhmhnym.m
Abbrevmions

mecaridy for NADH-duaphornse

.

R TR 1}
ot

Tum
o

T
7Pe % chem cach iadivachial
dack, nacdacn
fotioriBver S LR
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Flg 3 The relationship between the mean values for kast
fibe diumeter of Type T and Type 11 fibtes In the four
abdominal musches in the different subjects. Abbrevia-
tioa and symbols are the same as in Fig.  Line of kico-
tity 1 given along with the linear regression lie for all
points ( =0 78 P<001)

(lcast diameter Table 1) whercas the Type 1l fibres
(both II A and B) were smaller in Tr than n the
other layers (/ <005 ¢f Fig. 1) Mcan values and
ranges are shown in Table | A companson of the
least diameters of the different fibre types within
the different Layers show ed significant (<0 05) duf
f rences only for OE 11 which Type Il fibres wete
larger than Type | fibres and for Tr which showed
the opposite pattern and in which muscle also the
11 A fibies wore larger than the [1B fibres Within all
layen there were highly sigmificant coirclations 1n
fibne sizes between Type I and 11 fibies (r=0D 86~
097 P<001 Fig 3 aswell as between Type ITA
and [1B (ibres (r=0 76-0 87 P<00)

The calculated ratio butween Type 1 and 11 fibre
aren demonstrated large differences between indi
viduals (Table ) However there were no sigfi-
cant differences between the RA OE and Ol mus-
cles The Tr muscle had a higher Type Type 11
area ratwo than the other muscles (sce aborve) Con
sequently the relative distnbution of Type [ fibres
(¢ Type 1 arca Table D) was higher for lh:] Tr
muscle than shown by just the percentage value

icant differences
However There were sull no slgnufh o I
Lons) 1n fibre distribation ( ype

(or correlat abdominal muscle

area) between Tr and the
Layers.
Act Pyl Somd 107

The mapnty of the Type | fibres (26-100
staned dark for NADH-duphorase compared
lheulhcrﬁbrcummallh)m(hp.vlm‘u
Type 1 fibres were found whh a light stuning e
aity Relatively small differences were presendt b
tween 1A and 1IB fibres, the maponty of b
subgroups atuned light for NADH-dupborase m:
layers (Figs 4 amd $) Not more than a thid of ¢t
llf\ﬁbrnh.;dumc\humuammglmmmymnp
the samplea tested Type 11B fibres with a meds
staining ntensity were found only octawa
(Fig %)

DISCUSSION
All four muscle layers of the antenor abdommn
wall contaned o mosae of Type § and Type |
fibics without obvivus signs of fibie proupmg. The
proportion of Typy 1 amd Type 11 fibres s aboul
equal m all muscle Luyers, the mean range was $%
58 Type I filtea. No differences were vinened
between males nnd females but Lurge wter mde
vidual differences in fibre compusition were prae
ent These observations on the abdominl aruscks
ary stmilar to what has ealier been reposted for the
magonity of sheletal muscles stidied in nonmal om
(e g Johnson et al 1973) Some exceplions el
however ¢g the soleus musch which shosws 8
consistent predominance of Ty pe 1 fibres (Gollnkd
ctal 1974 seealso Saltineta 1977
The fibre composttions of RA OF and Ol were
shown to be correlated with one ancther Indivals
als could be found with either a predommance o
Type | (alow) or Type Il (fast) fibres n these mo-
cles 1t I not hnown 1f for cxample  slow b
dominal muscles cotre pond also to slow  char
teristics of other muscles in the aame indnuful
Tendencies towards such intraindis wdual comrele
tions in fibve composition betw ~en different mus
cle have been reported i some exticmuty munscks
e dalinetal 1977 However these tudies were
nuted 1o a small rumber f ubjeuts i catggated
past mortem
Up to now fibre ¢ imposition of the atdoaundd
muscles has only been sudied in the RA musle
The present finding of a mean of §§  Type [ fibres
1 RA 15 11 goud agreement with the values carler
obtuned by Johnson ct al 1973 (46 ) and Colling
Salun 1979 (517) Both authon alw report lage
differences between indinvidualy (3 <7671 Cok
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training (Heariksson 1976 Thorstensson 1976) A
relatively low level of utilizntion of the abdominal
muscles partrcnlarly the Type I fibres nught also
be the explanation for the low oxidatne potential
seen in the Type [1 A fibres as compared to what is
normally found n extremity muscles (¢f Essén ot
al 1975 Henriksson 1976)

The abdominal muscles function to control the
trunk both during posture (u § klouen 1965) and
natural movements fncluding locomotion (Grillner
ctal (978 and unpubl) This includes the reguln~
tiwa of the intruabdominal pressure (JAP) This
pressure can act to auppott the upper part of the
body and thereby take up pait of the load on tha
spioc (for discussion and refs sce Grillner et al
1978) The differcntiation of the abdominal wall into
different individual muscles with varying mam fibre
dircctions makes possible a 1efned control of the
movements of the trunk The coordination of the
different muscles varies i different movements
a3 evidenced by the clectromyographic activity
(EMG) (Floyd & Silver 1950 Partridge & Walters
1959 Cadson ot al unpubl) The differences in
anatomical anrangement seem to have an effect
also on the nvolvement of the individual muscle
layers in regulating the IAP From an onatomical

The large differcnces 1n fibee type drstributio be.
tween indivwluals indicate differences 1n perform-
ance capacilies It 11 concelvable that all che
belng equal a peron with a high proportoa of
Type 11 (particularly Type 11B) fibres 1 the sb-
dominal muscles will be more affected by faligue
and thus be less capable of producing any appro-
prate fast corrective moyements of the trunk of ac
complish an adequate intruibdominal pressure Ou
the other hand a low propottion of Type Il fibs:
in the abdominal musches could also under noer-s
fatigued conditions dectease the capaaity (o pro-
duce a fast rise 1n tengion (and 1AP) 1 response to
sudden loads on the body e.g walking down e
sturs or jumping down from a height 1n both sy
thons this inadequacy m the functional capactty of
the abdomunal muscles due to an extreme rrn:r\dc;
fibre composition would lead to an kxreansd
mechanical load on the apine which may 1 tum be
a detimental factor m the ctwology of bach pua (<f @
Nachemson 1971) ‘l

Tho authors are indebted to A Aryubon, M Lisdgrt
and M Wilén for shitful techaxcal assrtanae n-lenA
H Calon S Gnllner and M Zomkfcrﬁr\m‘
counents on the munuscnpt. e
'n\eumly‘mwmmulbymnurmmcsﬂm
Defense R h G tProyect No. 1437

point of view the Tr appears to have a honkca!
advantage in the production of IAP since it 15 form-
Ing a gldle around the abdomunal cavity EMG re-
cordings with surface clectrodes placed over the
OE musches (probably also piching up signals from
the OI and Tr) have shown close relations with
changes in [AP (Bartelink 1957 Mords ct al 1961
Grillner et al 1978) whereas the RA activity ap-
peared less consistent in this respect Thus func
tional differentiation exists between the different
abdominal muscles However this does not appear
to comrespond to a duferentlation between the
layers in terms of fibre distnbution  The even dis
tribution of fibre types indicates a functional capa-
aty for both fast contractions and endurunce in
each muscle lnyer This amangement appears ap-
proprite In light of the wide spectrum of demands
that are put on the abdominal muscles dunng
natural movements These functional dcrruml;guy
inchude maximal sometric contraction as in lWfhing
(e.g. Bartchink 1957 Morns et l:u\l:;l:lu‘:: fc}:;"
pensatory contractons as in *
steps ;YEP‘"“‘ submanmal o et
cation with the TAP Chﬂlmlm mﬁlu 1978)
step during normal locomo
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reicase of SHT bt abso sogpest that other

A-scirenoceptor-thodiated
neckasruers for $HT reiesss suy be v olved o the ritpowse o vigal oerve warmlaon.
Kev onds Portal plema, serctoom fhuormmetric assay propraciol, vagal nerve stuomabs-

boa, st

Tl terntones (. HT) e the gt s masnly stoced e
& cwrockimie cefs (EC) of the mucosa
Bemixt & oo 1997 Penitits 1966) The EC b
uﬁwdmmcﬂ‘mm
3 PPOPeTles according to the APUD concept
LP""“*"’ Ddfferent poplsisons of EC ba ¢
m““’“'f'l’wcnhrpunm-ummm
=2 SHT (Pranse et ol 1974 Pearse & Poisk
ECMnruuu 1978
2y retexse thew content of S-HT after bumr-
Mmumwm‘:ﬂ
hmm However evidences for a
ri ele.sa mechanmm ba ¢ alya boen

(Ahlman et sl 19764 Petteryson ct al. 1978, 1579).
These previous slodics were made uung a cylo-
fuorimerric method where the SHT coatent bt in-
drvidial EC was studied afier m vmo vagal berve
stimubation (Ahiman et al 19764, 5), after In vitro

b with adre drugs (Pett etal
flekd (Pe o

1978) or
al 197).

The presest myvestigation was performed to
further study the kmportance of the postulated 8-
sdrenocepior mechamim for the release of SHT
from EC lato the portal circulation upon agal
ncncuinnlu.buhvnoum;\mdosdo(thc

:h“‘“’”*ﬂﬂohmkmau 197) Tan-
e 71 Ablaa €vaL 1976 ). Thes reicmse
" b0ty alsenerpe b nature acd b 1
D"‘hmt‘.wtcn‘-::ctn.m:.mhm ohed

L4 24

MATERIAL AND METHODS

Ammals and bod sempiing T3 adukt cats of both serem
were oead. Prior o the expermoeats o anuols were

Adte Pl sad Scund M7
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ed adresals
Dl The SHT owcentrations ( gl in portal plasma of katreated cals cals witk Ngat

oo iverd  wk prograsolal ( srvows duses} before during and efter efferent sagal nerve stho! lon

o acr and S BN Dulferencs frow control calcubsted froa 1he cimaget i $-HT levehs deaed by (P<0.63)

Tnstyl Donug agst s, wmulation After vagal v stesslulon

L4 5 10 s x Fay w

9717 13k 4049 ATLS6 XoL19 XBE29 131110
WIS ITSELY Mt i W0 INES W0
WTL 6419 SALE3S 2TMS 7¢I 384 I3l
PIEX Deel Ml 20t 22324 M50 LIS
20TA 33113) ARE4] 1534 2148 WIEND MM

O dhke fow of the suprar mala the S-HT re-
K¢ 2 sdower in ooset bat reached 1he sume
ma el s 1S min stimalation 59 1 the coo-
™ owp (Tabke 1),
dud pot completely block but re-
od tmd shered the response 1o vagal sumatation
18 thrze doses tested (Fg, ( and Table 1) The
% SHT evels was now seea after 10 min sibmmy-
1200 lstead of at 15 min a5 b2 the control group)
by 2 retm of plasina S-HT 10 basal levels
m"‘“l-hlmmdﬂamfrnmmuul
proprasclol treatment) was
Sicaly pgrificant (P<005) for g

dunng the fnal part of the stimulation period. Since
even the lowest dose of propranolol fested (D)
mafip) was effective bn ths reapect 2 specufic fad-
mechansm seems probable,
As shown ta Pig. 1 the SHT concentratons b
portal plasma during the fird (0 min of vagal oerve
= cats were sl
very bigh. This may be duc 10 & propranaiol resise-
ot release of SHT (0 aa mitally reduced bhood
flow ora fon of the two abt A
rtd-mbnufbhndﬂmvbhkdytowmnnapm-
pranolol - Furtbermore, through ity memboane

et skeady a1 5 stimelation wad for al

Foups 2t 13 aun {end of stonts-
Tkl 1) Durog the st 10 mar of veimuita-
B blockade elicr the bighert dose of pro-
ork setoed b be beys e ffectis  although na big-
&u%‘mhmdamd
.:mwb‘dmurm The reductson

Co00t of the SHT evels after

s ke together), cued Q"f“"‘m’l‘:

pranciol 3 mg/kg) reduced he SHT upake lnto
plateleta by 50% 10 human expta. (Grobeckes ct al,
1973) Skouler concentrations of propraoolol are
protably reached afier 2 mp Ly i e present
expts. Under normal cooditons mors (han $0% of
m&mwrmm.mhumwm
platelets before reaching the liver Jaffo et al 1977)

mt'tn:(ﬁ; 1} was showt 50% In the pro-
{78 % a3 & wmor but constand sec

Of the poctal pluscs S-HT aficr the
Hewlaton i 38 and 30 mum,

ory mcrease
el

PCuasion

~ ek sy denovstcates 2 me of the SHT
mokalyg » portal plaama alter vagal nerve
Sampey Thcame‘c,Mby
w2 oud 0w unce wplanchc blood fiow
Yo iog bt rather wcrcased Aller agal
Artgee o ¥ Enler 1968, Martnsson 1965), The
lu;}.mlm“h“““'mlw

b’MMM

indwatiog that intubipon of thit mechast

uptake resutting b high plesma SHT levels,

The present resalts are m sccondance wuh the
P‘"Wmmmmwmmm
n tracellular lovels of SHT 12 EC afer effesent
sumalatios of the vagal nerves was blocked by
Propranolol pretreatment. Removal of the supenor
cervieal sympathetic ganglia oos week prior (o the
Experiments also biocked the vagally taduced SHT
decrease bn EC wdicating that Mdrenerpic nerve
mmmmm“mm‘b‘

Acks Pl ol Scwmd 1O
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Fig 1 Dugram illustrating the changes in portal plasma 5-HT concentrations (meas
values) on efferent vagal nerve stmulation bn untreated cats and cats trested with
varous dosea of propranolol based on the values given in Table |

fasted for 24 h but bad free acceas to water Anestbesia

Assay of S-HT in plasma The plasma conceniralion o
S-HT waa o ined by the modified fluonmetrc o]

was mduced with ether and Ined with ch
(50 mg/kg of b wt ) Blood samples (* ml cach) for assays
Of HT werc drawn before during and after nerve stuma
llmn(uccordm;lotbe!lmeschcdukhﬂg.l)thrmmhl
catheter 1nserted into the portal vetn with the
tip 10 the Uver hilus reglon For volume replacement all
nmmlk“mwmmlo(phyno#ogululnclhrwzh
the femoral vein before the Inltmtion of electrreal stomuls-
ton and additlonal 10 ml was given dunng stimulation
Bloodmmple-wcreuorulonvccwhmgthcexpu and
then centrfuged Tho plasma wa kept frozen until the
[TTeY ]
Nt e tm ! non The vagal nerves were dissected
free at the cervical level and cut The distal ends were
placed m clrcular ciectrodes msulated on the outskls A
square wave impulse gencrator (Grass matruments Co
Model §4) was used for the electncal sumulation Both
vagal perves were stimulated umultancously for 15 nun
with supramaxmal parameters. 20 V 2 ma, 8 Hz. The
efficiency of the oerve sumulation was judged by the
p:zsmceo{h-ndywd.l.n fall 1n blood pressurs and small

bowel contractions.
Experimental groups 7 cals served as controls 1o 4

cautbcndrcmhwcr:buhlcrnﬂyhplcd lzuuw::;

propranotol (d 1 propranciol Inderat® ICH1
S;T:mﬂdosa-zmﬁk;bul a3 a bolus dose 20 min
before the stimulation (6 cats} 075 mg/Lg b wt. as a bolus

and [n additon 03
0 min before the
dout bwi /15 qun As 3 constant mfusion dunng the

dose 20
cats) 0.075 mg/hg b wi. as a bolus
ﬂm(L;MMmmmomm
b wiJ13 min a3 8 comtaat fusion b

Qcats)

ArmPhuols ud 107

of Cox & Perhach (1973) for braln tlssue Bncnyrh;
metbod conslsted of vortexing 250 ul of plassa wik

ml n-butano! for I min folowed by shaking for 5 s cad
mechanical shaker at 160 osclistions per mouic. T
mixture was then centrifuged 1 3000 rpen for $ min &84T,
Al.lmhqulo(hnmolphuwuums{n'rullﬂl:"a
contalning § m! of n-beptane and 12 ml of 0.1 N G
containing 0 1% cysteinc, The muxture was shakew for

min at 160 oscillations per man sod then ceatnfeged o
3000 rpm for S min Ono ml of squeous phasc was wak
drawn and mexed with 0 4 ml of 0.012% o-phthakid
debyde m 10 N HCI T}mmmmhnl:dnm‘:‘“
water foc 10 tun  After coolusg, the floorescence of

sample was read ar 470 nm afler belng excited o 360 na
on an Amnco-Bowman  pectrofluonmeter The recemn ey
of £ HT ranged from T2-81 % sod the assays w.cre e

ducible w thn 5%
¢ tisties Wikcoxon s teats for pawred acl unpared da |
were used

RESULTS

In the control cats (x=7) the vagal nerve stimulation
caused o prompt and steady incrense 10 the
plasma S-HT levels up to a maxlmum of .50% of *
witial levels after 15 min stimulaton (Table 1 amd
Fig 1) The increase was significant already after 3
min (P<005) After cessation of stmulaton the
3-HT values werc normal within 10 min In the 4
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Tk | The SHT comcentrations (ngfml) in portal plasma of wntreated cat cois with Apated adrenaly

wad caty tromed  ith proprancéol ( -arrows dases) before
hmdmwmmw

during cad after dfferens vagel nerve stmulation
froca the changrs m 3-HT b oy maticatad by (£<005)

Tutwd Dm-lunpl-.und.dnl After vagal w. stoodaton
fresrr i dinis—— el
3 ) It [t o b2 x
v 13110
et 97417 M6e3 43EO  &TEss L 08t
B, EE 2 s oS5 B DS BN
NTEU IALIY
P, L 85 u:» i 26rel  Sierle Dol B2p2 2SR 512;54
Mgl 0 K Wed)  0tA Rpy  An4 WA Aa 68152
61 wa Lyetion of the suprarenals the SHT re  during the Gl part of the simulation Since

v wxy skomeT m onset but reached the samo
e e ot 15 min sumelation as m the coo-
onl rowp (Tathe 1).
Prsresolol dad not completely block bt re
ek snd atered the respomso to vagel stimulation
Hll e doses teated (Fig 1 and Tobic 1) The
Pk 5-HT levels was now seen after 10 min stisng-
Lexa (mutead of a1 15 mia 21 1 the control group)
Soncd by a vt of plances S-HT to basal evels
%13 ma stunatation. The difference from control
hmlaon withou! propeanoiol treatment) was
sigaficant (P<005) for

paulphmdmmtkmulomho{nplmn

Tation m propranciol pr 4 cats were stll
mh:@h.ﬁnmybcdmw-p:wunun
snt release of SHT 1o an kntally reduced blood
fiow or a combmation of the two altermatrves. A
redoction of biood fiow i Iikety 10 ocrur afted pro-

* 8 og'kg aiready a1 S s wtirputanon and for ell
e proposaokol groups at 1S min (end of stsmals-
) (Tabke 1) Durmg the firsz 10 mun of stmule-
A te biockade after the hughest dose of pro-
Kol secrred 10 b bess effectre e altbough o ug-
Mot difervace between the anous doses of
Poprzokd could be demonatrated. Tho redoction
¥ couirel of the SHT bevels afies propeanoiol
T ke dogrther), calcnlated by i

pranolol (3 mefkg) reduced the S-HT uptake o
plateiets by $05% 1n human expis. (Grobecker et sl
1973). Simubar concentrations of propranolol are
probably reached after 2 mg v 10 the preseal
expts. Under normal conditions more than 505 of
tbe SHT reeascd from the gut b taken up mio
phatelets beforn reaching the liver (Jalle ctal 1977

St areas (Fig 1) was sbout SO Ia the pro-
kol gronpe (here was 2 mwor bt constant sec

o ) Bertana of the portal plasma SHT after the
of welaton a1 and % mm

Dscussion

‘mp"n’\‘mﬂdmmununnudmcs—m

that minbx of thes

propranolol may coutnbute (o an mcresse of the
meatared portal plasma SHT levels. Thas, even if
the bigh dose of propranciol further decreased
the S-HT release from EC this effect may bavo
been matked by the inhebition of the platelet S-HT
uptake resultm 2 bugh plasma S-HT levels.

The present results are fn accordaoce with the
previous cytofluormemne fndmgs tut the decrease
@ intracelhular levels of SHT 1a EC after effercat

decrease m EC mdicating that sdremerpe perve
8 fjom thoe peck ganglia » erw medlating this

Acte Py wel Scomd 197
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Flg | Diagram Dhustrating the changes 1 portal plasma 5-HT conceatrations (mean

vatues) on efferent vagal nerve sumulation in untreated cats and cats reated with
various doses of propranolol based on the values given n Tabke 1

fasted for 24 h but had free access to water Anestbesha
was induced with ether and maintalned with chioralose
(S0 rog/kg of b wt ) Blood samples (2 mI each) for assays
of S-HT were drawn before during and after nerve stimu-
hm(-ccordmglovbeumndwdukmr-‘u.l)lhmughn
bepanmized catheter inserted mto Lho portal vein with the
t1p In the i er hulus regron  For volume replacement all
anutals were given 10 ml of physiological salme through
the femoral vein befoie the utiation of electncal stimula-
ton and additondl 10 ml was given dunng stimulation
Blood somples were atored on ce during the expts and
then centrifuged The plaama was kept frozen unul the
assays
Nene sumnlaton The vagal nerves were dissected
free at the cervical kevel and cut The distal ends were
placed m curcular electrodes nsulated on the outside A
square wave Empulse generator (Grass {ostruments Co
Model §4) was used for the electrical stimulation Both
vagal nervey were sumuldted mmultancously for 15 oun
with supramaximal paumeters. 20 V 2 ms 8 Hz. The
efliclency of the nerve stimulation way judged by the
prescoce of beadycardia fall w0 blood pressioe and small
bowel coatractions

Expeiimental groups 7 cats served a3 coatrols. In 4
cats the adrenals were biatenally ligated 12 cats wero

propranciol (d I-proprancio] Inderal® ICD) w3
shen ngj‘k;bﬂulbohldme“Olnn

1 doses 2
l‘;l:[(r::nlh:mmwbn(ﬁau) 075 mg/kg b wt asabolus
doummmbd'orelhculmum»nnnlmnldmnoj
MbmJlSmu-cmwuﬂm‘mm;u;
stumubation (3 cats) 0.075 mg/ig b wi. a3 4 bolu dose
nunbdmzhcmmuuﬂoumdmudubuooxmu:
bthlSmhulomMn{uMdumu!hcwmum
(3 cats)

Act Ph ol sc w17

mdston 7

1" n n

N HIN

Assay of 5 1T in plasma The plasma concentration of |
S-HT was determined by the modified fuormtne mxtbod
of Cox & Perbach (1973} for brain tssve Roclly te
method consisted of vortexing .30 ul of plusga o 3
ml n-butanol for | man follosved by shakung for S pmoad |
mechanical shaker at 160 oscillations per manic. T |
raixture was then centrafuged at 3000 rpes for $ min #t £C.
A ndnlnquo(o(hmﬂptme‘umﬁmndwlw.
containing 5 ml of n-beptans sod 1.2 ml of 0.1 N KO
contalning 0 1% cystene Tho muxture was shakes a3
min at 160 oscallationy per mm aod then centnuped ¥
3000 rpm for 5 mun Omrnlu{nqmouprucln‘l*_
d.rlwnn.ndnuxcdvil.holmlofoolz’;ophw‘
dehyde [n 10 N HCl Tho muxture was heated ia bossg
water for 10 min After coollng the floorescence of U &
samplo was read at 470 nm after being excited ot 360 W8
onan A B. spectr ol The recorery ;
of S-HT ranged from 72-81% and the assays were Fpr
ducible withn 5%

Statistics Wilcoxon & tests for paured amd unpalred 3 3
were used

RESULTS

In the control cats (e =7) the vagal nerve stimulation
cnused a prompt amd steady increase in the postal
plasma $-HT levels up (o @ maxmmum of S0F of
wnitial levels after 1S min sumulation (Table 1 and
Fig 1) Tho increase was significant already after §
min (P<005) After cossabon of sumulation the
3-HT values were normal within 10 min I the 4
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ith figated adrenals

ronons (ngind) ia porial plasne of unt rated cals cats »
I:;y::mﬂmuddhmdmﬂ)bdw during and after effe e agel e simulation
h#d!ummmﬂwmmeanThwwh F<ass)

M

Tl Dunss vagal a. sizaluon
s ————

v H w 1 g 25 Fd
9 1L
7417 3%l ore  dne _13 AL
presy eda 4 Tkl iy Wirme MR 3185120 rr}%g 33;?
Sreen.  BIOBE BT i 5 2R
1 3 191438 +41 ha
Prpsmmcicl, § K25 nwta"tr-)h i@ Ba3  Aaia) XA Ara  WSEI HIEH

b bpaton of the wprarensls the SHT e &mmcﬁmlp-nolmcmmhﬂpaiod Since
W\nsbu—amoumhnrn:hadmannx chﬂlhth“ﬂ(dowufpmprmOWl&:d\ﬁ\

mumz leved ot 15 o stumilation a3 m (e coa- Wmdfcarwhmhmpea.lwtuﬁcﬂ—d-
' groop (Tabie 1} fenacEper

mechanim secan probeble.

Proprancid dKd nat completely block, but re MManwlmc&HTmWh
‘et e ahered the respomse to vagal stimalsCon Mﬂplnmé\nh\l\hn(h-nlomolnplm
a3 hres doses tested (Fig. 1 and Table 1) The stkmilatson @ propranciol can woe sill
M}mbdjunmuendzammhnhm- vtryh\da.'l‘hhmybcdmwapmpnnddrmm
fiton (mexcad of &t 15 min 43 m the control group) sot relesse of SHT to an futally reduced blood
s cd by & return of plasma S-HT tobesal vels - fow oo & of the ™o tives. A
115 s stemajaton Tho differcoce from coatrol reductaan of blood fiow 13 hkely to occur after pro-

Gmation wxhout propranciol treatment) wad panalol  F through  its bra

gnfeant (P<0.05) for proprmolal \inng effect progranckol miubits the aplake of
16 mgikg akeady at $ mm sumubation and for all SHT wio phasiess. Onl sdminismation of pro-
2 propranoial

o o1 13 @m (end of stimum- wwdol(Jmu'k;lrcduwdmcS-HTmulnm
“n) (Tuido 1) Duoring the firsa 10 mun of stlmals- pludcubyw%nbummcwu.mmbedaau
u e Hockade after the haghest dose of pro- 1573} Sumilar coocemations of propranciel arc
ookl sermed to be less effective sithough RO K8 ceacbed afier 2 mg & In the preseat
i dfference between the vanous doses of mummmmqud
opaaciol could be demonstrated. The reduction the SHT released from the got B8 (aken up ito
"om control of the $-HT levels after proprancicl plalelets before reaching the ver Jaffe ctal 1577)
 "meps Laken together) dated by w indicating that «tion of this mechanism by
e scem (Fyg. ) was sbout 505 [n the pro- proprandlol may contnbute to an icrease of the

measared portal plasma S-HT bevels. T even if

kol cronpe thers was 8 MmOt bot CORTLAM woC
Wy merease of e portsl phanans SHT #fter the

tbs bigh dose of propranolol forther decreased
dof wanutation a1 28 and 30 mus tbe SHT release from EC, thes effect may have
been maked by the inhibitioa of the platelet SHT

| scussioN

uplade resulgiog in high platams SHT bevets.
The The presest results are s accordance with the
present sdy demoastrates a rha of the SHT previous cytoltuonmetric findiogs that the
Soceatraion W portal phama after agel nerve 10 mtracelutar levels of YHT m EC after efferent
samdanon Thus effect caadol be explamed by  stmuhanow of the vagal s by
Quages m blood flow smce splanchaic biood flow propranciol pretrestasent. Remo al of the seperior
,, mol redoced but mther incresved cervical syrog oo oo
S, on (Kew enter 1963 Martauson 1965). The qmmh‘“mw‘h‘ ©
,t:mm}-HLcmc:ﬂrubuu.npl dec i EC, ‘m'wm:od}m
- most obry y m’“m“"‘“’“"m‘mm‘m‘

\ Ak 1 el Scamd 67
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response {Ahlman et al 19765) The previous
cytofluonmetnic and the present studies together
indrcate that vagal nerve stmulation causes a re
lease of 5-HT from EC nto the portal blood and
that this effect 18 ot least partly mediated via
a  B-odrenoceptor mechamsm  Other neural
mechanisms may also relense 5-HT from EC as
studied in the rat (Tobe et al 1976) In vitro studies
of the rat duodenum by cytofluonmetry ofter drug
incubations not only supported the probable exist

Jective evidence for the presence of SHT m i
myentenc plexus of the ginnea pig. (c) The poss
bality of an indirect stmulation of the EC by n |
creased mtraluminal pressure or acud pH m thy
duodenum (Bulbiing & Crema 1959 Resmcl
Gray 1967) after vagal nerve stumulation canaod b
ruled out °
The results of the present study coofirm the exs :
ence of n f-adrenoceptor mediated 1¢kease of
HT However the 1esults also suggest that oihe
for $-HT release may be unohed 1l

ence of a S-adrenergic release h for -HT
from EC but also suggested a cholinergic
mechanism (Pettersson et al 1978) However 1n
the cat atiopine could not block the decrease of
5-HT in EC after vagal stimulation (Ahlman et al

19765) ndrating that in this species the cholmer

grc mechanism 1s of less importance

1!

the total response on vagal nerve simulation. ‘

Supported by the Swedish Medical Research Cous ™
(Grants pos  [TA-05220 OO 207 GHP-1TIS ﬂ‘\
Goteborg Medical Sockety (he Swedish Sockety dllnh‘l
cal Sciences the Medwal Facolty Ushenzy o

Gdteborg: the M Bergvalls Foundatwa and H ad G
Jeamsson s F d: The techakcal apistance of Hn >

Using fluorescence mucroscopy
containing nerve fibres have been demonstrated in
the cervical vagnl nerve (Muryobayashi et al
1968) Adrenergic nerve teiminals have also been
observed near EC in the intestinal crypts (Ahlman
etal 19764) Part of these termunals probably ema
nate from the cervical sympathetie ganglia via the
vagal nerve s Indicated by studies using the retro-
grade HRP tracing technique (Lundberg ct al
1978) Ultrastructural studres have demonstrated
autonomic nerve endings of cholinergic adrenergic
and peptidergic types near the base of most EC in
the crypts of the guinca pig duodenum (Lundberg et
al 1978) Furthermore a true synapie betwecn a
probable adrenergk termunal and & basal-granulated
gut endocrine cell was recently demonstrated m
the rat (Newson etal 1979) Thus a morphological
basis for an adrenergic neural control of the EC via
the vagal nerves has been established In additron
circulating catecholammes released from the adre-
nals at the fall in blood pressure may also contribute
to release of S-HT from EC at vagal nerve stimulo-
tion. However in the four cats with bilatcral lign-
tion of the adrenals the 5-HT level after 15 run of
sumulation was the same as in controls although
the inital nse was slower (Table 1) This clearly
indicates the importance of the direct neural influ-

n the S-HT rekease
"ic:mpmnolol resustant release of S-HT on vagal

H Anderson is gratefully acknowledped. .
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Menosine3 5 cyclic monophosphate calclum and
magnesium excration In ethanol intoxication

wd hangover

[\KEQ UNKOLA, FREJ FYHRQUIST and REINO YLIKAHRI

Toucria It (ox Mechoal Resenceh, Hesaky, and Thind Departuent of Medehe,
Camersty of Hedokl, Foatand

Maoxoe 35 cycie mocophosphate (CAMP)

D8 8 rensd eofbistar

LINKOLA, ] FYHRQUIST F YUIKAHRL R Adcacine §° § cychs mosophos-
pbate, calom acd magneium  Ictehom m ethanol cloakanom Ao
Paysial Scand 197 107 333-337 Raceived 20 Aprd 1979 1SSN 00016772 Moastren
Lystuusts for Mbadxcal Research, Helstald, 004 Thard Depaetment of Medscine, Unrenaty of
Hebunkd, Flolod.

Effact of tduol on adtontes 3§ cyclc mosophosphats (cAMP). calcioa (Ca) aod
]

aad My tatabolure and the srsceptitaiaty of th body 1o the toxic efects of sthamol ap-
pesred 10 be mterreiated.

Kry ords. Cyclc AMP cilcom, magaesium, citasol

for

op cretion of cAMP Ca and Mg dering cthapod me
UTHy wbach egobuzes photphate and calcrum (Cs)

Drldokin (Chase & Awrbmch (967 Masay &
10 1973} (0 acititoon remal tubslar transport of
HPM to shwo  comunon

G

Toabsorptive
St wah magnesiia (Mg) (Samly et of  MATERIALS AND METHODS

P4 Cotarn el 1977 The

may acutely wcreass serum Ca and 100r mmm
Hc photphate cooceatranon, but 10 UNTAY e Seven
Sreion of these was w man (Kalbilersch et ol o 16

k$™) contaong 100 mnal
™, Mgrkkenca & Ranid 1966) On the other rodmms (Na) 10d %9 soxzed

Al chiome: huanan sicoholica trequentty drsplay P28 of Uve Sa day the
Mol wnm Ca alves (Marhn of W 199 'L“y“’-ﬂllm
Bakoiten ol 1964). Purthermore ethanol has haied 0 6 p

= 450 %eTa fion or 22 . Fro g
2o 10 snduce P taf b they 2 o

Wypomagnesemia (Fok etal. & m pext WART 10 wil/kg. At
4 Heaton t Wl 1962), which reportedly ts | ey gt DT TS ke S mlig. A1 19

L.,

of urmary Mg lous (Heaton ctal 196, . They ki smckig to et et oo a a
h et al. 196)). Because recent observ.  SaT Rl (abowt ) kealiy, 100

oy (Lakola ot al. 1978 Lidola et al, 3979 ndr- "o ™)

Sl brpbasac effeets of eihanol on water wod elec d:“-‘-m Lo morng of the 7

ol Na and 50

day the sacne proce.

Greaher M repeated, eXv tht vopies

A P Scomd 287
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Table 1 Urinary cAAMP excretion subjects 1<V 1 in pmollg creaumne dunng contr N(C) und cthanol 1}

e\periment
[ E
p-m a.m pm m c E
Subject 69 512 06 612 [ SR 06 6l Totd  Totl -
1 165 8 2.5 168 142 “ 8l 650 13
i 209 126 & 13 133 311 e 92 83 98
U 133 .8 #8018 047 10 147 852 4m
v 188 1% 148 133 148 093 150 38 6.1 6%
v 318 940 6.09 167 378 IE;] 1867 1039
vi 341 38 381 2 315 297 332 3w Bu L _
Vil 165 169 13 163 185 030 168 LS IR U

the evening was replaced by 15% w/v cthanol (10 ml/hg)
Urine was collected 69 pm 91 pm 0-6 a.m und
6-12 am Unnc cAMP was determined by competitive
piotcin binding ascay (Linkola & Fyhrquist 1978) Ca and
Mg concentrations weie measwied as desctibed (Yhhahti
ctal 1974) Hewlett Packand 9810 A cakculator was used

n pabied ¢ test analyses.

RESULTS

Urinary e¢xcretion of cAMP was primarily sup-
pressed by ethanol 1n § subjects (all but 1 and vin
(Table 1} In 4 subjects (I I 1V and VI) cAMP
excretion was stimulated duning hangover (6-12
am) In onc subject (I} ethanol only enhanced
cAMP excrition Statntically sigmficant effects of

ethanol on cAMP exeretion weie not obser ed

There was an imitial stimulated phase in Ca excre-

tion due to cthanol in most subjects (Table ) but i
»ome subjects (1T and V) Ca exciction was amplified
also 1 later phases of cthanol ntoxication Totally
cthanol appeared to increase Ca output in 3 subjects

Tabke * Unnary Cu excretinin subyects I-V 1 in

(I I and VI) but decrcase 1t in the othef fout
subjects The suppression of unnary Ca output dur
ing hangover (0-17 a.m ) was almost sgndianl.
(=2 176 P~008) Thus effects of cthanol on Q2
cxeretion appearcd to be biphasic

In Mg excretion there was an ethanobisduced
stimulated phase m 6 subects (all but V) (Table 3k
Enhanced Mg output appeared 1o be moe which
distubuted through the whole measured perwd #
«thanol capenment than enhanced Ca oulput To-t
tally an $ subjects (all but 1V and V) ethanod w
crensed Mg encretion No stanstically wigndicsnt
effect of ethanol was observed

Amphfied cAMP excietion was in some enes(ll
VI and VID clearly simultancous with attesu-sed
Ca and Mg exctetion and conversely i e subgdt |
(1) The symptoms of intouication and hangnet ‘
ate represented In Tuble 4 Subjects 11 11 asd Y}
having the loweat unnary Ca excretion and the ke :
est mitial cAMP excretion after cthanol slso had \
nousea and vomitus and the most s¢nous subtesiine

Hdurng,  san d (C) and ethan N (E) experimeal

c E
pm am nm
Suget 69 %12 06 6l 69
3

04 0.81 (1813 04
I 041 om0 039
1 8% 8B o1 om o8
ootm gy BGE
tud 1S

v 0.5 04

i B 0% om am om

Acr Piowd Samd 107

m

b
12 (S ] Towat  Towl
0m 061 0387 o240
030 055 062 10 %
0% o oW 1. |
048 0. oM 4o
03 [Ri 34 56
ovs 01 o 14y 26
1o 168 RX L N
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Like ] Urinary My excretion ia subjects 1 Vil in mmol during ontrol (C) and ethanol (E) expervment

c E

1y o po (-9 c

Mt 60 o2 o6 e12 %12 06 612 Toal  Total
! 1] 03 o3 06 07 06 13 4
1 L e7 12 13 1T 06 15 14 43 46
z (LY} 03 09 11 0.4 11 32 )9
¥ Qv e 0% 10 a7 07 0s a7 312 28
) (LS T4 s a3 11 o622
n 7 04 06 07 12 14 07 05 24 313
n " o e 13 04 13 30 42 47

8 of heogover Results o blood ethandl, vaso-
Fesa, roe, aldosterone corthiol urine output,
n wmd potassion were described y m

and Mg vaned conudenably The low est Ca output
mmlhewb,culutnvma{bcmouprmmc:d

& com oumal (Lzkota et ol 1978, Linkola ef at.
B Sebect 111 baviag in those previous stodses
Redzbest udocrine respomses t ettanol also had
*“ﬁmm&wmmm
ETens

MSCussion

DN (54 631 21 of etbranct Entonication CAMP
Hion w3 lower than durog the cormexpoadng
:‘“"L&umut,caunhhnmﬂybe

© e swppressed PTH response as has beca
Tomied m s (Peng & Guteiman 1974) It bas
Seay been reported that danag o or six bours
::‘%mummmmmx
- W 1978), bt the comrespooding data on

y these subjects also had the
::m“a“"mmsmdhuwlmdwap-
decrexse of plasma sopresun after ethanol
‘R“""[Lnbhud 1978 Linkok et al. 1979)
Y DXTeancs serum € (Kalbllensch
“‘J%J Markinen & Naais 1966) This may
*PPieson of PTH response in kadneys
\‘;‘kuum; Thus. bigh Ca output m sutpect
wnog 506t Bgh renal Ca wupply and suppres-
I MNP:mmbymbu.nqum_
atrol expenment

Ty excretion of Ca

after cthanol, and the highest
Ca output was in the subsect VII with low endocrine
responses (0 ethanod (Linkoka ctal 1978 Linkols et
al 197 After ethanod ingestion, all subjects had »
phase duneg which Ca excreton was enbanced
I.hcncomplndlolhtwuuolupalmcmlTlhh
) However only m 3 subsects (I 1l and V1) the
total effect of ethanol was stmulative Ttur
nlnnduhbuﬂyhdnb(vhmeﬁcuun&nuo—
tion.

Increased urmary output of Ca has been de
scrbed A man dunog ethanal intoxscaboa (Mark
hm&Nlmol%LTbuptwr:amuw
ummummymunmﬂqlhenrlyphgo{
moxcation. Subpects It UL and 1Y having naasea
M\mmmmmwgm
of hangover (Table 4)
wlpmdunnucth:unpmmu(‘rmez) These
susbgects also had the komeat CAMP excretson fn the

Table 4 Subpecti Seeling of hargorer and
ng duming ethanol experime

" Vomstzg durmg
P S

Sabgect ol [moticr Hacy

55<2857
4
.+
Vi
I+ 3

..
{
{ ]
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carly phaso of mtoxication The cause or effect
relationships of thus ph re d unclear
However the finding that subject II1 having the
most pronounced endocrine responses to ethanol
(Linkola etal 1978 Linkolaetal 1979) also duting
the control experiment hod the highest renal Ca
conservation may suggest an assocation between
individual responses to ethanol and Ca metabolism
Results in subject IV support this assumpton In
terestingly 1t has been previously reported that Ca
metabolism {s associated with ethanol tolerance in
rodents because intravenmcular CaCl, enhanced
ethanokinduced slecping-time and behaviornl n-
toxication n rats and mice (Erickson ct al 1978)
Blood ethanol curves (Linkola et al 1978) indicate
that responses to cthanol are hardly due to differ
ences in blood ethanol concentration Moreover
subjects 11 IIf and IV had blood ethanol peak
concentrations later than other subjects which may
indicate their slower ethanol absorption mte from
the stomach
Stmilar two phases as in Ca excretion were not
scen in Mg excretion after ethanol ingestion In
many subjects (all but IV and V) stunulated Mg
excretion continued sull dunng hangover Urinary
output of Mg and Ca appeared to be at least partly
conversely related to cAMP excretion because of
the concomutance of low c¢AMP excretion and
stimulated Mg and Ca output This 18 1n agrecment
with the generally nccepted idea that parathormone
and cAMP decrease Ca and Mg excretion (Massry
& Coburn 1973 Kkuntzinger et al 1974) In subject
VY with the highest cAMP output cthanol was not
able to increasc Mg output at all On the other hand
before the beginning of the expenment this subjpect
extubited a surpnsingly low serum [Mg ] (070
mmolfl} which may have limited the mereasc in Mg
excretion caused by ethanol (Sullivan et al 1966)
In other subjects serum [Mg ] was within normal
limits and no corrclation was observed between
serum [Mg ] and Mg excretion If the excretion
volues of Ca regarding this cxceptional subgect V
are not taken mto account Ca excretion was stimu
lated (subgects I 111 1V VI and VID or unaffected
L 11} by ethanol dunng 6-17 pm  (pared
(subjec 2170) Also tho conscrvatwn
-5t values was
cretion fs more obvious after this
phase in Ca ex { test value was ncreased
manipatation (,sa:l;tld which means significant Ca
from 2.176 to e P09
conservation during 0-1= edly a more frequent
Hypomsrﬂ’:"‘“" i repoft

Acta Psad Scand 17

and long-lasting consequence of ethanol dnsla
than other clectrolyte changes (Martin et al 195
It has been suggested causatihve to ethin
withdrawal syndrome (Victor & Wolfe 197
Hypomagnesemla may also cause tremor hype
imtability (Flink etal 1954 Fankushen et al. 1%
and decreased response of target organs to PT
(Rude etal 1976) Furthermore low Mghevelshar
also been suggested to predispose subjects tohave
severe hangover (Ylikahit et al 1974) Thws ol
symptoms in subjects 1} [ and 1V (Table 4), the
low ¢cAMP output and high Mg output in subject
may reflect Mg depletion This mght also expks
why cthanol drd not significantly increne ¥
excretion in the present expenment (Sulhiva et
1966) Previously it was already suggeated that sl
Jects 11 T1{ and 1V had lost K (Linkola ctal 1978
Thus excessive leakage of ntraceflular cations N
and K may be associated with the symploms «
subjects 11 11l and 1V The study provides cvdenc
that Ca and Mg metabohsm and the susceptibiy
the body to the toxlc effects of ethanol are lntern
lated
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dodification of human pain threshold by specific

xtile recoptors
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patireays

with condbouny
mﬁmmmmdmmmmo{w

Ky onis tacte fibers, pein coadoctog patimays, cro-podal mbdbxion, Culsneous

ot

V4 Crocjey Do (1960) observed an clevanca
® mbxcive threabokds for detecting paln in the
FEeace of vibraory stcolus of 60 Hz at wa ampli-
Yok of 4 oy peak-to-peak. Later rt has beea shown
&%t wngixnde Lo at 60 Hz by Wall & Croo-
activates both Pacinian and lotredermal,

"y mirpting receptors (Talbot et al 1968, Mer
19k & Harringion 19691, Tadbot et ol and Mex
%k & Hummgton showed that high frequency
wcal brulon st low ampitudes act! ‘aled

Tually Pacinasn receplons, whereas low fre
"y and ow ; od .

whether swbsertive pan thresbold to electric stimmll
could be clevated with sticnlation of partccular tac
tdle receplor groups.

METHODS

Wawn mtradermal receptors.
Fonezion o 2} (1977) examined buman detec
% Seeiholds for bratory stmoub when different
:: TEPtOr groups wero umultancously acti-
kol by mechasical vioradion of 30 13 300 Hr
pliudes. They observed elevations bn detec
58 threxiohds w ben preferentally Paciman recep-
S vemacuvaed by condionmg wimlation No
Mn @ detoction thrtahiold was obseryed w hen
wecthely moo-Pactman miradermal  mechano-
PO w e actn aked.

mm’x{‘mm‘m-numm

the sgral of whuch was aoepifiad by
comn entiooal power ampifier Before the

s of thas imvestigacion the sowcting W"‘dh"
vibcator wae daot with m‘ww

Wamll were of 2 frogoes-
towdal at 200 aad 400 s (pea-

-
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Table 1 The thresholds of one subject to painfil electric stimuli withour and with each conditionis
vibrotactile stimulus and the percentnal threshold elevations wuh simultaneous conditloning \ibrotactd
stimull and the statistical significances of the threshold elevations

The number of measurcments was lOw‘lUnu!VibﬂLhmdSvmhvﬂxujouhthmﬁbn N3 means nonsignalicss

Pain threshodd 1n mA
Conditioning Without With
stimutuy vibration vibration
20 Hz, 200 um 01010 00 0101000
20 Hz 400 um 0111002 012:0@
40 Hr "0um 01040 00 01410.02
240 Hz "00 um 01210 0.2110 06

to-peak) amplitudes was used to activate preferentially
non-Pacinlan tactite receplors (anatomically Melsaner
M:rk:llndmxﬂ‘inlrecepmn) Secondly a sinusoidal vib-
rl&mo(’wﬂzulﬂmd"mpmmpllhxiawuuwd
to activate Pacinian receptory (Talbot et ol 1968, Merze
nich & Harringtoa 1969)
Accmdinamthredmldenhmﬂommhumhwyuun
vﬂrnloryltimuudml-lzum;.n.mlmpumdnmdd
Zszn‘Oummphludemm;hlyofnqualwmcc
tive magnitude (about 2-3x threshold) and 400 pm at
20 Hz ks about 4x threshold whereas 200 um at 240 Hz
hlbotnzﬂxm:hcld(Mmmkh&HnrdnEtm 1969)
Ekcu-kp-dmoflnudumlm(wﬂhommhjeao{
8 ms duratlon) were used a3 painful stimull Pulses were
appled from Nihoa kohden MSE IR function geoerator
vthbouthkuMSE]lehMmthlGﬂnCCU
L A constant current unit From the constant current uait
Lbccbarwwhamnppllcdwmﬁlnbymcbtdy
lplochb-ZuCup—dcclmdno{!:rundhmclcr Thbe skm
was cleaned with akcohol and the electrodes wers smeared
with electrods pasto The electrodes were placed about 2
4cmdmallyfmml}wtwunm-pmbeo(lbcmcchmjaj
vibrator Subjtcum!mlmctedlortponwbenlh:y
(rst felt a parn that coukd be described as piopnck The
mmm:deoflhuekcu-bmmlpveummomlvca
could be vaned and durmg a singls trial the Intensity of
current was increased until the subsect reported pain It
waa not poasible to begin the tral with auprabminal io-
tmxhnnmmdwuulbeqngtbcuc:unlbcmb
expreme paim only shghtly above Uho pun thresh-
ﬁ‘%mtmmummmms-lom
furing each conditicalng sumulus Priot to the exper-
ment control paun thresbolds [0 mA were determined so-
mdyrofmhmhjtduu-vma:di-mmm
meats. During each paun stinuubus the threshold m mA was

ralistical calculasions.
mm%amumkuwm"’w”'

20 min fc cach individial and the duratlon of the thiesh-

At Pinsol S and 107

Percentual of clovation

¢levation P

(1) Ny

91 N !
00 0.001

30 0001

ol determination in cach coodrtion was usuly sbowt |

min The order of the conditioniag vibrotactiie silngk wa
in every £ 20 pm 240 Hz, 200 un 20 Hi

expertmen
200 um, 240 Hz, (400 um 20 Hz was used only with three
subjects) \

RESULTS

The pan thresholds without condstioning stumub,
varled between 0 | and 1 2mA and the mean for ol
subjects was 040 mA The mn;coi‘mcsmdm,!
deviations of the pain thresholds vaned bﬂ‘m‘ )
000 and 032 mA and the mean of the standx
deviations was 0 07 mA

Table | gives the results of onc subject @ &
ferent expenmental situations and statistical stgml
cances of the results

None of the 7 subjects showed significantly ¢k

vated pain threaholds duting conditioung stumuli¢

700 um and 400 pm at the frequency of 20 11

4 subjects showed sgnificantly chevated

thresholds dunng conditionung stunlf of %0 um &

ths frequency of 240 Hz and 6 subjects showed 3
nificantly elevated pain threshokls wath condios

stimuli of 200 um at 240 Hz.

munm mean threshold efevation caused by 20 5
40 Hz sumulation was 19% and that caused by
00 um 240 Hz was 40% (Table 2) The statiskal
significances of the mean percentual threshokd ¢
vations with cach conditroning vibrotactile stimulis
for all the subjects are also given in Table 2. The
mean threshold elevation of all the sulpects was
sigmificant with conditioning sumuli of 20 and
200 um at the frequency of 240 Ha.

No after cffects were observed tha pain thresh-
ok d d ly at the ter of
the vibration

Pain threshold during simultancous auditary




Dk . Percentual 1 etions of paln thresholds
dhmﬁrd:hwmfudthuﬂeru
o e armagmhioant

Tho mean thrsahokd Samteal
Gabiuamg  thVEBOR, sgiicance,
i * r<
-
s S4zlloN=D N
It  DEDE DR
B e WerlBig=T) 0

B amem  WIsPIN=D 0@

il of 40 Hz was determmned for two sabgects

0 tguficact ekevation of threabolds was 0b-
el

BUSSION

coonbmg 10 previous sadics (Talbot et al. 1968
(urach & Hamngton 1969) 240 Hz woratioa
roied prefertachally Pacaian receplocs. And of the
%0 umptades used the emaller 0s (20 pm) prob-

a2 mpktade sctivated prefareothlly poa-Pace
w2t et fibery, mott of whach wero activated at
e acopiines.
dhhmmﬂimwu(meumw
paca threshokds when noo-Packnias tactlle
oy were activated. However 6 of the 7 s0b-

‘::’:“h‘“ﬂlhﬂhn-numwm
4 w:‘wmwwam

o 12t pa, thresid caaton How
~ mmm“““"‘c—nﬂmﬂm-}-
* hﬁmnilmmhwm

&:mmﬂﬂ-l’mﬂnmw
1 mout probably peserated Jess perve b

Pain threshold and 1actude receplors 341

pain-conducing
from Pacician aflerents (o 008
umhhﬁ;mh‘lytbyﬂymyﬁlan(\mmd
Fesrington ctal. (15772
O\thcInLllollbcprnmluyahn:ﬂlhum
pmnbhwudnd-cﬂtmn—hdnhnm
ﬁnﬁbﬁ!nlw&u{hhﬂﬂoﬂmw
sistioas ep o bigh
the
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Finng behaviour In a stochastic nerve membrane mode!
based upan the Hodgkin~Huxley equations
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model with a two-siate port  yun was mveslgaled by comgmier

Tt 8 G Gt of two papers discussing the firmg
m'ﬁd-memmm.my
e pore sy stcm. The moded s based tpon (he
W“’iﬂkymbmfwlhaqddmm
“esbnee (Hodgin £ Husley 1952)
+ % Hodgos ead Hundey formulated thewr
:hmmu.mpaywm
B The mterpreation the gave a3 the -
h‘“mﬂndﬂmmmldmlycrmn

oo of the membrame when four
P were

Parametens o and B m the
Nt thy @ the Hodgkm-Huskey

o0t of purache frooe the s Lo the opem
:m"‘“‘m“’hmmmp@
D The phywcd wierpretaion has teen

by the dncovery that wms crons the

mhmmmlymwmwm and
that there i  duTerent pore system for each type of
ioa (Hulle 1970 1972, 1973). The tumplest aascmp.
00 for the Hodgkm-Huxkey equations i then that
exch pore bas 4 gatey nndlh:lm-onnnm}y
pass Urough e pore o b bs of the type admutted by
the porc, and if all gates are open Theword gaze
5 used tnstead of “pactkcle in order (o make It
essler Lo picture the

Otler sourve: bere.
hkn\ummdm TIOrLS ae not
beze, only the effects of con

Acks P vand Scumd 187
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kim-Huxley equations must deternune the prob-
ability of transfer for one gate from the shut to
the “open and from the open to the shut
position respectively It is then a matter of chance
if at a glven ime a particular pore 12 open or shut
and since the pores are independent the total
number of open pores and hence the total mem-
brane conductance will fluctuate around a mean
value
The statistical nature of the suggested physical
basis of Hodghin & Huxley s equations was not
faken into account when these equations were
originally solved the mean values of the different
1onic conductances were then used  For all practical
purposes this 13 accurate enough when the number
of pores 1s very large as 1t probably is n the squrd
giant axon But what happens when the number of
pores s small? And how small must the number be
for these effects to be important? In order to answer
these questions we have simulated a model of the
nerve membrane where the statstical properties of
the pores were taken into account
This statistical model 18 meant to represent an
1solated patch of nerve membrane for instance a
certnm kength of an axon which 1 electncally msu-
lated at both ends The patch is 50 small that there
13 no necd to consider the spatlal extension of the
nerve membrane and the Hodghin-Huxley equa-
tions can thus be used in their simplest form as a
basis for the calculation
The only independent parameters introdiced in
addition to the parameters 10 the Hodgkin-Huxley
equations are the numbers of sodium nnd potas-
sium pores n the patch of nerve membrane const-
dered The results are not directly dependent upon
the actual area of the membrane but the area wall of
course determine the total numbers of pores In
order to use the results presented here to flod the
predicted finng behaviour of a space-clamped nerve
cell or part thereof one should estimate the
pumber of pores in the membrane and then use this
number as the pore number m the figures In moat
actunl cases the membrane will not be described
well by the Hodghin-Huxley equations and
very ted here must then be taken as
the resulls presen!
expected effects of a finite pore
indscauons of the of the next
aumber This 15 discussed at the end

1979)
%&mmptw made here the spectra of

clance
the me ;‘mr:.‘mmm“ﬂlbcmdahcdby
age clam|
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Hill et al (197°) and Stevens (197) for the e
state pore

One of the most important properties of a nen
cell as an Information carrying and processing ¢k
ment {n the nervous sysiem 1s the finng frequenc
as a function of the input curreat For the model
presented here we have obtained the mean fing
frequency and the interspike nterval drstribution s
functions of the jected current and for differen
values of the number of pores

Stein has made corresponding calkculatioas for
much simpler model of a pore system m the Hod
kin-Huxky nerve membrane model (Stem 1963
1967a)

In later papers we shall give correspoadeg re
sults for a model where the spatial extenswon of:
nerve cell 1s taken into account. Prehaninary repoct
of the resuits obtawned here in the later papers kav
been glven ar mectmgs of the Scandmaviu
Physiologreal Socrety (Skaugen 1974 1976), and e
results have been used in a Ph D thesus (Skaoget
1978}

THEORY

Com entions
The membrane potential is here deflned as the p
tential ms:de the nerve membrane relative o U
p jum equilibnum potential which & u:ooli
ingly set equal to zero The membrane polcnﬂid
then always positive, except possibly in the mdc-
an externally mduced hyperpolanzation This
finition makes the computation & ltthe shmpk?
Note that the membrane potcmlla‘lh:mrcmﬂ o e
cell is depolnnzed decreaseif it

The equations found by Hodghun and Huxkyf:
the potential of the squid giant axon (Hodgkm
Huxley 1952) will here bé termed the  H-H" ea%
bons
Na-conducting pores are termed  Na-pores and
K-conducting pores are termed K pores

Assumprions
ﬂnruodelprescmcdhmhb.ucduponwfonaw'
ing assumptions.

I There are no potentlal differences along the
nerve membrane

* Tho nerve membranc coaducts fons throush
pores. In addition there Is a lcakage comductance
whlch Is coastant



1 A particuiar pore conducts only & certain type
oon, exther sochom or potwsaduIn ons.

L AR pores = buch concuct the same type of oo
Lt e s Comckactance when m the open sule.

L Thess & o coupling between neighbounag
3 of pores,

& Exch pors bay four gates. The pord s open
iy § ok Jowr ga1c3 wre Open.

1. The trantation probalulitics of a gate from ons
0 0 aeoibet exther from shut W open of from
#0190 Ut are culy poteatial dependent xnd gt
alyte sad 8 paameiors of the H-H eqa
%

£ The trazrution times of the gates are 10 shott
4ty caa bo tgnored. (The transition thme 13 the
e by the gaty to go from the shut to the opea
o, of vice veysL)

The rt of the msumptions neceasary 1o com-
Py epecly the caodel are stated i the papes by
lolia & Huvey (1957) We will restste the
Ty equations bere.

For 4 paich of membrans with aca A the men
m&mshmwmw

£ 1
&7 (IE-Eedve EopdE-EQ=D (1)

2y s g, a6 (e cqumllbonsm -
B peckic pembrans conductince for tbe sodmm
1 b the tpeeic potessiunn condoctancs (£
&facd 10 bo zero), ad £ s the cquilibrum
Txstal for the specefic membeano leakage con-
2 C s the specilic capaciianco of the
1d  n the spectfic bnpected current.

Note that the area A docs aot appess @
; :_hmumm,_md, depend
. Bumbers y, adw of open Na-pores

ki
‘
¥
z
|
g

,..
“;':"" [ | @
+ :}‘““ﬂ” o the totsl mumbers of Na-
NNXW“-&MMMM
A" T Tatend of 10l poxbers of pores o would
'L’“V*hnbmm‘mlowmm
2] el ess paramctery, tat b tbe poce devsi-
"N the 10tal sumbers are used bocacss we
\mmacnudulounulmthkmadd

Flring in & stochastic membrane 1 MS
with a comrputer The purameters fraand§ e the
wnuﬂuNrdeandmdtbam
when all the pores arc open. [n all of tho cakuls-
tions sod (gures in this paper g and b are taken
to be constants equal 1o thelr valoes in squid azon

membrane.

As [n the H-H equations the firsig behaviour {8
nmmrnwydepaﬂaﬂupmthcmmmm/i
(e the space-clamped case conidered bere) but it
dtpcﬂd!upmlhlnmmNhlndN,olpo:eg,
and ft s thus indirectly coupled to this arca. Note
that the densitiet (g~ &0d guJ of Na- 3nd K-poref,
and the conductances (g,., 30d g,4) of ungle pores
wow 40 pot eater ino tbese cakulatioes. Thit
means thal wo are free 10 chooss any tombiraton
of pore denstics and condoctances of single pores
such that fra=owefra 203 F ~oufw bave tho val
s found ta the sqind giant axoa. We up also fres
g choose any area of (he perve membaane vesth
gated. Tho tota] numbers of pores ae then given by
Nu=oud and N ~peA These numbers sro the
poce nambers used in the figures.

As an cample, let o8 sssume that a space-
clamped axon with menbranc arca A=300 gm® B
investigated. The sxixm pore dMsHY g it taken
1o be 400 pores per pmt 50 thal, 1 ey B a8 b
squid, fyw 1§ taken © be 2 /om=3x10"* MHO
per pore. The injected current is 0.018 nA. The tota)
oumber of Na-pores i now N, =0y,4=12000,
and the specific imected current s {=0,018 nA/300
=6 pAlc® These valoes must then be used b
order to obtala the preducted firing bebaviour from
the results presented ber
For the majorty of unmyelmated nerve cells the
Pporo denaiticy ar penerally smaller than srsamed m
this example whers a realfstic vahss for the squxd
il axon wae wsed Jack 1975) As whown sbove
thess wmaller pove demities we accounted for by
e moded presented here, i€ the conductances of
shagls pores can be assumed to be comrespondingly
luger But tho cooductances of alngle pores sro
probably more or less constants, wdependent of
the poro deattes. That b the maimal specific

o » following zaper whers it is thown that the
resulty presented bere stdl can be lodirectly raed
45 2 reasonable approximation (Sksagen 1979).

Arte Phyasi Scamd W07
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For the squid giant axon the values of the mem-
brane parameters at 6 3 C are

#xa=120 MMHO{cm*
2»=36 mMHO/cm*
£1=0 3 mMHO/cm?
E, =127 0 mV
E; =22 6mV
E\=0
C=1 0 pFlem® )
According to the H-H equations we must assume
that in the Na pores there is one gate of a certmn
type which wo term the A-gate and three gates of
another type which we term the m-gnte In the
k-pores there are four gates of the same fype
which we term the n-gate For the /i m and n gates
the probabilities that a shut gate will open In a time
wnterval Az are oy Af ae Af and a, Ar respectively
The probabilities that an open gate will close i a
time wterval Ac are 8, At B, Af and B, At respec
tively These a and 8 parameters are functrons of
the potential only

a2y =0 07 e 0 BE0 by
Bu=le 9F 4241) ms
au=0 L (~E+3D{e ™ *E ¥~ 1) my
Ba~de £ Wy
a,=0 01 (—E+22)/(e ®'E ¥~ 1)ms '
p'_o l”(wolsm (4)
where E 1 given in mV relative to £

The assumptions siated above together witl the
values of the parameters given here compietely
determine the model when the total numbers Ny,
and N of pores are chosen It1s for instance found
that the membrane potential fluctuntes around the
value £ =12 mV when the myected current is set

equal to 2er0

The model i the fimf of an mfinite large

number of pores
Whmlhcnumberofpotubccomv:rywmc
relanve ﬂucﬂmmmo(lhr:membﬂnccondim;m;
become Insigmficant. If at a gven time
umbers of open fi m and n gates relative to the
,:amnumbenofmucpluamk mandn respec
trvely lh"iptdtdﬂunibﬂ'"»m;:m:owgqt;
N [
andl(pomnrcduscm
pon (Z) then becomes

act Physiol Scend 107

SR,

o', [

\
since we assume that m this case the actm
parameters are equrl to their expected values Nt
that & m and a must have values 1n the range
tol

In a short time Interval At the change b of 81
equal to the relative number of closed gates (1-4
which open munus the relative aumber of opat |
gotes (1) which chose in thus time merval

Alrm(1=h)ay At—hpa 81 ®
Correspondmg equations are obtatned form and x
If we divide through with Ar ketung 3¢ go to 260

we obtaun

N

dh (1~-h}-FA
@

%-a.(l—m)—ﬂ.m
Kt
b
dn o
E-a.(l—n%ﬂ.n \

L
These rates of changes are expected values ad
must be equal to the actual rates of changes ofk #
and # 1n the limit of an infimte pumber of poce- 1
Equations (5) and (7} together with Eqs. (D Ok
and (4) are the equations for the glnt squid Mo ]
membrane found by Hodghin & Huxtey (19571 T
model thus reduces to the H-H equatoms o ﬁ"ﬂ
fimut of an infimte aumber of pores v

The model for a fIme aumber of pores @ s ‘
method of compuiation \
In the casc of a finite number of pores a sumpie
method of computation suggests itself While they
computer heeps track of the siates of ol gases 2 41
the pores the model tme 7 18 mcreasedmsmiu
steps Ar At each step tho potentml 1s computed aad
the @ and § parameters are cakulated For cach
gate which is closed the probability of openm 4
ing the next time step is a s and for each ope®
gate the probability of clasing i 8 3 (veh mofa
as required) For each gate the probability Is drawd
from an appropriate binary probabildy distnbutiod.
The result of the drawing determines of the state of
the gate 13 changed The total numbers A, and & of



kxa Eq. (). To ootaom & reasonably accurate calon-
L 31 1oy be kept soull, The error dus 10 &
L% dee of 1 can m thas and the hater methods
" Ovakoated by calculaiing the meas firing frequen-
Of o dfteremt values of A/ lakmg as the e
‘e he alue approached when A1 spprosches
5 %t will hee asme At to bo sulliciently
=l ndess than 2.5 3

‘Fh.lamcum:mmwn fuoction
hmuhhmbyunmwrumom\n
Gy the wyected cument was zero, aod Lhe
L-abers of Ne- sad h-pores were 400 asd 100,
;‘f:m\dy The only ddfference between the w0
B that they represent differsl runs oa the

The rtsumg potcnalad Mactunates and m both cxses

Firi g in & stochastic membruse P
nbeoomawhmu-cmmumcthlm-um
potensial s generaied The membrane thus fres
ﬂmf&hﬁdﬂmhmmm“
mmwﬁnncumunlm“]mm‘h
sesting potental £ =1 mV We potc also that the
forrms of the action potentials iz geocrated chosely
tmmrmdmmmuummdby
thvo octginal H-H equations, which s also shown i
Fg 1

Ts, bowerer quie imprctical to calculate (r

teme Is propoctiomal 10 the number of pores, and 1o
the reciprocal of the tume step Jength. In the pext
section tho [aster methods for cOmpuiaton are pic
seated.

METHODS

Compaiatsoa suthod 2

Thes mathod bas been wed for membranes with  iotal
wasber of pores ap 10 10000. The computation thos reha-
proporbosal to the

all fouz gates st open- (Here all gubes ke a-gatet )

The vate whers k A-gates and / m-gaics ars opes b
termad the Had0 SV, whie he slate where / -gates aw
open [s tereed the e SX The mumabers Ahy, sad AKX
are the members of porcs i the staics Shy aad 3K,
repectrvey The expecied vahues of thets -e
e v
NV (M (-0 R (L—m PN,

AR Gwd PN [t

whavh msad  can be cakulsted from Eq. (7). Sacs &
and 8, xre fmctows of £ ooly ths caloataion b

Probebly Taal - certan pore ko O sixie SNy or
SK,, will changs 10 the stals 5V, Of SK,, it the ie-
fomtesnsly

el tas i al i grven by

Acre Phy vl Scamd 197
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P(SNy—SN, j)drmaydr
P(SN=SNy | )dt=8,dt
P(SNy—SN,., Mi=(—)) aad!
P(SNyy~+SNy, p-)dt=) fadt
P(SK—SK; Jdi=(4—]) a,dr

P(SK—SK, ))dt=] fdt ®
The tmmo Ar to this change Is given by a pegative
distribution with an d value E(At)

given by
E(A1)=[P(SNu—SN,I (10)

or E(A1 Y={P(SK~SKT"

The drawing procecure coasists in first drawmg the
time At to tho first time one of all the pores changes s
state, According (0 the properties of the negative expo-
nential dustribution this imo A s also ghven by a negative
m:;mdh“ﬂ’“ﬂmwimmumdmamﬁ-

M-

3 1
E@dn= S 3 P(SNu=SN 45 1NNy
I~ ra 1'1
’ae

S I
+3 3 PISK -sSK,) NK, an
J=0 ¢ tt

By a now drawing it 15 then determined whach of the 28
different possible transitions s achulirzed and the
numbers NNy of NK; are changed accordingly This is
dooo by a drawmg between cach of thess 28 possibilities
The probability that st the transition SNy—>SNye will
oceur for onc of tho pores in the state SN, Is

P(SNy—SNype) NNy E(A1) 12)
with & i Xp for the 5Ky~
SK Note that if Eq (12) u chvided by E{A¢) we obtain
o of the terms 11 the aum shown by Eq (11) If for

matance the transition SN—+SN,y 13 drawn the pumber
NN,y I3 reduced by ooe and the number NN, is increased

by one.
The state of tho membrane at tme ¢ +Af 15 now known,

and the bra can be from
Eq (@) Nots that by deflnition Axu=NN, ,, and x =NK,.
Thocond.ucuncclml]lhmchanaeoolyr}dnnuuslv

oc SKare mvolved in the transition In the ume mterval
At from s ot +AL the conductances are always con-

(numdmultov.bd.rvuhmukulﬂudnl
! The potential at Hmo ¢ +A¢ can pow bo calculated from

Eq (l)bcunwn.md' are couslsnts w11 the tume
interval from 7 tot +AF
E=En+(E ~E-)e )
=Clguts *1
g aEutr E HTIC
E =vale of Eatume!
values of the conductances for
ad g we 1B vaocs of &,
’::a +At Ina way new
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un

and n wro cabculated by integrating Bq. (7) wheroa md)
are known functions of time snce £ now i a koos
function of time. This is not neceasary bere, bat s o
in some later methods.

At the pew timo ¢ +A7 thus arTived at, the potental
and the number of pores m the defTeresd states are Loow
and the proceas described here can be repeated over &
over agun, generating £ as a function of tmoe,

The only error Introduced by this procedure s the w
derlying simplification that E(Ar) is not dependent upc
the change of the potcatial E and heoce the parsmeter e
and § in the time tterval after  This is seen by ootz
that the transition probabilitics as pven by Eq. () &
used in Eq (11) to calculate E(Ar) are calcubued ¢t
time 1 For large mumbern of pores this error ks wral
becaise the average time step then ts soall This cmorer
be rednced by several methods all of them makiog wse ¢
a of the negative exponential distnbut
i o e ey of vt cvet g vk
small time Interval dr is independent of what has beppese
befors From this it follows that of a timo méerval &
drawn which it #0 Joog that the potential chazges "B
ouch mypoln!‘ﬂﬁnlhhth‘h&d’vﬂmhﬂchoﬁ
3 a atarting pomt for a pew drawing.

'Ibcdmpl:umethodufconu:ﬂnjdnamd-mu
hunuwmmuppcrﬂnﬂ.lm_mlhclmcﬁ:pduﬂ
the tzme step At drawn at the time ! o9 Larger Uk S

A B
upper limit AE.., to the change of E ba onc #ip
using Eq (13) an upper Lot for Af can [n this case b
obtained for each new umo step

Ar ifAr <Arg,
Atas=argirar >Ary w

& [Ee - EJ€AE s
mz-{ —fh("EAE—'i"J) S |E=~Ed>AEnu

where At Is tho largest allowed value of Afam 54 7
defined in Eq (13) HAIhfwﬂiwbﬂhrFflh-ﬂN-
the drawing procedurs 1s repeated at tho g f +3fus &
hlbtlmpldmcﬂnd.[nlhchlﬂuhhﬂmil oQ
ms and AEp, =1 mV was uscd 10 most cases asths £
fwﬁmunumm&om&hlﬁrqufdk‘
than2.5»

Comp tanon method 25
Thbe metbod dascribed 1 the precediag scction can b

lbmoﬁbcwmba:ol;unun.h-ln-pmurnﬂl
gatcs open, that s the numbers NN, NNy a0d AKX e
The nambers which are coanected o thase through the
transbon probabiluies shown m EqQ (%) a0 NVe, &Yu



dll.dl:-nmn-lunuuqnl\ohnk
opcnd wive grres by Eg- 8- In geseral thoes
sk ary e ot lacgery, bt this dows Dol maadler
\_turri-nm-sduiynn)amwub

. | ram gromi Arousd the restg potential caly

r ot 4 027 w032 ot treerstaoes bn the sostiom sad

- W pors ersisce, recpectively oo boreea G
it 2w ke w0 scCiTE.

| i 00w B, ) the vadoes ol ), m 1 wust be
s ol e when  drwing s saaried.

fomnd ot mrcthod 25 cowd be used for rather kow pory
10 porrs spprociaicly

Diiereat comtwradions of these two Dathods cah pow
g be cosmiracted, vy A staics wach 4 3 sad dows

n el K

<10 wad Np <10, aod wethod 26 was
ok

et E bcoraes caccs lager ao E =123V there
ol e em of e M of pores 3 (e ixscs whers

{g v-thd In the Lrter calcolanoss  thrruhold of
oY e tond for N> 100 amd N 210 For ek
N-""L“ cethod 25 was osed darng the sctos
Iy Tha gt segkpbia evor m 1he s

T™ e g of

oy, method 2b 13 thxt # of 0¥ the changrs

m-h';’ Comaders those Changes whick Aty I

Do yoy D¢ masber of open porms. Tha cakes & gk
0t bowecr placed accaraiely ot bumped

nwuaanw: I W

-mmwmmuhmmm
describad bafore. Thes mmkes 1t scemate.

Th-ndﬁnd“hmdmd\ﬂtnrunntﬂdpauw
mxomkumm-mmmb
accunus wcthod kad o be devised.

Compusatson muthod 3
Tﬁlmﬂbﬂibkﬂmﬂdhm—h’mm otal
nnhuo(paumlﬂtmndmmm
umhwdmmammm
mdmmm-mmdm
Increases

The 5 doos m Lme saps A of consiant
wuhmﬂhmdNNmNN.
and NX nnedcad-dmm'nnm:qmlm
their expected values as thonn by Eq. 0 The vakus of
b, m and are obtamad by mirgrdicn of Eq {D-

1t 1 conveniext for Ge compuiation 1o ctaags the nota-

s =SK, YoNK. R0y

The probutebioes py that  pors = cortaom stazs 5, wdl
9 10 moather stxls S dunog the tme wierval Ar are grvea
spproximescly by Eq (9 f At v sulficiety wxall

pumA M

Pu=m b
Pampu=ifu Al
Pupa=eabt

Puma b

Pumi A as

sod whecy sl otbes syl J 12, 6 are zero.

In Eq. (16) the paraneters «, 50d A, are fooctions of the
potential K This equation there(ors hokds tros culy »hea
E does not clangs Dotceably during the tioe faterval Af

The sctusl menber of pores AV whach gous froo
ceriam siae 5, 10 caother siats § b thes gven by &
becea] whero the

certuom smcaber £ of porcs 1t wvhhl:nw k) that

’“"‘"‘(‘; Jrtar-pa “

hea the Eupecied vakse of the puaber & o large, bt

dounbation,

Gom sats 5 0 5, 13 described by
where andfare

:::;,.5._,' ¥ o s aslred st deacrbed

e Gowetias drstribestaom dutntuicions, whichis
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PraVye [Lh+di))=

Vip, - -4y
°""{ﬂvmu(l—pu)+ ipall=pa0)
H
V(S putl=pur+tipatl=pyl] e
Note that 45=—4v,

At ench step Lhe numbers AV AV, A}, and A) o
arg drawn (rom thelr respective distribations (AVy 4 set
equal |othehle¢rdmauulbermmu{lbcdnwg)
The numbers of pores In the states S S and S are in the
time mterval Af changed to

V +AV where AV wAl ,+aV
V +AV, whero AV, =3} o-aV

V +AV where AV w-AV, 9

ﬂnchmpxomzrnn;hlmmncinlcrvnlmlmemm

been cakculated but we do not know when these changes
occur If wo as an approximation assume that all the
changes occur at (he samo 1ime in the interval the cakeuls
ton becomes particularly simple 1t is then reasonable to
assume that the changes occur in the mddat of the tume
faterval Ar Between the Umes ¢ —{A¢ and 1 +147 all the
conductances are then constants, and 1n thiy time faterval
Eq (1) {s easlly integrated Since we need to know the
value of the potential at time ¢ order to calculate the
ch.uuc;ortbccmducumuulﬂmmctulew—umh
done in two sicps

E =EL+(E -E.)® Wit
E~EL+(E ~E.) buh [}
whers 1 oand E. are piven by Eq (13) Note that the
conductances in Eg (13) have been calculated at the
cardler tme ¢ —4¢ E £ and £ and tho values of the
potentlal ats~JAs t ands +JAs respectively

We have now arrived at the time 1 +}As with the poten-
tal E and the conductances known The process de-
xnibed here can then bo repeated over and vver again
gencrating £ as o function of time The values of A m and
1 can then be integrated from Eqs (4) and (7)

This method of compitation was abo used during the
pction potentials, since the speed of calculaton n, m
contrast to method 28 independent of the number of open

po‘y:'}..cnuudctrwcd there is a decrease of Ltho msc
curacica Introduced by the lumping of the conductance

the protabiliies py used At the 1ume tune
m;:u; expected number of pores transferred from
one state to another decreascs which decreasea the accu
¢y of Eq (18), and Eq (17) may bave to be used [n
thmamwmm-m
e dmwmmﬂmuﬂa\so{
e pot {hen the increase and Eq (13) becames more

Loaccurate Allhcmdmtlhﬂu:cwwd!iq (8 aho
aung methods uh dafYerent step fengths
TMﬂ\:’ﬁtﬂgumbﬁlxbo:ch—mdl;:

.{t:nldn uu\cuunfmlfmqwncy[huou;mcd

the following resricuons
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Method 1 Ar<0.05 ey

Method 20 Ara,, %0.2ms

Method 25 Aty %0 | msand
N a5 ALl

Method 25 with a noa-stochastic calculation of the actos
potentials,

Aupn®0 ] msand

N 310 N>l
Metbod 3 Ar%0 05 ms and

Ny#50 N, 25000
RESULTS

The internal parameters of the model are de
terminexd by the H H equations except for the (8o
independent variables Ny, und N, which are the
numbers of Na-pores and K-pores When both of
these parameters are Infinite the model reduces W
the H-H cquatrons We will first study the effects
upon the fiting behaviour of each of these puame-
ters separately This 1s done by assuming the other
parameter Infimte In Figs 2 and 3 it is shown fox
different values of the njected current how the
mean firing frequency over § seconds of mode] trme.,
changes as either Ny, or N, is increased from ze0 ;
towards large values while the other number (4 |
or Ny,) 18 inflnite The Appendix shows how the
statistical parameters tsed here are cakulated. The .
values of Ny, and N are presented on 2 oganthas |
scale Note that the maximal specific conductances
Axaand 2 of the pore systems are comtants cqual,{
1o their values m squid axon membrane Eq Uh‘
When the number of pores arc increased one 68
interpret this as a corresponding increase of e
area of the patch of nerve membrane under coasd
craton
Fig  shows that for all values of the sjectod !
current used here the mean firing frequer<y ﬂ['
rather small for low values of Nv, especially wbea ™
N s lexs than about 10 For Jow vajues of Yu )~
(N, <200) the norma! state of the membrane 1s 210
No-conductance or no Na pores open. Thrs come
sponds (0 the case where Ny =0 which gne1d
potential £ of 11 1 mV above £y The probabiluy of *
finding a single Na-poro open at a given tumx B;
approximately N., hmi=7 $x10 Vi, A singk
Na-pore will occasionally open however Tt
gives an fonic current into the cell of magmitwe *
(E* —EK  ~ (I3800/N* JuAfem® which has the ¥
same effect as a wdden incremse of the knkected 4
current by the same amount According to Hodghia 1
and Huxley a shock strength of approxsmately 6
aAs/em? s barely wilkcient to start an action poten- ¢
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Fig 2 Meas firmyg frequency o3 nmdN.hd:ﬂummdhwd
Nuabers

cwreat  hem A 13 mfinge
ertcal bary

i the revthag potentual of 1 mY (Hodgkm
™ bmaiey 1957). Using this we fiod that st £~
2aY  bere the mean open time 1 0 083 ms, the
womg of 2 tingle Na-pore gives 3 mean shock
sk o baddemt TN =190 Forlower alucs
4\ s occanooal operung of & ungke Na-pore
. W mmou canes st an acton potental  The
04 mcrerse of the mesa firmg frequency / when
\ acremes bow ards 190 therefoce refiects the 1n-
e s of openmgs of ungie Na-pores AL
¢ 120 tung the probababity that two of more Na-
19803 cpen 3 about Lo tame tune begins (o becomo
W-&-:.Engg,md singic port fals
“ dat spke, the potential 13 £d some

show valoe of m gAfent S.E- B8 towa by

vahucs of N, when i increased, due to the smaller
am:hocknconurywmnl:pin,mme
same tupe mulupore openmgs begia 1o become wn-
pamlulowuviuao{Ndemmﬂ\ch)umcd
probalnlity of pore openicg.

When the injected currest / 13 saller than the
threahokd carrent 1=6.3 pAjem? in the H-H equa-
thons the tean fimng frequency f decTeases to zero
a3 Ny 1 increased. When | 1 targer than § the
asympiotic value of f for Ny,=w s mdicated by
broken Lmes to the extreme nght 1n the figure

The effects of & flnde number of K-pores are
1hown m Fig. 3 When there arc no Xpores (N =0}

4. @d by mcremses the probabuhty that a
*20d pore will open. The mcreasmg rate of mult-
Y2 orenmgs alio contninutes 0 the wcrease of the
?&“m/‘hthru:banm
o 300 Na-pores for =0 As N¥ mcreases
o0 honever the opening of a ungls Na-
¥ more aed enore often s 10 start an actoo
Mok Moceover the uchuations of the Na-
(lactace dua 1o the rundom opencg and shuk
‘::::'m"wvmnmdcamcnﬁf

i

::"“‘Wm 1 1ncressed, the mens
) e potemial 13 also mcreased and thos
o s the probuliay that # Na-pore will open
) " OO0 1 Dow also more hikely 1o Lt A action
M The mean fiang [requency f n trus 1a-
3 M““"‘“ﬂl\...mw off
AN 200 for (20 s shifted towands bigher

the A B 1610 and there B o stable
valus of the potentlal E for E>E =22.6 m¥ when
the mjected current 18 harger than rero. Repetitive
(inng 11 0ot found due to the lack of the K-condact-
ance. With a singhe X-pore the situation s different.
During the peak of an action potential the probabull-
ty that the smghe K pore will open 13 very high and
this mast eventually happen. The potentad ts then
raphdly reduced towards rero and the probabildy
that the open K-pore will close moreases.

When thn happens the potential fint increases
towards the equilibrum potental £ of the g con-
ductance which rs then domiseting. Thiy mcreases
the Na-conductance and a new action po s
generated. When there are sevenal A pores the
same procoas o repeated when the last X-pore
closes alter an acton poteptial a new spike b5 tng-
werod off The meaa fiemg frequency 1 reduced to-
wardy 7670 when 1be iejecied curment s decreased
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FIRING FREQUENCY (3 1)

L= e 0OX

NUMBER  OF POLASSTUM  FORES (W)

Flg 3 Mc&nﬂrln;ﬁcquwcyunmnahudN,fm—dﬁTmnhmdU\ehbﬂni
current { when Ny, is infinite Numbers show value of { in pAjem® S.E. is showa by

vertical bars

from zero towards —4 7 uAfcm® At this value the
closing of all X pores simultancously will not be
sufficlent o start an actron potential Note that
thero 1 no correspanding tower lmit of the yected
current for flring when we have a small number of
Na-pores

When N, is iocreased mult-pore closing and
opening become more important  but the mean fir
ing frequency decreases If the infected current { iy
smaller than the current threshold /r the mean fir
ing frequency f eventually fills to zero When / is

m
1060
0000

a

-]

FINING  FREQUENCY 1)

B

[y 0

Fig 4 Meanfiing
Ny when N b mfioite.
shown by vertical bars

ta Pyl Scand 167

]
|
!

larger than i the asymptotic value of f when ¥
increases is larger than zero and s indicated by th
broken [ines to the extreme right m the figure I
this case the examples used o the figure when
i=10 15 and 20 uAfem® show that a munmas
value of f is obtained for N =1000 When Ay ®
incrensed above this value there i1 a slfght mereas
of the firing fi ncy
'l‘rwdu:ur:;u‘lnﬁplmd:&mdwbtwf
scntedmlhcmnﬁﬂnsrmqucncynnrummﬂd
the fnpected current for different values of N

5 L L]
INECTED  CURNENT {uaked)

frequency a3 a functon of the injected current for different values of
Broken lise shows the case where also ¥, 18 infiate S.E. s



5 [

Finag ix a stochastic membrane 1 353

' n 3
INMCTED Cumel T paxal)

valnes of
5 Menm &1 fusctiom of o inpected curvest for differant
;u‘hN.l:"nﬁm.ﬁanmuMUxma‘mmN b tafiite. S.E. 18
oy by vertxcal bars

¥ mibownby Figs. 4 and 5 The corresponding
and for 1 jofimic nomber of both Na- and K
s shown by the broken Ime (Stela 19676)
The most notxeable effects on thes current-fre-
relatiomsing meroduced by a florte aumber
cther Ny- or K-pores arc a chango of the current
for firing, and & much wore lmear rela-
p. Thes 1 samlar o the resalts obtained by
Sex m by ealculations (Steln 1967 ) Bul n his
- Bokd i bebaviour of tho pores was assumed
Mereadent of the membame potconal and the
R vers sasumed to carry all of the cwrTent.

Twendy opeR  pores were asumned to g1 © the
threshold current and ther mean open time was
taken to be | msec. The pores  were also sssumed
1o give postive currents inwards, and would thus
corespond to sodfum pores. Aseachof the  pores™
m Stein & model would bave about 12 times a3 large
an effect upon the membrane polential as the
sodrum pores assumed bere due 1o the loager mean
open tume, 1 muec against 0.083 msec, his model
woukl comeapond roughly 1o our model wih
Nu=(E-Edu/(@/0 pores (1 msec/O 083
msec))w3 600 pores, The results presented In bis

— ~ - o -
i ] 1 [ e
[un oo L] L] oo Qo
™
ORI I S
T I T T R RS
x0 o o - 0 oo o
“ =
RIRTARIR SRR LTI A
(N 1 ity
IR AR AR TR
1 <
gy

£

s
NE b )

Frg & Trass of acuos potcaiunh for ddleresd vakees of Moy, M and Lbe mgecind

curea (m pAlcmt). The  docs are shos un the figare. Kote changes of tons scale.

Acst Py sud Scmnd 19T
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Fig 7 Interspihe interval histograma for diffcrent values
of gy N und the myccted current / (in pA/cm®) The
values are shown in the ffgure These examples mio abo
used in Fig 6 Note changes of interal length scale

Fig. 7 then agree well with the results obtained here
as shown 1 our Fig 4

The minimum of f around N =1000 which was
scen In Fig 3 13 more clearly shown in Fig §
where we sco that for1»9 pAfem N, =~1000 gives
a bower finng frequency than both higher and lower

volues of Ny,
At pore numbers of 10 100 1000 and 10000 (he

results of Figs  and 4 and 3and S can be cross-
cheched This gives the smaller uncertanties in
Figs 2and 3 at these numbers

When the number of pores 18 increased above
5000 pores the distnbution of spikes 1n a train of
action potentials chonges markedly Fig 6 shows
typical spike trains for pore numbers from 100 to
50000 For pore number below 5000 the spikes in
the tramn seem to be  randomly dutributed but as
the porc numbers are increased above this value
there s an increasing temdency of the spikes 10
occur i bursts  For large numbers the 1y pical bunt
behaviour is fairly long trmms of acthon po(cmi:nlh
with a regular fimmg frequency of approumately

A‘(url)hhlSr-uJ 107

35-60%  scparated by long perfods with o finngs,
The length of these sikent penods fluctuates greatly
This burst activity 1 due to a larger probabely
for finng about 20 my after the peak of an actan
potental This 1s connccted wath the slght over
shoot of the membranc potentual over its final vahe
about "0 ms afler an action potential which i seea
in the H-H equations (Hodgkin & Huxley [952), n“
the case of a single finng  For smull pore aumbers \
when the fluctuations are large compared to ths
overshoot it has almost no effect But for Largs pore
numbers when the fuctuations are small compared
to the overshoot thers Is a greatly mereased prob-
ability for finng at this time 1f the membrane fuk
to firc then however it can toke very loag tume!
before the fluctuntions by chance build up suflk
clently to tngger off an action polential In the
original H-H cquations 1t 13 seen that for an ingected
current close to the threshold for finng the spikes
occur just at this overshoot If the membrane fads
to fire then (because  ix too small) it cannot fireata
later timo unkesa / is increased  This explains the
minimum firng frequency frass s of the H-H
cquations (Hodgkm & Huxley 1952 Stem 19670)
The time from a spike to thes ovenhoot o just equal |
to lff . Accordingly the mean finng frequency dwr
ing bursts of spikes should be appioximately equal
to fr which fits well with the results from the sto-
chastic models
The minimum finng (requency fraSS s ' the
H-H equations is important in the followlng dacus
sion of the resulta obtamed and is termed the
threshold fiequency 1t is the point of divisia be
tween quite ddferent modes of behaviour In e
stochastic models
Fig 7 shows exnmples of the intenpihe mtenal
histograms for finite numbers of either the Na- of
the K pores and for diffetent values of the mjected
current/ These histograms show Lhe efTects of the
stochastic fluctuatrons of the nerve membrane con-
ductances upon the distnbution of the nterpihe
wtervals These cffects are quite simlar for the (vo
cases of either a finlte number of Na pores of 3
flnitc number of k pores No systematic differ
ences between these two cases could be seen by
nspectron of the histograms which were vbtained
dunng the computations
When there 1s typecal bunst finng the peak of the !
histogram 14 narrowed and shifted to the left relative !
to the buse because most of the interspike Intervals
are now of approximately the same short kength Iff
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FREQUENLY (s )
¥ 2. Soadard deviation AT of (be kerypike icservale
' ex mena vides L m ficactin of the mesta finog

2 0 w
£

e on ooty if daffereot from Usa otber case). Docied
" ke e relations AT @ WS and S

B moaly), but some ictervals are much
o these (e wiervals duneg bunsts) In

40 gt o qrantitatrve exprension for the degree

%2 finog, a bunt factor BF s deflied 3

ak iy n
Meag of the miervals
M metrical datmbutioa the medin 1
3 10 the meam wed the burat factor BF=0 When
%Gt 1y pacal bunst actnky wath aknost all ioter
% 953t and ahort, sed a few micrvals ery koag.
2 mcam w.ll be auch larger than the medaa, and
¥ gpcoaches ooe Note that BF 15 mcasrs of
h“““""‘m‘mmy-kemﬂmmmuh
Fig 7ihow tatthe watth of the bntograms
—ra ot whe e impeciod curtent and the pore
we changed. The sandard deviation AT of
polly
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Fy 9 Bau factor BF 33 fuscbhom of the mean firay
- for ditferent vakaes of Ny, whea ¥ 13 ofirote
(cootmnous hoes), aod of N whem N 18 moftaae (broken

ats, showa onty o deferent from comtnuocs Cmei). Dot-

tod luas shows supiafied relationshep grvea by Eq (1.4)
wihf 60

the mtervals from ther mean, as calculated {n the
Appendx 13 here ined as a mexsure of this width
Figs. 8 and 9 show the parameters AT and BF
respectively a3 fuoctions of the mean finng fre
quency f for ddferent pore mumbers. Nate that for
BF bncar azcs are used, whic loganthmc axes are
used for AT It was found moch more useful Lo
present AT and BF as functions of / than as fimc
tons of the ingected coment Among other thmg
thes made ot exler to compare the firing behaviour
for dulerent pore pumbers. When Ny, N and/ are
specificd, I 1y given aad cannot be chosen indepen-
MlummkaFm_Ll4
and §
Each of the curves shown ln Pige. 8 »0d 9 1y
drawm as the best fit 10 the resalts obtaned. The
different symbols shox  are used only to
guhh the dfferent curves. An m:“h-m
obtaioed m the actial amulstions s shown m Fig.
10, wbere the curves used la Figs. $and 9 are alio
shown. For pare mmbers above 200 the results
m,umd of the types of pores coa-
mmmw’wlm‘mbmm

Ak P tid Cae oy
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0s

BURST FACTOR {BF)

5
a

SUNDARD  DEVWIIGN AT gm }
=

10 L]

FIRING FREQUENCY F(lua)
Fig 10 Results fiom wmulaon  which wete used to
obiain curves samilar to those shown in Figs, 8 and 9 for
Nae=5000 and N nflne (filked clircles) and for
N = 5000 arxd N, fiTnite (open coeles)

show the results for Mo, infimite and ¥ equal to the
number mdwcated and for A infinite and Ny, equal
to the same number
When the mean firing frequency / was less than
f+ and for pore numbers larger than about 100000
the burst finng became so profounced that it was
pot possible to obtain reliable estimates of AT (or
BF) beeause the bunt penods and the ntervals
belween them ofien became longer than the max
imum model time which could be simulated ¢ Lhis
trme was st equal to *0 s for economical rc.nu;h )
But a minumum value of AT could be obtained m:
model was Lhen “yampled” several umcks
mummum values of the medn nmw«ufx“pu’rc':m.;
bunt were estimated at dilferent values of the -

Acta Pl Scond 07

Jected current Minmum values of AT were the
cakeulated occonding o the simple model m th
Appemdix

1t should be noted that for soull salues off ther

13 a Large uncertanty in the results shown by Figs

amd 9 because the dota ate Then based upoa a fey

interspike intervals Thi Iy scen as a apreading o

the teaults as £ s decrcased

Fig 8 shows that for firing ftequencies below §
ull the curves for pore numben kexs than %000 an
chose 1o cach other independent of the number anc
types of pores For mean finng frequencics f bekow
about "0 a ' these cunes can be approaxnateh
desciibed by astraight line givenby A7=0 & Fx
all pore numbers the curves are well apporimated
by straight Iines desctibed by A 7=comtant)f fie
S<20 5t (encept for 20000 poies) In the Appendn,
it is shown that for bunt fiung A7 will for
S<fa60 3 ' be given by AT«}7N\ +1f Eq
(19 Fig 8indicates that N the mean number of
intervals in one buist iy a functwn of the pore
number only independent of £ for <0 ' The
comtant ¥*No+1 can be 1ead ducetly from the
figure as the value of AT in scconds for f=1s'
This gives that N s 4 17 and 70 for pore numben
of 50000 10 and 10* respectively For port)
numbsers smalker than 20000 A7 f=08 whih k-t
dicates that the varkabahity Iy rot manly due o bund
actlvity (since from Lg (1 9) N then 1s negatniek
Theae teaults ngree well with the bunst behaviourof
the spike trains see Fig 6 for some examples.

For mean firing ficquencies £ above fr the staad
and deviation AT conlinues 10 deciease when /B
mcreased  But here this decrease v much more
rapid for luge pore numbera than for amall pore
numbers As the pore numbers are inciead the °
case of a regular finng is approached and m the !
limit of infinite values of both V3, and v the
terspikhe intervals are all equal which pney AT &
as in the non-stochastic H-H equations.

The resulty shown here are simular to the results
obtained by Stein with hiy  pore  mudel (St
1967a) which corresponds to our model with 360
Na pores The duta presented tn b big. $ where
he show A7/ as u function of 1ff chonely matches 3
the 1esults obtatned here for 1000« ~ 10000 3

When / is smaller than f however there 1s 0
undetlymg regular firng and the duratrons of the
nterspihe aterval  fuctuate even 1if Ny, and Y
approach infinite values 1ig. 8 shows that AT even
ncreases when the number of puics s 1Brcased
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1l Sl Gevastnon AT 3 i feactoon of A Wino
L’““mmﬂddN when N 8

iy ot tho oly whea dfferuad froo
oS § esdfa

S0 (s case This mcreass fs duo to the
£ barit activaty w hen the pors pumbers me
tl, w pacticrdar the mereasiy aumber of

¥ m ome byt The rexuts shown by Fig. § are

m a gors condensed form wa Fig. 11
™o AT s fanctyon of the pore pumbers

RERETEN
T shocd be goted that there do not cxst amy

g froquencacs beow § for the HoH equa-
) S %421976) The beha 0ur of these cqua-
:n%,m“'b'mmby
A pore numbers df 1 kept @ the region
0l For ary ficste pore numbens i s
wwh?[““mbynuﬁ'ﬂocﬁy
sl smsizant of the mpected current
fom ity 4 and ¢ the current reguon whach

'p“"“'m“n’“fmlu:ma/ de

# 15t Mhea the murnber of pores 1 mereased, but
rmmuummmm

l" it factor BF shown 1a Fig. 9 as a funcion

’, :wuurw:(nqunmww
‘ en by Eq (1 4) when the pumber
{1t wereaned Lo

This rebatoaship b showo by

Flring in a stockastic membrane 1 is7

noticeabio [n the figare. For pore oumbers larger
Ltuniomlhsrdu.bm}dpmvmbyliq a9is
closely follos ed lflb:parummhﬁlmdcaused
from this value a hauge deviation i flrst seea al
xmal values of f For pore numbers of *0000 for
mstaoce there was no clear burst activity wbeo S
The merease of BF above

pofnmmberhdecrmud 1 duo (o the locreasmg
fluctiabons of the keogth of the mierspike iptervals
durmg bursts (f<fy) or during continued fring
fa)
Tlrruuktnhuwnbaemmsm(adlnlmom
condensed form m Fig. 12, which shows 8F m 3
funcboa of the pore nombers for f=25 3 snd f=
s

Fig. 13 show the current threshald/ for finng as
a funcbioa of the pore pambers Mo, and ¥ In the
stochsstic model vestgated here, tere s no
sharply deflned thresbold for firing a3 in te H-H
cquations, where the threshold current 13 fro=6.3
pAlcr® (shown bry the dotted line bn the figure) For
pore numbers bess than 50000, 7 is bere defined as
the valuo of the lmected cwrent / which glves a
roesn fnng frequency of £ =13 This valoo »
found from figures siaular to Figa 4 aod 5 The
vertical bars sbows n the fipure indicate the vana-
tiont of | obtamed by drawing the curves ln Figs. 4
and 5 at the extremes of tho vertical bars shown
there

For large pors mumbers, could not be reliably
esnmated by ths method dus 0 the prooounced
burst finng At small vatues of £ the intervals be
tween bursts often became Jonger than the max
mum mode) ume which could be slmalated and a
relrable cslumate of f could not be olxtained. Instesd
1 was defioed a3 the valuo of / w hich, with a prob-
abality of 0.5 gave firing up to one second after the
oosct of tbo curTent. At the oaset the membrane
almout abs y3 respoaded with at least one action
potential whech often was the start of a typscal
burst of spricen. I the barst ended and po pew burst
was mithuted before the second perod ended. the
“Ucclcdw osed was defined as below
Usrashokd 1 tbe flring contioued out the ane sccood
period, or f Bew bunst, of € 6 2 single spike, wag
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FIRING PREQUENCY F(R)
Fig 10 Results from simulations which were wsed 10
obtain curves sloular to those shown 1n Figs. 8and 9 for
Nu=5000 and N mfimte (filled circles) and for
N =5000 and &, infinite (open circles)

show the results for N, wfimte and ¥ equal to the
number Indicated and for Ny infinite and My, equal
to the same number
When the mean finng fiequency f wa less than
S+ and for pore numbers larger than about 100000
the burst firing became 0 pronounced that it was
not possible 1o obtan relablc estimates of AT (or
BF} because the burst periods amd the mtervals
between them often became longer than the max
mum model time which could be simulated (This
w—;s;clcquallo’ﬂlforccom)\'mmrumm)
o of AT could be obtaned The

But a minlmum mgi—;mpkd" veral tmes and
ber of spithes ma

burst were estimated at duferent values of the in

Acin Pl Sl wr

Jected current Minimum values of AT were the
caleulated according to the simple model in th
Appendix

It should be poted that for smull values of f ther
Is a large uncertunty in the results shown by Figs.
and 9 because the data are then based upon a fev
interspike 1ntervals This is scen as a sprexdmg o
the results as £ 18 decreased

Fig 8 shows that for firing lrequencies bekm f
all the curves for pore numben kess than $9000 an
close to each other Independent of the number ancy
types of pores  For mean firing frequencies f beiow
about %0 3 ' these curves can be approxmately
described by a straight line given by AT=~0 & For
all pore numbers the curves ate well approximated
by straight lines descnbed by A T=constantlf fur
f<20s ' (except for 20000 pores) In the Anm:l\
it 15 shown that for bunt finng AT wul for
S<frm60 » ' be given by AT=V2IN +1f Ea
(19) Fig 8 indicates that N, the mean oumber of

ntervals in one burt 15 a function of the FT:
number only independent of £ for f<20 s ~
constant P>Na+1 can be read directly from the |
figure as the value of AT in scconds for f=1 ¢
This gives that N 13 4 17 and 70 for pore numbers _
of 50000 10° and 10* respectinely For pory,
numbers smalier than 20000 AT f=08 wheh it
dicates that the variability 1s not manly due to bund
activity (since from Eq (1 9) N then is negatnek
These results agree well with the burst behaviourof -
the spike trains tcc Fig 6 for some examples. _
For mean (iring frequencics £ above fr the stand- )
ard deviation AT continues to decrease whea /1
increased But here this decrease Is much mo®
rpud for lage pore numbers than for small pore
numbers As the pore numbers alc increased e
caso of a regular finng 13 approached and i the !
tumst of infinite values of both V3, and & the & -
terspike Intervals are all equal which ghes 3T=0 '
as 10 the non-stochastie H-H equatwns k
The results shown here arc simulur to the results
obtained by Stein with his  pore  model (Stem
19674) which corresponds to our mode! with 3600
Na pores  The data presented n his Frg. 9 where
he shows A7/ as a function of 1ff closely matches
tha result obtamed here for [000<A |, < 10000
When f b smaller thanf  however there is 00
underdying regular finng und the durations of the
intenpihe {ntervals fluctuate even if Sy and v
approuch inflaite values Fig. 8show that AT even
incteases when the number of pores Is increased

b
\
.
p
)}
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P 4 Member of casas above thresiold a3 fiaction of
% pcid oot for diTereas vads of Now 208 N

Thet oy we s m the figare. Becacmples of resikia
A wakom  for pors aacebers dargsr than 10000 Sen
e 1 plramicm.

St aaber 1 mcrexsed A correspoadingly larget
e d b then meeded 10 pve thess fluctuations &

by 10 3125t an actaon potential Tho valus
Mrxched by a1 Ny, or N 30000 and a max
e me of 76 pAfcmt 18 reached at about

Pores As Lhe pore mumber i further -
Somed,  decreases Wowardy i, The reason for
S ntase of ¢ above o Ut closely comnected 1o
® methannms which pve bunt fimg. For largs
W dabers (>20000) tho conductance (Ructus-

e very unall and do not affect the gencration
28 a0 potential mach. (f the mpected carent
Ribcicly s o o monted therefore firgs quite
Mpdafy wub Mg frequency approxsmately
£ 10 that of tbe H-H cquatsons (f=/ ) T s
% bt our dunng » burst of spiker. The con-
ctnce flctuaions may howeser delay a apike
' oach that ke period fox greatcst probabiluy for
18 5 paascal and the finog thea stopn. The mod-
Browi wuation which comesponds Lo the one

Flriag in @ stochastic membrane 3%

higher than { o When the firlng in the model stops,
 retalvely Iargs flactuation is therefore necded 1o
siart the finag sgaun and this may take 3 long time
o happen. This ulent penod i the perkod berween
barsts When the current / s increased  the prob-
ity that the firng will stast again Increases while
the probabilty that ft will stop decreases For saall
pore mumbers It 1 the probabity that the finog
starts which s Emportant while for lage porc
manbers (>100000) it s the probabiliy that the
(nuuapswhkhdu:rmhal}wlhmbokl

We will now consxler the case where both Nuo
and N are finite Figs 13 and 16 show 1he mean
firing frequency f a3 functions of NoJN  when the
total oumber Ny, +N of poes 1 500 and 2000,
respectively The numbers N and N must then
change between zero and the sum Ny +»  when
NN b incressed from zero to indfinkty The dot
ted Iloe shows f a8 a function of Ny, when NV s
miinste and the broken line show £ as a functlon of
N when N, b Infinite. These curves are taken
directly rom Frgs 3 and 4 In most cases the
fluctuatrons of the mumbers of open Na- and K
pores combine 1o give u finng frequency which is
brgher than at kst one of the values of f obtamed
from cach of these pore sysems scpanalely We
canmot expect a lnear sddithon of thets effects,
because the stochastic processes described by the
model arw haghly unlinear Por small values of My,
{Nw<43 n Fig. 10}, the combined effects of the
finste Na- and K-pares even give s smaller value of /-
than the effect of cither the system of Na-pores or
the h-pores alone. At thess low vatues of Ny, the
probuabiiaty ikt & Na-pore wll open i very small
even i all K-pores cdoss and the potenthl increases
to E =126 m¥ And when the Na-pore sysiem in
!.‘rd-wwdnc-no(rupondtowddcnncrmnuf
the potential no action potentials will be penerated,
Tbcﬂnn;bd-vhn'wnfwﬂwrhvmwfw
2 coastant vahue of the quotient N\ /N equaltod
Thh::'ru:beu:;mydvkz the only reason it
wat erTy tat ¢ gves xmate]
tcn.lmnbamcaforninuq N.-.:\‘:BKW“Y,
Fb\?um-lhcm-ﬂ'hlfmq:my/ua
function of the mjected currept for duTerent val
et of the towal mumber Moy + Ny of pores. 1 s seen
Munuwurw-o(lhe&w\mcycunwnh-
Loaribep Lics between those

ered before of the (w0 cater consal-

that
Wds presest alow Due 1o accommodaton Lhe e "‘“‘"“Numfhuun:h_

Mg widl wot Lbew siart Gven 1 somewhat

Th-ﬂhtrphtmuvcm burst firing and the

-~
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Fig 12 Burst factor BF as a function of Ny, when N is Infiute (continuous lines), and

of N Wth;.lxmfmh:(hmkcnlhn‘ihownonlywbeanrmmcmlhnu

Imcs) and forf=253s andf=703

inftiated duning the onc second period 7 was defined mg firing up to one second after the onset of U
a3 above threshold Note that one splko generated  current ns defined above The threshokd current /y
per second gives f= s the threshold valuce used 15 now found as the value of / where this curve gnes
for small pore numbers a probability of 0 5 and this value of 7 1s plofted

Around the value of / where the current threshold Flg 13 (For N,, or N,»70000.) The vertical ban
was believed to bo found three simulations were Fig 13 thow the current range where the prod-,
performed for cach value of | which were changed  ability for firing lies between 0 1 and 09 ;
insteps of 0 1 pAfcm? Fig 14 shows some typical Fig 13 shows that the threshold currest i o
results obtamed The number of times a result was creases towards the threshokd cument iro m e
obtaned which indicated “above threshold® 15 plot  H-H equations when the pore number is mereased
ted for each value of + If normalized the curve from small values This is due to the decrenseg
fitted to these results gives the probability of obtain- litudo of the cond ¢ Jons when the

F o
§
a2
r
0 W -
H Hy =
L
3
<
{.
i,
‘°| ° o 14 Ll 4 o o

FORE NUMBERS N OR b,

Threshold current 4 for finng as  functon of Vy, when N 1s infiuts (fed
:L’ck';’) andof N when Vau i lafinac (open curcles) Uncertamty  shows by vertical

bars Scc lext for explananoa.

At Pl Scand o7
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Firing In a stochastic membrame 13l

froquuency
AN N whea N =4 Beoken line shows tee tase = e Nog +N hafime. S.E

Wahow by et e

1 )1 dhlereat crrrens threshokd fo finng, smaler
S sl pore mombers sod Lager for large pore
Wby (40 000,

)2 more near reiationshp et cen the mean
fomg fequency wad the mpected current.

<) fctaations of the length of the e fntervals
:“"‘*"ﬂh- s (the ke inter

paremeters and by 1ocluding some addition) mem-

brane conductances (Skaugen 1975 Connor & Stc
vems 1971)

DISCUSSION

44 bt et for large pore mambers (>2000)
Ty diferences become unooticeable when the
L3ber of pores approsches mfleaty but they were
derly soen for surprrungly largs pore oumbent up
36\ erad boadred thousand for case ( ).
¥ worik soung thas for Largo pory oumbers
Wi and Ny25000) W Girmg beha ou for a cer
mmber of Na-pores (N =a), i slmost Went-
40 Cad of the tare pamber of K pores (Nig=)
e i the pating mecharims are quuts dofferesd o
B¢ fuo canes,
The change of ibe treshiok] could easdy bs o
deoa obtamed m the ongmal H-H equations by for
Mloce n changs of the kakage conductance g
mmln:nrdammhmmb\rm maxch
Rort funclonally enportant for the cell. 1t may for
mloce mean (arper capacity to tramstut kforma-
St Thi result s made even more niaeimg by
t‘:ﬂlhunud.-ﬂbmwoua--nmw,
b

o the 1uma 1ype 2 the H-H equabos. It can be
bowerer by (ine timmng of the o aad 8

The bere were made in order
to find bow the fiing bebaviour of & wclHnown,
space-clamped nerve membrane depends wpon the
number of sodmm end potassinen conductmg

The Hodgkun-Huxiey eqatons were Shosen o 19
example, but cofTespoodmg resulis would be ex
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Flg 15 Mean flring frequency f as a function of NJ/N  when A+ =500 (contmu
ous line) Dotted Line shows £ a3 & funchon of N, whea N 11 Infinie and broken Ime
shows f 21 a functron of N when Ny, is inflnite S E. is shown by vertical tars

change of threshold were quite similar to the re-  Conclusion
sults obtained for the two cases considered before  The results presented here show that when the
that s N, finite and ¥ infinite and vice versa  fects of a finite number of paics are Tntroduced 1,
This is as expected since theae two cases gave  the H-H equations the finng behaviour of e
approximately the same results when the standard  nerve membrane can be quite different from that.
deviation AT the burst factor BF ard the current  predicted by the ongmal H-H equatwoms. Thest,
threshold for firing i+ were consudered differcnces are mainly
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Stevens 1971) we would therefore not expect so
pronounced burst finng for large pore numbers as in
the H-H equations

A general discussion is presented at the end of the
following paper where effects of gating currents
multistate porc systems and other sources of
clectnical noise in the nerve membrane are consi-
dered (Shaugen 1n press) It is also shown that from
simple space-~clamped membrane models like the
one discussed here 1t may be possible to obtain
some general indications of tho effects of finite pore
numbers upon the firing behaviour of physiological
ly operating nerve cells

Wo would like to thank Daniel Kernell David Attwell
Juban J B Jack Jan K S Jansen Rnat Licstol Arikd
Nj and Sveinung Rekaa for stimulating discussions and
comments on the manuscript and Tochild Isachsen for
drawing the figures. The work was supported by The
Norweglan Rescarch Council for Sclenco and the Humant-
bes

APPENDIMN CALCULATIONS OF
SOME STATISTICAL PARAMETERS

Results of the simukations are presented for the case
whero the injected current Is zero up to ime zero and then
is increased suddenly to a constant vahue. This s the value
of the cunent shown In the figuies. The mean finng fre-
quency is cakculated by

N
f-N/Zn
FlL

where the T; s are the interspike time mtervals and N s

the number of theso
An estimate of the standard deviatioa AT of tho mter

intervals from their mean vahic was obtained by the
following expression

an

are|—— 5 -} a2
N -1,

ke
where T, +l.)‘ +1Yf—tunc ot Last spil
o i (1.2) aa cstmate of tha standurd error of the

mean of f can b
AT

u-n[(fl—%) ‘(}*VN') ]

the wf.u'mﬁ.\fu shown by

an

verncal bunstof ¥ +1
mmn?ﬂlm'ﬂh:{;‘md‘mf TFor

mtervals) s followed by 2
et Pinssd Scund 1981

difTerent butsts both N and T change a ot bl the frmg
frequency/ during a burst is approxumately comstant, and
the fucthations of the mterspale interyals durmg a bunt
caa be neglected If tho mean value of ¥ b larger tan
ooe the median of the imterspile iatenval distnbotion b
then 1ify while the mean of thi distnbution ks 1 wberef
i3 the mean finng frequency According to Eq ( 1) te
burst factor 8F s then given by

I focf<h

“F'{ 0 forfaf uo

In general £ Us a functwon of f [ creases somenhat
when /' is Increated but fy will always bo chnse W the
thieshold frequency f when f€f  The simulations
showed that f was nearly constant w this case wih a
valuo f @60 3 The burst factor BF will then be de
scribed by two straight lines

Assurne now that in the perod of observation a nusber
of N bursts and N sllent perods of length T, occur If &
is the mean vakie of Ay, the standand delation AT froe
tho mecan of the mtenptho miervals can be
from Eq (1.2)

»
NN (|tf—|5'.r+‘zl(w'—r.)'
NN +D

The mean value T of T can be expreased by the other
parameters used here

ATt= (&)}

Lyl l_l) a8
Tums 5 TopttV +n(f 7

By uemg Eqs (1.5 and (1 6) AT can thea be wrilen ds

efi)-

1N
here Me— X (T -T)
o Mo

r

!
N H) un

The long interburst itervals T may be assumed expo-
nentially distnbuted for 1> 1ff W the 1 areluge
10 the cormelibon Lime for correlations m the membrané
poteatiad [13]. T 1a then equal t0 7 = 1y, wce all 7 ¢
larger than 1 sad Eq (1 7) becomey

(! YVvm = un
AT ([ [)I.h 1

For the case where /|y small this samplifies o

AT f=VIRCF] £+, an
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1 the nature of basal vascular tone in cat skelatal muscle
d its dependence on transmural pressure stimuls

XOLOF GRANDE, PER BORGSTROM wnd STEFAN MELLANDER
wdhywndw Univeruty of Laad Sweden

GRANDE. P -0 BORGSTROM, P & MELLANDER § Ow the pahre of vl vas-

mm-wmmwmwmwdwmuﬂ.m

Payuol Scand 1979 107 MS-JKEnch\'—dWlhylW’ ISSN 00016772, Department of
aad Buophyscs,

250 By s forwand b sl st
O¢ wm nculer pressre s destemion
m"mmﬂhurummmmemm
e cle contrbutmg (9 culing scalar tone
i fegubnon The term myogens reactnity
‘-m‘h'“bycmcnwnbccnnwdtodmdn
ahlny of the ascular smooth muscle 1o re
Wmfﬂlhtw(uueumdbyuwu
Movire terminology bk 1y adapied ln the
e s Asbough the mjopsaic by pothcus
o Bupks v quettioned far comlerable leagth
Une 3 by Anrep 1912, and others) f recel ed
e conclina ¢ eapenaental sappoct from more
o rmody maouc a8 1) mveroscopy sndies
& Folaw 1949, Folkow & Obery 1961 Mat
=

Umveruty of Lind, Swedese

lander Oberg & Odelram 1964 Johnson 1968
Bat.l;l.udhn&Orﬂnan.

myopeolc mechanlsm s thas pow quite
iy oecined s haporcre i o
developmest of active respomes to changes in
rteral blood pressane for wstance (8 satoregula-
tion of blood flow (for ref scs Johasoa 1964) Lmply-
ing that W acts by increasiog of decreasing the
M""Mhﬂﬂmh.rm Bassl vascular tone in

context refers to the marked inirfowuc toac

Lnowa nervous snd humonl excitatory iufl
m‘"“';mfhwbdaumumwmh
y of myogenic origia (e.g. Folkow 1962) but

ey
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Its utiating mechanisms are not yet expenmentatly
defined Basal tone might possibly result from
P W3 myogenc 1city in the vas
cular smooth muscle but it might also require some
specific contmuing sumulus for its development and
mantenance for nstance rutmted by the artenal
blood pressure distension as apparently envisaged
by Bayliss It is possible that basal tone might be
established by somewhat different mechanisms in
the vanous sectlons of the vascular bed in view of
the documented heterogeneity of vascular smooth
muscle 1n different parts of the circulatory system
(e g Bohr 1965 Vanhoutte 1978}

In the present 1nvestigation an attempt was made
to elucidate some charucteristics of the basal toae
consecutive sections of the vascular bed of skeletal
muscle special attention being paid to 1ts depen-
dence on vascular transmural pressure stimull
The fact that the myogenic response to decreased
transmural pressure 13 effected by mhibitory inter
ference with basal tone might imply that myogenic
reactions and myogenc basal tone are mediated via
some cellular h 1) Further in
sight into thus problem might be ganed from more
detailed studies about such myogenic inhibitory
interaction particularly m view of a recent desenip-
tion of the cellular mechamisms behind myogenic
reactivity in single unit vascular smooth muscle in
vitro (Johansson & Mellander 1975)

Sinee simflar mechamsms might be operating 1n
vivo as well 1t would be of interest to determine
the maximal extent to which basal vascular tone in
different sections of the vascular bed can be 1o
hibited by a true myogemic reaction ovohed by
decrease In transmural pressure  Recent cxperi-

of the maximal extent to which basal tone could
be inhibited by myogenk mechamsms evoked via
transmumi pressure stmull.

In a second senes of expenments vanous 3
tempts were made to determine to what evtent hasal
tone in dufferent sectrons of the vascular bed could
be dependent upon the normal arterial blood pres-
sure level Special attention was pand to the pos
sibility that the artenal pressure via static andfor
dynamic transmural pressure sumub could conr
tribute to the mitiation and mantenance of basd
myogenic lone

The results ndicate that the basal tone o of
somewhat different pature in the mucrovessets com-
pared to that In the more proxumal artenal vessels,
This difference will be tentatvely discussed in the
light of some recent electrophyswological studics oa
vascular smooth muscle.

METHODS
The study was performed oa o3 caby bwt )k
ancsthetized with a-chioralose (50 mphg bwt) ad
urethane (100 mg/kg b wt.) The cats were bpos-
tancously th:m;hnlmbealamh. Body temperature
was kept at 3810 FC A few which ere
lcchnhllymmdtﬂureu:hukdrmmmndy
Experimental preparation The observatrons were madt
onlhca-mdp-cdrmcrpulryblockcdvmln'hdhlk
ncutely dencrvated Jower leg muncles of the nght hind

be oaly briefly summanzed The musche regoa was st

perfused via a shuat circuut plxcdbctnmu-ufcmrﬂ

and the popllical artery except for one sencs of eapit-

where (ho muscle region was perfused with 2 pressure
Ded roller pump (Wt below). Meaa

ments (Grande etal 1977 1978) have d
the existence of a small stauc and a much more
promunent dynamuc o rate seantive componentin
myogenc vascular control in sheletal muscle the
former component related to the amphtude of the
eady state constant increase or decrease in vas
:::.\lnr){mnsnmml pressure (P7) and the latter to the
transmura pressure change (dP+ldD)
active  dynamic myogenic
dilator response 10 3 strong whibitory (negative)
dP{d! stimulus 1n terms of a rapd tramsmural
decline were therefore made when ap-
Ccmpnnsonohhh active

dilator responsc

wxh
dose of papavenne (whi
ml.ona]c whatever us cause) pmv‘idl:d a2 rough cstimate

Acta Piysiol Scand 107

servo
blood flow (Q) to the regioa was contipuously

um-rdubhprmmpbcmno-murwmle&
Borgstrom 1978) Venous biood flow from the regoa
d:vma!m-nxb:mwlbcnuumunc- Mt
artenal inflow pressuro (AP) and enous outflow pressare
{VP) were measured from T-tubes close 10 the canmalsed
poplitcal artery and 10 By meam of a wrew clumw
placad around the shunt tube amnalprcumcouub‘
adpusted to deswred bevel Pressures from artenal mxTo
essel (small artery pressure SAP) and from veauut
microvessels Cumull oo pressare SVP) were conbat
ously momtorad usung a techoque modifled from that
onprally docnbed by Haddy et (1954) (for Jetal
sbout thi techuque and & Grande 1979

-nunur(ac-onhewuocnmummuwkucnhpudi
a site Just distal lulhcnl;accnlmp.-lanlﬂanblen)la
tubings ( ¢ of tp -O)mm)-mmxnd;unbdmv
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win Uammary prosace (P ) aod (hes coulkd bt ap-
Wy deured raw JPidr

W om senes of aapts somator-motor merve sowds-

-y mad sccomplubed by elcctrical stuols-
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approach, Accordmg
1o provices svstushons tses Orimde of ol 1977 1978,
Grands 1979), pomits retable recordmgs of the men-

RESULTS

The expts were performed ou the sympathect
tmied and bocked vasadar bed of
sheletal mutcle with well preserved basal vascular

o -
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Flg 2 Average cffects (n=8) of » suong inbibltory
dynamic transmural presure  siimulus (dPyld1=—3
mmH;/l)l.ndoflwpﬂmﬂnuldmodplpuverlmon
basal tone In the whole vascularbed (Rye) in the proximal
arterial vesscls (Rp) and in the microvessels (Ruwrs)
Notnlhcpmnmmcedh:hﬂ:idmo{bnnltmcby!}wdy
mmjcmmmnlpmmmldmulmcﬂwcdbymnlmmx
lectl fon 1 the 1

tone within the normal range (cf Mellander &
Johansson 1968) Total and segmentnl vascular
resistances in the muscle region were followed con

tinuously throughout the expt from blood flow and
differential pressure measurements (se¢ Mcthods)
The average value for small artery pressure in the
present matenal was 7013 mmHg at an arterial
inflow pressure of about 125 mmHg indicating that
small artery pressure was monitored from artenal
mucrovesscls smaller than about 25 pm (id) {cf
Froneh & Zwetfach 1975 Grande 1979) The ste
for separation along the vascular trec between the
proximal artenal vessels and microvessels there

fore roughly refers to this vessel dimension.

Effects of a strong {nhibitory transmural pres
sure stimulus on basal vascular tone  As men-
woned fn introduction the myogenically reactive
vascular smooth muscle 13 especially sensitive to
dynamk wransmural pressure sumult dPy/dt Pre
vious studies (Grinde & Mellander 1978) have i
dicated that such 2 stimulus imu[xr regard to 1hi-

sponses proaches fts effector maximum
butory ™ a dP:ﬁﬂ value of -5 mmHg/s which
study and accomplished by a
40 mmHg 1 83 To minimize the

T vascular collapse
inevitable (and disturbing) pamvcgcﬂ ot weh o

effect espectly 12 e » o fustrated
P, decline the €xpls WEre doa
g, 1 The vascular bed was fint €x653

rcta Py Scosd 197

P increase of 40 mmHg above pormal control, s 5
this case at the rate of $ mmHg/s accomplished by
a decrease of extravascular (plethysmographk)
pressure Py was then mamntained at this constant
ncreased level uatil the pronounced dyname coa-
strictor response had vanished and the small statc
constrictor response had reached a steady stase
After this the test inhibitory transmural presure
stmulus was applied by decreasing Py back to the
control level at the specified rate of -5 mmHg/s.
The utlal Py increase thus served the dual purpose
to munimize passive vascular collapse and to pre-
vent vascular tramsmural pressure from fallmg
below the normal control kevel dunng the subse:
quent Py decline
The figure shows recordings of the resistance
responses evoked in the whole vascular bed (Ru) -
in the proxmal arterhul vesscls (Ruew) 12 the !
microvessels (Rmen) a0d in the large vems
(R ) to such transmural pressure stumall. The )
responses to the mentioned Pr increase confirm i
easential respects our Pprovious observationt
(Griinde et al 197N It evoked a strong Jyname .
myogenic constriction 1n the microvesscls lnre
sponse to phasic Increase in Py | e tothe poume
dP{ds stimulus which was reflected [n total vas-
cular resistance also whereas the pmthlaﬂu'u
vessels and especially the veins were almast
frresponsive to the dynami< stimutus merely show
ing passive dustension The stalic myogen.c o |
stnctor responses to constant ncreased Pr v et
small in the microvessels comprismg about Py
PRU and m the proximal arterial vessels about 03
PRU above the control values Large vem resnt
ance was simuhancously decreased passively |
slightly below control The net effect o8 ovenall
vascular resistance to constant increased Pr W&
moderate as depicted in the Ruccurve
The vascular responses (o the inhubutory P!
sumulus of =5 mmHg/s aro shown wn the Tatier
part of Fig 1 Note the marked actuve dilanon in
the microvessels which lowered mucrovascular
resistance from about 10.5 PRU to 1.5 PRU thus
far below the Initzal control valus of about 85 PRU
at normal basal tonc (sccinlllnlpaﬂoflhccund-
The proximal artenal vessels showed 0 1
response on instwal active dilabon which lowered
resistance somewhat below the il coatrol kevel |
followed by moderntely rused resistance A small \
resistance increase also was noted n the Large
vemn secuon Increased resistance 1 the lafter 3¢
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Fig. 1. Effects of shaft from pubaide to poa-pulsank
nﬁnlwmpﬂmmmww
epucatal mcul reuntsoces b skabecal musce. Nots
e sartod decioe e doal vascalar resstaace (M) doe-
nd pectouon, s effect mamiy camsed by
mhixcn of ksl tons m the macrovessels Resigancs
¥ preio atenal vesech (M) was moch bets,
iy ons (Xo) ardy ool aflected

o e B
s e

{ —=

owt during the P declioe most bkely can be as-
aibed b patshve el recoil (which thus could
=4 be preveated catirely). The descnbed active
ax responses, however domunated the be
Lo with regard b overall vasculss resstance
*ulay m 2 st decrease m R from the control
Vet of sbout 18 dows to 10 PRU
The Qescribed partern of response (o the strooy
tcsmund pressire stimules was wmudar
Rilaps @ cats) For the whole materlal (see
P ) ths semuly decreased  macrovascular
Tewslisee from an v eragy cootrol valus at porpml
%ol one of 1. £0.6 PRU dowit to an & crage of
130 PRU and proxmmal stenal rewstane
ey the il diator phase) from 73005 to
45 04 Towd asculsr resstancs decreased from
3 erape of 174214 10 99208 PRU These

Characteristics of basal rascular tone %69

that this basal tone mamly resided in the proxanal
arterial vessels and the mucrovessels whereas the
‘large vems had low toae The applied transmurl
pn-mn’tulrmﬂul(nepxledl’fﬂi)mumbhw
very cffectively Inhiba basal tooe 1 the microyes-
sels uhutrcshlmdeamcdbydmﬂ%“(
of that evoked by papaverine but was kess effective
1n the more proximal arteral vestels where resist
mcln’h;thclnhh.ldahm’phudcauscdby
onlytomelO%ollhcpamvu‘Lneeﬂ:cLD:hfar
thrs whibitory effect In the large vein section are
ot fckided m the figure since they are less reliable
due %0 hazards in determuning resistance in these
cssels during phasic ahift {n Pz where also a pas-
sive chute recol effect was quite signdicant
Menion should be made that some passive ehstic
recod might have been prescot [ the other vascular
sections as well espechlly in the proxamal srteral
eseehs bewog qute disteosibie (of Caro et ol
1978), which imphes that the inhabitory effects of
the dPrkds sumalus mught bave been somewhat
undercstumated by the dam given n Fig. — A rough
estimats of this cffect was obtained by deteranning
it oo the papaverine-tresied vascudar bed 1o re-
spouts ® the negatne 4P /d7 stimulus. Such ans-
Iysls suggesied that the mentioned cffect was reta-
tively umall

The fact that the appled dymamic inhibstory
transmeni pressare simakas Via a myogenic mech-
mism was capsble 0 cffectively nterfere with
basal tone only 1n the mucrovessels sugpeats that
busal tone in the microvessels and In the buger
arerial essels 13 of somew bat dfferent patyure.
Effecta of normad arterial pressure padsations ox
batel ascalar rone Some previous stdicy (Mek
laoder & Arvidssca 1974 LaLone et al. 1975) have
sbovn that shift from nocmal pubatle to nos-
polnule artenal preasre perfusion keads 10 de
creased overall ascular resisancs In a skeletal

Qo3¢ of papa (100
©LIg muscle Uswoe) which chused compiete eli-
Wrdow of e ascular wnooth caucls wae
‘omasalar resniance dunny such papavence
Wirvos yeraged 04_0.1 PRU  proxamal arenal

Twlace 07101 PRU lape cm reshuner
VS SIPRU amdiold ascular rennce | 7502
F'U“wptﬂ'\nmprnm

The data m Fig.  show that & pronownced basal
e eantod e the mncular hed wnder controt con-
4 whuct couhd be sbolrsbed by papavenine mad

mught contribute 1o the eutabhshment
of bormal besal vascolar tone, perfupt  repet
Ve dynamic transmural pretsare studulation. The
mc-“hb!a‘nn{upu.uumlnw:m,.u,f
mchncﬂmnmnlymnﬂnedm\be hecTo-
vessely 2 posubilny wggested by the resulls in the
F"“hﬂwﬂmﬂwnmllbubndlmcuum
Mmc\mﬂymﬂm-mmw
tally apphed external dynamic tran

F“Mwmwwumw

Al P Scned 1T
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ARTERIAL BLOOD PRESSURE (mm Hg)
Fig 4 Effects of shott term (<60 3) reductions of arteral
blood prexsuie on tota] and segmental vascular resistances
in skeletal muscle Node that the evoked declmne in total
vascular resistance could be almost entlrely explalned by
duation in the microvessels

resistances 1n the adrenergically blocked muscle
regon were andlysed at normal basal tone upon
shift from pulsatibo to non-pulsatile perfusion oc
complished with the use of a servo-controlled roller
pump (sce Methods) under malntenance of a
normal and constant mean artero venous pressure
difference

Fig 3 summarizes the avernge result of 8 ob-
servations on 5 cats 1t can be seen that shift from
pulsatlle to non-pulsaule perfusion caused a pro-
nounced Inhibition of basal tone In termy of a de
crease by almost PD% In total vascular resistance
n the muscle region Note that the magor part of
this dilalor response was localized to the micro
veasels (smaller than about 25 um i d ) the resist
ance of which decreased by almost 35% below
control (or about 15% of the maximal papavenne
induced mhibitory response) Some mhibition of
tone occurred also in the more proximal artenal
vessels m which reustanco decreased by some
10% A special test expt. on the papavering-relaxed

tions at mantained normal mean distending pres-
sure thus seems to be an effect mamly kcalized to
the microcireulation Such oscillatwons thus appear
to be essentinl for the development of normal m 1
crovascular basal tone and the effect might resut
from repetitive positive dynamic transmural pres- |
sure stimull on the vascular smooth musck evoked
duning the rising phase of the pulse pressure curve.
Effecus of arterial pressure reduction on basal
varcular tone and porsible undeih Ing niechamums
Observations of total and segmental vascular reslst
ances in the adrenergically blocked muscle reghon |
were performed on $ cats dunng graded reductions
of artenal {nflow pressure whuch was accomplished 1
by adjustments of a screw-clamp placed aroumd the
arterlal shunt tubing {see Methods) proumal to
the site of the arterial preasure measulement Such
compretsion of the tubing produced not only 4 de- 3
crease of mean artenal blood pressure from is
control vatue of about 140 mmHg n these expis.
but also a simul gradual lon of the
arterial pulse pressure oscillations which were vir
tually abolished at a mean pressure of 40 mmHy
Mcan artennal pressure was reduced o the vanow:
levels depicted on the abschssa in Fig. 4 and e
was done for short perlods of time (<60 1) to mint
mize possible metabolic vasodilator influeace. T
resistance data on the ordinate in Fig. 4 refer to th
steady state after such a short-lasting pressurt
reduction Completo recovery of vascular tonc %41
wnsthuted between successive pressure reductiont.
It can be seen from the figure that total vascult
resistance in the musele region (Ry) decreased with
decreasing arterial inflow pressurc This resutance
decline was steepest in the pressure range dowa 10
about 80 mmHg and implied a fairly well devek
oped autoregulation of blood flow in ths pressure
range Noto that the decline in total vascular resbt
ance could bo almost eatirely explained by dilatod
in the microvesscls the basal tone of which wat
almost completely hed (inhibited by atmost

holl

vascular bed demonstrated that total and segmental
vascwar resstances if anything were somewhat
smaller dunng pulsatile than non-pulsatile perfu
ston This indicates that the reslstance dechine dur
ing non pulsatile perfusion as depicted in Fig. 3
was caused by active smooth mincle responses and
not by passive effects for nstance related ul)hr:‘:dco-
fogical of other physical phenomena (cf Mel er
& Arvidsson 1974)

The demonstrated €
basa! tonie upon climination o

lear nhibition of aormal
{ the artenal pulsa

Acte Phosud Scand 107

80% of maximum) at the artetial pressure of 40
mmHg Resistance in the proximal artenal vesscls
and the large veins remamed fairly constant of &
the low artenal pressure levels even tended 1o ie-
crease with decreasing arterial pressure The farter
effect might mainly be ascnbed to passive elastic
tecoil in these quite dintensible vessels (cf Car
ot al 1978) dunng the reduced arterfal pressure
which thus possibly could have obscured some
minor concomutant inhubitson of their basal tone
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£ 3 Expermment vorvmg w0 dhitiam that besal 1008 1 the 63cTOV8356H (Ranl, bich b oarkedly decTemed by
etacton

of acuerl prevaoce, can be pactaly resstmad by
m—Tesy of

of owan pressnre o

resoraion distending
Preseacs (P ) da decresss of sxiraviscaler

Prowrs.
T c1peraaeat also donooitrases thad dynac: aod SANC POPEC TERCvRy I8 uie wcl rescrved durtng (he -

doced el dypoteasios. For fortier delads see taxt.

h concluded that basal vascular toas m the
oxrovesels 13 distmctly dependent upos the
wiernld presnre kevel and an altempt will be mace
1 thocndate the undetlyeg mechamsms. it can be
dwhuced from the data [n Fig. 3 thas a wpmficar
Pt of the described 1ohibrory effect on oucro at-
ol tooe of arterial pressure can be

arterml prassure reduction. In this expt. artertal
pressure was reduced from about 15010 100 ounHg
|c.md|enuplhmhloodflmkurummbly
well antocegulated to mismuze possibie metabolic
ddator influence. Flow (mean valuc) was thus re-
duced by oaly tome | % in this cave, Total vas

Mihbuted 10 the cONRCOMUANT EXPETEDENLM ANLTRA-
om of (he arteral palsanions. Some 35% of the

effect coudd be ascnbed o the hater
B0 at the bowert anienal pressure kel (40

Teased dymamic tramtmemal pressare sLmull {see
Brcinaon) 0 potuble metabolc mhbitory m
fncnit uwwmmmwm\uy
“w

The expl depicicd 1a Fig. § provades some -
Locmatm 4b0al the Moportancy of sl raosmunl
proser  Jntenuos for  ascnlar toas and about
Matsc and Hoame moprac reacinuy dumng

cutar (Ru) decreased by about 5.5 PRU
mumtmcmmmmu
Pluncd by Infubaion of basal tone In the micro-
vessels

Tha arteral pressure reduction led to & fall of
méas drstending pressure 1 the whole vascular
bed by abow o5 minHg, calcubated a3 (AP+VPy2

-.nd:olnermnouonhnpulupmsumoscﬂubm,
The Jow mean

Pretuure was ap-
and led 10 an Truttal
YOCERC  COmUnCior re.
seh whach mabied vascuter

Plaed a1 the rase of _§ eunfyf
Procounced yname m
Mpoase 10 the macroves
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ARTERIAL BLOOD PRESSURE e Hg)
Fig 4 Lffects of shoat term (~60 3) 1eductions of atteriad
blood presaure on total and scgmental vascular resblances
n A::rul muscle Note that the evohed delme (n total
vaxular revhance could be almost entirely explained
dilation m the micruvessel v

resistunees in the adienugically bloched muske
tegon waie andlysed at normal basal tone upon
shift from pulsatile to non-pubatile peifusion we
complished with the use of u vervo-contrulled roller
pump {ace Methods) under muntenance of a
normal und constant mran arerio-venous pressure
difference

Fig 3 sumnunizes the average resuit of 8 ob-
»eIvalions on S cats [t can be scen that shift from
pulsitile to non pubanle peirfusin caused a pro-
nounced inhibitwn of basal tone in terms of u de
ciease by alnwat 07 i total vascular resistamce
10 the musele t ghon Note that the mujor put of
this Jdilator respome was kwahized to the micro-
vewdds (amaller than about 8 pm 1 d ) the raist
ance of which decieased by almost 35~ below
contrul (or nbout 387 of the manimal papay etines
induced infubitony tespoine) Some inhitatiwon of
tone vecunied abo in the more plovimal anterid
vessels i whi horesn tance decreased by some
10 ¢ Vapecul testenpt onthe papavennetelaned
voscular bed demon. trated that total and segmental
vascular 1eaistances if anything were somew hat
smaller durng pulbsaule than aon pulaitle perfu
son This indicates that the resistance declhine dur
ing non-pulsatile peifusion us dept “ted n Fig 3
was caned by Butive amooth muscle rosponses and
ot by passive effects D instance "“““h‘ lu’::
Jogrcal or other physkeal phenomend (£ Me

t Anvidywon 19748
The demonstrated clear intubion of no(;ml
hasal fone wpon climinatan of the aitenial pube-

A raTh wd duand 197

tions at mantuned natmal mean distending pres
sure thus scema to be an effect manly hocatized 1o
the microcireulation Such oaeillutions thus apear
to be cusentlal for the deseloprment of poemal mi
crovaacular basal tone and the effect might resull
from repetitive positive dynamic tranamual pres
aure atimull on the v ascular smouth mincle ey vhed
duting the tising phase of the pulse preasure cune
Effects of arteral pressure reductim m basal
Vascular Dne ind possible underb lig mechaniss
Observations of total and segmental vaveular rewst
ances {n the adienerpieally blocked musele 1egion
were performed v $ cats Juling graded reductions
of attenal inflow pressure which was accomplished
by adjustments of u serewsclamp plaved around the
aitetinl shunt tubing (see Methods) provmal o
the site of the wterial preasure measurement Sikh
compresston of the tubing produced not oaly a de-
creuse of meun anterial blood preaswe from Hs
wontrol value of about 140 mmilg In these expts
but alw o simultaneous gradual attenwaton of the
arteral pulse pressure ;acillations which were W
tually abolivhed at @ mean presne of 40 matis
Mean attenal pressure was reduced to the varss
levels depleted on the abaensa in 1ig. 4 and this
was done [of sbort perkrda of time (<60 ») to ek
mize poasible metabolic vasodilator infeence 1He
teabstance data un the ordinate in Fig 4 tefer 10 the
steady stale after auch a shottlasting presw®
reduction Complete recorery of vaveular tone wds
instituted betw coh atcessive presaure rehktony
1t can be seen from the flgure that 1ol vaseuls?
revbatance In the musle region (Ru) decicaned wib
decicating arteial inflow preasure This resistance
deuling was steepeat in the preasure range down to
about 80 mmHg and implicd a falily well devel
oped uutoregulation of blood (ow in this prevuré
range Note that the dedhine {n total vascular re it
ance could be almost entlicly eaplained by dilitwnt
in the mucroves el the bl tone of which was
almost completely abolished (inbubited by alawnt
O™ manimum) at the arterial prevsure of
mmlig Resistance inthe proumal aterat vessel
and the Lurge veins remamed fatly constant or al
the how artetial prevsure Tevels even tended (o i
1ease with devreasing wsterial pressure The Latter
effert might mainly be asunbed to passive clasie
tevoll @ these quite dntenuble vessels ¢ [ Carv
ct o 1978) dunng the rdweed artenal meswre
which thus po ubly couhd have vbscured ome
minor concomiant infubiton of thewr basal (one
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rodactes of arteral pressure, cxa be partally
wemal by acy] ACTCESS

of mean dnsnding preers 0

a
The upermment seo demmomirales that dynaas aad sanc ayogsnl:

dmced arterial bypotramoa. For fartsey detads see

It s concinded that basal vasculer tonc in the
mcroeasels 1 drtmctly upon the
wicrnl pressure kv el and an atiempt will be made
10 clucxdate the onderhy g mechassas. )t can be
deduced from the data 1n Frg 3 that a spadicant
part of the dewcnbed nhibaory effect on pucTovas-
onlar oot of arteral pressure redicton can be

mhboxy effect could be ascnbed to the Latter
fcor ot tbe lowest ariend prossare tevel (40
maHy), whery Lhe puttations sere  oiually enr
Wied. The remaummng miubriory effect it be
Muribee) to wreral facton, for ustance to de
deaval datc tanueursl  pressare  dntensod
caed by ful of mcan arierid pressure o de
creaicd dynaxuc iransmaral pressure signob (see
Ducnswon) 1o possble metabobc wbibory
fucnce 0a basal tone and/or on my opemc react ity
o

The 1pt depucted n Fig. $ provades some m-
formation bost the importance of satx: tracsmural
Pevuse dntcnuom for  ascubar tone and abowt
M an) hume myogenic reactivity durmg

I pertare (P ) 12 decroms of extravascuder prvsswre.
reactrvity is quits well preserved dunag the o

artersal pressare reductios In this expl. arieral
pnunmrechmodfmli‘-OlolOOmﬂ-lg.
1.¢. in the raage where blood fow was reasoably
well storegalated 1o mummize posubie metabolic
diator influence Flow {mean value) was s re
doced by ooly some 12% in ths case Total vas-
cular ressstances (R,.) decremsed by sbout 5.5 PRU
dunag the pressure reduction, almost entlrely ex
plaincd by inhibvtion of basal tonc in the macro-
cascls

This arterial pressure reduction Led to & fall of
mean distending pressure In the whole vasadar
bed by about 25 menHg, calculated s (AP+VPY2
and 10 attemuation of the pulse pressure oscallations,
The low mean dhtending preswre coald pow
under ouintamed arterfal hypotension, be roughly
restored 10 pormal by incremlng overall vascular
tranamuorad pressire o decrease of plethysmo-
prophic (cxtravescular) pressure by the same
amoust, a procedure shown m Fg. 5 Ths com-
pensatory 1ncTease of tranvmural preture was ap-
phied at the rate of .5 mmHgls and bed Lo an lortaal
promousced dyoanec myoenk  consn<ior ro-
spomse fn the mkyoressels which mosed vascubar
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.:-‘In 6 Effects of slmulated light muscle cxerclso (low

fibre stimulation) on microvas-
cular (one (abscissa) and on the superimpored dynamic
myogenle constrictor response (ondlbate) to a stand

part of Fig %) indicaung that static myogenic re-
activity was quite well preserved during the artend
hypotension

Return of plethysmographic pressure to zero
(Fig. 5) caused an imtal marked dymamic micro-
vascular dilator response after which tone returned
to the previous low level msttuted by the arterla
pressure dechine Release of artenal pressure to the
control level finally cvoked an [nitsal quite pro-
nounced dynamic microvasculr constriction afler
which tone via an oscillatory behaviour returned
to the control level m all scctiony of the vascular
bed

In some additonal expts  simular to that depited
in Fig. 5 overull vascular transmural pressure
was raiscd from an AP level of about 80 mmHg
by 65 mmHg corresponding to the normul mesa
fi i at an AP of (25 mmig. Ths

mﬂudtcﬂu-nmmuulprmmeulm\umw -
crease by 40 mmHg applled at the rate of 2.5 mmHg/s)
Note the panille] decrense in microvascular tone and in
the dynamic comstrictor response with Increasing rates of
somatomotor fibre excitalon

tone also in the whole vascular bed above the con-
trol level at normal artenal pressure The evoked
dynami constrictor response was of almost the
samc magnitude aa that observed a1 normal arterial
pressure (see latter part of Fig. 5) demonstrating
that dynamic myogenic microvascular reactivity
was quite well preserved dunng the arterml
pressure reduction (cf Grdnde 1979)

When static mean distending pressure  was
restored 1¢ In the period of constant Increased
vascular transmural pressure (Fig %) small though
clearcul  static myogenic constrichons developed
m the microvessels as well as in the proximal
arterial vessels which raised tonc in the whole
vascular bed by about 18 PRU Such expen-
mental restorntion of stalic vascular transmural
pressure distension (but not of the pulse pressure
oscillations) dunng lowered arterial pressure thus
Jed to a partial but not complete recovery of basal
vascular tone ‘The average of 5 such expts indr
cated that basal tone In this way coukd be restored
1o almost 35% 1 1he whole vascular bed and to
about 35% in the microvessels of what was lost

reduction  The
during the inittal artenwml! pressure

stauc myogenlc responss during bowered arteral
pressuTe Was of almost the same order of magnr
(ude s dunng normal arteral pressuro (sce Later

Ausa Pyl Scasd 197

g P
resulted in an avernge static cominclor respoase
in the microvessels of about 2 8 PRU and 1a the
proxmal arterial vesscls of about 08 PRU The
latter data might serve as rough estimates of the
extent to which the static distenslon effect of nor
mal mean artenal pressure contributes to the estab-
lishment of normal basal vascular tone

These data and those presented in Figs 2 and
provile strong circumstantial evidence for the
opindon that basal vasculyr tone especully In the

microvessels during normal artenal blood pres-
sure to a significant extent is dependent both on
its static distension effect related to mean arterial
pressure and on its pulse pressure oscillations el
these two factors do not scem o be the only oot
responsible for the imtiation of basal vascular ton¢

(sce Discussion)

The decline 1 microvasculur tone dunng
arterial pressure reduction as illustrated in Fig 3
nught in part be explained by the action of meta
bolke dilator factors accumulating Junng the result
1ng flow reduction cven if 1t was small in this case
The fact that static and espeenlly dyaumc myor
genic renctivily was shown to be quite well pre
served during the arterial pressure rafucton sug
gests that such an influence was small unfess the
metabolic control system wterferes with basaf tone
via some mechanum completely unrelated to myo-
genic reactiviy  The lalter po ubilily wds ex
amined in a spectal senct of expts by determun
Ing myogenic reactrvity in terms of its promunent
dynamic component under more deflned activa
ton of the metabollc coatrof sy tem of keketal
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ouenin
ful 0 appromets figwres be
et of sormal butal W W proxuned verh

bueraions of mcrovascalar tons and of the

s o 10 0.5 Hz, snulatag Iight cxercus (-
Lunhall I972) It can be seen that such metat

Chavacterisiics of basal ascular tome n
Mention shockd finafly be made that the proxi-
ol arteral vessels wero showa 10 be much less
cenutrve than the micovensch 10 the metabolic
lluencs of mascle contraction {cf Folkow cf al.
1971, basal (00¢ in the former vesscls belog vatu-
dtyunaﬂccwdbymmmrmemmuhtbum
uunnpupluu.sm_sxmuwmm.bdkxmuﬁ,
bowever cagsed gradual mhibaon of this tooe
alio npudmal relaxation in (hese vesuels bemg ob-
served at excatation rates around 4 Bz, correspond-
malolhcumnbdkmfhmo(bnvygm(g(
Lundvall 1572).

DISCUSSION

The aim of the present sy wat lo chicdale n
some detail the charactenytics of the mirisic bas)
yascular toue in skeketal muscle with regard to ds
extent and nte along the vascular bed fis depend-
ence on stanc and dymmic tamimuml presume
sunui and 03 seautivity to local metabolic m-
flocnce. A method was used which according to
previous cvaluation (seo Grande st &) 1977 Orande
1979) scezs 1o provade quite rellable determizations
of total vascubar reshitance as well a1 segpmental
resatancet I what 8 denoted proximal sfierial
vesicls  microvessels and large vens  The data
indicated that the ske for scpacanon between
praximal arterfal vessels and  microvessel
referred (o an approximate  essel dismeter a3 soull
2325 um umplyg that the Former vessels extended
somew hal w10 the domain of the aicroclroul

Elecoce @ fact.

o scilve resk veactions In the

tone
0 The dj ntmc oy ogeRac CONSINEION respOmc £
Porcllel, asd that these effects were graded bn rela-
oA 10 Vo ELxon s Wit Qs W Rl
hinary eflects evohed a1 0.9 He
,‘nm‘um\hmwﬂxmm
micracis wih (he mechanismis) reypoo-
blefor d) Baamac oy openac reactivity i lexst whea
*lnaed by theletad oxncle contracuon. 1 there-
hwmmm‘dﬂhﬂw—
Gy connbae o the mbabaioo of basal mucro-
- dar Wt donng the moderate artensl preysirs
Froduced in Fig. 3 unce my openes reacts
9Y %33 thes well presencd (. Grande 1979).
Tht dor act refe the possibiley thal metabolxc
eovcaca oua b of Mgmaicom wportance

els of thix stody can be consdered to
refer (o the termanal arterial vessels mainly even
f the cxp 3 and minuie ventus vessels were
ane wcrbed m hese resistance measarements
{Grands ct al. 15772

The results firt confimed praviows ob
(sec Mellander & Johansson 1968) thas tone

and afer complete smooth mutche relazaion wath
Papaverine The mam resalts of the present study
therefore deal wah the characteratcs of bsal tone
In e proxinal artenal essels and the

\uxhudthcymyhemwwm°
ly and n rough figures, as Wustrated m Fig. 7 The
'mam@‘dtu»eum Wing

B
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terms of 1ts active vascular resistance corollary
(PRU) ie the resmtance at the normal level of
basal tone nunus the small physical' resistance
remanmg after complete smooth muscle relaxation

The following main conclusions may be drawn
Under control conditions basal tone corresponded
to an average of 6 6 PRU in the proximal artenal
vessels and 78 PRU in the mucrovessels The
normal arterial blood pressure secmed to be partial
ly responsible for the mtlation and maintenance of
this basal tone both via its pulse pressure oscilla-
tions and 1ty mean pressure level the former quite
likely creatmg o repetiuive dynamuc and the latter
a statk transmuml pressure sumulation of the
smooth muscle Note however that the fraction of
basal tone which could be attributed to these two
stimuli was much greater in the microvessels
than w the proximal artenal vessels (Fig 7)
Experimental application of a strong (probably
maximal) y dynamic t | pressure
sumulus  (dPr/df=-5 mmHg/s) caused a very
effective though not complete mhibition of the
normal basal tone m the mucrovessels but such a
stimulus bad oaly a slight effect on tone in the more
proximal vessels (Fig 7)

Mention should be made In this context that

N

explan why autoregulation of flow occurs only
within a limited mnge of artenal pressures.

The descnbed results which demonstrate thy
basal tone is much more dependent upon and seosj
tve to transmural pressure stimuli i the micry-
vessels than in the proximal artenal vessels
suggest that basal tone 18 of somewhat different
nature m these two sectons The site for such a
possible functional differentiation of the smoolh
muscle along the arterlal vascular tree is probubly
not precisely at the vessel dimenston of 25 um {Ld )
but perhaps at a more proxumal kevel the tmafl
fraction of basal tone sensitive to transmural pres.
sure stimuli in what was here calked proxmal
arterial vessels (Flg 7) thus might reflect the be.
haviour in their smallest ramfications which
should be denoted microvessels rather than prod.
mal vessels Whatever the case the fact remamg
that the by far largest fraction of basal tone i the
microvessels (< about 25 um {d ) was seositne
to tansmural pressure sumuli while the by fur
largest fraction of basal tone 1n the more proximal
vessels seemed to be jrresponsive to such strmudi,
Another difference between the proximal artemal
vessels and the microvessels was that basal tone
in the latter (Fig. 6) was much more sensiuve o
stimuli than that in the former (cf Fok

dynarmuc transmural pressure it of the vas-
cular bed might not sokely be affected by pulse
pressure oscillations but perhaps also by segmental
pressure oscillations In the longitudinal direction
created for instance by the lntermuttent local con-

kow etal 1971) Even f basal tone m both sections
might be conndered to bo of myogenic origin (see
Introduction) the described functional discrepan
cles might supgest somewhal different cellular
behind the basal tone 1 the proxumal

stnctions and dilations d. d
The demonstration that normal mucrovascular
basal tone to such a significant extent 1s depending
upon static and dynamic transmural pressure
sumuli created by the normal arteriul blood pres-
sure might offer o very sumple explanation of myo-
gemic autoregulatory phenomena in the mcro-
circulation  Fall of artenal blood pressure withm
2 certain range would lead to a graded mhibitoon
of basal tone simply due to partial elmmnation of
jis mtaaung static and dynamuc pressure stimul
Conversely ralsed artenal pressure might lend to
remnforced vascular tone duc (o increased static
mean pressurc distension and to the usually asso~
ookt Ky
ure oscillations or
:::;npu::;ﬁimlm the dynamuc transmural
sure stumult The fact that basal tonc in the
;:ma] artenal vessels was largely mdependent of

mmwmwnm@lmtﬂm’my
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and distal artenal vessels a possibiity which wil
be discussed In the light of some recent clectro-
physiological studies on vascular smooth muscke
The cellular mechanisms responsible for basal
vascular fone and myogenic reactions are not yet
expedmentally defined m the arterial micTovessels
specifically but a recent in vitro study (Johansson
& Mellander 1975) has clanficd the electrophysie-
Jogical events behind myogenic reactivity (o me-
chan:cal stimuli nthe single unit’ spihe gencraiing
vascular smooth muschke of the rat portal vem
which scems o have several characteristis i
common with arterl mucrovascular’  smoots
muscle The myogenic contractike response palten
1 thus quite smular in both these types of vascular
smooth muscle (Jobansson & Mellunder 1973
Grande et al 1977 1978) Both extubit a stal as
well ns a dynamic component m their myogenc
respoases of whch the latter component [ the



wach pOre prommen! oot  maxirad exciintory dy
o uimekis %k s 10oe 1S tanes more cffeo-
¢ in g contraction {n viiro and mkTOVRCTH

. br comtriction m vive than & maxmal SIARC s

. A sirong Wnbubdory dynamic stumidos wad far
ermore capuble to abohth contractile sctrvity B

e partal vem and, 23 shown o the study a0

wmtny-effector
Liely that the mryogenic respomes in both types of
nucke wr medsied vis someo common cellalar
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mlbcpoﬂ:llveu)mdp:mhhw.nibymenotml
munlprnmmvi-munkmdd)mnucmx-
mural pressure stimull (Fig. 7). Jeadmg to con-
tinuouny emforcement of electneal acinity fo the
control sinaton,

Bas) 1ope in the proximal artenal  essels was
e afected by transmural preyyure stimull (Fig. 7)
and sty major Tracton might thesefore be varuslly
ndepuvknld-cﬂmwnﬂ:h.smhmm
these vesscls might then be makaty of the sane aoa-
spiko-generalmg Type M3 Gemomawaind W hage
ateral vessels in viro (Su Beven & Ursillo 1964
Hermmeyer 1971 Sombyo Vimall & Soml o 1971
von Lob & Bohr 1973 Caateely et al. 1977 Jobaaw
son 1978) where tode B coatadered to be cansed

baruia of action potentials primarily generated

# prcemalsr cell Johansson & Mellander 1975).
Wit & was exposed to excriatory static of dyne
*x tlacall (prasive siretch at graded rales) spike
dactap and myogeas mechamcal sctivity ia-

e & length (L) changs, dLidt Skmiarty thers
¢ graded decreascs m clectrical and mechasical
My s responss (0 the rats of passive shorten-

T be meduted o vamatons m pacemaker
w&mpn-mlumﬂmumdw
5N wts st be much soller than i the
P vem). If s conchssion 15 vald & would

differenilation of smooth muscle along the arterd
vascula bed m skeletal muscle onght therefore not
be very diatinct characternte (f in vitro sades
by Roddie 1960, Sterdman 1966, Bammo &
Kruckenberg 1969) but oclude an clement where
tho dffercace 1 maialy of quatiatve namre
Intrmsic batal Wone in the bage cms was Jow and
normal resting tooe might here be extabirshed by
action potentials mitated by extrintic espechlly
adrenergic stmub to their smooth awscles which
wcem 0 bo more of the multuntt type {cf M-
Taoder & Johamson 1968y

The sy was sopporicd by gt BIS04X 210-U8
from the Swedah Medwal Reveacch Couscl sed by grasts
froma the Mot Facxlty Uanversay of Lued, Snedes
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terms of its active vascular resistance corollary
(PRU) 1e the ruastance at the nomal level of
basal tone minus the small physical' reshtance
remaining afler complete smooth muscle relaxation

The followmng mun conclusions may be drawn
Under control conditions basal tone corresponded
to an avernge of 6.6 PRU In the proximal artenal
vessels and 78 PRU m the microvessels The
normal arterinl blood pressure seemed to be paitiok
ly responsible for the initiation and mamtenance of
this basal tone both via its pulse pressure oscilla-
tions and 1ts mean pressure level the former quite
likely creating a repeutive dynamic and the latter
a static transmurnl pressure stimulation of the
smooth muscle Note however that the fraction of
basal tone which could be attnbuted to these two
stimuli was much greater in the microvessels
than n the proximal artenal vessels (Fig D
Expenmental application of a strong (probably
maximal) inhibitory dynamic transmural pressure
stimulus  (dPy/dt=—5 mmHg/s) coused o very
effective  though not complete inhibition of the
normal basal tone In the microvessels but such a
stimulus had only a slight efTect on tone in the more
proximal vessels (Fig 7)

Mention should be mode in this context that
dynarmuc transmural pressure stimulation of the vas
cular bed might not solely be affected by pulse
pressure oscillations but perhaps also by vegmental
pressure in the | Jinal direction
created for instance by the intermittent bocal con-

atl

explain why nutoregulation of flow occurs only
within a limited runge of artenal pressures.

The descnbed resulls which demonstrate kot
basal tone i much more dependent upon and seasi-
tive to transmucal pressure stimuli in the muero-
veascls than in the proximal artenal vessels
suggest that basal tone 15 of somewhat dufferent
nature mn these two scctions The srte for such a
possible functional differcntiation of the smooth
muscle along the arterial vascular tree is probubly
not precisely at the vessel dimension of 25 um (i d)
but perhaps at a more proximal level the wmall
fraction of basal tone sensitive to transmural proy-
sure stimuli m what was here called provims
arterlal vesscla (Fig. 7) thus might reflect the be-
haviour in thewr smallest ramufications which
should be denoted microveasels rather than proad-
mal vessels Whatever the case the fact remans
that the by far largest fraction of basal tone i the
microvessels (< about 25 um 1d) was sensitne
to transmural pressure stimuli while the by fur
largest fraction of basal tone 1 the more proximal
vessels seemed 10 be imesponsive (o such stmuly
Another duffereace between the proumal artenal
vesscls and the microvessels was that basal tone
in the latter (Fig 6) was much more scnulive
metabolic stimuli than that in the former (cf Fok
kow etal 1971) Evenif basal tone in both sections
might be considered 1o be of myogenic ongin (sce
Introduction) the descnbed functwonal discrepan-
cics might suggest somewhat ddferent celfufur
behind the basal tone in the provimal

stncvions and dilations d d

The demonstration that normal microvascular
busal tone to such a wignificant extent is depending
upon staic and dynamic tmmmural pressure
stimuli created by the normul artenal blood pres-
sure might offer a very umple explunation of myo~
genic autorcgulatory phenomena in the mkro-
circulntion  Fall of asterial blood pressure within
a certaun range would lead to a graded inhibition
of basal tone simply due to partial ehnunation of
1y tutiating statc oand dynamuc pressure stimih
Conversely mised artenal pressure might kead to
relnforced vascular tone due to incteased state
mean pressure distension and to the usually asso-
ciated increase in the amplitude andfor frequency
of the pulse pressure oscillations or other pussible
hanisms facilitating the dynamx transmural
um,Umul.Lﬂlcfactlhalbaulloncmlm

ximal artertal vesels was {argely independent of
::‘om blood pressure per s¢ might then possibly

Act Pl Soand 107

mec

and dustal artenal vessels a possibility which wil
be diseussed in the hght of some recent clecln-
physiological studies on vascular smooth muscle
The cellular mechanisms responsible for basi
vascular tone and myogenic reactions are not yet
experimentally defined in the artenal microvessels
specifically but a recent in vitro study (Jobaasson
& Mellander 1975) has clurificd the clectrophy sio-
logical events behind myogenic reactivity (o fc-
chanical sumulin the single unit  sphe-generating
vascular smooth muschke of the rat portal vea
which scems to have several chanciensics w
common with artenal  microvascular  smodth
muschke The myogenic contractike response pattem
1 thus quite sumilar i both these types of yvasculas
smooth muscle (Johansson & Mellander 1975
Grinde ct al 1977 (978) Both exhibit a static 4s
well ay a dypamic componcat in their myopen
responses of which the Litter component is the



nnmp-mom‘-mmdummﬁdy
xunic sttt was thus some 1S times more effec
I la carsang contraction in vitro and microvascs-
Iar comsiriction m vivo than & maxical statkc stimu-
I A strong iohibdory dynamic stimulus was fur
Mecrmore capabls to sbolish contractike activity fn
e porial vem and, a8 ahown i this sudy Al
could effectrvely Jnhibut basal micronascular (oo
i vhvo. Such closs resemblance betwoen the portal
em and the arterial oakTovessels with regard o
thex pogenic contrachle pastemns of responso and
el effector characteristics makes t quic
oy that the myogeake responses m both types of
e we medisted via some common cellubar
mechastin,

Tht portal vels shows a characterhitic spoota-
= repdar rhythole coatractile activity in the
zutrol state at bow preload which 18 caused by
st of acthon potentuls pamarily generated from
! pacemaker cell (Jobansson & Melhander 1975).
Fhea 2 was exposed 10 excitatory statlc or dyos-
o s (patsive stretch at graded rates) spike
inclargs 1nd myogenle mechanical activity b

I paded decroases 1 electrical and mechanical
vy  respoese to the e of pastve shorten-
R (aegative dLA0). A stroog inhebitory dynams
xndes camed complete aboliioa of electrical
God mechanical) acthvity a findung which deserves

m
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mlhepnnlhm)uulpn:h:thlnlb‘ylh:nom\al
arterad pressine via its static and dynumic traos-
pral pressare szmub (Fig. 7)) leading to con-
tinuous reinforcement of electncad octivily 1 the
control sifualoa.

Basal tone 1 the proximal arterfal vessels was
il affected by tramsmural pressuce stenuli(Fig 7)
and {1s major frachon might therefore be  Irtually
md.rpmdcnloha.kmpotauuh.Snmthmkh
these v essels might then be manty of the samc noa-
pik d ed 1o largs

spike as

arteral vessels i vito (So, Bevas & Unillo 1964
Hermameyer 1971 Somlyo Vinull & Somly 1971
von Lob & Bohwr 1973 Castechs et & 1977 Johans-
300 1978) where tono o comdered 1o be caused
by coatractore and cstablibed by gaded mem-
brans depolarization. The small fraction of basdl
toac in the mkrovessels which remused upon
exposare (o the strong nhebitory rammural pres-
sure stimulus (see Fig. 7) might posssbly be ex
pluned by a stoulw mechan un The suggested
drfferentlation of smooth mincle slong the arterial
vascular bed in akeletal muscle might therefore not
be & very distmct characteriste (of i vitro atadses.
by Roddic 1960 Steedomn 1966 Biauso &
Krockenberg 1969) batt include an tlement wheve
the dilfercocs Is manly of quantituive
Intrionc basal tone @ the farge velns was low and
normal resting toos meght bere be evtabifbed by
action potenthls mitmied by extnawic, especially
adrepergic, stimall 1o thelr smooth muscles which

scem 1 be more of the mult-uart type (cf Mk
Lander & Johanison 1968)

Tha sy was supporied by graat BI-04X 216138

frooa the 3 ociuh Macxcal Research Councl and by graats
from the Madcal Pacslty Universay of Lind, Sweden
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Scading gy is followed by vascular reactiont,
i erythema and edema formation, the extent of
v depeads oo the durapon s5d @agnaude of
e mcreased temperuture (Arturson 1961) Io the
e phase of barn there 13 a rapid jo1s of -
icutar flud to the myured tissue ranly dus o

ockl mcreased 3T}
Y wd wcreased cxtmavaicular cumotc presaure
(Argrios & Mellander 1964) Owcs cdema kb
formed  bood flow scews 1o ba reduced i the
Tyured twsns (Hamag et al. 1979) For a long teme

relensed ta the thsbes, For exagiph, there 13 evi.

dence 1 miggeut that hhamine
1963) wnd " Edﬂ'ya'l:wh
B,y (POEy) (Willn 1970, Jomsoa 1971 Williams
1575) medinte the inltial vascalar res,

(PG, and POHY were Isotated (Hamberg & Sa-
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Flg 1 Leg lymph flow before and after scakding myury At O-time the

paw was injured by mmerson fa water of
7.’;'C for 20 3) Lymph was cotlected in 30 min peniods in every experiment Mowever for purposes of clanty
of preseatation the points in the graph have not all been ploited at the mid point of cach collechon wtenal
Non-treated rabbuts #=12 O—O bars Jenote S E. Lymph from noo-scakicd leg O—0 a=  mean value and rangt
Wulm(ulinunedmdynﬂcrm}dmvuhmhmcﬂuﬂn(]ﬁrmJ'L..n-l.A—A)ardjdofmxuxl.wm(lJMl-

A=2 Q—O mean values and ranges are gren)

1975) and prostacyclin PGI (Moneadactal 1976)
Although the prostaglandin endoperoxides are pre-
cursors of prostaglandins as well as of the thromb-
oxnnes and PGl; the comvenion of Lhe prostn-
glandin endoperoxides to their different products
varles between ussues (Pace-Asciak 1977 Vane
1978) Forexample vessel walls and heart may con
vert the endoperoxides malnly to PGl (Moncada
& Vane 1979) while platelets and lung tissue con
vert them mainly to TXA, (Hamberg et al 1977
In other tissues “pnmary  prostaglimdine PGD,
PGE; and PGFy. are the dominating products (¢ g
Fredbolm & Hamberg 1976 Oliw et al 1979) The
dfTerent prod of endop wle bolizm dis
play a wide variety of brologecal effects, Thromb-
oxane 15 for example a potent vasoconsincior
PG, 13 & potent vasodiator and of the “pnmary
prostaglandins, PGE, 52 vasodilator while PGFm
may cause venoconsiriction (Svensson & Fred-

Acta Pyl 5c d 197

holm 1977 Samuelsson ctal 19784) Theo is con-
siderable evidence that cyclic AMP (cAMI) medk
ates severnl effects of prostaglandine (Samuelseon
ctal 19785) In particular it is an mieresting pos
siblity that vasodilatation induccd by PGl and PGE,
18 duc to stimulation of cyclic AMP production in
vascular smooth muschke since cyclic AMPI1s known
to mediate vasodilatation due to several agents (3¢¢
Bar 1974 for review)

In this communicat:on we report studies oa the
eMux of cAMP prostaglandins and thromboyancs
in leg lymph of rabbit afler scaldmg infury of the
paw Thrombowane B {T\H,) adegradation product
of the very unstable thromboxane A (TXA) was
determuned os an indicator of TAA, syathesis

MATERIALS AND METHODS
Rabbrts weighimng betwees .0 and 30 kg were amestine-
tized with sodsum pentobarbrtal (18 me/hgl. Additwnsl
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Flg 3 cAMP (pmoVml) In lymph (—®) and plasma (O—O) before and after scakding Mean valucs (n= ) and

range (ban) are given

Dowex 50 columns dld not alter the vakues. Finally (reat
ment with pbosphodiesterase removed %0 % or move of the
binding activity

On the other hand 1t was found (0 bo necetuary to
treat the [ymph samples immediately with EDTA (5-20
mM) in onder to preserve the cAMP Samples obtalned
and stored In the absence of EDTA contained sybstan
tially less cAMP (3 740 6 pmol/ml vs 15 411 4 peot/mi)
In order to further study the breakdown of cAMP *p
cyelic AMP (2 pmol/mi) (New Englamd Nuckcar Boston
327 Clymmol) was incubated with lymph 1n the presence
of [n the absence of EDTA for varylng lengths of time
at ¢°C 20°C or 3I7'C In the presence of EDTA (5 mM)
Jews than 5% of the CAMP was hydrolyzed i 20 min
In the absence of EDTA 8-10% was broken down i 20
mm at *0°C or 37*C Thes findings muicate that kess than
10% of the cAMP content of fymph is likely w0 be broken
down during of sampics and that provaded
that EDTA is present, very (utle breakdown will occur
duning further processng of the sampies.

anrulandl.uudlbmnba anes PGE; PGF,, and
TXB were measured in dupheate i unextracted lymph
by mrunoessdy PGFe was measured using 3
PG s-anti ‘hgepgg.wmluu‘dluPGF-ud
RO i Nl el i e
ratsed agalast PGFia (Oliw et al. 1978 Olw -
was determuped by i

Acte Physicd Scand 197

swnbed (Oranstrm et al 1976) Duc to the very kv

amount of lymph no conchusive kientiflcation of the coe-
pounsds couk! be performed asd the valucs obluncd by
radioimmunoassay are referred 1o as (POE, (PGF, sad
ITXB, ic munuporcoctive PGEs, NGl asd TXBy

respect] ely 1a the text

RESULTS
Lyvmph flow  Before scalding injury lymph flow was
approximalely 0 § ml/30 min and increased o 8
peak of about ¥ 0 ml/30 min 30-60 mun after Lhe
njury (Fig 1) The lymph flow decieased some
what after | h lHowever at 4 h after the injury
the flow wus stll above control values Lymph
flow in the contiol leg dhl not show any significast
change dunng the expenments

Cyclic AMP Thoe rate of cyche AMI appearance
n fymph wos tutally fow (approximately 5 pmol/
30 min) but increased ten fold Immeduately follow
ing scalding and stayed clevated for the rest of the
expenment (kg )

Before scalding wnjury the lymph cyclic AMI

1"
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!
Fg § Efox of (FOE, (O—O) aad (PGFy (6—8) w hmph befors sod afier scaidmy. Mean vadues ( =5) asd S.E.
(bwrs) wry groce.

vl were jower than those in plauma (14 1145
okl (Dem, rnge, =2) vi. 25.614.4 pmol/
o, =4 Already m the first sacmple after scakiicg,
B¢ haph cyche AMP level was mcreased more
Cow dreefold, wheress the plasma cyclic AMP

Prostagland:as The levels of PGE, and (PGP,
were below the detection bmit before scakding
{opury (Fig. 4). After the mjpury both IPGE and
1PGFj were detected. Maxioum levels were found
30-60 min afier scaldmg sod comesponded 10 xn
Corcentration was evsentially unchanged. There  efflux of 8 and 12 ngf30 min into hymph for 1PGE,
e the hympl cyche AMP coocentration do-  and [PGFs respectively After that thme the rate
Surcd progressively aod after ome bour the fymph  deceased, but 4 h after the hjury mmanorencive
> Tevelt wero close to Lhose found i plasma, which  matertal was stll defectable,
acad progroestvely mcreased after tho taaldng  Thrombaraxe Before and 0-30 mm after scakdiog
iy (P 3). the output of TXB, m Iymph was low (0 4 ng/30

e,
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mia) (Fig 5) The rate gradually increased and the
bighest levels were found 180-740 mun after the
injury or even later 1n a few animals

Effect of indomeshacin and diclofenac sodium
After treatment with diclofenac sodium (2 5 mg/kg
n=2) directly after the scalding jury the lymph
flow was very low (Fig 1) On the other hand m
two rabbits treated with indomethacin (* 5 mg/kg)
lymphﬂowmﬂmcreasedaﬂcrthclmuxy In an
earlier study 1n dogs indomethacin caused a marked
suppression of lymph flow (Arturson & Jonsson
1973) The failure to observe a slgnificant effect in
the present cxperniments may have been fortwtous
and caused by the small number of experiments in
which paired controls were unobtamable The rate
of cAMP release mto lymph was markedly reduced
by both drugs (Fig 2) However even after pre
treatment with those drugs a significant two-fokd m-
creasc i cyclic AMP overflow in lymph was de
tected IPGE, and 1PGF,, were below levels of detec
tlon after treatment with either drug

DISCUSSION

The results demonstrate Increased efflux of cAMP
iPGE, iPGFy and iTXB, inlcg lymph after scalding
mjury of the paw The compounds appearcd in
lymph In a chamcterstic sequence Maximum
accretion of cAMP appeared duning the {irst 30 min
period followed by IPGE; 1PGFp (maximum 30-60
min) and 1'TXB, (maximum 180-240 nun after mjury
or later) Lymph flow also increased and reached
its level between 30 and 60 min following injury
The very small kevels of the compounds found
in control lymph (Fig 2) wndicate that the com-
pounds were formed 1n the injured tissus and wers
not fltered out from the bload cuculation As for
cAMP this assumption was strengthened by the
finding that lymph levels of cAMP increased above
the plasma levels On the other band the late i~
crease 1n lymph cAMP co-incided with a nise w the
plasma level (Fig 3) and may bave been caused by
fliraon from plasma. The mcreased efflux of
{PGE, and [PGFy, reflects an W“’fof
glandin biosynthess m the injured tissues ( j M"
& Joasson 1973) The effiux of TXB, todicate
themhnm(pmbluymfufm as capac
has been described 1n
ity for TXA, biosynthests 19785)
many tissues (Samuelsson et al

Acta Physial Scasd 167

Before discussing the significance of thex
results 1t must be pointed out that the vahies are
based on mdioimmuncassay Because of the ymal

of lymph s d i Kenufice
tion of the compeunds could not be camed owt.
Indomethacn and dilofensc sodium bt bo-
synthesls of prostaglanding in witro (Vane (971
Kuy et al 1975) as well as in vivo wn the rabbit (Olw
et al 1978) When the rabbits were treated with
either of these drugs the efflux of IPGE, and iPGFy
m lymph was markedly reduced supporting the
asaumption that the measured immunoreactine
activity 1n lymph was in fact related to prosts
glandin endoperoxide synthesis
The wmitial vascular response to acute Injury o
vasodilatation (Arfurson & Mellander 1964) Vaso-
dilatation induced by several difTerent agents may
be caused by increased levels of smooth muscle
cyclic AMP (Bir 1974) The markedly increased
production of cAMP may thus reflect the effect
of vasodilatory compounds on the arterral smooth
muscle although other sources than smooth muscle
are likely to contribute to lymph cAMP
There fs evidence that the vasodilatation s abo-
Ished of considerably reduced by antFinflam
matory drugs (Spector & Willoughby 1959 Artur
300 & Jonsson 1973) 1t 13 therefore interesting that
two structurally unrelated ant] inflammatory dngs
considerably reduced the efflux of cyclc AMP lnlo
Iymph As these drugs whibit prostaglandin basyo-
thests it s tempting to late that the dy
ton and cyclic AMP overflow 13 prostaglandn
mediated However a slight but signuficant elevs-
oy of cyclic AMP overflow was seen also m the
presence of the PG-synthesss mhibition suggest-
ing that also other material capable of stimulating
cyelic AMP formation i formed followng scakling.
Since there was no creaso in cyclic AMP efluxfa .
the contralateral paw this PG-unrelated compound
could not be a circulating agent or be rekeased
followmg a geocralized nerve activation  The
nature of this unknown local factor remalns un-
known
However the fact remains that most of the ¢yl
AMP production of the scakled paw could be abo-
lished by PG-synthesis uhibitors
The most pronounced cyclic AMP overflow was o
found during the (irst 30 min after scalding. On the
other hand (PGE, appeared later [t (s therefore
possible that some other product of prostaglandin-
endoperoxides was responsible for the cyclic AMP
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mcrease (s0d the vasoduiatation). It is known that
Ki.u-potninwdlmnr(llonndaav:m
(7. bt s also known that this unsiable product by
lmnhnuhwul:ytl.lcml’pwdntlmh
sevend cell types (Gormmaa et al. 1977 Tatcson €1
WL ST Hyondshl et oL 1978). It bs an bnteresting
jossbilty that PGly may be responsible for somo
el fects of scakiing. We arc pot aware of aay
drect evidence that P! ks produced by scakded
i, Howerer s midentified peak of amocth
wscie simulating material was detected by Ham-
berg & Joamsoa (1973). This material was moo
pobe tun PGE and PGF. and may have been
Mestxal with 6-keto-POF 1he stable breakdown
wodoet of PG For the above reasons and becanse
ol e potet byperalgeskc affect of PGI (Huges etl
B7Y attempis to demoetrate PGI followmeg scakd-
™y defieutely called for
Yasodistation fn the inpared thisoe bs followed by
1 suc of decreased blood perfusion (Hamar et al.
197, The oxmplest exphacation for this may be
mpresiion of the  cssels by the edema. Since
TXA, Jas very potent yasoconsinicting effects, and
e derreaso m lymph flow co-mcided with increas-
¢ beeis of TXB,. 1 s tempting to sugges! (5
XA oty contnbte to the vasoconstrictioa bn the
thexa pagze. Tho vascular effects of TXA, bave
™ bern gindied m vessels in the paw and thus
ok work mmat be dooe before definttive coo-
Clesions can be drawn. It ¢ mteresting 1o pote
Worverer that & ou for THA i the production of
miamaiory cdemm has been proposed (Kuehl
@a. 1977 Chang et 2. 1979)
1s conclation the present results demonsirate &
macked mecrenso in cychc AMP cfflux into bymph
fom 1ac scalded rablowt paw This mcreass bs dos 1o
Wil formanon of the cyclic nucleotids and pro-
trdes e snevease s lyph fow The mcreasc
dic ANP overflow was consderably blunted by
™o defereas mbibrors of PO-synthests suggeating
o some produci(s) of b cadoperoxde synthe-
4 reacton was responsibio. Lmmumoreactive
FGE, and POF,, were released into lymph but oc
cwred Later Uam cyclic AMP Thrombosane By, 2
Edator of thromboxans Ay, occurred cven later
follon g cokdeng. The possibilty existy that the
Wihal ocreass @ cychic AMP may have been
Caied by POL. Al wry rate the results show that
products derl ed from PG-endoperoxides
=y by formed aad relessed by kmred thaus @
SEQUCDCN.

:\

The study nas sepported by prants trom The Swednh
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cmoneous estimates of intrarena

| blood flow

gstribution in the dog with radiolabelied

microspheres

G.CLAUSEN A. KIRKEB{ 1 TYSSEBOTN E.
gt of Pirywology Utiveruty of Bergen, Roray

Sece the Itrodaction of the radiotsoiope labelied
m’whﬂn(m)hmnurmldrd;\omltw
bl blood flow by McNay & Abe i 1970, the
used In dogs under
may expermnental coadkions. However sveral
mmywwnmmmldl!pmul
2t offipemy of (he affereat artexioles from the
wieriobular arteries., resultng in Jower Ms concen-
1t I blood feexling the deep gomerul than that
Tesdmg more superficial glomerull (Katz ctad 1571
Macknd et i, 1978 Clansen et al 1977 1979) Such
sorming woald be expected to be more pro-
nomced for (3 thas for 10 jzm Ma (Phubbs & Dozg
BN, Ofjord Clsusen & Auittand 1979) Fablare of
M1 19 coter deep artenoles m propoction Lo blood
£ow dow to paro serkc resticion cexts excluded m
o dameter rangs (Chenutz et al 1976, Marknd et
AL 172). Wa (hetefors decided (o compare the dr-
whaton of 10 med 15 zm Ma m the dog Kidney

Moogrel dogs, waghong 14-20 kg, were anesbctirad by

Mebaral 76 mgrkg bwt 1a 3 exps (5 kadeeys), owd-
Tt ol 108 was mede and  veaows TeacdCH
Samt was ciablbed by  polysthyiens tube of 10 oo

tow robe) sad accrwl Hiood preseay wary
s of 105 (SD 12) umm sad 149 (3.D 1.0) nm
mcropherm referred to a 10 m Ms 4 15 xm
respeciively somcated

Seough  callvcher
Wity The mfesed doses gave about O 3 spbares of seck
Biood mmplog sl conttand e of

S. DFJORD and K. AUKLAND

ey M iadusion. Sacpbog of

and Laating for 60
‘::n of 1 of A silse uaned

drvicod i 2 owter medufiary 20043 (OM [STREFEY g
uﬁuhﬁﬂLTh&muﬂﬂt‘tdﬁﬂihu‘mOﬂS
aad 0.7 g Rachoactivity m arterial and coous blood sad
=t Lisaioe 3apics was counted i 3-chamoc] well sotla-
mpnmuﬂu(s-rhmhu:h:.uod.llmh
10 0. Averags reosl biood flow per gam tneme wa3
caleolated from local flow rates aod the reapactive 20ed
volmnes takem 1o be: C 9% C, 3% C, 8% OM
ll‘i‘oml%nﬂwm“dnuludxymm
wmmmdwmwm
Mummmwmw e
wis cadculated drrecily o the arwcrind and veDous L
phag rates ad blood

Mean arterial blood pressure averaged 129 (103
135) mmHg whereas reml veoous pressurs ranged
from 3 to 9 mmHg. The renal extraction of Ms
mexsuwred m 5 of the 9 kidneys was practically
compieis: VI (3D 05)F md PSS D 0.06)%
for 10 and 1% um Ms, respectively As shown m
Table 1 15 mm Ms gave kigher flow fo C batt Jower
flow im all deeper zones as compared to 10 gm Ma.
Since calculated totsl RBF was 6.5 (3.D 3.9)%
bigher with 10 am My the zonal Ms concentrations
in cach sector were pormlized o those of C m
each kadney Thh procedare which obytes potsi
blo &r1o0s due to dfferent botope counting efficlen-
cles i blood and taue or to dalferent Ms coacen-
wradsons in samphed arterial and repa) arterial blood,
conflmaed the dhparity of the two intrareral Ma
distnbuation patieres (Fig. 1). The present resuits
denmuunbcymddmhlhﬂnndcrlhlupa‘-
mental condrtions uied bere 15 um My wre greasty

Acwm Fin ot & -



386 G Clausenetal

Table | Average onal blood flow and onal percentage of caleulated total 1enal blood flow (RBF)

obtained in 9 dog kidnevs by micruspheres (Ms)

C G G, Outer muddle and inner cortex OM OMy. Outer and mmer halves of outer medulle. 1M loner medull

Flow MS c c, c
mi/min g 10 um 52 415 207
15 pm 53 3es 170«
% of RBF 10 pm 517 %6 127
15 pm 69 307 M2
P<00l  P<00S paired r-test,

under represented in deep cortex relative to 10 wm
Ms Since 1t 1s very unlikely that 10 um Ms should
be overrepresented In blood flowing mto the deep
afferent arterioles as compared to blood 1n the inter

lobular arteries it would appear that blood flow n
deep cortex is underestimated and superficial corts

cal flow 1s overestimated wath 15 pm Ms It is of
interest that similar results have recently been ob-
tained in experiments on rats (Bankir 1979 Casellas
& Mimran 1978 Aperis—personal communication
1979)

The results clearly indicate transglomerular pas
sage of some 10 um Ms Into the medulla (Table 1)
This prompted microscopic investigations as yet
preliminary suggesting a postglomerular location of

|

3

u 80 —I—
S S -
s "5 001 *p<00S
T 80
g ® .
S w ——
i ]
_g. 30
- oan
N G <2 = Osdy OMy W
: e
¢ 0 20 &0 60 80 00
Zonal volumas / of total renal olum
of 15um (broken lincs)
Relative coocentratons
F\’:l I’O um (3ol lines) microspheres (Ms) in :m‘corﬂu!
.moaorcqudm,ctnas(c C C) b outer and inoer
and OM;) and In waner

of outer medulls (OM
el (). MeazS.D of 9 kidneys

Act Phsol Scand 107

OM oM M C+M RBF
0.59 017 00 096 9
04 004 00 o7t 4
pery 044 0.10 156
1o 015 006" 124

3 to 30% of the cortical 10 pm Mg as compared to
only a few per cent of the |5 um Ms Cakulatiom
indicate that postglomerular nterzonal passage of
10 m Ms could not possibly account for more than
a fraction of the dsparnte M dtributions in the
renal cortex We must therefore conclude that &
different degree of shimming of 10 and 1S um Ms
along the interlobular arteries (Fig ) » the mam
couse of the ddTerence in Ms distiibution Thus o
scems highly dubtous that 15 gm Ms or 10 xm Ms
reflect true glomerular blood flaw dutnbatn in the
dog kidney In view of the large number of studies
on intrarenal circulation made by the radiolabelicd
Ms technique the crucal question is Do mico-
spheres of 0 or 15um diameter give reasonable

o
Q o e QPooo0
PR 5500666#

.‘-' la

i

5
é .

H

0
ig A
0

e Cy [ ¢

Fr 2 Esumated coacentraton of 15 um Ms w mteriobu-
Lar artenal (1] )hkxxlrc.-chnqm;l{c:ﬂ&)::ﬂwld
cortex (C) expressed in per cent LT 4. CUB-
centration w aner curtex (Cy) Tb‘cakul-umﬂ;.::mf:
on the assumpton that true zonsd "
tuncdby A 10am Ms of I Bl-wdosatipy e (Classen
ad 1579



miormatos 0o chexges i blood Dow distributoa in
e kiiney? The resudts of Morknd et al (1978)
would saggest tha vasochlation produced by kow er
my the rexal perfmuon pressure oy reduce the
shoming of 15 wm M3 more than that of 10 xm Ms.
Tim 1 comgatible with resylts from four prelimd-
sy aperaacats of the presest desgn b dog Aid-
403 durng vasodiation by acetylcholine. 1n coo-
chaca, oatdl more 3 koown about the dntribution
o \s wder various it it

Blood flow distrbution (n the dog 387

CLAUSEN GO. HOPE, A. KIRKREBD A, TYS-
SEBOTN 1 &AURLAND h 1977 Effecct of &
m and om romal
bh:dﬂo'm‘ﬁdﬂm&hﬂnmhm
dog khiney (Abstr) PFroc Intermat Lo Pty sol Sa
B 141
CLAUSEN G HOPE, A, KIRKEBD A., TYS-
SEBOTN L & AUKLAND k_ 1979 Drunbuuoa of

setas af Jent oghly hazardous 0 esuumate regioaal
cortcal blood flow with thiy mdcator
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Immunohistochemical evidence for substance P immunoreactive
nerve fibres In the taste buds of the cat

IN N LUNDBERG TOMAS HOKFELT ANDERS ANGGARD

BENGT PERNOW and PIERCE EMSON
Deparwcats of Haology and

La Impiutet Department of Clancal Physology

Prarmmcology Karokm!
Lavetrnks Hospatal, Stockholrn, 5 eden and MRC Meurochemucal Pharascalogy Unt,
Eaglan

Depariment of Phurmacology Cambrdgs

Seinimce P was disco ered by von Euler & Gad-
dec (1931) Forty years later Chang et al (1971
aded and dructurally charscterized this factor a3
wdrcapepidde. Substance P was shown o ha ¢
wricd repoas) datnbution both o the central
Tom 1)iem wd i perpheral tasues (Pernow
193)and Lembeck (19%3) suggeated that it may be

aod expeTuments
o Onka 5ad colleagues (ee Otsuka & Takahashi
BTl Using atibodses rarsed agamst this peplide
e detrbution of immmoreactive substance P was
Faed wih the induect ummunoffeorcscence
kerhagie of Coons and colsborators Extenuve
ewomal systems Priko pep-

the sections were incubated with substance P an-
trerurmn 10 a bomk atmosphere at $°C for 18~ 4 h.
After rgsing the secuons were incubated with
fl tnisottik 1e (FITC) sheep
anticabbrt antubodses for 30 min at 37C nnsed
mounted and examlned in a Zehs fuocescence
' P with
an exceas of substance P servad as control serum
In frontal sectioos of the papdiae vallaise numer
ot substance P immunoreactive fibres could be
seen within the coonective thsue of the papillac
(Fig. 1A, B). The haghest concertrations of fuores-
ccmmruwcreucummgmﬂmc‘w
papallae closc to the epthelium The fibres formed
sqall bundles and oficn penetrated hnto the

e nere foumd witban the bram spual cord and
*Twhery (see Hokfelt et al 1977) One such sub-

(Fig. | B). Partleularly in the basd part
{ the papifiac oumerous tasts buds could be ob-
served. In all of these buds substance P -
mmma‘vcﬁha’xcuuhlbewmlﬂ;.l.\,a)
Thewr Bumber a3 soe 1n 2 single section vaned and
could rnge fom  few fibers up to a dozen ones.
M‘mw“mm‘mmmn_
nhi'”"“f;‘,“’"“‘"‘lbeumh:d.omyr“

m‘“bum?wemxumm
W e trug buds

Four adudt cats were perfused w th e cokd 10%
ormalon for 30 oun The tongue was dussected ot
o mmersed m the same fixative for 90 i, After
™g 0 0 | M phosphate buffer with S sacrose
sded for st leand 4h pieces of the toogue s
5t pupaliac valiatas were cut 0o & cryostat and

fibres were teen in
deu"MMprph

NoﬂnhfbfncuMbcmma
coatrol serum. facubanon wah

The present
Phike peptide s presens
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Fl;f' 1A B lmmunoﬂuo(csu:nocmkmmphsurlhcb.mﬂpunofaulvnlhup-p‘ﬂunfulncuballonunh\nbﬂm"

Laste bus are seen, A

o higher

lon of part of A as Indicated by

B rep.
of which contain substance P immunoreactve fibres (arrows) Noto bundles of fluorescent flores (double arrow) dho s
the connective Usste under the epithelium Magnlfications x 130 (A) and X350 (B).

glion cells of the petrosal ganglion (Lundberg un
published data) as well as in the entire nucleus true
tus solitani (Lyungdahl et al 1978) The latter brain
area and the petrosal ganglion are now studied
the cat with regard to possible occurrence of sub-
stance P4ike immunoreactivity

The possible functional role of subatance P 1n
presumable gustatory aeurons is not known It has
been suggested that substance P may act as a
neurotransmitter released in the spinal cord from
the central branches of primary sensory neurons
(Lembeck 1953 Otsuka & Tahshashi 1977) and 1t
may have a similar function in the gustatory
ncurons Of specinl interest Is however the o
currence of the peptle in the peripheral branches
within the taste buds since cvadence 1S now ac
cumulating that substance P may exert an acton
also peripherally Thus substance P may be the
agent rekeased to cause the vasodilation induced by
antwdromic stimulation (Hmsey & Gasser 193 In
fact Olgarth et al (1977) have shown that sub-
stance P can be released by nenvous stimulation
from presumable penpheral sensory branches in the
tooth pulp Furthermore 1t has recently been de
monstrated that more than 90% of the substanxce P
{mmunoreactive matenal produced M sc0sY
gangha (nodose gangllon) 13 transported into the

A s Pyl Stwnd 107

E

peripheral branches (Bimyomn et al 1580) A posst |
ble function of substance P in tho periphery should ¢
therefore be serously considered |
1t Is well known that structural integnity of 1
taste buds 15 dependent on their sensofy {nnens ation 4
(Olmsted 19°0) The taste buds disappear after |
(ransection of the gustatory nerves but reRpped
when reinnervated by gustatory nerve fibres (Guth
1958) The dufferentiation of the Laste buds » umke
the nflucnce of 4 neurolrophic substance Tor
rey 1934) Also non-gusiatory nerves can cause ¢!
appearance of taste buds (Ponbsky & Singer 1963)
Transplantation cxperiments (o the anterwd €)¢
chamber have shown that different types of semary
ganglu can induce taste bud formaton (Zalewshi
1974) and that even 1o vallate papillae grafted alonc
to the antenor cye chamber reformation of tasté
buds can occur (Gomez Ramo et al 1979) it
Interesting to note that semsory branches of wb
stance P neurons are avalible n all models div
cu sed above 1 pinal sensory ganglla (Hokfch et
al 1977) in the nodose ganghon (Lundberg €t o
1978) and as free nerve endings i the s (Holeft
etal 1977} Coukl it bo that substance ] ora factor
pfn:nlmmcumcncurou represent the acun>
trophic fuctor responsible for the structural integnty
of laste bwd  Further functions should however



Inmunokdstockemicat e idence for substance £

W coosxdered Thus, substascee P could e g mod-
e the threskod of excitabidily of #s own™ menve
by or of the taste cells.

1s conclinion, the present mod eardier findings
weggeud that a substance P-like peptde Is presentain
vl ypes of semory systears and may be i~
wihed w0 diferent sensory modalites such a3 pan
weend sensation and taste.

), Magns Bergralis Sofichs asd Kaxt och Akcs

Wakeberp

o ok Profeesor Y egve Zotisrman for many e
hls murrreiaom sed ducusions om topecs refad 10 taske
ol wrory mechankion

b o fruetd o M3 W Hiort sad Mg U Linde
£ or sdolfel sechoucy) sxsistance and Mrs Binpt Frdeen
ko tncelens secretasta) bedp
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' Evidence for a dopaminergic pathway in the rat descending
' from the A11 cell group to the spinal cord

TOMAS HOKFELT OLIVER PHILLIPSON and MENEK GOLDSTEIN

Department of Hesicbofy
how York Univeruty Medscsl Ceter New York, USA

b wm sopgesied scversl years ago by Magnusson
{157) that gart of the dopamine in he spioal cord
snts an independent, role. The
ﬂmddnp-mhtn:rwfbaxwuhmﬂ:;phﬂ
cord ks further been corroborated by the studics of
Commessioug ct al (1978, 1979) oo the bauy of
Sockemtical experiments as well as of beslon
subey, Very recently Blessing & Chalmens (1979)
ke demozstrated that 1o the rabbd. hypothatamic
cuecholunune pewrons of the Ald cell group of
Faze {1965) progect to the thorscic part of the spiral
cord. Ther evidence rests on a technique combin-
g retrogade tracing  with eate-
Cholace In the present pre-
ey paper we report with s amibar

of retrograsle traciog aod trassmitter

tochexntry the of d ANl

mmmswmsmnﬂmudhm

therum to tyrosine hydroxylase difuted 1 100
rimsed tmted with both t
(FITC) (SBL, Stockbolm, Sweden) corgugated
sheep antinabbat antibodics, rasod mouried 10 &
udxnn’udﬂ):cmndplmphu\mﬂuﬂ 1) and
mioed agakn in the fcroscop
Cells contakung both the yellow fuoresce

(Hokfelt et 19795 ¢) The caryme tyroune
hydroxyhse ts & marker for catecholanmne neurons
1a genersd To dfferentiate beiween dopamine and

2310 Lhe spasal cord of tho rat.

Male pecific puibogen-{res Spraguc-Dawicy rads
s wicd bw 150 P The flnorescent dye pri-
e (Kaypens et al. 1977) dissolved in distilled
v (0% w/ ) was ipected Bio the spioal
card a1 the lower thoracc and upper ambar level
(w0 bedsieral mpectons of each § al were made)
ABcr 410 days the rats were perfied with we-cold
Lormals, and the brun and ponl cord wers dissec
ted oul aod wnmersed m the same fixatrve for 90
ma After noung m 0 1 M phorphate buffer can-
ey S% ncrose for at jeast 47 frontal sections
o O kypothalumirs and the rostal pwseacephalon
M cmion  cryoatat (secton Lhickness 13 um)
The sections were mounted m a mixture of glycena
a0d phowphuds buffer (3 1) and examined b 2
Tuorescence

aline) ncurons. Normal rabbit serum was osed as

control serum,

After ingection of pefmuline into the spinal cord

numerous ntemely yellow fluorescent granules

were found 11 celh in many areas of (he
(e the p a nucleus)

and the mesencephalon (¢ g. the nucleus ruber) Of

parthculsr {aerest was a group of cells n the

peniventricular area at the border between the
3o and tho

wero located bn the gry lmm.l},.ﬂ

_‘Y‘rmhaiydm,m
b with  dopari

Anuserim, but 6ot afler

Bhydro
B

technuque of Cooms aad collaborators (see Cooas
1952). Bricfly the sechon ware i e

FT free
TC (Fug. 1B) The cells wers ofien
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Fig 1A B Fluorescence mictographs of the perventricular grey at the border betmeen mesencephakn ad
hypot}nlnmnﬂerlruccuandmuuﬂimanUuelplmlcord(A)nnhﬂerinu:b.nlouoﬁbeumeucﬁmmlhl)M
hydroxylase antiserum. Two cell bodies (arrows) contain both primuline (fluorescent granules in A} and roeme

coco m B but they can be seen a the

bydroxylase (B} The granuks are mostly obx

d by the |

process indicated by arrow heads Two cells (asterish) are only tyroune hydroxylese immuanoreactne V inlicales 2

blood vesel Bar indicate 50 um

with a size of about 3040 um and their localization
corresponded well to that of the so-called All
catecholamine group described by Dahlstrom &
Fuxe (1964) Several of these cells also contaned
the yellow fluorescent granules which casily could
be distinguished from the clear green FITC induced
immunofhiorescence  particularly after prolonged
exposure to UV bight which induced a fuding of
the immunofluorescence No yellow fluotescent
granules could be observed 1n tyrosine hydroxylase
rmmuporeacuye cells located more rostrally in the
zoma incerta belonging to the AL cell group
(Fuxe 1965) No dopamine 8-hydroxylase immuno-

dopanmuncrgic nature of these cells is indicated by
their content of the enzyme tyrosine hydroaylise
but the apparent lack of the noradrenaline syo-
thesizing enzyme dopamine S-hydroxylise 0
agreement with previous immunpohistochemical
studies (Swanson & Hartman 1974 Hokfelt et 2
1979a)

The pathway described by Blessing & Chalmers
(1979) originate in the Al3 cell group i ¢ in the 200
meerta rostral to the All group Thrs ducrepancy
may be due to the fact that differeat specres ratand
rabbit have been studred  Furthermore more ex
tensive studies in our Liboratory may be nece Qry
to blish an addi ol prujection also from the

reactive cell bodics were observed in the ad
sections and no fluorescent cclls were scen after in
cubanion with control serum

The present findings give C\ﬁi:l;:l l'orm.\xl d;rr:rcn(

to the [

r;:;;;m:mmmm at the level of the
posterior hypothutamus and the rostral mesence-
phalon and thus confims the cxistence ofd a
hypot.hnlal'w-splna] catechotarmine system first de
scribed by Blessing & Chalmers (1979 The

Acte Pinsol Scend 107

Al} group Commusstong et al {1979) have shownd
decrease of dopamine wn the spinal ccrd after kesson
of substantia nigra. Thus there may exnt several
descending dopamenerpic projections €3 the spinal
cord On the other hand o must be clunficd
whether or not the lestons muade by Commussiong et
al (1979) possibly could interfere with the descend
ing projection from the more rostrally bocated Al

dopasrune cells
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Inr groy at the border belween mewencepbabat a1

Fig 1A B Fu I by of the

graphs of
hypothalamus after injection of primuline Into

the spunal cord (A) and after incubation of the same section with 1y ke

bydroxylase antiscrum. Two cell bodies (arrows) coatan both pamuline (fluorescent granules in A) aod 1yrosx
the 1 P u

m B but they can be wen m

hydroxylase (B). The granules are maostly

process indicated by arrow heads Two ctlls (asterisk) are oaly tyrosine hydroxylase immunoreactive v mdicates

blood vessel Bar indicates 50 um

with a size of about 3040 x2m and their localization
comresponded well to that of the so-called All
catecholamine group described by Dahlstrom &
Fuxe (1964) Several of these cells also contatned
the yellow fluorescent granuk s which camly could
be distinguished from the clear green FITC induced
immunofluorescence  parucularly after prolonged
exposure 1o UV light which induced a fadmng of
the immunofluorescence No yellow fluorcscent
granules coukd be observed in tyrosine hydroxylase
immunoseactive cells kicated more rostrally in the
zona incerta belonping to the ADB cell group
(Fuxe 1965) No doparmune g-hydroxylase immuno-
reactive cell bodies were observed in the adjacent
sections and no fluorescent cells were scen after in-
cubation with control serum
The ;-:sicnl findings give evudence for a direct
descendmg projection to the spinal cord from
entncular cells bocalized at the level of the
postenor hypothalamus and the rostral mesence
phalon and thus confirms the eustence o(d:
hypothalamo-spizal catecholamine system ““‘m
senbed by Blessing & Chalmers (1979)

Acta Piyshd Scond w07

dopaminergic mature of these celh 1s indicated by
thair content of the enzyme tyrosne hydroxylav
but the apparent lack of the norndicnaline )&
thesizing enzyme dopamine-g-hydroxylsc ®
agreement with previous  immunohistochemicx
stirdfes (Swanson & Hartman 1975 Holfelt et b
1979a)

The pathway descnbed by Dlessng & Chalmers
(1979) originate in the Al3 cell group 1 ¢ 10 the Zond
incertn rostral to the All group  This discrepney
may be due to the fact that different species ratand
rabbit have been studied Furthermore mufe €1
ten nve studies in our Liboratory may be neceasan
to estnblish an additional projection alsw from the
AD group Commissiong et al (1979) have showna
decrease of dopamune n the spinal cord after lesws
of substantia rugrn Thus there may exi 1 several
descendmg dopammergc profection o the pind
cord On the other hand 1t mu t be clnficd
whether o not the Ieswons made by Comnu swng et
al (1979) posubly could interfere with the dewcend
ing projection from the more rostrally located All
Jdopamine cells
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vidence for a selective reduction of adrenaline turnover
o the dorsal midline area of the caudal medulla oblongata
ot young spontanecus hypertansive rats
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The sdremalme pathways naervate the cardiovas-
csb areas of the braun (Hokfets et al. 1973) and 2t
h!b«npmposcdlhulb:ndrmlhwnammrcp-
wics inporiaa centrad vasodepresior systems
(Fxg et ol IW!)h.uuthNMTmymd
Mﬂm-dnmhmlcvd.lhvcbcnobauvcdm
mlﬂimmmhwmtnﬂm
(Savedea ef al 1976, Sater et al 1577 Winen et
d 1978 Saveda 1979) Recenlly 1 has been
fomd Uat adrensline tumover 1y reduced i tho
ardovescular areas of the medulla oblongaik ®
lﬂ*spoummwhypcﬂanﬂcnumdlwuxnud.
1%, Therefore 1n the present study
m}mn!.whctnnmlymdl young tpod-
mbyvcr‘cnﬂw-nmhbcvmdlhcm-
dection of adrenshoe TWTOYET {3 PRUKATY OF sCT0~
fary to the by perieny ¢ procest.

Tomde, dwcek cid 3H rais of the wroke prooe nam
LAl mwﬁ-uwwwxm
f*Ky) coorol ity (OXamoto ot ol 1¥74), wiich woro
engxally derrved

on repaer day sad mgh schedole
Gpstrom a6 m o off et 6 ) They wert kibed by
brfween and 12 £ Adrrdaki LAROVES T

e

wady g 1o dreappewsace of Ut edrenaled LTS IR
oy Of dopamenc-A-hydrosy e (FLA € (bla-
Timeiy 1 ooy’ »-dumdhade, 10

W" 7 b before kultmg) and of plemy
wraaferase, SK&P o L9 (7 3-dachioro-1 24
Ardrockionds 0 0wk, p W

dhectro-chenweal
g
dopamne 1 an mierod staedard (Kelier i ab A6y

The arterial blood pressure m the yourg sp-SH rats
wia 117432 (w=13) mmHg and In Ihe normotensive
WKy nus 96514 1 (r~13) mmHy. Thes daTerence
was sigpdicant (P<0.0] Stslents (tedt lor ua-
peired data).

As seon in Table | the hypothalamic dopamune
and noradreralin levels were signif reduced
and increased respectrvely 10 the 4-week okd spos-
taneous s rads, and thers was abso a
urend for an increxss of the sdrenslioe sores tn the

4 n

The dop and
adrenalne Jevels In the DCMO were however oot
changed Ia the sp-SH rats compared with oot
ot e oo of s FLA 6 oot SKAP
mlnmwm“mwz
the DCMO of 4 week ol 1p-SH mis compared with
normotensh e WKy controls. The diseppearance of

asdrenalng sores [n the hypothatamus foltowm,
amlng aysthesks nibaian bs pot changed fn 10K

s vermn WK
Inchsced y rts Furthermore the FLA 63

thadamus and the DCMO
» tol
fmhhw-snmmmlhmﬁdﬂn






Adrenaline narnos  (a mednila of A pertensh e rats 399

' mhymmwwm(mcm
contents of sdremabing in with previous
‘mc&m&mnm Wioen ctal. 1973).
f lhuﬂyﬂm\}c&ﬂamnlmpahmuu(muium
obmlnﬂh)podnblt.drmhmlmhh
~ dmc 0 the fact that adrepafine termmaly 1o the

Futhermare, the present findings do pot support
the iew thot the noradremaline sysiems within the
thﬂhhmmmdﬂnll’MOphy:munrmhiu
a development of spontancoss hypertensson. i
\mpuﬁklhurhmanmdhypoduhmk

) ooradrenalma beveds found In the sp-SH rats could be
secoadiry to the masked reduction of adremaline
actn gty bn the braun stem, especially since weadment
st SK&F 64139 Increased the oordrensline
irels fa the normotensive W hy animals alooe The
eckadsn for the redoction in hypotalamic
logamuae Jeveds bn young sp-5H s resams 13 be
ldcetated. I conclosion the present results fodi-
o that adrenabne turnover is markedly reduced
 dhe DCMO of yoong female p-SH v s
WKy conirol rata which may lead to reduced ac
iy n the central baroreceptor Teficx patbay
s contribute o the development of tbe
1 pertenion.

Tt vork  ws meppocted by grac (04X -426) trom the
$audtab Medical Research Couscd aod by gt from
\aptu Berprall Sufieise

|teFeRENCES

(RIODL H  FUXE

EROER, B. &
LIUNGDAHL, A

K HAMP!
1570 Soadws on comanl aad
opheral oralveslne SexOeé e 8 DEW
dopeaane P by maylase Loiwbuoy Barop § Pharmecck
<[ 13 Msass

FUXE.K GANTEN D JONSSON O AGNAT] L.

F BOLME. P ANDERSSON K

M HALIMAN H UNGER T & RASCHER. W
#| DML Cuiecholacws turmover chaoges m bypo-

kS
a3t

Toky

OKAMOTO K. YAMORI Y & RAGAUKA, A 1974
Estiblatmeat of (bt wrokeprose wpostanecusly
by © rat (SHR). Core Red 3439 Sappl 1 143~

PENDLETON R. O KAISER, C.

& GESSNER, Q.
19%. Stuxbes on adieal Ietmnotamme N




38 A Fuxeeral

Table 1 Catecholamine levels in the In
pothalumus and the dorsal part of the caudal
(DCMO) of young sp-SH and WAy rats e caudal meddi e

MeamtS.E are shown a=pumber of anlmaks The values are giv
en as wet t The TN
havobccnmdcbellcmdncmp\mrn; vn.luumlh:WKynnd\p-SHndnfl uﬁ&%ﬁmuﬁﬁﬁwu‘:

NS=not sgmficant

Hypothalamuy DCMO
Why sp-SH n WKy sp-SH 1]
DA 573t P<00S 64170 19 07t .8
-~ NS 191 1 =7
‘:lA 1858451  P<0025  2146t60 79 2107£.63 NS 16281260 57
3818 P=0t 5t 8 18 48+ 9 NS 0% 10 7

Table2 Per cent depletion of NA and A stores in Iy pothalamus and DCMO of young sp~SH and WAy ruts

Sollowing treanment with FLA 63 and SA (F 64139

The CA leveks are given In per cent of the CA tevels of untreated Why and sp-SH rats respectivel:
y (for absolute lveb,
se¢ Tablo 1) Means + 5 E. n=number of rats. Student s 1 teat. For further detalls see Table 1 and teat

CAlevels Statistical CAlevels
in% significance in%

Treatment CA WKy WKy vaap-SH 3p.SH L]
Hypothalamus
No drug treatment DA 100 6 1001 4 79

63 DA 1H: 7 P<0.0.5 178113 ]
SK&F 64139 DA 119t $ NS 1Mt 7 1
No drug treatment NA 100t $ 100t $ 79

63 NA 69t 6 NS 57+ 3 3
SKAF 64139 NA 11616 P<00S 1001 ° 3
No drug treatment A 100t 9 100t 3 73
FLA 6 A 511 NS S8t 4 8
Sh&F 64139 A 86% NS &1+l 7
bcmo
No drug treatment DA 10014 100£1) -7
FLA 63 DA 4127 NS 164170 «7
SK&F 64139 DA [ 1£.2 N§ 170+ 10 (5
No drug treatment NA 100+13 10016 =7

63 NA 30+ 4 NS 9 =7
SK&F 64139 NA 100+ § NS 10at 9 4
No drug treatment A 100119 100t 0 -7
FLA 63 A 3t 4 P<0 001 86t 8 7
SK&F 64139 A 9+ 6 P<p 001 100t 8 58 _

However treatment with SK&F 64139 results 0 an
increase of the hypothalamic noradrenaline  tores
of the Wky controf rats an effect which 1 not
observed in the sp-SH rats.
The present paper gives evdence for a marked
reduction of adrenaline tumover 16 the DCMO of
female spontancous hypertcasive s com

terminals 1n the candiovascular areas of the medulla
oblongata represent an important vasodepressor
mechanesm (Fuve et o 1979 which can be
pathologically disturbed i amma!  which will de
vebop spontancous hypertension 1t secms possible
that such 4 Jisturbance can be one of the factors
producing spontaneous hypertenswn The hypo-
thalumic adrenaline nenve termsals seem to be

normotensve Why controls
pared with G?Pmp::l‘c:mm .:u the arterial blood  ndependently controlled from the DCMO ad-
at a ume wher | lop In the sp-SH rats These renaline termunals Thus they Jo not change thee
pressure begins to develop tumover 1n relation to the development of pon.

resuhs support the hypothesis that adrenaline pene

Acta Pinawd Scamd 107
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Pomcricus (Halkfelt et 1973, Wieen et al. 1578)-
anh:p—::mifndinpdowlw'ppnﬂ
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hypertension, It

semadary Lo the marked

4| ey [n the bran siem eapecialty sloce trestmeat
0 SKAF 64139 incremsed e

Fnch b Lhe pormotentive WKy animaks alons The
meckanian for the reduction in hypottlam<
"’F‘mh:bmyonmw-sﬂm!r:mmbe
Wummmmm
"'Wdrm&xu:wvdhnnﬂ:cﬂymmxed
s DCMO of young femals p-SH ms venas
WEy comtrol rats, which oy lead to reduced x
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by periemlon
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