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Acta physiol. scand. 1969. 76. 1—9

Trom the \eurosurgical Climic A, Uniersity Hosputal of Lund, and Institute of Anatomy and
Histology, Umiversity of Lund, Sweden

Possible Relation between the Degree of Cardiac Adrenergic
Innervation and the Resistance to Hypothermic Ventricular
Fibrillation in Young Cats
By
Kar C NieLsew

Recened 27 June 1968

Abstract

Nieusen, Kat C Possible relation betuween the degree of cardiac adrenergic innerta-

tion and the resistance to hypothermic rentricular fibnillation n joung cats
Acta physiol scand 1969 76 1—9

T oemme ke MRl ooy : . e

nerves compared with adult ammals, 1n with a lower of cardiac
noradrenahine The possiality 15 discussed that the not yet fully developed adrenergic innera-
tion of the heart 1 young ammals may account for the higher resistance to reduction of the
body temperature as compared with adult animals

A recent series of 1nyestigations on cats subjected to hypothermia has shown that -
terference with the adrenergic nenves through depletion of their transmitter stores
{Nielsen and Owman 1965, 1967b, 1968b) or blockade of their transmutter release
(Niehen and Owman 1968a) effectnely controls the spontaneous ventncular fibnlla-
tion mmanably occurnng 1 untreated control ammals at a body temperature of
about 21° C Since also blockade of the adrenergic J receptors {Nielsen and Owman
1965, 1966) and surgical cardiac sympathectoms (Niclsen and Owman 1968c) are
effectne 1n presenting the ventricular fibnllation at reduced body temperature, there
18 strong reason to believe that the adrenergic nerves i the keart are of considerable
importance for the desvcloproent of this major complication of induced hyvpothermea

This has been fusther confirmed n tn tutro expenments on 1solated heart prepara-
tions (Falck ef af 1968)

1693003 Acta phosiol tcand Vol 76 12
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It hs Jong been known that young 1numaly sunvive coohing 1o low body tempen
ture much better than adult ammals (see Prokopesn 1960) In view of the fact that
blockade of the adrenergic influences to the hexrt musele 1 cats prevents the devel
opment of hypothenmnic ventriculir fibnlltion s di cussed above ind with reerd to
the finding that hibernators i contrast to non hibernators have 1 remarkabh
scarce adrenergic mmen ation in the myocrdrum (Niel en and Owmn 1965 1968d)
1t would seem of interest to elucrdate whether the resstance of voung ammals to
sustemic cooling could be correlated with 4 not vet fully developed drenermic mner
ration of the heart

Material and methods

12 lttens of either <ex and weiching 0353-~10 kg (corre ponding 10 an age of about 5 to 10
weeks) were anesthetized with nemtutal (30 mcle mtrapentonealh) and cooled by submer
sion i N jce water bath of 3—9° C Resprranon rectal temperature artenial blood pressure
and FCG (standard hmb lead 11) were conunuoush recorded (for details <ee \aelen and
Owman 1967b) \When blood pressure fell below a pre determined level of 60 mm He accom-
panying the progressne fall n body temperature metaraminol ( Aramune, Merck Shup &
Dohme} was gnen as an mtermitent 1y minson (10 poml of 107 imertose see “uglen
and Owman 1967b) n order to mamtam a sufficient blood supph to ¢ ¢ the brain (Hacgen-
dal 1963) Artificsal resprration ws apphtd with a pump re<pirator connected 10 an endo-
tracheal T tube when became Active cooling was inter
rupted at 18° C rectal temperature and the ice water was repliced with warm water of 34—
42° C Rectal temperature continued to fall to 17 4—162 C before 1t reversed the ammals
were then re warmed to nermothermia

After reaching normothermmia the ammah \ere I)Itd to death and the hun was removed
Picces from the atna and tricles we. o the 1qud progen
reeze dned  treated with [onmlde)nde c:s for |he histochenucal dtmnmlmlmn al the
rdrenergic transmister (Falek 1962 Falck ¢f af 1962 Corrode and Hillarp 1963 1964 and

/ further processed for (luorescence microscapie analysts (for detaits <ce Falek and Owman
1963)

The number and intensity of the fluorescent cardiac adrenerme nenves in the cooled battens
were compared with the nerves m preces of heart obtained from 4 untreated kittens (we ching
between 05 and 08 kg) and § adult c:ns o[ 27-38 h: The remainng. heart tseue from
these contro) ammals was psed for chem: the
according to Bertler et al (1958) and thgmd:.l 1963) 11u-<c ammals too were anesthelized
with nembutal

Results

Hypothermia Of the 12 amimals subjected to hypothermia onh one {no > Table
Ij developed ventnicular fibnifation (at a reetal temperature of 18°C Fig 1) The
rumaming amimnls reached rectal temperatures of 174 to 16 22 C (Table 1) without
major cardiac comphications other than rhythnuc rregulinues A\l except 2 anmmls
{no 2 and 10} had to recene metaramtnol 1s an ermittent infuston to muntun
the blood pressure above 60 mm Hg (Table 1) Chamactensucally however the
ammals did not respond 16 metariminal adminstration At rectl temperatures below
2919° G duning cooling (Fig 1) When the body temperture reversed duning re-
warming the blood preswre spontancously piched up mpidly and the ammals re-
sponded with 1 marked increise m blood pressure if metarimmol mfusion was nee

essan, even at the low receal temperatures In one of the ammals (no 3} the blood

pressure could not be muntuned 1t 1n adequate level during re warming ang the
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Tante 1 Synopus of the 12 kittens subjeeted to hypothermia Lowest rectal temperature (before 1t
reversed, except in ammal no 5), total amount of smetaraminol administered, number of
fluorescent nerves esumated in entire heart, fluorescence intensity of cardiac adrenergre

nerves,
Ratten No Weight (bg)  Lowest rectal Amountof  Total number Fluorescence
temp {°C) metaraminol  of Buorescent  ntensity
(ng) nervesd

1 09 162 100 -+ reduced
2 10 171 0 + reduced

3 02 170 200 + reduced

4 07 168 10 ++ not reduced
5 07 180 50 ++ reduced
6 07 162 125 + reduced
7 07 173 150 ++ not reduced
8 086 168 40 ++ not reduced
9 05 162 60 + reduced

10 09 174 [ ++ reduced

11 07 170 60 + not reduced

12 07 170 50 +++ reduced

* This was the only animal that developed « entricular fibniflation
5 Estimated on the basis of + +++ + for adult apimals

expenment was discontinued at 29° G rectal temperature Autapsy revealed a profuse
pentoneal bleeding from a rift in the hver, probably produced during the mtraper
toneal admimistration of the anesthetic

Cardiac adrencrgic nerees Under the di used, the

b present throughout the h

nenve endings exhibits an mntense green
flucrescence (Falck 1962) In conformity with previous observations on cats (Ehinger
et al 1966, Jacobowitz et al 1967, Nielsen and Owman 1967b) the heart of the
adult control ammals had a faily nich adrenergic mnnenation The termunals partly
enclosed the blood vessels, particularly the artenes and artenoles, with dense plexuses
superimposed on the media, and were partly directed to the cardrac muscle fibres
which they were seen to follow closely for long distances (Fig 1a) The over-all
density of adrenergic innervation was highest m the atnia The wall of the nght
ventricle contained a moderate number of termmnals, whereas the innenation was
less pronaunced 1n the left ventricular walt

Analysis of the heart preparations from the 12 hittens subjected to hypothermia
{and the 4 control hittens) usunlly revealed a considerably smaller amount of adren-
ergic nerve termmals (Fig 2b) Thus, only very few luorescent fibres were present
m all parts of the heart 1n ammals no 2, 3, 6 (Fig 2¢), 9 (Fig 2d) and 11 (see
Table 1) Most of the nerves were clearly related to the blood vessels whereas few,
or almast no fluorescent nerves were found n the myocardm proper (Fig Ie
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Fig 1 Blood pressure rectal temperature and cooling ume of the 12 kittens subjected to
hvpothermua. Only one animal developed ventricular fibnllaton at 18° C rectal temperature
(—>) The blood pressure could not be mantamed 11 one ammal during re warming owing
to wevere pentoneal bleeding the expenment was discontinued at 29° C (*)

and d) The number of neres was somewhat farger mn 6 of the ammmals no 1,4
(Fig 321 5 7 8and 10 (Fig 3b) This was espectally evident in the atrsal portions
The mnenation was also 1n these amimals much less dexcloped among the cardiac
muscle fibres In only one of the animals subjected to hypothermia (no 12, Fig 3¢}
¢did the number and distrsbution of the cardrac adrenergic nerves resemble that of the
adult ammals

The low degree of development of the adrenergic innervation m the heart was
evident in all the control kittens that were not subjected to hypothermia (Fig 2b)
The nerves had a similar vanicosed app h g the Is 1n adult
mdnrduals although tn the preparations from the kittens the sancosities seemed
smaller thev had a less bright fluorescence and were more rrregularly mterspersed
along the nenve termmal It was clearly evident that i most of the ammals in the
hypothermia group the fluorescence intensity of the nenes was shightly to markedly
seduced 1n companison with the untreated controls In anmmals po 4 7, 8 and 1),
however did the intensus of the emtted hght appear to be unaffected (Table 1)

In agreement with the smaller number of cardiac adrenergic nerses m young com
pared with adult animals fluorimetnic determimations showed a distinct difference 1n
the amount of noradrcnahine (mean + standard error of the mean of yg noradrena
Line per g tissue) Ve ung atna 087 007 and sentricles 0704010 10 be compared
with adult atna 140 =011 and ventricles 1 72008

As 1n the adult anunaly ne flvorescent nerve cells could be recogmzed 1n any part
of the heart. However large formations of non fluorescent probably choltergic
ganghon cells occurred m the night atnal wall near the caval inflow Scattered among
these cells were found groups of small intensely green fluorescent cells some of
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Fie 2 Fluorescence photomscromraphs of preparations {rom nght ventncle 150% a Un
treated adult amma! fairly large number of termunals 1o vessels and musculature b Un

treated k tten fewer mene terminals usually related to vessels (c) Nitten no 6 and d)
Kitten 00 9 very few nemes only at vessels

c
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Fig 3 Fluorescence photomicrographs of preparations from right ventncle 150X (a) Ratten
no 4 and (b) kitten no 10 the innenvation 1s tetter developed than in kuttens no 6 and 9
most nenes still related to vessels (¢} Ratten no 12 fairly well developed mnenation (d)

Ratten o 9 Two intencely greenfluorescent small cells in sight atrum One of the cells ssucs
a long beaded pracess Cell nucleus not sssible owing to the high fluorescence intensity 300X
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which were scen to wssue a process of considerable length, this someumes even
seemed to have a vanicosed appearance {Fig 3d)

Large bundles of preterminal sympathetic ner es, having a charactenstically smooth
appearance and low fluorescence 1ntensity, coursed along large artenes particularly
1n the atna, but also 1n the walls of the \entncles near the mtraventricular septum

Discussion
Only one out of the 12 kittens subjected to hvpothermia down to 17 4—16 27 rectal
developed sp ventneular fibnll , whereas the remaiming
ammals could be re \\armcd to normothermia without this cardiac complication This
contrasts <harph with the devel of v lar fibrillation seen 1n

several senes of expenments on adult cats Slmllarl) cooled without previous treat-
ment (Nsehen and Owman 1966, 1967b, 1968a—c) On the other hand, blockade
of the sympatho-adrenal nfluences on the cardiac f receptors offers an efficient
agamst the sp hypoth ventncular fibnit (Varma et al

!963 Nielsen and Owman 1965, 1966 1967b, 1968a-—¢, Bennett et al 1968 Falckh
et al 1968) In view of these findings 1t seems highly sigmficant that hibernators
such as the bat, hedgehog, and thirteen lined ground squirrel have only a shight—if
any—adrenergic tmnenation to the sentricular muscle cells (Nielsen and Owman
1965, 1968d) m contrast to the well developed adrenergic innenation 1n the myo-
cardium of non hit s (Angelakos ef al 1963, Dahlstrdm e al 1963,
Ehinger t al 1966, Jacobowitz et al 1967, Nielsen and Owman 1967b) These re-
sults make 1t highly probably that the present histochemical findings of an incomplete
cardiac adrenergic innen ation, particularly to the muscle fibres of young cats offer
one bl L for the r of such amumals to the deielopment of
sentnicular fibnllation during deep hypothermia However, 1t should be borne in
mind that also other circumstances may contnbute to this marked difference be-
tween young and adult amumals, for example, differences 1n the expenmental condi
vons such as a shorter cooling time of the smaller young ammals or developmental
differences 1n the degree of myocardial hyperexatability duning cooling another m-
portant factor 1n the genesis of hypott N lar fibnil (Brooks 1936
Hegnauer and Covino 1956, Hegnwuer and Angelakos 1959 Hoffman 19291

The adrenergic henves present m the heart tissues of ammals subjected to hypo-
thermia often had a lower transmitter content as revealed by the reduced fluores-
cence intensity, compared with the corresponding untreated control amimals Part of
this noradrenaline release may be a of the di
(¢f Anden 1964} but a reduced noradrenaline fluorescence was evident also in
those two animals that recened no metaraminol dunng the expeniment This con-
firms previous findings on adult cats that have been subjected to the same degree of
hvpothermma and shows at a neuronal level that cooling enhances the output of

line from the adrenerric nerves (Goldstein and Nakajima 1966 Nieben

and Owman 1967b  However 1t can be supposed that the noradrenaline concentra-
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tion to which the mvocardal receptors are exposed 1s too low to preciprtate ventricu-
lar fibnllation in the 3 oung anumals This 15 analogous to the findings that differential
depletion of catecholamines from the well-deeloped system of cardiac sympathetic
nerves 1 adult anymals (Nielsen and Owman 1967a) effectnvely presents the ap-
pearance of sentncular fibnllation duning hypotherma (Mielsen 2nd Owman 1965,
1967b).

From a developmental pont of view 1t should be noted that the establishment of
the adrenergic mnesvation apparatus of the heart appears to be a comparatrcly late
phenomenon. This agrees with findings on the chicken embno 11 which the cardiac
adrenergic nenve supply has been found to lag behind the development of sympa
theuc nerve terminals 1n certamn other structures (Enemar et al 1965) The present
histochemzcal data indicate that the adrenergic nene plexuses are at fisst formed
around the cardiac vessels, from which nerve termmals then reach mto the myocar-
dium proper This pattern of development seems to proceed n direction from the
atna to the ventncles

Supported by grants from the Ascocation for the Aid of Cnppled Children New York, Ollie
and Elof Encsson s Foundation, and Anna Lisa and Ssen Enc Lunderen s Foundaton
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Renal Autoregulation during Infusion of
Noradrenaline, Angiotensin and Acetylcholine
By
F Ruu J hjessuis and E Lovaine

Recened 6 July 1968

Abstract

Km F ] hjyensmus and E Lovning Renal autoregulation during wnfusion of nor-
adrenaline, angiotensin and acetylcholine Acta physiol scand 1969 76 10—
23

N

To examune whether renal autoregulation was abolished by vasocenstriction and sasodlatation

perments were performed on ancsthetized dogs with intact renal circulation and nerous
upply Angoten<an or noradrenaline was infused into the renal artery at a constant rate that
reduced renal blood flow (RBF) to less than half of contro) values By mechanical constnction
of the renal artery perfusion pressure could be reduced to averages of 69 and 80 mm Hz
respectnels +3 mm He dunng control conditions) before RBF dropped more than 5%
\ormal autoregulation wa¢ also ebtaiped during intrazenous mfusion of angiotensin and nor
adrenaline durning stmulation of renal nerves and after development of tachyphylaxs to
angiotensin At normal and low artenal pressures but at amilar RBF noradrenaline or antio~
tensin was injected into the renal arten, RBF nas leasl reduced at low per{usxon pressure

ttat did not T the e effect of

line and anmotensin By acetylcholine snfusion RBF tould be doubltd and a cunvilinear rela
tionctup between RBF and perfusion prescure was obtamed Stmilar curves could be constructed
by the apphcation of Posewlles law on the premne that vasoactne agents act manly on
musd: cl!mcm( oxhzr than tl o< pa It s Jed that auto-
of nenous and humoral stimuly

Renal bleod flow  RBF 1 and glomerular filtration rate {GFR) remain constant when
renal perfusion pressure 15 lowered to 70—80 mm Hg by mechanical constriction of
the renal artery or aorta above the renal artery Autoregulatng mechamisms which
dilate the afferent artenoles are then maximally actnated and the resistance i the
pxtg[omenllzr vessel probably remains unchanged when perfuston pressure is fusther
reduced Whether nenvous and h: ! strmult fere with renal gul:
1n the mtact organism has not yet been established and 1t 15 accordingly undecided
whether renal 15 of any sigmfs e 1n circulatory homeostasis
Previous studies of the effects of vasoactne agents on renal autoregulation have
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been performed mamly on completely 1solated or aruficially perfused hidneys that
usually have low RBF at control pressure Vasoconstnctors have been shown to
umprove (Schiud, Garrett and Spencer 1964) and abohsh renal autoregulation (Fol
Low and Langston 1964), whereas acetylcholine and other vasodilators hase been
umformly found to abolish autoregulation (Waugh 1958, Thuru and kramer 1939,
Nahmod and Lanan 1964)

In the present study, renal perfusion pressure was mechantcally lowered i dogs
with intact circulation dunng nfusion of angiotensin noradrenaline or acetylcholine
mto the renal artery, or during intravenous nfusion of angiotensin or noradrenaline
Renal autoregulation was also examnined during sttmulation of renal perves In order
0 examine a proposal of Green Rapela and Conrad (1963) that the autoregulating
mechanism reduces the effects of vasoconstrictive agents by providing a counter
dil noradrenahine or was 1njected 1nto the renal artery m simlar
doses at normal and low perfuston pressures

Methods

Afongrel dogs weighing 15 to 30 kg were " sodium
at a dosage of 30 mg/kg bw and maintained by addional doses of 1 to 2 mg/kg bw during
the expenment which usually lasted over 3 hrs The left hidney was exposed retropentoneally
through a flank incison and the renal artery cleared of surrounding tissue by blunt dissection
for a length of 5--6 cm Small nerves runming along the artery were left intact The fat pad
surrounding the hidney was left undisturbed and the ureter was not cannulated Renal artenal
pressure was obtained through a 20 gauge needle introduced as close as possible to the kidney
and connected to a polyethylene catheter and aortic pressure through a polyethvlene catheter
mnserted below the renal artenies Mean artenial pressures were measured with Statham trans
ducers and recorded continuously on a Sanborn recorder The pressure difference between
aorta and the distal part of the renal artery was 10 to 15 mm Hg at control flows A polyviml
tubing with outer diameter 0 4 mm was introduced into the renal artery ad modum Herd and
Barger (1963) with the np directed upstream and angiotensin {Hypertensin CIBA) nor
adrenahme or acetylcholine infused into the renal artery in 1sotenic saline at rates up to 6 ml/
min by means of an electne constant debvery pump

Renal perfusion pressure was reduced m most experiments by a plasuc adjustable clamp
placed 1mmeduately distal to the tp of the tubing used for mfusions In 2 dogs renal perfusion
pressure was seduced by constricting aorta ahose the ongin of the renal artenes with a Blalock
clamp The effect on of infusing or at a constant rate
1910 vena cara was exaruined 1n 4 dogs In these expenments renal perfusion pressure was
rveduced by inflating a balloon introduced from the femoral artery mto the aorta above the
renal arteries

RBF was measured with a square wave electromagnenc flowmeter (Nvcotron Oslo) and
recorded on a Sanborn recorder A flowmeter probe selected on the basis of vessel size (gap
diameter 3—4 3 mm) was placed on the venal artery as close as possible to the aorta Zero
flow reading was checked by occluding the renal artery Readjustment was rarely necessary
The flow probes were calbrated directly on femoral of caroud arteries of ssmilar size i other
expenments

n 2 does with two mamn renal artenal branches the adjustable clamp was placed on the
common renal artertal stem and pressure recorded distal to the clamp Artenal flow was
recorded {rom both branches A catheter for infusion of sasoactine agents was mserted 1nto
only one of the branches

Following surzical procedures 10—20 min were allowcd before control autoregulation cunes
were of tamed Constriction of the renal artery or aorta was performed with the kidney in 1ts
normal postion and with the 1aision partally closed by means of wound clamps Renal perfu
$10n pre sure was either lowered contmuously over several minutes ar 1n steps of 5—10 mm Hg

At the end of three expenn ents 1) ¢ bundles of nenves accompanying the renal sessels were
dissected free secuoned and the distal end hooked to electrodes and sumulated (6 ¥ 10 cps)
with a Grass snmulator white renal autoregulanon was exaruned
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Tapre 1 Renal blood flow at control and Jowest autoregulating perfusion pressures before and
during intra artenial infusion of angiotensin or noradrenaline

o mfusion Angiotensin Noradrenaline

Control  Constriction  Control  Constriction Control — Constriction

Dog 1
145kg RPP 150 85 16 75 160 8
RBF 170 160 8> PN 80 7>
Dog 2
273 RpP 120 6 130 60 125 70
REF 20 245 9% 8 120 120
Dog 3
19kg RPP 115 0 130 70 130 80
RBF 155 150 60 60 3 75
Dog 4
26kg RPP 165 20 165 3 170 %
RBF 30 340 215 210 22 20,
Dog 5
227kg RPF 120 -0 120 7>
~ REF 470 493 360 350
' Dog 6
J/ sk RPP 16> 25 165 9
RBF 230 215 135 130
Dog 7
28k RPF 12 63 125 6
RBF* 183 185 80 7
RPP 130 75 130 7
RBF* 100 153 9 20
Doz 8
20kg RPP 150 7a 150 70 150 7
RFB* 90 90 20 ™ 70 70

RPP Renal perfusion pressure mm Hg  REF Renal artenal blood flow (mijmin
RBF* Blood flow (ml min 1n a branch of the senal artery

Results
Cantrol studies In control perinds 1n 8 dogs RBF ranged between 155 and 470 mlf
mn (93—214 ml/kg bw  Renal vascular resistance decreased dusing constnc-
tion of the renal artery, but the effiaency of autoregulation vaned between animals
The lowest lating pressure averaged 74 mm Hg varyng in the coune of
the expenments by 3—1> mm Hg which was unrelated 1o shight spontaneous changes
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s RBF Lowenng renal perfusion pressure had no consstent effect on RBF i the
subsequent control peniods and the lowest autoregulating pressure was not sigrufi
canth hngher at the end of the expenment

Table 1 shows mean rontrol perfusion pressures and the lowest autoregulating
mean pressure with associated RBF values On average RBF decreased less than
4 ¢ tfram 230 10 222 mifoun) dunng reduction of renat artertal perfusion pressuse
from a mean value of 138 to 74 mm Hg

The fowest antoregulating perfusion pressure was usualh determmed by reducng
the perfusion pressure at a rate of 2030 mm He/min. Typical recordmngs are
shown in the upper parts of Fig 1 and 4 obtained from studies on dogs with two
artental branches RBF remained essenually constant down to perfusion pressures of
65 and 7> min Hg respectiveds and fell raprdh with further reduction of perfusion
pressure Infusnion of angiatensin or noradrenalime nto one artenal branch did not
affect RBF or avtoregulauon 1n the other branch

4 Renal B was d 10 4 dogs dunng sntraartenal tn
{fusson of angiotensin which reduced RBF 10 36538 €2 of conrol values and i 2
dogs with two renal arterial branches when RBF was reduced to 43 and 25 <¢ of
coatral flow respecttveh Control pressures and lowest autoregulating pressures are
shown w Table I Infusion of angotensm at a rate of 02 te 06 pg/oun sncreased
arteral perfusion pressure by an aserage of 6 mm Hg Rena) autoregulauon was
presenc in all studies: and RBF was matntaned on aserage to a perfusion pressure of
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Tazce 11 Renal blood Bow at control and lowest autoregulating perfunon pressure Mean valurs
duning contro} eondivons and during intra artenal and intrayenous infusions of angio-
tensn and noradrenaline

Control A Noradrenal

Control Comtne Control  Constrice Control Comstae

tion tion um
Intraartenal RPP 132 74 143 o9 143 80
ainfunion REF 23 222 98 93 144 138
Inflation Inflation Inflayon
of balloon of balloon of tafl on
Intravenous RPP* 118 25 170 &8s 185 29
infusion RBF 190 183 100 20 153 133

RFP Renal perfusion pressure (mm Hg) RBF Renat blood flow (ml/min) RPP* Asstic pros-
sures

69 mm Hy which 1n each dog was as fow as, or Jower than the lowest autorczalatng
pressure dunng control conditions The osaillatory pattern after release of constrie-
non was not consstently diffcrent from that obsened tn control condstions Record
1nzs from one of the expunments are shown in Fig 1

Similar results were obtamed dunng intrasenous tafusion of angiotensin (13 g/
smn) RBF was onaverage shightly more than 50 ¢¢ of control values Mean artenal
perfusion pressure ncreased to 170 mm Hg Renal autoregulation was present down
10 perfusiun pressures 23 Jow 23 dunng control conditions Mean values of all studies
are shown m Table I

Tachvphvlaxis to angiotensin developed rapidly dunng intra artepal snfugom of
anmstensin, and often prevented a persistent reduction of RBF 1o less than half of
control salues Recordings from a tvpical expenment are shown 1n Fig 2 where
trebling the rate of angiotenun adminustration did not cause a further reduction 10
RBF An even more dramatic loss of vascular sensuvany was demonstrated i other
expeniments since the effect on RBI of a tenfold ncrease m angiotensin admni tra
tion was only transient. Renal autoregulation was unaffccted by development of
tachyphslaxss By further reduction of perfusion preswre the vasoromtrictn e eflcet
of angiotensin was less pronounced  RBF was zevo at a perfusion pressure of 18 mm

Hgz which was not sizraficanth hagher than the cloung pressure in controd conda
nons

Renal nerie stimulation In several expenments in each of 3 dozs REBF was
reduced to less than 60 7¢ of control values by faradic sumulation of the nenes of
the renal pedsele Renal aute regulation was present m all studses without siznificant
changes of the lowest autoregulating presure Release of constniction was foflowed
by typrcal flow ovenshoot Recordings from eme of the studies are shown i Fizr 3

Aoradrenaline Tn 6 dogs, res al autoregulavon was examined durning mura arienal
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Fig 2 Intact pressure flow relatonship dunng development of renal tachyphvlasts to angio-
tensin

nfusion of noradrenaline which reduced RBF to 47—77 ¢ of control values (Table
1) Tn 2 dogs, mfusion into one of the branches of the renal artery reduced RBF to
64 and 78 S¢ of control values Intravenous infuston n 2 other dogs mncreased mean
renal artenal pressure on average from 118 to 185 mm Hg, and reduced RBF to an
average of 81 < of control flow (Table II) Renal autoregulation was present in all
expeniments Dunng intrasencus infusion, the lowest autoregulatng perfusion pres-
sures were as low as in control condttions, but were higher 1n 5 of 8 dogs dunng
mtra-artental infusion, averaging 80 mm Hg, as agamst 74 mnm Hg under control
conditions (Table 1T}

All expeniments showed that noradrenaline and angiotensin had different effects
on RBF at or below the lowest autoregulating pressure Fig 4 shows recordings when
noradrenaline was infused 1nto one renal artersal branch while the other sened as
control By gradually constricting the main stem of the renal artery, RBF 1n both
branch d It} h d to a perfusion pressure of 75 mm Hg The
effect of a further shight reduction of renal perfusion pressure was different In the
noradrenaline infused branch, RBF fell, and continued to fall, despite restoration of

Renal arterial
blood fow
mizmn

fenal artenat
‘bicod pressure
mm Hg

af erve
Fig 3 Presence of autoregulation during stimulation of distat end of renal nerrs \?
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Fit 4 Blood flow 1n two artenal branches dunng stepwise constniction of common renal artery
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perfusion pressure to 73 mm Hg In 4 dogs RBF became zero when perfusion pres
)gurc was reduced to an aserage of 48 mm Hg (against 18 mm Hg dunng angiotensin
mnfusion and under control condstions) After releasc of constriction several minutes

elapsed befure control RBF was app hed in ! 1 fused artenes whereas
RBF was rapidls restored duning angiotensin tnfusion However if constriction was
released at perfusion p. within the g range the post release flow
patterns were not sigmif; ly diffe duning jrenaline and snfu
£10n

Acetylcholine By nfusing acetylcholine into the renal artery at a rate of 2—10 pe]
min RBF mcreased 1o a new stable level m Jess than 1 mn In 4 dogs RBF could be
sncreased to 140—330 €4 of control flow before systemrc artenal mean pressure fell
In all expeniments RBF was markedly increased at perfusion pressures below the
normal autoregulating pressure range The increase in RBF induced by moderate
doses of acetslcholine was neatly as Jarge at low as at normal perfusion pressures
In the study shown in Fig 5 RBF was 213 and 200 < of control values at per
fusion pressures of 162 and 85 mm Hg respectinely dunng mfusion at 2 rate of 22
pgfon. With infusion at a rate of 10 ug/min REF was 330 and 240 ¢ of control
flows at corresponding prriusion pressures A stmular relationship between RBE and
perfusion pressure was obtamned m the 3 other dogs Proportinal changes 1n RRF
and perfusion pressure  Nahmod and Lanan 1968 were not observed 1 any
experiment esen at the highest rates of acetylcholine infusion
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Effects of noradrenaline and angiotensin at normal and lou perfusion pressures

wathin the -gul. range As i} h mught reduce the
eflfects of agents by p g a counter-dil the effects on
RBF of mtra artersal injections of drenaline or at normal perf
pressure and at a perfusion pressure a\emgmg 75 mm Hg were examined (Fig 6}
At control perfs pressure d reduced RBF by 30—60 ¢

and :mglotensm reduced RBF by 4080 7¢ Reducmg perfuston pressure to approx
mstely 80 mm Hg lowered RBF by less than 5 ¢c RBF was less reduced by angro-
tensin and hne at the low perf pressure On average the flow
seduamg affert of momadranaline and ar oss E as &
and 76 ¢ respecu\rly of the effect at control pressure

Discussion
Dunng 12 mfusion of noradrenaline and anmotensin at a rate reducing RBF to less
than half of control values renal perfusiin pressure could be reduced by 60 mm He
or more before RBF dropped appreciably Sumilarly autoregulation was mamtained
dunng stmulation of the renal nenes and dininz intravenous infusion of angio-
tensin and noradseraline These realts are ¢ mpatible with the assumption lh)l.
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) renal autoregulation 1s a factor in arculatery homeostasis not only under resting
conditions but also when the 1s sub d 10 strong h 1 and nervous
shmulation The present studies do not therefore concur with the view that renal
autoregulation 15 overpowered by an increase in sympathetic discharge (Folhow and
Langston 196%)

GFR ma» remain nearly unchanged when RBF s largely reduced by noradrenaline
or angiotensin {Pitts 1963 As suggested by Green et al (1963), a constant glomeru
lar capillary pressure and thereby constant GFR could be maintained if the vaso-
constrictine effect of noradrenaline on the afferent arterioles was compensated by 2
counter-dilatation of the lating elements According to their hypothesis the
autoregulating elements would already be maximally dilated at a normal perfuston
pressure This explanation 1s not supported by the observation that autoregulation
was present to low perfusion pressures dunng infuston of vasoconstrictors Another
argument against the | T of ¢ 1s that of d
Ime and angotensin produced sumilar or larger reductions m RBF at control pres
sures than at low perfusion pressures which gne maxmmal autoregulzrory wasodilata
uon It seems that of GFR reflects a vasoconstnctive effect
on both afferent and efferent artenoles <o that glomerular capillary pressure remains
comstant A reduction 1 GFR does not necessanly mmph reduced glomerular capil
lary pressure as colloid osmotic pressure nises as a consequence of inereased filtranon
fracuion

heref:
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Our studies showed that RBF was maintained to lower perfusion pressures during
angiotensin than dunng noradrenaline infusion It 1s possible that this difference
reflects d fanty 1 the distrib of the wctnve effect between pre
:md post-glomerular vessels A more Likely interpretation, howeser, 1s that the slight

m lowest lating pressure 15 caused by the different response to

m ¢ of and drenal When renal perfu-
sion pressure was reduced below the i! range, the v ve effect
of angotensin was reduced or Jost In contrast, the potency of noradrenaline was
maintammed As noradrenahine was infused mto the renal artery, a reduction n RBF
increased renal blood concentration The closing pressure (zero flow) was therefore
considerably higher during noradrenaline infusion than during control espenments
and during angiotensin mnfusion

Previous mvestigations of the effects of + 10n on renal it
are not directly comparable with the present studies Because 1solation of the kidneys
represents a large \asoconstrictive simulus, RBF may, 1 1solated preparations, be
more reduced dunng control penods than in the present studies dunng infusion of
angiotensin and noradrenaline In our expeniments, the efficiency of autoregulation
was considerably higher than in isolated preparations, since RBF was reduced less
than 5 €2 when perfusion pressure was reduced 50 mm Hg The distinction between
presence and absence of autoregulation 1s therefore easier in dogs with intact circula-
tion Another complicating factor in studtes on solated preparations is that the
techniques employed for evaluating autoregulation often do not allow comparisons
with other studies Waugh (1964) increased the perfusion pressure of wolated kidneys
1n a single step—from 100 to 190 mm Hg dunng angotensin 1nfuston, and from 100
to 160—180 mm Hg mn control d. d claimed that
autoregulation Noradrenaline has been found to abolish autoregulation (Folkm\
and Langston 1964, Waugh 196%), leave 1t unaffected (Nahmod and Lanan 1964),
or re establish autoregulation sn atonuc kidneys (Schmid et af 196¢) In the latter
study a simmlar effect was demonstrated dunng angiotensin infusion. It was concluded

that the return of )t was due to d tone of the vascular bed dur-
mng and d line mnfusion,

that the presence of vaso-
constrictors 1s indispensable This conclusion may not be warranted, however since
the atonic kidneys had a perfusion pressure of 80 mm Hg whereas the renal perfu-
sion pressure was well withm the normal autoregulaung range duning infusion of
noradrenaline and angotensin

As the prods of 15 d dent on the release of renin from the
Jjuxtaglomerular granules 1n the wall of the aiferent arterioles angiotensin might play
a role mn b 4 it Thurau and Sch {1962) and Thutau
and co-workers (1967) proposed that was responsible for

Thus hypothesi> 1s not supported by the present studtes, since autoregulation was not
mpatred when RBL was largely reduced by angiotensin infuston or when tachy-
phylaxis to angrotensin had developed

Vasodilaung drugs such as procaine (Waugh 1958), papasenne (Thurau and
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. er 19391 and acenlcholine (\ahmod and I.'mzn 19611 have been found to
Abolush 1 1n perfused prep as the rel between RBF 2nd
perfusion pressure became Lhinear It 15 not clear whether the cun1lmezr relationship
shown mn Fig 5 implies abolished auteregulation Navar Guvton and Langston
11966 obtained sumlar cunes dunng infusion of hvpertonic manmitol, and assumed
that autoregulation was abolished As apparent from Fig 5 RBF 1 much larger
duning acetvlcholine snfusion than under control condmons also at perfusion pres-
sures below the lowest autoregulating pressure GFR remams constant dunng
acenJcholine 1nfusion and 1s not essennalh reduced by lowenng perfusion presure
{unpublished obcervanons Maximal stretching of the elements parncipatng in
1 cannot account for the whole reducnon m preglomerular
resstance On the contran vasoactine drugs might have no effect on the muscle
elements parucipanng in autoregulation
Apphcations of Poucutlie s formula Py—P, =L RBF/R* P, 1s artenal perfusion
pressure P, glomerular capillars pressure and R effectne preglomerular radis. i
RBF and P remain constant when P, s lowered from 150 to 75 mm Hg 2zuto-
regulation), R increases 10 14R (Fiz 7 In this calculation P, 15 assumed to be 50
mm Hg If 1t 1s buzher the increase i effecine preelomerular radius would be more
than 40 ¢
This analvs 15 onh valid if mest preglomerular vessels react simlarly dunnZ
lowenng of perfusion pressure The evidence 15 twofold. First by the wse of the
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hydrogen gas washout techmique medullary blood flow has been found ta be auto
regulated (Aukland 1967) and blood flow 1n deep and superficial layers of the cortex
shows a sumular autoregulation pattern (Aukland and Loyming unpublished observa
tions) Secondly, m most kidneys the distinction between presence and absence of
autaregulation dunng lowenng of the perfuston pressure 1s very sharp, suggesting
that all preglomerular vessels react similarly

Post glomerular vessels do not participate 1 autoregulation as post glomerular
resistance (Pg/RBF) cannot change as long as GFR and RBF remain constant As
RBF increases and GFR (and therefore Pr} reman constant dunng infusion of
acetylcholne, Posewlle’s formula can be used to calculate the mcrease 1n R Using
the data shown in Fig 5, infusion of acetylcholine at a rate of 22 yg/min increases
the preglomerular effectne radius by 20 (to 12R) Post glomerular resistance
(Pg/RBF} 15 obviously halved by doubhing RBF On the assumption that post glo
merular resistance remains constant dunng subsequent lowering of perfusion pres
sure, the increase m effective preglomerular radius caused by autoregulation can be
calculated as previously It can be shown that the obsersed RBF at 75 mm Hg cor-
responds to a1 increase 1n effective preglomerular radis from 1 2R to 1 6R (Fig 7)
The absolute mcrease m effectne preglomerular radius (04R) 15 therefore as large
as 1n control experiments Further, it can be demonstrated that P, remains essentral
1y constant A ) 1 fore ntact at mod: rates of acetylcholme 1
fusion At high rates of acetylcholine infusion {10 gg/min) the caleulated radius 1s
135R at control pressure and 16R at low perfusion pressure The tncrease 1s
accordingly only 0 25R, and 1t can be calculated that P 1s reduced and autoregu
lation therefore no longer completely effectine

The requirement that P¢ remains constant duning autoregulation imphes esther that the
transmura] pressure of the afferent arterioles also remains constant as suggested by Bayliss
(1902) or that rascular tension T 1s the factor autoregulated According to Laplaces
formuta T=pR Thurau (1967) combined Laplace s and Passeuille s formulas and stated that
tension could not be kept constant during anation of perfusion pressure and accordmgly was
not the parameter awtoregulated because constant tension would lead to decreasing flow at
increasing perfusion pressure It 15 pecessary hosvever to mtegrate along the preslomerular
artenole 1f the pressure drop 1s dp along a segment of a preglomerular resistance vessel of
length dl Possewlle s formula can be wnitten as

—dp—k, RBF R4 dl
The preglomerular resistance vessel can be dimaded nto n segments each with different but

constant tension T, duning vanation of perfusion pressure Combenation of Laplace s
and Possewnlle s lans gues

Po 1
J ~p ¢dp—§ K RBF (T, + Ta 9dl
Py °

By integration of the equation and as k,(T, * Ty 1) s constant the relatonship between
artenal perfusion pressure (Py) and RBF can be evpressed a3
RBF—k(P( 3 Py3)

where as previoush  P( 15 glomcrular capillary presvire. Using this formula, the lower
stappled curve an Fiz 7 1s obtamed when P 50 mm Hg during lowerng of Py The upper
stippled cune is obtained by tang the less restrictne assumption that post glomerular secist
ance P /RBF) remains constant By mtroduct « the addinonal assumpuion that the” e
behaves as a pasne tube outside the range of ter cn regulation autoregulation ¢n

. ¢
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to those obtained can be ¢ d Ths e between hypoth
and obsenations obviously does not mply that tension 1s necessanly the factor controlled but
ssmph states that the possibihity has not yet been ruled out

According to this analysis the results obtained are compatible with the hypothesis
that autoregulating elements sensitne to stretch are coupled around the circum
ference of the artenioles in senes with contracnle elements sensitne to vasoactne
agents such as noradrenaline, angiotensin and acetylchohne, as shown i Fig 7 If
two types of contracule elements ewst, 1t would be expected that 1n certain expert
mental only the gulating el would be dilated resultng 1n
a moderate increase 1n RBF, whereas 1n other experumental situations both auto-
regulating elements and vasoactise elements mught be dilated, resulting 1n a large in
crease 1n RBF Support for this view 1s presented mn another paper (hul Kjekshus
and Lovrung 1969}

Independent operation of two 1vpes of contractile elements 1s also partly supported
by other studies In the first place remmn 15 released when blood pressure 1s lowered
and the autoregulating elements are dilated A simlar increase n effectne pre
glomerular radius induced by xasodilating agents 1s not assotiated with renmn release
(Vander 1967} In the second place spontaneous and other changes in RBF and
gl lar fil rate at p pressure are apparently caused by
changes 1n the length of vasoactive and not i the length of autoregulating elements
since autoregulation 1s present despite large vanations i RBF and glomerular filtra

>t nn rate

s studh was supported by grants from the Norwegian Counct] for Scrence and the Human:
tes and the Norwegian Council on Card ovascalar Diseases e thank the Insntutes Ad
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Role of Autoregulation in Maintaining
Glomerular Filtration Rate at Large Urine Flow
By
F Km, ] Kjeasius and E LoyNine

Recened 6 July 1968

Abstract

Kue F J Kjewsius and E LovnInG Role of autoregulation m mamtaining glo
merular filtration rate at large urme flox Acta physiol scand 1969 76 24—
39

The effects of large unne flow and high tubular pressure on renal blood flow (RBF) and glo-
rnerular filrration rate (GFR) were studied in dogs In unanesthenzed ammals ethacrvoic aod
~ and fi de infused dunng h aline or manmitol diuresis increased unne flow to
more than half of the hherrd load without reducing GFR, whereas clearance of pamammo—
. bippurate (Cpyg) rose In anesthetized dogs ethacrymic acid and furosemide increased RBF
,/ v stepwase rena] artery constnction RBF was reduced in proportion to perfusion pressure

A simlar moderate increase 1 RBF and abolition of

aumregulauon were alo obtamned by ureteral In contrast
maintained untl RBF was nearly doubled during infusien of saline or manmtol Duning in
fusions of hvpotonic solutions Cpyy increased despite reductions in serum osmolalins whick
1 renal perfusion experiments led to a fall in RBF

Conclusion  High tubular or intesutral pressure acts on the autoregulating mechzmsm
which dilates afferent arterioles unul the hyd; ressure over the gl
membrane 1s reestablished By this mechanism  RBF 1s increased and GFR mamtained at high
urine flow \ asodilating factors may be elicited during expansion of extracellular volume but
do not affect autoregulation and are withaut distinct effect on GF.

Wath ncreased unne flow there 1s a rise m volume and mterstinal pressure of the
Lidney The proumal tubular pressure may be more than 40 mm Hg dunng osmotic
diuresss, according to micropuncture studies 1n rats (Gottschalk 1964; High tubular
pressure would be expected to counteract glomerular filtraton but as shown in the
present studies a reduction mn glomerular filtration rate (GFR) 1n dogs was not ob
senved even when more than 50 €¢ of the filtrate was excreted The mechanisms
that maintam GFR and increase renal blood flow (RBF) dunng large urme flos,
despite high tubular and interstinial pressures have not been adequately defined

The simplest assumption would be that the pressure drop over the glomerular
membrane, the glomerular drving pressure remars constant because glomerufa?
capillany pressure increases mn parallel with tubular pressure An increase 1n glomers
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iar captitary pressure maphes 2 ved m i lar vascular ¥ QOne
possibithty 33 that afferent artenoles are d)latcd by efongation of autoregulating
elements As the intersitial pressure 1s smmlar to the prowmal tubular pressure
{Gottschalk 1964}, the req of constant glomenslar drnang pressure mmplies
constant transmural pressure of the afferent artenoles (Bayhiss 1902) If thus by

pothests were true autoregulating elements would be maxsnally dilated dunng large
unne {low, and RBF would accordingly not be maintained when renat artenal per

fusion pressure was lowered (abohion af autoregulanon)

The at e 15 that preg) wlar dal anduced by Ingh unne flow
does not snterfere with antoregulation Acetylcholme infused wnto the renal artery
may double RBF without seriously affecting renal autoregulation {kal, Kjehshus and
Loyning 1969)

The purpose of the present studies was to evammne the effects of potent dwretics
such as ethacrynic aad and furasenude and of manmtol and saline infusion on GFR
RBF and autoregulation If the increase in RBF could be accounted for by @ maxt
mal di of 1 RBF would increase symlarly whether
tubular pressure was mereased by hugh unne flow or by ureteral obstrucuon (hul
and Aukland 1861} The effect of di was therefc pared wi the eflect
of raming renal pehvic pressure A few renal perfusion studies were performed to
examime whether the mcrease in RBF obsened dunng expansion of the evtra
cellutar flud space sith hypotonte solutions cowld be obtamed by diduting renal
artersal blood with hypotonc sahne

Methods

€ nanesthetied dagr Twenty-ane clearance studies were performed in 10 tramed female dogs
weighing 21 ¢0 24 kg 1n order to examine whether GFR could be reduced by increasne wnine
flow All dogs recened 500 mi water by stomach tube half an haue before the expersments and
atravenous mnfusion of nulin was started In some expenments paraaminohippurate {PSH)
was anfused after priming doses at fates ensuning optumal extraction Three clearance periads
were obtatned dunng wtravenous sfunon of 045 % NaCl at a rate of 8 mimm 1a fne
studies ethacrymc acid (15 mgfby bw } or foresermde (2 mu/kg b w ) was then wmected
and clearance periods obtamed dunng mfusion of mamtenance doses of the duretics and
together with saboe at rates corresponding to the urtre flow In other studies wrine flow was
icreased by ancreasing the rate of sntravenous mfusion of ¢ 45 o \aCl or 25 % mannitol ta
mun and 47 clearance peniods were obtaned when urne flow had scabilized
Ethacrynte acid of furosemsde was then mjected and 3—# clearance periads obtamed dunng
the continuedd admunistration of mannntol and salne together with mamenance dowes of the
diurenics Lrine was collected through an wdwelling bladder catheter and venous blood specs
mens were obtamned i the middle of each clearance period Inubin was determimmed by the
method of Rotf Surtshun and Whate {1949) and PAH by the method of Smah o7 a? 11943)
GFR was measured as ynuhn dearanca Sodunt and pot. were
by an Eel direct flame by an Ads d 1 Q:

Anesthenr ed dogs Srudies were pcrformed an 10 dags weighing 1% to 2B ke under mtra
renous sodiam pentobarbital anesthesia (1outsal dose 30 me/le body weight) m order to evamine
reral awtaregulatven dursg vanous tpes of dhuresis and areteral pressures Parts of the
techruque were similar to that previously desinbed (hal of @l 1969) The kelt kadney was
expowed throush a flank incrson Renal blood flow RBF  was measured with an electron
magnetic square wave flowmeter Nycotron Oxlo with the flow probe placed on the renal
artery close to the aonta In other studies the metered flow was compared with RBF me:nurl'llf,
by means of PAtl<clearance and PAH-extraction 4 hinear telationship was obtamed oter a
wide range of RBE and the hie ued for di of the calit rat

B f
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the flow probe A 20 gauge needle was inserted nto the renal artery close to the kidney, and
the perfuston pressure measured by a Statham transducer and recorded on a Sanborn recorder
In some expenments, renal perfusion pressure was reduced by a plastic clamp on the renat
artery between the flow probe and the 20 gauge needle The clamp was adjustable by a screw
arrangement outside the body In other expenments renal artenal perfusion pressure was
reduced eisther by constacting the aorta with a Blalock ¢lamp, or by inflating a balleon in the
aorta above the renal arteries In these pressure was d 1n the aorta below
the repal artenes  Ethacrynic acid or furosermide was injected into the renal artery at a dose of
15—2 mg/kg bw Intravenous infusions of saline or mannstol at high rates (up to 50 mi/
mm) were performed through a polyethylene catheter inserted into the vena cava from 2
femoral vein
Unne was collected by a polyvinyl catheter iserted mto the renal pelvss through an anersion
1n the upper part of the ureter Renal pelvic pressure might be kept at or below atmosphenc
pressure even duning large unne flow, by lowering the distal end of the catheter Renal pelhic
pressure was rased by clamping the catheter, or by elevating uts distal end Pressure was
measured throuzh a needle inserted into the catheter close to the renal peluis Unne from the
otter kidney was dramed through a bladder catheter
Perfuston expertments designed to study the ymmediate vasomotortc effects of hypo , 1s0- and
hypertonic sofutions on renal circulation were performed on 4 dogs A wide bore cannula
(outer chameter 3 mm) was tied nto the carotid artery and connected by polyvinyl tutung
to an extracorporeal flow probe which m turn was connected by polvuimy] tubing to the
renal cannula with outer diameter 4 mm The system was pnmed with heparinized saline
and the aorta exposed through a mudline incision After ynsertion 1nto the aorta a cune shaped
renal cannula was advanced into the left renal artery RBF was mterrupted Jess than 20 sec
A solution of NaCl or mannitol was mfused at a rate of 20 or 35 ml/min mto the proumal
part of the extracorporeal circulation by means of a constant delivery electric pump Perfusion
pressure was measured through a needle inserted into the tubing close to the renal cannula
from which blood samples for measurement of hematoent and plasma sodwm concentration
were al o obtained Cooling of blood was avorded by immersing the extracorporeal system 10 2
waterbath which together with the infusion fluids was maintained at 38° C Effects of hypo-
“iso- and hipertonic solutions on the vascular bed of the Jeg were studied in 4 dogs by 2
milar arrangement except that m some expenments blood was perfused by an electric pump
3 sough a cannula ued into the provsmal part of the femoral artery

Results

Effect of hugh unine flow on GFR 1n unanesthetized dogs The results of clearance
studies 1n unanesthetrzed dogs are summanzed mn Fig 1 Each symbol represents the
mean of 3—7 clearance peniods Urine flow averaged 12 % of GFR durning wates
diures:s and ncreased to 26 €¢ of GFR duning saline loading and to 36 o of GFR
during mannitol infuston GFR increased on average from 76 to 87 ml/mm during
saline loading but was not sigmificantly changed during manmtol dwresis Furo-
semide administered dunng water dwress reduced GFR 1n 3 studies whereas ctha
crynic acid had no effect on GFR The duretics had no conssstent effect on GFR
dunng saline and manmitol diresis when urmne flow rose to respectively 42 and 33 §¢
of GFR.

PAH clearance {C ) was determined durng saline or manmtol loading and
subsequent ethacrynic acid administration 1n studies on three dogs The protocol of
one expenment 1s shown 1n Table I and the mean values for the clearance studies
1n each of the three dogs are presented in Table IT Dunng loading for more than an
hour with hvpotonic saline serum osmolality fell by 17—24 mOsm/kg H O and
sodium concentration from an average of 144 to 134 meq/! A similar reduction m
osmolality was obsened during mnfusion of hypotonic manntol, when serum sodum
concentrations fell from an average of 141 to 110 meq/l PAH clearance increased
similarly duning saline and mannrto] infuston, by an average of 27 ¢¢, and filtration
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Excreted fracton of GFR

Fig 1 Effect of hueh rates of urine flow on glomerular filtration rate (GFR) Ethacrymc acid
o furosermde admimistered during water dmrecss, manmitol and salme disesis Urine flow
expressed as fracuon of GFR

fraction fell After administration of ethacryme acid, the increments in Cpyy were
strmilar during hvpotonic saline and mannitol duresis, averagmng 23 €¢

Effects of ethacryme acid and furosemide on RBF and autoregulation The effects
of ethacrymic acid on renal autoregulation were studied in five anesthetized dogs

Recordings from one study are shown in Fig 2 The left hand diagrams show renal
perfusion pressure and RBF during mechanical constriction of the aorta at the height
of dwrests Renal autoregulation 15 abolished and there 15 no sign of overshoot of
RBF after release of constniction The recordings on the night were obtained during
ntravenous mfusion of d hne when unne flow was deckning and show re
appearance of autoregulation which 1s now present down to a perfusion pressure of
approumately 100 mm Hg 1, 20—25 mm Hg higher than in control studies

Fig 3 shows flow /pressure relntionships 1n the other four dogs After control studies
at low urine flow (05—10 ml/min) ethacrvmc acid was adminictered nto the renal
artern RBF rose slowly over several minutes and maximal rate was reached after 5
—15 min concomitant with maxtmal urme flow which 1n these expertments vaned
between 11 and 16 ml/mm .‘\S shown 1n Fig 3 RBF 1aned 1n proportion to per-
fuston pressure ind of 1

and RBF was lower than n
control stucies at an arterral perfusion pressure corresponding to the lowest control
autoregulating pressure

When unne flow declined autoregulation reappeared In two of the dogs, the
fluid loss after administration of ethacrynic acid was not replaced Urine flow dropped

to less than 5 ml/fmin despite conunucd admmxstrauon of ethacnnic aexd, and .
normal a *
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Taste 1 Effect of hypotonsc salme mfusion and cthacrymic acid on plasma electrolyte concentra-
tions and renal hemodynamics Excerpts of protocol in dog I

Serum Serum Serum v GFR Cran
Time osmolality  Na
mn mOsmfkg  meq/l megfl mlfrun mlfmn mlfmin
H,0
0— 045 °, NaCl at 8 ml/min
26—30 283 146 39 62 73 237
30—40 263 145 10 68 2 232
40—50 282 144 41 72 7 240
55— 045 ¢ NaCl at 35 mlfmm
135—145 266 134 37 222 81 3
145153 264 133 36 234 82 318
153—161 262 132 35 236 79 309
162 Ethacryme acd 11 15 mg/kg bw Infusion continued
176—181 261 133 33 368 84 394
181—186 259 132 33 402 ;2] 388
186—191 257 130 31 359 8 402
"“FR  inulin clearance  Cpai = para amunohtppurate elearance
\

J

Autoregulation was also studied 1n two other dogs before and after admnistration
of furosemsde which increased urine flow to 18—20 ml/min In both dogs, RBF -
creased and autoregulation was abolished On average the dsuretics increased RBF
by 28 ¢

Lffect of ureteral pressure The effect of high ureteral pressure on RBF was
studied 1n three dogs at unne flows of 3—# ml/min Unne flow was established by
the mfusion of 5 ¢ manmtol In confirmation of presious studies (hul and Aukland
1961) RBF mereased when ureteral pressure was rassed The highest obtainable
RBF ranged from 120144 ¢ of control values By raming the ureteral pressure
n steps, a stepwisc mcrease ;0 RBF conld be demonstrated, but the tncicase
RBF occurred more slowly and <everal minutes might elapse before a new equi-
Iibrum had been reached With further increase 1n ureteral pressure RBF fimlly
declined

Gilmore’s obsenanions (1964) that RBF vaned 1n proportion to renal perfusion
prsesure at a ureteral pressure of 40—50 mm Hg were ako confirmed Fig 4 shows
the RBF/pressurc relatiomhip under control conditions and at two steps of -
creased ureteral pressure Autnregulation was absent whether ureteral pressure was
kept constant by connecting the ureteral catheter to a resenoir of ph)snr:lugl(’ﬂl
sahne, or was allowed 1o [l In all ) pp when
renal pelvic pressure Wwas lowered towards control values
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Fig 2 Recordings of perfusion pressurc and renal blood flow showing abolition of autoregula
tion dunng ethacrymic acid adminsstration at the height of diresis {Jeft) and reappearance of
autoregulaton at decliung d uresis following noradrenatine infusion (nght)

The ssmilanty of the RBF pressure cunves obtained dunng high ureteral pressure
(Fig 4) and dunng admimstration of ethacnyme acd (Fig 3) or furcsemide sug
gested that the same mechamism led to a moderate increase in RBF and abolinon of
autoregulation during stopped and high unne flow In support of this assumption,
RBF fell when ureteral pressure was rased at high unne flows m contrast to the
typical mcrease in RBF when ureteral pressure 1s raised at low unne flow (Fig 5)

Effects of saline and mannutol infuston The response to 1v nfusion of saline

09 ¢¢ \aCl} at rates of 40—50 ml/min was mvestigated 1n six dogs after examina
tion of renal autoregulation during control condirons RBF increased smoothly in

250
250 ¥ 16 mbreun
200 200 Vv 125 mimin
o vesmima o /.———- v 0 mmn
o . 100
s0
pena. %0
ARTER AL
£.000
FLoW
250
P _» viimima
200 » ViBmimn 200 v o7 mirmn

P—;L.ILVIOMUMI\

«» Control
oEthacrync
aco

L] 50 100 150 200
AORTIC £L00D PRESSURE mm¥g
Fie 3 Aot on of autoregulation during b eh uf ne flow mduced 1y etbacrysw a 11 Howl

pressure  elationshing dursno cantrab cand nave w1 d |
crne aud anpp




30 F RIL, ] RJERSHLS AND E. LOYNING

‘Taste [T Effect of hypotome saline or manmtol infuston and ethacrymc acid* on scrum solute

Dog I
Serum Serum  GFR Cean
osmolality  Na
mOsm/kg  meqfi  mlfoun  mifmin
H,0
Water diresis 283 145 73 237
045 % \aCl 264 133 8l 313
Ethacryme acid 259 132 83 394
Water diuresis 279 139 7 240
2.5 °, mannitol 266 17 74 310
Etbacryme 2ad 2:8 109 72 373

* 045°, NaCl or 2 5 °, mannitol was admunstered ntravenously at 30—40 mlfmin and etha

3 dogs and rematned nearly unchanged in the other 3 for more than 20 mmn and
then ncreased rapidly In contrast to the effect of ethacrynic acid the mfusion of
500—1000 ml saline resulted in nearly as large an increase n RBF at low perfusion
B {80—90 mm Hg) as at normal prefusion pressure Renal autoregulation
~ present untill RBF was nearly doubled Dunng contmued infusion artery con
tneton resulted n proportional changes in perfusion pressure and RBF (Fig 6)
But RBF conunued to increase both 2t normal perfusion pressures and at pressures
well below the nommal range of autoregulation At the end of the infuston perod—
which alwavs lasted more than one hour—RBF had increased by 100 to 220 <¢ and
unne flow ranged from 8 to 12 ml/min from one kidney Similar changes n the

300
200 b
RENAL
ARTERIAL
BLOOD FLOY/
ryfmm
120
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® Ureteral pressure 40 mm Hy
a Ureteral pressure 72 mmHy
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concentrations and on GFR and PAH clearance

Dog 11 Dog I
Serum Serum GFR Cran Serum Serum GFR Cram
osmolality  Na osmelality  Na
mOsmjkg  megfl mifmin mlfmun mOsmfkg  megfl mlfmin  ml/min
H,0 H,0
280 144 70 208 282 144 3 292
264 134 78 290 262 136 77 331
263 13+ 92 374 260 134 84 411
280 133 78 252 278 144 70 244
263 111 82 312 265 117 62 30>
258 108 74 432 262 112 60 362
crymc acid 1n a dose of 1 > mglkg b w
Fur
omg v
Reral blood g, +
tiow 200 A,
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Aot mman Brvsmre infusion of 1sotonie sahine

relationship between RBF and perfusion pressure were also observed durnng mfusion
of hypertonic solutions (10 S¢ mannitol and 2 §¢c NaCl) at rates of 10—~25 ml/mmnn
studics on four dogs confirming the observations of Navar, Guyton and Langston
1966) made duning infusion of hypertonic solutions 1n dogs
*, Perfusion studies In order to examine the direct effect of nfuston of hypo- and
L aspertomc solutions at high rates on RBF, renal perfusion experiments were per
formed 1n 4 dogs The results are summanzed 1n Table III A lowenng of serum
sodum concentration (and plasma osmolality ) resulted tn a decrease in RBF and an
increase n serum sodtum concentration 1 an mcrease 1 RBF The changes i RBF
were not assoctated with sigmficant changes in wnuhin clearance An increase m -
fusion rate from 20 to 35 ml/mm of 082 ¢¢ NaCl had httle or no effect on RBF
The flow response to 1sotonic soluttons of NaCl and mannitol was not sigatlicantly
different 1n spite of the much lower serum sodium concentration duning mannttol
nfusion Occasonally during mfusion of hypotonic solutions RBF became unstable
with large regular fluctuations 1n RBF  After stopping the infusion of hypotonic
solutions a hyperemic peniod of several munutes duration usually followed Fig 7
shows data from all expenmental periods in a dog during mfusten of hypo- and

hypertonic solutions of NaCl s app. from the r quation, RBF was
reduced by an average of 15 ml/mn by a reduction 1n serum sodium concentration
of 10 meq/l

In perfusion studies on the hund leg similar results were obtained Durtng perfu-
sion at constant femoral blood flow the perfusion pressure was reduced during 1n
fusion of hvpertonic solutions and nereased during nfusion of hypotonic solutions
NaCl and manmtol 1n simlar osmolal concentrations had the sume effect on perfu-

sion pressure
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Discussion
The present studies showed that urine flow might be mcreased to more than half of
the filtrate 1n unanesthetized dogs without reduction 1n GFR The high urme flow
was achieved by admunistering potent diuretics, such as ethacrynic acid or furo-
semide during hypotonic sahine or mannitol diuresis In those studies 1n which 1t
was d d, PAH-cl d A corresponding tncrease in RBF (20—
30 €¢) was observed after mfusion of ethacrynic acid or furosemide m anesthetized
dogs The increase in RBF was associated with abolition of renal autoregulation A
stmilar reduction 1 vascular resistance at normal artertal perfusion pressures com-
bned with abalition of autoregulation was a' o obtuned by mcreasing ureteral pres-

sure In contrast, a large mcrease m RBF during espansion of the extracellular
volume was not d with abol of i}

1t seems, therefore, that
different hemodynamic mechanisms are actn ated

Hemodynamic cffect of ethairyme acid and furosenude The moderate increase in
RBF associated with abolition of renal autoregulanon was probadly not caused by a
drrect action of the dauretics on s ascular smooth muscle or on some step 1n the auto-
regulating mechansm  The following evidence 1s 10 favour of this statement a)
Sumtlar hemods namic changes were induced by rasing the ureteral pressure b) The
hemodvnamie effects of furoseruide and ethacryme acid were less pronounced or
absent in dehvdrated dogs 1n which unne flow was only moderately increased ¢) In
hydrated dogs RBF 1ncreased slowly to a maimum 10 the course of several minutes,
and maximal RBF comncided with maumal urme flow In contrast, (l"_- n

RBF was immediate when = aonditatim s oo cmen ol L ome cmeetn

3—693003 Acta phws ol scand Vol
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nion by ramsing ntrarenal pressure and by lowening artenal perfusion pressure 15 the
same a) When latron was abobshed by ureteral pressure, the ef-
fect of lowening arteral perfusion pressure was a reduction in RBF b) Comersely,
when autoregulauon was abolished by lowenng the artenal perfusion pressure, the
effect of ramsing ureteral pressure was a reduction in RBF

Bavliss (1902) suggested that the factor autoregulated by lowering of artenal per
fusion pressure was the transmural pressure at the glomerular end of the afferent
artenioles More recent iy estigators have felt that mamtenance of the composition of
tubular flid 1n the macula densa region was a more attractive alternatine As preva
ously shown (hnl et af 1969), we have no posstbility of dissociaung between tenston
and pressure as the factor controlled In the followmng the hypothess 15 called the
transmural pressure hypothesis The implicaticns of this hypothesis are that both an
increase 1 mterstiual pressure and a reduction 1n artenal perfusion pressure result
1n a reduction i preglomerular resistance so that the transmural pressure at the
end of the afferent arterioles remains constant The effect of increasing intershitial
pressure at normal and constant arterial perfusion pressure would therefore be an
increase in RBF and nearly unchanged GFR, since the hydrostatc pressure difference
over the glomerular capillanes remains constant By ramsing ureteral pressure Kul
and ‘ubland (1961) found that RBF ncreased and GFR remained constant up to a
ureteral pressure of 50—60 cm water The present studies showed that autoregula-
non was abohshed by increasing ureteral pressure by 40—60 mm Hg As a lowenng
of artenal perfusion pressure by 50—60 mm Hg 1s required at normal ureteral pres-
sure before autoregulation s abolished the range of compensation by autoregulation
seems to be similar whether perfusion pressure 15 lowered or tubular pressure rarsed
If the tubular and interstitial pressure could be increased bevond autoregulatory
compensation, by increasing unine flow, a reduction in RBF would be expected, as
obsersed when ureteral pressure 1s sufficiently raised However, 1n our experiments,
REF never fell when urine flow was increased A possible explanation 1s that an m
crease m nterstitial pressure which reduces RBF and GER also reduces the flow rate

through the tubules with subseq 1 of

1 pressure By this
of renal 1 would bimyt further increase of urine

flow

The 1ncrease in tubular pressure at high urme flow may be caused exther by mtra

renal resistance mainh localized mn the collecting ducts {Gottschalk 1964), or by

4 “hen “bre pressere “m kR rersh s Tm Ve present
studies renal autoregulation was examined 1n kidnevs with drained renal pehus, using
an arrangement which allowed pehic pressure to be hept close ta atmosphene pres
sure even at the highest obtamable unne flow The abolition of autoregulation after
furosemide and ethacrymie acid adminsstration was therefore not due to an increase
i renil peluic pressure In the ntact urnany tract however an increase in renal
pelvic pressure may contribute significantly to the increase 1 tubular pressure Intra-
pelvic pressure mas transiently increase to more than 50 mm Hg after ethacrvnie
aad adminstration but 14 reduced to 10—20 mm Hg tn the course of a few mnutes,
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on account of compensatory changes i the dvnanues of the ureter (hul and hjeks
hus 1967) An mcrease 1n bladder pressure or partial obstruction of the mtramural
part of the ureter during distension of the bladder 15 not compensated for, howeser
during large unne flow The renal pehic pressure may therefore be 30—50 mm He
at full bladder dunng ethacrymc acid diuresis

The demonstration mn 1solated preparations that the intrarenal pressure increases
with arterial pressure (Hinshaw 1964), suggests that renal autoregulition 1 the
1solated hadney 15 mawmly due to the waterfall effect Active autoregulating mecha
mists are apparently extinguished as an increase 1 ntersntial pressure would tend
to mncrease RBF Studies of 1 1n ssolated p should therefore
be discontinued 1f 1t cannot be shown that RBF increases by raising the ureteral
pressure

Saline and mannitol dwresis Considerable increments in RBF induced by 1ntra
venous ad ation of saline or I were not d with an abol of
renal autoregulation In confornuty with this observation most studies showing abol
tion of autoregulation by ramsing ureteral pressure have been performed under condt
tions of mannitol diurests {(hul and Aukland 1961 Gilmore 196¢ Hirsing Szinto
and Bartha 1967) In our stuches RBF increased during expansion of the extracellu
lar flurd volume both at normal and low renal perfusion pressures The reduction
1 renal vascular resistance could not therefore be explained by dilatation of auto
regulating elements On the assumption that glomerular capillary pressure rematned
constant calculations based on Powsewlles law as previously outhined (hul et al

. 1969) showed that the increase 1n effectne glomerular radius induced by lov enng

_perfusion pressure was similar before and dunng saline loading until RBF w1
doubled Saline and manmtol mfusion therefore seem to have the same effect
on renal hemodynamics as acetylcholine and hypertone solutions of mannitol and
salme The action of these vasodilators 1s mainly on smooth muscle elements coupled
m series with the auto L 1 around the ¢ fe of the pre
glomerular vessels (Rul et al 1969) In sumlanty with vasoactine agents such as
acetylcholine angiotensin and noradrenaline no significant changes in GFR occurred
duning considerable changes in RBF mnduced by varying the tomaity of the perfuste
{Table 111}

The effect of high intrarenal pressure on autoregulation 1s not altered As apparent
from Fig 5 RBF rarses 1n proportion to perfusion pressure after large expansion
with siline The calculated effective preglomerular radius has then tncreased by
55 €5, and 15 silar at all perfusion pressures The relationship between urine flow
and mterstinal pressure however may be different dunng ethacrynic aad and
saline diuresis as the collecting ducts may be more dilated during a slowly nsing
dsuress The renal peluis and ureter are more dilated when the pressure s raised
over a longer pertod (hul and Kjehshus 1967) Reduction of nephron resistance
would obviously contribute to the maintenance of autoregulation durmg large unne

flow
Besides abolitton of autoregulaton at least 3 factors might contribute to the 1
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Taste 111 Effect of snfrision of 1so- and hypotonsc selutions of \aCl tnto shunt to left renal artery

PP RBF [ Paa Het
mmHg  mloun mifmua meqfl

Dog 1
Control 132 160 16 139 35
0750, NaCl at 20 mljmin 155 110 (90) 4 133 28

Dog 2
Control - 160 25 143 37
. 0820, \aCI at 35 mlfmn = — 18D (133) 24 136 23

Dog 3
Control 125 165 33 137 22
0759, NaCI a1 20 mlfmn 125 12> (102) 23 129 17

Dog 4
Control 10> 13> — 110 2
099, \aCl at 3> mlfmin 103 165 (130) — 146 26

PP — Perfusion pressure measured at the end of the shunt where serum sodium concentration (Pya)
and hematocrit (Het) were determmed RBF 13 the total flow rate \umber in parenthess 1s blood
flow when flow of infusate has been substracted

crease in RBF durnng loading with saline and manmtol First, as shown m Fig 6,
RBF 15 dependent on the osmolality of the perfusate Secondls, reduction 1n viscosity
might increase RBF The perfusion expermments suggest that this factor 1s of minor
importance  Thirdly, vsodilating substances might be released during expansion of
the extracellular flwd volume Cpyy increased by an average of 27 ¢ duning mfu-
sion of hypotonic saline and manmtol (Table II) With intravenous infusion of
hypotome saline serum sodmum concentration was reduced by an average of 11
meqfl The direct effect on the renal vessels of such a reduction in serum sodium con-
centration would—accordmg to Fig 7—be a red i RBT of appi Ty
17 ¢¢ Most of the flow- effect of il has been  for by
thus hgure as the perfusion experiments were performed by nfusing colutions at 2
rate of 35 ml/min whereas control RBF 4t normal serum sodium concentrations was
measured during penods without snfuston The opposite directional changes in RBF
of 1a and 11 infustons of hypotomc saline suggest that a vasodilating factor s
ehierted by expansion of the extracellular flnd volume As no constant relationship
was obserned between amounts of saline infused mtravenously and changes in RBF,
the release of any such hypothetic factor 15 lughly vanable

Several factors besides autoregulation sught also particspate 1 the regulation of
GFR Hemodilution by reducing the collowd osmotic pressure would increase GFR at
constant glomerular flars pressure As app from Table IIT GFR was
not sigmficanth changed when large vanations in RBF were induced by vany m'g)hc\
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tonierty of the perfusate GFR usually increased durng saline but remained constant
duning manmnitol infusion (Fig 1 Table II) It has previously been demonstrated
that ammo acids such as glyeine may ncrease GFR more than expansion of evtra
cellular volure and with hitle or o effect on renal sodim excretion (hal 1963)
Our studtes do not mdicate that such factors—which maimnly reduce preglomerular
vascular resistance are ymportant n the regulation of GFR at high unne flon We
therefore conclude that the mamtenance of GFR at high tubular pressure durng
high urine flow 15 maml caused by autoregulating mechamsms

AMechanisms of autorcgulation Due to their strategic localization the Justaglo
merular and the nacula densa region of the distal tubules have been constdered as
the site of latton The factor lated has been assumed to be the osmolal
1ty (Nwar et al 1966) or the sodium concentration of the tubular flutd passing the
macula densa region (Thurau and Schnermann 1965)

The observations that repal autoregulation can be abolished both by large unne
flow and by ureteral obstruction are difftcult to reconale with these hypotheses
Ethacryvmc actd 1nhibits sodium reabsorprion out of the ascending lunb of Henles
loop (Goldberg et al 1964} and the tubular flusd delivered to the macula densa
region 15 therefore nearly 1sotonic with plasma Dunng ureteral obstruction sodm
concentration and osmolality of the tubular fluid at the macula densa region would
if amvthing be lowered An increase 1n sodsumn concentration or osmolality seems
therefore not to be a necessary requirement for of renal g
~ The present studies strongly support the transmural pressure hypothesss Control

transmural pressure or vascular tension might be a general property of artersolar

Jn}mcles stnce autoregulation 1s present i organs other than the kidney As the
autoregulation 1s more complete 1n the hidney more specralized structures—such as
the juxtaglomerular apparatus— mught participate tn renal autoregulation The
present study 15 compatible with the hypothesis that the factor controlled 15 the pres
sure difference between afferent arterioles and distal tubules across the macula densa
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A Comparative Study of K¢* and Na?' Movements
during the Cardiac Cycle
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Recersed 16 July 1968

Abstract

Coramneryr E ] Detanaves and U Sjostranp A compuaratie study of K+ and
Na*t morements during the cardiac cyc’e Acta physiol scand 1969 76 0—
18

Studies of K" and \a® mavements dunng the cardiac cycle were made on nght sentncl
from the rat and guinea pig on frog atnum and on frog sentricular strups The methods used
in theee stadies have been descnbed in earlier papers aited 1n the text fhe K12 study st owed
a cvehe leakaee of radicactve potassium from (fe rat ventricle no such leakage was ohserved

sentrcle from the gumea pig Both frog preparatrons showed an ncrease of k4% efflux
L. g the electrical activity The NaZt siudy showed 2 shght decrease 1n the radioa tne
fkhum efflux from the rat and guinea pig ventricle at the depolanzation phase and the first

«¥2rt of the action potential in frog preparations a laree increase mn e actsnaty efffux preceded
by a shight decrease was ebsernned The possitility of mechanical artafacts 1s discussed and an
nterpretation of the results 1s proposed whi h 15 based on a different pattern of potasium
permeability between the species the gumnea g ard frog showirg a  rectangular  action
potental and the rat a “ssgmoid action potentiz) The shght decrease 1 Na! actsats pre
ceding the mechanical systole cou'd reflect the tasc wme mechanisms of the depolartzation

Previous findings {Wilde and O Brien 1933 Dansclson Obrink and Sjostrand 1962,
Lerber ef al 1962) of cychic leakages of K* and Na* dunng the cardiac actity
have recently been questioned (Sjostrand 1964 Pak ef al 1966) and st has been
suegested that such leakages could result from the mechameal actiaty ather by a
squeezing effect or by a change of th area/solume ratio of the preparation when 1t
contracts Otker myestigations however have shown differcn e in the pattern of
the potassium movement duning the cyele according to the speaes studied ¢ g
decreased leahage 1n the frog (Lamb and McGuigan 1966, increascd leakage 1n the
rat and no svstolic change in the gutnea pig (Ddlahayes and Corabocuf 1967

The 2om of the present studs was to ascertain whether the observed cychic leakages
rmght have a physiological ongin other than a simple squeeang effect

1 1aboratoire de Physiologie Comparee et de Phvnio'omie Cellulasre acocst 3u CNRS Faculte

des Saences 91-Orsay, France
£ The Insutute of Plrviology and Medscal Biophysics Box 972 § 751 23 Upprals 1 Sweden
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Methods

The expermments were camed out (1) on rat and gumnea pig nizht ventricle perfused throagh
the coronars artenies and (u) on two iypes of frog heart preparations, vt atnum and
ventncular stnps In the expenments on frog atnal preparations we uted the method previous
v descnbed by Dan elson, Obnnk and Sjostrand (1962) and Sjostrand (1964) while 1n the
expenments on \entncular stnps from the froz rat and guinea pig the method de<eribed by
Delahayes and Coraboeuf (196/) was used {modified in the cawe of frog strips because of lh:
smaler size of the preparation and the absence of coronary sessels)

The actrvties of the collected «amples were counted by means of a ramma spectrometer
corrected for the radioactne decas and calculated per weight amt Each sample acuvity was

expressed 1n per cent of the mean actmats of the perfusate collected 1n the furst sample tube
o[ lhc collector The results of the doab’e tazming expenments on the frog atnium (calculated
according to the method described by Obrnk and Ulfendahl (1939) with techmiczl and
pracucal aspects taken into account 1n accordance with Dantelson ¢t a! (1966)) were plottea
directly on the cune

For the K!'Z conunuous efflux study the method described by Schreiber (1956 see alo
Revial ef al. 1963) was used and adapted to the ventncular stnp The stnp perfused
through 1ts coro ary artenes 1s placed in a small chamber and washed continuously by 3 flow
of non radioactne solutior mamtaned at a constant level by suction. The stnp 1s sumulated
by two electrodes and the contraction recorded by means of a <tramn gauge The chamber is
lowered into the well of a gamma spectrometer This <t up allows recordines of the loadmeg
and un'oading Ré%-curves of the stnp

The phvsiclozical solutiors saturated with O~ frog) or mlh a musture of 97 ¢ Q- and
3 € CO- trat and guinea pig) had the following compos tio:

Fmg hecst 63 g NaCl (1112 mM)y 02 g RClL 1268 m\h 02 g CaCle 1820 m\),
01 e N\aHCO (119 m\M and I g elucose per htre (pH comrected to 7 2)

emmalian heart 76 g NaCl 1131 m\) 042 g KCl (56 mM) 024 g CaClz (216 mM)
12 NaHCOs (119 m\M 005 g \MeClz (024 mM and 2 ¢ elucose per hitre (pH corrected
w0 73>

The radiwactne solutions had the same composion but 1n those using ht” all K i the
solution came from trradiated matenal and in thotwe using \a™ ” 1o & mM Na?! Cl were
nn"p}z added 1o the ma tne <olution The specific actn ties were 6 103 Gg Na and 4 10"
Ce

The expenments we ¢ camed out at a temperature of 24 € m the case of the rat and
cuneapgand at 18 C Fig 3 and 73° C Fig 4} 1n the case of the froz

Results

Crelie cfftuves
Fig 1 shows the results of 4 expts performed on guinea pigs and 4 performed on
rats using h*  The preparation was st mulated (vertical arrow } 320 msec after the
beginning of the first samphng (zero ime  \o alteration 1n radicactnaty was ob-
seried in the guinea pig heart duning the cvcle while a net increase followed the
cellular actinauon in the rat The tume required for the solution to cross the per-
fusion svstem led 1o a delay 1n the action potential by about 100 msec n respect
10 the U ume The d of the rad ity tncrease did not appear to
correspond to the duration of the usue h' leakage Short smjections (30 msec)
of radwactine solution 1nto the aorta of non loaded stnps gave peaks decreasing
with a time constant of about 300 to 320 msec a value close to that observed 1n
Fig 1 dower tracing

Fig 2

refers to the study of \a™* movements 1n rat and guinea pig hearts under
the same condrtions as described above o increase tn the Na * leakage was ob-
served after the depolanization in esther the rat or the gminea pig On the contran
the stimulation was followed by a shght decrease 1 radioactmin
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Fig 3 hi2 lealage (above) and \a%* leakage (below) dunng the cardac cycle m frog
sentnculae strips The results are plotted as described in Fig 1

With the same set-up as for the rat and guinea-pig a series of control exper-
ments on frog sentricular stnps was performed (Fig 3), which confirmed the results
of earhier studies mentioned above, namely the development of a peak of K'* and of
Na* the latter being of greater amphitude than the former and preceded by a
shight decrease

Double tagging expeniments carned out on spontaneously beating frog atna
showed rhythmic leakages of Na* and K** both peahs were practically synchronous
with the atnal activity In the experiment in Fig 4 the atnium was loaded with an
active solution contarming 14 3 hepm Na®/mg and 54 hepm K4”/mg 12 Na®/Ki2=
263 {1 hepm=10" epm) After the efflux expenment, the total amounts of Na®
and K** 1n the preparation were 431 hepm and 304 kepm, respectively (total
Na®/ftotal K*=133) although the efflux of h*- was sery small duning this expen-
ment A\ simular result for double taggmg experiments on spontaneously beating frog
atrum was shown for Na® and Br* 1Br was used as a * Cl tracer™) by Sjdstrand
(1964)

Continuous efflux of A

The dunergent results concerning R' leakace during the cardiac cycle
and guinea pig (possibly explunable by diffs rences i the pattern of thes .

e
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Fiz 4 The effluxes of Na® and K42 from a spontanecusly beatmne froz atrum. The ficure
skows the concentrauons of Na*! and K*2 in the perfusate samples (sample svolume shown
below two samples per second) The electrical and mechamcal actinrves are shouwn sche-
maticalh

permeabilin 1o potassium jons 1n the two specses) imtiated further studies of the K¥*

efflux Janetics on preparattons previoush loaded with this 1sotope The data in

Table I show that strps stimulated at a frequency of 60 pukes per minute had

renificanth different efflux constants T 1/2=26 min n the rat T 1/2=43 mm m
~ quinea-pig «(P=0001)

Discussion

The abose results show (1) the occurrence of a evclic mcrease in the K** leakage
from rat and frog hearts and a complete absence of such a phenomenon mn gumea-
piz hearts in aven marked increase in the Na® actnayy in frog hearts | preceded
by a shght decreases and the absence of such an increase tn rat and guinea-pig
hearts shile the tmual decrease occurred here abo It 1s difficult to explamn thee
phenomena entrelh by a <queezing effect due to cardiac contraction Sjostrand
(1963 discussed different possible  squeezing  effects 1n frog myvocardrum and con-
cluded from expenmental findings that deformation of the extracellular space was
highh mmprobable as the cause of Na* and Br'™* parterns 1 relation to the electro-
wechameal cvele of the heart On the other hand 1t was pomnted out that the pos

Tarie I Mean T 121alues of intracellular K*2 efflux from eumea prig myocardum >
expts.) and from rat myocardium ‘6 epts.) P=0001

Spectes T 12 \alues of ntracellular K2 efflux Mean

Guinea pre 35min 51 min 42 min 38 mun 50 min 43 mn

Rst 30mmn 26 min 28min 23 min 23 mun 24 min 26 min
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sibihty of altered physico-chemical properties as the result of mechanical distortion
of the etracellular matrin duning the cardiac cvcle could not be disregarded In
decd 1t 15 unlikely that mechamcal activty would produce a K" leakage 1n the rat
without producing any m the guinea pig Though the contraction of the rat heart
15 stronger than that of the gumea pig heart the more spongy structure of the
guinea pig heart should partially compensate this difference and render unlikely the
complete suppression of a squeezing effect 10 this species On the other hand recent
experiments hate shown that n the rat a part of the perfusate rdioactmaty 1
crease could be due to a mechamcal artifact, i these expenments the addiion to
K" physiologeal solution of small amounts of sodium sulphate tagged with S* of
high activaty led to the development of a systolic 5* peah but of smaller amphtude
than the potasstum peak (the ratio of the mncrea e in h*” and 8 activity ranging
from 1/3 to 1/2) Therefore 1t seems that a mechanical artifact cannot alone explam
the whole of the observed h* efflus The results illustrated 1 Fig 4 and those
obtained by Damelson (Obnink and Sjostrand (1962) on frog atrium show that the
Aa™ feakage 15 much more marked than the A* leakage though the tssue A"
Actnaty remamns high throughout the efflux expenment suggesting that cychic
potassium efflux could in fact be an artifact m this species The Br* leakage (Br™
used as tracer for C] leakage) on the other hand shows m spontaneously beatmg
frog atrum a different efflux constant from Na* but Br® efflux shows cyche
vanations indistingwishable from Na™ efflux cycles (Sjostrand 1964) If thys 15
accepted frog and guinea pig myocardium should not produce any systohc cellular
potassium leakage while such a leahage could occur 1n rat myocardium This dif
ference 1 behaviour could be explaned by different patterns of potassium perme
ability dunng systole 1n the rat on the one hand and in the gunea pig and frog
on the other hand Further at 24° C the rat action potential with 1ts siomord shape
15 different from that of the guinea pig and frog which 15 rectangular (Coraboeuf
RKavser and Gargowil 1936) In these two latter species an important decrease in the
potassium permeability could occur at the beginning of the plateau (anomalous
recufication Coraboeuf et al 1958 Brady and Woodbury 1960 Hutter and Noble
1960 In the rat this decrease could be less marked thes 15 suggested by a recent
study concerning the effects of tetraethylammomum (TE A ) an inhibstor of potas
smm permeability on the electrical actnaty of rat and guinea pig heart {Coraboeuf
and Vassort 1967) This hypothesss 1s strengthened by the data of Table I which
show a weaker potasssum permeabslity 1n guinea pig ventricular strips than in those
of the rat when both are sumulated at 60 pulses per min It may also be noted that
the sbsence of R' leakage i rabbit papillary muscle mentioned by Pak ef af
(1966) agrees with the present result 1n the gumea pig  these two species having the
same electrical activity (rectangular action potenual)

As far as the Na™ experiments are concerned the absence of sodum leakage 1n
the rat and 1n the guinea pig provides some support for the hypothesis that the
squeczing effect could be very weak in the mammaltan ventricular stnip perfused
through coronan vessels On the other hand this effect should be greater 1 the
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case of the frog myocardivm because of its sponge like structure Houvewer mn the
frog the mcrease of Na * actrty in the perfusate 15 wsually preceded by = slight
decrewse similar to that observed in the mammalian heart Ths decrease might
reflect the raprd sodium influx occurning during the depolarizanon {Hodghin and
Huxley 1952 Weirdmann 1956 Coraboeuf ¢t al 1958 Noble 1962) by possible
partial extracellular reabsorption of Na * during g\a ncrease It 15 of mterest to
note that this decrease 1 Na * efflux shown in Fig 2 and also detectable 1n Fig +
and already described 1n the hiterature 15 synchronous with the very beginming of
the depolarization or even seems to precede 1t In the case of Fig 2 this may be ex
plamed by the uncertainty in the position of the beginning of the depolarizition i
relation to the measured radioactne tracer pattern alredy discussed by Delahayes
and Coraboeuf (1967) If this 1s true the raprd sodwm influx occurs at the de
polanization time or even precedes 1t as ind d exper Hly for Na™ in the
spontaneously beating frog sinus venosus (Sjostrand 1964} These results wught
therefore possibly not be mechantcally generated artfacs (in the frog where the
squeezing effect may be of greater amplitude the decrease n Na™ efflux my be
partly obscured by a mechancal artifact while tn the rat where the depression
phase 1s less marked thin in the gumea pig the weak squeezing effect could con
tnbute to cancelling the phenomenon that would appear more clearly 1n the guinea
pig heart because of 1ts weaker contraction)
The dimmmished Na ? efflux 1 Fig 2 clearly precedes the contraction of the
ardiac tissue It 1s very tempting to regard this as a mirror 1mage of Sjostrand s
« 1964 results for the Na * influx pattern obtained 1 two spontaneousty beating frog
us venost A somewhat different pattern for BrS was 1lso obtamed in another
successful experiment By diffe experimental proced: Sjostrand falled to ex
plamn the Na ¥ and Br nflux patterns as being artfacts and it seemed highly
posstble therefore that the results obtained could in fact reflect the basic rontc

mechanisins of the preparation

All expernmental daia accumulated m the hterature regarding 1ome fluxes durmg
the cardtac cvcle seem for the t—Iike the results 1 1n this paper—to be
1 rot very good agreement This could be due erther to real diiferences in the bio
physical processes or to dufferences as regards artifact producing mechanisms Recent
theoretical considerations by Teorell (1968) of possible snechanisms for oscillatory
wat rand net tonc fluxes {denoted parametric 1onic pumping ) 1n wet metastable
physical systems  could shed some Light on these problems It has been shown by
Teorell (1968) by measurements on the artificial membrane oscillator  (se Teorell
1959) that when the svstem oscillates 1n an apparently undamped fashion the net
flows of water and two 1ons (with different mobilities) have the same direcuon at
the depolanzation and early plateau phases of the membrane potential In the
case of highly damped oscillations or in the metastable quiescent state te  resung
potesntsal the contnibution of the bulk flow of water canses the jons to hne
separate net flow patterns during the abovementioned phases of the membrane
The net flow of 1ons could 1lso be changed by this means in such a way

potential
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that the net fluxes have opposite directions —1if these results are abo vald for
biological svstems hike cardiac cell membranes they would mphecate that spon
taneously beating and electrically stimulated preparations could gie different results
although the basic mechamsms of function are very sumlar (and for the same
reasons net 1ome fluxes measured 1n *voltage clamped ' membrane systems wall not
be durectly comparable with results presented m this and sumilar studies)

Conclusions

Our expeniments showed a leakage of hi- duning the cardiae actnty 1 the rat at
24° C No similar phenomenon was seen 1n the guinea pig Concerning the Na™
leakage these two species showed no cyclic increase but on the contrary, a slight
decrease i actniaty which was abo observed 1n the frog just before the Na™ efflux
peak Though the possibilities of a squeezing effect m this cvelic efflux cannot be
dnregarded (such an effect 15 suspected 1n the case of frog cardiac tissue, and 1s
probably very weak m mammalians), this difference of behaviour between these
two species might be interpreted as a difference n the pattern of potassium
permenbility dunng the electnical response m the rat and gumnea pig The shght
decrease 1n Na® leakage occurnng at the ven beginning of the action potenual
{preceding the mechanical svstolic activits) and visible 1n mammahans as well as 1
amphibsans could reflect a sudden influx of Na 1nto the cells 1n connection with the
depolarization 1n the electrically stimulated preparations In the case of the spon-
taneously beating preparations the \a 1nflux could precede the depolanzation The
presented results must be discussed cntically m view of possible artifact producing
mechamsms as well as 1n the hight of expenmental findings on oscillating model
svstems described by Teorell (1968)

This stdy was supported by contract DGRST Pans France and the Swedish \ledical
Researrh Council (grant B68 14X 621 02)
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Abstract

Hornerap, P. Y. Embryological obscriations of the ductus artertosus i the guwnea-

pig, rabbut, rat and mouse Studies on closure of the ductus artenosus IV, Acta
phyvsiol, scand 1969 76 4957

Fetuses of guinea pigs, rabbuts, rats and muce were obtaned by caesarean section in late
pregnancy They were mmmediately sacnficed, and fixed by whole body freezing, after whick
transversc cryostat sections of the ductus artetiosus were prepared for morphological obsena-
tions The inner diameter and wall thickness of the ductus were measured at 1ts narrowest part
:jﬂ:: descending thoracic aorta of full teym rat fetuses was treated 1 the same way as
luctus

In all speczes, the mean 1nner diameter of the ductus mncreased with fetal age, and was ac-
companied 1n the gumea prg and rabbit by a gain mn thickness of the media The development
of an 1ntima was most evident 1n rabbit fetuses In all species, the structure of the ductal wall
was comparable in the youngest ‘and oldest fetuses .

U

Matenal obtamed at caesarean section has been used 1n 2 great number of morpho-
logical  phystol and pharmacol 1 1m on closure of the ductus
arteriosus reviewed by Moss, Emmanowlides and Duffie (1963) The properties of
the prenatal ductus might, however, differ from those of the ductus 10 the newborn
A delaved ductal closure after mduced labour has in fact, been reported m the
guinea-prg (Record and McKeown 1925b) Tius mght be explained by a certain
degree of immatunity, since the ductus has been considered not to be morphol i

mature untid birth An inumal proliferation (sce Sciacca and Condorell 1960 for
references) or a dissocration of the inner media (Mever and Sumon 1960, Hoffmann
1964) has been described as a prenatal preparanon for closure of the ductus

»
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The whole body freezing technique permuts instantaneous, permanent fixation of
the duetus artenosus (Hornblad and Larsson 1967a) This technique was apphed n
studies of the prenatal ductus with respect 1o general growth, development of the
mntima and presence of structural changes in the media Four different specics were
studted, since species differences have been shown to exist 1n the normal closure rate
(Homblad 1967)

The main purpose of this study was thus to mvestigate whether morphological
differences are present betwcen the prenatal and newborn ductus artersosus If such
differences do ewst, physiol 1 and pharm: exg on ductal
closure would not be jusufied on fetuses obtamed at caesarean section

3 1

Material and methods

Guinra prg \Multiparous pregnant guinea pres obtamned from a commercial supphier were kept
as descrsbed elsewhere (Hornblad 1067) For maung one male was placed with the newly
delinered femafe for 2 days Caesarean secuon was performed under ether anesthesia on 3

- ! ' ” e © it The age of the fetuses used

- (Table 1) Gestation peniod 68
. . . maung were btained from a
- . Iaboratory, as described m an

. - - . under ether anesthes:a Fetuses
23 and 30 days old from 4 hitters were used for thus study (Table I) A number of the 23-day
old fetuses were not included 1n the present materal as therr central vessels including the
ductus were more or less collapsed. Gestation period 31 days (Handbook of Biological Data

~ 195

Rat Niren rats of Sprague Dawley strain obtained from a commercial supplier were kept
di (

under bed 1n earher Homblad 2nd Larsson 1967a) They were
. 43 i oem whe and nrapmane wae d senncad 1 ohesr ne sperms 1n the vagmal smear on
- ot . - sstationTotally 12 animals wese
. - - 19th 20th or 21st gestation day

- . . 1 Data 1936}

' . " were used (Larscon 1960 1962
Hornblad 1967) They were mated overmght and the day or which vaginal plug was obsenved
was denoted as zero dav of gestanon Totally 10 ammals were surgically delivered under ether
anesthesia on the 17th, 18th 19th or 20th gestation day (Table 1) Gestation period 20 davs
(Handbook of Biological Data 1926)

The fetuses were carefully remaved from the uterus and sacrificed and fived by whole body
freezing (Hornblad and Larsson 1967a) Only fetuses which showed spontaneous bods move
tments and were extracted 1 intact membranes were frozen The offspring of the guines pig
and rabbit were mmer<ed in hquid mitrogen and those of the rat and mouse in isopentane
cooled by drv e (Hornblad 1967

After storage of the fetuses for a few davs at —18° C nssue blocks of the ductus arteriosus
weme wmammed, 2nd wansersels wonmord at 10 g in 3 enodat 1o the zumea pig, and rablat
erery 20th section was saved In rats of 19 20 and 21 gestauon davs eveny 15th section was
preserved and in those of 17 and 18 days every 10th <ecton In the mouse of 19 and 20

. 1 -y - he ks + « wac nrenared from Aery 10th section m those

- .. .
te . - . © per
penducular plane The anthmeuc means of these data were used for calculations ot the mean

diameter and wall thickness in the didlerent species (Hornblad and Larson
‘\l:&‘a!) "’xl{:: m’can nner diameter and wall thickness of the middle thoracic aorta of the full

term rats were obtained sn the same was
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Taste 1 D sinbution of the matenal and dimensmions of the ductalinner diameter and wall thickness

1 fetuses of the different species and ages ’
Species Gestation Number of Number of \lean inner Mean wall
age (days) Litters ammals diameter of  thickness of

ductas (#}  ductus ()

Gunea g 48—50 3 3 1260 80
61—63 2 + 2000 150
Rabhit 23 2 10 1100 80
30 2 n 1600 100
Rat 17 2 7 40> 40
13 2 9 415 40
19 2 11 515 35
20 3 10 615 33
21 3 16 690 40
Mouse 17 2 10 43> 20
18 2 8 470 20
19 2 7 560 20
0 2 3 520 20
Results

The inner diameter of the ductus artersosus 1ncreased with progress of pregnancy m
all four species (Table 1) In the gumea pig and the rabbat, this was accompamed by
an increase 1n wail thickness, mainly of the media (Table 1, Figs 16 and d, 26 and
d) The rauo\__,‘“a“ thckness
nner diameter
groups te, 006—0 07, sndicating the same relative wall thickness In the rat and
moust on the other hand, na change 1n wall thickness could bedemonstrated (Tablel,

in these two species had the same value m both age

wall thickness
Figs 3b and d, 4 and d) In the rat this caused a decrease in the ratio

nner dramet
from 0 10 1n the 17-day-old fetuses 10 006 1n the 21 day-old fetuses In the mouse,

the ratio decreased only from 005 to 0 0+ between the 17 and 20 day old fetuses,
due to the small increase 1n the lumen during this period { Table I)

The ductus and other central vessels of all specimens used 1n this study showed as
mn earlier investigations a distension {Figs 1a, 2a 3z and 4a) which ¢an be con
sidered as physiological (Hornblad and Larsson 1967a 1967b Hornblad 1967) The
straight elastic lamellas scparated sheets of slender muscle cells 1n the media The
endothelum hning the smaoth imner surface usually had wideh separated and flat
nuctes The subendothehal zone was farke narrow i the guinea pig, rat and mouse
fetuses i all age groups {Figs 16 and 4 3b and d 4b and d) In the rabbit, the 25-
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Fiz 1 Ductus antenome, fixed be whosdods freeunz of gwinsaprg f-toses delnered by
Caeszean wchon 2t the 277 of a——< $8—~2) davs dand ¢, 61—63 davw o band d 2 e
phorommerommaphs of arvostat secuons stziced 10 bea oxvl o and eoun © 2d ¢ of sectons
saed 10 Werr~ s rrworen-{chen. b—e¢ are printrd m the magmafication enen m b
Th» dactus o the $8—3¥)dave d fermy shows 2 round lumen (a) and tes walls /by The
2} wal of the farterm fers s thacler 4 2nd bas a wrezter Tumier of eastic favor 23
f+ than the voomoer fenia ¢

rd

dav-old {etuses <howed a drfimte 1rtma. In the 30-day-old fetuss fibroblacas and
elashie and coflz=en fibres were more prommnent Fiz 25—

Tre zain 1n ductal wall thickness 15 the zuinea pig was 2ecorpaned by a cor
responding mnereace 1o rumber of elastic lamellas from 12 10 20 2pproumateds Fiz
lcapd ¢ Similerhv the voun~est rabbut fetuses had 16--17 elastic lamellas and the
o'dest approumzteh 20 Fiz 2¢ and ¢ On the other hand 14 the rat and mouse—
which <howed no merease 1o wall thickness—the number of lamellzs approumareh
10 and 7 respectivels was the came in the vounsot and oldet spramens (Fizs. 3¢
4cand ¢ Taazll specres the dasnc lamellas of the ductus appeared more distingt 10
the ofdect fetuses.

In 21-dav-o'd rat fetuws the mddle pomon of the thoracic 2orta had a meen
mney diztmeter of 840 4 which was 25 per cent more than that of the ductus at the
correspondinz ave. Bated ¢n these fizures the doctus has 63 per ornt of the e
sectional area of the decendirz 207ta 1n the rat at full term. The wall thacknss f
the 20112 was o3v 30 ¢ winch was 23 prr cent less then that of the ductus (Fiz 3¢
wall thickness
and ¢) Thertios 1ner diameter

siderathy ber~z 003 2nd 005 respretrvels

of the anrta and the ductus therefore d £rred con-
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Fig 2 Ductus arteniosus fived by whole-body freezing, of rabbut fetuses, delivered by caesarean

section at the age of a—c, 20 days, d and e, 30 days g b and d are photomicrographs of

cryostat secuons stained i hematoxyhn and cosn ¢ and ¢ of sections stained 1 Weigerts
i . PR ‘ N

. (b) than
. both ages

Discussion

The demonstrated increase 1n lumen width of the ductus arteriosus mdicates progres-
sne enl. during late | The increase 1 the ductal wall thickness in
the guinea-pig and rabbit was due manly to an increase 1n the media The develop
ment of the intima was most evident m the rabat

An increase 1n the ductal lumen duning pregnancy was reported in the human
being by Piorier and Nicolas (1912) and Bakker (1960) However a decrease n s
lumen dunng the last part of gestation 1n man and immediately before birth in the
rat was described by van Ingen (1964) In an mesugation by Ode (1952), the
fumen of the human ductus was found to be almost constant dunng the second half
of pregnancy, whereas i the tat a marhed decreass was recorded duning thes penod
In the calf no increase tn the lumen could be demonstrated during the last two
months of gestation (Harms 1966) The results of the present imestigation showed
m all species an mncrease 1 the ductal lumen durning the last part of gestation In
full term fetuses of the rat and the mouse, the inner diameter was almost the same as
that observed 1n newborns (Hornblad 1967) In the guinca-pig on the other hand,
the fetuses had 2 wider lumen than the newborns, probably due to vanations in size
of the amimnls {Hornblad 1967) Smlarly, the full term fetuses of the rabint showed
a larger ductal lumen than the newborns (Harnblad 1967) The two groups cannot
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Fig 3 Ductus arteriosus and aorta fised by whole body freezing of rat fetuses dehisered by
caesarean secuon at the age of a and b 17 days c—e 21 days a b and d are photomcro
graphs of crostat sections stamed m tematoxvl n and eosin ¢ and e of sections staned in
“Werert s resorem fucl sim b—e are printed 1 the magmification gnen 1n
The ductus of the 1/ dav-old fetus (a and b) <hows a round lumen and tle same wall
chne s as that of the full term fetus (d) with narrow 1numal lavers Greater stamal thity for
elastic f bres s found in the aorta (c) than m the ductus (e) both vessels showing stra ght
s elastc lamellas

P Om~opnisl. el

howeier be compared as some ductuses of the newborns had started to close when
wall thickness

they nere fixed (Hornblad 1967) Itis g to note that the raip——mM
inner diameter

was the same in full term fetuses of the guinea pig rabbit and rat as in the new
borns of the pig guinea pig and rat (Hornblad 1967)

Ode {1952) reported an increase mn ductal wall thickness 1n the human being and
the rat most marked dunng the last half of gestation Caleulations of the ratio
m from Ode s data on full term specimens give a value of 07 which »
mnner diameter
about 10 times that obtained in the present imvestigation High values of this ratio
are also obtamed from data or illustrations grien mn investigations 1 man (Graper
1991 Swensson 1939 calf (Harms 1966) mg (Schaeffer 1914} guinea prg (Record
and Mcheown 19232 Sciacca and Condorell 1960) rabbit (Sorcetu 1932) and rat
(van Ingen 196 The illustrations i the aforementioned papers support our view
(Hornblad and Larsson 1967a) that a postmortem contraction of the ductus caused
the thickening of the wall as suggested carlier by Danesino Revnolds and Rehman
{1925) Record and Mcheown 19322) 1nd Meser and Simon {1960}
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Fig 4 Ductus arteniosus fised by whole body freezing of mouse fetuses deliered by caesarcan

section ot the age of a—c 17 days dand ¢ 20 days a b and d are photom crographs of sec

tons stained 1n hematoxylin and eos n ¢ and ¢ of sections stamed i Wergert s resorcin fuchs n
< Jematgmin ang

b—e -

Tie nd Limen () Its wall th ckness (5) 1s the
same h ages only a narrow ntmal Jayer can be
obsers

- stingt staimnyg of the elasuc fibres than the
younger fetus (c) although the numier of elastic lamellas 15 not mcreased

The mcrease 1n wall thickness has been regarded by other authors as the normal
development of the ductus caused mamly by proliferation of mtimal cells (Vanot
and Cailbau 1920 Graper 1921 Meglha 1926 Swensson 1939 Horwath and Szabo
1940 Jager and Wollenman 1942 Ode 1952 Patten 1953 Sciacca and Condorellt
1960 Hoffmann 1961 van Ingen 1961) The proliferation and a simultaneous in
crease in mucoid substances has been stated to cause an antenatal closure 1n the
gumnea pig (Sciacca and Condorelli 1960) Most of the authors cited above did
however interpret the antenatal sntimal growth as a preparatory step mn postnatal
closure Swensson (1939) and Bakker (1960) appled hydrodynamic aspects to the
proliferations  The present imestigation on the guinea pig rabbrit rat and mouse
does not gne support to the concept of an antenatal intimal proliferation of 1mport
ance for closure of the ductus A proliferation of the intima does not even postnatal
Iy contnbute to ductal closure 1n the imtial phase {(Hornblad and Larsson 1967b
Hornblad 1967) Moreover no dissocition of the nner medix was obsened which
has been stated to take place in man durnng the last part of gestanon (Meyer and
Stmon 1960 Hoffmann 1964)

It w1s previoushy demonstrated that earlier used morpholegical techniques cause
considerable postmortem contriction of both ductus artertosus and aorta (Hornblad
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and Larsson 1967a) The effect on the ductus 15 howeser, greater than that on the
aorta The media of the ductus has therefore usually been described s substantially
looser than that of the aorta, and with a thichness about twice that of the aorta
(Graper 1921, Swensson 1939, Jager and Wollenman 1942, Ode 1952 Dainesino
Reynolds and Rehman 1995, Holmes 1958 van Ingen 1964) This 1s 1n contrast to
the present finding of a ductal wall thicker than the aorta by only one thied and
extubrting closely packed lamellas Furthermore, 1t can be calculated from the data
grven by Ode (1952) that the cross sectional aret of the ductus i the full term rat
fetuses 1s only 15 per cent of that of the descending norta and in the human as low
s 6 per cent The great discrepancy between Odes figure of 15 per cent and the
present one of 64 per cent in rat fetuses cn be explained by the postmortem contrac
tion of the ductus
Results of measurement of the areas of the ductus and the aorta support the view
that the ductus contributes much of the blood to the descending aorta (Lind 1964)
Moreoser, 1t 15 close to a report by Patten and Toulmin (1930), quoted by Smuth
{1929) that the ductus at term has nearly half the cross sectional area of the
descending orta On the other hand, Bakker (1960) suggested approximately the
sime calibre of the ductus artenosus and the aorta on the basts of studtes of fetal
human autopsy matertal However his techmque of expanding the vessels durmg
fivation might have caused an pyerdistension of the ductus, as described for ather
~muscular arteries by Meyer (1958) It 1s intercsting to note that the ratio
All thickness
] of the rat thoracic aorta was found to be the same as that reported by
| inner dameter
Cutters Wagner and Rushmer (1962) m small dog mesenteric artenes, quick frozen
with the 1 ! pressure |
In the present imestigation 1t was demonstrited that the ductus of the full term
fetus has morphological similarities to that of the newborn animal It therefore seems
Justified to use fetuses obtamed by caesarean section I1te 1 pregnancy for studies of
the ductal closure mechamsm even if 1t cannot be excluded on the basis of the
present study that physiological immatunty of the ductus may est m the full term
fetus
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Abstract

Hornerap P Y Effect of oxygen and umbilical cord clamping on closure of the
ductus arteriosus in the gunea-pug and the rat Studies on closure of the ductus
arteriosus VI Acta physiol scand 1969 76 58—66

D term guinea pigs were delinered by caesarean section Lisning fetuses with intact or snter~
sted umbafical cirenlation were allowed to breathe, for periods of 5 min, air or mirogen of
1yt folloned bv mitrogen Anmmals sacnficed immediately on birth sened as controlr Sacnifice
us performed 1n liquid mitrogen --Spontancously deliesed rats were esther sacnificed 1m
mediateh on barth or kept ap to 4 hrs at 37°C n air or 8 9 02 1n \z before sacnfice
1opentane cooled by dry ice In addition the heart rate of newborn rats, kept at the same
temperature and sn the same atmospheres was recorded — Changes in ductal mner dameter
and wall tindkness were messured 1n €ryostat sections of both species Oxygen caused marked
constriction of the ductus 1 the gumea pig Further constriction was found in amimals with a
clamped uminlical cord No esidence was obtamed of an effect of mitrogen inhalation nesther
on the open nor on the constncred ductus In the rat reduced atmosphenc goxygen concen
tration caused a delav tn ductal closure rate Lowening of the heart rate was also observed
The present resufts—obtamed n trzo 1 the guinea prg and rat—show that oxygen 15 essential
for closure of the ductus anienosus independent of the rate of its closure

Oxvgen 1s the most extensnely studied factor invalved 1n closure of the ductus ar-
tertosus Tts constrictive effect 15 now g Iy accepted although its mech of
acuon 1> sull unknown However, narrowing of the ductus has also been obsened
dusing asphviaa (Born «t al 1956) In experiments with maximal reduction of the
owgen concentranon nitrogen has been stated o cause dilatation of the constriceed
duectus { Kennedy and Clark 1941 1942 Bom ¢z al 1996 Rers and Anderson 196+
Clamping of the umbilical cord 1s another factor which has been reported to cause
constriction of the ductus artertosus (Ardran f al 1952, Clesure of the ductus has
been obxened eren before clamping of the umbiheal cord and enset of ventilaton
(Barcl ¢t ol 1938)

The conflicung results may be due mamly 10 the use of different techniques and




CLOSURE OF DUCTLS ARTERIOSUS VI 39

different species It therefore seems justified to reinsestigate some of these factors,
using a simple morphological techmque The whole body freezing technique has been
shown to be suitable for registening the rapid changes in the ductal closure process
(Hornblad and Larsson 1967a Hornblad 1967) Such studies should, moreover, be
performed on ammals showing different closure rates, such as the gumnea pig aad rat
(Homblad 1967, 1969}

Material and methods
Gurica prg

Muluparous  pregnant gumea pies with unknown date of matng were obtamed from a
commercial supplier They were brought to the laboratory when distinet symphysiolysis was
diagnosed Spontancous delivery was then approachimg (Record and Mcheown 1933a), and
most ammals were therefore delivered by caesarean section under ether anesthesia on the same
dav The others were kept for a few days in the laboratory under conditions desenibed earher
{Hornblad 1967), while awaring adequate symphysiolysts At caesarean section the lower
abdominal wall was opened n the midhne after mfltration with 2—% ml of a 05 % local
anesthetic 1 The lower part of the animal was then tmmersed 1n saline kept at 38° C (Hand
book of Biolozmcal Data 1936) A portion of the uterus was carefully pulled out and a fetus
extracted below the surface of the sahne, through an mcision opposite the attachment of the
placenta One fetus was treated and sacnificed before the next was extracted The animals
were dinided 1nto d fferent experimental groups with respect to bisth order within the htters

Two sets of esperments were performed A The effect of clamping of the umbilical cor
and spontaneous ventilation with air or nitrogen on the iniual ductal closure was studied 1n
27 an mals from 10 litters (Expeniment set A Table I} B The eifect of mtrogen ihatation
after an mmnal period of spontaneous ventilation with air on the ductal inner drameter was
stud ed w0 15 anumals from 5 liters (Expenment see B Table T

Clamping was achieved by applying 2 hemostat to the cord when the membranes were
broken and the head of the fetus was rased above the surface of the saline (A2 and A4
B1—B3) The fetuses were allowed to breathe air (Al and A2 Bl), nitrogen (A3 and A4}
or first air and then mtrogen (B3) for a period of 5 mum, or air for 10 min (B2) Attempts
were made to induce spontaneous respiration by pinching the skin and 1nflating the lungs
The head of fetuses intended to breathe mitrogen was raised wnto an mverted glass funnel
™ L ' Tt e s ft. = and contnuously supphed with nitrogen

supenised with respect to palpable heart
ients and reaction to pain The pulsations
< nping and during the expermnents when
unclamped.

The experiment started at the moment when the membrares were broken and the head
rassed above the saline After 5 mun (Al—A$ BI) or 10 min (B2 and B3), the cord was cut
and lning fetuses were sacrificed and fixed by tmmersion in hquid mitrogen One group of
fetuses was sacnficed immediately on removal from the uterus {A5)

Rat

Primiparous rats of Spraguc Dawley stram obtamed from a commercral supplier, were Lept
under conditions described 1 our carlier papers (Hornblad and Larsson 1967a) On the 21st
and 22nd dass after mating the ammals were contmuously observed for begmning of labour

Totally, 92 newborns from 11 litters were used in this studs, One grour of newborn ammals
was saenficed immediately on delivers Al others were loft for 2 min with the mather
allowing her to emore the fetal membranes and placenta According to birth order  these
newborns were then placed alternately 1n onc of two sets of special &lass contamners for 1n
cut ation 4t 37° C (Homblad and Larsson 1967b) Each containcd 1 onc st was flushed at

5 Lmin with air and m the other with a gas mixture of 8+1 % oxgen in mtrogen *

The animals were kept in the contamers to the age of 30 min ! 2 3 or 4 hrs and then
sacnificed by smmersion 1 1sopentane cooled by dry 1ce

In both species transere cnostat sections were prepared and measurements made of the
wnner and outer diameter of the ductus at ns narrowest part as descnibed carher Hornblad

1Citanest? Adtra Sodertalie Sweden
2Obtained from AGA AB Lidingo Sweden
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Taviz I Dimensions of mner diameter and wall thickness of the ductus arteriosus of guinea
pig fetuses with an mtact or clamped umbihical cord after admumstration of air or

mtrogen

Treatment Agemn  Expen- \umber \umber Inncr dia-  Wall thuck
munutes mental of of meter of ness of

Umtalical  Atmosphere group liters  ammals ductus (1) ductus {#)

arculanon  admimstered

\Mean SDU Mean SD

Ineact ur 5 AV 4 6 7 870 700 230 120
Interrupted  Mr 2 A2 6 G 20 110 360 40
Intact Natrogen 2 A3 6 [ 1720 30 140 -0
Interrupted  Natrogen 5 A% 4 4 1910 360 100 10
O minute

control a LY % 4 2030 760 130 20
Interrupted  \ir 5 Bl ) 3 410 260 30 80
1nterrupted  \ir 10 B? 5 5 310 160 380 Ry
Interrupted  A1r and \itrogen 545 B3 1 5 680 60O 330 130

*$D  Standard deviauon (Ostle 1954)

and Larvon 1967a  Based on these data the mean ductal mner diamerer and wall thicknest
1n the different experimental groups were calculated  Tables [ and 113 4 one taled sgmificance
anahsis with  Students 1 test was performed (Ostle 1954) For morpholomeal studies «lecied
sections from the muddle portion of the ductus 1 the rat were stamed for cla tic and collazen
fibres (Conn Darrow and Emmel 1960)

In a separate expenment the influence of reduced oxvgen supply on the heart rate in the rat
was tmvestigated The recordings were made on 36 newborns from 3 hitters (Table 111 dunng
4 hrs after defnery as desenibed 1n a previous communication (Homblad and Larscon 19675}

Results

Effect of spontaneous breathing of arr or nitrogen and of umbihical cord clampmmg on
ductal closure i the guinea prg

The snner drameter of the ductus artenosus 5 min after surgical delivers was marhedly
reduced 1 ammals AMlowed 1o breathe arr (Al and A2, Table 1) When the cirvula
ton through the umbilical cord was mamtaimed ntact (A1), the mean yner djamete?
was decreased 10 45 per cent of the O musute mean {A5) In ammals with a lamped
umbilical eord {A2) 1t was reduced to 12 per cent Anmm+s hept m an atmosphert

of pure mitrogen for 5 min both wih ansntact {A3)} clamped (A1) umbshieal
cord, showed an open ductus ¢ 1 . ° . * the aur breathint
ammals sith an ntact plac § when the cord

was clamped (A2} The mu And chmped
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(A+) umbilical cord had values of 008 and 005 respectnely (Table I) The rato
mhr the 0 minute specimens (A5) was 006
inner diameter

In apimals with a clamped umbihcal cord the value of the mean ductal mner
diameter (Table 1) was 310 s following 10 mun of breathing air (B2), 410 p after 5
mm (B1), and 680 s when followed by a 5 mun penod m nitrogen (B3) The dif
ference between the three groups was not, howeyer, sigmificant

After clamping of the cord all ammals mtilly showed regular and frequent
breathing Ammals kept 1n the mtrogen atmosphere did not however, mamtan
regular breathing throughout the 5 min period Moreover their heart rate decreased
and they became hypotome Ammals with a clamped umbilical cord and allowed to
breathe air for 5 mn showed—when subjected to athin 1 mun a muscular
excitation followed by severe general hypotoma On the other hand when the
placental circulation was left mtact regular breathing could not be iunated 1n any
of the 6 ammals kept 1n mitrogen nor 1n 4 of the 7 animals kept 1 air

Fffect of reduced oxygen supply on the ductal closure rate in the rat
The newbomn rats kept in the low oxvgen phere showed a ficantly d: d
closure rate of the ductus arteniosus dunng the penod investugated (Table IT) After
30 min the ductal mner diameter of these animals was reduced to 63 per cent of the
0 munute mean and at 1 hr to 39 per cent while 1n the air breathing group the
corresponding reductions were 37 per cent and 12 per cent respectnely At 2 hrs of
age when the constriction 1n the control group was almost complete—reduction to
less than 6 per cent—the ammals supplied with a lowered oxygen concentration
showed a decrease to 23 per cent of the 0 minute mean and a further decrease to 13
per cent at 3 hrs No additional decrease was observed at 4 hrs The ductus of the
control animals 3 and 4 hrs old lached a lumen

Except for a greater lumen no morphological differences were observed 1n the
ductus of the hypoxic ammals and the controls of the same age An increase 1 wall

thickness was observed concomitantly with the decrease 1n nner diameter of the
ductus

The low oxygen supply caused a sigmficantly lowered heart rate in the newborn

rat (Table HI) The surviving animals 1n thys group were all cyanotic, and showed
slow bads m ts 1n p to those breath

ar All animals kept in air
survned Of the 20 ammals kept for  hrs 1n the Jow ovygen atmosphere while

recording the heart rate 6 died within ® hrs 5 of which were from the same htter

Discussion

It has been possible with the whole body freezing techmque to rescal morpholog
calls the constrictive effect of oxveen on the ductus artenosus in the guinea pig and
the rat \itrogen inhnlation did not cause dilatation or constriction of the ductus 1n
the guinea pig Clamping of the umbilical cord was found 1n the present mestiga
tion to produce additional constriction 1n ammals breathing aie
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Taste If Inner dhamecter of the ductus arterjosus of newborn rats, suppled with normal or
reduced atmospheric oxygen concentration and statistical companson between the
different groups

Atmosphere Agein Number of Number of  Inner diameter Significance?
admunmistered minutes litters aaimals of ductus {p)
—_—
Mean 5Dt
Control ] 10 14 880 60
Normmal* n 7 7 322 210 x
Reduocedt 3 S 555 330
Normal 60 8 10 102 55 x
Reduced 7 9 345 195
Normal 120 2 7 50 30 e
Reduced 6 7 200 50
Normal 180 6 6 [ ex
Reduced 5 6 115 40
Normal 240 3 9 0 o
Reduced 6 8 130 80

N1SD - Standard deviation (Ostle 1954)
. %0 =not sgmficant x = almost sigmficant, p < 003, xx —sigmficant, p < D0, xxx =
/Jnghly sigmficant p < 0001
#72 Normal = Asr
*Redueed =8 £1°% O, m N,

In experimental studies on factors nfluencing ductal closure, 1t 15 of utmost -
portance to obtawr the ductus nstantancously fixed at umes desired Furthermore,
for judging the degree of closure the parameter chosen must represent the true
ductal lumen

The role of oxygen tn closure of the ductus artertosus has been investigated 1 21170
(Assals et al 1963, Koraltik 1963) on ssolated preparations {Born ef ol 1936, Res
and Anderson 1964} and tn trio (Kennedy and Clark 1941, 1942, Record and Afc
Keown 19552 1955b Born et al 1956, Wilcox Roberts and Carpey 1962 Assalt
et al 1963) Expasure ar delayed fixation of the ductus was, however necessary i
these 1meshig Such would p bly have caused a constriction of
the ductus stnce this vessel contracts on mechancal sumulation and postmortem 3%
demonstrated earher (Hornblad and Larsson 1967a, Hornblad 1967)

Direct of the inner d on cryostat sections from whole body
frozen amumals seem to be sanisfactory for evaluation of the degree of ductal closure
Measurements or direct observations of the outer diameter of the ductus do not
appear to be seltable (Barclay et al 1938) The results of Xeray examunations of the
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ductus after injection of radio-opaque medua are dufficult to interpret, since absence
of contrast medium 1n the ductus does not provide conclusive evidence of a closed
ductus (Prec and Cassels 1925, Condorells and Ungan 1960} Moreoser the injec

ton 1tself might produce hemodynamic disturbances (Dawes, Mott and Widdicombe
1953) Information about the ductal Jumen obtained from measurements of the blood
flow through the ductus may be hmted (Smuth, Morns and Assal: 1964) The dve
dilution method has been reported to be highly sensitine 1n demonstrating changes in
blood shunting through the ductus 1n man (Prec and Cassels 1935, Condorell and
Ungars 1960, Hanson et al 1967) In view of techmeal difficultses this method does
not at present seem to be applicable to small expermental animals

The marked constriction of the ductu, arteniosus demonstrated 1 the guinea pig
after breathing air confirms the concept of a relation between oxygen and closure of
the ductus (hennedy and Clark 1942, Born ez a! 1936, James and Rowe 1957, Assah
et al 1963, Kovalaik 1963, Moss ef al 1964, Rews and Anderson 196¢) The observed
delay 1n closure rate in rats, hept i a low oxygen atmosphere, {urther supports this
view It 15 anteresting to note that oxygen 1s of crucial importance for closure of the
ductus, independent of the ductal closure rate, which 1s high 1n the gmnea pig com-
pared to that 1n the rat, as d previously (Hornblad 1967) The fact
that no constriction of the ductus was obsenved after ithalation of mtrogen supports
the earlier concept that ductal closure 1s independent of mechanical lung inflation
{Born et al 1956 Assah et al 1963)

On the other hand dilatation of the ductus has been descnbed 1n expertments
designed 10 decrease the blood or tissue ovygen tension by nitrogen. In m uitro
expeniments, sections of the ductus arteriosus from fetal lambs and guinea pigs were
reported to dilate when bubbling of air through the organ bath was replaced by
nitrogen (hoval&ih 1963) Smularly, dilatation of a partially closed ductus was ob-
served 1 polated preparations of the lamb ductus when the oxvgen tension of the
perfusing blood was lowered {Born ¢t of 1956 Reis and Anderson 1964) In the
guimnea pig an increase 1n the ductal outer drameter was obsenved in 1110 on ad-
munstration of mitrogen (Kennedy and Clark 1942) In the present mvestigation,
however the gumnea pig fetuses with a clamped umbilical cord rapidly detertorted
when nitrogen was substituted for air In these antmals, no significant diatation of

the ductus could be d d A possible expl of the dil. reported
by hennedy and Clark (1942) 15 that the umb \ 1 was d 1n
tact

It has been reported that clamping of the umbilical cord alone was suffictent to
produce closure of the ductus n fetal lambs (Ardran ez al 1932) In an extensne
study of fetal lambs constriction of the ductus was observed during asphyxa after
tying of the umbilical cord (Born et al 1956) The authors interpreted the constrc
tion 18 caused by increased catecholamune secretion from the adrenal medulla Assah
and co-workers discussing this report postulated that the constriction mught have
been caused by a fall i cardiac output and pulmonary flow (Assali ef al,cl
Smuth Morns and Assali 1964) In the present investization, 2 constrictiye”

Gl

' 4
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Taere HI Heart rate of newborn rats supplied with normal or reduced atmospheric oxygen

groups
Atmosphere “umber of Number of Heart ratc (cycles/min), Mean and SD*
admunsstered Iitters animals

15 30 N 60 75
Notmal? 2 13 258 422 a3y %y 3

40 22 14 4 17
Reducedt 3 14 231 271 29 201 293

41 21 1 20 18
Significance’ < e xex oxx Y

1 SD == Standard Deviation {Ostle 1931)

* Imtial recording 15 mun after birth Subscquent recordings at 1> min intervals
*Normal = Air

“Reduced = 841 % Oy m N,

4 See Table JI

bilical cord clamping was ed only 1n the ductus of guinea pig fetuses

allowed to breathe arr Clamping of the umbilical cord ymght therefore be of
wwndary 1mportance m producing a temmporary condition of asphywa whtch
aggerates the breathing The violent respiratory movements observed in the imtial

#/ period of nitrogen nhalation following breathing air support this view This 15 10
agreement with earlter reports of the lating effect on breatt of hypoua
(Cross hallich and Hugget 1954) and of umbilical cord clamping (Hamed et @
1961)

The lowermg of the heart rate obsened 1n newborn rats kept in an atmosphere of
reduced oxygen 1s sumilar to obsen ations on lambs 11 utero (Assalh Holm and Sehgal
1962) Lowenng of the heart rate 1 newborn rats also follows a decrease 1 the
environmental temperature (Farrfield 1948) A decrease 1n the temperature from
37° C 10 30° C reduced the heart rate from 310 to 210 cycles per minute without
any effect on the ductal closure (Hornblad and Larsson 1967b) It 1s mteresting to
note that the moderate lowering of the heart rate from 330 to 300 cycles per minute,
opsersed 1n the present investigation during hypoxia was accompanted by 1 sigmit
cant decrease 1 closure rate These differences i the action of environmental fictors
on the ductal closure are still unknown

Tt 1s puzzling that the mechanism i olved mn ductal closure has not been disclosed
although 115 relation to oxygen was demonstrated almost 30 years ago But mam
other factors are presumnably mvolved Addittonal dath seem therefore to be needed
on the composition of the ductal wall and 1ts physiclogy Our exrhier studies 11 this
field tndicate that the whole bady freezing techmque combined with other procedures
such as . ray, dye dilution and 1sotope techmques should be fruatful

\
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concentration, during 4 hours after birth, and statistical companson between the different

336 333 324 330 322 322 32) 319 320 317 315

12 [ 16 13 20 16 18 16 N 14 19
79 390 g97 297 203 306 307 30> 297 299 799

19 2 25 27 28 2 23 24 32 29 33
ox oxx ok oxxx % < x x xx x x
1am greatly indebted o T ° ~ 7 -

binska Institutet for bus
suppor(ed by grants from
04) and from the Associat
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Abstract

Henrinsen, F W and H Worving The mutual influence of gastrin and secrefin on
the external pancreatic secretion i dogs Acta physiol scand 1969 76 67—72

The external pancreatic secretion of flwid, bicarbonate and protein in 4 dogs with Thomas
type fistulae has been studied 1n response to secretin (1 Utkg bw ), gastnn (2 Ufkg bw )
and combined secretin—gastnn stmulation  Gastnin everted a stumulatng effect on the
pancreatic secretion of flnd, bicarbonate and proten and increased the bicarbonate concen
tration in the Juice signtlicantly aboye basa! level The combined effect of secretin and gastrn
on the secretion of fluid bicarbonate and proten did not differ from the summarnzed effect

of the two agents gien separately Potentation between secrettn and gastrin was not demon
strated

Gregory and Tracy {1964 obsenved that the pure peptides gastin I and IT stimu-
lated the pancreatic secretion, mainly of protein Preshaw, Cooke and Grossman
(1965 a} made similar observations with a crude gastrin preparation and suggested
the effect to be of physiologieal importance in the ntact orgamsm (Preshaw and
Grossman 1965 b)

In contradistinction to the extensive studies of the interaction between nenous
and hormonal sumulation of the pancreas, the mutual influence of different
hormanes has only been 1 estigated to a limited extent Recently pancreozymin was
reported to potentiate the pancreatic response to secretin (Brown e al 1967, Hen
riksen and Worning 1967} Preshaw (1966) who used combined stmulation with
secretin and a crude gastnin preparation was unable to demonstrate any poten-
titation between these two hormones

In the present study the mutual influence of secretn and pure gastnin on the cx
ternal pancreanc secretion 1 dogs has been imuestigated —

o~
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Material and methods

Four mongrel dogs (bw 170280 kg) were used After Ligation of the accesory pancreatc
duct a modified Thomas cannula (Thomas 1941) was inserted mto the duodenum exactly
oppostte the main pancreatte duct The same type of cannula was aserted inte the stemach
at the most pendent part The dogs were used mn expeniments after a recovery period of at
least 3 weeks

During the expeniments the dogs were standing in a shng harness The gastric cacnula was
opened to prevent gastric secretion from entering the duodenum. No gastric 2cd was o sened
1n the duodenum 1n any of the experiments A glass catheter connected to a glass syninge by
a short polyvinsichlonde tube was nserted snto the main pancreatic duct through the open
duodenal cannula The pendent plunger of the syringe exerted a slight negatine pressure Tle
dead space of the collecting system was 04 ml

Except for small amounts of water the dogs were fasted for 18 hrs prior to the expenments
“The fasting pancreatic secretion was collected for at least 15 mun  After sumulation of the
«ccretion the Juice was collected 1n 10+ 10420420 min

e secretin preparation used was Secretin Boots (Boots Pure Drug Co  “Nottingham Eng

land) which contained about 2> Cnck Harper and Raper untts of pancreozymin per 100 unsts
of secretn | from the ) In the present work doses of secretn are
expressed 1n Crick Harper and Raper umts The gastin (Leo Pharmaceutical Products
Copenhagen Denmark) was admimstered in Leo units (1 Leo umit=1 g gastrin}

‘The enure dose response cune for = = . I B
secretion {olloning stimulation with g
g2stnn 2 Ufkg bw was determuned -
injected into a peripheral vern 1 10—
sequent injections was at least 100 mun on account of the refractory pertod previously
demonstrated (Hennksen 1966) o more than three injections were grnen each day of expen
menis

The solume of the pancreatic secretion and the concentration of total CO: and of protem
m the samples were measured The concentration of total CO; was deternuned according to
Man Shkes manometric method (1924) This concentration 1s referred to as  bicarbonate
The concentration of protein was esumated spectrophotometrically at 280 nm after appropriate
dilution of the samples with Sorensen phosphate bulfer pH 68 The extnction salues were
€omerted to concentrations of protein by a factor empicically determmed through Ryeldahls
analysis on pooled canme pancreatie juice

The probab of dif

was L use of Students t test in the mdividual
dog and in the group of does according to the method described by Fisher (1958)

Results

The pancreauc 1 above lated level within 1 mmn alter
stumulation irrespective of the stmulant applied The response after secretn and
after combined secretin and gastnn subsided to basal Jevel within 30 mun after
gastrin 1t subsided within 10 min Comsequently only the secreton sn the fist 10 min
following sumulation was used in the calculations

Gastrin induced a significant increase i the bicarbonate concentration and i the
secretion rates of fluid bicarbonate and protesn 1n all dogs (Table I and 1T)

“The mean secretion rates of flusd bicarbonate 3nd protemn after stmutition with
secrenn gastrin or both are illustrated i Table 11—V for cach dog as well as for
the matenal 2s a whole

The secreunn rates of flusd and bicarbonate after combin~d shmutauon did not
differ from the sum of the secretion rates after secretin and gastrin netther in the
indiwidual dog nor 1 the group of dogs (Table 1111V,

1n one dog the secreton rate of proten after combined sumulation differed sigmfs
cantly from the summarized effect but calculated for the group of dogs no difference

was observed (Table V)
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Tamse 1 Pancreatic secreon rates of fluid (ml/min) and protem (mglmin) m the period 010
min after gastrin sumulation (2Ujkg b w ) as compared to the basal secretion rates

Dog no Volume secretion rate pA* Protein secretion rate P
Basal Gastrin Basal Gastan

64208 m* 0067 020 <0001 28 17 <0001
n 83 3 38

65231 m* 0036 024 <0001 23 183 <0001
noo13% 3 12 2

63~271 m 0065 020 <0001 27 102 <0001
n o7 3 18 3

66—177 m polo o1l <0001 16 47 <0001
n 4% 3 8 3

*m  mean
n pumber of obsersatians
*%p probability of difference

Tasie 11 Bicarb {meqfl) and b secsenion rate {peg/min) of the
pancreanc Juee v the penod 0—10 mn alter gastnin stmulation (ZUfkg b w) as
compared to the basal levels

Dog no Bicarbonate concentra Bicarbonate secretion rate
tion
Basal Gastrn poe Rasal Gastnn po
G4—208 m* 510 1183 <0001 47 24 0001
n 50 3 50 3
65—231 m 613 1020 oot 37 26 <001
n 33 3 33 3
65—271 m 686 1237 000] 69 25 <0001
n 33 3 kN 3
17T m 640 862 - 28 9 —
n 1> 1 15 1
*m  mean

n number of pbservanons
**p probabilty of difference
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TasLe 1T Sceretion rate of flid (mifmen) 1n the penod 0—10 men after sumulation with sec
reun (1 Ufkg b ), gastrin {2 U/kg b w) or combined sccretin gastnn

Dog no Seeretn Gastrin Combined  p**
64208 m* 127 020 146 ns
n 7 3 3
65—231 m 131 024 150 ns
n 9 3 3
65—271 n 138 020 132 ns
n 4 3 3
66—177 m 134 o 159 ns
n 8 3 3
Al m 132 o1 147 n s
m* mean
n number of observations
p** Ity of di betwcen bined secretion rate and the sum of secrettn and

gastnin secrction rates

%

Taste IV Sceretion rate of bicarbonate (yeq/min} in the persod 0—10 min after sumulation
with secreun (! Ufkg b w) gastrin (2 Ufkg b w) or combined sccretin gastrin

Dog no Sccreun  Gastrin Combined  p**

64—208 m* 162 24 200 na
n 7 3 3

65-231m 170 20 192 ny
n 9 3 3

63—271 m 174 25 170 n o
n 4 3 3

66—177 m 179 9 202 na
n [ 1 3

Al m 171 2 191 na

m* mean

n  number of abvervae ©

p** proballiy of dilferer
nin secretion rates

B

en combined secrctien tite and the sum of secretin and
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Tasre V Secretion rate of protewn (mg/min) in the period 010 sun after stumulation with
secretin (1 Ujkg b w ), gastnn (2 Ujkg b w) or combmed sceretn gastan

Dog no Secretn  Gastnn Combmed  p**
64—208 m* 80 17 187 ns
n 7 3 3
65231 m 95 183 25 <002
n 3 H 3
62—271 m 55 102 156 o s
n 3 3 3
66—177 m 82 47 103 ns
n 7 3 3
An ™ 78 12 165 ns

m* mean
n number of observalions

pee of diffe between d secretion rate and the sum of secretin and
gastn secsetion 1ates

Discussion

In accordance with Gregory and Tracy (1964) the gastnin here apphed cxerted a
sumulanng effect on the pancreatic secretion of flwd, bicarbonate and protein
Preshaw and Grossman {1960¢) failed to show this effect when usmg a crude
gastrin preparation The dnergencs may be explamed by the different gastan
preparations used

In the present iniestigation the combined effect of secretn and gastnn was
4 d to be a according to the defimtion gnen by Goodman
and Gilman (1965) Thus finding 15 1 agreement with the prestous obseration of
Preshaw (1966)

The secretin prep used c d some p and a p
effect an the secretin 1s to be expected (Brown ef ol 1967 Hennksen aud W ormng
1967) Howerer, as the amount of pancreozymin mjected was small (about 025
Cnck Harper and Raper unitsfkg bw ) this effect may only be shght Moreover,
as the magnitude of the secretin-pancreozymin interaction was identical mn the two
groups of expenmental data compared (Table 111—IV) a potentiaton between
secretin and gastnin should appear if of any importance Similarly a hypothetical,

mutual influence between gastrin and pancreozvimn can not be expected to distort
the results

Consequenth 1t 13 concluded that the mteracnon of secretn and gastnn 1s not a
potentiation but a stmple summation .

PR
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Control of Spontaneous Ventricular Fibrillation during Induced
Hypothermia in Cats by Acute Cardiac Sympathectomy
By
Kar C Nievsen and CHRIsTER Owaran

Recenved 2 August 1968

Abstract

Niewsex, K C and Cu Owsan Control of sp 2 lar fibrill dur-

ng induced hypothermua wn cats by acute cardiac sympathectomy Acta physiol
scand 1969 76 73—81

17 adult cats were subjected to cardiac sympathectomy under nembutal anesthesia by hilateral
exasion of the cerical sympathetic chans between and cluding the superior cervical and
stellate gangha Immediately after operation, the anesthetized animals were cooled by sub-
mersion 1 an ice water bath Blood pressure, ECG, rectal temperature and respiration were
observed was to mamtam the blood
pressure at an adequate level at the lower body lemperamr:s Arttficial respiration was apphed
when indicated Under these conditions, only 2 out of 17 denervated anmals dred i ven
tnicular fibrillation, at 23 and 184° C rectal temperature The remaining ammals were coaled
to 17 7—15° C and subsequently re warmed to normotherma without complications All of
17 unoperated conlml anmals subjected to hypothermia mn the same way developed sentrucular
1ac at the end of the expeniments
&3 ot differ slgml'l(anlly between the two experimental groups The results of the present
and earlier imvestigations indicate that activates the ystem through
a central mechamism and that the cardiac sympathetic nents represent an mmportant factor
for the spontancous development of ventricular of
wnduced deep hypothermia 1n homeothermic mammals

Ventncular fibnllanon, usually the termunal event preceding death dunng induced
deep hypothermia 1n homeothermic amimals s the major complication limuting the
climeal use of hypothermia 1n man

There 15 much evidence to indicate that the myocardium reaches a state of hvper-
exatabinity when the body temperature 15 reduced and that this mcrc.lsed sensitivity
15 one g factor p the of fibnll
(Brooks 1926 Hegnauer and Covino 1936 Hegnauer and Angelakos 1939, Hoff-
man 1959) However these changes are not in themselves sufficient to explain the
ch onset of sp v lar fibnilvtion durmg hypothermia at
about 21° C body temperature, there 1s reason to believe that some other factor 1s
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mvolved as a * trgger’ h. for the hyper ble heart muscle at these body

temperatures Results hase indicared that both adrenalime and noradrenaline in
crease the susceptibility of the heart to ventnicular fibnllation (Hoffman ez al 1935},
and adrenaline has been shown to rapidly 1nduce fibnllation of the heart ventnele
at temperatures around 20° C, as demonstrated both tr 1110 and wn titro (Beme
1954, Resssmann and hapoor 1956) In view of these findings, 1t 15 notable that
mereased levels of arculating hol have been d dunng hypo-
thermia (Brown and Cotten 1956, Holobut 1966)

In fluorescence microscopic mestigations on the orgamzation of the termunal
sympathetic innenation i the heart, a charactenstic difference i distribuion of
the cardiac adrenergic nerves has been d rated 1 hit pared with
homeotherrmic mammals Thus fes—if any—nen e terminals were found 1n relation
to the mocardial muscle fibres 1n the sentncles of the hedgehog, thirteen lined
ground squurel and the bat, a varying amount of nenes innenated the cardiac
blood vessels 1n these amimals In contrast to ths, a fanly rich adrenergic inneration
of both the blood sessels and the myocardum proper 1s found 1 homeothermic
ammals such as cats gwnea pigs, and rats (Nielsen and Owman 1965, 1968a)
Moreover 1t has recently been shown that kittens having a not yet fully developed
cardiac sympathetic innenation especially of the myocardium proper, are remark
ably resistant to red 1 body p and have been cooled down to
about 17° C without developing ventricular fibnillation (Nselsen 1968)
™ On the basts of these findings a senies of systematic 1nvestigations has been per-

v, 2 on cats with the 21m of finding ways of preventing the spontaneous ventricu-
ar fibnllation occurrning at reduced body temperature by mterfering with varous
adrenergic mechamisms Furthermore the results have offered strong support for the
hypothesis (see Nielsen and Owman 1965) that such mechanisms represent an 1m-
portant factor for the development of this serous cardiac complication of induced
decp hypothermia. Thus aflter depleting the adrenergic nerves of their transmitter
stores (Nselsen and Owman 1965, 1967b, 1968b), after blockade of the transmitter
release from the adrenergic neurons (Nielsen and Owman 1968c), or after bloching
the adrenergic 3 receptors {Nielsen and Owman 1965, 1966), cats have successfully
been cooled to 18—15° C rectal temperature followed by re warming to normo-
thermia without developing ventricular fibnllation

Control animals recening no pretreatment constanty deelop ventricular fibnlla
fion at about 2221 C during cooling under corresponding conditions

In the present study an attempt was made to dehmit the itherto obtatned re
sults to the level of the heart by interruption of the cardiac neuron hnh through
acute sympathetic ganghonectomy

Material and Methods

The matenal wncludes 37 adult cais of either sex weighing between 25 and 5 kg The 2
used for sympathectomy and 1} ne serving as unoperated contrals were selected 30 tha
tmeans of the body weights 11 the two groups did not differ statstically from each other

Operanon technique An eperaton procedure was chosen 1n which a maxumum amo

nimals
1 the

ot al
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the sympathetc nenves to the heart could be severed bulaterally without necessitating thora
cotomy, thus allowing the animals to breathe spontaneously after the operaton Since n the
cat about 25 % of the cardiac adrenergic nenes have been found to arse n the supenor
cervical gangha (Nselsen f ol 1968b), the cervical sympathetic chains were removed bilateral
Iy between and cluding the superior cenical and stellate ganglia. There 1s reason to believe
that this technique results in a pronounced degree of sympathetic denenation of the heart
(Melsen et o 1968a see also Discussion)

The anmnals were anesthetized with nembutal (30 mg/kg 1p) and the vago-sympathetic
trunk was 1dentsfied at its posiuon close to the common caroud artery at a level midway
down the neck The sympathenic chain was carefully freed from the vagus nene, and then
followed distally to the steltate ga‘l:kzlmn The sterno<lerdord 'and major pectoral muscle were
x v e P A i e - -

30 me/kg of nembutal 1 p ) were cooled by submersion 1n an 1ce water bath of 5—10° C tem
perature Artertal blood pressure ECG, and rectal were
ned and registered eveny 15 mmn (see “ielsen and Owman 1967) Artificial respiration

was nstituted by a pump respirator connected to an endotracheal T tube when spontaneous
breathing became 1nadequate, usually at about 24° C rectal temperature Angiotensin (Hyper
tensin  Ciba) was gnen to mamtain a blood pressure above 60 mm Hg (sec Hageendal
1965) This became necessary in most arumals at body temperatures lower than about 23° G
as soon as the systohic pressure fell below the 60 mm level 02505 ml of angiotensim (das-
solved 1n 09 % saline to a concentration of 1 ugml) was slowly 10jected into the blood pres-
sure catheter placed 1n the left common caroud artery The injection was repeated each tume
the blood pressure again [ell below 60 mm Hg Angrotensin was chosen because 1t mncreases
blood pressure through a direct effect o the vascular smooth muscle cells by a mechamsm that
does not imohe the adrenergic receptors (Page and Bumpus 1961) Moreover, angiotensin
increases sympathetic actraty through a central mechamsm (Bickerton and Buckley 1961),
including an enhanced release of adreno-medullary catecholamines (Feldberg and Lews
1961), st also has a gangliomc sumulatory effect (Lewis and Reit 1965) Administration of
angiotensin_ could therefore be expected to offer further nformation concernmg the m
portance of on one hand arculating catecholamnes and on the other noradrenaline re-
leased from any intact cardiac sympathetic neres on the development of vemncular fibnl
lation under the present experimental conditions

Animals that deseloped sentricular fibnllation were removed from the cooling bath and the
expenment was thus discontinued Actne cooling of the remamung ammals was stopped at
18° C rectal temperature by replacing the ice water with warm water of 33—43° temperature
The rectal temperature then continued to fall to 17 7—13° C before 1t reversed because of
:;mperature gradients i the body The ammals were subsequently re-warmed to normo-

ermia.

Determination of notadrenaline After hinishing the expenments the animals were bled and
the heart was remosed. The nssue was homogenized in perchloric acid_and noradrenaline was

decrm rcing to Bertler et al (1958) as modified by Haggendal
Student s t test was apphed 1n all stanstical operations

Results
The sympathectomized animals showed no or only shght, increase (up to 10 mm
Hg) 1n blood pressure on submersion mn the 1ce water The blood pressure then de
creased progressively in the wsual manner accompanying the reduction mn body
temperature In 9 of the 17 amimals n this group the heart actinity was perfectly
rhvthmic through the enure exp (Table I) Four ammals had short
pencds of cardiac arrhythmia dunng the cooling phase, 1n 2 anumals, there were a
few short intenals (lasting up to 1o sec) of ventricular tachycardia duning which,
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TasLe I Group of sympathectomized ammals Body weight amount of angrotensin gnven during
the , lowest rectal temp reached by the 15 surviving antmals and the
temperature ar which 2 ammals developed ventrieular fibrilaton and amount of
cardiac noradrenaline measured at the end of each expertment (values not available for
2 ofthe amimals) The comments on heart activity stand for bath cooltng and re warming

Body Amountof  Lowest Cardtac Cardiac actity

weght angiotensn temp noradrenaline

(kg) (18) (§f+] (ng/g)

30 80 160 163 Rhythmic

30 75 174 137 Rhythmic

35 30 176 155 Rhythmue

50 05 174 - Rhythmie

25 20 174 170 Rhythmic

42 25 172 137 Rhythme

41 15 166 106 Rhythmtc

39 15 165 — Rhythme

44 40 150 121 Rhythmic

3> 10 177 133 Periods of arrhythmsa

35 25 176 135 Periods of arrhythmia

34 25 170 210 Periods of archythmia

38 35 161 141 Periods of arrhythmia

45 43 172 150 Pertods of tachycard 3

) 45 176 268 Pertods of 1achycard &

40 184 120 Ventricular fibrillat on

El o 230 138 Ventricular fbrillation

however the blood pressure never fell below 30 mm Hy Onc of these 2 animals had
an approxmnalely 15 min penod of cardiac standstill at the end of the cooling
phase The heirt activaty and bloed pressure picked up spontancously a few minutes
after re warming was started (Fig 1) Only 2 out of the 17 sympathectommzed
smmals went Into a conunuous state of ventriculir fibpflation (at 23 and 184° C
rectal temperature respectivels  Table I and Fig 1) with no measurable blood
prt‘ssurc

The 15 arsmals that did not die 1 ventricular fibnllavon reached 17 7—15° C
rectal temperature before re warming towards normothernmia began, this was con
unued without complications Spontancous breathing started at about 25° C

All animals except one (fibnllating) had to recene angiotensin (05—8 ug per
anmmal, Table I) to muntain the blood pressure above the 60 mm Hg level (see
Matenial and Methods) at rectal temperatures below 25--21° C during cooling nd
at the begmmng of the re warming peniod

The blood pressures rectal temperatures and coohing umes for the group of sy
p..)lhtc(ﬂmlz"d ammals are summanzed in Fig 1

When coohng of the unoperated control amimals was started, the blood pressure
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Fig 1 Artenal biood pressure {ordinate} rvectal temperature [(abscissa) and coohing tume of
the 17 sympathectomzed ammals Two ammals died rn ventneular ibnllavon at 23 and
184 C {asrows) One anumal had a 15.mn penod of cardiac standstrll ax the end of coohing
between about 19 and 17° C rectal temperature Fifteen of the animals were re-warmed to

Lowest recral P of thewe 13 sununing ammals are gnen m Table I

showed a short lasting merease by more than 49 maa Hg All anumals in the control
group developed ventncular fibnllation at a2 mean rectal temperature of 21 3%
04°C Ths was sigmficantly tugher (P<OO01} that the lowest rectal temperature
{17000 C) of the sunmang ammals m the operated group 8 of the ammals
were guen intermuttent injections of angiotensin (2~ «g per anumal) starting at
approumatehy the same body temperature as i the operated ammabs  Arnficial
respiration was applied at 23 5--22° C rectal temperature The cooling cunves had
the same principal appearance as m 2 previous identically treated group of control
apmals {see Neelsen and Owman 1968c)

Cardrac i I nas g a fl o 5

ted armmals
The mean value of the amine concentration (160£0 1> standard error of the
mean) 1n these amumal, did not chffer statsueath (P>00> from the noradrenatine
cancentranaa t the hearts of the operated group {1 320 183

Discussion

\ recent senes of mvestigations on hibernators and homeotheroue ammals have of
fered strong support for the hypathesis that adrenergic mechansms play an um
portant role i the develop of \ bril at reduced bodv tem
perature Hustochermeal amalvess of the or of the nd g w0
the heart has reverled that remackabh few—f am-— sympathetic ne

accur aa relauan o the muscle cells of the sentricles sn hibernat

mocardrum proper (as well™ny the cardiac airculaton) s supp
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well-developed sympathetic innenvation in homeothermic ammals (Nielsen and Ow-
man 1965, 1968a) Differential depletion of the myocardial catecholamine stores
with prenylamine (Melsen and Owman 1965, 1967a and b} efficiently presents the
development of ventricular fibnllation 1n cats cooled to 17 8—17° C rectal tempera
ture This protectine effect of prenylamune 15 reversed dunng mnfusion of nor-
adrenalme which 1s taken up into, and then probably released {rom, the cardac
sympathetic nenve termmals (Nielsen and Owman 1967b) Hypothermic sentricular
fibrillation 15 also controlled after more extensne depletion of the catecholmine
stores with reserpine (Nielsen and Owman 1968b) In accordance with these find
ngs, 1t 15 notable that kittens, having a not yet fully deseloped svmpathetic inner.
vation to the heart, are consprcuously ressstant to reduction in bod; temperature
(Nielsen 1968) Moreover, blochade of the transmitter release from the adrenergic
nenve termunals (Nielsen and Oswman 1868¢) as well as blockade of the adrenergic
P receptors (Nielsen and Quman 1965, 1966) were found to offer an effectne
protection to adult cats agamnst the development of hypothermic sentricular fibril
Iation

The sery low incidence of ventnicular fibrllation after sympathectomy in the
present expeniments supports the assumption that the adrenergic tnneniation m the
heart, rather than other parts of the sympatho-adrenal system 1s the major factor
imtiating fibrllation 1n the hyperexcitable ventricular myocardium This agrees with
recent findings on isolated heart prep n which v lar fibnllation could

mduced by tyramine at reduced but not at normal, temperatures and that the

rillation was resersed into rhythmic cardiac activity by the addition of a spectfic
+ Sadrenergic blocking agent without quinidine like side effects {Falck s al 1968b)
Therefore 1t seems of httle sigmificance for the outcome of the present expert
ments that hypothermea in nself increases the level of airculating catecholamines
(Brown and Cotten 1956 Holobut 1966) and that admimstration of angiotensin
actinates the sympatheuc system (Bickerton and Buckley 1961) and releases cate
cholamines from the adrenal medulla (Feldberg and Lewis 1961) However 1t
should be remembered that the operation procedure used including exciston of the
supentor cervical gangha also denenates the pial circulation of the brain {Nielsen
and Owman 1967c; This has turned out to result 1n a marhed dilatton of the pal
vessels (Falck et af 1968at which may be one reason for the surpnsingh good
general cond' of the p ammal’s dunrg e My potlienma of
Nielsen 19611

The present findings are well comparable to the results obtained by Shumacker
et al {1936) who induced ventneular fibnllaton 1n dogs cooled to about 27° C
rectal temperature by occluston of the caval veins together with nght ventrculotormy
Ventneular fibnllation could under these circumstances be prevented by hilateral
sympathetic denervation of the heart The reason for their lower incidence of ven
tncular fibnllation with ammals 1n which the vagt were divided below the nodowe
ganghon mmight be explained by the presence of adrenergic fibres from the supenor
cervical ganghon runming 10 the vagus nene to the heart (Maelsen et al 1968b)
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The only rehable techmque producing a total cardiae svmpathectomy seems to be
that of cardiac automransplantation (see Cooper 1966) Since no intra-cardiac
adrenergic ganglion formations have been found m the beart (Ehinger et al 1967)
1t ¢an be assumed that am residual catecholamines present 1n the heart after auto-
transplantation are stored not i nenves but i “chromaffin” cell formatons (Ja
cobowitz 1967, Mielsen and Owman 1967b) The techmique used n thus study 1s
more simple, 1t leaves the ammal 1n good cond for the dhately foll
hypoth exp and avery p ed degree of denervation 15 achieved
1n many of the ammals as judged from the level of residual noradrenaline 3 days
after operation {Melsen et o 1968a) Cervical sympathectomy in the dog reduces
cardiac noradrenaline to one third of the normal level, and there 15 reason to believe
that abo the stellate gangha sub 11y c bute to the ad mnenation
of the heart (Goodall and Kirshner 1956} The two ammals dying n ventncular
fibnllation and the two ammals hawving short penods of entncular tachycardia
would well correspond i number with the rate of incomplete denervation seen m
the previously mentioned study (Nielsen et al 1968a) In the remaiming ammals,
the denenation has obvioush been sufficiently complete to prevent the deselopment
of ventneular fibrllation dunng hypoth to rectal p between 177
and 15°C

It was found in earher expenments that hypothermsa per se reduces the nor
adrenaline content 1n the sympathetic nene termnals of the heart (Nielsen and
Owman 1967b, Nielsen et al 1968a), probably as a consequence of an enhanced
transmutter release {Goldstein and Nakajuma 1966) It 1s therefore of nterest that in
the sympathectomized animals there was only a shight increase n blood pressure
upon submersion 1n the cooling bath as compared with the intact animals Further,
the cardiac noradrenaline concentration at the end of the experiments did not differ
from the normotherms whereas cooling of mtact ammals has been shown to xvsull
mna fi di in cardiac di pared with
normothermic control ammals (Nselsen and O\\man 1967b Nielsen et af 1968;\)
This offers further evidence 1n support of the view that 2 substantial degree of
cardiac denenation has been achieved 1n the operated ammals It also indrcates
that an intact sympathetic inrenation to the heart is mdispensable for an inereased
output of drenaline from the h nene
In view of this 1t 1s und dable that the d

Is duang hypotherma
of v lar fibrillation was
sery low 1n the present experiments despite the fact that angiotensin, given to mamn
tain the blood pressure at an adequate level during reduction i body temperature
markedly actvates the sympathetic system { Bickerton and Buckley 1961) and has a
promunent ganglionic shmulatory action (Lewts and Reit 1965) In a previous n
sestigation (Nielsen et ol 1968a) animals were sympathectomized according to the
procedure used in the present study but cooling was not performed untd 23 days
later 1 order to allow the transmutter to disappear from the nenve termmals Under
these conditions hawever the incidence of ventncular fibnllation was not sigmfi
cantly reduced The discrepancs between the present and the previous results <eems
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to be well explamed by the rapid development of supersensittvity (Langer ef of
1967) of the myocardial receptors, particularly towards the noradrenaline releied
from those adrenergic nerves escaping denervation mn the heart (see Niehen ¢t of
1968a)

Supported by grants from the Assocration for the Aid of Crippled Children, New York and
from Sven Eric and Anna Lisa Lundgren s Foundation
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Colour Specific Features of Visual Cortical
Responses in Man Evoked by Monochromatic Flashes
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Lropecar CroAnen! and Davio H Ingyar

Recened 5 August 1968

Abstract

Cicanen, L and D H Incvar Colour specific features of visual cortical responses
tn man ciohed by monochromatic flashes Acta physiol scand 1969 76 82—
92

Jn 16 normal human subjects a study was made of averaged responses 1n the occipital regions
to monochromanc (lashes of 15 different warelengths with equal energy The responses to
monochromatic flashes were found to have the s2me principal components as those prestousty
hown 1n responses to white light With low intensity flashes of equal energy, the latencres of
U components were shortest m the muddle range (514576 mu), longer 1n the blue and
lotigest m the red end of the spectrum With high artensity sumuli the latencies were in
weneral shorter and did not vary with wavelength The high variabihity of the amphtudes of
the evoked responses made it difficult to correlate amplitude with wavelength Howeser some
indinadual curves as well as the aserage amplitude/waselength cune for the whole group of
16 subjects showed parthy sigmficant peaks at 453—475 551 and at 615 mp a finding which
appears to support the existence of a trichromanc colour receptor mechamsm wn man One
group of the subjects showed a stnkingly stable form of the evoked responses but varying
ampliudes of separate at different lengths  Another group showed very
stable forms of the responses which appeared specific to waselength

‘

There 15 sull a remarkable disproportion between the abundant knowledge of the
colour reception mechanisin of the retina and the lack of information en the trans-
mission of colour messages to the visual centres of the brain A number of recent
studies suggest that there are probably three types of retmnal calour receptors 10
prunates with sensitinaty maxima an the blue the green and the red (Sules 1937,
Brindley 1960 Rushton 1961} as well as i lower species (Gramt 1985 Mac ichol
et al 1961} These findings have i general been taken to show that retinal colour
reception m1y operate In accordance with the tnchromanc theory of Young 11801}

Several studtes have wmdicated that responses to monochromatic ight 1 the visudl
centres may show certamn colour speasfic features (Adnan 1911 Motohawa «f al
1952, Lennox and Madsen 1935 Madsen and Lennox 1935 Lennox 1956 19,83,

1 On leave of abience from the Institute of Normal and Pathological Physiology Stovak Acad
emy of Sciences, Bratslava Caechoslorakia
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b, 1962, De Valon et al 1958, 1962, Mac Nichol and Svaetichin 1938, Ingrar 1939,
Hubel and Wiesel 1960, Monmner 1963, Monnier ¢t al 1964, Alpien1 1965, Shipley
et al 1965, Sregfnied et al 1965, Naka 1966, Wiesel and Hubel 1966, Herberg et al
1967, Jung 1964, Monmer and Rozier 1967, Regan 1967, Sanders and Lishe 1967)
Some of these studies suggest that the visual messages to the bran are processed mto
three “contrast* systems for red green, blue yellow, and for blach-white, according
10 the classtcal Hering (1895) opponent-colour theory (Mac Nichol and Svaetichin
1958, De Valais et al 1958, 1962, Hubel and Wiesel 1960, Viesel and Hubel 1966)
Regarding the armnal of colour messages to the visual cortex, Ingvar (1959}, Len-
nox (1962), and Wiesel and Hubel (1966), amongst others, have shown that cortical
neurons or groups of neurons may exhibit both narrow spectral sensitinity peabs and
opponent colour charactensstics Many of the studies mentioned especially those un
dertaken 1n mamn, are, however, rather mcomplete and do not gne a systematic m
formation abeut the spectral charactenstics of colour messages to the visual centres
of the bram

As pomted out by one of us (Ingvar 1939}, the study of evoked potenuals 1 the
visual cartex appears to offer specific advant: for a ‘remote’ of retmal
messages on the wide visual fields Thus, on ddffuse llummaton, a small electrode
recording from the visual cortex may pick up a differentiated message from only a
small group of retinal receptors Thus, details may be revealed which are not seen m
the mass responses (electroretinogram ete ) from primary visual pathwass

In the present study n normal human subjects, we have used high intensity mono-
chromatic flashes, calibrated to hase an equal energy Visual evoked responses to
the flashes were recorded from the occipttal region and their latencies amphitudes
and form were correlated with the wavelengths used It will be shown that distinct
differences 1n the parameters studied werc found when different colours were used
Furthermore, these differences showed certain systemanc changes which indicated
the presence of sensitiity peaks withmn the spectrum

Mater:als and methods

16 mm o v I

During the colour symulation the subjeet was seated on a straight chair with the chin and
forehead resting on a comentional ophtalmalogical support The nght pupr] was mauimally
dilated by CyelogyI® and 1n front of it at a distance of 3—+ cm, a thin milk glass was placed
covenng a crcular window 1n which the monochromatic flashes appeared The diameter of
the window was 4 cm The subjects were asked 10 Jook straight thead mto the window and
before each senes of flashes a remmnder to keep the caze in the desired direction was guven

The mfluence of rennal ad way no teated Fre subjects were
however studied 1n darkness following a period of dark adaptation for 20 min The remander
were studied at two dilferent levels of background ltumunation a higher and a lower one
The cortical re<ponses were not appreciably mfluenced by such vanations i the backeround
tlumination They were found fo be much more dependent upon the itenaity of the {lashes

The stimulus In Fig | a <chemitic drawing is soen of the optical equipment A high n
tenaty Nenon lamp rOsram “\BQ 162) was emploved It has an approamately linear spectral
ermssion within tle range 400—700 mu It was housed 1n a ventidated solid metal hox)('l’}xs_..
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Fig 1 Diagram of the optical system
1/ High meensity \enon limp

Condensor with lenses 3/ Small hole
with a diameter of 2 mm 4/ Condensor
lenses 3/ Heat hiter 6/ Neutral
filters 7/ Shutter 8/ Neutral wedee
filter 9/ Set of 15 interference filters
mounted on a circular plate 10/ Mtk
alass 11/ \etal sheld with window
12/ Head support for the subject

Jtght from the lamp was condensed by quarz lenses which had an equal spectral ibsory tion
within the part of the spectrum used In the optical asis there followed a heat filter (Balzers
Lichtenstemn( with 2 very sharp cut off at wavelengths above 700 mu a holder with a set of
neutral filters ( Amenican Optical Co ) with densities of 03 06 09 and 12 log umts 1 con
ventional camera shutter (Lewtz Germany) for 500 ms (lashes of the hight beam a wedge of
neutral glass covenng 2 log unrts for adaptation of the coloured flashes to an equal energy
In some studies an estra neutral filter was used which only let through 27 per cent of the
heht beam (expressed in thermoelement units as explained below )
The interference filters These liters (Balzers 1ichtenstein) had their narvow transmission
eaks at the following wavclengths 414 433 453 475, 491, 514 533 551 576 595 615
1 658 675 and 691 mu The peaks as well as the spectral transmyssion curves for all filters
dre measured 1 a spectrophotorneter These curves showed for all filters that the transmus
* on peaks had a width of only 15--19 myu at a transmussion half of that at the peaks enen

ibove

Finally there was a 2 mm tluck milk glass 1n front of the opeming facing the gl t eve of
the subject Its spectral absorption was approumately ltnear over the range of wasvelengits
used The flashes were presented randomly with average intervals of about 1 sec

Calibration The monochromatic hght flashes were cahbrated to equal energy by placing a
sacuum thermoelement (System Haase) at the end  of the aptic system 1n the postion of the
subjects eye Dunng the calibration the shutter was opened and the mulk glass was taken
away The monochromatic light beam was then focuzed onto the small senstne surface of the
thermoelement by means of a positive lens The porential generated by the thermoelement was
recorded by means of a senstine voltmeter (Hewlett Packard mucrovoltammeter type 427 \)
Three enerey calibrations were made before the beginming of the study and one after In the
last one it was found that the use of the lamp (durting 73 hys) had diminished the ntens ¢
by 26 per cent at 414 by 20 per cent at 433 by 1565 per cent at 453 by 9 per cent at 479
axd by T 5 per sros o1 400my The other wastlrngths shoved smsepvnes drnpeal wath 1) ose
a1 the beginning of the study which altogether lasted about two months

In 2ll the subjects the separate wavelengths were used  random order moiding nereh
bouring colours i the spectral range In two subjects howeser the wavelengths were weed in
a sequence from the blue to the red end of the spectrum

Retordwng techmique Rautine metal TEG clectrodes mounted with bentomte piste and
adbessve tape were used i the placements Oy and Py according to the 10~20 system (Juspee

1958) Thev were connected 1o the 1nput of a preamphfier (Iektromx |

22) in such 2 way

that the relatne negativny of the oceipital electrode resulted s an upward deflection on |§e
record  For further amplification the amplifiers of a dual team oscilloscope {Tektromy 502}
were used The sweep was trggered by a anall contact connected 1o the sbutier The e
amphfiers were used with a setting of the low and high frequencs cutoff at 8 and 50 cpr

respectineh
“The ssgmals

\nemotron C

stmulus were avera

from the sermal plates of the oscllowcope were fed o the input nl'a
AT 1000 Lhe sgrals dunng the first 500 ms followitg tle anset of the fiaf t
ged 50 o 100 responses were usually recorded and

4 averaged i cach
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Fig 2 Diagram of the averaged normal human
response in the ocapital region evoked by
monochromatic  stimulation with a coloured
flash Electrodes in placements O, and P,
according to the 10—20 system The negatinity
of the electrode O; resulted 1n an upward
deflection of the record The middle positve
part of the response often showed varying
smaller deflections supenmposed on the larger
positne wate, °

)
200ms

series and for each wavclength The averaged responses were written on a X-1 plotter (Mosley
recorder, Model 2D2) with a time scale of 1 msfem and an amphtade <cale of 1—2

em

Since the amplitude and other characteristics of esoked responses are known to vary with
the level of wakefulness of the subject a control EEG was recorded (Grass EEG mactune I\
B) im all subjects from the same occipital electrodes (Or—Py)} The EEG was monitored during
the whole stmulation period and, 1n a few nstances, when signs of drowsmess were seen, the
subjects were aroused verbally

Results

1 General charactenstics of the responses
In all but a neghgble number of nstances, all the senes of monochromatc flashes
in all the subjects, gave nise to clear-cut average evoked potentials In spite of the
gross stimulauon techmque and the varyng light adaption conditions svery distinct
general sumularitics between the responses recorded and the “classical” visual evoked
response to white light (Ciganek 1961 a, b) could be recogmzed Thus as seen 1n
Fig 2, all of the components I to VII {Ciganek 1961 a, b Gastaut et al 1967)
could be 1denttfied 1n the average cunves The negatne peah 11T was always fol-
lowed by a pronounced positne deflection (IV—VI) which consisted ether of a
smooth single positive wave, or a positine wave with vanous superimposed smaller
wives (Vand V a) This positne complex was always followed by a negative wave
VI Baves 8 1, and N appeaced rather excaptionally we & cdezrocat forme

In the following analysis peaks I IV V V a, V1, and VII were especially
taken into constderation
2 Latency of the responses related to wavelength
Two distnct latency patterns were observed of the evohed responses as a function
of wavelength one pertatning to low and the other to higher mtensiues of stmula-
tion

The lou sntensity latency pattern had the following characteristics At equal energy
of the sumuli the latency was frund to be shortest 1n the muddle range of the spec-
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Fig 3 Latency of th a eraged tuual cortical sesponse to monochrometic flashes related to
aatelength of the stimulus Three different subjects three different sumulus sntenuty levele
o™an nurerals ipdicate response components measured (Fiz 2) In some cases the latency
was meacared from two different averaeed responces and their mean was used an the cune.
Dathed lires mdicate Jack of cleareut reeponse component Dashed hines with arrows at the
neht erd of «wime cunes denote prebable trend of the cune 10 caws where tle reponv at
654 ru was ama'l ard difficult to measure Note that the longest latencies were found at the
maest tenunt loel Subject 10 2 the shonest—and colour inwnutne—Jatencies were
~d at the hughest intensn Jmel Subgect 14 ¢ Subject 15 (b sepresents an srtem ~diate
Y, = a0 mtermedae ntensity leael

trum 1n the 514—376 mu range  whereas the latency was onh about half of that
i the blue and perhaps only one quarter 1n the red end (Fiz 3 a+ This latencs
vanaton was found m all components of the enrtical response

The Ligh ntensity latency pattern on the eontran was in 1ts most prono nred
form characterized by a lact of vanation with wavelength Jt was seen when the
flashes were myven without the use of neutral filters (Fig 3 ¢ In many cavs with
maderate lizht 1 mitermedtate patterns were seen an which there
was ueually lunzer latencies i the red end of the spretrum and about equal laten
aes i the blue erd Fiz 3b  In general the two mam latency patterns could al
wass be idenufied but occ: Ih other sup poced patterns within parts of tte
«pectrum were seen. Thee were not numerous and they were not imesuzated W3-
temmaticalls

3 Amghtadr of the resporses related to ua. elength

It 1s well known that the amplitude of corucal evoled potentials sares conuderat h
fef Jonkman 1067: This vanmanon s for unknswn reawns more pronounerd 10
«wme subjects than n others For the present prak 10 peak amplitude measwurerientt
1t was often recesan 10 use different components of the response even in the wme
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e Bsubects
7 Amgl tude o—o 12 seected subects
w00

PEPOE N A S ST S S |

4o &5) 49 5B 5B 65 658 694
433475 W I 593 631 675 mu

. L i "

%09 %00 €00 0

vert cal [ nes see text)

{Stat st cal siemif cances of some pos tne nezatne peak d flerences 1n the cune of all the 16
subjects (t test)

414113 mp p<DO?
475491 mp p<025 475533 mu p<0 0>
491 514 ma p<025

595615 myu p<0 75 for 12 subjects p<0 10
615—631 my p<0 002
615—69+ mu p<0 001)

sabpect soce aot all componenn could de ademtnfrod for 2 coloars ar all subjeces
The amplitude most often measured was the IV—VII peah to peak distance (10
cases) The others were V1—\ 11 and 111—IV each in two cases and \ —\1 and
III—IV each in one case

In Fig 4 an average cunve 1s seen for all subjects showmg the spectral amplitude
samations Individual curves were scaled ¢ gether with the 100 per cent value placed
at the warelength at which maximat amplitude was recorded The vaniatons at each
wavelength hase been indicated 1 the SD of the respective percentual salue (dot
ted hinesj It 1s obvious that there « ere as expected ery large vanations and that a
d stinct pattern ¢ onhy vagucly be recsgmized 1n the diagram However there were
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Fie > Tun types of amplitudel/uarelength curses ploticd from occipital vesponse to equal
crergy monochromatic flashes Amphitude scale as in Fig 3 In each subject two different prol
10 peak amplitudes were measured. Roman numerals indicate components measured "
dached lines conneet values obtamned from responses which were diffscult to meavwre In sul jeer
10 a a lower mtenan leel way used than in subject & (b)

ther sugeestive peaks at 4$53~~475 at 551, and at 615 myr There was also 3 smaller
ak at 514 and a questonable one at 675 my

An mter wareleneth uemificance analysis of the cunve of Fig 4 gave the following result
The prak at 331 ma was stausticath «agmilicant at the 1 prr cent and thr 5 per cent level
when compared with the adjoming waseleneths The nsing slope of the pesk at 453 475 ms
was dlearls sicnificant at the £ per cent level Concernmg s descending slope the difference
was signsficant at the 5 per cent fevel In this connection and taking the sigmificances of o f
ferences 491 —114—333 mu sec text of Fiz 4 into conuderation the significance of the
peak a1 514 mu appears 1o be bighls dubsous Finally the peac at 615 ma was highl uenife
camt 2t the {1 2 per cent level when compared with the 63] mgu values The other 1 ne slope
was not ugnufiant for the averaze of all 16 subjects but the same difference 1595 613 mu
for 12 selected subjects showed a slight ssemficance 51 the 10 per cent level The wmall peak
a1 675 my was ot ngnificant

1t was antempted to wdenufy a Jow and a high mtensity amplitude pattern as for
latency  cee shene  However such patterns were never encountered as drstincth 3¢
for the latencies Onlv a few of the subjects showed pattemns which supzested tho
mamn tvpes Fig 2 The int possibly a low tntenstty emphtude pattesn (Fiz 12
was characterized by higher amplitudes m the muddle part of the spectrum and Lwer
in the blue and espectalls 1n the red end Supenmposed upon this cune v nous
smaller peaks were sometnes recorded which humever often comncided with the
peaks of the averaze amplitude diagram in Fig 4 In the high intensity amphitude
pattern wsualls o ven comples amplitude/wavelength rel hip was ohsened
uelding curves with vanable praks which however often showed preferental rpres
tral placements of the same tpe as seen 0 the average cune (Fie 4 Such Jn

example s gnenan Fig > b
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TYPEd TYPED
Subject 16 Subect 24

Fiz 6 Form of cortrcal response 1o ¢y - |
monochromatic  flashes  related 1o
uarrlength In type 1 the form of the
response was usiform throughout the
spectrum__ but the amplitude vaned
In type 11 specific forms for different
{ %)

wavelengths weie recorded The stabil
ity of the specaific forms 1s shown 1n
the superposiion of several averaged
responses obtamed at rregular inter
vals dunng the study in subgect 24
The whole recurding period i this
case fasted 145 munutes At 694 mg 7
averseed  responses  were  recorded
;::};1‘:1.}‘ ali showed a stnhingly 1dentical T B % e CREIE

9.

4+ Form of the responses related to wavelength

It 15 not possible to gine a full account of all the different forms of responses en
countered since the separate components vaned so much 1n general however there
were o extreme cases Group 1 {Fig 6 a) showed a stikingly similr and stable
form but varying amplitudes of the separate components at the different ware
lengths In this group the most defumte three peahed amplitude cunves (according
to Fig 4 and 3 b) were seen Group Il (Fig 6 b) showed distinctly different forms
of the responses which appeared specific to wavelength In this group the form
changed so much that a uniform amphtude mezsurement based upon the 1denucal
components m all colours could not be carmed out Fig 6 shows typical responses

perturung to Group 1 and 11 from two subjects at wavelengths 433 531 631 and
694 mp
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Discussion

The mam objectne of this study was to establsh whether evohed potentials from the
wvisual cortex 1 man show any charactenstics at all which can be related to the
wavelength of a flash stumulus Previous studies of this problem have yielded contra
dictors or even negatne results {Monner 1963, Monnter et al 196 Alpien 1962
Shipley ¢z al 1965 Stegfried et a! 1965, Monmier and Roner 1967, Regan 1967
Sanders and Lishe 1967) Any study of visual evohed responses 1n man cven when
using an averaging techmque 1s hampered by the fact that such responses vary ex
tensively due to factors which cannot at all or only to a hmuted extent, be controlled
Ameng these factors are the pre retinal absorptior of the eye media the direction
of the gaze vanavons in hight adap Iy of the visual cortex
1 relanon to the recording points extracramally Furthermore the responses vary
with the background EEG i general and interfere with the alpha actnity in par
trcular This interference may also change mn the same subject during 1 longlasting
study due to habituation to the experimental situation slight vanations 1n awareness
attention emotional state erc In view of this impressive st 1t 1s surpnising that an
systemane changes of the responses with wavelength were obtamed at all However
the findings were hmited and only a few cormments seem warranted on how the
results relate to present knowledge on colour viston

The first concluston 1s that the cortical response to monochromatic ight did not
show ans essential new components 1n addiion to those hnown since long pertaining
1o the response 1o white ight (Cigane! 1961 1 b) The changes with wavelength
apperred s quantitative yanations—especialls as to amplitude—of the same com
ponents which in therr turn under certain not fully understood conditions m3y
create responses with a speaific form for different colours (Fig 6 b) The posabihty
that uch responses represent messages from cone nich foveal parts of the retina
which use the <arme pathways and therefore express specific coding for separate
colours would ment further study

The next result which appears clear cut was the finding that there were the
latenes warelength patterns The low ntensity pattern with a rounded peih n the
mddle range of the spectrum suggests 1s dependence on a scotopic rhodopsin
related mechamsm At high intensity levels another possibly photopie mechinsm

HS PYESOT ¥ d a2 Jand Wy <l way she bagh aoteosih
monochromatic messages arnvang with practically sdenucal latency for all wave
lengths At this intensity level other response char. such as amphtude and/

or form appeared to carny the information about the colour Concerning amphitude
1t has been emphasized above that the sanability of the responses sets definte Trmuts
for conclusions to be drawn Thus no definite low and high intensity patteens 1€
1 scotopic and photopic  pattern were idennified

The mean spectral sensitnity cunve (Fig 4) should be accepted with restrvation
due to the numerous factors which might hne influenced it Howeser there wer®
general ssmilanoes between the sensitisiny peaks found in st and simitar poabs found
1 other studies Mae Nichol 11964 identified photopigments in the goldfish retina
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with a maumal absorption at 455, 530, and at 625 mpu Furthermore, Gramst (1945,
1948) showed the presence of * modulators” with maximal sensivity at H0-—160
myr, at 020—530 mu and at 580—600 me Finally, Ingvar (1959) demonstrated
spectral sensitinity peaks 1n the cat by means of a techmuque sunilar to that used here,
also at 450—470 550 and 610 my for huigh intensity monochromatic flashes It
therefore does sniot seem unlikely that the spectral sensitivity peaks obsenved 1n the
present study 1n the blue green and red, may be related to a tnchromaue colour
discimmating mechanism 1n normal man

The present stud) has clearly shown that 1t 1s not yet possible to define the 1deal
e c for of to h hght in the
sisual cortex m man Apparently, the criteria studled here, latency, amplitude, and
formt of averaged evohed respause, do not suffice for a sensine analysis 1t 1s maiah
the form sometimes highly correlated. to wavelength (Shipley e al 1960, Sanders
and Liske 1967) which escapes an exact and objective descnption and measure
ment Other methods including computer techmques will probably have to be used

to 1ncrease the resolution of the evoked potential analyss i the study of colour
vision

ha v Swedish Med cal Research Council {contracts
. andation Stockholm and from AB Akerlund
- alyser was Lindly pla ed at our disposal by
gave valuable assistance with the electronic
work

In a re ent study of the visually evoked occipitoaram in man Shiplev et al (Vision Res 1968
8 409-431) have shown that the warelorm of occipital sesponses to 16 different seeps within
the visible spectrum vared & b 2 elan~ b Th

techmque snstead of energy

that Shipley ef ol were ab! -
absence of this coding 1n oth

and group 2 of the present study
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Abstract

Norpstrost S and E Zetrrerouist Effects of epsilon aminocaproic aaid (E4CA)
and Trasylol on thromboplastin-induced intratascular coagulation, studied n
dogs with wdine labefled fibrnogen Acta physiol scand 1969 76 93—105

The elmnation of sodine labelled fibrinogen was followed 1n 3 groups of dogs after 1 thrombo-
plastin infusion 2 simultaneous mfusions epsiton acd
(EACA), and 3 smultancous mfusions of thromboplasn and Trasylol Platelet count
fibnnogen concentration radioactivity an plasma and 1n fibrinogen as well as hematocnt were

determined Thromboplastin caused changes of the same type as those previously obtaimed with
thrombin the d t of a fibrinat

Process, secondary to intravascular
Thi ndary changes were eff 1y blocked by with EACA and
‘Trasvie! The incidence of and mortality 1n suggest some effect
of Trasylol The anufibrinolytic activity of Trasylol 1s much stronger than the anticoagulant
one EACA too seems to give some against th nduced

In previous investigations (Kowabhi et al 1963, Nordstrom and Zetterquist 1968)
on the ebmnation of 1odine-labelled fibrinogen after thrombin infusion 1n dogs, 1t
was shown that an mtal fall 1n radicactiats in both plasma and in thrombm
coagulable fibrinogen was followed by an increase in plasma radwactvitn This m-
crease was presumed to reflect a fibninolytic process, secondary to the thrombmn
induced ntravascular coagulauon This hypothess was supported by the findings
(Nordstrom and Zetterquist 1968) that the secondary plasma radiactaty increase
could be prevented by treatment with the antfibrninolyuic drugs Trasylol and epsilon
ammocaproic acd (EACA)
h

\s expected the coagulation promoting effects of
d by the d drugs Ind d

were not infl

P Amns
(1904) and Blomback, Blombach and Olsson (1963} found the effect of Trasylol tn

«itro 10 be directed not agamnst thrombin but against an eather phase of coagula-

* Present address Thoracic Clinic Remonssjukhucet
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tion According to Blombick, Blombich and Olsson Trasylol inhibits one or several
of the coagulation reactions preceding the factor Veimoled step

The present 1 estigation was made 1 order to study the in 2110 effect of Tranlol
and EACA on thrombopl induced ular coagul by means of idine-
labelled fibrinogen. A preltminary report of this work has been gnen (Nordstrom
and Zettergvist 1967)

Material
Fibrinagen
Do . . e ' . . ..
5o . . . '
(10 . . . . - .
e "y . . .. -

used

¥ labelled dog fibrinogen was prepared esentialls according to McFarlane (19)5) a¢
described for human 1331 fibrnogen (Blombick ¢f of 1966) Op one occasion, fibnnezen was
labelled with **[ using the monochlonide method of McFarlane (1953) The coagulatility of
the preparation before and after labelling was on the averaze %G (range B8—Y¢ and 93
{range 87—92 per cent, respectnely The radoactiaty 1n fbnn m per cent of that
fibrinozen was as a mean 83 (range 80-—92) per cent The labelling was on the average 06
(range 02 —1 0) atoms of sodine per mole of fil The sodinated fib was stored
ar ~30 C for 2—14 davs

Other substances
Fpalon apunocaprore acd {EACA 01 r/ml) was the commercial product Epukapron® of
KRARB! Stockholm
Traniol® 3 kallkrein mhitwtor prepared from bovine lune contairng 20000 RJU
tkallikre:n inhibitor umits  per ml was supplied by Bayer Farma AB Stockholm.
)Dng bramn thromboplastin was prepared esentually according to Owren /1439 Four
ror boplastin. preparations were used i the expersments. The actinaty of each batch was
calculsted by companng the dilution curse obtamed bn ploting log coarulation time aga nt
log concentration with a reference curse as used by Astrup 11965 The actan of each
preparation was cxpresed 1n atbitrars unsts per m) One umit was defined as the amount of
thromboplastin producing a cloting time of 185 sec with dog plasma assayed iy the ore
stage proth Gme 10 Quick d )

Methods
Fibrinogen concentra ion fibrmslytic gttty radwactt #y e basse half lfe of the i jreted
labelled Dibmnoven glateler count and hematucnt were determuned as described elewtere
Nordstrom and Zetterqist 1963

Esperrmen.ad procrdure
25 mongrel dozs werhung & 17 kg were anjected av with the odinated fibninogen n doves
grving an mmal radioactinaty of 405 £/ [0 %C per mf piasma The dogy were msen po=
tasyum 1odide one 0 >g wblet dailv from 2 3 davs before the nprction On the otb ot G:II
dav after myection of the Labelled protemn the dom were anesthetized by 3+ amjection ¢f 3 6 ¢
pentobartatal sodium wlution After 172 tr 33 to 10 m' of 2 thromboplastin suspens o were
oven through a pohetinlene catheter into a central sem dunng 10 o 21 wee

The dows were treated as follows

Groap I 8 doss were gnen thrombnglasun alone 1 doses of 13 1o 12+ mean #

+ kebw

u:uéw;:'; 1] 6 domy were gnen thromboplasun in dows of 16 79 mrean 39 arh a1 b prr
Llebw and EACA 10 doss of 02 to 02 g per kg bw Half of the FACA dow was gnen 41‘:
sing'e 1ngection, mmmediately followed by the otter half admmmtered av 2 dup anfuner |
Fun. The thromboplastia anjertion was guven 15 mun after the it hall of the EACA dow

Geonp 111 11 ors were erven thromboplattin m dows of 13 4n 72 arh_umits mrar 45
per kg bw and Trassel n denrs of 10000 1o 100000 KIL per kg bw The Trand
‘was adusustered 1 the same wav as the EACA 1 gvouyp n

b
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Results

In a previous senes of dogs, the effects of thrombin on **'I-labelled fibrinogen were
studied (Nordstrom and Zetterquist 1968) The general findings mn that studs are
also valid 1n the present ivestigation Thus, the difference between the radioactivity
of plasma and of thrombin coagulable fibrinogen, present already before the thrombo-
plastin injection, 15 explaned by the lower speafic actvaty of fibnn than of fibrino-
gen in the labelled preparation This difference depends partly on the amount of
radioactnaty {7—8 per cent of the total label) incorporated m the fibnnopeptide B
which 15 spht off from the fibnnogen molecule duning coagulation (Nordstrom et al
1966, Blomback and Zetterquist 1968) Denaturation by overiodination and labelled
1mpuntes 1 the preparation might also have contnbuted Normal values for the
basic half life of *¥'[-fibnnogen 1n plasma and 1n coagulated fibrinogen were 20 and
19 days, respectively, and for plasma fibrinolytic activity 1n dogs 89 7 pg per mi/hr
{sd 196) Although anesthessa and saline infusion caused some changes in the
radioactivity cunes, they did not markedls influence the overall results of this studs

Group I Thromboplastin injection

Fxg 1 shows the radicactivity curves obtained 1n one dog gnven a large dose of

1 diatel

after thrombopl. njection, there was an ncreased
rate of dxsappcarance of radiacuvity m plasma and m thrombin coagulable fibrino-
gen Already 1n the sample taken 15 min after injection, the cunves for whole plasma
and fibnnogen had started to diverge The radicactivity of plasma increased and
reached a maximum 1 hr after tnjection In contrast to the plasma radioactnaty that
of the thromb lable fib: d low The decrease 1n fibnnogen
concentration parallelled the decrease 1n coagulable fibrinogen radioactvin There
was also a rapid fall in the platelet coun*

The changes 1n the other dogs 1n this group were of the same tvpe although with

h

bopt doses the salue for the plasma radicactnan

scemed 1o be reached earlier
In Table I the mean values for fibninogen non clottable Iabelled fibrinogen prod

ucts (NCFP) and fibninolytic actity are gien for the 5 dogs which suruved +
hrs

The fibnnolvtic acusaty sn plasma was not elevated before the thromboplasun 1n-
Jection Thereatter there was an increased actnity with a maximum at 15 min but
normalization within 2 hrs

Based on the pre mfusion specific actvity of the fibrinogen radicactniny, the
secondary plasma rad 1ty nce non-clottable labelled fibrino-
gen products (NCFP)—can be calculated s equnak‘m amounts of {ibnnogen Thar=

e L K
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Tarer 1 Effcts of thromboplana gty m

Mean a2l
Sumber Thromboplastn Control Time after thromboplan i yretiom
o 2tb untspr (befre tn
g ansmih)
tgbw kgbw LR TR | 2 i 5
ard s
Fitmoozen 3 023 42 036 629 029 026 028 028 [0%]
® 109 11 2 013 20 04 0I5 G135 oI4 O15 013 017
afls 019 34 042 023 023 021 023 023 [024)
2T pom- 3 23 42 0 D103 0150 0150 0137 0135 [0U14]
dertatis fbnnngen (, 153 (73 wh) () (44
products (NCFP, z 013 20 [} 0070 0129 0154 0142 €105 007
£ 100 v, 24 (32) (50, (47) (36) (26
m o fhnne aDu 019 34 0 00%) 0143 0131 9127 0111 [00F]
£ s 19 1, ©z (o0 G (4
Fitnin s 3 07z $2 43 293 1€} 160 2, 101 (]
2etmans gz #3 Br 2 o013 20 3% 122 {198) 0 43 2. M
pH 39 s 019 34 39 228 (1g7] 124 3 70 [57]

Vaties 1 { ] o o2 sam ple msing

1"',3, deme 2y prevscuth deseribed for fibnnozen detradation products (Nordusort
40d Zrtterqazet 1968 At the ume of the “peak™ the amount of NCFP ranzed from
33 10 100 prr cent of the fibrinogen detrease

Of the & dozs 6 di~d within 20 hre Of thewr 2 were given a large dow of thrombo-
plat o 2nd dwed ummrdately the other 4 died brtwern 2 and 20 hrs alter the iyt
wm At avtogm 3 of the 6 dozs which died dunnz the expenimental das showed
weetudirz thromborrboh i the neht vide of the hrant and 1he pulmonan ertene
OFf th» 2 dors sunnanz the axprnment znd klled after one week ons had srall
thror rrmiy A wherear in the ochier none oould be detected.

Groap If Thrombople *n myectior n EAC {-treated dogy
Thr dorrs of EACA rapoed from 02 10 08 kz bw The radimacumins cunes v talh
hewed bt the same slop 28 0 the dozs gnen thromboplasun onh Thereafter 12
the 2 @y misnen the laspt deme of EACA 08 g onh a weak srcondan amrreae
eccurred 17 the plaoma radysactnars. Fiz ¢ wheress m the other 3 the cune 129
1s follomed the saxw soune o thow i G thromboplasun gresp

The fimirrnen conceatain chanzed ytall 17 rouzhhy the s2me way o with
trroeteplastn alme Tab’e IV The decrezes an platelet count was v nrwhat
salier

Resulss 1 1 = 5 dos which survaved § b are prevmted an Tab's Hin.cm
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1 thramboptas i At umtsteg b
S EACA 089/4g bw

Fadwact vty 100 =y o o plaim
thgbw % of pre ot on
1 1h ompsplastn 4sun tsikg otore ot ae |- o =1 brogen

Fadwaciv y 1004 »=, o = plasma
% of prentys o i o = {br cagen
Pasmavave gy I o

aamar e

I

k) o
Forsogen 0404 v
1 o/ 100mt
Fb nogen aiy o an
er100m A
a2 5 °
e Piatetets 600 e
° 10 3me® N
Paeas woq *n 0 1
10 Y Y 4
20 ‘r/“\ﬂ 200 —
[ ]
S e AL I —rr—r—r—r—
o 1 2 3 s s ¢ 1 2 3 & 5 ¢
Haurs Hours
Fig 1 Fig 2

Fig 1 Injection of thromboplasts 5 days after 1 v 1njection of 3] fibrinogen in dog no 595
Plasma radioactiy sty before experiment 6 0 10 2 uC/m! Plasma and fibninogen radhoactmity,
fibrinogen concentration and platelet count *

Fig 2 Inje tion of thromboplastin during wfusion of a large dose of EACA m dog no 567
Plasma radioactnsty before experment 52 10 3 4Clml

1t which fib lysis was de d, no signift wcreased actinity was demon.
strated durtng EACA The for calculated NCFP in the doge
treated with large doses of EACA appeared 2 to 4 hrs after thromboplastin mycchion
and was estmated at 8 and 33 per cent, respectively, of the fibrinogen decrease

The 2 dogs gnen the largest EACA dose died from occluding thromboembol
within 1 and 4 days Of the 4 sunviving dogs killed after one week, 3 had small to
?xodcratc thromboembol: 1n the nght entricle, whereas 1n one pn embo'

ound

t were

Group 11] Thromboplastin myection in Trasylol treated dogs

Trasylol was gnen before and after the thromboplastin myection 1n doxes from 10 000
10 100 000 umits per kg bw The radioactivity curves mitally ran a4 11 the thrombo-
plastin group In the dogs given a medium dose (50,000 umits), the plasma radioac
ity increase was delayed (Fig 3} and in those given a smaj 4
peared at the same tune as in the thromboplasen group In the dogs gnen the
largest dose of Trasylol the plasma radioactsity increased somewhat from 4 he
onwards but no peak was noted {Fig 4) The ) drop sn fibrnoger <
centration after thromboplastin injection was shightly smaller than in the othet € -
(Table 1V 1 The platelet count fell to the same leyef g, EACA treated &

ose, 2 peak  ap-

-

749301 Aca gt sand Vol 76 1"m
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Taste IT Effects of intrasenous injections of EACA and thromboplastin

\Mean values

“Sum  EACA Thrombo-  Control Time after thromboplasun injection
berof gkg plasinarb  (before hrs
dogs b w umtsper  anesth)

Yo My 1 2 4 6

kgbw kgbw
andsec

Fibrinogen 3 02 022 36 044 028 026 025 025 029 (024]
g/100 m} 2 08 014 26 047 018 015 012 00 00> 003

all5 D4 013 32 045 024 022 020 017 0% (015)
Labelled non 3 02 022 36 0 Q031 0067 010> Q0% D04 (00.9)
clottable fibrino- ©  (22) (37) (69) (60) (27)
gen products 2 08 014 26 [ [ 0003 0018 0071 009 0085
(\CFP) g 100 ml © (@ (13 (5 (15 (200 (A}
w() ol alls 04 019 32 [ 0012 0042 0070 0085 0065 {0073]
fbrinogen Joss {0) 9 {18} @27) (30) 2%

Fibnnolyuc

acuuty pg/mlhr 2 02 013 27 119 53 73 41 [102) {109] 21
pH 59

alues i [ ] means onc sample muing

!

One dog gnen 50 000 units of Trasylol had before the expenment a high fibnno-
gen concentraton (068 g/100 ml) and also hugh fibninolyuic activity (474 pg per
mi/hr} in the arculaung blood Despite a fairh large thromboplastin dose there »2s
na decrease 1n the fibnnogen concentration and a moderate fall 1 the platelet count
of 35—40 per cent In this dog the fibrinolvtic actnaty decreased but did not dis-
appear completely

Increased fibnnohtic activity was found 2 to 6 hrs after thromhoplastin injection
1n one dog gnen 10000 KIL and at 6 hrs 10 one dog ginen 100000 KL Tran-
lo! per kg bw The maximum for NCFP appeared suceessnedy later with nung
Trasylol doses In the dogs ginen 100 000 units of Trasylol the highest amounts of
NCFP (14 and 5% per cent respectvels of the fibninogen decrease  were poted as
Jate as 6 hrs after the thromboplastin anjecuon ( Fable 111

Of the 11 dogs i thy group 3 died immediately after the thromboplastun injrc-
tion. Another 3 dogs died wathin the first 20 hrs Five of these dogs had masine
thrombormboli 1 the nght ade of the heart and pulmonary artenes lutopey was
not performed 1n one dog The 5 sunvning dogs were killed one week after th- ex
periment One of them had small thromboembol 1n the tacuspid salse the other
showed no signs of thrombr
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Taste 111 Effects of intrasenous tnjections of Trasylol and thromboplastin
Mean values
Aum- Trasylol Thramho-  Control Time 2fter thromboplastin anjection
ber of KIU/kg plastn atb  (before hrs
dogs b w umtsper  anesth)
Yooho1 2 4 6
kgb w
and  kgbw
sec
Fibnnogen 3 10,000 021 39 039 019 018 018 017 017 019
£/100 ml 2 100,000 013 25 043 029 025 023 025 025 026
alt5 46,000 018 34 040 023 021 020 020 020 022
Labetled non- 3 10,000 021 39 [ 0011 0029 004+ 0050 0033 0022
clottable fibrinogen © (6 (8 (26 @ (5 (1)
products (NCFP) 2 100,000 013 25 o 0010 0013 0013 0018 0036 0069
/100 ml © (10 (a1 (0 @0 (349
()% of all3 46,000 018 34 o 0011 0022 0,032 0037 0034 0041
fibrtnogen loss © @ g d4n (19 an Qo
Fibrinolytic 2 10,000 019 36 92 37 9 10 91 163 167
actwity pg/mlfhr 2 100,000 013 25 36 72 55 49 78 46 121
pH59 all4 55000 016 31 G+ 54 32 29 8% 104 144

1 thrompoptastn L3unis/g bw
FZ3 Travylol $0,000 Kili/ig bw

.

| o
R
\

Radoactvtv 10
% of preusion
plasma vaive g5

@
[
Fivn ey,
g/t .
oo
o
Patelets 400
m

Hours
Fig 3

L incombopssin L3um rersm
[ Trasylot 190,000 Kilifkg bow
Radiosctivty 100 1 ory

b -+ pasma
Fatma vatue 5y @ » tbeoogen

Fibanogen 040
PYE .s
om0 *
———— . .
Platelets 400
. bg—
7t
L I N
Hours
Fig 4

Fig 3 Injection of thromboplastn during infusion of a medium dose of Trarylol wm do
416 Plasma radioactivity before expersment $00x 103 (fml f Tranlol n dog o

Fiz 4 Injection of thromboplastin dunng mfusion of a larg
Platma radioactivity before experiment 7 7% 103 uCyml

e dose of Trasplol 1 dog no 410
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Taste IV Early effects (15 mn) of thromboplastin injection an dogs untreated (I} and pretreated
with EACA (11) and Trasylol (111)

Mean values in per cent of preiyection values

Group Number  Th Fib hib Platelet
of dogs arb umits per radio- conc count
activity
kb w kgb w
and sec
1 6 019 35 45 55 17
u 6 022 39 50 52 30
HI 8 021 39 63 62 32

Comparison bet.icen the groups
The mean values for the doses of thromboplastin i units per kg bw and sec were
031 1n group 1, 022 1n group 11, and 026 n group III Mean values for the total
amount of thromboplastin 1n arbitrary units per kgbw were 48 39 and 4 3, respee
el 1n the corresponding groups One dog 1n group I was gnen a very large dose
shich explains the higher mean 1alues in this group Two dogs gnen thromboplastin

ne and 3 Trasylol treated dogs died diately after th bopl. njection

The early effects of the thromboplastin mjections 1n those dogs which survived 15
mun are Mustrated 1n Table IV The decrease of fibrinogen radicactnaty and con
centration scemed to be smaller 1n the Trasylol group than n the other groups The
fall in platelet count was equaily mfluenced by EACA and Trasylol

For evaluation of the late effects a comparison was made between dogs survising
4 hrs In add:tion to those anumals which died within 4 hrs the following dogs were
excluded from the companson (Tables I—IIT and V)

Group 11 onc dog given 04 g EACA per kg bw  because samples could not be
obtained after 2 and 4 hrs

Group 11 two dogs gnen 50000 KIL Trasylol per kg bw  one because samples
could not be obtained after 4 hrs the other because of the fugh pre expenmental
fibnnolytic actn1ty 1n the arrculating blood as mentioned above

To obtan corresponding thromboplastin doses and equal numbers of dogs in the
three groups another dog—gven 50 000 KIU Trasylol per kg bw —was excluded
Ths dog 15 presented n Fig 3

The groups were thus reduced to 5 dogs 1n each The thromboplastin doses arc
comparable In Tables 1M1 fibrinogen concentration fibrinolytic actnaty and
\CFP are presented for each group

The caleulated amount of NCFP was hugher and the maamum was reached carlies
after large thromboplastn doses than after small {Table 1) With mcreaning d »ses of
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Tapre V Effects of thromboplastin injection in dogs untreated (I) and pretreated with EACA (IT)
and Trasylol (II1)

Mean values in per cent of prespjecuion values

Group Number  Time after thromboplastin
of njection
dogs brs
A 4
Fibrnogen I 3 43 40
radio- 1 5 54 37
activity y 3 50 40
Fibninogen 1 F 4 16
concentra n 5 5% 4+
ton nr 5 49 43
Platelet 1 5 15 48
count 1 5 31 2
ur 5 3 “

EACA and Trasylol the maximum of NCFP became successnely smaller and ap-
peared later

As can be secen in Table V, the intial decrease 1 fibninogen radioactnity and
platelet count was somewhat smaller 1n EACA and Trasylol treated dags than
those given thromboplastin alone Dunng the {ollowing 4 hrs, fibnnogen radicac.
tmity and concentration remained on the same level m group I but contmued to
fall 1n the other groups The platelets seemed to return faster in the untreated group

During the first 24 hrs, the mortality was 6 of 8 in group I 1 of 6 1n group I1,
and 6 of 11 mn group 111

Macroscopical thromboembol 1 the nght side of the heart and the pulmonary
artertes were found in 7 of 8 dogs 1 group I, n 5 of 6 in group I1, and 1n 6 of 10
group I1T

The hematocnt fell 1n groups I and III by 10—15 per cent dunng the first 1/2
hr In the EACA treated dogs howener, the hematocnt rose to a value about 20 per

cent above the smitial level All plasma values were therefore corrected for changes
n hematocrit

Discussion

Intravascular coagulation can be induced expenmentally in several ways Thrombin
or thromboplasun bas been used for this purpose by many mvestigators (Wooldndge
1886 Quick et af 1959 and others) In a previous study we tested the effects of

thrombin on the elimmation of fibninogen in dogs using 13'I fibrinogen as a xm.‘(cgk.
{Nordstrom and Zettergvist 1968)
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Thromboplastin compared to thrombin has the disadvantage of being more
cult to standirdize with respect to the coagulation promotng cffect Like Astrup
used a reference cune for companson between the activity of different thre
plisun preparations The reaction to the mjection also seems to be nfluence
mdiidual vanatons 1n the general condition and sensinvaty of the anunals (1
1967 Nordstrom unpublished data)

In general the effects obtained with thromboplastin scemed to be staular to ¢
produced by thrombi In dogs infused with thrombin duning 1 hr the imtial pl
radioactnaty decrease was followed by 1n merease with 3 maumurn 2 hes after
start of the infuston Although m the expeniments with thrombn, no sigmificantl
creased fibrinolytic actiaty could be demonstrated w the circulating blood  there
evidence that this subsequent plasma radioacinity increase could huve been ca
by a fibninolytie process probably induced secandanly to mtrnascular corgult
Thus 1s 1 accordance with the suggestions of Kowalskr ef al 1965

The thromboplastin doses were gnen within half 1+ minute and the maxu
reactions occurred earher and more dramatically than in the dogs grven thrombur
contrast 1o the findings 1n the thrombin expeniments an elevated fibrinoly tic 1ct
was recorded in the arculating blood Because of the shorter injection tme
hrombopl the ¢ 1 trauma w1s probably more ntense This mmght
explamn why a fibnnolytic process could be more intensely evoked and there
demonstrable 1 the arculating blood By treatment with fibnnolysis miubito

“TACA and Trasylol—it was possible in this imestigation as well to delay or alr
ubnt the secondary plasma radioactinity increase nd to prevent an wncreds
‘A}ji{)rmohuc activaty in the arculiting blood during the first hours This supports
Inpothesis that the secondary phismt radroactinity ncreace 1s caused by 1 fibrnol
process

Wath ancreasing doses of thromboplastin tugher fibrnolytic activity nd proj
tonally larger amounts of NCFP appered mn the circulation indicatng an mtn
relation between the intensity of the coagulation process and the fibrnoly tic respo
By using EACA nd Trasylol a correlation was obtamed between the dose of
annfibninoh tic drug and the effect on the induced fibrnolytic actrvaty With 08
EACA or 100000 KIU of Trasslol per kg bw admmistered intravenously witht
he a pronounced mhibition of the {tbrinolytic process was exerted for at lewst 4
The effect of 100000 RIU of Trasylol was greater than that of 02 g of EA!
which raphes that on 1 molar basis Trasvlol was much more effectne than E \(
This 1s 1n accordance with the obsenvations of Dubber of af (1968) who found
wmalar potency of Trsvol as an inkibitor of fibnnolysts 1 1n e atre stand
plasma clot Iysis s\stem ¢ be 1 000 umes that of EACA

It must be ponted out that the radioactinity cunes gnen an the hgures 151
as the other data calculited from the radioacunity ralues are snfluenced
methodological and experimental measures Thus the fibrinogen radio ety vil
do n fact represent the radioactivaty tn fibnin since the symples were mevu
after clatung Vhen dog fibrinagen 15 comverted to fiban around 11 per cent of
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total fibrinogen label 1s lost (Regoeczt and Walton 1967) and 7—38 per cent of the
Tatter has been found 1n the solated fibrinopeptide B (Blomback and Zettergvist
1968) Furthermore 1t has recently been demonstrated in dogs that mdwelling poly

ethylene catheters for 8 hrs may double the turnos er rate of 10dine Iabelled fibrinogen
{Zetterquist Carlson and Liljjedahl 1968) Loss of radioactvity by samphing will

also influence the of rad aty d and NCFP
The calculations are made without taking into account the basic decay the dif
ferent amounts of released fit peptide B and blood sampling Such corrections

will however tend to increase the quantities of NCFP by less than 10 per cent
rather than to decrease them It seems probable that the radioactivity changes fol
lowing coagulation mndwelhing catheters and blood samphing all have an mfluence
of about the same degree 1n all dogs We therefore behieve that 2 camparison between
the groups can be made without remard to these influences

As far as the hematocnt is concerned there was a tendency to decreasing salues
1n most of our expeniments on induced 1ntravascular coagulation (N\ordstrom un
published data \urds!mm and Zetterquist 1968) Ho\\e\er m EACA treated dogs
the hematoent diately after thromb This 35
accordince with the report of Cummings and Welter (1966) who found intra
venous adminitration of large amounts of aminocaproic acid to evoke a syndrome
resembling deshydremic shoch with decreased total penpheral resistance oedema
and h They d that the drug may have a divect effect on

the cardiovascular system 1n addition o a catecholarmine depleting action. Under
these o the duff n h

changes between the groups 1
probably due to differcnces 1 plasma volume A more correct companson between
the groups would therefore be obtained when based on values corrected for hemato-
cnt

It has been clarmed that Trasylol m 2170 nhilnts thromboplastin (Amns 196+
Blombach Blomback and Olsson 1964) In view of this statement, an evaluation
of the in 11 o effects of Trasvlol on the early changes after thromboplastin injection
seemed to be of interest When all the dogs survining 15 min were considered Trasy
lol seemed 10 mhubit the coagulation process to some degree (Table IV) However
in those dogs suriving 4 hrs (Table I—{1T and V } only small differences were ob
senved between the groups In EACA and Trasvlol treated dogs a shght retardation
of the thromboplastn effect seemed to occur

Wath respect 1 the effect of Trasvicl 1t has been shov n both 1n this imestgation
and earlier ones (Nordstrom Olsson and Blomback 1966 Mammen and Poucho
1966) that the incdence of and mortalty 1 th mn th
mnjected doos were lower 1f the ammab were pretreated with Trasslol In dogi m
fused with thrombn on the other hand the mortality was higher when the dogs
recened Trasslol (Nordstrom and Zetterqvist 1968 This 1s not surpnsing since
Trasylol 15 an effective antthbnnolyt ¢ drug and has no influence on the thrombin
ume [Amns 1964 Blomback Blomback and Ols an 1964 Godal and Theodor 1965
Anders on \ilsson and Hedner 1968) This difference between the mortality n the
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dogs grven thromboplastin-Trasylol and those gnen thrombin-Trasylo! points to some
antthromboplastin effect of Trasylol It does not, however, rule out the mechanism
sugyested by Mammen and Poucho, t¢, that the action of Trasylol 15 directed
agamst the final phase, causing an impaired cross linking of the polvmenzed fibnin
monomers Mammen and Poucho explained their results on the basis of disturbed
clot retraction and decreased fibnin stabilizing factor level (F XII1) in Tragylo!
treated dogs In t1o, Trasylol might have a dual effect on the coagulition process
EACA prolongs the thrombin time, and ths effect ss accentuated by the presence
of fibrinogen degradation products (Godal and Theodor 1965) Godal nd Helle
{1963) found that fibrinogen degradation products marhedly mhibit polymenzation
of fibrin As proposed by Abildgrard (1964), the prolonged thrombin tume 1s most
hkely due to impatred polymerization of fibrin Such an effect on the polymenzation
process of EACA might esplain the Jow mortality in dogs given EACA before ad
bopl. and However when very high doses of
EACA are given, fibnnolyss will also be blocked, and the clots formed—although
soft and not crosshnked—will sull not be lysed This might explam the dewh of
these 2 dogs gnen the largest EACA dose
The number of antmals in this 1y estigation 1s too small to permut defiute con
clusions about the i eizo effect of Trasylol The mortality 1 and incidence of
thromboembolism nevertheless suggest that 1t has some anticoagulant effect The
antifibnnolytic actinsty of Trasylol s much stronger than its anticorgulant one
~FACA also seems to give some p aganst thrombin- and th bopl
* ced coagulation probably by ympainng the polymerization of fibnn monomers

1on of th i3

\
This 1mestigation was supported by grants from the Swedish Medrcal Research Council (grant

" no k67 19N, 520 03) the Swedish National Assocsation against Heart and Chest Disease and
from Bayer Farma AB Stockholm

References
ArupGaarp U Accel of fibnn by acetate and other low molecular ons
Scand ] chn Lab Iniest 19634 16 521-528
Asms € ] Inh of fibrinol

and 1 actvity by Trasylol dbstr \th

Congr Int Sor Haemat 1964 G 72 (Scand ] Haemat 1966 3 19—32
Asversson L I M Mitssos and U Heoner Expenmental and chical studies on the antt
i a f effect of a kallikrein wnfubitor (Translol Seand

nd
J Urol Mephrol 1968 I 1118
AstreP T Assay and cantent of tissue thromboplastin w defferent organs Thrombos Diathes
haemorrh (Stuttgart) 1965 16 401316
Bromsicx B and M Bromasck Purtfication of humsn and bovine fibnnogen frhre Aemi
1956 10 $15—443
Browsicx B M Brostsack and E HoLuprrs A new methed for fracuionaton of proteint
Acta chem scand 1966 20 2317 2319
Brousicx, B\ Brousack and P Owusson Action of a proteclytic enzyme intul itor ;n
blood coagulation an titro Fcr;agomm 1964 (Aeue Aspektc der Trasylol Therapee F
attaver Verlag Sturtgart | pp 33—43)
Blic):‘ﬁ::zx“ B, L A Carison S Fraszin and E Zerrereyvist Turnover of 1 Labelled
Lbnnogen 10 man dcta med scand 1966 179 557574 | N ng Tobe
Brousicx B and E Zerferevis? T po; of 131] into dog 1 o
published




AMINOCAPROIC ACID AND COAGULATION 105

Cusunnes J R and A N Wieter, Cardiovascular studies on ammocaprote and Towcol
appl Pharmacol 1966 9 57—69

Dusser, A H C, G P \cNicor, D Urries and A S Dotetss, Jn tatro and i 110
studies with Trasslol, an anticoagulant and a fibninolytic wnhibitor Brit ] Haemat 1968
1 3149

Gova, H C and 1 Herre, The mfluence of fibnnogenolytic and fibrmolvtic split products
on the last stage of coagulation Scand ] clin Lab Incest 1963 15 327330

Gopat, H € and 1 Teovow, In titro of nduced
Trasylol and by epalon smmoczproic aud (EACA) Scand ] chn Lab Iniest 1963 &
199208

Hjortn, P F, Dusc at the Grisslehamn Conf on I tar Coagul May 1967

Kowatsnt E, A Z Buozvisk, M horsé, Z 5 Latsizo, B Lersks and Z Weomzvo-
swicz, Circulating fibnrogen degradauon products (FDP) in dog blood alter ntravenous
thrombin infusion, Thrombos Diathes haemorrh (Stuttg ) 196> 13 12—24

Mayuzs, E F and G G Pousno The effect of Trasylol on the imtravascular coagulation of
Blood in dogs (Disc at the N Y Acad Sc Conf on Protenase Inhibitors Sept 1966)
N Y Acad. Sor 1968 146 713714

McFaruasE, A S, Labelling of plasma proteins with radioactive iodine Brockem ] 1936 62

McFartang, A S, Efficient trace-labelling of proteins with 1odine Mature (Lond 1938 [32
53

of blood by Trasylol (To be published)
\omsmmx, s B BLmuAcx 1% Bx.mm\cx P Otssos and E ZerTERQUIST, Expenimental
activity of Trasvlol (Lect at
the v } A:ad Sa Conf on Plo(:nm;z Inkibitors Sept 1966 ) Anm M} Acad Sor
1968 146 F01—711
-y € DA, aurw — e e

B il wuss el PO MU IE 2IU0 se Bo—.

Omrzn P A quanutative one stage method for the assay of prothrombin Seand J clin Lab
Imvest 1949 1 8183

Quick A J,C V Hussey J Harws and K Pevers, Occult intravascular clottng by means
of intravenous injection of thrombin Amer J Physol (Lond ) 1959 197 791

Recorcar, E and b L Warrow Effects of ciotiing on the lsbel tn todmared flommonen 1
different species Thrombos Diathes haemorrh (Stuttg ) 1967 17 237—246

Wootprmee, L G Uber wmtravasculare Gennnungen Aschio fur Anatorme and Physiologie
1886 10 397—399

Zerresgvist E L A Caresos and S O Lugsownt Influence of sdwelling polsethylene
atheters on the clmunation of 321 labelled fibnnogen i dogs Lect. at the Internationel
C G June 1968




Acta physiol. scand. 1969, 76. 106—120

From the Institute of Anatemv and Histology, Deparument of Histology,
University of Lund, Sweden

Histochemical Studies on the Metabolism of L-DOPA!
and Some Related Substances in the Exocrine Pancreas
B
P Ain, B Enincer and B Faren

Recened 7 tugust 1968

Abstract

Awt P, B Ewscer and B Farch Hutochemcal studies on the metabolism of
L-DOPA and some related substances in the evocrine pancreas Acta physiol
scand 1969 76 106—120

The turnover of L DOPA and some related substances was studied with the fluorescence

method of Falck and Hillarp All the amino acids injected were easly taken up by the

pancreas This howeser was not the case with the corresponding ammes Only after I DOPA
~ 2nd DA administration fluorescent granules could be seen in the apscal zones of the exocrine

cells These granules were found (o be identical with the zymogen granules Decarboylace i

hitnuion prevented and MAO and COMT the of the flu
% prescent granules This indicates that the Huorescent products stored i the avmogen granules
#” /15 dopamne rather than DOPA

The pancreas ntensnely svnthetizes and sccretes proteins Compared with many
other organs 1t has a farge capacity for taking up amino acids from the blood (sce
rg Busch .t al 1939 Hansson 1959

It takes up not onhy thowe that are essential for the protein synthests but also 2
number of ather amino acids and analogues of amno acids selenomethionine | Bl
and \Manwe 1961 Hansson and Jacobsson 1966) parafluorophenylalanme (Gareo,
Hans<on 1nd Ullberg 1962) 1-amino-cyclopentane carboxyhe acid (Berlnguet Be
gin and Babtneau 1962) L-DOPA (Rosell Sedsall and Uliberg 1963 Cegrell [alck
and Hellman 1964 glutamine (Cassano and Hansson 1965) and 5 HTP (Rutzen
Hammarstrom and Ullberg 1965 Gershon and Ross 19667 This uptahe perhaps
represents a specific mechaniem for the metabolism of these 1mino acids but it could
alo b= 2 part of the general mechannm behind the proten synthests Netther the
morphological nor the quanttatne nformation required to scparate these two
:g‘lnl‘rmlollsu ng abbrnmmn\x.\ha\e bcen med n lhu artscle DOI;J\ Fﬂ:” id;l;:;l‘;?;‘y‘;:lr:;:{i
phan  5-HT = 5 h)dronlnpl:kmme MAQ - monnammr oudase  COMI = catechol 0~
methvl transferase

106
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points, howeer, 15 at hand It was consequently to mterest to study the uptake,
storage, and elimnation of L-DOPA 1n the pancreas, which can easily be done with
the ver <ensitne and speaific fluorescence method of Falck and Hillarp Prebimnary
studies with L-DOPA (Alm, Ehinger and Falck 1967) has revealed new aspects on
the metabolism of this substance The details concermng this turnover are described
here

Matenal and methods

Albino muce and albino rats of both sexes {weighing about 20—25 g and 180—250 g) were
used {Anticimer, Sweden) All the animals were gien Standard pellets {Teknosan Sweden}
and water ad Itbitum The muce were njected with the vanous drues n one of the lateral tail
veins after dilatation with hot water {(50° G) The time for the admumstration was about

30 sec The rats were hghtly anesthetized with ether, and the drugs were injected into the
major saphentc \en The injection procedure took about 2 mun and after this the ammals
woke up mmediately They were sacnfied by a blow on the neck at vanous times after the
injections whereupon the pancreas was rapidly dic ected out frozen m liquid mitrogen-cooled
propane freeze dned treated with formaldehide of standardized humidity {Fakk and Ow
man 1965 Hamberger 1967), embedded 1n paraffin wax i1n vacuo sectioned and studied 1n a
fluorescence mcroscope (for detatls see e g Falkk and Owman 1965)

Drugs

The following substances dissolved in 09 % saline were injected L-DOPA (Sigma Chem
Corp ), D DOPA (Fluka AG), L-a meth\l DOPA (Dumex Ltd ), DA (Hoffman La Roche),
DL-m tyroune (Sigma Chem Corp ) and DL-a methyl m tyrosine (Regis Chem. Corp )

£ thuyaplicin (4 sopropyltropolone  Fluka AG), dissohed in 09 <% saline was gnen 1p
(200 meke) 1 hr before the mjection of L-DOPA or DA \SD 1015 (m hydroxsbennt
tydrazine Smuth and Nephew through Ferrosan AB Sweden), disolied tn 09 €% saline, was
given (100 meke) 1 hr before the mjection of L-DOPA

Nialamide olution (\tamud Pfizer Ltd ) was preparcd as described bv Bertler Falck and
Owman 1964 and injected (100 ma/kg) 3 hrs before the myection of L-DOPA or DA

ieroscopy

Py was rding to Falch and Owman (1965) Afier the mjection of
DOPA DOPA analogues or DA a grecnush fluorcscence appeared in the exocrne pancreatic
cells (sec Results  Ths fluorescence fulfilled the cntera formulated for the denufication of
" to as speaific Muorescence 10
1967) The fluorescence pictare
. focalization of the fluores ence
- not be focalized to any cellular
structure 1t was considered diffuse The mntensity of the fluorescence was judzed subjectively
O=absence of fluorescence 1—weak 2=moderate 3=strong 4~—very swrone This was to
make clear ver simply the changes in intensity of the subjectnely esumated observations It
15 to be understood that fluorescence intens v 15 not always regularhy proporuoned to the
amine concentration (ser Rutzen 1967)

Results
Narmal aggrarance

The pancreas of normal rats and mice shows specific fluorescence only 1n adrenergic
nerves enterochromaffin cells and  small intensely fluorescent cells The adrenergic
nerves follow the vessels to some extent even those of capillany siz» (Alm er a!
1967) The exocnine parenchvma does not scem to be mnervated by adrenergic
nerves nor has 1t normally any specific fluorescence

The enterochromalfin cells are pointed and flask like with the yellow flucrescence
charactensucs for 5 HT Thes lie scattered 1n the epithehum of the largest pancreatic
ducts (¢f review by Vaalh 1965
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Fig 1 Rat pancreas 40 min after the mjecuon of L-DOPA (40 mghkg) Speaf ¢ fluvrescer c¢
23 Jocalized 10 the apical parts of the exocrne cells Fluorescence micrograph 430 X

The smail intensely fh cells are g lly focalized to the pancreat¢
gangha but can to a lesser extent also be found n the connective tissue Mlicro-
spectrofluonmetnc analyses have shown that these cells contain a pnmary catechol
amine (Alm ef al 1967) This together with their morphology the intensity of the
fuorescence and their distnbution places them in the same category as the SIF
cells previously descnbed 1 and ac sympathetic gangha (Norberg Ritzen and
Ungerstedt 1966) and now known to contain DA (Bjorklund Cegrell Faleh Rut
zen and Rosengren to be published )

Fffect of drugs

The differences between mice and rats were as a rule small (¢f the tables and
desene comments only tn a few cases After the mjection of L. or D DOPA the
pancreattc acinar cells attaned a strong speaific fluorescence In a pilot time-d ¢
respense studs L-DOPA was guen ¢« 10 20 40 60 and 100 mg/kg and the mice
were killed after 5 15 30 and 60 min Lp to 30 mun after the injection the speaific
fluorescence was 1ntense and diffusely distnbuted throughout the acinar cells but 1
the apical part of the cells a spanse number of coarse fluorescent granufes could
sometsmes be seen. Little or no specific fluorescent occurred in the connective tisu®
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Fie 2a Rat pancreas 40 min after the injection of L-DOPA (100 mg'kg) Zymogen granules
are stored 1 the apical parts of the exocnne cells around the acrar lumen There 15 close
correspondance between a zymogen granulurm and a coarse fluorescent granulum {compare
with Fiz 2b Phasecontrast m crograph, 1500 X

Fig 2b Fluorescence micrograph tame area and magmification as Fig 72 With this dose of
L-DOPA hawerer, all zymogen granules became fluo cscent though varyirg in smtensity

60 trin after the mjection the specific fluorescence occurred onls 1n the apical regions
of the acinar cells and i the form of densels aggregated coarse granules (Fig 1
and 2 The mimmum dose that gue a clear appearance of the granules was 40
mg/kg talthough granules could be seen at lower dose levels) In a prehminan ex
penment when L-DOPA was given to rats 1o a dose of 10 wrg/kg nearly the same
rorphols 1 picture and fl intensity as that of mice was obtamed at the
different times after the injections Thus this dose was chosen for the further study
of the effect of vanous drugs on the metabolism of L-DOPA in the two species

In the continued series L-DOPA (40 mg/kg) was injected and the ammals were
killed after 10 40 60, 90, and 180 mun (sce Table I and III1 A strong speaific
fluorescence appeared i the pancreatic acinar cells already after 10 mun. The fluo-
rescence was mainly diffuse although fluorescent granules could sometimes be <een
At 40—60 min after the mjection however the speaific fluorescence was mamlhy
confined to the apical regions of the acinar cells (Fig 1 and 2) there being little or
no fluorescence 1n the basal 2/3 of the cells The fluorescence had all the charac-
tensucs of a pnman catechol and d

PP in densely aggregated coarse

granules This type of fluarescence 1s 1n the following referred to as ‘granular  As
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Tazte I Mouse

‘Time after the last imyection

{munutes) 10 40 o0 90 120 180 290 30D
Drugs
L-DOPA D 2 ooy o o
40 mgikg G o 3 2 [ [
N 6 7 8 6 6
D DOPA D 3 212 2 2 1
40 mg'ky G 0 0 0 o 0
N [ 6 6 [ b
L-g-methyl-DOPA D 2 2 2 1 12 4
40 mg/ky G o 0 4 0 0 0
N 4 + 4 4 4 4
DL-m-tyrosme 3 2 2 Iz 1 0
200 mg/kg G o o 0 0 o 0
N 2 2 2 2 2 2
DL-metyrosine D 2 1 0 o [
40 mg'kg ¢ o 0 0 0 0 0
N 3 3 3 3 3
DL-a methyl- D 2 1 1 0 [
m tyrosine G [} 0 [ 0 0
40 mg kg N 3 3 3 3 3
)

b
YD = diffuse fluorescence
G

= granular fluorescence

N number of animals used
h hour
a c1n1
1/6 = in one ammal out of six

2f5 = in 1o animals out of fne e

seen under phase contrast optics the fluorescent granules were identical with the
zvmogen granules (see Fig 2a and by, although at times only a cettain proportion
of these displaved Muorescence 90 mun after the mjecuon of L-DOPA all specific
fluorescence had disappearcd 1n the mice In rats the fluorescent apical granules at
times remaned somewhat longer but had all dsappeared after 180 min

After the mjection of D DOPA (40 mg/hg) a diffuse fluorescence appe sred alt
over the pancreatic acnar cells 1 the same was as with L-DOPY Howore?
woranular™ fluorescence neser appeared Instead the fluorescence staved diffuse and
g;'ﬂdua“) disappeared thus 1t remamned longer than with L-DOPA and m mice 3t
had not completely disappeared even at 180 nun (see (Table T and 11!

The injection of Lea-metin-DOPA (40 mg/kg: DL a-methnl-m-tyrosine (40
mg/ig) and DL-m-tyrosine (10 and 200 mg’kg resulted in essentially the samne af-
fuce fluorescence as with D.DOP  After approximately 3 hrs the fluorescence had
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Fig 3 Rat pancreas 10 mm after the mcction of DA (40 mg/g) Fluorescent zvmogen
granules with strong fluorescence 15 seen only in a few acint (compare with Fig 1) In some
acimu there are zymogen granules with a sery weak )

288 x

disappeared {see Table I and 111} In the case of the 3 hydroxylated dernatnes the
de induced fi was more yellowish than that of e g DOPA

DA (40 mg/kg} was taken up by the exocrme pancreas of both mice and rats
although to a considerably lesser extent than both D- and L-DOPA (see Table II
and IV) Ten minutes after the mjection, the exocrine pancreas in both mice and
rats displayed only weak spectfic fluorescence 1n the cytoplasm, which should be
compared with the strong ¢ytoplasmic fluorescence noted ten minutes after the ad-
minmstration of either of the two DOPA 1somers The mtensity of the diffuse fluo-
rescence gradually disappeared (see Table 11 and IV} Fluorescent aprcal granules
appeared 1n a few cases and then only in restncted numbers and a few aciat
(Fig 3)

After a higher dose of DA (100 mg/hg) the diffuse cytoplasmic fluorescence was
stll low (sec Table IT and IV) In mice the number of acim contaiung flucrescent
apical granules, however was increased as well as the number of granules in the
individual acim compared with the lower dose Moreover the granular (luorescence
generally appeared earlier than 1t did after the injection of L DOPA isee Table I}
Nevertheless the uneven distnibution of the granules among the acim was evident in




Taste IV Rat

Time (mnutes)

after the last injection 10 40 0 S0 180
Drugs
n
Dopamine D 12 172 0 0 oo G mafewa
40 mg/kg (0] mn
G 3 21/2,m Y3 0 4 0
N 3 3 3 3 3
Dopamine ) m23c
100 mg'kg D 1 0 tnafewa,in
3G in40°,
ofa
i
G L] 3
N 3 3
Nralamude 3 hrs (I in 236G
+ D 1z 17z 12 700 ofa,
dopamne mY3Gon
40 mglkg afewa
(U] (1) (an)
G 3my3 3 3
~ N3 3 3
s fthwsplenIhe D0 0 0
3 (1 an (1)
" dopamine G 3mys 3 3
40 mg kg N 3 3 3
N\ulimde3hrs D 12
+ [t)]

fthyaphan Thr G 3,173
-

dopamine N3
40 mg ke

Jacking granules After 240 and 300 mun apical fluorescent granules were found only
1n scattered acimi Thereafter the fluorescence gradually drappeared {see Table V1
and VII} A repeated myection of NSD 1015 tint rats 2 hrs and wn mice 3 hrs after
the first NSD 1015 ) completely snhibited the apy e of granulr fluo-
rescence after the L-DOPy lnj(‘cnon. Instead the fluarescence remaimned diffuse
though decrersing 1 intensits throughout the expenment (see Table \

Discussion
The histochermical demonstration of certain biogente monoamimes (such 13 DA NA
A and 5 HT) and some related substances (such as DOPA and 5 HTP depends
upon the abslity of these substances to form imtensnddy fluorescent products when exe



AMETABOLISM OF DOPA IN PANCREAS 11o
Taste V
Time after L-DOPA
mjection (hrs) 2 4 5 6
Drugs B
NSD 1015 1 hr (%) D 3 2 (%) rat
+
L-DOPA 40 mg/kg G o [
1hr +
NSD 1015 N 4 4
NSD 1015 1 e (% >} D 112 na2 1 {xx)
+ mouse
L-DOPA 40 mgfkg G [ o o
2hrs +
N\SD 1015 N 2 2 2
Tasre VI \fouse
Time (hrs) after thefastinjection 30 60 120 180 240 300 360 420
Drugs
Nialamide 3 hrs D 312 0 0 0 o 0 0 o
+
L-DOPA40mghg G O 3 3 2 L2t 0 2,ml4 0
N 4 4 4 4 4 4 4 4
NSD 10151 hr D 3 3 3 3 o 0 0 o
+ G 0 o o Q 3 2 1 o
L-DOPA 40 mgfkg N 4 4 4 4 4 4 1 4
B thwaphian 1 br D 112 o 0 o o
+ c 3 212 3 3 3
L-DOPA 40 mgikg N 5 10 3 5 3

posed to formaldehyde under certan well defined conditions The fluorescent
products are easily recogmized and localized on the cellular lesel under the fluo-
rescence mucroscope Extensive studies on the chemical background the specificaty,
and he sensiti 1ty of the procedure have proved its rehability provided that proper
Pprecautions are tahen Speaific fhuorescence appears precisely where certain cate
cholamine or indolamine denvatives occur (Falck Hillarp Thieme and Torp 1962
Faleh 1962 for reviews see Faleh and Owman 1965 Corrod: and Jonsson 1967
Norberg 1967 Ritzen 1967)
In the present experunents
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“Tase VI Rat

Time (hrs) afier the

Lastimgect on 30 60 120 180 240 300 360 420

Drugs

N atam de

b D3 1 06 0 o o ] [

- I W [0) (0 O]

L-DOPA G 0 2122122 2 3mt3mI2mI4G malena

10 mg kg N3+ 4 414 4 4

NSDI0I3 D %I 21”2 12 0 © 0 i (D466 m

1he afewa mlfE

4 an A o G n 10% ofa

LDOPAS0 G ¢ ©0 3 3 3 2 2mi32mIBml6G m

mg kg 30 %, of a
N6 6 6 6 7 38 3 3

£thuyaphen D o 0 (111) 1 517G

1hr mafe a

+ G 2 w274 m

L-DOPA 602, ofa

40 mg kg Y 3 3

X ) cmnr cells than mn the surrounding connectine tissue or 1n the acmar cefls of non
4 njected control ammals shortly after L- or D DOPA njection This clearly suggests
that there are ctne uptake mechamsms for L and D DOPA m the pancreatic
acinar cells For the same reason 1t 15 probable that structure analogues such as
Leg methd DOPA  DL-m tvrosine and DLea methyl m tyrosine are alsa actuels
taken up and concentrated by the exocrine pancreatie cells It 1s of nterest to note
that the 3 hvdroxilated dernatnes of phemlalanine (m tyrosine and « metnlm
tyrosine  displny a vellowssh green colour mn the exocnne pancreas whereas these
substances gne mse to 1 ven short wave almost mvisible blue fluorescence when
Jocalized to adrenergic nenves  Jonsson and Ritzen 1966) From the present work
and that of others | Dablstrom and Fuxe 1964 Sachs 1965 Hamberger 1967) #t
seems that nenve cells and fibres are umque 1n this respect

In the studies on the pancreas there seems to be none devoted to the difference

the uptake of the D and L-stereonomers of amino acids In other organs however
such measurements have been made Generally both of the stercoisomers are €01
sidered to be actnely taken up although the D 1somers to a lesser extent tfn the
Lossomers t Messter 19601 Howerver the proportions vary between different ¢reans
and different amins 1ads From the present work 1t seems clear that the two
stercowsomers of DOPA are actinely taken up nto the pancseas The proportions be
tween the two stereor mers <10 onhy be vens roughly cstimated bt seem Pere tobe

1pprovunatels equal
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The uptake of D and L-DOPA has recently been studied 1n 2 number of
¢ amuerge cell systems  The enterochromalfin like cells of the rat gastric mucosa
are able to take up both stereotsomers, and thus resemble the pancreas i this respect
(Hakanson, Lilja and Owman 1967) On the other hand, only L-DOPA 15 bemng
activels taken up and retamed in significant amounts m a number of other systers,
such as certain special cells n the mouse bronchial mucosa (Larson Owman and
Sundler, to be published), the sslets of Langerhans 1 rats and mice (Cegrell et af
1964, Cegrell 1968}, the parafollicular cells of the mouse thyrod (Larson Owman
and Sundler 1966) and the endothelial cells i the capillarics of the mouse bramn
{Bertler et al 1966}

Different metabolic pathways exist for amno acids taken up into the exocnne

cells A very p: one 1y the mncorporation 1nto enzyme proteins fol
lowed by transport to the apical region of the cell and storage in the zymogen
granules (see, ¢ g Jamieson and Palade 1967) In muce and rats fed ad libitum wath
water and pellets, this procedure takes approximately 40—60 min (Madler 1963,
Warshavsky Leblond and Droz 1963, Van Heyrungen 1964) Interestinghy, thu 1s
also the tme that elapses after the mjection of L-DOPA for the appearance of the
marked granular fluorescence However, this 1s somewhat remarkable since so far
ncorporation of L-DOPA 1nto protemns has not been described nor 1s L DOPA
known to be a sigmficant constituent of proteins (¢f Mester 1963b)

In view of the known occurrence of DOPA decarboxylase 1n the pancreas of dif
ferent spectes (Holz, Credner and Strubing 1842) st was judged interesting to study
the cffect of decarho<ylase mhibitors on the intracellular behaviour of DOPA It
was then discovered that after such inhibition the appearance of the granular fluo
rescence was delayed The delay was prolonged by the repeated injection of \SD
1015 Ths indicates that the apical granules store DA rather than DOPA a sug
gesticn strengthened by the observation that the 1njection of D DOPA (which 15 re-
sistant to DOPA decarboxylase (see e g Lovenberg Weisbach and Ldenfriend
1962)) did not result 1n any granular fluorescence Chemmcal analyses also strongly
support this view (Alm and Rosengren to be publihed) Thus there seems to be a
previously unsuspected mechanism 1n the zymogen granules namelv to store a
biogente probably Upon adi of tH*) 5 HTP
5 HT has lihewse been shown to accumulate 1n the apical region of the exocrine
mouse pancreatic cell (Gershon and Ross 1966} and 1s actually stored in apical
granules (Alm 1o be published) Judged from the fluorescence of the granules the
other structure analogues studied (L-a methd DOPA DL m tyrowne and DL-¢
methy! m tyrosine) are not incorporated mto the granules despite the fact that the
L-i:omers can be decarboxylated to the corresponding amines {see ¢ g Lovenberg
et al 1962 Carlsson and Landguist 1962 Porter and Titus 1963 Shore Bushield and
Alpers 1964) This could suggest a stict chemreal specaficits of the uptake mechanism
of the zymogen granules On the other hand the structure analogues are not de
carboxylated as readily s L DOPA (Lovenberg «¢ al 1962) and this could lo es
olain why no fluorescent grannlac anne.r
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The obsenations that the pancreatic zymogen granules probably take up and store
DA rassed the question whether the pancreatic acinar cells have a specific mechanism
for tahing up DA 160 Howeser, this 1s apparently not so Even after huge 11 doses
of DA onl little fluorescence appeared 1n the pancreas The absence of fluorescence
could possibly be the result of a very rapid break down of intracellular DA How.
ever the experiments did not suggest any very rapid disappearance of ntracellular
D\ It thes seems that pancreauc acinar cells have na efficient mechanism for taking
up DA In this respect, they resemble certain other cell systems that store mano-
ammnes such as pancreatic slets in mice and rats (Cegrell et al 1964, Cegrell 1968),
monoanune stortng cells i the mouse bronchial mucosa (Larson ¢f af, to be
published  the enterochromaffin Iike cells 1 the rat gastnic mucosa (HAkanson
et al 1967, and endothehial cells of the mouse bram (Berdler et al 1966)

It 1s generall belteved that most of the protemns of the pancreatic juice stem from
the zymogen granules, which are regarded as a cellular store for the proteins (¢f
Palade Sieheustz and Caro 1962) It would be tempting to assume that the DA xs
excreted directls with the granules Howeser, specific fluorescence has been ohserved
1 the pancreatic ducts only alter excessive doses of L-DOPA (500 mg/hg and more)
Moreorver the pancreas 1s known to contain both MAO (rat West 1938 Petko
1965 and COMT (monkey Axelrod, Albers and Clemente 1959) Indeed the fact
that inhibition of MAO and COMT cause the fluorescent zymogen granules to
persist much longer than without enzyme inhibition seems to mmply that these en

vmes degrade the DA If the degradauon products are secreted info the pancreatic
)Aﬂs 1t readihy explains the appearance of radwactity 1n rat pancreatic jusce after

ie injection of DL-DOPA C' despite the fact that no specific fluorescence has been
observed 1n the ducts 1 Alm, unpublished obsen ations)

Some of the enzvme mhibitors used 1n this work have been descnibed as inhibtting
other steps 1n the metabolism of ¢ hol. than those ind; 1 above Inmrat
cpiphvas mialumide has a decarbovylase inhibitory effect (Hahansson and OhmJ"
1965 However in the rat pancreas treated with malamde or 4 ¥
the granular fluorescence appears at the same time as after L-DOPA onh ThU‘
obvioush  the decarhoxslase inhubsting effect these substances have 15 not sufficient
1o nterfere with the present experiments Further 1t 1s not known to what extent
nlamde can affect the COMT actiany or 4 1sopropsltropolone the MAO 1ttty
but any such interactions are without rmportance for the conclustons drann

This work was supyorted In granes from the Swedish Medical Research Counail [7212%
712-03B and B¢8 14\ %0-MMB  the United States Public Health Service 06701 01 and
tle Facults of Medicine Uinernty of fund Jund Sweden
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Hypoxia and Pulmonary Vascular Resistance.
The Relative Effects of Pulmonary Arterial and Alveolar P,
Bv
Awrov Havee

Recewved 7 August 1968

Abstract

Havce, A Hypovia and pulmonary vascular vesistance The relatue effects of pulmonar
artenal and alieolar Po, Acta physiol scand 1969 76 121—130

The relative effects of pulmonary artenal and alveolar Po, on pulmonary sascular resistance

(PVR) have been studied in 1solated and ventated rat Jung preparations The experimental

arrangement included two such preparations perfused In senes with homologuous blood Pul

monary artenal hypoxema (Pos 28—44 mm Hg) without alveolar hypoxia did not ehait vaso-

the mam denommator for the vasoconstriction cffect The results have been discussed m relation
to the possible shape of the Po, gradient from alkcolar gas to lumen of small resistance vessels

There s gmcral agre:mcnt among mestigators in the field that ventilanion hvpoxia
ehes y vascular m several mammahan species
Durect evidence has been presented which indicates that constniction of artenal
vessels 15 imolved 1n the response (Kato and Staub 1966) Much less 1s known
about the intrinsic mechanism triggered by the hvpouc stmulus The possibilities
of hypowa releasing or actisatung a local vasoactne substance as well as that of a
more direct effect of reduced oxvgen tension on the vascular smooth muscle have

bren Bergofily and H (1967, seported a reversible loss of potas
sium from pulmonan artenal strips under hypouc conditions They calculated
that this would correspond to a partial depolarization of the vascular smooth
muscle cells bringing them closer to their exatatonn threshold These authors
suggest that this change, at least in part, 1s the mechanism responsible for the
pulmonary vasoconstrictor response during hvpoxia The findings of Hauge 1968a)
and of Haauik Milsen and Hauge (1968) seemed to wndicate that interference with
the metabolism of a \isoactne component in the lung, possibly histarmune, could

be imohed /f‘)
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with constant volume pulsatile mflow (Hauge 1968 b) usng a Harvard \edical Instruments

dual pensstaluc pump model 1210 The blood entered the preparations through cannulas inserted

through the nght \entacles mto the pulmonary artery and draned 1nto two thermostated blood

seservo rs by way of cannulas inserted to the left ventnicles The pulmonary artersal pressure

~ ° . -+ + & % — ™70¢ pressure trans

. * , Burbank Cah

blood (Pag,) of

and recorded

cont nuously with a Beckman micro oxygen electrode connected through a Physiological Gas
oo omoy a3 acn v Baee 3 T@ oam b oad - ma e o

ature was kept at 37 C

Cross perfusion between the two pair of lungs was established by allowing the senous tubing
of preparation 1 to drain 1nto the blood reservoir of preparation 2 At the same tume the enous
tubing from preparation 2 was draned 1to the blood resenoir of preparation 1 The effluent
blood from each lung preparation was pumped 1nto the arterial trec of the other ane

Ventlaton The two lung were ventilated indep by posstine pressure
snflation preparation ! with a frequency of 20 per run For preparation 2 ventlation frequency
was also 1n most cases kept at 20 per mun In some experiments the frequency was changed and
this could be carned out without nterrupting the venulation Peak 1nflation pressure was kept
at 11 cm of water and expiration pressure at 2—4 cm of water for both preparations The venulation
ererfiow was recorded contmiousty on a kymograph as desenbed by onzett and Rosster {1940)
Gentle hypennfiations were donc at intersals of about 15 min and there were then no change
n ’l:omphanecj over a penod of several hours

1ng test myxtures
wer . 3) 969, N, and
10 ( the 219, O,
gas

Results

‘The two 1solated and separately ventilated parr of lungs could be perfused erther
independently and 1n parallel, or in series (cross perfusion) It was thus possible
to apply a low oxygen stimulus to a pair of lungs via the airways as well as via the
blood The two routes of low oxygen stumulatsion were tested separatcly and
combmation

In the first set of experiments one of the two parr of lungs (no 2) was ventilated
with 1 hy powe gas mixture (2 % O, 0r 0 %, O,) the other (no 1) with 2 normowic
gasmixture (21 °5 O,) Fig 1 demonstrates the effects of changing from independent
perfusion to cross perfusion for these two preparations During cross perfusion
lungpair 2 recened artertal blood of a hugh Po. but hvpoxic venulation gas, whereas
Tung pair 1 recened hypouc artenal blood but a normowic ventlation gas The
pulmonary sascular resistance (PVR) of lung pawr } remained unchanged and
low, as ind d by the \] d pul v artery pressure (Ppa) In lung parr
2 a nise ain Ppa had been going on as a result of the presiously started sennlation
hypowia  After starting cross perfusion this rise stopped and the pressure slowh
began to return towards control level When independent parallell perfusion of
the two parr of lungs were reestablished the Ppy of lung pair 2 resumed its upward
trend untul its ventilation gas was changed back to the 21 %, Oy muxture

In 5 lung pairs recening blood from the deowvgenating lungs the pulmonary
artenal onygen tension (Pag ) stabuhized at levels which varied between 28_mm

z




124 ANTON TIAUGE
r‘—“_F’OF TI’_—J
20 30

Pra
tmmkgl 20
tt

10 10
30, 30
B
trertig) 20, 'P"‘
T2 mmhg} 20
o L2
—_—— 10 ,
toped o I HFig= 2 —
™ g5
Fioy 2 Cressed pert T
Tig 1 Fg 2

Tig 1 Effects of eross perfusion (Cr perf ) of two ssolated rat lang preparations while onc (L 1)
was sentilated with 21 °, O, the other (L 2) with 2 % O, as indicated by arrons Control en
tlaton gas 21 O, Pry pulmonary artenial pressure Fio  fraction of oxygen in dry ven
tiation gas s

Fig 2 Two wsolated perfused rat lung preparations One (L 1) wasvenulated with2 , O, through
out a penod of cross perfusion the other (L 2) for a part of this period, as indicated by arrous
Control ventiiation gas 21 °, Oy Symbols and abbreviations as 1n Fig

Hg and 43 mm Hg As long as these lungs were ventilated with the 21 95 O, gas
muxture, this level of prealveolar hypoxerma did not cause significant changes in

\ R The same lungs reacted, however with brish pressor responses to ventilation
npovia Such pressor responses to venulation hypoxia were fully reversible also
when the Pag, was continuously hept low (Fig 2)

Pulmonary artertal hypoxemia alone, without airway hypoxia, could thus ap-
parenth not ehair a vasopressor response, whereas Increases n Pag, nterfered
with the pressor response to stmultaneous aleolar hypovia The oxygen tenuon
of the perfusate blood from lungs venulated with the 21 ©, O, gas mixture was
usualh about 120 mm Hg The introduction of such blood into the preiheolar
sascular tree reduced the pressor response to ventilation hypovwia in all experiments
of this tvpe Fig | and 2 Thus effect was not, or only shghly, more pronounced
shen the donor lungs productg dre iis pecasic Wood sere sentdated wiek 2 96 %
O, gas mixture thereby elevaung the Pao, of the recipient lungs to abose 300
mm Hg At such venn high levels of Pap, ventilation hypoxia in the reapient
parr of lungs sbil maintained a PVR well abosve controf Ievel (Iig 3

1ig 4 demonstrates the resultant pressor effccts of vennlaung the sime pae
of lungs for successise 2 mun periods with the 2 °4 O, gas mixture whilst the Pan,
was kept at levels of 112 330 and 38 mm Hg respectnely A contnuous cross
arculation with another lung pair was established and the Pas of the test lurgs
was set at the three different levels by appropriate selecuon of the gas mixture
for the other, blood-cquilibraung lung parr The pressor response to venttlaton
hypoua was again considerably reduced at the high levels of Pro, This reduc
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Fig 3 Tuwo isolated perfused
rat lung preparations One (L 1)
was venulated with 29, Oy
throughout a period of cross-
perfusion, the other (L2) with

2, O, {control gas), 96 % O,

21 o rren (e
oot i B ot %W
as indicated  Also shown 15 pul- [

lmln;)
monary arterial ovygen tension

{P20,) of L1 Symbols and ab L Fio,- 96 % Fip 2 2%
breviations as an Fig 1 L_—u..... ..~..,.___?

tion was, howeuer, not sigmficantly greater at the Pag, level of 330 than at that
of 112 mm Hg One explanaton of this finding could be that 1t 15 pnmanly the
oxygen content of the blood perfusing the pulmonary artenal tree that influences
the magmitude of the pressor response to ventilahon hypoua Dunng yenulation
hypowia perfusate blood of high oxygen content will give off oxygen to the alveols,
and thereby interferning with the alveolar oxygen tension as a vasoconstrictor
stimulus When blood flow and ventilation are kept constant, the magnitude of
this mterference will primanily depend on the oxygen content of the perfusate
blood

To test thns hypothesis the effect of changing the level of alveolar ventlation
was tested, whilst heeping the high Pag, and the composition of the hypoxic gas
muxture constant An expenment of this this type 1s demonstrated m Fig 5 Lung-
pair 1 was ventilated with the 96 95 O, gas mrxture, lung pair 2 with the 2 °; O,
gas maxture When a pressor response was apparent in lung-pair 2, cross-perfusion
was established This brought the Pag, of lung-pair 2 to 310 mm Hg and caused
a reduction 1n the elevated PVR of this lung-pair During the next 6 min sentilation
frequency (f) of lung-par 2 was twice temporanly mcreased from 20 to 40 per
min Such an increase 1n ventilation caused a rapid rse n PVR Return to low
frequency ventilation each time reversed the eflfect Simular results were obtamned
1 two other expeniments of the same type In one of these, effluent or venous blood

kg 4 Isolated perfused rat
fung preparation Comparison of
pressor responses to \entilation
hypovia obtained at three different
Ievels of arternial oxygen tension
(Plo.) S)mbnh and abbreviations  Pag,
as i Fi (mets

Pox .
ey
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Fig 5 Two molated prrfused
rat lung preparations One (L)
was lated with o, O,
the other (L.2) with 2°, O, a
indicated, Dunng a penod o
crossed perfunon, sentdation fre
quency () of L2 was tuye
elevated from the standard 20
min to 40/min causing revenble
tnereases of pulmonany  arenal
pressure Pulmonany anterul oxy
I %{m lm:on of L.2 war 320 rrm

— Abbretviations and smbels a5
Fip- 2% 152 ,,,gr,g 1

o = =
f L e vore

ragen tension (Pro,) of lung pair 2 was recorded The sncrease 1n ventlation
requency caused 3 reversible fall in Pvo, of 4 mm Hg Sumtlar changes in venn
ation frequency during normovc ventilation had no effects on PVR or on P,

Fig 6 demonstrates the effect of a stepwise change in ventilation frequency dunng
enulauon with the 2 °, O, gas mixture The Pag, was maintained at 120 mm Hg
hroughout, by another pair of Jungs At the mtial sentlation frequency of 20
>er tain the prep <howed 2 d increase m PVR as indicated bn the
lowh nsing Ppa The rate of nise in Ppy increased progressnely with the two
1epwise changes in ventilation frequency to 40 and 54 The nse 1n PVR stopped
mmediatel upon return 1o the 1l venulation frequency of 20 per mm, and
PAR then started to fall slowly The expeniments of Fig 3 and 6 demonstrate
that an effect of high Pag, on the pressor response 1o venhlation hypova ean be
ounteracted by increases in aheolar venulation Tlus 15 1 agreement with the
wvpothesis of arteral blood cffects being mamly related to changes 1n abeolar
Po,

Another set of expenzments were carried out s order to examine this relationship
Here Jung pairs exposed to moderate pulmonan arterial hypoxemia were followed
duning periods of no renewal of the alicolar gas An expenment of this type 15
lepicted i Fig 7 One lung parr tracing not shown) was sentlated with the
29, O, gas mnuure the other lung parr with the 21 °, O, gas mixture and cros-
setfusion established Pao, of the hypoxic blood recipient was about 3> mm Hg
As usual this caused no pressor response When the tracheal tubing of this Jung
pair was clamped however a pressor response appeared afier a delay prriod of

Fig ¢ lolaed perfused rat
lung preparation Effects A vene
(latron hypoua a1 i} ree d Crrert
Ievels of veatitation frequrney i
T a censtant pul norary
sniemal bleodd ameen 10 nd
120 mm Hg Abbreva ms 3
P T mbol a0t Fg 1
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Fig,=2%
Fig 7 Tsolated perfused rat e 1o,
lung preparation wvenulated with ey xw——rxw—q e nd PR
|m~;1 20[
ol

215, O, The preparation recemed
hypowic blood from another pair
of lungs (not shown) ventilated
with 2 9, O, indicated as Crossed

iy A weure mf SR wiauye s

AN S e

pef No pressor response was A _
chated m the hypowic blood . .
reapient until  ventilation was

temporanly stopped (Vent. off) Pag, e \
Abo shown 15 2 Pressor respomse (mmegy , | \_ /
to ventilation hypoua (2% O,)

superimposed on artertal hypoxe .
mia and pulmonary artenal oxy- v 4 -
gen tension {Pao,) peet Tmn

about 1 mun On restarting the ventilation Ppya returned to 1ts control level Also
demonstrated 1s the pressor effect of a subsequent short period of vennlation hypoxia
The same type of effects could be repeatedly obtamned in all of 4 parr of lungs 1n
which such tests were carried out In 1 expt with tracheal clamping the oxygen
clectrode was placed on the venous side of the preparation After clamping of the
tracheal tubing 1n inspiratory phase 1t took 5 min until equilibrium betw een alveolar
Po, and Pro, was obtained, as indicated by stable Pvo, When trachea was clamped
1n the expiratory phase it took about 3 1/2 mm At the time when the pressor response
could be obsersed, Pyg, was about 65 mm Hg Clamping of trachea at high Pag,
duning normoxic ventlation gave no change in PVR

Whether a nse 1n Pag, will induce a nise in Pvo, during ventilation with the
2 °}, O, depends on the capacity of the lungs as gas equilibrators This again will
mainly depend upon the magnitude of ventilation relatne to that of blood flow
In 1 of 2 expts where oxygen measurements m effluent blood was carried out,
Prvo, did not change upon alteration of Pag, from 40 to 120 and then to 350 mm
Hg as long as the lungs were ventilated with the 2 °, O, gas mixture In the other
of these experiments Pyg, of lung pair 2 rose 4 mm upon the first of these changes
m Pag; No further change was seen when the highest Pag, was introduced (=20}

One recording only was made of Py, of a lung preparation ventilated with

96 % O, An electrode reading of 640 mm Hg was observed, indicating very
httle shunting of blood

Discussion

The present experiments demonstrate that the oxygen tension of the pulmonary
artenal blood 1s not without influence on PVR  There was, however, a striling

dilference between the marked way 1n which low alseolar oxygen tension affects
PVR and the mod f of Pag, Admutted]

the lung | mn
this series of experiments have been somewhat hyvpenentilated, and this might

have exaggerated the domination of airway hypoxia over blood hypoxemia as a
pressor sumulus

| —
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In the present preparation of an 1solated rat lunga Pro, of 533mmHg (Fy, =7°)
a potent pressor <tmulus {Hauge 1968 b), and in the sntact cat a reduction of
5, 1o 8% mm Hg (F1,, = 12 °,) will elicxt a n1se 1n PVR (Hauge and Staub
6@\ reduction of Pap, 1n the 1solated rat Jung to somewhat Jess than 30 mm
1 did, however, not affect PVR as long as the lungs were ventilated with normovie

5

Teleolomealls it was hardly surpnsing to find Pag, relatinels ineffective i elic
g PR increases It would be most dsadvantageous of low pulmonany Pao
nre for mstance, heany exercise, should canse an additional worl load on the
ht ventnicle Pulmonary artenal hvpoxemia is, howener, able to potentiate the
sssor effect of arrway hvpoua Such an interaction mav be of mmportance for
: deavelopment of the venn high pulmonar arters pressures which has been
rorded 1n man after strenuous exercise at hugh alutudes (Banchero of af 1966
xed yvenous Pg, dunng excreise at 3450 m has been reported to be as low as
m 24 10 3] mm Hg Haab ez af 1967)

The next question 15 how and where artenial oxigen tension and ah eolar oxigen
wion interact n determuning PVR Boake ¢f af (1939) found 1n the dog that
‘uason of well oxvgrnated blood mto the nght auncle reduced the pressor response
renulauon bypous They sugzested that both the pulmonan vessels and the
passages are «ensune 1o anoua The present experiments have confirmed the
dirg that high Pag can reduce the pressor response to ventilation hvpoua
10 <cts of observation suggest, however, that thus effect 1s accomphshed mambh
‘ouzh changes of Py, at some common extrava<cular site 1 Efforts 1o maintamn
- hvpouc alieolar gas comp by hvpersentl d the damp-
1 effect of a concomutanth high Pag. 2 The PVR reduang effect of hish
o was abour the same whether Pag, was 120 or 320 mm Hg Ths latter findirg
zgests that the amount of onigen which can be gren off during the pasaage of
sod through the hvpoue lungs deterrunes the magnitude of thus effect It makes
fess kel that a direct action of high Pag on the vascular smooth muscle 1
.ohed

In thus scries of expenments pulmonan arterial oxagen tension did not 11 ¢ much
ove 300 mm Hg mn lungs recaving blood from a preparation 1entilated with the
°, O. gas mixture Since Pag, stabilized under these condiuons st 1s unlikely
at the effect 1s caused soleh or predomunanthy by shunting of blood through
¢ haperovic tung The relatneds low Pao, 1s presumably for the main part due
oxvgen loss in the venous tubmgs and 1n the blood resenvoir Wath a bl od flow
10 )] min and a blood solume from 10 to 18 m! there was ample ime for expasure
ronm 21r Such omizen loss was not felt to be a disadivantage as long as the pul
oman artenal oxvgen tension of the recipient lung was known and recorded
Several observatons indicate that 1t 18 oxigen tension in or near the alverkt
hich determines the degree of the pressor respense When normovuc ver ilatuon
15 sroppd 1 172 10 2 min clapsed before artenal bypocemma ehated a preont
sponee 31 thus po nt alcolar hvpoua was clearh present demonstrated by Lathrg




ARTERIAL 1§ ALVEOLAR HYPOXIA 129

Pozrmmhg) 4 stance x——
100
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Fig 8 A model demonstrating three different
oxygen tenston gradients from alvcolar gas to oo
lumen of small resstance vessel al  epith
alveolar epithehum p a  pulmonary artenal,
sasc. end  vascular endothehum

Pvo, Itis also most likely that the effector area 1s locahzed vascularly upstreams
to the alveols, since changes in Pag, which either potentiated or reduced the press
respanse to venulation hypoxia did so 1n spite of constant or almost constant Pro,

The present expeniments alone cannot tell whether the "receptor” 1s locahzed
near gas or blood To answer this question one has to hnow the shape of the Pg.
gradient from the alveolar wall to vessel lumen of small pulmonary artenes, and
also how this gradient 15 affected by the experimental procedures Fig 8 demon
strates three different Po, gradients for ntact ammal, drawn on a model of tissue
cross section, 1) a linear fall, 2} 2 flat curve steep at blood interface, and 3) a steep
cunve at awr mterface, then flat towards blood

If curve 1 gives a correct picture of the Po, gradient, then receptor site must
be closer to aleolar than to vessel lumen to be preferentially affected by aleolar
hypowa But this curve 15 unlikely to be correct as shown by data on gas penetration
n pulmonary vessels (Sabol ez a! 1963, Jameson 1964) Oxygemzed blood 15 found
n put y artenies of derable size (Staub 1961) If curve 3 1s correct, then
regardless of receptor site, unless 1t 15 on alveolar surface, blood O, tension must
preferentially affect the response Ths 15 contrachicted by evidence in this paper
and also by the gas penetration data mentioned above If curve 2 1s correct, then
alveolar gas Po, will be the mam determnant of the response regardless of receptor
location, unless the receptor should be floating m the pulmonary artenal blood
‘With a normal Pg, gradient of this shape the present data cannot give mnformation
of the nearness of the receptor to blood or gas This cunve 1s the only one which 1s
compatible hoth with the earlier obsersations on gas penetration and the present
results The distance x on the figure 15 only about 10 to 20 4 for pulmonary artenes
of internal diameter of 100 s (Staub personal communication)
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Response of Isolated Muscle Spindles

of the Frog to Sinusoidal Changes in Length
By
Sastia AL AZHARIA Jans

Recened 8 August 1968

Abstract

Jaun, S Av Aznaria Response of isolated muscle spindles of the frog to sinusordal
changes in length Acta physiol scand 1969 76 131—136

‘The response of 1solated muscle spindles of the frog to sinusoidal vibrations was swudied by

1 the to of 015—1 mm at frequencres of $0-—200 Hz. The
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The response of muscle spindles to vibratory simuli has previously been studied by
applymng the stretch to the tendon of whole muscle or to the skin above the tendon
(Echlin and Fessard 1938 Gramt and Henatsch 1936 Bessou and Laporte 1962,
Biancon: and van der Meulen 1963 Hagbarth and ENlund 1966 Rack 1966 Brown,
Engberg and Matthews 1967) To obtain information about the threshold of the
muscle spindle with the least possible interference from the visco-elastic properties
of muscle tissue 1n paralle]l and 1n senes with the receptor the experiments reported
1n this study were performed on iolated muscle spindles of the frog The minmum
deformation to eheit an afferent response to each cycle was then determuned far
vibratory sumuli at different f) The

was exp! d 1n terms
of the displacement of the equatonal region and the threshold was compared with
that obtained 1n experiments with transient stretches ( Jahn 1968b and c)

Methods

r The were on 1solated muscle spindles of the m extensor
longus digtz 1\ of Rama temporaria at 17—20° C The dissection and the compontion of the

Rineer's solution have been described  Jahn 19682 and b The “restmg” muscle spindle was
stretched 1015 and 20—25 per cent above equilbrum length ve the length at which e .
preparation 1s yust taut 4



132 SAMIA AL AZIIARIA JAUIN

Fig 1. Schemauc diagram of tle

[ stretch desiee for vibrarory stunuly
e | AU laboratory generator
i D differenuator (to improve fre

quency response)
- A dc amplifier
—D—) BP\ Brush pen motor
SN . at alumnyur tube
@‘ an -2y m vibratory moement
L C condenser
q - OSC osaillator
F\ FM detector
- O osaillosco;
ch expenimental chamber
t proumal tendon of the dissected
extensor muscle
sp 1solated muscle spindle

P and ding (Fig 1) S dal current at 10—260 Hz (Radiometer labora
tory 109 b) was fi d to changes 1 length by feeding 1t inte
an electromagnene device otherwie psed as an ink wnter {Brush pen motor Bl “02) To
improve the frequency response the wnting pen was seplaced by an aluminum tube 4 cmin
length. The frequency response was de { by applying all current of 10260
Hz of constant strength to the pen motor with the preparation connected to 11 The deforma
von was measured by a condenser myveraph (Buchthal 1942) The movable plate of thi
myograph was attached ta the proximal tendon of the dissecied extensor muscle [he changes
i eapacity were d by a hieh [ and displaged on one bear and

alternaung current on the other beam of an esailiowope Within a frequency fange of
160 Hz the amplitude of the wibrations was nearly censtant (Fig 3 A) Below 40 and
’ ve 200 Hz the amplitude decreased. Between 160 and 200 Hz the wibration vaned con
wderably in size The wubrator used in the present study did not allow to determine tie
maximum frequency of vibration at which muscle spindles are able to respond
The vibrational sumulus of a gnen freq: and litude was d for 200300
merc and repeated 5—6 times at a rate of less than once every other minute The afferent
action Is were led off fularly wuth glass capillary mucroelectrodes filled with
2 5 M NaCl solunon The electrode was inserted through the capsule of the muscle spindle
1n the equatonal remon as descnbed (Jahn 1968a) The action potentaals were amplified and
dieplaved for recording on one beam of an oscilloscope simultaneously with the sibranons
dusplaved on the second beam The traces were photographed from sngle sweeps 140170
mec in duration
The condenses myocraph was calibrated by slow movements of known amphtude apphed
to the alumimum tube of the miograph with the muscle spindle attached to st The charer
1n capacitance was proportional to the displacement of the alutmmum tube withun a s emert
of 2 mm
“The displacement of the equatonal region of the muscle spindle was measured s placing
a graphite cranule 10— 20 4 n dameter on the spindle capule At an snmal stretch of
10~13 per cent 2 movement of the aluminium tube of 2 mMm cauwd a displacement of the
equatonal region of 3E0—00 5 at an imtial streich of L0 5 per cenc the displacemers was
180—200 5 The diplacement of the graptute granule at different frequencies of vibration
was measured by means of & stroboscope When the flasl es were umed to occur at the tep and
the bottom of the vihraton the o shadows of the graphite granule were farttest apan and
1w distance was measuted by an ocular micrometer  masnificauon » 40 and ot ricroc
photozraphs (Fg 2 The wze of the granule determunes the mummum duplacement which
can br measured  10—20 5 Tle mrawnng accuracy was mcreased to about 10 s by uing
a we'l defined seregulanty on the grapule as mark of reference Jie measurements were pet
forerd on four sptad es stresched 10—13 per cent and on two stretched 20 23 per cent Ne
dsplacerent was ereatest ar low frequencies and reached 2 minimam at 150 Hz b 3B
St ths Lah frequeacy the deformanon could no longer be dicnminated m tfgee masce

sprdes
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Fig 2 Strob 1 of the d of the secion of the muscle

spindle duning sinusordal vibrations

% 1) Graphute granule {g) on the susface of the spindle capsule (€}

2) “Shadows™ of the graphite granule (g1, g2) dunng phasic stretches at 40 Hz with peak-
to peal amplitude of 13 mm measured at the aluminium tube of the stretch device

fi antrafusal muscle fibres (focus on the surface of the muscle spindle)

B The greatest distance between the “shadows” g1 and g2 indicating the maumum diplace~
ment of the granule g, was obtamed when the Mashes (f) of the stroboscope were timed to
occur at the top (2) and bottom (1)} of the vibration (v)

To correct for small differences i the size of \ibration applied to the different <pindles,
the displarement of the graphite granule was expressed in x per mm mosement of the cone
denser mvograph with due consideration to the frequency response of the setup (Fig 3 A)

Results

Threshold as a function of the frequency of vibration Measured by the displacement
of the 2luminium tube of the stretch device {p 2) the mimmum amphtude of vibra-
uon which elicited an afferent action potential in each cyvele mcreased wath frequency
and reached mr1amum at 150—180 Hz (5 <pindles stretched 10-—15 per cent and
4 stretched 20—2> per cent) At 100 Hz the threshold avernged 270 g when the
mmtial elongation was 10—15 per cent and 600 # when the 1mual elonganon was
20—25 per cent (Fig 3 C) Al d by the displ of the eq; ! regron
the lowest threshold of def was ob d at 120—160 Hz and was 7—10 ¢
n spindles stretched 10—15 per cent, the same threshold as found when single
transient stretches were applied (Jahn 1968b) With frequencies of 40—60 Hz the
threshold was about twice the threshold for single transient stretch tFig 3 Dt When
the mitial length was 20—25 per cent above equiibnum length the duplacement
required to obtain a vesponse to ewch cicle wis greater than that for a single
transient stretch 15 times at 120160 Hz 3 umes at 60—80 Hz and 2—3 umes
above 160 Hz (Fig 3 D)

When the amphitude of vibritions was below threshold the number of afferent
responses decreased (Fig 41 Wath 70—80 per cent of the amphtude which ehicited
an afferent action potential 1 eich cvele even second or third cycle evoked an
action potential When the ampliude was less than 60 per cent the evoked action
potentials could not be distingurhed {rom spontancous ones (Fig 5)
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Fig 3 A Frequency response of the stretch device with the muscle spindle attached 10 11

4 different spindles © 4= - Pa T

B Aserage displacer . . . . vile of tr muscle
spindle as & function ¢ - " . ngation 1015
per cent 1T 2 spindles . . . . (full I nes) 3nd
with correcuon for the varation of amplitude with frequency (cf A) (broken Immes) Qrdimate
Dusplacement of the granule in & per mm stretch of the muscle spindle

C and D The threshold amphitude of sibration which evoked a response as a funcuon of
frequencs (. deformation measured at the site of the alumimum tube of the stretch deviee,
D 4k 1 as the di of the recion of the muscle spind'es

1 three «pandles with an imtial elongation of 10—15 per cent

11 two spindles with an snitial elongation of 20—23 per cent

“T™ 1s the threshold deformation for single stretches

Discussion
The stndy of the response of amphibian musele spindles 0 vibraory sl b3
demonstrated the role plaved by the sisco-elastic propertics of the tissue i sents
with the senwry ending The deformation of the total preparation required to ehait
an afferent action potenual in each cvcle mcreased with the frequencey of vibranen
the threshold at 130 1z being about twice that at 40 Hz This 1s sumlar 1o findintd
in de-efferented mammalian muscle spindles m sty (Grant and Henarch 19360
and to findings with trams of transient stretches (Jahn 1968c) However, mrasure
ment of the diplacement of the equatornal region of the muscle spndle revetled
that the 1ncreate 11 threshold with frequencs was due to a decrease of the displace-
ment of the equatonal region the displacement at 150 Hz being onr fifth of that
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Fig 5 A Decrease of responsneness with decreasing frequency of vibration The figures 1n-
dicate the percentage of sinusordal stretches which evoked an afferent action potential

Ordinate  displacement of the equatonal region necessary to evoke the percentage of
responses which 1s indicated above each cune (2 spindles, 1mtial elongation 1015 per
cent ‘T s the threshold deformation for single transient stretches

B Distribution of the intervals between the action potentials 1n units of the period at 60
and 100 Hz for different deformations (7—17 & 2 muscle spindles at an imual elongation
of 10.—15 per cent)

at 40 Hz In this companson the frequency response of the stretch device was of
Tunor importance since correction for it diminsshed the displacement of the equa-
tanal region by 22 per cent at 40 Hz and increased 1t by 5—14 per cent at 120—
160 Hz The displacement of the cquatonal region obtamed with slow sm(ches_,snd
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with \brations of 40 Hz indicated that 73—~90 per cent of the deformauon tok
place 1n the elasuc connections between the muscle spindle and the myograph Wah
<ngle slow stretches the diplacement of the equatonal region was 10-—20 per cent
of the externally applied deformation, with vibrations of 40 Hz st was 612 per
cent and with 150 Hz 1t was 1—2 per cent Thus the suffness of the muscle spindle
mcreased 3—8 tumes when the frequency of vibraton was augmented from 40 to
150 Hz In the same frequency range the stiffness of extrafusal muscle fibres in
creased three umes (Buchthal, Kamser and Knappeis 1944)

A decrease sn displacement of the equatonal region can probably also explam the
increase 1n threshold with g {req found with trams of transient
stretches ( Jahn 1968c) When companng the respanse to vibratory stimuli and to
rains of transient stretches 3t must be born m mind that in the vibration expenments
a change 1 deformation 1s always associated with a change in the veloaity of stretch
The<e two parameters can only be vaned independently of the frequency of vibration
1s changed as well

In 1solated Paciman corpuscles threshold and frequency of sibration were simifarly
related as m the muscle spindle {def 1 35 the eg ) region}
The mummum threshold occurred at 200 fiz and was the same as that for single
stunuli with rectangular pulses (Sato 1961)

1 wish 10 express mv nncere grautude to Professor F Buchthal for constant advice and en-
courazement to Poul Roeenfalck M Sc for valuable theoretieal discusvions and to \Mr 3
Andersen {or the design of the expenimental arrangement.

The work was supported Iy the Muscular Dystrophy Associations of Amernca Inc  New
Yotk and by the Danuh State Research Foundauon
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Abstract
Orssov, P, ] Swepensorg and A © Treer-Niwsson The role of ademine nueleotdes
n the peripheral vasodil effect of thrombin Acta physiol scand 1969 76
137—147
The expenments were designed 1o study the med hantsm for the presjously demon-

adenosine and ademne rucleotides caused the same type of reactions as that of yasoactne
By mactnaty where these as well as super

natants were heated or mcubated with plasma or ADP ase—ATP ase {Apyrase), it #as con

cluded that the sasodilating aents 1n the latter are mainly ADP and to some extent ATP

In order to clanfy the pathophysiclogy in states of d: d antravascular coagu
lation we earher studied the effects on the circulation caused by small amounts of
thrombin Infusion of thrombm 1n amounts too small to cause mtravascular clot
formauon 1nto the femoral artery of a dog mduced a marhed local decrease in pe-
nipheral vascular resistance (Delm, Olsson and Teger-Nilsson 19671 A generalzed
decrease 1 the penpheral resstance also occurred when thrombin was nfused
mtravenously mto defiby ] ammals The<e circulatory effects of thrombin
were independent of products of the thrombin fibrinogen reactton, and did not seem
to demve from any precursor 1n plasma Suspensions of unwashed blood cells
saline however became highly vasoictne after ncubation m titro with small
amounts of thrombin (Obson Swedenbarg and Te 1 1968)

The present work was designed to studs the release of vasoactive matenil from

washed blood cells suspended in saline and trested with small amounts of thromben.
After ot L and suk

c the vasoactne principle
was found 1n the supemnatant The effects of the supernatant were compared tn those
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of establiched vasorctne substances which might be released by thrombin from
formed elements 1 blood Substwnees tiken into consideration i this comparion
were serotonmn histanine, adenosine and adenmne nucleotdes

Reagents

Thrombin Commercial bovine thrombin from Parke Davis Co, Detroir Michiean US A
The thrombsn actnaty ginen by the firm was taken for granted
Adenoane Snmu}(‘hcmxml Company, St Lows Miswun US A

Aderin ophate {ADP)

\denosine . . \weun US4
Seroton e 1any
Histam -
Heparn - .
Before - 0
Apyrase ‘ -
Methods
Preparation of 1 asoacts ¢ Materal
Autol an 2! (human) tood were used  \utolocous tlood (156—
200 ml) was drawn from the carond arteny diately before the ¥ X

and bumin llood were sampled by venous puncture the duv before the expeniments The
withdranal was made 1o polvetinlene vessels contamng one volume 013 M tnsodium
«citrate for 9 volumes of blood \ll handing of blood durning the preparations was made
pohethilene vessels The blood was centnfuged at 1000 g for 30 mn in room temperature
The plasma was separated from the cells with a sthicomzed pipette The cells were washed 3
nmes with equal volumes of saline and then suspended 1n saline 10 engnal blood velume

Cell suspen<ions were incubated with thrombin in concentrations of 0003 003 03 and
3 NIH umits per ml After 20 sec the action of thrombin was intertupted by additron of
heparin to 1 fin3l concentration of 10 T U per m! The cells were separated by centnfucation
at 1000 g for 30 mn and supcrnatangs were stored at 4° C up to 2§ hrs These supernatants
will 1n connnuation be referred to as thrombin supernatants

Simultaneously with thrombin supernatants control supermatarts were alwavs made They
were prepared in the same wav except that hepann wis added to the cell suspension prior 1o
thrombin

Assay of potassum and hemoglobin
Potassium was measured by means of a flame photometer (Fppendorf West Germany ' Hemo-
globin was measured accord ng to Crosby and Furth (1963)

Assay of vasoactitrty
The experiments were performed on hepanmzed monerel dogs (1000 1+ U/hg bow } \‘rmhms
Detween 10—14 kg Anesthesia was induced by h hal sedium and
with 70 ¢ o m oxigen ad: d by means of an Engctrom respirator
(MIVAB Stockholm Sweden) When necessary further thiopenthal sodum was gven sntra
venously
One femoral artery was exposed and a poliethalene catheter was introduced throuch 3
small branch for infusion of the test solutions Infusions were made with polyethylene «vrnees
- - ef s = sle comagnete
N citheter
- - . fen) con
v m the
der (Sre-

Results
Vasoactiuity obtamed from blood cells inecubated wath thrombn
Supernatants obtaned fram cell suspensions meubated w 1th thrombimn m 2 concen-
tration of 0 3 NITH units per ml were tested for vasorctnits (thrombn supernatants)
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Srewmtm ot
et e
L wen s —
Tressare ety
o

¥iz 1 Aortic blood pressure and  ITmioreinm
femors! artersal blood flow dunng ]
2§ mn tnfawon of hrombm

supeenatant and contral super = _/\__~__
ratars prepared from homologous

blood cells Infuson sate 2 ml °

.

Supernatants denved from cell suspensions to which heparin had been added prior
1o thrombin served as controls (contral supernatants)

Supernatams from autologous cells were gnen to 2 dogs 1 13 infustons, super-
ratants from homologous cells were gnen 1o 3 dogs an 13 mnfusions, and supernatants
from human cells nere gy en ta 2 dogs m 8 mfusions The wnfusion rate of the super-
natants vaned between 1 and 3 mi per munute to a femeral arterzal flow varyng be-
1ween 36 and 99 mi per minute The amount of miused <olution rarely exceeded
10 ¢, of the blood flow in the artery The duration of each infusion was 30, 45 or
60 sec

The thrombin supernatants slwavs mduced mmmadiate merease an blood flow The
Iatter rapidly returned to normal when the infusion was stopped  The flow merease,
following 1afusion of thrombin supernatants vaned between 40 O and 250 ¢ The
blood pressure was not affected Control supernatants faled to produce changes
blood flow or everted 10 some stances onhs, a small flow increasing effect A e
cal expenment 1s shown sa Fig 1

The sntra arteral of the test sub were caleulated from the

wnfused amount of test substance 2nd bload flow o the arten "\ asodidauag effect
was expressed a5 per cems flow ncrease per g supermatant per mi blood mntra
intsa artenath  For thrombm supernotants these ligures ranged between 11
and 50 For control supernatants the calculated ﬁvures varied berween 0 and 07
Mo difference was {aund berween of g homol or human
ongin The complete results ate bsted in Table 1
Thus st 1s obvious that thrombin has the abihty o release vasocanve matenal
L de Woas wells W e orrvarding medien 23 San S eenies o Wil
by hepann
Thromb: supernatants were then prepared wah different concentrations of
hrombin The foll @ were used 3 03 003 and 0003 NIH
unsts/ml These supernatants were tested for sasoactvin in 4 dogs
o difference in vasoactivity was wen between supernztants prepared wuh
h bin in 2 final @ of 3 NIH units ol and 03 N amts/ml 003
M units mi of theombin st! cauced release of vasoacuve materal When a con-
centration of 3003 ZH unitx ml was wied ro flow increanng effect of supematants




140 PER OLSSON\ JESPER SWEDENBORG AND AN CATRINE TEGER NILSSOY

Tante ! Flow changes during antra arterial snfusions of supernatants from autologous homo-
logous and human blood cell suspensions incubated with thrombin (03 NIH/mi)
Mean and range values are gnen

Orig nof Noof  Thrombin supcrnatants Naof  Controf supernatants

cells infu infu

Sumber of sons Intra Flow Flow sions Intra Flow Tow

dogs arterial  ancrease  increase artenal  ancrease  mncrease
cone  °, (%) per conc o, (") per
Aljmt alper ml JUm ul per ml
blood blood blood blosd

autologous 7 "0 192 32 8 87 20 o1

2 dogs 33—190 80390 13-—0 37210 (—100 007

hemologous 15 58 110 18 7 52 10 02

3 dogs 23—9¢ 00320 11-=31 28—9¢ 0-50 0-05

human 8 31 60 30 3 36 10 ol

2 dogs 14—45  40—180 16—43 14—48  0-20 0-04

could be detected Thus a concentratton of 003 NIH umts of thrombsn/ml 1s suf
ficient to release yasoactnany from = cell suspension The results are summarnzed m

)Tablc I

Some characteristics of thrombin supernatants
Supernatants from blood cell suspenstons incubated with thrombin 1n concentrations
of 03 NIH unus/m! were used Potasssum 3nd hemoglobin concentritions were
measured in 10 camne and 10 human supernatants \s can be seen from Table IIT
no difference exists betwecn thrombin supernatants and control supe rnatants

Thrombin supernatants were tested for vasoactnity before and after dialysis After
ialysis agamst an equal amount of sabine for two hours the vasnactivity of the
supernatant decreased and vasoactinity was found in the dialvsate After further
daalvss agamst 50 valumes of saline for 2% hrs the vasoactnty of the supernatant
decreased to zero

Fre thrombin supernatants were heated to 100° C for 30 mn Before testing for
vasoactiits the volumes were restored to onginal lesel with saline The vasodilating
actiaty was not affected by this procedure

Another 5 thrombin supernatants were incubated with an equal volume of auto-
logous plasma at 37° C for 15 mun a procedure which reduced the acuviny marbed
Iv_ sometimes even to zero As controls to the supernatants mcubated with plasma
mrxtures of supernatants and equal volumes of saline were used

Tt 1s thus luded that thromb neither induces hemolvsis as

d by of h lobin nor releases significant amounts of potas
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Tame 11 Releate of vasoactise materval after sncubation of blood cells with dufferent
concentrations of thrombin Resufts obtaned fom 4 homologous and {
autologous supernatant, tested 1 4 dogs Mean and range valuss are
gven Nomber of infusions = n

‘Thromb tont. i 3¢ 0% 003 a0a3
amcubaton maxtyee
{NIH umtsjml)

Flow increase () 27 22 19

per pd supernazant 1054 1i—-5¢0 04351t 00

per i blood n=2 n=9 n=8 a6
Taste 11 of and h ¢ in throring superpatants and rontrol

supernatants {3 of each from human cells and 5 of each from canne cells).

Potassum {meqily Hemoglobn {mgf100 mi)

Thrombin supernatant  Control supesnatant  Thrombun superpatant  Controf supesnatant
10 10 10 1

mean 07298 mean 0245 mean 93§ mean 1159

3d 0064 sd o018 sd 61 sd B33

sium The vasoactne material released from blood cells duning thrombin treatment
5 chialysable, stable at 100° C for 30 nun and s at least partly aactsated by e
cubation with plasma

[o! of thromibim sup
ard adenonne

wath 3 , AT, ADP, AMP,

The arculatory changes produced by th kb

were d to
those produced by serotopmn hustamme ATP ADP A\IP and adenosine Most of
these substances were alwo exposed o the same treatments as the thrombun super.
natanes 1e heaung and plasma L A% st
after such treatment

was d before and

Serotonsn was mfused wtea astenafly m 3 dogs {t nduced an smmediate sncrease
15 femoral antenal flow Concentranons of 10~ 20 pg serotosin per m! bleod werp
required to snduce the same flow incresse as that of thrombim supernitants How
ver a flow shcrease from serotonm of that magratede almost always mduced 2
decrease 1 aortic blood pressure some weconds after the {low ncrease with 2 sub.
sequent secondany decrease m femnrad wrterial flow  Furthermore serotonin i con.
st to the supermitants usuath induced tuchapntaxis (Frg 2y
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Trrombn.
soemanan Serctonn Serotorn

Aterat mean — —— —
pressure mmhg

0o ]

. _______,—\/\/
Fermcra arter al

.

20

fwan f ow rolims

o

tmn

Fig 2 Aortic blood pressure and femoral arternal blood flow during a 45-sec infus
thrombm prepared f{rom it cells and of scrotonin (05 mg/ml} 1
subsequent anfusions Infusion rate of supernatant 3 mi/min of serotonin 2 mifmin

H m of 25--5 pg/ml, resulting 1n mntra a1
concentrations of 27—312 ngf/ml were made 1n 3 dogs It caused the same ty
reacton as yasoactine supe and no al m blood pressure cou

observed The sasoacuve properties of histamme as well as of thrombin s
natants rematned alter exposure to 1002 C for 30 min In contrast to thrc
™ supernatants incubation with plasma 1t 37° C for 15 nun faited to reduce th
tnaty of histamine
Adenosine and adenmne nucleotides were tested m 5 dogs These substance
duced an tncrease 1n blood flow sumilar to that obtained with thrombin superna
‘s caleutated from the degree of blood flow increase the vasoactivaty of thro
supernatants corresponded to 25—75 pg adenosine/m] 100—200 pg AMP/ml
2 ug ADP/ml and 05—2 pg ADP/ml The injected solutions gave rise to thi
lowing intra artenal concentrations lor adenostne between 0 8—14 yg/mi for.
between 23—20 pgfmi for ADP between 002—0 18 pg/ml and for ATP bet
0212 ugfml In common with thrombin supernatants none of these subst:
Jost their vasoactvaty when heated te 100° C for 30 min Incubation with pl
however kedly reduced the v of ADP and to a lesser degree alsc
of ATP Adenosine and AMP were unaffected by incubation with plasma
complete results of the experiments with histamine adenosine and ademne m
tides are hsted 1 Table IV

Treatment of thrombn supernatants with ADP ase and ATP ase (Apyrase)

The v y of thromt p was d before and after in¢
tion with Apyrase which 1s considered to have manly ADP ase and ATP as
uvities To 8 ml of thrombin supernatant were added 1 ml of 01 M sucainate b

pH 65, 1 mlof 003 M calcium chlonde solution and 1 ml of Apyrase solutior
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Tasre IV The influcnce of wnevbation with astofogous plasma at 37° C for 15 mn

on the b «f thrambin and ademne nucleo-
udes Afean ard range vafues are given Mumber of infovons = n

Test sotution Flow sncrease (%o} per 0B ot 4t per m! blood
Number of dogs
Incubation i saline Incubanon m plasma

Thrombin ;upernatants 36 082

{3 autologous 2062 0-2.¥

1 hormologaus n=7 ne=g

3 human)
5 dogs

Histamoe 15 19

2 5y pgfrol 06926 12-29

3 dogy n=8 n=8
Adenosine (1253 5073
25100 pigfm 00250 158 6020170
4 dogs n=a a=6

Ave o018 0022
100200 pglmt D010 022 VOI7~-0 042
4 dogy =9 n=§

app 40 33

0 52 pgfeal 1267 04

3 dogs =14 a=12

ATP oBs a3

2 55 pgfrl Gl 6 0091

4 dogs a=g a8

mg/ml an succmate buffer) (hnshnan 1946) The mixture was wncubated for 1 hr
at 30°C and thereafter examined for vasoacuntty Thrombun supernatants denved
from one batch of autalogous and two batches each of homologous and human
bload cells were incubated 1 this way Solutions of ADP (2 ngfmhy ATP (5 pg/mi,
AMP {400 pg/mb) and h were akso bated for o 1n controt

mastures the Apyrase was replaced by one mi sucainate buffer Forty-Ine wnfunions
were made in two dogs.

Thrombin supernatants irrespective of ongn showed markedly decreased or no
vasoactvity after the treatment with Apvrase ADP and ATP m the above men-

uoned concentrations also lost thewr taseacuwity when thus treated AMP and
" tetel Heeted
were

The effects of ADP ATP and thrombip supernatants belore and after Apvrase
reatment are listed m Table V'
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Tt Serctonn Serotorn
— we— —

Anterial mean
sressure mmbg

i ]
50 ———-——-——’-’\//—\/—
Femoral arter a1
mijmn
0

mean f ow

0
—_—
Tmn

Frg 2 Aortic blood pressure and femoral artenal blood flow durng a 45.sec nfusion of
thrombin supernatant prepared from autologous cells and of serotonim, (05 mg/ml} m two
subsequent mfusions Infusion rate of supernatant 3 ml/min of serotomn 2 ml/min

H f m ¢ of 255 ug/ml, resulting 1n intra artenal
concentrations of 27—312 ng/m! were made in 3 dogs It caused the same type of
reaction as vasoactie sup , and no al n blood pressure could be

obsened The vasoactne properties of histamine, as well as of thrombin super-
natants remained after exposure to 100° C for 30 mun In contrast to thrombin
supernatants, incubation with plasma at 37° C for 15 min faled to reduce the ac
vty of histamine

Adenostoe and adenine nucleotides were tested 1 5 dogs These substances 1n-
duced an increase 1n blood flow similar to that obtained with thrombin supernatants
As caleulated from the degree of blood flow increase, the vascactiaty of thrombin
supernatants corresponded to 25~75 ug adenosine/ml 100-—200 gg AMP/ml 25—
5 ng ADP/ml and 052 ug ADP/m! The mjected solutions gave rise to the fol
lowng intra artenal concentrations for adenosine between 0 8—14 ug/m! for AMP
between 23—20 pg/ml for ADP between 002—0 18 yg/ml and for ATP between
02-~12 ugfml In common with thrombin supernatants, none of these substances
lost their sasoactivity when heated to 100° G for 30 mmn Incubauon with plasma
however, markedly reduced the vasoactivity of ADP and to a lesser degree also that
of ATP Adenosine and AMP were unaffected by tncubauon with plasma The
complete results of the exp with | de and adenmne nucleo-
udes are bisted i Table IV

Treatment of thrombin supernatants with ADP ase and ATP-ase (Apyrase)

The vasoactinity of thrombn supernatants was esttmated before and after meuba
tion with Apyrase, which 15 considered to have mamnly ADP-ase and ATP-ase ac-
tvities To 8 ml of thrombin supernatant were added 1 ml of 0 1 M succinate buffer
pH 65,1 ml of 003 M calctum chlonde solution and 1 ml of Apyrase solution (10
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rmarn part of the adentne compounds 1 the blood 1s probably found 1 the red celb
(Chambliss £f af 1952, Rehell Forsander and Ratha 1952} Ademwne nucleotides
have vasodilating properties (Frohhch 1963, Johnson and Lepley 1966) Serotom
1s found 1 relatinely large amount i platelets {Zucker and Borells 1955, Humphrey
and Jaques 1954 Snow ef al 1930} and 3t 35 also hberated when platelets are treated
with thrombin {Markuardt and Barthell 196% Buchingham and Maynert 195t)
Alo histanune, if present in camine and human platelets mught be lLiberated by
thrombin (Humphrey and Jagues 1950) PBoth seretonm and histamune change the
peripherat blood flow {Barst Berglund \eGregor 1927}

Serotomin 15 probably not the vasodilator of ymportance in the present study In
our experiments serotomn alwavs produced generahized owrcvlatory effects when
wmfused atra artenatly a pheromenon which was never seen when supernatants
were nfused A pronounced tachyphylaxs was also obsened after infusions of sero
tonin Repeated mfusions of acine supernatants seemed 1o produce no decrease in

response Furth if the vasodit effect of thrombin supe was due
to the content of serotomn 1t would correspond to at Jeast 05 mg/ml of serotomn
Such hugh ¢ of serot cannot be ob d from the blood in the 1o

cubation muxwres used since the serotomn concentrauon m platelets—the man
saurce of serotonn—s less than 3 ug per 10° platelets (Humphsey and Toh 1954
Zuckes and Borrelli 1955 Snow ef af 1950)

Hystaroine caused the same tpe of Jocal vasodilatation as that of thrombin super
natants Y histamune was taken wto account as the only vasoddator 1 supernatants
1s concentranon would be 235 ug/ml This concentration is far too high to
emanate from platelets alone smice canme and human platelets are considered to
coman Jess than 01 pg istamne/10° platelets (Humphrey and Jaques 1%+
Fistamne abo differed fram thrombin supernatants m not bemg macmated by
plasma meubation for 13 min.

All the ademine nurleotides had the same flow changing properties as vasoactne
supernatants ADP was—on weight basis—found to be 2—5 times as potent as ATP
2050 umes as potent as adesosine and 30-~100 times as potent as ANP When
concentratians of these substances which produced flow changes of the same magm
tude as thrombun supernatants were used 1€ was found that ADP and to some ex
tent ako ATP had the same charactersstics as thrombin supernatanss with regard
10 heating and plasma mcubztion

1f ahe 22s0didating actnaty of the supernatants 1 due t the content of ADP and
ATP the concentration might be so low that detertmunations with corrent merhods
would be hazwdous In order to find out whether the vasodilanng effece of super
natants way due 0 ADP and ATP they were meubated with Sperase which 5 a
hnown specilic ADP ase and ATP ase (hnshnan 1946) As expecied ADP as w=ll
as ATP 4 relevant concentranions were mactnated by Apyrase AMP and adeno-
sine n concentrantony that produced vasodilation n the same range as the ADP
and ATP solutrons tested were ot wnfluenced by Apyrase Histamene was of caurse
umiffected In incubation with Apvrase The vaseactnaty of thrombin supernatants
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van hed almoct entirehy after ancubation with Apvrase and st thus seems that the
main part of the vasoactnaty n the supernatants 15 due 1o the existence of ADP
andfor ATP

The tvpe of Llsod cells which constitute the source of ADP and ATP 1n the pro-
duction of vawacine matenal cannot be shown by il e present imestigatn s ace
the different blood cells were not separated However the amounts of ADP which
can be released by thremtin from a “normal  number of platelets are according 1o
fi~ures presented by Ireland (1967} large enough 1o supply the surrounding medium
with 05—2 ug/ml This amount of ADP docs 10 fact induce arculaton chanses of
the same magnitude as the vasaactne supernatants The intra artenal concentraty n
of ADP 1s thus 01 pg and Jess In certam respects our results are 1n accordance
with those of Haustern and Markwardt (1963) who demonstrated that thrombin
releases «erotonun and ATP from platelets The red cells alwo contamn large amounts
of ADP as well as ATP (Chambliss f al 1950 Rehell et al 1932) and may abo b
a soutce of these vasoactive substances. 1t 1s not known howerer whether thrombin
can hiberate adenin~ nucleotsdes from red cells.

We have earlier been able to demonstrate that thromhbim when mnfused intra
aneralh 10 a concentration gnang just a few hundredihs of one \IH unit/ml blood.
created a marked decreace in peripheral vascular ressstance and that this effect was
linked to the enmvmatic actnviny (Dedin, Olswon and Teger Nilsson 1967) The con-
centraton of thrombin 1n the n 1tro mncubations 1 the present study was of the
«ame magnstude as the 1ntra artenal concentrations 1n the previous studs Th e vaso-
dilatauon dunng intra artenal mfusions of supernatants and thrombin are of the
$2me tvpe e there 1s a faut onset of vasodilatation and no nfluence on blood pres-

ure the latter indicating rapid 1nactivation of the vasodilating matenal It s there

fore jusufied 10 assume that we are dealing with the same vasodilating agent m the
o different studies The penpheral sasodilatation occurnng when thromb n ss pres-
ent i the artenal blood may thus be mediated by release of ADP and/or ATP from
blood cells ADP has an established role s platelet aggregation n 2170 Niownd
rowshy and Thomas 1966 Gaarder ef al 1961; and mas have importance 19
hemostasis Azzer-Glanzmann and Lusher 16062) [t 1s possible that the acgregaung
abliny of thrombm 1 mediated by refease of ADP These expenments indicate that
thrombin and ADP also are imolved in the regulation of the regional blood flow

The small of thrombin that were required to release vasodil nucleo-
nides from the blood cells may exsst 1n the blood stream dunng tntravascular coagu
lation and shock Since ATP and ADP are such potent vasodilators they may well
have <izmficance as azents that reduce the penpheral resistance sn mam hvpo-
tensne states

“Ttus work was supported by grants 17X 102801 EF2-14X 232701 from the Swedush Med cal
uncil
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Intercostal and Cercbellar Influences
on Efferent Phrenic Activity in the Decerebrate Cat
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Fwiro E Decnviat and Curt von Etter

Recened 15 August 1968

Abstract

Dectsa E E and C von Ruter Intercostal and cercbellar influences on cfferent
phreme actiaty ain the decerebrate cat Acta physiol scand 1969 76 148—
158

The ntercostal to-phrenic reflex connections, previously stucied only i spinal preparations
have now Leen further analyzed 1n decerebrate cats and rablbats The early excitatory part of
the response was of the same nature as the corresponding response component n spnal
preparations  The subsequent snhibitory phase was due both to post finng depression as 1
the spinal state and to active inlubition  The responses in decerebrate arumaly showed marked
respiratory sanations sath atmost complete abolish, of the execitatory an the
end expuratory phase In the decerebrate preparation the responses from the different portions
of the draphragm showed quahtatne differences which disappeared after spinalization Further
Xigns of differentrated intercostal o plireme relat ons were obtaned by sumulating different
ntercostal nerves Stumulation of the antenor lobe of cerebellum exerted pronounced effects
both on the resprratory phremie actvity—inlubition  somettmes followed by post tetamc

] to-ph reflex—remoning the mhulntion 1 the end-ex
piratory phase Some of the features of the synaptic orgamzatren of the phremc nucleus are
drscussed

In prestous papers (Decima Euler and Thoden 1967 1968, Dectma nd Euler
1968) it was shown that the paucity of muscle spindles i the diaphragm and the
corresponding lack of autogenctic facilitation of the phrenic motoneurones (¢f
Corda, Luler and Lennerstrand 1965, aiso for further references) 1s, to some cxtent,
made up for as it were by proprioceptive nfluences from the lower intercostal
muscles Evidence was thus presented for a mechanism of self facihtation of the
phrenic wheseby a of the diaphragm by tts mechinical
action on the lower rib cage elicted an intercostal to-phreme reflex discharge

A more complex organtzation of the phrenic matoneurone pool than has common-
Iy been assumed was suggested by the fimding that the phrenic motoncurones
showed considerable indnidual differences i their responses to vanations n the
afferent mnput from the different intercostal nerves This prompted further studies

1 Present address Department of Anatomy, School of Medicine, Uniersity of Calforna 21
Los Angeles, Calif 90024 USA
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Sternum
b

Fig 1 Schemauc drawing of nght hemidiaphragm, seen
{from the pleural uide, showng sts stermal, costal and crural
portions and therr relatiort 10 the mamn phreme branches
The relations betwen the costal part of the d.aphragm and
the nbs 1X—XII are also mdicated

o the 1 of the phrenic motonucleus with special re-
gard to 1) possible differences 1n the reflex relations between the different inter

costal nerves and the main portions of the draphragm and 2) possible influences of
cerebellar stimulation

Whereas our previous papers, ated above, were concerned with intercostal to-
phrenic relations 1 spinal ammals, the expenments of the present study were per-
formed on decercbrate preparations smce 1t was soon realized that supraspinal

structures exerted some discnmmating effects on the reflexes from the different
1ntercostal nerves

Although 1t had been reported previously (Meulders, Massion and Colle 1960),
that cerebellar stumulation would not exert any effect on the diapragm, 1n contrast
10 the intercostal muscles (¢f Corda, Euler and Lennerstrand 1966) 1t was decided
worth while to remvestigate the matter using also the intercostal-to-phrene reflex

as an index Both mhibitory and facilitatory effects have been obtained 1n response
to cerebellar sumulation

Methods

The experiments were done in adult cats and rabbits decerebrated tmideollicular) under ether
anesthesia. Eighteen cats and [ne rabbits were used The lower cxternal and internal inter
costal nerves (VIII—N\IL) were dissected cut distally and mounted for sumulation (see De

— e anen vl . s < ST Tl e & s

[ .

discharges werc recorded from the C5 phrenic root in the neck as descnbed elsewhere (De
cima et ol 1968) 2) Electromyosraphic recording of the actmity m dilferent parts of the

was y means of mdwelling electrodes { ) n the
sternal costal and crural parts of bath 3) Te diff in out
put from different parts of the pheemuc poot was also studied by recording from the mam

terminal branches of the phrenic nene To et access to the draphragmatic branches mude
the thorax a large naht thoracotomy usualls with resection of the 9th or 10th nbs was per
formed. The three main phremc branches (see Fig 1 were then mdiidualized 1n the lateral
nde of the inferior sena cava and earefully <eparated from it They were then dissected free
rom the surrounding muscular e severed d <tally ard mounted for recording The active
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A B8
by —L....,___,\

o 4-. —~— —~—— Fig 2 From the decerebrate cat under
2 S Flaxed)] and artficsal  respiration
= M NS ‘ __,‘\ Integrated  and  directly  recorded
! — phrenic  yesponses (o suprathreshold
M N shocks to the 10th internal intercostal
nene A m the decerchbrate state and
B after hizh cenjcal spinalization
_— N with stmulating and recording condi
o iy e P o N tions ]rrrnammz’xhe same except that
w stmulus strength was 2 db higher 1
! A than i B To the left i A the

———— —_——
phases of the respiratory cycle are
by ~— marked Upper records i each par
"{" "~ g o clbtsned from the aptenor plren
— ] ranch and the lower records in eac
o] - e AP parare from the muddle phreme
2 M A]"  Uranch Records of the richt columns
£ -‘\-—— n both A and B are the integrated

responscs otherwyse the same as thowe

RN 200 ¢/ of the left columns

lengths of the nene branches used for recording {}0—15 mm) were covered with vaselne
Gauze embedded with warm mineral oil was then placed around the recording region coserng
all evposed tissues (Jung diaphi and part of d In thie series of expenments
the ammals were parahzed with gallammne (Flavedil®, AMay & Barler )

N Results

he intercostal-to phrensc response mn the decerebrate cat
The intercostal to phrenic refles could be elicsted not only after high spinalizauon
as descibed mn preceding papers (Decima ef af 1967 1968 Decima and Euler
1968) but was easily d also m the decerebrate prep of both cat and
rabbit

The general character of the earhy excitatory part of the phrenic response was very
simlar to that described for the spinal preparations Some important dissunilitanes
were encountered however The response m the decerebrate ammal waxed and
waned with the animals own respiratory cycles 1t generally became greatly de-
pressed or even completely abolshed durnng the last part of the expiratory phase
and d s i size dunng msp These resy y fluctuanons 1
responsnenes are clearls seen in Fig 2 { and in Fig 5 4 and € In the decerebrate
preparation the phrenic response did not usually reach as great a magmtude 2518
the spinal preparaton (¢f Fig 2.4 and B) However the thresholds for the phreme
response, when elicited 1n mspiration or i the early part of the expwratory phase
were roughly the same as the thresholds obtained 1 the spinal preparation and the
threshold differences between external and internal mntercostal nerves w=re stmular 10
the two types of preparations There were no significant differences in the Jatencics
of the early excitaton phase of the responses in the spinal and the decerebrate
ammals Nor could any latency change be observed when a decerebrate cat or rabbit
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was acutely spinalized (cf Fig 2.4 and B) It thus seems justified to assume that
th early excitatory part of the response m the decercbrate preparation was of the
«ame nature 23 that obtaned in the spinal ammal

Judged agamst the background of the respiratory impulse activity (inspiraton )
1n the efferent phremc fibres, the early volley was generally followed by a peniod of
strong snhibition lasting for almost 15 msec As reported in a preceding paper (De
ama et al 1968) the early volles of the resporse in the spinal preparation was fol
lowed by a phase of depression which could be observed against the background of
the spontaneous’ tontc phremc actnity An inhibitory response without a preceding
phase of exatation was not observed in the spinal ammal In the decerebrate
preparauon, however, the inhubitory phase of the response appeared to be faurly in
dependent of the The relathe proportons between the early
exaitatory and the later mhibitory parts of the response were dependent 14 on
which of the intercostal nerves was stimulated A pure inhibitory response without
amy nonceable preceding exaitatory effect could, for example, be obtained by stumu-
lation of the 8th internal intercostal nerve, whereas 1n the sptnal cat shmulauon of
this nenve always provoked an minal excitation In the decerebrate preparation the
mtubitory phase of the response often appeared at one and the same latency -
dependent of whether 1t was superseded by an early volley or not This can be seen
w Fig 24 The mhintory part of the response was usually of shorter duratian 1n
the decerebrate preparation than in the spinal one and was sometimes followed by
a late excitatory discharge The latter was never seen without a preceding mhibition
the size of these late volleys, however, was always bigger the longer the duration of
the preceding mhibition The second inhubitory phase of the response in the de-
cerebrate ammal was probably of dual nature a depression corresponding to the
response 1n the spinal animal (Decima et al 1968, Dectma and Euler 1968) and an
active mnhibition  The relatne proportions between the exatatory and inhibitory
parts of the responscs seem to be dependent on influences from supraspinal struc-
tares

Reflex actiiation of the different parts of the diaphragm
The question whether the phremc motoneurones innervating the different areas of
the diaphragm have different reflex responsieness has been approached by record
ing separately from the three main phrenic branches supplying the anterior costal
the middle costal and the crural parts of the hemdiaphragm as shown in the
diagram of Fig 1

The npical difference between the responses of the anterior costal branch and the
branch inpenating the crura has alrexdy been shown n Fig 24 In this figure the
upper record 1 each pair of sweep tracings was obtained from the anterior costal
branch The recards from this branch showed a powerful inhibition of the response
when 1t was triegered to fall in the penod of inspition with no or only a small
preceding excitalan response component On the ather hand the Tespornse {rom the
crural branch conwisted of a dominating imual discharge followed by a relatnely
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Vil X Fig 3 From a decerelrate cat under Flaxedi] and artifiesal
respiration To show differences 1n responses from the crural

(upper records in each pair) and the middle costal branct es

VAW (lower records) of the nght phrenic nerve to short tetamc

200¢/s Lurst stimult to the internal ntercostal nerves V1II—XI

¢ Each record 13 composed of 30 superimposed frames Stmr

lus strength 4 db abme threshold For further explanation
see text

weak mnhbition The responses from the middle costal branch generally showed 2n
diate pattern as 1ll d 1n Fig 2 by the lower records in each pair
In order to establish whether these dilferences tn response obtamed from the dif
ferent phreme branches were dependent on supraspmal influences, ligh cenacal
spinalization was performed on four cats after the decerebrate pattern of response
had been obtained These expersments all showed that after spinahzation no sigmify
cant differences 1n response from the three phrenic branches could be observed The
lating cond were kept this part of the
e xpeniment
v Further differences tn the output activity from different parts of the phreme
Lsmotoncurone pool were observed when the input was vaned by sumulatng different
intercostal nenves In Fig 3 supenimposed records were obtained simultaneously
from the crural branches (upper tracings 1n each pair) and from the mddle costal
branches {lower tracings) of the phremc nenve m response to successne stmulation
of the internal intercostal nerves 8—11 the records denoted C senving as the con
trols The response to sttmulation of the 8th nenve contrasted markedh to those
produced by sumulation of the other nerves 1n that it consisted of an altogheter
dominating inhibition preceded by a very weak or no excitatory phase Sumulation
of the internal intercostal nerves 9 10 and 11 changed the emphasis of the responsts
in both the crural and the middle costal leads towards a stronger smtial excitation
and a decreasing phase of inhit The resp I from the antenor costal
branches usually showed a complete absence of an early volley whereas 1n this branch
a promment inhibitory phase was always obtaned to stimulaton of the snternal
intercostal nenves Stmulation of apy of the external intercostal nenes 8—10
produced an early excitation only 1 the branch innenating the crural portion of the
diaphragm but not in the branches for the middle and the antcrior costal portions,
no dear differences were obtamned with regard to which of the external sntercostal
nenves 8—10 was stmulated From the external nerves (8—12) some mhibitic n was
always ehietted 1 all the three leads considerably less powerful however when
compared with the effects elicated from the internal nerves

1 ltered th +
P Y 8
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1oy 4
A
B
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Fig 4 From a decersbrate cat under Flaxedii and artificial respiration To show differentiat
effects of cerebellar sumulat on on mspiratory phremic discharge and on phremc responses ta
single shocks to external mtercostal XI The intercostal sttmuli are marked with dots A
control before cerebellar shmulation B during and € immedrately after tetanic stimulation
of the cerebellar cortex at a contralateral paraverman site on lobulus IV Stimulus rate 190/
sec Both vagal nenes were mntact so that the inspiratory discharge was kept in phase with
cach stroke of the pump For further explanations see text

Passite movements of the trunk

A senes of experiments was performed on fine cats to study whether, i response to
passive mosements of the lower thoracic and lumbar region of the trunk any effects
on the electromyographic actiity of different parts of the diaphragm could be
detected Dorsal and lateral flexions as well as rotauons of about 60° round the
vertical axis were the passihne movements applied Different effects were thereby
usually recorded from the different portions of the diaphragm suggesting the occur

rence of a differentiated reflex activation of the different parts of the diphragm

Most of the results however were not repeatable from one expenment to another

‘The only consistent results of these experiments were obtamed n response to dorsal
flexion of the back which regularly resulted m inhibition of both costal and crural
portions of the draphragm on both <ides

Effecets of cerebellar stimulation on resprratory and reflex phremc actitity

The mtercostal to phremie relations and the results indicating supraspinal influence
on this reflex seemed to offer a new approach to the question on a posuble cerebellar
control of phremic actnaty Tetame stimulation of the lobulus IV and \ of anterior
cercbellum usually caused marked inhibitory effects on the mspirators activity of
the phremc motoneurones This effect was most pronounced on the 1psilateral side
Facilitation of the inspiratory phrenic activity was never obtained 1n direct response
to tetanic stimulation of the cortex of the anterior lobe neither when contralateral
nor when ipsilateral verman or pirwermian loc: were tested \s a post tetame
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phrceret e

—
—_—
AL
Fig 5 From a decercbrate cat under
— Flaxed ! and aruficial respiraton To
show selecrne effects of cerebellar
— stmulation on the ntercostal to-
phreme  reflex response w thout
AL fiuenesng the nsprratory phrenc ac
tinity Sweep records of e integrated
e responses to sngle stocks 1o the
whole 1lth intercostal mere The
conunuous records show the d recth
—— recorded phrenic  actmaty  and the
intrack eal pressure Both vagal nenves
—— are nfact so that the nsp ratory
discharge was kept 10 plase wuh
the stroke of the pump For lurther
explanations see text
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cifect however a shight facshtation of the respratory phreme actnify was often
chiaited from parasermuan sites both apsi and contralateral to the side of the phrenie
recording,

The effects of cerebellar on the ! to-ph reflex followed

quue different pattern ¥ig 4 illustrates ths effect In these expeniments the de
cerchrate cats were fully paralyzed by Flaxedd] and the ventilation was adjusted so
as o gne a good sp rhythmic ansp y phremc discharge Since both
vagus nenves were left 1atact mn these expernments the amimals respiratory rhythm
became Jocked to that of the pump by the nflatian reflex of Breuer (1868 Record
A of Fig + serves as the control and shows both the spontaneous inspiratory actint
ty and the responses to 1ntercostal sumult 1n the C5 phrenie root The almost com
plete depressson of the phrenic responses to intercostal stimulation towards the end
«f the expiratory pause s clearly seen Record B of Fig 4 1s obtained dunng pro-
longed tetanic stimulation of the carte of lob IV of the antertor cerebellum at an
1psuateral vermian site It 4l both of two diff: effects of cerebellar stunu
latton 1) the marked inhibition of the mspiratory discharge drmen by the medullary
resputory h and 2) the aug of the reflex responses to ter
costal sumulation especially of those whoch were triggered to fall mn the expiratony
phase and which thus were strongly whibited before the beg of the 1)
stimulation  The latter effect thus resulted m a marked reduction of the resp ratory
vanttons of the response Ths effect 1s clearly seen mn Fig 5

The augmentation of the responses falling 1n the expiratory phase has also been

evohed selectively from cerebellar loci from which little {as in the case of Fig 5) ot
no eftects on the resprratory discharge could be ehaited or from which only post
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tetame faail of the resp v disch was ob d From other smulus
sites the mhib of the resp y discharge could be selectively eliated with hrtle
effect on the intercostal to-phremc reflex volley o systematic distnbution of the loc:
yielding the dif p could be ¢ d they seemed 1o be intermingled

with each other

Discussion

‘The demonstration tn the present paper that the intercostal to-phremc reflex 1s
readily obtained not only m the spinal cat but also in the decerebrate preparation
suggests that ths reflex 1s of functional sigmficance

The earhy excitatory response seems to all actoums to be of the same nature in
both spinal and decerebrate pref The hibitery phases in the
decerebrate ammals appear to be of dual ongin post finng depression, as 1 the
spmal preparations and an active inhibitory mechanismm The reasons for this con
clusion has already been discussed above in the Results

The fact that the phrenic reflex volley was usually found to be smaller 1n the
decerebrate preparation than 1n the spinal ammal especially tn the late expiratory
phase suogests that the reflex 15 under inhibitony influence from supraspinal struc
tures Supraspinal mhibition of thoracic reflexes have been described by Downman
and Hu <ain (1928) Euler and Fntts (1963) and more recently by Alderson and
Downman (1966) In the lumbo-sacral where suprasptnal effects have
been studied more extersively, 1t has been found that the interneurones mediating
reflexes elicited by group 1b and 1I afferents are under tonic whibinon from medul
lany reucular structures especially from the mhibitory region of Magoun and Rhines
(1946 ¢f Eccles and Lundberg 19359) These are the afferent fibre groups which
seem to be responsible for the { to-ph reflex (Decina et ol 1963
Decima and Euler 1968) In the present work 1t has been shown that the phrenc
reflex responses to different intercostal nerves which 1n the spimal cat were all
qualitatively similar often showed i dif! 1 the d b prepara
ton. This cuggests that descending influences from supraspinal structures both 1
hibitory and facilitators 1n function are balanced 1n such a way that selectve effects
on the reflexes from different intercostal nenves are achieved i¢f Eccles and Lund
berg 1959 Holmqwist and Lundberg 1959 1961} Simularly AIchn and Downman

{1966) found that the d from ! structures affected dif
ferently the | to <planchnic and to ! 1

The marked resprratory ﬂucluanom of the phrenic response as contrasted to the
faurly umiform size of the inter intercostal reflex response ¢ Alderson and Downman
1966) may possible be explained 1n part by the respiratory donunance of the dua
phracm over the sntercostals which 1s twpcal for the decerebrate cat ( \dran 1933
Bronk and Ferguson 1935 Waith relatnels bttle inspiratory 2ctmany m the thorac
motomucler the reaprocal mhibit an in the expiratony phase would also b~ small
{¢f FkI nd Euler and Ruthowsk: 196+
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Fig 6 A schematic representation of some lteatwres of
the synaptic arrangement of the phrenic motoneurones
S which, in an oversimplified way would explain some of
the present results on cercbelfar stimulavon In this
R hypothetical hagrams inhibstory functions has only been
%, represented by postsynaptic mechansms Inep and exp
represent the reciprocally occurring ansprratory and ex
prratory actingty descending from the respiratory mecha
msms in medulla The pathways from cerchellum are
scend intercost broken to indicate that they might be mterrupted by
fterent ymp bramstem relays

shrente response of the decercbrate preparation was usually smaller than that
gh spmalizavon The reduction of the responses which fell in the phase of
1on rught be explained partly on the basis of occlusion Houever, the re-
that fell 1n the carly phase of expiration before the active expiratory mhibi
the inspiratory neurones sets 1m, was also of smaller magmitude 1 the de-
e preparation than after <pinalization This suggests that interneurones
ng the intercostal-phremc reflex like those engaged 1n the nter-mtercostal

wre under supraspinal inhibiory mil acting durning both phases of re-
n The strong inhibition of the phrente reflex duning the Jate part of expira-
1d, honesver, be almost pletely overcome by 1 of the antenor
zerebellum

erebellar influence on the phrenic motoneurones, like that on the sntercostals,
viously been demed (cf Meulders et al 1960) The demonstrauon of such
e therefore constitutes important part of the resent work The mfluences
from the anterior lobe of cerebellum on the phremc motoneurones appear to
iated by two separate pathways one mediating wnhibitory effects on the -
y actnaty and the other executing facihitatory or disinhibitory actions on the
tal-to phrenic reflex and thereby outhbalancing or remosving the actie In
occurring 1n the late part of the expiratory phase The latter eftect proved
se tightly linked to the first mentioned inhibttion of the mnspiratory phremc
se and could therefore not be exerted on the final common path Fig 6
nzes m an hypothetical diagram some features of the synaptic connections
previous paper {Dectma and Euler 1968) the mdsvidual phremc moto-
es were shown to respond quite differently to vanous intercostal stimult This
ken as a suggestion that the phrente motoneurone pool 1s not the sumple
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homogenous motor relav emmonly thought of The effects of cerebellar sumulation
as well as the differences 1 response from the three phrentc branches to stimulaton
of the lower internal intercostal nenves reported tn the present paper indicate further-
more a farrh difl d synaptic of the phrenic motoneurone pool
1t has been interesting to note that the signs of a funcuonal differentiation of the
phrenic nucleus was only revealed 1n 2 state close to normal respiratory acuwity
‘The most attractne aspect of studving respiratory neural actvity 1s the possibility of
analyzing a motor system 1 a faily normal mode of operation In view of the
present results 1t would be of interest 1o 1mestigate in detail whether by cerebellar
stinulaton some sharper contrasts and a more selecuve differentianon i the rela
tions between trunk wall muscles and the chifferent portions of the diaphragm conld
be brought in

The functional sigmiftcance of the intercostal to-phrenuc relations are far from
clear Although there 1s little evadence for a true postural function of the diaphragm
1t does not seem unlihely, howerer, that for the resptratory function the different
portions of the diaphragm would need some co-ordination with the postural move-
ments of the trunk Whether, for instance, the increased contractions of the herm
diaphragm on the lower side 1n lateral position (¢f g Birath 1952, Bergan 1927,
ako for further references) 15 due to reflex adjustments or merely due to the fact
that the diaphragm on that side 13 more stretched and therefore exert greater force,

15 a problem of considerable chmcal interest which, however, sull remains to be
sohed

This work was supported by the Swedish Medical Research Council (Progect No 14\ 544 04)
EED had a research fellowship from the Mara Foundation and a travel fellowship from
IBROLne«co
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Release, Reuptake and Net Uptake of
Dopamine, Noradrenaline and Adrenaline in Isolated
Sheep Adrenal Medullary Granules
By
F Lisuako

Recerned 19 August 1968

Abstract

Lisuapo, F, Release, reuptake and net uptake of dopamne, noradrenaline and
adrenaline 1 wsolated sheep adrenal medullary granules Acta physiol scand
1969 76 159—171

r e Lo f e s dewswo 04 sigme K phosphate
different rates fol

- . - in granules dunng

: . NA) was released

- . - - rate. DA i con

. or DA to 34 mun,
owing to reuptake and decreased it for A to 43 min
Addinon of ATP Mg 3 mM considerably decreased the release rate of DA as well as that
of NA and A presumably owing to inhibition of release and increased reuptake In the
preunce ol ATP Mg lhe addition of 3x10 ® M DA further retarded the net release of DA
. . . - presence of ATP-Mg Thus effect 13
sened i partially depleted granules
« retards the release of soluble protemns
concomtantly with catecholamines The rapidly rzlezsed NA has been localized m the heavy
granule fractions

The presence of DA 1n the sheep adrenal was discovered by Goodall (19511 and
later confirmed by Shepherd and West {1953) for bovine adrenals Eade ({1958)
was able to show that the DA present in the bovine adrenal was bound to a * large-
granule’ fraction and amounted to about 1 per cent of the total catecholamines

Extraadrenal DA was first reported by Euler and Luhajke (1957) to occur 1n
bovine lung tissue and by Montagu (1937) 1n the bram Its presence in specific
cells was demonstrated by Falck, Hillarp and Torp (1939) The finding that bramn
storage particles can take up DA after admimstration of dopa (Weil Malherbe
1960} made 1t likely that DA 1s normalty stored 1n specific granules

Carlsson, Hillarp and Waldeck (1962, 1963) and Kirshner (19622 b) have

-~
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Fig 4 Sheep adrenal medullary granales, net DA uptake after partial depletion tn wotonte Ae
phosphate, pH 7 5 by premcubation 30 win at 37° G, continued incubation for 30 mmn at 30 £,
Addition of 3% 10 8 M D\, 3mMATP-A (@ ~@), 3 10 *M D\, ImMATP-\Igand510 ¢
M reserpine (Il —B). control (no additton) O—() Ordmate  per cent D \n sediment of onginal
amount Abscrssa incubation ume 1 min Eack pount s the mean of 2 expts

Fig 5 Sheep adrenal medullary granules, incubated as m Fig 4 with Mbelled “C-D\ wnd un
labelled D\ Colurany represent rematning D\ it sediment after secand incubation 18 per cent
of onigmal amount Filled area, sncorporated “C-D A, calculated from $\agn/SAw  Vdditions
asindicated + SEM o =7

that 1n the presence of DA in a concentration of 3X10° M 1n the mcubation
ediim (no addimon in controt} the meorporation of *C-D A corresponds 1o 1 per
of the total remaning DA in the sediment Wath 10 M and 3x 10 M of DA
she mearporation of HC DA cofresponds to 25 and 47 per cent respectueh
Whte ATP-Mg alone rased the reuptahe of *C-D\ to 28 per cent of the re-
mainmg D\ m the sediment { total concentration of DA m the medium 3x 10° M),
addition of DA at 10 *or 3% 10 3 M together with ATP-Mg to the wcubnuon flud
further increased the mcorporation of **C-12\ and non-labelled DA\ to 58 respee-
tnely 84 per cemt of the remaming DA an the granules The higher amount of DY
in the sediment (aboe the contral at +4° C) after ncubattan with 3x 10 * M DA
and ATP-Mg mny indicate the presence of partially depleted granules The same
phenomenon 15 sometimes observed for NA m the nenve granules {Euler and Lis-
hajha 1967) Reserpee at a of 10% M decreases the reuptibe of
BC-DA as well as that of nonlabelled DA

Net uptake of D4 1n partially depleted granules

As seen 1 Fig 4 preincubation of the granules for 30 mmn at 37° C decreses the
DA content to about 40 per cent of the ongmal amount Subsequent mcubation for
30 mn at 30° C with DA 103 M and 3 mM ATP-Mg rauscd the DA content to 58
per cent of the original amount and to 83 per cent when 3310 5 M DA was added
to the mcubation fluid Practically complete restoration of the DA content 1n the
granules was observed in 40 rmn at 30° C Net uptake of D .as also sumulited by
ADP-Mg although to a lower extent (han.nilh ATP- *
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SHEEP ADRENAL MEDULLARY GRAMLES INCUR.
€ MN i 75, 77°C WITH DA 20

8

8 8
g AMINES FRACTION  RADIGACTIVITY ¢ p m /7 RACTION

Fg 6 Sheep adrepal medullary
granules ncubated 1 wsotome kK
phosphate pH 75 for 60 mun at
37°C, with addion of 3x10-%
3 DA 3 mM ATP Mg and labelled
DA H, sp act 3> Cjmmle (conc
17x10 * M) Chromatographic sep-
araton on Amberhte CG 120
Fractions read 1n 28> mp (act) and
335 mp (fuor ) respectnely Absaissa “ % ™
fracton numbers Column length
15cm FRACTON WAEERS

EETEFTS

et incorporation of #C-DA was studied m a sumlar wav as i the reuptake
expeniments  After partial depletion of the granules MC DA and non labelled DA
were added together with ATP Mg 3 mM before the second mcubation period
{Fig 5) No net incorporation of DA was observed when DA was present 1n a con
centration of 02—08x 10~ M in the medium Dunng the same time DA 1n the
control without ATP Mg fell from 40 to 29 per cent of the oniginal amount in 30
mm at 30°C

Addition of 10 or 3x 103 M DA together with C DA and ATP Mg 3 mM
mereased the incorporation of radioactive DA to 48 and 80 per cent respectively of
the remaiming DA 1n the sediment so that after the end of the second tncubation
the granules have largely restored the DA content which was lost duning the farst
mcubation Reserpine at 10 * M inhubits the net uptake of DA into the granules

In order to establish that the labelled DA incorporated mto the granules exited
as such the granule suspension was incubated with labelled and nonlabelled DA
together with ATP Mg and the extract of the sed used for ch h
separation (Fig 6) The figure shows that most of the incorporated labelled DA 1s
n the DA containing fractions (71--78)

Spontaneous release of NA and A mn comparison with DA
Fig 7 shows that the NA release pattern 1s charactenstically different from that of
A and DA The approumately straight line obtamned for A with semilogartt
representation up to 90 min at 37° C corresponds to a ¢/2=49 min The D\ shows
a simular exponential release up to about 15 min while at further incubation ths 1s
dy slowed down p by due to of DA in the
mcubation medium and reuptahe The NA 1n the granules falls rapudly 1 the be
gming of the incubation as previously reported by Oka ef af (1966) Thus after
5 min at 37° C the granules have lost about 30 per cent of \ A 1into the medium
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Fig. 7 Sheep adrenal medullary

granules  ancubated 0 potome

h phosphate, pH 75, 37 C. Or

o dimnate  per cent semaimng D4

A and A of ongnal amount
feontrol 2t 44 C)  Absassa
e Es 3 WU umean mm & SEM, n =7

— 3%

VO CINE TEMANND AALS
PO -
-2

After this prniod the NA selease rate 15 even slower than that for A (4/2=77 yun)
Between 5 mun and 90 min incubation, 16 times more A than NA 15 released or 39
prrcent NA and 64 prrcent A

Reuptabe and net uftate of NA and A in the presence of ATP-Mg
a. Lndepleted granules
Incubanon of the granules with ATP-Mg markedly Jowers the net release of NA
and A from the granule p bly owing to inhib of release and reuptale
{Fig 8

After additon of "*Culabelled dl NA and dl-A together with 3 mM ATP-Mg the
ncorporation of M*C-armines mnto the granules dunng 60 mmn incubaton at 37°C

meacured and expressed as the speafic actinity rato of NA and A in sedupent
supernatant 153.4,,/S4 ) From Fig 81t can be seen that 1n the control (no

Zddimn) the wcorporation of 1C-N A corresponds ta 5 per cent of the wtal re
maming NA 1n the sediment respectinely 11 per cent for the A After addition of
3 mM ATP-Mg together with PClabelled amines the ancorporation of YC.AA
worrerponds to 10 per cent resprctinely 16 per cent for the A of the total remamng
amine in the sediment The sncorporated labelled NA and A thus corresponds only
to about 30 and $0) per cent respectinely of the amine content in excess of the contro!
amount

Addition of 37107 N DA together with ATP Mg causes no significant change of
the MA and A 1n the granules 10 60 mn at 37° G iner and alwne that caused bn
ATP-Mg alone while DA 1 taken up almost to the onginal amount (not shown m
Fiz 8 ("*C-A not added 1p last column

Reserpsne at 1,10 % M markedly dimmnphed the ATP Mg sumulated reuptake
of DA and NA. but 5 2 sumewhat lesser extent that of A

b Partiglly depleted granules

Granules winch have been partially depleted by sncubation for 30 mun 2t 37 C
show 1o net uptake of NA or 4 duning further incubation with ATP Mg 30 mimn 2t
20" C when the amin= wncentrations 1 the medium were about 2—3 /10 % M MA
and 4—7 105 M A at the end of the incubation pernd i Table §; In thes rospeet
the NA znd 4 granules differ markedly from the DA granules
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W M- AMINES

ATP Mg 3ImM
s ———————————
DA 3110 "M o5 BB E) 8
RESERPINE 10 *M TIME N MN
Fig 9
Fig B Sheep adrenal medullary granuies 4 1 wotome K phosphate pH 75 60 min

2t 37° C Ordinate per cent remaimung amines 1n sediment  Additions as ndicated Free amines
3n medium 10 ¢ M NA and 10 ¢ M A at the end of incubation

Fig 9 Sheep adrenal medullary granules mcubated m k. phosphate, pH 75 at 37° C Ordinate
pes cent remarmng amunes and ATP of ongwal smount isedsment ATP ((—[1) NA(O—O
Fad NA+A (A——A) 1n sediment after ncubation Abscissa time in min

Rapd release of NA

In wiew of the rapid 1mtial release of NA from sheep adrenal medullary granules 1t
seemed of interest to study whether granules {ram other species show the same be-
havior The result of these studies are presented in Table II which gives the averge
half times for NA, A and DA 1n isolated granules at 37° C

Since NA 1s released at different rates, the half umes for this amme are given
both for the rapid mitral phase (0—5 min) and for the second slower phase (10—
60 min) The half umes for A and DA remain approximately constant during the
tume period 0—60 nun From the table 1t can be scen that NA shows remarkably

Taste 1 Sheep adrenat medullary granules partially depleted by incubation for 30 mun at 37° G
Further incubation for 30 min at 30 C with addion of 3 m\M ATP Mg (frec amines
1n medium 2—3% 10 ® M NA and 4—7x 10 * A A) The table shows remaining NA
and A i sediment 10 per cent of onginal amount (contral at +4° C) & SEM n =

3
Preancubation Turther meubation for 30 min at 30° C
0 mn3l C
No addition Addition 3 m\M ATP Mg
N A NA A NA \
55 619 435 s14 448 574
=3 =15 + 28 =18 *3
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Taere Il Half tyme 1n munutes during spontancous release of DA NA and A from adrenal me
dullary granules an vanous species Incubation penod 0—60 mun Half umes for NA
selease grven for snstia} rapid period {(0—5 min) and slow period {10—80 nun)

Speoes Half terae (42} 2t 37° €
E% A A DA
0—5 min 10—60 mun 060 min
Bovine 21 107 83 2%
Sheep 1t 77 49 22
Sheep (fectal 83 days) 35 98 60 21
Goat 17 nz 36 18
Horse 15 8 47
Pg 85 65 36
Cat n 4 33
Dog =] 76 49
Monkey (Spmomolges o 62 30
Chromaffin cell tumors 8 85 52 18
Rabbit 2
Gumeapg 16
Rat 6 38 12
Fowl 45 40 37

different release rates duning the two phases in all species contaimng NA with the
exception of the dog the monkey (Synomolges) and human phaeochromocytoma 1n
which the release rate for NA 15 umform

The sheep adrenal storage granules release 30 per cent of their NA 1n approxt
matels 5 mun i the mtial phase which represents a release rate approaching that
for adrenergic nerve granules 1n an amme free medwm (Evler and Lishatko 1967}

In order to examune whether the time lapse between the death of the anmmal and
the sart of the expertment was of importance for the rapid NA release phenomenon
the adrenals were removed within 2 12 and 22 men after the death of the antmal
{ ) \o f {] ¢ 1 release rate of either NA A or DA
was obserned Fig 9 also shows that ATP and CA (NA+A) are released at the
same rate up to 15 mim (the ratio CA/ATP 11 the sedtment 1n 2 expts was 4 6 and
48 respecinely) After this time the ratio CA/ATP i granules slowly decreased
and after 60 mm at 37 C 1t had fallen to 3 7 Isolated granules from fow! adrenals
show a stmilar dechine of CA/ATP ratio from 63 (control) to 51 in 60 min at
37°C

Tt 15 known that m 1solated chromaffin granules the release of CA 1s accompanted
by a release of ATP soluble protein and some tons as calaum (Ca”™) and mag
neswm {(Mg~) To imestigate the release dunng the smual stage of incubation of
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Fig 10 Bovmne adrenal y granules incubated 1n 1sotonic K phosphate, pH 75 Tempera-

Bra
ture raised from + 4° C to 37° Cin 20 min Ordinate per cent remaimung of onginal amounts
n sediment *Abscissa temperature and tme intersals Each point 1s the mean of 2 expts

these components, bovine adrenal medullary granules were incubated at gradually
Increasing temperatures, from jce water temperature up to 37°C m 20 mn (Fig
10) The figure shows that 15 per cent of the Mg™ had been refeased when the
temperature had increased to 15° C (see ume 1n Fig 10) When temperature had
reached 22° C, the Mg release was 30 per cent of onginal amount At 37° the Mg
release was 33 per cent compared to 27 per cent of ATP release NA release was
noticeable at 15° C, and amounted to 20 per cent at 37° G The granules release 10
per cent of soluble protein when the temperature reaches 37°C Soluble proteins
(which constitute 85—90 per cent of total granule protem) and adrenaline are re-
Jeased exponenually at all time and temperature intervals The rapid spontaneous
release of Mg™ and ATP may play a role in the rmpid fall of NA

In order to test the possibility of <eparating a speaific fraction of the NA granules
with a high release rate, bovine adrenal medullary granules were subjected to dif
ferentral centrsfugation for 530 min (Fig 11} The sediment of each fraction was
resuspended and incubated at 37° C The figure shows rapid spontaneous release of
N\ m all three fractons sedimenting at 1000 g and 2000xg containmg 70 per
cent of the total amunes in the sedtment, while the 3000 x g fraction shows a slower
NA release This fraction presumably 1s mixed with a previous fraction and cor-
responds to about 20 per cent of the total catecholamine 1n sediment

The fractions obtamned at 435, 9 and 50x 1000 g show a release of N\ at an
dentical and slow rate These fractions correspond to about 15—20 per cent of the
sum total of CA 1n all fractions As can be seen the release of A, 1n contrast to that
of NA 15 constant suggesting a ‘ homogenous pool of A" The NA to A propor-

w00,

amannasaanii L
Fig 11 Bowine adrenal medullary granules »1 b
tneubated 5 min in K phosphate pH " 3
37°C after differential centnfugation Or LI N N X I
dinate “per cent remamng MY and A of U 0 1 3 a oy s e
onginal amount 1n seiment Contrifugation i
fme, graw per comt N\ perfothon ¥ 2 T n o m o w womar
and per cemt A=\ of onginal amount
Each point 10 the mean of 3 copts T oM o7 4 RO M

-~
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nions 1n different fractions are quite sumilar except in the 9 and 50x 1000 g frac
tions which show higher figuses

Additon of ATP Mg 3 m)M to the medium of bovine adrenal medullary granules
(Fig 12) using the same expenmental condtions as previously 1n Fig 10 mhubits
the release of soluble protein as well as of NA and A at all mtenals of ture and
temperature This appears to indicate that soluble proteins and CA lease the storage
eoncomutantly also 1n the presence of added ATP Mg

Fig 13 shows the relationship between CA and <oluble protemn released in the

p after diffe b times (up to 120 nmun) The expenimental
conditions are the same asin Fig 10 Fig 13 shows a close relationship between CA
and soluble protems even after addiion of ATP Mg Of parucular nterest 15 the
observation that Segontin i premlamine) causes a paralle] release of CA and soluble
protemn n all the three concentrations tested At 3 x 10 © M Segontin releases pract!
callv all of the CA as well as of the soluble protein and ATP 1n 60 mun ar 37°C

150 2,8
2 5 /
2w
2 /
T .
E .
w
2
W
o & = MO ADOTON
B
€ ATPbg 3 it Fig 13 Bovine adremal medullary gramiles
b » {w5w ncubated in wsotomc h phosphate pH 7%
o 2 4754 The fgure shows the correlation between the
g © BE M case of NA+A (ord nate) and soluble pro-
o teins (abseissa) without addiuons (73) with

0 20 30 40 50 6D 70 B0 90 %00 3 mM ATP Ag (@) and Segonun (premy)
PER CENT RELEASE SOLLBLE PROTEIN 8V SU amine (A)
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Discussion

The results with granules from the sheep and bovine adrenal medulla indicate that
DA 15 bound to the granules in addioon to NA and A and that DA 1s released at 2
considerable higher rate with t/2 about 22 mun at the prevailing low DA concen
tration 1n the medium as compared to about 49 mm for A “A showed a rapid
imitzal rate with /2 about 11 mn and a much slower release after 10 min with a
t/2 of 77 mn (Fig 7) confinmng the observations of Oka et al (1966) However,
n difference to the Japanese workers we have found a constant slow release of \A
after the imtial rapid fall
The results suggest either that NA granules with different release rates ewst or
that NA 1s given off at different rats from two storage sites withm the same granules
or that a fraction 1s rapudly released from 2 uniform pool 1 the 1mtial stage
The finding that most of the rapid NA release 1s bound to the heavy granules
fraction (Fig 11) speaks m favour of the first possibility and may indicate that this
fraction corresponds to specific NA granules
Blaschko Hagen and Welch (1955) observed that 15 to 22 per cent of the \A
and A 1n medullary granules were readily released Hillarp (1960) assumed dufferent
amine pools 11 bovine adrenal medullary granules suggesting that the amines are
more readily released from ATP deficient granules No distinction between A and
NA was made It might be that the 3050 per cent readily released \A i the
sheep adrenal medullary granules correspond to a special type of granules
The exponential release of A shows a constant rate in all incubation pertods and
m all fractions (Fig 10 and 11), suggesting that adrenal medullary granules in dif
ferent species store A mn a homogenous pool and are different from DA and \A
granules In the dog and monkey and in human phaeochromocytoma (see Table
11) NA and A seem to be stored 1n 2 homogenous pool
The rapid release rate of VA 1n the beginmung of incubation might concervably
be due to a deficit of ATP 1n the granules owing to postmortal discharge of ATP
but not of an equnalent amount of amine Howeser since no significant difference
i release rate of the amines or CA/ATP ratio was found when sheep adrenals were
removed within 2 to 22 mun after the death of the animals this explanation appears
less probable
The DA granules also differ from the others in other respects Addition of 3
10+ \[ DA to the incubation medwm strongly inhibs the net telease of DA from
the granules owing to reuptake while the corresponding addition of \A or \ to the
medium does not alter the normal release rate of these ammes However in the
presence of ATP Mg 3 m\{ reuptake of all arnes » sumulated (Fig 8) The con
centration of free N\ and A i mediim were 1%x10* M at the end of the in
cubation pertod
The effects of ATP \g on reuptake of N4 and \ correspond to about 30—40
Per cent of the umount in excess «f the control while 60—70 per cent 1s d 1e 10 1n
hit ition of release (Fig 8 as Judged by the icorporation of labelled amunes
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The finding of Carlsson Hillarp and Waldeck (1962 1963} and of hinshner
(1962a b) that uptake of CA 1n adrenal medullary 15 lated by ATP
Mg has thus been confirmed The effect of ATP on the uptahe suggests that 1t may
supply energy for some process, possibly 1imolving actine transport of amine mnto the
granules The actne reuptale mav occur as long the granule can use the ATP
energy  Spontaneous reuptake of N4 and A without addition of ATP Mg occurs
only to a small extent

It 15 alo concenable that the ATP-Mg added to the incubation medium intubits
the releace from a Mg ATP protein or other complex (¢f Fig 1) Ths 15 sup-
ported by the finding that addition of ATP Mg snto the medium retards release of
soluble protemn from the granules

Another explanation seems to be that the amines leaving or about to leave the
granules are more efficiently reincorporated 1nto the granules sn the presence of
ATP Mz in the medium (Euler and Lishajho 1967} The reason why DA 15 re
ncorporated  spontancoush  mnto the granules 35 unknown but the same phe
nomenon 15 obsenved for A 1n nenve granules (Euler and Lishajko 1962 1967)
The DA granules seem to be similar to the nene granules 1 this as in several other
Tespects.

The charactenstic inhibition of the ATP Mg stimulated reuptake of DA on ad

dition of reserpine in concentratons of 1 107 M to the sedium ake holds true for
NA but less so for A (Fig 8), suggesting some membrane action on the rapidly
eleastng \ A granules and little action on the “insensitnve  slow releasing A granules
} The lack of net uptake of VA and A 1n contract to DA 1n granules after parual
depletion Fig 2) mght be explained by a loss of 2 Mg ATP protein or complex
bindinz mechanism  concomitanth wath the ammes (Hillarp 1938) In partialh
depleted granules the net uptake of amine 1nto the granules apparently onh occurs
1f a rrechanssm 1s available for binding of the amimes Sull the ammes 1 the parnally
depleted fes may exch with the amne 1n the incubavon medium

Thc fathing net uptake after partal deplenon may explain the slow repletion of
amin=s 1nto the adrenal medulla after msulin and hvpoglycerma (Hokfelt 1931,
Udenfriend ef al 1933) On the other hand Byvgdemnan. Euler and Hokfelt (1960)
found that ssnthesss of CA can still take place at a rapid rate duning snsulin hypo-
gheerra. but most of the newly synthesized amines 15 secreted into the blood

This cugzests that msulin 1 21ro as other drugs in 1120 and 1 wutro deplete NA
and A together with ATP and soluble protein (as in spontaneous release in 11160)
In thys case the empty or parunlly depleted granule can not incorporate anunes t0
the noral content until new formation of the adrenal medullary granules occurs

h ried 1 this document has been spomsored in pars bn the AIR_FORCE
The srosarch reparied ¢ EOAR-63-000% through the European
Arr Force and bv tfe Swedut Medcal
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Metabolism of 1*C-Histamine in Domestic Animals
1. Goat
By
K A Ermssen

Recened 20 August 1968

Abstract
Euasses K A etabolism of "C-k wm d ammals 1 Goat Acta
phvsiol <cand 1969 76 172—181
It has been suzgested that increased 18 t1ro of b rcht be of

10 the pathozenesss of some diseases in rumnanis. However bittle 1s known about the drgrads
ton of 1y injected histammine 10 thewe speaes. In the prrsml study wsotope dilution techmque
and paper chromatography were used 10 examme unpany "Comerabolites subsequent 1o 13
snjection of 1C-hustamune to the goat. Dunng the first week after admnstration 80—%0
per cent of the actmany was found 1r unine and about 1 per cent in feces. hnown rretabolites
accounted for 91—108 per cent of the unnare radioactmiy Owudatne deammaton of

wmine to imidazoteacenc acid and its riboside seemed 10 be the onlv pathway of quan-

ttatae for n the goat. Paper chromatography revealed that

istaminol 4 > dazoh l-eth: 2-ol) 15 a m the goat

far about 2% of the vnnan radsoactvaty "thtummol 15 formed when hner or kdnev
are bated with MC

of p I ad, § HCh are

The mamn features of the m:
well established 1n man and most laboraton anumals methylation of mng mitrogen
and ondame dEzmmauon are quanttatnels the most umportant pathuwavs for
} In d anumals however lttle 1s hnown about ¥C-
| degrad S, d (1967 a) reported owdatne deamumatton to b~
more 1mportant for histamine 1nactnation 1n sheep than i other species previoush
examined.

It has been suggested that mereased o1 0 formanons of histamne mught be of
importance 1 the pathogenesis of some diseases I rummants {Akerblom 1934
Doughert 1942 Dain \eal and Dougherts 1935 and N\ilsson 1963) It would be of
nterest to the h bolism under pathological cond: but to
evaluate histamine metabolism 1n diseases 1t ts first necessany 1o obtain infr manon
on the metabolism of ustamme m healthy anmmals. A study of #C-histarmme de
gradznon 1n healths anmals was therefore undertaben

A preliminan commumcation of part of this work has been presented elewhere

(Ehassen 1957)
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Abbreviations

H histamine

AcHi N acethylhistamune

\feH methy thistamne.

HOoH smudazoleetane 2-01 (lustarmnol)
ImAs imdazoleacetic acid

ImAAR sradazoleaceue 2ad nbosid
Melmas meths lumdazoleacet ¢ zcid

Materials and methods

Histarmne {rmg 2*Cz} dihydrochloride (305 mC/mM) was purchased from the Radio-
chemmical Centre England 14 meth; dipierate (1 methyl-4 (g amno-
ethyl) imdazole dipicrate] was synthesized m the Department of Chemustry, Unnersity of
Oslo The 1+ methslhustamine dipicrate was comverted to the dihydrochlonde by passage
through a Dowex® 1 column. The 14 MeHi dihydrochlonide was erystallized and recrystal
hzed 2-—3 times from an ethanol acetone mixture before use

15 methylimidazoleacetic amd was a gift from G Granerus, Department of Chmcal
Physiolory, Unnersity of Gothenburg Sweden.

The lollowing matenals were obtained commercially Inmdazoleacenc acid HC 14 methyl
wrudazoleacetie acid HCl and ™ acetylhistarune all A grade (Calbiochem Los Angeles
US.A) Hstarmne dihydrochlonde and histamine diphosphate (Siema Chemical Co,
St Lowis Missourt, USA ) Dowex® 50 W x4 (100—200 mesh) and Dowex® 1x8 {200—
400 mesh) (Fluka Burh 5G  Swiwerland) Amberhte resin CG20 (100—200 mesh)
{Bntish Drug Houses Ltd  England) Film for radioautography Industrex® Type D (hodak,
London England) Stlica gel G ace to Stahl (E Merck, Darmstads, Germany) High reso-
Tution® buffer pH 89, (LRB Stockholm Sweden)

Six healthy female goats of Norwegian breed housed 1n metabolsm cages were used for
the expenments The diet consisted of pelleted concentrates hay and kohlrabr Water ad
Iibttum was allowed The cages permitted scparate quantitatne collection of unne and feces
To the collection flasks was added sufficient HCI to bring the pH of the unne under ? Feces
were sampled every 24 hrs and were then suspended in ~ HCl

Buological estimation of histamine 1 urine

Free histamine was determuned as previously descnbed (Elassen and Sjaastad 1968)
Histamine was adsorbed on a cation exchange resin and the eluate tested on guinea pig ileum

The acctone treated unne was boled with 10 \ HCI for 1 1/2 hes to consert conjugated
histamine to free histamine

Injection of ¥C labelled kistamine

Just prior 10 the ijection e MC-lustamine was punfied on a Dowex 50 W column (30x 4
mm  according to hahlson Rotengren and Thunberg (1963) Histamine was eluated from
the column by 05 ml 10 N HCI followed by two porttons of | ml of water The eluate was
neutralized with NaOH and ad)usted 10 a final volume of 30 ml by adding water and salinc
wn such proportions that the resultant solution was close to 1sotonic Of this solution 05 m

was used for counting The remaming 49 5 ml contaming about 24 uC was injected into the
Jugular vein

Detevmination of radioactietty in urine and feces

All radioactive samples were counted on a Beckman Lowbeta I flowcounter (background
13 25 cpm) From 10 to 100 @l of undiluted urme were plated for countng Feces was
homogenszed 1n \ HCI and boiled under reflux for 10 min After centnfugation 100 ul of
the tupernatant were plated for counting Self absorption was measured by counung unnes
10 which internal standards of MC-fistamine had been added and the results were corrected
on this basis Further correction was made for batkeround actmaty

Isotape dilution assays

Lzine collected during the fiest 24 hours after 11C Hi adminictration was sul jected 10 otope
dilution asans for histamne and its metabolies The methods used were developed by Schaver
and described 1n parts by Schaver and others

In the present study some modifications have been wmrroduced and the analyucal procedure
was as follows Generalls the cammier of each specil ¢ substance to be idennfied was added
to unne aliquots wlereupon the subsrances were extracte
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After treatment wath actvated charcoal, the metabohtes were crystalhized as the pierate or
the pipsy] dermatine The samples were then repeatedly crvstallized and treated wigh actrated
charcoal When the radioactivity was constant throughout three recrystallizations punt was
consnidered to have been achieved All samples of crystals were counted on standard plates
(2.5 cm in diameter) at infimite thiclness

Histamme (Carner 664 mg Hi dihydrochlonde) Histam.ne was extracted with 40 ml
0 butanol by shaking for 30 min 1 a Gnffin flask shaker Before extraction the urne {20
ml) was made strongly alkaline with 1 ml 10 N NaOH and saturated with anhdrous N\a+50;
(8 g) Histamine was re-extracted from the butanol layer with 15 m! N HCl The HCl layer
was remosed and evaporated to dryness on a water bath The residue was dissohed 1 3 ml
distilled water and treated with activated charcoal To the filtrate 220 mg puodophemy]
sulphomyl chlonide (pipsy] chlonde) dissoled in 4 m! acetone (Thunberg 1963) and 05 g
NaHCOs was added The muture was shaken by hand for about 20 mutes Water was
then gradually added until no more crystals were formed. After filtering the histamine p psil
crystals were rnsed with 22 % (w/1} tcecold ethanof and plated for countmg

14 Methylhistamine (Carmier 1045 mg 14 \MeH: dihydrochlonde corresponding (o 1.5%
the hsstamune carrer) From the urine (2030 m! diduted o 30 ml) previoush made strong
ly allahne with 2 ml 10 \ \aOH and saturated with anhydrous Na:$04 (6 2) 14 \feH:
was extracted three times with 20 m] chloroform To the pooled extracts 3 ml HCI saturated
abs ethanol was added bejore evaporation 1o dnmess The residue was dissohed m 3 ml
water whereupon picric acd (150 mg) dissoled in 4 ml abs ethanol was added and then
the volume was reduced by heat to about 3 ml Crystals of methylhistamine prcrate were
formed when the mixture was cooled and a glass rod was rubbed aczanst the bowle wall
After filtration the crystals were mnced with icecold abs ethanol as well as ether The
alcoholic suspension of the crystals was then transferred to counting plates

Free tmidasoleacetic acid and 1 4-methylimida oleacetic acid {Carner 1960 me of ImAA
hydrochlonide and 1965 mg of 14 \felmAA hydrochlonde corresponding to twice the Hi
carner) The mudazole compounds were adsorbed from the aadified unne (2—5 ml unne
and 1 ml HCl up to 30 ml with water) on a cauon exchange column {Dowex® 501 60X
10 mm) The resin had been thoroughly washed with 01 N\ HCl and water The acids + ere
eluted from the column with 75 ml N NH.OH The basic eluate was collected and treated
w th actinated charcoal before filtration The fltrate was then evaporated to dryness and the
tesidue was dissohed in 3 ml water For ImAA 450 mg pipsylchlonde dissohed tn 4 m!
acetone and 250 mg NaHCOz were added After shaking the muxture for 30 mun acetse acd
was added to give a pH about 5 apd then water was added slowly until no more crystals
were formed As for pipsylhistanune the ImA A pipsilcompound was fnsed s tth 23 ¢ (wl)
scecold ethanol For 14 MeImAA 310 mg pcnc acd discolied 1n 5 ml abs ethano) was
added and crystals were formed as for 14 MeltH:

Irmda oleacetic actd riboside (Carner 1960 mg ImAA hvdrochlonde) The unne was
evaporated to dryness and the residue was dissohed 1n 3 mt HCl By hsvdrolvsis with HCJ at

50 C 1n sealed tubes for 3 hrs ImAA R will completely spht into ImAA and nbo e provided
that the pH 1s below 15 after hydrolysis It 1s noteworthy that pH increases to a vanable
degree during hydrolysis probably due to the presence of different amounts of orwanic
matenals m the samples With the quantities of unne used 1o the present experiment 3 ml of
N HCI was sufficient to bning the pH below 15 Total ImAA was determined in the hydro
hysed urnine (1—3 ml} m the same way as described for free ImA4 ImA4 R was then cal
culated as the difference between total ImAA and free ImAA

Conyugated histamine {(Carner 830 mg \ acetylhistamine corresponding to 13X the Hi
carrier) Ce h nas g as the wncrease o Sree Hi by bohing 1) e unne
(20 ml} with 10 N\ HCI under reflux for 15 hrs

Calenlation 1n tsotope dilution assayc To calculate the relatne contents of each metabolite
10 the unne the rauo between cpm obtained for standard sofutions of *#C fustamure at z¢70
thickness (counted on plates of 64 ¢m diameter) and cpm obtamed at infitte ¥ ackness
(counted on plates of 25 cm diameter) was used Vith 66 4 mg Hi dihydrochlorde as o
ner the ratio was 30 3 when l;:og«:s cnstallized as pipsIchlonde (258 3 mg) and 2 6 when

tallized as prcrat { mg)
H‘s::sm;? The uxmep at zero thickness gave 10760 cpm/ml The actsity of H p;'g;ls
chlonde crystals (based on 20 ml unne and 66 4 mg Hi dibvdrochlonde carrier v oo
cpm after reaching constant zcu\u? Hence Hi constitutes 2075 303 100/10
ot radioactnty 1n the urme.
2“5,: d\gﬂ(‘,eo‘:agl ImAA hydrochlonde and 1965 mg MelmAA hydrochlonde «-omsponi(‘
to t’wlt:e the Hi carner, the counts found for the pipsylchlonde of ImAA and the p(aa‘ of
\felmaA must be doubled Likewise since 1045 mg \eHi hydrochlonde and 30 m%
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™ acetylhistamine correspond to 1.5x the Hiy camer the comesponding counts must be mulu
plied by 15

Paper chromatography

Alinor non identified metabolites of tustamine cannot easily be detected by icotope dilut on
techmque Therefore alquots of 100 to 230 ! unme were subjected 1o two-dimens onal
deccending paper chromatography

Whatman paper no 1 and the following solvent svstems were used
1 n-Butanol — acetc aad — water (4 1 1,vA/v)

2 n Butanol saturated with °0 ¢ \Hs
3 Phenol — chloroform — ethanol — N\Hs (14 14 10 2 wii/s/s) (White 1963)
% Tlsopropanol — pyndine — water {2 2 1 sffs)

For detection of 1/C-Hi metabolites, \ ras films were exposed to the chromatograms for
4 10 B weeks Semiquantitation of the metabolites was obtained by counting the radiactine
areas idennfied by help of carrer substances The carmer substances were made vitble by
spraying the chromatograms with one or several of the following reagents

1) diazotzed p-mitroznaline followed by 10 2 (wlv) NasCOs 2) 1 7% (w/s) p-mitro-
benzenediazonwum fluchorate 1n acetone (Shifrine and Zweig 1964}, 3) 1% (w/x) 10dine m
ethanol 4) 03 % (w/v) mnhydnn n acetone —n butanol {1 1)

The two first mentioned spraying reacents could not be used on chromatograms deseloped
1n solents contamng phenol For visualization of MeH: minhydnn was supenor to the other
reagents In order to detect Me™ ! 4 te - - :

Since ImAA nboside carner «
1t to ImA4 with \ HCl in se
paper chromatoeraphy using so -

Separation of the hustamine .

Fig3a b

Cellulose acetate electrophorests An umidentified spot on the paper chromatograms was
eluted with water and subjected to paper electrophoresss High resolut on® buffer pH 89
and 04 mAlcm was used Developing time was 20—30 mun.

Incubation of kidney and It er tssue hadney and lner tissue were prepared and mcubated
as previously described by Sjaastad (1967 b) The tissuc homogenates were ncubated for
15 hrs at 37° C The incubation was stopped by heatirg the ncubation misture 1o 100° C
After cooling in icebath 1 ml \ HCl was added to bring the pH under 2

The m ubation muxture was centnfuged at 3000x g for 10 mun and 100—700 x! of the
supernatant was subjected to paper chromatography

Results
Urtnary excretion of histamine

By buological techmque 21 and 14 unnes from € goats were exammed for free and
conjugated Hi respectinely In all urines from one goat the free Hr could not be
determuned by the method used since the unne prosseed anuhistamine-hke activaty
In unnes from the other goats free Hi could not be detected 1n 4 cases Judged from
the sensttvity of the guinea pig sleum used on these occasions unmary histamine 1n
quantities less than about 1 3 sg/24 hrs could not be quantitated When mean values
are used the urinary excreton of free and conjugated Hi were 19304 (SD ) and
82426 (SD) ug Hi basef24 hrs respectively

Excretion of #1C radiwactuty
Unne

The recovenies of radiactvany 1o the urine dunng the first week for expenments

16 1—4 were as follows 83 89 80 and 91 €¢ these values being measured with an
accuracy of +3 ¢¢
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4 of adennistaced Clattivity

oo 1Fg 1 Unnary exerction of
Se76 radlo\(uuly the first weck after

ingection of G fabelied  husta
Days after injection mine

L, -
TT345 1210567 1234567 12

Fig 1 demonstrates the urinary excreuon of radioactiity dunng the first week
after 11 injection of MC-labelled Hi Most of the radioactivity was excreted dunng
the first 24 hrs After the fifth day, only traces were detected
Feces
During the first weck after admmstration from 069 to 137 €0 of mjected radio

actinaty was recosered in feces Fig 2 shows the fecal excretion of radioactmity

Identufs n of HC-h bolites tn the urtne

The results are shown 1n Table I Since the goat 1t exp no 2 was in the fourth
inonth of pregnancy the results from this expenment were not included when mein
ralues were calculated

For Hi the acuvity of the pipsyl chlonde compound remained constant from the
fourth to the eighth cnystallizanon onwards for conjugated Hi from the third to
the seventh crystallization for total ImAA from the sccond to the fifth cnystalliza
tion and for free IMAA from the second to the seventh crystallization

The ctvity of the 14 MeH; picrat semuned constant from the second to the
scventh crystallization The actnty of the 14 MeImAA picrat fell continuously and
was 1n most nstances absent after the fifth crystallzavon At this point sufficient
quantties of the substance were not left to obtatn infinite thickness afer reerystallt
zatwon

e g e

Fig 2 Tecal excretion ¢f adie
actiuty the fust week aftef 3%
injection of i fabefled  hista
Days after injection mine

4 of admin stered C* activity

72345 1706567 1216567 1234367
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Tastr 1 Catabolism of C-histamune 1 goat
Unmsty excreuon of #C sctivity unchanged ¥C histamune and 1ts man metabolites
subsequent 1o mteas enous injection of #C-stamune The values Tepresent the means
of duphicate analyses except for MeHi where only onc analysis was petformed on each
urme

Expenn  Goat Radro- Histamane metabolites in % of total 1*C 1 the first 24 hr unine
ment  No actvaty

o mthe fist Hsta 14 Imidazolacetic Avent Mothyl Hista Sum of
24be mme  Mehyl aad hista wmda minel metab-
urine (%, hista mine  zole  **  olites
of amount wume  Free  Ribo- acenic
wyresedy sde acd*e

t A 77 23 002 42 49 o 13 19 108

2 A B84 28 027 30 40 0 15 24 980

3 B 6 16 016 48 33 trace® 13 16 97

4 c 83 10 080 46 30 wace® 12 15 9

Mean 79 16 009 4 37 13 17 e

* Pregnant n the #th month and not cluded 1 the mean alues
** Determuned by means of paper chromatography *

However the radinautograms showed a spot corresponding to the 14 MeImAA
carner The sut having a Ry corresponding to 14 MeImAA was eluted and
rechromatographed in the system (no 1) used by Karjala and Turnquest (1935)
for separating the 14 and the 135 rromers of MelmAA Reference 14 \MelmAA
sphit into 3 spots of which the one with the lowest R, value showed a mobility
nearly identical to that of reference 15 MeImAA Radwactnaty was only found
m this area By thin laver chromatographs

using the same solient however
reference 14 MelmAA gave only one spot (Ry=0151 which was clearly separated
from the referenc~ 1 5 somer (Ry=0231 Radioactinity was only found 1n the area
of the 14 MeImAA spot To the eluate of the radioactne substance having R, cor
responding 10 14 \elmA\ camer 14 MelmAA and pienic acd were added
Constant radioactivity of the 14 MelmAA picrat was obtained from the first crystal
hzauon

The Hi pipsyl chlonde crystals from hdrolysed urines did not gne sigmficanth
higher counts than the Hi cnstal from untreated ones In accordance with these
results the rad of developed 1n solvent systems 1/2 gave
ro spot corresponding to Aclli An dentified spot with R; close to reference
\cHi was howeser obseried The unidennfied spot accounted for 1524 ¢V of
the total actvity on the chromat «rins The umdennfied substance was eluted and
rechromatographed in 4 different slvert vstems The Ry values were close to those
of AcHi m all solvent systems Thev are shown 1n Table 11 The unidenufied sub-
stance and reference HIOH when chromatographed together covered each other
The unidentified radivactive sub tance hid the same electrophoretic properties as

¥ \alues are 1ot corrected for uncormplete recorers due 10 the chromatozraphy

11-693003 Arta phviol weand Vol & 12
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Tasze I Ch hical data for b 1
Sohent system RE
HOH  AcH:
n Butanol accucaad water (4 1 1,3/ fv) 262  32x3
n Butanol saturated with 20 %, \H, 7116 T4=10
Phenot chloroform cthanol NH, (14 14 10 2,
wh A 7424 7728
Isopropancl pymidine water (2 1 L vAp) 2=4 7614

acetslhistamine 1n the descnbed celluloseacetate systemn The substance was not
hdrolvsable It was extractable with n Butanol from an alkaltne unne

By means of two-d ! paper ct phy (solvent systems 1/3}) Hi
metabolites 1n unne from experiment no 2 at different times after 11 1mjection of
G-t were q atnely d d The results are shown mn Table

IIT It 15 evadent that the ratio between ImAA-R and ImAA increased with time

Incubation of "C histammne aath huer- and hidney-tissue
Formaton of a eompound with the same chromatographic properties as the un-
sdentified unnas metabohte assumed to be HIOH, was obsenned when Iner and
' .+ homogenates were tncubated aerobically with "C-H: In one expenment m
,} ch the substrate concentration was high the umdentified substance was formed
in quantities sufficient to gne a red-violet spot on the chromatograms stamned with
p-mitraamline and Na;CO; Fiz 3 and 4 show rad: of ch of
Iner tissue incubates on which the HIOH spot can be cleatly seen

Tazee 1] Histamine metabolies 1 °, of excreted rad ty 1 unne from exp no 2,
a1 different umes after 1+ njecuon of *C-histamne

Paper chromatographse determination Istotope
dilution
determination

0—6 hr 6—12 hr 12—24hr  sum 24 hr 24 hr

H: R 07 05 12 28

\feHs 21 03 03 oz 027

H;OH 72 12 a9 24 —

ImAA €45 355 183 348 30—

ImAA R 18 392 703 452 10—

\elmAA 81l 172 82 151 —

Appl. point 50 61 16 12 —

1001 1001 1001 1001 —

Sum
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_HeHi
On  Om
H.'nu

AcHh
HIOH

HelmAA

phenot chlorotorm ethanol BHL1S 1410 2)

n Bulanol satyrated w th 20% NH,

ImAA R

Imaa-R
.-mu (4) &IMAA-M-IMAA

—
n-Butanol acete acd water(411) n Butanol acetic acid waterid-41}
Fig 3

Fig 4
Fig typical of the extract of lver
tissue ncubated with l‘(. luslamme n Butanol Acetic acid Water (4 1 1 viv/v) used as
solvent i the first direction and phenol chloroform  ethanol “Ha (14 14 10 2
wisviylsv} n the second direction

Fie + Radioautogram of a typical two dimensional chromatogram of the extract of Lner
trsue meubated with 1C histamine n Butanol acenc aad water (+ 1 1, v/s/x) used as

solsent in the first direction and n Butano! saturated with 20 ¢ \H3 in the second dirce
uon

Discussion

In the present study the excretion of radiactiaty along with the unne dunng 24
hirs after 11 anjection of HC Hi vaned lttle compared with the large variation of
NC excretion after injection of MC Hi in man (Mbson ¢f al 199, Beall and
VanArsdel Jr 1960) Expeniments nos 2 and 4 demonstrate that about half the in-
Jected radicactinity 1s excreted within 12 hrs However only collection of urine by
meams of a catheter can gne exact data about the rate of urinary excretion of any
substance in ammals

In the present study part of the radioactiity of the feces collected dunng the
first 24 hrs after ymjection may be due to contamtnation with unne Fecal excre-
tion of radioactiity duning the first days was low compared with that of the unne
From about the sixth day however the quantities excreted by the two mentioned
routes of eliminition were about of the same order

Generally the pattern of fecal excretron of radioactivits s slower than should be
expected from the data on the retention tme for food in the digestive tract of
rumimnants (Balch 1961 Coombe and Ky 1963

To permut valid conclusions with regard to the metabolism of injected #C Hi
from analyses of the metabolites n the unne 1t is necessary that most of the in
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Jected radicactivity 15 excreted by this route In the present experiments this pre
requisite seemed to be met since about 80 S¢ of the mjected radiactnty could be
accounted for m the analysed urine Table 1 shows that the quantines of each
histamine metabolite 1n goat urine vared hittle compared with the vaniation 1n the
metabolic pattern observed in man (Nilsson et al 1929)

It has been demanstrated 1n rat that as much as 70 o of MC histamine metab
olites are excreted as ImAA m the unne (Westling 1958) The present experiments
demonstrate that oxidative deamination s still somewhat more mmportant 1 goats

From direct 1sotope dilution experiments 1t was not possible to mfer whether the
oxidatie product of 14 MeHi, 1 4-MeImAA was excreted 1n the urine The present
chromatographic data nesertheless indicate that 1#C-1 4-MeImAA does occur m
considerable amounts in the urite This appears to be confirmed by the fact that the
eluate of 14-MeImAA from the paper chromatograms gave constant radioactsity
from the first crystallization if crystallized with 14 MelmA A as carrer

From paper chromatography and crystallization analyses 1t can be concluded that
acetylhistamine or other forms of d I , if present, less
than 05 ¢¢ of the total radioactivity

It 1s well established that Hi 1s oxidatively deammated to ImAA via imidazole
acetaldehvde Evidence of a reductne pathwy of Hi metabolsm to the correspond
g alcohol has becn obtained m man and rit {Nakajuma and Sano 1964) In
normal rat unne they found about 03 pg mmidazolylethanol/mg creatimne and i
healthy man less than 01 sg/mg creatimne In the present mestigation a coin
puund assumed to be dentrcal with mudazolylethanol (histampol, HiOH} was
found This compound was found on the paper chromatograms and accounted for
about 2 ¢¢ of the urmary radioactiity To obtain further evidence for the idenuty
of this compound the expeniments of Nakajuma and Sano were repeated with *C
Hi Two untreated rats and two rats given the aldehyde dehydrogenase inhibitor
disulfiram® (tetraethylthwram disulphide) orally were examimned In the present
study chromatograms of the unne gave a rad

e spot ch phically
rdentical with that found by analyses of goat urne In nontreated rats the metabolite
accounted for about 25 ¢¢ of the excreted C actmaty but n urme from disul
firamtreated rats 1t accounted for approimately 10 ¢¢ This appears to support the
P that the umd 1 pound found n goat urme after ijectron of

MC.Hi 35 identical to that found by Nakajima and Sano m rat and human unne
Incubation expertments showed formation of a HiOH like compound and thereby
demonstrated that this urinary metabolite 1s partly or entirely of endogenous orgin
The present obserattons indicate that the conversion of Hi to HIOH n goat and
rats represent a regular but a relatiely mmor metabolic pathway

Analogous pathways for 1C serotomn to MC 5 hydroxytryptophol have been
Jemonstrated m man (Davts et af 1966) and rats (hveder Iskric and Keglevic
1962)

Since only about 2 S of the 1y injected Hi 1s excreted unchanged 1t seems that
goats are fairly well equipped to metabolize Hi that reaches the systemc arcula

ton
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The results reported in the present paper demonstrate that osidrtne deammation
15 the only pathway of quantitatne importance for the degradation of Hi n goats
The same conclusion was reached for sheep by Sjaastad (1967 a), who found a
marhed increase m unnary excretion of histamine mn ammoguamdine treated am
mals

Known Hi metabolites accounted for 91—108 §¢ of the total radioactinty of the
unne 1n the present study Technical difficulies may account fer the failure to ob
tam figures closer to 100 ¢ The occurrence of minor quantities of umdentified
metabohtes howeter, can not be excluded

This 1mestgation was by the Agricultural Research Council of Nerway
1 am erateful to Vs May B )ohanssan who generously wstructed me #n Schavers
1satope chlut on techmique during a stay at the Chmical Physiological laboratory  Lasarettet
Lund Sweden (head prof H Westhing)
The technical assistance of s Tordis Digernes 15 appreciated
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pH-Dependence of the Mechanism in the Duodenal Bulb
Inhibiting Gastric Acid Responses to Exogenous Gastrin
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Abstract

Asprrsson S and G Nnsson pH-dependence of the mechanim m the duodenal
bulb 1nhibiting gastric acrd sesponse to exogenous gastnin Acta phyvsiol scand
1069 76 182—190

Gastnic wcretion was sumulated bn intravenous mfusion of eastrn in Pavles and Hedenbam
pouch dom pronaded wath solated pouches of the duodenal bulb Lowening the intrabutbar pH
10 pH 1113 almost abolshed the acid responie 1o a Jow dose of gastnn wlereas the 1o
bibytion of secreton respomses 1o huzher doses was less pronounced. Inhilntion of ecretors
prmees to a fived submaxmnal dose of gastnn did not 0 cur unti] the bulbar pH was reduced
20—7> Secreton responss 1o threshold dowes of zasinn on the wther hand were uzmfi
th inlubated alreads 2t pH 3—4 The resulis question tte concept that vert low mua
xdenal pH s requised to actnate the mechamem by which acid 11 the duodenum il sts
Zanc 201d secreto :

It 15 well estabhiched that acidification of the deodenal mucosa tmhibits gastne acd
secretion From expenments on dogs 1t has been suggested that the duodenal pH
must be reduced below pH 25 before imhibiton of gastne secrenon occurs  Pincus
ct al 1944 Andersson 1960 Since such low pH-values have not been considered o
exist 1n the duodenum under physiofogical conditions the phyvsiological significance
of the mhibiton mechanism has been questioned (Pincus e af 1944) However, 10
1961 Apdersson and Lvnas suggesied that there exon 2 pHogratemt wathan the
duodenum pH values bemg low 1 the duodenal bulb and higher in the dista! por-
tions of the duodenum If this was so 1t <eemed reasonable to assume that the post-
prandial pH 1n the duodenal bulb could become sufficiently Jow 10 actnate an m
hibiton mechanism. Andersson and Lvnis 11961 substantiated therr hvpothes by
<howing that acd perfusion of wsolated bulbar pouches sigmificanty mhibted s-creto-
I respopses to a test meal from Pavloy pouches

Subsequent studies on man (Anderson and Grossman 1963 revealed that the
pH of the duodenal bulb was better correlated to the pH of the antrum than to the
pH of the postbulbar deodenum Thus when the pH of the gastnie antrum was Jow

199
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(pH 1—3), the bulbar pH was also low and close to the antral pH Postbulbar pH
was stable and usually within the range pH 6 5—7 5 The ewstence of a pH gradient
within the duodenum was later canfiemed by Rbodes and Prestwich (1966) Recent
studies on dogs have also d d that the h by which acid 1n the
duodenum nhibits gastnc acd secretion 15 mainly located n the duodenal bulb
{Andersson, Nilsson and Usnas 1965 1967)

The conclusion that the duodenal pH has to be reduced below pH 25 before the
mhibitory mechamsm 15 actnated has been based on experiments in which attempts
were made to reduce the pH of the whole duodenum {Pincus et al 1944, Andersson
1960) In those studies the infused acid became diluted with bile from the inter-
muttently emptying gall bladder and with secretions from the pancreas and the
duodenal mucosa Acid solutions were introduced nto the proximal portion of the
duodenum and were allowed to flow freely down the duodenum Samples for deter-
mnation of the pH of the duedenal content were collected from the distal portion
of the duodenum Although large volumes of acid were infused, fluctuations of the
PH of the duodenal perfusate occurred In our opimon such experiments are not
suited to elucidate the pH dependence of the inhibitory mechamsm For example,
the 1 d did not adequate perfusion of the bulbar
mucosa, the pH of the duodenal perfusate vanied and samples for determination of
the pH of the perfusate were not taken from the bulbar area from which ihibition
15 elicited, but from the distal portion of the duodenum In view of these circum-
stances, adeq It of the threshold level of acidity at which the whibitory
mechanism 15 actnated 1s stifl not available

The present study was undertaken to determine the cnitical pH level at which
the bulbar mechanism can be activated and also to elucidate the correlation between
the inhibatory levels of acidity and the intensity of actnation of the acid secreting
glands The expeniments were performed on Pavlov and Heidenham pouch dogs
provided with solated pouches of the duodenal bulb Gastnc acid secretion was
sumulated by exogenous gastrin

Methods
Surgeal procedures

Seven dogs weighing 13—18 Lg were used Fune of them were prepared with mucosal septal
pouches (Paslov type) and two had separated gastnc pouches of the Heidenhan type All
dogs were provided with isolated pouches of the duodenal bulb and gastrojejunostomy The
surescal procedures for these preparations have been described elsewhere | Andersson and Us
nas 1961) Between each operation and before starting the experimental teries the dogs were
allowed 34 wecks for reconerv

Gastric secretory stemulant
In all experiments gastnn was used as secretory sumufant The gastrin extract in series B was
prepared from hog antral mucosa according to the method described by Grossman and
Gillespie (1963) For the other senes of expenments gastnin was prepared by a simphiied
mode of extraction using the 1on exchange eelluloce DEAE which was introduced for extrac
tion of gastrin by Gregory and Tracy (1964)

1 ks of antral mucosa was cut i small picces and boiled 10 6 1 of distilled water for 20 min
with continual stirnng  After cooling 1n an ice bath to 20° ¢ the suspension was hltered
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through gauze (5—G6 layers) The fltrate was centnfuged for 10 min at 3000 rpm The
remaming fat layer was removed from the centrifuge bottles by shimming The supernatant
solution was decanted and the precipitate was d scarded The supernatant was adjusted to pH
20 with 01 N HCI 25 g of 10n exchange powder (DEAE) per hitre was added After surnng
for 3 hrs the olution was centnfuged for 10 min at 3000 rpm The supernatant was dis arded
and the DEAE~—{loc was washed twice, each tme with 1 T of disulled water The gastrn was
eluted the DEAE—floc 4 umes cach time with 225 ml of 01 N NaOH for 10 nun witk
continuous stirnng  Aldter each elution the solutton was centrzfuged for 10 min at 3000 rpm
The supernatants were pooled and adjusted to pH 70 with 12 N and 01 N HCI Finalls the
volume was adjusted to 1 150 that 1 ml of the extract corresponded ! g of antral mucosa
estracted The extract was hept at —20° C Ts potercy was stable for at least one year which
15 the longest trre a batch has been stored The gastnn extract was free from histamune like
actnity when assayed on guinea pig tieum

Doses ol gastrin are expres ¢d a¢ wet weight of antral mucosa extracted Each dog recened
gastnin from the same batch throughout the tests

Expennmental procedures

Each expersment started in the morming after the dogs had been fasted for 18—2¢ hrs The
basal gastnic output was recorded for one hour and the se~retory responses were collected 1
15 min samples The volume was measured and the acidity was determined by utration wath
001 N NaOH using phenolphthalein as indicator

Four sertes of experiments were performed In sertes A a dose of gastnn producing about
3D per cent of maxymal stmulation was gnen as a continuous 1y nlusion by a persstaluc
pump (Harvard Apparatus Co Doser Mass, USA)} The secretory response had usualls
reached a plateau within 2—2 1/2 hrs The duodenal bulb was then perfused during ore hour
with 01 N hydrocloric acad or buffer solutions of different pH values After the perfusion
period the seciction was followed for a further 11/2 hrs The degree of secretory inhibition
was calculated from the mean acid output of the last two 15 mun perods of perfusion and 1
expressed as a percentage of the mean 15 min acid output during the hour (control hour)
immedtately preceding the hour of bulbar perfusion

In series B experiments were performed as 1o sertes A The doses of gastrin wers selected
to produce approximately 30 60 and 90-—100 per cent of the maximal response t» gastrn
The effect of bulbar perfuston with 01 N HCI was then determmed at exch secretors level

In sertes C the secretory responses to graded doses of gastnn were determmed dunng

ontinuous perfusion of the duodenal bulb with bulfer solutions of pH 3 and pH 7 Each doc
gastrin was gnen for 1 hr and the doce response cunies were constructed from the mean

d output of the last two 15 min penods at each dese leve)

In seres D the degree of inhih was with the d of acid dunng
perfusion of the duodenal bulb in the followrng wav A continuous sumulation wich a low dose
of gastrin was produced After reaching a secretory plateau the duodenal bulb was perfused
with 01 HCI or buffer solutions giving three different pH values of the effluent perfusate
pH 11—13 1719 and 24—26 In each experiment the number of mulliequnalents of
aaid delvered to the bulb dunng the perfusion hour was determined by utration with Q01
N\ NaOH usmg phenolphthalein as mdicator Durng perfusion the effluent solution was col
lected The volume of the perfusate was measured and by determimng 1ts acdity by titranon
the loss ~ ‘ ! 2

he
All s a shght pressure (» 10 em
H:O) « 100 ml per hour was ifused

All perfusions were performed with a calibrated pump The techmique of bulbar perfusion has
recently been described tm detail (Andersson Nalsson and Usnas 1967)

Statistical cvaluation of data
Common methods of analisss of varance were used n the statstical calentation of results
{Snedecor 1956)

Results
Senes A
In 2 Pavlov and ! Herdenhamn pouch dogs the effect of different pH tevels in the

duodenal bulb on acid responses to a submaximal dose of gastrin was studied One
pH level was studied 1 cach expeniment Reduction of the bulbar pH 10 2 sup



DUODENAL PIf AND GASTRIC SECRFTORY INHIBITION 185

80

€ e mmze

g ° o

40 oG 9 (P}

. 160 2 W31 36
N g & 0 ] -

w —_—
£ 140 o
&
120
§ 1 120
a 100 =
2 ] & ico
w % s go] PHTI 73 T 006 18 (7
gd 53
Zge0 P
=4 2 B
5 44 Q sofemzzar ,
o e
& EZC 20
%3 o

7 2 3 4 5 6 T By Iz 4 B 15 g
GASTRIN
g 1 Fig 2

Fig { ‘ad responses to exogenous gastnn in Pavloy (crcles) and Heidenham (squares)

pouch dogs at d fferent pHs 1n the ssolated duadenal bulb Fach symbol represents the mean
of three experiments 1 one dog \ ertieal bars show the range pH salues refer to the pH of
the effluent perfusate

Fig 2 Secretory responses to graded doses of gastm 10 two Pavloy pouch dogs durng per
fusion of the dyodenal bull with buffer solution pH 7 (closed circles) and pH 3 (open crrcles)

Each cunve represents the mean of three experments \ ertical bars show the range pH values
refer to the pil of the effluent perfusate

pressed the acid response by about 50 per cent Further reduction of the pH in the
bulb produced more p ed 1hik Maximal inhit accurred when the
butbar pH was 11—13 (Fig 1)

Sertes B

The results from this senes of experiments are shown 1 Table I Perfusion of the
duodenal bulb with decinormal hyvdrochloric acid evoked p d bt of
secretory responses to all doses of gastin The degree of mhibition vaned with the

dose of gastrin given infubition bemg greatest with the lowest dose of gastrin

Sertes C

The experiments in sertes B showed that the mhibitors mechanism acted more effi-
ciently the weaker the sceretory sumulus This finding suggested that responses to
even lower doses of gastrin might be inhsbited at pH levels ligher than pH 20—25
Fig 1) Therefore the effect of bulbar perfusion with buffers of pH 30 and 70
on responses to graded doses of gastnn 1n 2 Pavlov pouch dogs was studied (Fig 2)
The dose of gastnn ranged from 1 to 16 g per hour In beth dogs perfusion of the
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Taste I Inhabnory effcct of 03 N HCI un duodenal bulb on sceretory sesponses to different
hase been selected 1o produce secretory responses corresponding to approxsmatssely 30,

Dog Aumber Desc of Control bour
no of expts gatnn
g hr Range of Relatne
sreretory Imvedsan S £ of mean
meq’15 mun of four 13-
min periods
o
o
6Py 3 10 044051 9
3 2% 033038 123
18P 3 4 013-042 7
3 8 033067 9
3 16 057123 8
IH, 3 G Q17—0.2% 6
3 15 037099 o
3 30 066—069 7
5 H 3 10 016025 6
3 20 018063 14
3 30 026—09¢ 10

Acd perfunion of the dusdenal bulh was performed during half hour penods 1 and 2 and indscated

duodenal bulb with buffer of pH 30 produced ced inhit of responses
to 1—+ g gastnn per hour With 8 g gastnn per hour inhibition occusred i on®
dog and with 16 g per hour no ihibison was found During perfusion the pH of
the perfusate rine from pH 30 to pH 3 1—#1

Series D

Tzble 1 presents the data from expeniments in which the dbappearance of hidrogen
fons from the duodenal bulb was studied dunng perfuston with 01 N HCI and 2
buffers (pH 15 and pH 20, gang pHs 11—13 17 —19and 2426 respeeuseh
in the effluent perfusate No correlation between the dnapprarance of acd and the
degree of secretons snhibition was obtamed from these expenunents The Joss of
hydrogen ons was approumately the same from all three solutions but as found
ymio:nl), the degree of inhsbivion was dependent an the pHulevel
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dosts of gastmn 1 Paviov (P) and Hedeshain (H) pouch dogs The three doses of gastrin
60 and 90—100 per cent of the mawmal respanse to gastnn

\lean and range of secretory rate as a percentage of secretory level dunng the control
hour

Half hour perods followng the controt hour

1 2 3 4 5
38 10 39 96 115
{22—52) {6 —13) (23—50) (59—156) (96—133)
51 72 133 141
{67—102) (24—69) (19—100) (83—184) (118—-150)
41 15 12 31 102
(28—06) (10—21) (10—15) (24~38) (88—122)
57 25 24 56 K3
(37-72) (11—50) (7 —46) (13—100) (46—100)
k3 41 45 63 61
67-92) (36—46) (29—63) (57—70) (4869)
66 14 6 66 108
(5a—91) © —33) © —11) (41-80) (96—123)
36 1 30 9% 102
{15—64) (0 —4) (1 —49) (68—131) (100—119)
123 55 96 77 56
{108—145) (9 —125) {70—141) {54—105) {49—62)
28 o 18 33 97
(18-—-34) () (0 —34) (7 —52) (74—113)
58 31 59 82 9
(22-79) (22—39) (33—73) (50—123) (43—161)
75 60 8 77 90
(64—86) (49—70) (63—102) {64—96) (78—103)

by bold face figures

Discussion
When the intrabulbar pH was varied whibition of the acid response to a fived sub
maximal dose of gastrin {Scries A) did not occur untit the pH level within the
duadenal bulb was reduced to 20—2 5 Further lowening of the bulbar pH reduced
the gastric acid output even more 1f mnstead the intrabulbar pH was hept constant
and the dose of gastnn was vaned 1t was found that mhibition of responses to a
smll dose of gastrin was greater than inhibition of responses to a large dose These
senes of expeniments indicate that the degree of intubition 1s dependent on both the
dose of gastrin given and the pH 1 the bulbar pouch Turther support for this con
clusion was obtained from expenments m which the inhibitory effect of a higher pH
lexel on responses to graded doses of gastrin ranging from threshold to m;mnpk‘
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doces was studied Thus 1t could be <hown that reduction of the ntrabulbar pH 10
31— 1 produced siensficant inhibition at low but not at lgher, secretory rates

It 15 not known how much gastnn 15 reteased dunng a normal digestne evele
However there 15 evidence that the amounts of gastnn released m response to
cephalic sumulavon such as <ham feeding are rather small. Olbe (1964) showed
that the secreton response to sham feeding was greatl reduced by antrectomy
Parlov pouch dors The response could be restored to preantrectoms levels by the
ntravenous 1afusion of quantittes of gastnn which did not sumulate secretion when
enen alone Gastrin released 1n response 1o sham feeding was thus subthreshold for
stmulation of the oxyntie glands and concomtant vagal stmulatron was necessan
to demonstrate 1s stimulatory action During digestion the presence of food mn the
prlonc antrum al o causes release of gastnn It 15 not hnown whether the combined
acuon of varal and local sumulation releases more gastrin than esther stmulus alone
However it 1s not necessan to postulate the release of large amounts of gastnn dur
ing the digestne phas= Firstls gastnn and vagal impulses act synergistically and
secondhh an opumal degree of potentiation occurs already at thre<hold amounts of
gastnn (Olbe 196/

Provided that gastnn s releaced in threshold amounts dunng digestion one mivht
expect that duodena' mhibition could interfere with secretion even at pH levels
hieker thap 3 Studies on bulbar inhibitton of re<ponses to sham feeding bave
dhcated that this may b= true \ilsson 19661 Therefore these results question the

~ Previous concept that low imtraduodenal pH 1s necessan to actnate the duodenal
mnhibiton mechanism  Intead 1t 15 possble that the pH I-e's at which the
y mechansm starts to operate might be as lugh as 5
/* 1In a recent c honturek and G (19621 d that 10
hibiton of secreton responses 1o exogenous gastnin by duodenal aodification was
dependent on the quannity of acid delnered to the duodenum and was correlated {0
the rate of disappearance of hidrogen sons No correlation was found between the
pH and the degree of mhibition by these authors Thes perused 1solated loops of
upper duodenum with 0 13 N\ HCI at rates between 10 and 100 ml per hour With
the Jowest perfusion rate thes were unable to show nhibition despite the fact that
the pH of the effluent was 18 The rate of disappearance of hvdrogen ions was
about 08 meq per hour With mcreasing tnfusion rate the disappearance of aad
ncreased and mhibimon occurred

In order to test the hvpothesss of honturel and Grossman {1963) we measured
the disappearance of zad dunng perfusion of the duodenal bulb with acid and ™o
buffer solutions at constant perfusion rates

These expsnments showed that the rate of disappearance of hvdrogen sons was
almost 1denucal 1n the three solutions On the other hand the pH Jevels were dof
ferent and the percentage mhibition of secretion was correlated to the pH as shown

10 Table T Tt <hould be noted that honturek and Grossman (196) did not perfuse
therr duodenal pouches agamnst any pressure This may have resulted 1n incomplete
perfusion of the 1solated loops of duodenum dunng low rates of perfusion Conse-
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“Taste I Intabition of gastne acid secrenion and disappearance of acid from the duodenal bulb
during one hour of perfusion with solutions of differcnt pH m a Pavloy pouch dog

Tnstilled Exp Secrctory rate  pH of meqof H* meqof H® loss of
solution o asa percentage  efffucnt dehwvered  recovered  H*
of secretory level perfusate meq
during the controf
hour
01 NHCY ] 13 y1—13 1019 586 433
2 14 T—13 989 668 321
3 47 1113 883 562 321
Aean 24 — 961 60> 358
Buffer 1 68 1719 1049 731 318
pH 15 2 73 1719 1020 687 333
3 79 1719 1040 718 322
Mean 3 — 1336 712 324
Buffer 1 95 2424 1028 669 359
pH20 2 104 2426 98e 670 319
3 102 2426 970 653 317
Mean 100 —_ 955 664 33z

1n alt experiments the v olumes recorered after perfusion were 3—4 per cent larger than the volume
deliered

quently, at higher perfusion rates a larger area of mucosal surface was reached by
the acid, gning more efficient acidification of the bulb which resulted 1n secretors,
mhibstion The amportance of controlled perfusion pressure has been emphasized 1o
studies on antral inhubition Andersson and Olbe (1964) found that 11 some dos
inhibition of vagal release of gastrin by antral acidif, could be d |
only when the acid had to Jease the antral pouch agamst a shight pressure (10—20
em H:0) Sumilar observations have been made in studies on the sumulatory
potency of some chemical agents perfused through the antrum (Elwan, press)

In our opinion there are 1o vald arguments against the concept that the duodenal

snhibitory mechanism 1 regulated by the degree of aadits within the duodenal
lomen

This v estigatio
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trated by glass surfaces (Ratnoff and Crum 1966) Acusated Hageman factor 1s then
probably releasing kimns via actnation of kallikrein 1n the plasma (Margols 19,8
1960)

Jacobsen s studies on himnogens mcludid plasmas from dog rat and guinea pig
but not from cat and hamster Since these latter ones are alsn common laboraton
anima's st seemed to be of Importance to know more about the different factors in
vohed in formanon and imactnation of hinns m their plasmas An analyss of thee
factors has been carrted out 1n the pres=nt study, wherc some further exapumation of
gusnea-pig plasma has abo been included It was particularly mntend~d to study the
specificity of the two kimnogens m the vanous plasmas towards different hinsm
forming agents and procedures The possibil, of nfl g the ¢ of
the kimnogens i 2120 by 13 injection of ellagic acid were also (xamined

Methods

Plasma Fsmin actreaty was tested on the wsolated rat uterus preparation \srgin rats weighng
100200 g were gien 30 ug sulboestrol intrapenstoneally 20 hr before being sacrified In
order to reduce the spontaneous wctinaty of the muscle and also to make 1t insersiuce to kafl
kreins the isolated utenus was stored for 24 hr at 4° C in de Jalon solution before beirg u.ed
A 2 cmn pre ¢ of one uterme hom was used for each test sesies The load on the muscle was
11—-13 g when kimn formation was studied and 1 8—24 g when kininase actnity was
estimated The tests were carned out with the uterus preparation susperded i a 5 m! organ
bath contaimng aerated de Jalon solution at 29° C The contact ttme was | tmn and the nter
vals berween tests were 4 or 5 mn The preparation was senatine to the addiuon of a fLintle as
1 ag of bradviinun sn tests where kimin formation was studied

Kimnase actinty was esumated by menbating at 37° €. 500 ng of ssntheuc bradykimn (BRS
510 Sandoz Basle Switzerland) dussolied mn 01 ml of salme with 09 ml of the flud to be
thsted_Ahquots of 1 m) of the misture were taken out for tetng on the rat uterus every
min The first 1est was made | nun after the start of the mcubation The amount of bradykimn
m the test samples was esumated by comparing the contraction of the rat uterus preparation
caused by the addition of the sample and that caused by known amounts of svatheuc brady
kirun One wmt of Fininase was defined as the amount of enzvme which destroved 75 7 of 500
ng of bradskimn 1n 11 min under standardized conditions fRugstad 1966) If the plasma to be
tested for himnase actniry contained more than | uni of kininase per 09 ml that 15 of 09 m!
of 11 needed le s than 11 min to break down 77 7% of 500 ng of bradskmm then the sample
was diluted with 002 M sodium phosphate buffer of pH 75 The most diluted solution where
09 ml sull mactnated at least 75 % of the bradykinim an 11 min was said to contan 1 unit of
kirunase in these 09 ml On the basss of this the amount of kinmase 1 the oniginal undiluted
test sample was calculated Tle precssion of the method was tested by estimating kinmase ac
trsty as described above in 7 samples of each of 2 d fferent plasmas he sesults of these tests
are gren o Table 1

Plasmas from man <2t hasmster and Qunes g were drtasned Giom citsated hinod  ane patt
of 31 %% sodium crirate dibydrate solution to nme parts of blood) taken with and prepared 11
aliconated equipment All blood samples were centrifuged ot 1500 > g for 30 min

Piasma kalhksesn prep 7 were used ax a source of plasm?
Kalfikrein Citrated human plasma was precapitated with ammonium sulphate between 33 and
46 ©% saturation as described by Lewss (1958 The precipitate was dissolved 1 distlled water
and dsalysed agamst runmng tap water for 20 hr The final volume of the prepasation was
ahout one third of the orgmal plasma solume The pseadoglnbulin samples thus prepared con
rarmed less than one umt of kiminase actnsty and this was completelv nhibated by drodiem
edetate dibvdrate or by phenanthroline The plasma kallikrem preparation which coild 14
“hown o contain no substrate for plama kann forming enzymes was stored a1 =20 C

Glandular kolltkrern Sabsa from guinea P ha{mnrr :nddt;?l vas used 31 a source of

xpertments plasma from the different speciey was inc

standular kallbtein In these etpenments P ancsthesta and alter stimutauon
- . The salna was centnfuged and
X f v Amundsen and Nustad (5964
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Tapie I Determination of kimmase actimity  precision of the method

Sample Units of kininase actisity Unuts of kimnase activity
1n test plasma 1 m test plasma 2

1 13 210

1 14 218

mr 17 230

w 13 220

v 17 215

VI 15 215

Vi1 16 216

Mean 15 216

Standard deviation 23(153 ) 79(329%

Kintnase actwity was estumated as descnbed im the text i 7 plasma samples from each of two
different animals Test plasma 1 and 2 13 from cat and guinea pig respectively

B - i~ - cte % -informung enzymes Before being used
. N L}

. . . + = dihydrate (AG Buchs, Switzerland)

L = roline, Sigma Chemucal Company, St

. e + 1dard ‘solutions were dissaled m 003

Determination of kimnogens wn plasma_The presence and speaifiity of substrate 1 and 2
- P . P e

. . . - + ot =+ (15 min—48 hr)

[ b) 04 ml of the

N ' M . = d 10 massive

glass contact for vanous tme imtervals, and any kinm formation obserned When no more kinin

actmity or only traces of such actnany could be detected after any of these procedures, 02 ml

of the muxture was incubated for 5—10 mun with 01 ml of a Linmase inhibitor and the final

wcubate tested for ability to form kimn on addition of 18 turn, 01 ml of the kinn-formng
agents previously described or bv exposing the meubate to massive glass contact.

n a new set of tests on plasma from each species the tetal-amount of kinins which could be

developed on lr.-cuhanen with a) buman plasma kallikrtin preparation, with b) the amumal s

o .
amounts of substrates 1 and 2 were then calculated taking mnto account the reaction pattern of
the various plasmas towards the two tvpes of kallikremns Development of kimn with the plasma
kallikrein preparation and on contact with glass was taken as evidence for the presence m the
plasma of substrate 1 The development of a different amount of kiun on addition to the
plasma of the animals own salna was taken as evidence for the presence of a substrate of type
2 Tn prelimunary experiments 1t was shown that maximal kimin values in the vanous reaction
mixtures occurred after 5 to 20 min of b and in the abiquots
of 01 mt were therefore tested for kinin formation within this interval of time and the highest
kimn value obtained was used

Each substrate was determined quanutatnnely an terms of kimn that was formed per ml of
plasma synthetic bradykinin being used as reference The evaluation of the level of the two
substrates was carmied out separatehs b socalled bracketing the dose ratio being 2 3 (Gaui-
vik and Ruestad 1967

Recording of rexpiration and of blood pre sure during wtra.enous snection of cllagre acsd
Hamsters (80—120 ¢ and guinea pigs  230—400 g} were anesthetized by 1 1ntectione nf

136303 Acta phevat
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4050 mekg bw of pentobarbitone (Nembutal Abbot Laboratones London) Anestena
was ynamntained by Jurther mpections of 5% 10 me/ke bw as needed The trachea wat canou
lated and wnjections were made through a catheter mserted into the external jurular vein. The
tlood pressure was recorded via 2 cannulz i the carotid artery with a pressure transducer
(P 23 De, Statham) connected to a Sanborn model 320 Dual channe!l DG amplifier—recorder
{Sanborn Company, Masuachussetts USA) equipped with a Sanborn preamplfier Tie fre
quency of sespiranon was followed by insertion of a constantan—copper 1f ermocouple 1o tle
tracheal cannula, The thermocouple was connected to 3 Beckman preamplifier, Ivpe 461,
wluch was azain connected 10 a Beckman type RS Dynograph

Glass actuation of plasma This was camed out 1n plasta or an mistures of plasma and a
Ysmmase snhilator by amtatng equal volumes of such samples and glass beads of dameter 01—
02 mm for ranous tise mtenals {1 mun 10 24 hr)

Ellagic and (44, 55, 66 hexahydronydiphenic acd 26 2 6 ditac one (Fhuka AG
E{u;ﬁx Switzerland) was used 1n a standard soluton 2> 104 % yn a 015 M Trs HCL buffer
of 5

Dralysis was carned out with a Visking dialyss tutang 1832 (Visking Dept,, Unson Cartade
International Co  New York, USA)

Silicontzang of glassware and needles was carned out with Siliclad (Clay Adams Ine \ew
York USA) A 1% soluuon was used for glass 2nd 5 7% solunion for metal followed by dryng
over mett ar J00° C.

Results

Awnnase acturity sn plasmas from cat, hamster and guinea prg

The kynnase actnaty 1n plasmas from these amimals was estumated (see Methods]
and found to vany considerably as shown 1o Table IT The efficiency of duodum
edetate and phenanthroline as plasma kininase mhibstors was alo determined In
hamster and guinea pig the plasma kimnase actnats was inhibnted most effioiently Iy
phenanthroline while both types of mhibitors were highly efficient towands cat
plasma kimmmase When kinn formation was studied 1n hamster and gumea pig
plasmas phenanthrohine was therefore used as a himnase mhibitor In cae plasma
disodium edetate was used

Farse I Plasma linnase acuvity

Type of animal Number  humpase acuvity 1 plasma (range)®

of amumaly
without with infubitor present
whibtor
disodium phenanthroline
edetate
Cat 8 1— 20 lers than § less than §
Hamater 10 10— 0 25 -2
Guinea ;g 10 160—220 48 1—4

3 alucy 2re grsen as umts of imnase actary
for definstion of 3 unit, see Methods

Fusmnase actsaty 1o plasmar from eat, hamater and guinea-
rg was esumated a8 described 1n Metbods
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Tasre YT Reaction pattern of substrates } ant: 2 tpwards sanous Jomn-formmsg agents

Source of plasma Incubation with On glass activation
human species ellagic acd
plasma speafic

kallikrein saliva

Cat substrate 1 + Q(+)* + +
substrate 2 0 0 0
substrate 1 + + + +
Hamster  bstrate 2 0 + 0 0
Guinea substrate 1 + o - +
™ substrate 2 + + [ Q

*In 2 cut of 5 animals the concentration of substrate 1 was found to be somewhat reduced after
24 hrs of mcubation
Incubations of the kinin forming agents with pre treated plasma from vanous animals, 1n the

presence of a kinnase whubitor, were carmed out as descnibed 1n Methods, and the kinun actiaty
was tested on the isolated rat uterus preparation

+ = marked formauon of ksmn actwvity which took place in the course of a fow minutes
{+) = 2 small formation of kinin activity which took place 1n the course of hours

© = 10 kimin actwity was detected even on prolonged 1ncubation

The presence and specifictty of substrates 1 and 2 tosards varrous himn-forming
agents
The presence of substrate 1 and 2 i plasma from cat, hamster and guinea-pig was
confirmed and their abilities to form kinins with human plasma kallikremn, with the
animals’ own salnary kallikrein on addition of ellagic acid and on exposure to mas-
sie glass contact were determined as described 1n Methods In Table 111 are shown
1he yesults obtaned from the vanous types of plasmas In cat and hamster human
plusma hallikresn releases kinins from substrate 1 only whereas n guinea-pig 1t
attacks both substrates, as previously shown by Jacobsen (1966b) In cat and guinea-
pig salna from the actual species acts upon substrate 2 only On prolonged incuba-
tion of cat plasma and such glandular kallikrein (24 hrs) some reduction in the
b 1 level was oc Ily found (in 2 plasmas out of 5 tested) Hamster
salna mduced Jimin formation from both substrates in plasma from this ammal In
the sanious plasmas tested ellagic acid and glass actiation released ksmns from sub-
strate 1 only Addrtion of ellagic acsd or glass actnation did deplete cat and hamster
plasmas for substrate 1 whercas the substrate § concentranon was only reduced i
plasma from guinea pig by such procedures

The amounts of substrate 1 and 2 n plasmas from cat, hamster and guinea-pig
In cat plasmas the canc of sub 1 and 2 were de

d 25 describ
as
1 Methods simply by measunng himin formation on incubation with human plasma



-~

186 RAARE GAUTY IR

Taere IV The contents of substrate 1 and 2 1n plasmas from cat, hamster and gunea

pig

Number of  Substrate 1 Substrate 2

plasmas

tested Range Mean Range Mean
Cat 12 150450 280 500—2000 1200
Hamster 10 400—900 550 600—1700 1100
Guines pig 9 300—700 400 160 250 150

‘The concentration of substrate | and 2 are given as amounts of huun {ng/mt ) that could
be developed with an excess of kinin forming enzymes

The amounts of kuun formed are agamn expressed in terms of comparable amounts of
synthetrc bradyk and using a brack assay as described in Methods The values
for substrate 1 and 2 are obtained as described tn Results In the table the range and mean
values are given for cach plasma

kallikremn on the one hand and with the animals own salivary kallikrein on the other
In hamster plasmas the substrate 2 levels were calculated as the difference m
amounts of kinin released pr ml plasma by glandular Rallikremn and by human plasma

allikremn respectively In guinea pig plasma the level of substrate 1 was caleulated
as the difference 1n amounts of hinins formed by human plasma kallrkremn on the one
hand and by the antmal s own salna on the other Table IV gnes the range and the
mean values for the hininogen levels i the 1anous plasmas In cats the amount of
substrate 1 corresponds to about 1/4—1/5 and i hamsters to about 1/3 of the total
amount of kinmogens In gmnea pig plasmas however the substrate 1 level equabs
abaut 2/3 of the total amounts of hininogens present

Kaintn formation by ellagic acid

When ellagic actd 1» added to a mixture of rat plasma and disodsum edetate marked
hinin hike actsvity developes Evidence for the hinn nature of the substance(s) formed
has (have) been presented by Gautvik and Rugstad (1967) When 01 mlofa stand

ard solutian of ellagic acid was mcubated with 0 2 ml of plasma from cat hamster or
guinea pig i the presence of 01 ml of a ksmnase mhibitor Linin activaty could sim

larly be detected on addition of 01 ml of this mrxture to the organ bath In cat
plasma kinn actu ity corresponding to 150-—~100 ng pr ml plasma (average 300 ng ml}
was observed and the maximal amounts developed within 20—25 min of incubition

In plasmas from guinea prg and hamster ellagic acid mduced kinin formation corre

sponthng to 200600 ng pr ml with average values of 300 and 500 ng/ml respecs
tively The maximal kipin values occurred 1n both these plasmas witlun 10 t0 12 mn

of mcubation
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Fig 1 The effect of repeated sntravenous injections of elagic acid on resprration and blood
pressure m an anesthetized hamster

Intrasenous injections of synthetic bradyknm, 10 sfke (B), of histamine, 20 pfkg (H), of
03 ml Tns HCI buffer (T) or of 03 ml 2X 104 M ellsgic aad (E} were camed out at
«ignals The effects of the first and of the last of 4 successne njectians of ellagic aad are
shown and compared to those of synthetic bradykimin and Justamune The intervals between the
ellagic acid myections were 15 mm

Effects of wntraienous injection of ellagic acid on blood pressure, respration and ki-
ninogen levels tm hamster and guinea-p1g
A standard solution of ellagic acid was injected 1nt0 the jugular vein of 7 hamsters
and 7 gunea-pigs Injections of 03 ml and 05 mi of a 2X 104 M solution were grnen
10 the two types of amimals, respectisely, usually at sterals of 8—15 min In Fig 1
1s shown the effects on blood pressurc and respiration duning a typical experiment
with a hamster From 520 sec after the first injection the mean blood pressure was
reduced by 20—i0 mm of Hg. The hypatension usuzlly lasted for 1—4 min, after
which a longer lasting hypertensive period followed, before the pressure returned to
sts 1imtial vatue After the 3rd or 4th injection of ellagic acid these effects on blood
pressure could no longer be observed Control injecuons of 03 ml of Tns-HCI bulfer,
the medm n which ellagic acid was dissolved had no effect on blood pressure or
on respiration The elfects of intravenous 1nj of h or of h
bradylimin were, howeser, apparemtly unchanged after several injections of ellagic
acid Marked increases 1o the frequency of respiration could be obsenved following
the injectons of ellagic asd of bistamne o of synthetic bradylamn

In Fig 215 shown the same type of expernment performed on a gwinea-prg The
hvpotensive effect of an intravenous mnjection of 05 ml of ellagic acid subsided on
repeated injecyions, and a 5th or 6th mjection had no such effect Control 1njections
of the Ths-HC solution had no effect on the blood pressute or respiration The «f-
fects of intravenous injections of histamine or of synthetic bradshimin were about the
same before and after the injections of ellagic acrd  Abo 10 guinea-pigs an ncrease

m the frequency of respiration w< found dunng the hypotensive penods induced by
cllagye acd
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Fig 2 The effect of repeated injections of ellagic acid on respiration and blood pressure of an
anesthetized emnea pig

Intrasenous injections of synthetsic bradyhmin 6 xeke (B) of histamine 10 pe'kg (H) of
05 m! Tris-HCI buffer or of 05 ml ellagic acsd 2x 10 4 M (EA) were carned out 2t signals.
The effects of the first and lasy of 5 succes.ine njections of ellagre acid are stown and com
Ppared to those of synthetic bradvkinn and histamine The yntenals between ellagic acid n,ec
tions were 8 min

In artenal plasma samples from gumea pig taken after repeated injections of
ellaqit 2ad the addition of ellagic acid or performance of the glass actrvation did
usually not cause any hinn formation Addivon of human plasma hallikremn or of
species spectfic salina did however stdl induce release of kinin  there thus bemg some

»nts of the two substrates feft

o levels of substrate 1 and 2 i plasma of hamsters before and after injections of
dagic acrd
In 13 ammals one 08 mi artenal blood sample was taken before the mtrm enous 1o~
Jection of 4 doses of 03 m! of 2 10 4 \ ellagic acrd given at 15 mm ntnals Adds
tional simular samples were taken from each hamster after these injections The con
centrations of substrate 1 and 2 n the samples were determmined separatels as de
«cribed previousty The plasma amount of each substrate before any wnjection of
ellagic acid was said to be a 100 ¢ level and all later values were related to ths
Ievel In all hamsters but one a very reduced amount of substrate 1 could be detected
12 mn after the last of the 4 injections In Fig 3 are shown the mean plasma Jevels of
substrate 1 and 2 at vanous ume intenals after the last ellagic acid mjecuon One
hr after the last injection the level of substrate 1 was 1 all 13 hamsters reduced 10
between 0 and 20 <¢ {mean 13 ¢¢) of the imtial level Affer 6 hr the mican concuntra
non of substrate 1 had reached 31 ¢ and after 24 hr the mean lesel of this par
tcular substrate had reached 83 €c of the imitiaf vaiue The concentravon of substrate
9 wwas followed 1n 4 ansmals and could not be found to be sigmificantly altered by the
1yeceons
In w2 sham-operated anmmals to which sntrasenous injections of a Tris HCI <olu

won were  nven nstead of ellagic acid there were no changes in the substrate con

centration



KININOGEN IN PLASMA 199

Fig 3 The lescls of the suustrate
for plasma kalfikrein (substrate 1)
and the substrate for glandular
Kallikrein {substrate 2) 1n plasma
of hamsters before and after 1n
travenous mjection of ellagic and

esults from 13 hamsters are
gnen 1n this figure The point of

2 8 8

Substrateland 2 n f
of ntlal vaue
5

k
the last of [oua m;:il‘;o‘ns“o( (1)3
ml of a buffered 2% solu o
tion of ellagic acid 15 gnen at ° “ 1°m(m“r‘:) ® n £
zero tume The mean salues of
substrate 1 (closed circles) and of agam been evaluated as the
substrate 2 (tnangles) levels in amount of kinm formed per ml
artenal blood samples and the of plasma, synthetic bradvkinn
standard deviation of these means bemg used as reference (see
are gnen The substrate levels \ethods) The number of am
are expressed as percent of the mals from which blood samples
wutial pre-myection bloed value were taken and analyzed at each
The substrate amounts have chfferent point 1s gnen n atalics

Discussion

The amounts of substrate 1 and 2 found 1n the vanous experiments must be consider-
ed as mimmum yvalues simce disodium edetate and phenanthrohine did not inhibit
completely the kimnase actnity of the plasmas The values given for the two sub-
sirates have not been corrected for the small Joss of kimn activty which thus probably
oceurred dunng ncubation

In alt plasmas so far exanuned ellagic acid induced kinin formation The addition
of this agent seems to be a converent way of releasing kinins 12 zstro as well as
tito The agent seems to operate by actnating the plasma kallikrein present, and
thus Iy anfl the of sub 1

The effects 1n hamster and gumea pig of ellagic acid injected intravenously on
blood pressure and respiration are also consistent with the view that the agent causes
release of kimns (Gautwik and Rugstad 1967) On repeated njections these effects

subside probably as a result of the amount of hininogen available (substrate 1) being
markedly reduced

In hamsters the imtial drop 1n blood pressure caused by intravenous injections of
bradykinin histamune and ellagic acid was followed by a marked hypertensne period
Lang and Pearson (1968) reported that bradykinin and hallidin produced biphaste
blood pressure responses when injected intravenously or mto the carond artery

th d cats They luded that the pressor responses seen were mediated by
sympathetic mechanisms involving a central nervous component

‘When ellagic acid was added to plasma of cat or hamster n titro, no substrate 1
could be detected 15 min later When portions of guinea pig plasma were prein
cubated with ellagie acid for vanous ume intenals (15 mm 0 25 hr) addition of
human plasma kallikremn or the species specfic glandular hallikrein would however,
stll induce himn formition Suntlarky massne glass activation could not deplete
gumnea pig plrsma of its substrate 1 hunin formauon caused by ellagic acid and glss
actnation ol es intermediate factors The findings menttoned above indieate that

-~
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ome ntermediate factor(s) needed for the action of ellagic acrd and glass 15 (are)
exhausted early mn the binmn yielding process Jacobsen (1966b) has previously re-
ported that gumea pig plasma was depleted of both substrates on 1pcubation with
ellagic acrd He did apparenthy use a rat uterus preparation with lower sensiuvite
towards added svnthette bradykinin, and this may explam the discrepancy

The total amounts 2s well 2s the relatne concentrations of substrate 1 and 2 vary
to a considerable extent from one species to another This may ndicate possible dif
ferences m physiol or pathophvsiological roles of the kimn system 1n the dif
ferent Linds of ammals

The intravenous admmstration of ellagic acid to hamsters reduced the concentra
tion of substrate 1 leaving the amount of substrate 2 unchanged These results male
1t unhikels that any complete 1nterconversion between the two substrates tales place
m that ammal

The avthor wants 10 thank Soheig Strand and cand. mag Tor Stovne for skilful techmical
anstance Finanaal support from the Norwegian Research Cousnail for Science and th» Huma
mtes from N\ansen Foundanon and from the Norweman Council on Cardionascular Disezses
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References
Axeoses E and K- Nterap humnase actvaty of human salwa Vature (Lond.) 1963 201
1276—122/
Fasciore J C and K. Harsopses § of )] Amer ] Phynol

1064 207 “Q1—%0>
Garmve. Ko M and H E Rugstap Kimn formation and kimnogen depletion 1 rars after
smtravenous njection of ellame and. Brit ]| Pharmacol 1967 31 3950—400
J3scomszy S Substrates for placma kuun formung enzvanes 1 buman dog and rabbit plasms
' " Bnt J Pharmacol 19662 26 403—311
Jacoeses S for plasma 3
Brt | Pharmarol 1966b 22 64-—72
Larc W J and L Peanson Studies on the pressor responses produced by bradikimn aod
Xallichn ‘Br ] Pharmocol 1968 32 330--338
Lrwis G P Fonmavon of plasma kinmns by plasmin. J Physol (Lond ) 1958 140 283—
00

{ enzymes i rat and gumea pig plasmas.

3

\argorss ] Actnawvon of plaema by contacr with glass evidence for a common rezc‘u::l
which refeases plasma hiun and mibates coagulation | Phystol {Lond.) 198 144 1—

Maxgorss ] The mode of action of Hazeman factor 1n he refease of plasma kinm. J Phynol
(Lond. 1960 I>1 233752

Rarvorr O D and ] € Crim Actvavon of Hageman factor by soluions of ellage acd:
] Lab eln Med 1964 63 359377

Ricsxap HE Aunwase pmdusnon by sowe sucrobes. Brr | Prarmacol 1066 28 315~
323



Acta physiol. scand. 1969, 76. 201212
From the Department of Pharmacology, harolasha Tnstitutet, Stockholm, Sweden

Dissociation of Histamine Release and *Na~ Uptake
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sodm for ustamine does not play 2 wigmficant role in tustamine release mduced by com-
pound 4880 The large mcrease m 2?Na’ uptake by mast cells exposed to compound 48 80
can be prevented by pretreaung the cells with N-ethylmaleimude or minhydnn, which also
anhibit the histamine release We found evidence for the custence of a “sodium pump’
mechanism which could be inhubited by cuabmn The histamine liberator d tubocuranne also
produced an increase in the net **\a* uptake bv mast cells but another releaser, n-decylanune,
which produces hustamtne refease by s of the celt membrane did not

In rat pentoneal mast cells hustamine 15 stored 1n discrete tracellular granules to-
gether with protein and hepanin Aborg and Uvnas (1968} have presented evidence
that the histamine 1n such granules 1s electrostatically inked to the protem part of
the protein-hepann complex via carboxyl groups and 1t can be released by suspend-
ng the granules in cation-contaning media (Aborg Navomny and Uvnas 1967) It
scems probable that the histamine present 1n mast cell granules m situ 1s stored 1n a
simitar manner to that in solated granules, this 15 a prerequisite for the *1on-ex-
change * mechanisms of histamine release induced by compound $8/80 proposed by
various authors (tide mnfra)

Thon and Uvnas (1967 proposed that the response of rat mast cells to compound
48{80 toak. place m two steps The degranulatian step, the primary event s the te-
sult of the tnggening of an  active energv-requinng transport of histamine-con-
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t2:n1ne grzrmles 10 the outade of the cell, The relezse of histamin~ then occuns extrs
eellularly 25 2 canon exchanze between the amne in the dicherzed gvamules 2od
c2o 13 the extracellular med) A dineds o the Mular medim 2
czuon free (g 10 ome cucrow | hitarune-containine grapules ean be recovred by
dfferertizl cennfuranon.

Another hypothess s that sodmm sons pas imo the mact cells and release
h.tmuzne from the eranules by -tracelular cavon-excharee this theon Iacls ex
penmen.2l cuppovt. If 1t were true the relezse of hr.tarune <hould tzke place s
tanecn. v wath o after the uptale of «oxdium 1 ns from the extrzeellular mediara 2od
the a2memnt of wxdium 12 onst taken up should be equnalent o or grez.sr than
the amourt of histapne tmolecules) released.

In prelmunan exprimerts we found that the exposure of mast cells to comprrrd
=8 B led 19 2n uptale of *Na ard a release of bt 2 Wewrhed o find ot of
tha Lpale of wxdm ons could bnnz 2bout the hrtamins releass b 20 17 12
celiutrr sonexchanze In oder to do this we have invesnzated whetber o= tr ther
w25 2m quaruzuve o temparel corelanon between sodium uptzle deovzzlz
wom ond by arzime relezse in e lated rat mmast eedls exposed 10 compound =2 80 We
have a'o imeucated the effeets of moubanon temperature and ume. compr of
+& &0 concentranon. eznree iwhib Lors (N\-ethvimzlamide nnbvdnn and ovubas)
asd repmaced expisures 10 compourd 42 29 o0 the *\a uptzke b rat mas eells
1= 1o In 2ddinon. we compared the effecss of compound 28 27 and two cher
bramaer rdes ~ avens d tubocurenne aod pdeovlamme, on SN2 upake by
st el

x

Methods and matenals

Isoction oF rezt cows
Az ces were citanrd fom the perosal 2.d peural cna s of mae Sprae Dawdw
ras 37N g 2ud separz.ed from omheT ceus by gene v eadier certrL zzam - Fiotl
zoooriize to e metied of Toon 20d Lims 197 Ceu oo wors prrdrmed 1n 2 B3
chezmber 2o ez g w B doe Lo

Tecstoror ¢ 4 xasimg g otedu ¢

& gerere reto
Mar ey DIAF, () wermalesdmasal oo N Io M ARG =3
CaCe 0% zVM comarmz I % v v Sretwn porpere bfev  NaHPO,~RHFO,
F 1973 pH 0and 1 =% bumom sernm 2ume p = The artatwms wee car”
o SavwIme of T et e 1d “mm omth S am weh tebur e
srgr TN v e ca 17 sem] was odded ptle tt mueonon o gieafa 7T
o iy f 2 protae 3 g T s bewe] of 2l v zmve — B 1P S o
=Y m e mppszred 25 Goeribod 2ry Uren siberuyee 3.2 £, 2] O rearer.s were a0l 10
oD emures pmmmedz mv 23 200f tor TN v won 2ol pomedaer T E2
e zmr e ols 2.3 Cfor 7 oo

Afer cmrotanen L L2y wert e ol 2 Slltg!avvllmmrpe"z@n\-:;
grrced &1 &5 comoe v 28 poe dem 2ot L e A2l Tud was roned Lase g 1O
fus - gegre The els wore 150 Wi by roc cendmg tam 19 1 =) 4 bolerd s 57 TR
e sue g, cenorh =z 2.d oM L § penatend s desaBed zane Wi S
wztrwer eard o .0 C 70 Lor 3 C1 wss ‘ornd Lz at e two 3~ ST
e the o Tz Lorzes was Sorh 't dony ez whee 150 cons ez waded 220 C Fots
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AL o 1o three wR ot L2 cE wem earrmAd 1 21 & brleved o v o 2ot P
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In a typical exp the levels of (per ml, above bachground) were as
follows wicubation supernatant 7% 105 cpm first wash 20—35% 107 cpm_second wash 150—
400 epm  thard wash €0—200 cpm and heated washed cell suspension 200—3 000 cpm From

.- - . thar
. . gible
showing that the quanuty of *"\a* retamed by the tubes after three washes was insignificant

{b) method for time course studies

(1967} in their study of the tume course of hsstamune release mduced by compound 4880
After centnfuging the cells were washed twice with 10 ml quantities of bufered salt solution
using a procedure similar to that 1 the general method The washed cells were then heated 1
1 m! of buffered salt sofutton at 70° C for 10 mun

Ligmd sentillation counting

The radicactonity 1a 0 5 ml samples of the washes and the heated cell suspennions and 1w 003
1l samples of the onmnal was d after n 15 ml of santil
lator solution usng a Tn Carb hquid sc: Packard 1 Inc
La Grange Ill, US4 ‘The santllator solution conuisted of a solution of 04 ¢ 25 d
phenyloxazole and 001 % 14 bis 2 (4 methy] 5 phenyloxazolyl} benzene 1n a mrxture of equal
volumes of toluene and ethylene glycol monoethyl ether In the results a correction has been
made for background radioactiity (~45 cpm) but not for quenching or ceunting effictency
{ )

Histamine assay
Histamine was measured fluarometrically according to the method of Shore, Burkhalter and
Colin (1959) but the punfication steps were onutted and o-phthalaldehsde was added directhy

to the samples after al (Fredholm and H. 1967)
faterials
Ficoll was obtaned from AB Pharmaera, ¥ -~ ' € At - - = -

from preseryatines) from AB habi Strasgs

by Dr B Hogberg AB Leo Halsngbarg

9 mcimg Na was obtained from the Rac .

ectahydrate was obtamed from the S gma N
All other matenals were obtamed from normal commercial sources

Results
"t our expenmremds proceliures we'have measured the amount 617\a tdken up'th
the mast cells duning the incubation peniod and retained by them after washing We
will refer to this as met - \a uptake throughout this paper

Factors affecting net **'Na uptake by mast cells treated with compound 48/80
Incubation temperature

In this expenment the cell suspensions were premncubated for 10 mun at the required

before adding compound 48 80 Table I shows the effect of different
incubation temperatures on the net uptake of

Na by normal mast cells and mast

o
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Tasie I Effect of incubation temperature on net #*Na* uptake by normal rat mast
cells and mast cells treated with compound 48/80 (1 sg/ml) Means o
duplicates and range

Incubation temperature Aet *Ma Uptake {cpm]10* cells)
Normal cells Cells + 48/80
[ e} 316 (274~358) 444 (413—476)
3 377 (365—--389) 2003 (1917--2090)
46> C 229 (497—562) 493 (490—197)

cells exposed to compound 48/80 (1 xg/ml) Uwnas and Thon (1961) reported that
histammne release mduced by compound 48/80 (05 ug/ml) from such cells showed 2
simular temperature dependence It did not take place at 0° C or above $4° G and
was optimal at 37° C

Concentration of compound 48/80

The effect of increasing concentrations of compound 48/80 on the net uptake of
**Na by and the release of histamine from mast cells 1s shown mn Fig 1 The two
dose-response cun es show obvious simlantes

Incubation time

When the procedure for ttime course studies (z2de Methods) was used the maamal
nét °Na uptake was found after about 10 min incubation (Fig 2) Furthermore,
in studtes with very short incubation perrods 1t was shown thar there was a latent
pertod of about 5 sec before uptahe began (Fig 3)

In another senies of expernments 2’NaCl was added to the mcubaton misture be
fore simultaneously with or after the addition of compound 48/80 The incubations
were stopped 20 mun after the tune that both *NaCl and compound 48/80 had been
added and the general washing proceduse was used It can be seen (Fig 4) that ihe
addition of *NaCl before or sumultaneously with compound 48/80 results 1n ap-

Fig 1 The effect of compound
48/80 concentration on the nct
uptake of Z\a* by (full hne}
and the release of fustamne from
Ibroken line) rat mast cells Eacl
point represents the mean

duplicates verucal hnes indicate

range

7 o’ UPTAKE CPMAIO® CruLs.

X HSTAMNE RELEASE
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Fig 3 Demonstration of the lag phase m the uptake of Z\a* bv mast eells treated with com
pound 48 80 (1 ug ml) Method b Each pomnt represents the mean of duplicates, vertical lines
1nd cate range Full lines Expt 1, broken hnes Expt 1T

B Hustamine release begims after ca 5 sec and 13 complete after ca 30 sec

[
uplicates, vertical

prouimately the same net uptake Addition of ""NaCl at times after the addition of
compound 48/80 results i a decreased *"Na uptake It can be seen that the rate of
sodium uptake 15 most rapid ;ntially and decreases progressively with time

Repeated exposure to compound 4880

a) Fig 5 shows the net "*Na uptahe by normal mast cells and mast cells exposed
once or twice to compound 48/80 (1 pgfmi each exposure) with different numbers
of mternening washes The **Na was added before the last exposure to compound
48/80 and thus 1n the case of double exposures to compound 48/80 1t 1s the uptake
n response to the second exposure that 1 recorded It can be seen that although the
net uptake 15 less after 2 second expor to pound 48/80 (compared to that
after a single exposure) 1t 1s always substantial This effect on the #\a uptake con

trasts with the degranulation and histamine release response on repeated exposure of
mast cells to compound 48/80 Thon and Linas (1967 <howed that m the absence
of an interverung wash the mast cells did not respond with degranulation or hista

mine release on the second exposure to compound 48/80 After washing the cells
successnely regatned their al
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Fig 4 et 2\a° yptake by mast cells exposed t0 compound 48°80 (1 gz/ml) The #*\aCl
was added at the umes indicated. Incubations for 20 mm after both 22NaCl and 4820 were
present in the mncubation mixture Method a. Each point represents the mean of duplicates,
ertieal hiney indicate ranee

Fiz 5 Vet *\a" uptake by normal mast cells (A) and mast cells exposed once (B) or twice
fC1 to compound 4820 (1 ggimli with different numbers of intervenmg washes 22N:Cl
added before last exposure to compound 48720 Each bar represents the mean of four expen
g ents, sertical hines ipdicate $D

b) Table II shows the net *Na® uptake bv. and histammne release from untreated
mast cells and mast cells exposed once or twice to compound 48/80 (1 ug/ml) wih-
out an snteneming wash In this expenment the =NaCl was added before the frrst
exposure to compound 48/80 In the case of the double exposure to compound 48/80
both the hitamne selease and the net ZNa’® uptake are the total values for both
the exposures The histamine release sn response to the second exposure to compound
48/20 (1 pg/mly 1s neghmble whereas the fint exposure to the same concentration
releases 43 €¢ of the histamine from the cells It should be noted that the net uptake
of N2’ 15 sightly less 1 the cells exposed twice 10 compound 48/80 than i the cells
treated only once, the sigmficance of this will be dealt with i the Discussion.

Enzyme nhibitors

N-Ethylmalermde (NEM; (104 M, The influence of this -SH reacting enzyme
inhibitor on the net uptake of <Na' by normal mast cells and mast cells treated
with compound 48/80 (1 pg/ml) 15 shown 1n Table Il This concentration of NEM
is sufficient 1o present histamne release from mast cells mduced by compound
48/20 Mast cells treated with NEM alone show an sncrease 1n net ©Na uptake
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Taste 1T Net ™\a uptake by and hustamme refease from normal mast cells and mast
cells exposed once or twice to compound 48/80 (1 7 g/ml) wathout an wter
e g wash #\aCl added before the first exposure ta the relcaser Vcans
of dupl cates and range

Cell treatment *Na uptake* Hustamne release®+
“ormal cells 802 (725—820) g2, (3 9
Cells + 48/80-one expasure 5959 (29186000} 430, (41—45)
Cells + 48/80-two exposures 4930 (4503—5367) 440, (42—16)

*Net #\a uptake cpm per 10° cells
**As a percentage of the total lustamune content of the cells

Tazce 11T Effect of N-ethylmalamde (NVEV) (10 ¢A) on the net \a*
uptake by mast cells and mast cells exposed to compound
48/80 (I pg/ml) VMcans of duphcates and range

Cell Tveatment Net*s\a upiake
(cpm/10* cclls)

Untreated cells 667 (642—697)

Cells + NEM 1221 (11391303}
Cells + NEM + 48/86* 1388 (13781398}
Cells 4 48/80 $10 (4194—4627)

Cells + 48/80 + NEN{** 4860 (4303—5418)

*Treated 5 run 20° C with NEM before adding 48/80
*$Trcated 5 mm 37° G with 48/80 beforc adding \EM

d

with d cells Cells p d with NEM and then exposed to
compound 48/80 show po increase in uptake above that of cells treated with NEM
alone Addition of NEM 5 min after compound 48/80 does not decrease the net
amount of "Na taken up compared with that taken up by cells treated with com
pound 48/80 alone

\inkydrin

The amino group reagent mnhydnn (10 M) produced very stailar effects on the
*Na uptake by normal mast cells and mast cells treated with compound 48/80
(1 pgfml) (Table IN ) to those reported above for NEM This concentration of nun
hvdan 1 sufficient to block histamine release mduced by compound 48/80 (Uwvnas
and Thon 1961)

Quaban

a) When the uptake of ™™Na by normal mast cells and mast cells treated with
ouabain (10* M) was investigated using the general method the net uptake of
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Taerx 1V Effect of ninhydnin {N) (10 ¢ M) on the net **\a* uptake by
mast cells and mast cells exposed to compound 48/80 (1 ug/
ml} Means of duplicates and range

Cell treatment Net Mhat Uptale
(cpm/f10¢ cells)

Untreated Cells 1417 (1337—1498)
Cells + N 1993 (1845—2142)
Cells 4 N + 48/80* 2040 (2006—2074)
Cells + 48/80 2019 (2712--3127)
Cells + 48/80 + N** 3024 (3003—3046)

*Treated 10 mun 37° C with muahydrin before adding 48/80
*+#Treated 60 sec 37° C with 48/80 before adding ninhydnan

*’Na* (mean and range, cpm per 10° cells) was 1124 (1092--1156) and 1567 (1461
-~1674) respectnely This shows that 1n normal cells ouaban alone produces 3
marked increase 1n the net "’Na* uptahe

b) Fig 6 shows the net uptake of ’Na* 1 mast cells treated wath compout d 48/80
(1 pgfml) 1 the presence or absence of cuabain (104 M} The maximal uptake
recorded 1n erther case 1s almost 1dentical but with prolonged incubation times the
inhibitory effect of ouaban on the expulsion of "*Na from the cells 1s reflected 10
the consistently higher levels of ""Na found 1n the ouabarn treated cells

Comparson of the effects of compound 48/80 and other histamine hiberators on net
*'Ng uptake by mast cells in vitro

The ""Na uptahe by normal mast cells cells treated with compound 48/80 (1 xg/ml)
and cells treated with two other 1 was compared {Table V)

Frisk Holmberg and Usvnas (1968} have recently shown that d tubocurarine m the

30001 -
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L -
% .
2000 —
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o
¢
glm‘ Fig 6 et 22Va uptake by mast
ki cells exposed 1o compound 4880
i (1 gty m the prescace Norcken
§ fine)” or absence (full Ine) of

0 20 » 40 0 €0 ouabain (10 # A1) S ngle expen)
HCUBATION T ME MINS ment



HISTAMINVE RELEASE IN MAST CELLS 209

Tasie V. Comparison of the effects of compound 48 80 and other hustam ne yeleasers on net
#\a uptake by mast cells Means of duplicates and range

Net#\a Uptake (cpmf10° cells)

Nermal 1880 (1 gg/ml) d Tuboeuranne (Cone)  n Degylamme  (Conc)
800 4319 2564 (10N 1049 (16x10 1\
(7138-867)  (4151-4488)  (2551—2077) (10451055}
3163 (16 N 36¢ (32x10 4N
(3127—3200} (364—364)
577 1721 1670 {510 \y
575--380) 1679-1/64) (1604~1637)
1783 (10 )
(1712—18>4)
66 4410 176 (3210 +7p)
(B12—69%)  (4193—14677) (125~224)

concentrations used here (3 104 M and 10 3 M) produces a {20 “¢ and 33 ¢ respec

tively ) release of hustamine from rmast cells wsolated in the same way as those 1 these
studies Exposure of the cells to d tubocuranne produced a marked increase 10 net
»\a uptake According to Bloom and Haegermark (1967) n-decylamine 1n a con

centration of 3 2x10* M causes 2 93 € release of hustamine 19X 10+ M releases
26 ¢¢ and 13x10* M 6 ¢z The lower concentration (16x10*) of n-decylamine
had lude effect on the net "Na uptake but the higher concentrabon we used
(32X 10* \M) produced a fower “\a uptake than m untreated cells

Calculation of the quantity of sodium taken up by mast cells
1 ml of the mcubation medim contans approximately 3100 ag of *Na  The
quantity of ™Na 15 neghgble

In eleven expenments each with an incubation time of 20 mun at 37° C followed
by the general washing procedure the mean net ~\a uptahe bv normal mast cells
was 716 cpm/10°% cells the mean uptake 1n compound 48/80 (1 #g/ml) treated cells
alter 20 min was 3016 cpm/10° cells These figures correspord to approximatels
001 €c and 004 e respecinely of the total radioactnty (and therefore N2 ) 1
the medium  Assuming that ®N\a and "*\a are taken up at the same rate and to the
same extent the total uptake of ®\a by normal cells would be 03 yg/10% cells and
by 48/80 treated cells 1t would be 12 g/10% cells If one atom of sodium replaces
one molecule of histamine then 03 ; g would suffice to replace 15 ug of histamine
and 12 g would replace 60 yig of hustarmne The quantity of sodium taken up
within 30 sec of cxposure to compound 48/80—the ume penod sufficrent for
h releate to be pleted
about 24 g of histamine

as less than 02 g sufficient to release oniy

WXL Acta phact saand, el 6
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Discussion

When mast cells are exposed to compound 48/80 tn 11tro thev respond b extruding
a proportion of their granules Most of these granules adhere to the outide of the
cells gnang them a  mulbermn ke app e {see ph phs by Usvnas
and Thon 1961} If our 48/60-treated cells were centnfuged and the radiactvity
(**Na ) 1n the cells was measured directh this would gne an maccurate value for
the cellular uptale of **N\a, since a considerable part of the radioacoviny would
stem from contamnating incubation flnd (with a high Jevel of *\a actviy) and
{rom *\a attached to the extruded granules still 2dhenng to the degranulated cells.
However when the 48/80-treated cells were washed <everal tumes in the buffered
salt solunon (containmg no *N\a ) botk of these sources of contamination were
climinated or at least greath reduced by a) diluton of the radicactin m the
suspenston medium b) exchange of “\a n the estruded granules for **\a 1n the
waching fluid and ¢) phvsical removal of adhenng granules—such granules are not
precig d by the centnh {3>0xg) wsed for the collection of cells 1n the
washing procedure Since the washings were carmied out at 0° C there should be ven
Little membrane transport. exther active or passive, so losses of cellular “Na should
be minmnal The recorded radiactivaty of the washed mast cells therefore probabhy
reflects farrh accuratels the net uptake of "™Na from the incubaton medium

The increased sodrum uptake tn mast cells exposed to compound 48/80 begns after
a latent peniod of >—10 <cconds. about the same delav as for the degranulavon and
histamipe release caused by this agent. However the sodium wptake induced by com
pound 48/80 continues and reaches 2 maxymum after about 10 minutes 10 marked
Jcontrast to the histamine release which s completed within 2030 secs at 3/ C

Lvnas VMoran and Westerholm 1962 Usmas 1963 Bloom Fredholm and Haeger
mark 1967 1f sodium uptake by the mast cells was required for an mtraceliular
exchange between histamine and sodsum 1n the granules then the uptake of sodum
should be expected to precede the release of histamme and to reach its maximum
before the hy tamine release was complete The present observations therefore present
strong evidence that " \a uptake and histamne release are two dissociated processe<
even if both are <ecendarns to the action of compound 48 80 on the mast cells

In addinon. from a quantitative pownt of view the uptake of sodmm ws msuf
ficrent to esplam the fustamune release caused by compound 48/8D as the result of
0 intracellular 10n exchange between sodium and histamune L nder the wncub=non
condinons used 1 zg ml of compound 38/80 causes the release of ca 7—10 g of
I tamune per 10” mast cells The quantts of sodium taken up withm 30 sec of ex
posure 10 compound 48 80—the ume penod sufficient for the histamume release to
be completed—was less than 0> rg sufficent to release only about ?+ ug of
he tamne.

Although the desranul.tion and histanune release following the exposure of mast
cells to compound 48 &0 are not dependent on the uptake of sodum al) thee effects
<eemm 10 be the result of ennvmanc and not pureh phyvwcal changes tnzgered by this
celeacer Thus these effects are related to the concentration of compound +8 80 used
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and are mhibited at low (0° C) or lugh (46° C) temperatures and by \ ethyl
maleimde or ninhydnn

Aast cells which have already reacted once on exposure to compound 48/80 will
respond again with degranulation and histamine release to a second challenge with
the releaser provided that they are washed between the two exposures m salt solu
tions not contamnmng compound 48/80 (Uvnas and Thon 1967} However if the
mast cells are exposed to a second dose of compound 48/80 uithout any intervenin
wash degranulation and haistamine release do not take place an obsenanon con
firmed by us {in Table II 43 €5 histanune release after one and + ¢ total release
after two exposures 1e neghgible response to the second exposure) However an
increase m the " \a uptake still occurs after the second exposure even if the
response 15 somewhat lower than that to the first exposure (Fig 2) With the
techmque used this " Na uptahe i response to the second exposure 1s onhy observed
when ” \a 15 added after the first exposure to the releaser (Fig 5) If the Na 15
added before the first exposure (Table II) then there 1s no apparent \a uptake
1n response to the second exposure (1 e the total net * Na uptake for the two ex
posures 1s not greater than after the first exposure alone) This 1s probably due to
the fact that after the first exposure the cells are loaded with Na and on the
second exposure there 1s an exchange of N\a in the cells for  \a 1n the medium
mashing the sodim uptake

From these observations 1t seems that ” \a uptake 1s secondary to some initial
changes produced by compound 48/80 1n the bikity of the mast cell membrane
These changes are normally followed by a chain of events leading to degranulation
and histamine release but for some reason these events do not take place in cells
exposed a second time to compound 48/80 \\nhou( an mtenemng wash

We would expect pound d 1 and h

release by
similar mechamsms to produce smular changes ;n Na uptake Recent v ork by
Frisk Holmberg and Uvnas (1968) has shown that d tubecurarme releases histamine
from mast cells 1 a ssmilar way to compound 48/80 The release involves degranu
lation 15 mhibated by similar inhib and 15 s d dent 10 the same
way as the release due to the latter substance The Na uptake results obtamed are
similar for both compounds

Bloom Fredholm and Haegermarh (1967) showed that the effects of n decyl
amine on mast cell morphology were differcnt from those produced by compound
48/80 After exposure to n decylarune (32x10* M) the mtergranular cvtoplasm
was grossly affected and only remnins of b and lles were
scen Furthermore the cell membrane was dxsmp!ed nd the cytoplasmic structures
appeared to be freely exposed to the extracellular medium This would explain the
low net  \a uptahe seen on exposure of the cells to 32x10* \{ of n decrlamine
The altered celly will mnally take up  “a from the ncubation medm but tf 15
¢ il be remored by exchange for *Na in the washes as n the case of the frozen and
thawed cells The lower concentritron of n decylamine (16101 M tad Lede
cffect on e ther - \a uptake or histamne release {Bloom and Haegermark 1967}
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The result of th= studies with ouabam suggest that the mast cells contain 2
mechamsm ( ‘sodium pump ) which normally removes sodmm from the cell In
cubations 1n the presence of ouabam resulted 1n an increased net ""Na uptake m
both normal cells and cells treated with compound 48/80, probably due to a decrease
m the removal of sodium from the cell 1n the presence of this sodum pump
hibitor

We conclude from the present study that the increased ""Na® uptake 1n mast cells
after exposure to compound 48/80 1s the result of enzymatic changes tniggered by
this releaser Howeuer, these results do not support the theory that histamine release
15 brought about by an mtracellular exchange of sodium 1ons for histamine Thus of
the two aliernatne hypotheses—extra and intracellular cation exchange—which
have been proposed (z:de Introduction) the former appears to have more expen
mental support

This investigation was supported by NIH grant 2ROI AM 04063 08 and Swedish \fedseal
Research Council grant B69 14X 39 05A
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Proximal Tubular Reabsorption in the
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Abstract

Bojesexy E and P P Levssac. Proumal tubular reabsorplion in the rat Fidney as

studied by the occlusion time and lssamine green transit time technique Acta
physiol scand 1969 76 213—235

Proumal d as the of the occlusion ume (1/OT) vaned
1n direct proportion to “the snulin clearance (Cin) tn the range berween 16 and 0 7 mifmin g
KW in nondwreuc rats VWithin this range tranut tme vaned from 10 1o 2% sec 1n direct
proporuon to the occlusion ume the OT/TT ratio aseraged 110401 (SD) Proumal mntra
tubular pressure averaged 124+08 mm Hg and did not correlate with C o

Below :nulin clearance of 07 ml/min g KW transit tme (TT) was further increasing from
2% to 44 sec while the OT remained unchanged thus the OT/TT ratio was decreasing
Prouimal intratubular prescure averaged 135403 mm He

Previous estmates of prowmal lumimal radius from photomicrogeaphs are revised and a
more correct value of about 14 4 was found The length of the proumal segment as measured
1n microdissected nephrons was 104 and 105 mm 10 superficial and juxtamedullary nephrons
respectnnelv Reflux from more distal segments represented an error of no more than 12 € in
esumation of proumal reabsorption rate from the measured OT

e relatonship between OT TT Lnear velocity of flow and tubular flud/plasma 1oulin

raus  F/P,y at 60 ¢c proumal lenzth are derved in quanutatne terms OT/TT
1/1n(F/P ) From the corrected OT/TT ratio the F/P,; ratio was calculated from values
obtained n control rats (“state A ) an rats with partial constnction of the renal arten
t“State B ) and 1n rats with elevated intratubular pressure and unne flow (“Swate C

There 15 a direct proportionality tor balance between the glomeml:.\r filtration rate
{GFR) and overall tubular reabsorption rate 4 as

from the fact that GFR masy vany 100—200 umes as much as and mdcpendem of
vanatons in unne flow rate Because of the large fraction of fltrate reabsorbed by
the proximal tubules (about 73 7¢ 1t has been generally assumed that GFR and
proximal reabsorption rate sar in pirallel under such conditions, this would alo
seem evident considening the hadr sdspanucs of the nephron parcntarks 1 view of
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the high resistance segment of the thin imb of Henle’s loop Accordingly no correla-
tion between clearances of inuln (C,,) and late prouimal tubular fluid/plasma irulin
ratios (F/P,,) 1n control nonduretic rats has been reported

The reciprocal of the prowmal luminal occlusion trme (OT) following abrupt
clamping of the aorta above the renal artenies has been introduced as an estimate of
prouumal reabsorption rate under conditions of equal, or known, luminal cross-
secnonal area (Leyssac 1963) The measured OT was n fair agreement with that
calculated from the hnown F/P,,, the clearance of inulin, and the dimensions and
number of nephrons over a more than 2 fold range of sanation m the clearance
This agreement implies that the rate of reabsorption 15 independent of the luminal
radws (or load”)

Using the occlusion time method m studses on nondiuretic rats the rate of proumal
reabsorption of salt and water has been shown to vary n direct proportion to the
glomerular filtration rate over a range of mulin clearances from 17 to 07 ml/mun g
lidney weight (KW), as expected Below ths level proximal reabsorption rate ap-
peared to reach a fixed mimmum (Leyssac 1963, 1964 a, Leyssac and Gottschalk
1968) The occluston time will depend not only upon the reabsorption rate but also
upon the Jumnal volume per umit length at the moment of aortic clamping Since
1/OT was found to vary m direct proportion to the inuhn clearance, one would ex-
pect the luminal diameter to be unchanged within the range of vanation iy estigated
Direct by diff hniques of 1 lurmnal d under

similar exp 1 conditions firmed that the d 1 d unchanged
over these spontaneous \anattons, thereby supporting the validity of the OT method
> a measure of reabsorption rate, and mdicating agam that the rate of proxnmal
reabsorption 1s independent of the radius (distension) (Leyssac 1963, Bames et al
19661 Below C |, alues of ¢ 7 ml/mn g KW the occlusion time remained unchanged
with decreasing cl that the p 1 1 reabsorp
should be mcreasing with decreasing clearance below this level Direct measurements
of late proumal F/P,, ratios at such low clearance values confirmed this prediction
{Levssac and Gottschalk 1968)

Al ding to the above 1 obsers ations the rates of filtration and prowmal
reabsorption vary 1 parallel in nondturetic rats over a 2 5 fold range of spontaneous
vanation without detectable changes in luminal diameter Consequently one would
predict that the nme for a non-reabsorbed particle to pass the distance from the
glomerulus to the last viable convolution of a provimal tubule (usually denoted
proximal passage or transit ume (TT)) would vary m inverse proportion to the
wnulin clearance, or i other words would \ary m direct proportion to the occlu-
sion ume The present expeniments were designed fo test this prediction

Moreorer, based on the fundamental and expertmentally supported assumption
1mplted 1n the OT-method 1 that proximal reabsorptive capacity 15 independent of
the lurmmnal radus, the relatonships between OT, TT, lnear velocity (H) and
fractionzal reabsorption (F/P,) have been demed in quanttatne terms Calcula-
tions of absolute values of OT TT and F/P, rauos, to be compared with those
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measured directly, requires knowledge of the correct absolute value of the proumal
Jurmnal radws, results obtamned from histological sections of snap-frozen, freeze
substituted hidneys {Leyssac 1963) and photomicrographs taken of the kidney surface
1 wno (Steinhausen et ol 1963, Bames et al 1966) apparently differed considerably
with regard to the absolute salue The reason for this discrepancy has been explored
and the more likely correct value, inferred from this study, has been used 1n the
calculations

Finally, after the d 1 out lab y of the | green transit tune
techmque 1t was observed that some reflux of luminal fluid from the pars recta into
the visible consoluted part of the proximal tubule occurred following aortic clamping,
re dunng the occlusion time measurement A sumilar finding has most recently been
reported by Brandis et al (31967) Such reflux of tubular fluid represents an error 1r
the quantitatne estimate of proxamal reabsorption rate from the measured OT
‘Therefore experiments were performed to estimate quanutatnely the volume of
flurd passing retrograde mnto the convoluted part of the proximal tubule dunng the
lurmnal occlusion period The results indicated that the reflux at most would be
responsible for a prolongition of the QT of some 12—13 €7 and that the percentage
“error from this source was independent of the actual value of the OT A close
quantitative agreement was found between calculated and directly d values
of C, and F/P,, TT, corrected OT and lumunal radus, respectively This agreement
adds further strong evidence in favor of the basic assumption underlying these calcu-
lations

Methods

Male white rats weighing about 250 g allowed free access to food and water prior to the

penment were y infection of sodum amobarbrtal (Amytal),
25 mg/kg body weight (BW) and prepared for occlusion tme and micropuncture measure
= me PToda et Te iheT aace The left femoral and jugular veins were
Jections of hssamine green respectiely
ft intact A plastic cup for holdmg the
gnen antravenously during the time of

preparauon usually Wittt U un

ming dose of 15 me
1 9 inulin solution
- Jjection and the frst
. *fore and after each
clearance period which included two to four senal 5—20 min unine collections The clearance
ralue reported for each perod 1s the average obtamed from these multiple collections Twenty
f1e umts of hepann were injected 1+ before the first blood sample was drawn Unne was
collected directls into calibrated polvetinlene tubing and the volume excreted determined
from the lenwth of the unne column Inulin m plasma and uninc was measured by the method
of Bojesen (1937) modified for microanalvsis
Occlusion time {OT) and bssamee green transst ume (TT) were measured successnely
mmed ately alter the completion of the last unne collection for clearance measurements
clearance was not measured OT and TT measuremer ts foliowed a peniod 1n which urine flow
d been measured and found stable OT was measured as described previouslv (Leyssac
19652  TT was measured in the modificat on of Steinhausens method (1963) as described
by Gertz et ol (1965) OT and ')l were measured v two expermenttors (PFL and AH)
who alternately measured OT and T1 witho st knowing the result of the other In Fig 1
€ chicen of the values of OT and fourteen of the values of TT are average xalues of paired
meawrements by the tho myest gators Pared measurements of the OT acreed within 2 sec 1n =+
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Fig 1 Relationships between Lissamine green transit time and luminal occlusion yme Control

data represent spontaneous variations

Il but one experniment, 1n which they agreed within 3 sec Pawred measurements of TT ail
greed within 2 sec

Proxvtmal pressures were d as described by Gottschalk and Mvlle (1956)
and registered electronically using a Tybjerg Hansen condensor manometer connected to a
hugh frequency transducer and amphher (DISA) Intratubular pressures were measured i the
peniod immeduately preceding the OT—TT measurcments s¢ dunng the unne collections
when 1ulin clearance was measured, pressures were obtamed from several tubules 1 each
period (av 77, range 2—13) and the pressure for each period 1s an average of these multiple
measurements Localization of the puncture site to a proximal segment was determined by the
later appearance of yected dye in a distal tubule andfor by subsequent localization of the
site of puncture 1n the microdissected nephron

Expeniments on reflux of lummal flurd into the proximal convoluted segment durng lummnal
occlusion were performed 1n the following way Lissamine green (50 ul of a 10 ©c solution)
was injected 1+ as for transit ttme measurements The TT was noted At the vers moment
when the dye had or had almost disappeared from the last visible comolutions the aorta was
claroped Dye reflux into one or more prowtmal convolutions was ohserved visuathy and/or
photographically by micropuncture a small amount of dye (nigrostn) was inpected nto the
earliest comolution cofored by the reflux during the preceding occlusion 4 second micro-
puncture 1n the correspondmng (black colored) last visble comvolution was subsequently pers
formed and the nephron was filled with dye for identificanon The kidney was then remoed
and macerated in hydrochlortc acsd The sites of puncture was localized 1n the dissected
nephron and the distance between the two puncture sites were measured either with an ocular

and/or 1n photomicrographs of the wolated nephron (large magmification using

rotameter These two methods gave similar results The distance between the puncture sites
was related to the measured total length as well as the length of the conmoluted part of the
proumal tubule \won

Photomicrographs of the renal surface (1n vno) and the mucrodissected solaged nephro
were taken through the side a— ¢ = AN €~ - - rreecang using @ Rechert
Photoautomattc camera (black - " ¢

A tubular model was made - . for studies of “;‘
fractive phenomena 10 tubular . 1d alluminated wit
wedent Iight
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Fig 2 Fig 3

Fig 2 Relationshup between inubn clearance and prormal resbuorpton fate determuned as the

P -

Fig 3 Relationship between mmulin clearance and proumal reabsorption rate (1/0T) Mass

plot of data obtaned 1n the present expenments znd previously reported data {Levssac 1963,
1965 Leyssac and Gotuchalk 1968)

Results
A Occluston time and hanst time experiments

1) Nondturetic control conditions Occlusion time and transit time were measured
1n 50 expts under nondiureuc control conditions 1 to 3 expts were obtatned m each
single rat The results are presented 1n Fig 1 There was a Lnear relavonship be-
tween OT and TT 1n the range of OT between 10 and 24 sec Thus range represents

between ndmadual rats as well as spontaneous f1e not
dehbemlcl) provoked) vanations 1n a single rat dunng the course of an expeniment
In 48 expts the OT/TT ratio averaged 11001 SD (range 090—136 In 2
expts excluded from the statistical analysis the OT/TT ratio clearly deviated from
the group (OT/TT ratios of 159 and 175 respectnely) Howerer the data from
these 2 expts were included 1n Fig 1 because unne flow rates and the relanonship

between OT and the tnulin clearance were within normal ranges and had been
stable prior to the

Promal bular p: were not d.
the reason for the deviation from normal thus remains unexplained In anmher
expenment the OT/TT ratio was also higher than normal (183) and the OT—C,

relationship was within the normal range This expenment was discarded because
unne (low had suddenly increased from 4 8 t0 91 ¢l mun prior 1o the expenmental
peniod thus rendening the clearance less valid T bul.

pressures
were not measured, and a transient pressure divresis dunng the OT/TT measure-

o
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ments could not be excluded Thus, as was the case also in previous reports from
our laboratory, the present control matenal was selected by excluding data from (or
omitting measurements during) periods prior to and dunng which a change n intra.
tubular pressure was measured or mferred from sudden changes mn urine flow Data
{from such non steady state periods are presented 1n section A 3

The single OT-measurement was determined with a S D of £0 8 sec as estimated
from patred by two not k the result of the other
The single TT-measurement was determined with 2 SD of 05 sec

Inulin clearances were measured 1n 32 of the 50 control penods and are plotted
aganst 1/OT 1n Fig 2 Except for one expertment the results agreed with those
reported previously (Leyssac 1963 and 1965, Leyssac and Gottschalk 1968) demon
strating a linear relationship between C,, and proximal reabsorption rate determmed
as 1/OT above clearance values of 0 7 ml/fmun g KW (Fig 3} In one expeniment the
relationship between C,, and 1/OT deviated from the group, the clearance being
higher than that correspondmng to the OT The experiment was included in control
values, however, because the OT/TT rato and the measured proximal intratubular
pressure were within normal ranges

Urne flow rates averaged 4 0 gl/min (range 1 2—11 5 xl/min) and did not corre-
late with C,, U/P wnulin ratios averaged 340 (range 100—660)

Proumal intratubular | were d 1n 38 penods immedsately pre-
ceding the OT/TT measurements As had been found previously (Gottschalk and
Mjylle 1956 Leyssac 1964 b) proximal pressures averaged 124+08 mm Hg (range
110 7—14 5 mm Hg) No correlation was found between the inulin clearance and the

ummal pressure

2} Renal artery partially constricted Occlusion tune and transit time were 2ls0
measured 1n 16 expts in nondretic rats while the renal artery was partially con
stricted by 1 020 mm Wilson and Byrom siver chip The results are presented 1n
Fig 1 In 14 of the experiments C,, as well as proximal intratubular pressures were
measured 1n the penod immediately preceding the OT-—TT measurements Clear-
ance values were related to 1/OT measured at the end of the collecting period, the
results are given m Fig 2 OT/TT ranos (Fig 1) were mnside the range observed m
control kidnevs i 9 expts 1n which transit time varied from 16 to 25 sec and occlu-
sion tme from 17 to 27 sec Clearance values 1n these 9 expts were all above 075
ml/min g KW and their relationship to the OT did not daffer from that obtamed 10
control peniods (Fig 2) In the 7 expts, 1n which transit time exceeded 23 sec 2
proportionality between OT and TT did not exist, with increasing TT the ratio
OT/TT was decreasing because the OT d h d at a maxim value
of about 26—27 sec The clearances of 1nultn were 0 72 ml/min g KW or below 12t 6
of these epennments, decreasing with increasmg TT C,, was above 075 m!/min'E
KW only n 1 expt, in which the TT was abave 25 sec (C,, 086 mbfmn g KW,
OT/TT 27/30=090) The present data on the relationship between C, and 1/OT
below clearance values of 07 ml/fmin g KW, thus agreed with those reported pre-

viously (Levssac 196t 2, Leyssac and Gottschalk 1968) and shown i Fig 8
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Unne flow rates during partial constnction of the renal artery averaged 2 plf
min (range 0 10—3 10) and correlated with C,; below clearance values of 07 mif
min g KW as has been reported previously (Leyssac 196+a) U/P mulin ratios
averaged 530 (range 330—1080)

Proximal intratubular pressure averaged 123 mm Hg+06 mm Hg SD (range
113—132 mm Hg) 1n the 9 expts, 1n which clearance values were above 0 75 ml/f
min g KW Below clearances of 075 ml/min g K\ proxumal luminal pressures
averaged 115 mm Hg+034 mm Hg SD (range 11 1—119 mm Hg}, a value not
sigmficantlv different from the value reported 1n the range of inulin clearances from
07 to 1 7 ml/min g KW m accordance with previous findings {Leyssac 1961 b)

3) Non-steady state periods Results from I peniods following a sudden increase
i unne flow were obtamed 1n the course of expenments on 11 nondwretic rats
Measurements of the varous parameters were obtamed n 10 expts duning a pre-
ceding control period, 1n which unne flow rate had been stable The data from
these control and * abnormal * periods are presented mn Table I As 1s apparent OT/
TT ratio, proximal Jummal pressure and unne flow rates had increased while the
U/P,, ratio decreased The increase i the OT/TT ratio was due to the combined
cffect of an increase m OT and a decreased TT

Inubin clearance was measured in 9 of the 11 peniods and in 7 corresponding
control perods In the “abnormal periods” C,, had esther increased (3 expts ),
decreased {2 expts }, or remamned unchanged (2 expts) The relationship between
Cip and 1/OT differed 1n the *abnormal peniods” from that obsenned tn control
penods the measured OT was relatnely prolonged in 6 of the 9 periods

Dye refluc into the visible proximal consolutions dunng fuminal occlusion ex-
tended to the last visible 1—2 convelutions and was not seen proximal to the last 3
comolunions under these conditions of elevated luminal pressure and urine flow
Thus 1t did not differ from that found 1n the control pettads

The moderate increase 1 proaimal intratubular pressure and unine flow might
last for more than } hr, but usually unne flow as well as the other parameters had
returned to control values within 1 hr

B Proumal tubular dimensions
1) Lurunal radius In transectioned proxuimal tubules from the outer cortex of snap-
frozen freeze-subsututed rat kidneys the luminal radius was found to be 13—1% 4
under nondiuretic conditions {Leyssac 1963; Thuis value contrasted 0 a salie of
about 10—11 2 measured 1n photomicrographs of the surface of sumilarly nondaurcie
hidnevs (Stemnhausen ef al 1963 Bunes e2 al 1966  According to the latter estimate
the luminal flurd volume should be only some 60 per cent of that previowsly calcu-
lated from the snap-frozen histological secuons In phowomicrographis the diameter
was measured between the inner borders of the white hine of the hrshborder —flnd
mterface (¢f Bamnes et ol Fig 1 This white bne about 3—f g wide probably
represents light reflected frrm the micronillt Mert of the beht will pss unre (b cted
through the tubular wall only in the caswe when the direction of the snopdent |
Pad !
o ~
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Table I Data from nondiuretic rats 1n control penods with stable unne flow and followmg a

prato-  OT (sec) TT (sec) oT/TT
<ol
no
comr  ab 4 contr  ab- A contr  ab- z
norm. norm porm.

120 14> -23 Hs s o 104 L26 —022
175 225 -50 150 150 o 117 150 -033
135 3:14) -05 4o ns —~25 132 166 —~034
220 240 -20 185 170 ~15 119 11 -022
170 200 -30 160 140 ~20 106 143 -037
165 185 —20 120 130 ~—20 110 142 —032
- 200 - — 1o —_ — 181 —
17.2 198 ~25 Lo 133 —13 115 1350 ~030

ravs 15 more or less parallel to the length of the microville. Accordingly the white hine
tor zone) would represent light reflected from a sigmificant fraction of the mner
wall If this interpretation 1s correct the distance between the outer rather than the
1inner borders of the white zone represents the correct value of the lummal diameter
That thss mterpretation ss correct could be demonstrated directly 1n hidnevs 1n vpvo
bv a «umple pucropuncture exp A micropip: black dve {mgro-
<n 1 saline was mtroduced 1n the lumen of a provimal convolunion close ta the
/point at which the comvolution bends and runs perpendicular to the renal curface
Under the copditions of 2 mucropuncture experument the white zone will b= seen
broader and ynore promrnent at that part of the lumen which faces the haht souree.
That the lumen 15 not bordered by the mner aspects of the hight zone could bt
derzonstrated by injecting nigrosin mto the lumen  the rate of injecton was adjusted
<0 that dve was flowing slowh out of the tp of the microprpette dve then could be
<een to cover and obscure that part of the light zone which was close to the up This
observation <hows that the whie zone represents Iight reflection from the Jower
curvature of the luminal wall
To illustrare the validin of the above interp! furth ph hs were
talen of a rubular plexiglass model with an unpolshed luminal wall (Fig 4 The
model was submerged 1n water and exposed with wcident light mnating condiuons
1n which renal surface tubules were photographed 1 vive The distance between the
tnrer borders of the white zone Fig #a/ obviousls gives an erroneoush small estt
mate of the correct lummnal diameter 'Fiz b1 On the other hand a little too Tare?

1

4 Fig 3 Photograph showing a plewelass tube e
bedded 1 water and exposed with scider Lebf
“Note the wiute refracule zone

e

<%
j E——
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sudden (spontaneous) increase m unine flow ( abnormal )

prox sntratub wnne flow UjPn

pressure (mmHg) (ki =)

contr  ab- A conte  ab o contr ab- A

norm norm norm

135 152 +17 86 104 +18 — — —

126 228 +102 42 93 +51 350 160 —190

132 159 +27 32 93 +61 330 110 —220

128 159 + 31 18 140 +17.2 530 86 ~—440

127 151 +2¢ 18 73 +55 440 89 —351

128 149 +121 40 78 +38 320 164 —156
—  m1 - - 130 [ 109 —

129 163 +37 39 10.2 +57 394 19 —271

drameter 15 measured betwcen the outer borders of the white zone Thus latter error
15 due to magmfication caused by the large difference between refractne indices of
water and plexiglass respectnely and the comex outer surface of the tube This
error will be msigmficant when refractne mdices of the two media are much less
different such as in the case of tubular fluid versus eprthelial cells It 15 concluded
therefore that the distance between the outer borders of the white zone 1n photo-
hs of pi tubules rep: a more correct value of the Juminal di
ameter than that measured between the wnner borders

Luminal diameters were re measured mn the onginal photormcrographs enlarged
to a final magnification of 300X (Batnes ¢2 al Fig 1) using the outer borders of
the white zone a radius of 13—14 u was found 1n close agreement with that meas
ured 1n histological sections of snap-frozen kidneys A proximal luminal rads of
1314 42 15 therefore considered the most likely correct value under the present non
dwretic conditions

2) Provimal length The length of the proximal segment from the glomerulus to
the beginning of the thin himb of Henle s loop was measured 1n 1solated microdis
sected nephrons Using an ocular micrometer the proumal length of 13 superficial
nephrons averaged 935 mm £ 0 56 mm (S D) Proximal length of 12 juxtamedullary
nephrons averaged 945+059 mm {ST) These alues represent an underestimate

ol the true absolute length since 1t was not possible to stretch the provimal segment
completely C

p of the values ob d 1n enlarged photomicrographs of the
same dissected nephron using the linear distance from the glomerulus to the loop of
Henle (as when using the micrometeri and the total distance as measured by a
rotameter gave 2 ratio total length/hnesr distance of 111 Multiplying this correc
tion factor by the d average p: | lengths the d mean values of
superficial and juxtamedullan proximal rubules were 104 mm and 105 mm re
spectinels The difference 15 not sigmficant
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me

Fg 5 Se al phoomc ograpls taken afe the 1 mje on of L samne gee /eD
def ned by tle appearance of Lg n pentutular caplla ¢ 1 Expo ed at 15 sec lows dye
n late v s ble con olu ons b 19 ec Show d e conf ned to last _sble con olu on ¢ 3
Dye has d sappeared from s ble par of p ox mal con ol tons Tie 20 ta wa clanped at 22
we d 37 sec stowng dye effux folat le onols on ¢ Frstncrony nto he mot

prox mal con oluton colored by Lg efl x f Second meron) no thejat 7 le on of

t on of the same nephron
For further deta Is see the tex
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C Reflux studies

The volume of fluid flowing retrograde 1nto the convoluted part of provunal tubules

dunng the lumimal g aortic

was studied 1n 12 espts
Sertal ph graphs of a rep expenment arc shown m Fig 5 Lissa
nune green (L g ) appeared in the capilanes (time zero) about 3 sec after start of
the 1v imjection A green flud column then was seen to proceed from exrly to late
proximal convolutions, the last vistble pi 1 1 of 3—4 nept usually
converged before disappearing as a bundle of partes rectae into the inner cortex and
medulla as described by Gertz et al (1965) and shown 1n Fig 5 a, transit time was
measured at the moment when dye appeared in the last visible comolution of a
group of nephrons, and was 14 sec 1n the experiment shown 1n the figure The aorta
was clamped at the moment when dye disappeared from the last convolution (at 22
sec 1n the expeniment 1llustrated 1n Fig 5) Thus, at the moment of clamping dye
was present 1n the earliest part of pars recta and further downstream Dye reflux into
the last visible convolution was not seen until 5—7 sec after clamping but 1t con
tinued until the end of the occlusion peiod When luminal occlusion was complete
{at 38 sec in the experiment shown m Fig 5 OT—16 sec) dye was usually present
1n the last vistble 2 comvalutions (Fig 5 d) and was never seen proximal to the 3 last
comolutions The distance between the site of puncture 1a the most proximal con
volution colored by reflux (Flg 5e) and the puncture site 1n the last visible conyolu
tion (Fig 5f) was subseq d 1n the microd 1 nephron (Fig 6)
and was related to the total length of the proximal tubule Reflux extended to an
average of 14 6¢£3 ¢ SD of the total length This correspond to an average of
234 ¢ of the length of the convoluted part since the latter amounted to 60 ¢¢ of
the total provimal length The extent of reflux was unrelated to the actual value of
the OT and TT over a range of occlusion times from 12 to 26 sec

The luminal diameter 15 visibly reduced at the moment of mmitiation of reflux
{5—7 sec after clamping) and 1s d g to zero 1n the folk g 10—15 sec an
approumate estimate of the olume flowing grade therefore must be calculated
from the length of reflux and an estumated average luminal cross sectional area
dunng the reflux peniod A volume corresponding to 12 € or less of the total yolume

Fiz 6 Tie same nephron as shown
m Fig 2 Photom crograth of the
microd swected  proumnal  seement
showing the 1wo puncture s tes the
tecond n the last visi le comolutio
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Table Il Functional states of the proximal system 10 mindiareuc rats (BW 200—300 g) Tre

in ¥, all other factors rematning constant k' and k™ (1n state A) represent correlation constants

Characteristics State A

class mndnadual A ntate 1 which contral 15 achresed
Stmutas normal

prunary { = contributing fraction of total
number of nephrons f=1
Cia= mulin clearance (mifmun g
Kw) 07<C,<18

p = intratub pressure (mm Hg) p=12-13

r = lununal radius () r=14
theoretical experimental
prediction observation

derned ¥ Pimulin rano at 60 % proclength 8 F/P FIP =28

3Cm independent of Cin (ref a)

1 OT recaprocal prowmal lumenal - $1/OT _ y 1/OT proportional ta Cin

occlusion ime (sec™") 8Ca (cf fig 3)
k>0

1TT reciprocal transit ime 8T _ |, WTT propartional to Cin

through 60 %, length (sec™) 2Cm (ef figy 1&2)
k >0

OT/TT SOTTT  OT/TT =095 for all values of
TeCm Cin (f fig 12ndp 21)

U = urne flow (#ljmun) U ° U uncorrelated to Cig (ref €}
5Ca

present in the comoluted visible segment at the moment of aortic clamping thus, is
Jered to be a estimate of the retrograde flow under the present condi-
tions

Discussion
1 Theoretical considerations
“The ntroductian of the occlusion time method for evaluating vanatsons in proxmal
reabsorption rate under condstions of equal Tuminal cross-secuional arca was based
on the assumption that the reabsorpuse capacity pnmanly s independent of the
“load * as such, the vague term “load” representing parameters such as amount (=
vol x cone. of solutes), pressure or flow rate In this case proumal reabsorption rate
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formalia "_) 15 used to express the vanation i the parameter ¥ as a function of mcrements
5

Ref. a Gottschalk and Leyssac 1968 Ref b Cortnes ef al 1963 Ref ¢ Leyssac 1964 b

Suate B State C
A state 1 which control 1s not achiesed A state in which control 1s not achieved
Sumulus supramaximal Sumulus abrormal or mcflectn e

f<1 =1

correlated

02<Cip<<07 07<Cr<18

p=t0—13 13<p<1s uncorrelated

=1t r=13
theoreneal expenimentat theoreucal expenmentat
prediction obsenaton prediction obscrvation
S FiP F/P 5528 3 F/P ° wsotoruc loadings
ICa " for Cia 02407 (zef a) e < F/P 2820 (ref b}
IHOT 1}OT comsant for 8107 ° 1jOT 00580051
son ° 03<Cin07 {cf bg 3) 3p forp 1316 (table I)
3 UTT ITT 00255005 S ITT ° 1TT 00670075
ol for Cia 02507 P forp 1316

(cf figs 1 82) (table 1)

AOTTT ¢ OT/TT 06509 dOT/TT ¢ OT/TT 09>->131
Yo for Cia 02407 T forp 13-+16
OT/TT 09 (o figt 1 & 2} (table 1}
U ° positive correlation L L 39+102

re (ref ¢) b for p 13516 (1able 1)

per umt of tubular length calculated from the lurmnal cross-sectonal area and the
measured occlusion time (1 ¢ dunng the occlusion penod 1n which filiration 1s 1n
terrupted  equals the rates of reabsorption in the free flow penods rmmediately
preceding and foll the occl penod G ty OT should be quantra
tively related to other parameters dependent on the rate of reabsorption such as
transit ume as well as F/P,, rano- and inulin clearance measured 1n the frec flow
condition immediately prior to or after the occlusion ume measurement

Results from investigations testine tle occlus on time mettod have provided a considerable
amount of evidence supporting the rald n of the OT as 2 method for evaluaung vanations 1
Prox mal realeorption fate under conditians of equal free flow diameters 1t will justify the
mua assumption underlving the denation of the following relationshups

49D Acta phvcl wand \ot & 17
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s
(2) c= g—_} (C mdependent of £)

m which C 15 proimal reabsorptne capacity per umt of tubular length, r 1s luminal radis
and OT 1s the lummal occlusion time

The further assumptions have been made

(b} lummal radus 1s constant along the convoluted part of the proximal tubule

(e} C 1s constant along the comoluted part of the proximal segment, this 1s considered 2
reasonable approximation because 1) the OT 1s well dehned:_ 1e early and late proumal con

rapid removal (due to reabsorption) of the fluid layer lning the luminal wall
From these P the following have been denved
If volume flow rate at a certamn distance {1} from the glomerulus is denoted by V' we have

Tt
[$3) ~dV=Cdl= dl (mm?/sec)
thus flow rate decreases linearly with the distance 1 Since Linear velocity, denoted by H
equals 7 (mm/sec), 1t follows that
dl
@) —dH= g7

Eqg (2) mntegrated from Jength O 1o L, and H, to Hy, yrelds
L
3) OT = g7 (sec)

1n which L 1s any gnen distance along the prowimal convoluted segment, and H, and Hy, are
hinear velocities at the glomerulus (L=0) and at the distance L from the glomerulus respec
trely

Since volume flow rate decreases lnearly with the length hnear velocity also decreases
)lmear]y with length, and we have

[S)] dL=Hidt=(H,—a L) dt
H,—H,

0 which the slope (z) =~
Integrated from tume O to Tj and length O to L equation {4) yields
(5 Hi—He ¢ Ty,
from which we get

1aH, —InHy,
(6) Tr= “H,oH, L (sec)

If we choose L as the distance from the glomerulus to the last visible convolusion te 60 %
proumal Jength Ty will equal transit time
Rearranging eq (6) we get

6]
Combining eqs (3) and {7) we have

1
® OT/TT i

(i)
Since o snulin rato (at the distance L from the glomerutus) it follows that
V. HL P

1

(82) OTITT= FT

In Fig 7 the ratio OT/TT 1s plotted as a function of F/Pun
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Fig 7 The calulated relationship
between the occlusion umeftransit
time ratio and the proumal tubular X
fluid/plasma nultn ratio s + n s

K

H,
Rearrangmg eq (3) and subsututing FfPia for 117 10 cgs (3) and (7) we get

L
(3a) OT= ————= 9
'('_ }IPX_)
and
L
(7a) TT = ——=— In F/Pin (s}
H{1- e

I Experimental obsertations
In the present study we have ded previous by t the

transit time techmque with the clearance—and occlusion time metheds In addition
bular pressure was

d The present results indicate that m nondwretc
rats occlusion time and transit time vary mn direct proportion over a range of nulin
clearances from about 06—07 to 1 7 mlfmmn g h¥W This 15 in general agreement
with predictions from expeniments utilizing the occlusion time and clearance
methods and the finding of unchanged luminal diameters over a similar range of
clearance values in nondiuretc rats The present observations therefore support the
validity of previous results
A proumal luminal radius of about 14 s seems to be the best approximation to
the actual value as estrmated by three independent methods \ value of 14 u was
found by direct measurements of diameters in sections of snap-frozen hidneys 1n close
with those from pt phs taken mn vivo when present
observations {rom the model and 1n vivo by micropuncture were taken into considera
uon. The same value 1s calculated from the amount of draming flud  collected
from the renal vetn after remosal of the hidnes (0 °0 ml/rat hidney) and the length
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and number of proximal tubules (¢f discussion by Leyssac 1966, p 62) In the
further quantitatine analysis a rdius of 14 1 has been used m calcultions of
proumal luminal volume and linear velocty at the beginning of the tubule (Ha)
The obsenation of retrogride flow 1nto the proxrml convoluted segment during
Jummal occlusion rendered a correction factor to the occlusion time neceseary for
quantitative estimates and analyses Brandis ¢f al (1967} suggested that the reflus
would represent about one third of the total provimal flnd volume, e would rep
resent an error of about 50 $o 1n the occlusion time, but as the authors adnutted
their results were qualitative only, and 1n their estimate they did not take into con
sideration the reduction 1n luminal volume during the reflux period The present
results indicate that a correction factor of about 0 88 represents a masimum estmate
of the error Bince we found the volume flowing retrograde ndependent of provmal
rate of reabsorption, a correction factor of 088 should be apphed to all measured
values of occluston time short as well as long (corrected OT 12 €% less than that
d) Since 1t reg a P ge for all values of OT, 1t does
not of course, tvahdate conclusions drawn from presious results obtamned by this
method Using the corrected OT values the quantitative agreement with data ob-
tamed by other independent methods 1s 1mproved in fact as will appear from the
followmng calculations
Proximal tubular length was the same {10 mm) 1n superfictal and deep nephrons
1n the present stram of rats So a priory there are no reasons or evidence to suggest 8
sigmificant difference erther in rate of filtration or proximal reabsorptive capacity
per nephron between superficial and deep nephrons Furthermore because of the
hape of the kidney the total volume of deep proximal segments 15 constderably less
than that of superficial proximal segments Thus even a moderate difference i re
absorptive capacity within the physiological ringe of vanation could not mtroduce

amy f error 1n the foll quantitatine analysts

We may confine the following anahsis by way of example to a nondiuretic condition at an
nulin clearance (Vo) of 10 mi/min g KW (=087 ml/mn per kidney) Since a lummal
radius of 14 4 appears to be the most hkely correct value and the numler of nephrons per
kedney 1s 32000 (Smuth 1951) utial inear velocity {at the glomerulus) 1s
087 ,10°

How 137X 320005 60 = O 74 mmjsec
Tubufar flwd/plasma mulin ratios obtaisted i several laboratones fiom the fast sisible proaml
comolutions (L=60 % total proumal length=6 mm) averaged about 27 —23 Inserting
these vafues 1n eq (8 af the calcufted occlusion ume

OTte  ————7~ 13se
074 (1— 77
When corrected for retrograde flow we have

corrected OTmens 16 scc
Durectly measured occlusion times at this clearance value averaged 185 sec (¢f Fig 3)
Inserting 1n eq {7 a) the same saluey

TTeate —

Ty 27 = 13%c

074 {1- 77
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to be compared with that directly measured
TToes — 17 sec
In the case of occlusion tume as well as transit ume we consider this a fair agreement, particu

larly 3n view of the approvimations inherent m the of H, and the
of L

Expressed i geqv “a* reabsorbed per umt of lummnal surface area® and time, and using the
same salues as above and a plasma sodim concentrauion of 150 ueqy fmi, 715% 10 * geqs /
mm? » <ec was calculated from the measured Cjn and F/Pyq ratio, to be compared with 6 50 x
10 > peqv/mm?  sec calculated from the corrected occlusion tume of 16 sec

Tnserting 1n eq (8 3) the corrected OTgeas and the TTness at an inulm clearance of 10
mifmn g AW (16 and 17 see, respectnely) we get

1
corrected OT/TT = 09> = s
" - fom A0 . 1 1 .3 Thoeak-lated value
. . A = (av about
directh at
.. = USLIUUL WL Seb o 1o G wltue EXperimental

- the present calculated value, whereas the
. - . sit time are a httle larger than those cal
culated This suggests a munor error(s) in the estunate of a common factor entering with
almost equal weight the calculations of the two ume pertods

In 1 the close g b between and

directly measured values of OT, TT, and C,, and F/P,; cannot be considered fortui-
tous because of the complete mdependence of the methods for measurement of
these parameters, therefore 1t seems to establish the validity of the assumpuons upon
which the calculations of these parameters were based (and the reliabiits of the
expenmental methods) On the other hand measurements of reabsorptie halfume
(ty;4) using the sphit-oil drop technique 5o far have faled to demonstrate any sig-
nificant correlation with 1nulin clearance or transit time 1n normal nondiuretic rats
(Gerz ¢t al 1965, Rector ¢t al 1966, Brunner et al 1966), the occlusion time
methad, therefore, 15 supenor to the splt-oil drop technique when applied to this
expennmental condition

In Table II the present theory and results are given i schematic form The prox-
1mal system (glomeruls with affiliated arterioles and the proximal tubules! 1s con-
sidered as a unit defined by a control system, 1 shich the remn angotensin syvstem
probably constitutes the efferent pathway (Leyssac 1966) Three different functional
states have been ch d and exp 1l 1 The states are defined
by the pnmary charactenstics, as enlisted 1n the table From these priman charac
tenstics fne other charartenzing parameters have been demyed thenrenealls as well
as tested expenmentally Under certain conditions a perfect control may be main-
tamed over a wide range of actiaty levels (filtrauon-reabsorption rates) so that the
load to the more distal segments of the nephron 1s independent of the level at which
the proxumal svstem 1s set (State \) State B may be provohed by partial constncuon
of the renal artery or sodium deprivat 1t rep the f 1 steads state, in
which the capability of the control svstem 1n stabtlizing the delivery of tubular fluid

Teulated

¥ Such a calculation 1 based on the surfa e area of a smooth cylinder, thus dusreqarding the
presence of microuilh —
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to more distal segments 15 surpassed 1n spite of maximum sumulation. In state C,
which mav occur spontancoush, the control 15 disturbed for yet unknown reasons

4As apparent from Table II the theon correctly predicts the direction of chanzes
and the magmtude of the five denved parameters i all three states with only onr
excepnon, m state C the p of pnman ch predicts smyvanance of
the occlusion yme with ntraluminal pressure changes, m disagreement wath the
expenmental obervation of 2 relauvel prolonzed OT Although the changes in
occlusion tims were onh mmor they © ded with changes in bul.
pressure unne flow and U/P,, ratio, and, because the occlusion ume imvanabh i
creased while the transt tme decreased or sn only two expeniments remained un
chanzed the OT/TT ratio was ssgmficanily increased i this state Such consistent
pattern makes 1t hughly unhleh that the changes 1n OT <hould be mterpreted 25
errors of measurement rather than a charactenssue of a different functional state.
From the measured mean transit time and mean occlusion tune, the latter corrected
for reflux. a mean corrected OT/TT rz2n10 of 1.31, corresponding to 2 F/P,, ratw of
21 was found dunng penods with elevated luminal pressure Thus, proxmal frac
tional reabworption was reduced by about 13 € from control salues Since no sigifi
cant chanzes oocurred in mulin clearance, and unine flow increased by Jess than 1€
of th- rate of filtraton, 1t 15 1nferred that the rate of reabsorption per unit of tubular
length was decreased (13~20 €¢ s 1n the proximal tubules and markedly increased
i a sezment s distal to the proumal tubule The most simpfe interpretation of the
above finding tmph thar the hydrodvnamic resistance 10 flow 1n the Joop of Heale
was much reduced by dilatation possibls secondans to the elevated proxyma) pressure.
In other words the “glomerulo-tubnlar balance” was disturbed 1n these penods for
unbnown reasons In this waterpretation an unchanzed distnbution of filtration rates
betwern superficial and deep nephrons 15 ascumed

Gertz ¢t al 1965 have proposed an aliernatine to the present concept Gertz
theor which 15 a modification of the clasacal concept postulates that the gate of
proumal reabsorption 15 an automatic function of the lummal eross-secuonal area
or C-kr* Difficulties 1n attempts to fit dns theon to expenmental data has
made 1t netessarv to postulate m addiion “extnmuc  factors modulaung the
postulated automatic “iptnasic dependency of the degree of distension (Rector ¢f
al 1967 According 1o this point of view such “extnnsic factor(s) must have t2ken
over die entire convrol o1 state 4 feasmag qs noon for die Sepodkencal bene derpend
ency of £

Gertz theon mmplies that changes in the mechameal worling eonditions of the
prowzmal cells wilf mfluence therr rate of net wranser directh Therefore the effect
of changes 1y 1* on the proumal reabsorptne capacity should be most cleardy and
readib demopetrable 1n acute exprnments m which the radius 15 raprdh chaneed
such 2s dunng the ocelusion ph Such an ediate reacuon to chanzes
e de'zrte:)f lmminz] distension has alws been assumed by Gerrz (pers coTmu
ncaar) 2nd apparenth by other advorates of his theory  Wiederholt ot ol 1967,

Wahl ef ] 1967}
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Howeer, the present results from occlusion ttme and transit time measurements as well as
previous results obtamed by the occlusion ume method wall appear incompatible with the
theory postulating that

av
—~ = =g =km,
9 & krt,

1n which V35 luminal volume per unit of tubylar length

Furst, according to this theory complete luminal occlusion due to reabsorption following
iterruption of glomerular filtration should never be accomplished This prediction s in-
consistent with the observation that the proximal lumens appear in fact completely occluded

in occlusion time, we may assume a constant OT value equal to the average corrected OT of
16 sec at an axerage mulin clearance of 1 0—1 1 mifmm g AW Differentiaung \ == 1% with
regard to 1 and substituting dV'=—ke2dt we have

dr &
10 ~ e
By antezration eq (10) yields

ay

m which 1 1s the integration constant
In other words Gertz’ theory ymplies an exponential decrease in luminal radsms with time

dunng the occlusion, integrating over the occlusion time penod with 1, /10 as an arbitrary
endpoint we have

r _k
aa) In ;775 =37 0T

from which st follows that

23421 232y

or = 16 =0°
lnserting 1n eq (9) k=09 and r=14 x proumal reabsorptive capacity equals 1 76% 10 4
mm3/mmsec  with 32 000 nephrons per kidney a total of 20 ml/mun should be reabsorbed at
the end of the visible part of the proxumal comvolution (6 mm proximal length) dunng free
flow at a rate of filtration of about 1 0 mi/min per kidnev, this obviously 1s a contradiction 1

12) k=

Direct obsenations are thus grossly inconsistent with those predicted from the
theory that the reabsorptive capacity 1s a function of the radius squared whereas a
quantitatine agreement 15 found between values measured directh and those calcu-
lated according to the theory that reabsorptne capaaity has the character of a Tm-
process ¢ independent of radwus (or load )

Ven recenth Thurau and his associates (Wahl ¢2 a! 1967) have reported the
results of an investigation using the occlusion time method Their results apparently
disagreed quantitatively with those reported 1 previous and the present 1nvestiga-

UEsen meerting a radws of 10 4 1t 15 calculated that at 60 % proumal length complete reab-

sorption of the total filtered volume should have taken place, which 15 mconsutent with abe
senved facts

l(
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tion from our laboratory, and 1t was concluded first that the reabsorptive capaciy
changes linearly with radis dunng the occlusion penod second that the lateral net
fluxes of water under Iree flow, as calculated from the occlusion time will be over
estimated by a factor of 2 Without further comment our previous finding of a xan
1ng occlusion tine was considered an error However, 1n view of the results reported
here and within the frame of the scheme presented 1n Table IT Thurau s data may
be interpreted as a fourth state of function 1n which the luminal radis shows
covanation with the actnity level of the prowumal system (the inulin clearance)
However, lack of information about intratubular pressures and unne flow rates as
well as muang of datt obtained from ammals with greatly different body weights
prevent any precise deftnition of such a state D A standardization solely of the
clearance to a fixed kidney weight without dardizing also the d radu to
kidney weight imphes that the number and/or length of nephrons sncreises with in
creasing kidney weight which 1s not the case within this range of hudney weights
{Sperber 1914) It remans therefore a question to which extent the observed cor
relation between standardized values of inuhn clearance and luminal radu may be
explained by a more labile renal function 1n preparations of young rats causing an
accumulation of data from small anmmals at the low clearance values It 1s possible
though that the rats mvestigated by Thurau or at least a group of rats with high
clearance values have beennsuch a state D 1n which the luminal cross sectional
area 1s correlated to the 1nulin clearance within the single ammal and tn groups of
amimals of equal hidney size In this case the obsened mmanance of the occlision
tine over a wide range of standardized clearances of 1nulin obtamed i rats of dif
Terent size futs perfectly sell to the present theory since st has been reported that the
_Correlation between 1nulin clearance per g of kidney weight and the reciprocal of the
occlusion time seen n state A 1s the same m young and grown up rats {Leyssac
1965 b} Thus we are inchned to mnfer from the observed lack of correlatton between
the 1nuln ¢l and the rectp ! ocel time that the functional state of at
Teast a group of Thurau s ammals actually has differed from that of state A B and
C the difference beng a covanation of the lurminal radss The reason(s) for this
difference remams obscure of course but may be related to differences m the
anesthetic used and/for 1n the operatne techmque Thurau approached the hidney
from the flank and suspended 1t n a cup therr kidneys were decapsulated the renal
arery deecred, 2l (reed from vemomediag e (pratad denemianon®t aod the
clamp was placed upon the renal artery 1tself Further their preloading of the rats
with saline was greater than 1n our experiments (up to 3 ml) It 15 tempung to
suggest that a state D may be closely related to the state C observed i some of our
rats the only dfference beimng that state D occurs in decapsulated kidnevs under the
same conditions which proyoke state & when the capsule 1s left intact
Thuraus results agree with ours n demonstrating that prouimal reabsorptine
capacity per unit of tubular length as esumated from the occlusion tme and the
lurmnal volume per umit of length vanes in direct proportion to the rate of filiry
tion Since thus was the case under both conditions m one of which the radius ¢
mained constant 1t seems unjusuf ed to conclude that changes mn the radius squ:\red
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1s the cause of the obsenned changes 1n reabsorptine capacity Their free flow data
thus, cannot support Gertz' hypothesis

‘Thurau further tried to 1mvestigate the changes i luminal volume as a function of
time during the luminal ocelusion period by measuring changes i the lununal radius
within the first 6 sec of the occlusion penod as well as the corresponding occlusion
time These data also disagree with predictions from Gertz theory in showing an
apparently linear intial decrease in radius with time with an extrapolated ntercept
with the absaissa (time) at the measured occlusion time It 15 interesting that the
average rate of reabsorption as estimated from the change in radis over the fist
5sec, 15 1n ble ag with that calculated from the corresponding 1nulin
clearance and the known F/P;, ratic A lineanty throughout the occlusion period
was considered evidence that during the ocelusion peniod reabsorptine capacty
changes as a function of the radws (but not radius squared) This conclusion 15
valid, of course, only if the absolute values of radn measured within the jmtial 5 sec
are correct However, the d radu will be und; d by a certam value
1n all the measurements if the diameter 15 taken as the distance between the inner
borders of the whate refractile zone This was probably the case i Thurau s imestga-
tion, since the problem of measurement was not mentioned and none of therr values
reached a value of 14 g, their value of 9—10 x reported at an average nulin clear
ance agrees with that measured between the mner borders under the present expers
mental conditions (Baines et al 1966} Using the more correct values of 1utial radn
an extrapolation of the mtal slope will ntercept with the abscissa at a value far
greater than the occlusion time, thus, therr corrected data may fit with closer ap
p 10n the cune ref constant r
occlusion in agreement with the present conclusions

Whether or not proimal reabsorptive capacity may be influenced directly by
distension of an 1solated tubular segment such as under the special conditions of the
sphit oil drop experiment or the microperfusion expertments reported by Wiederholt
et al (1967) remans to be conclusively demonstrated In the spht-oil drop expert
ment conclusine evidence should be provided, first to exclude that the proportional
increase 1n rate of removal of the flud volume mterposed between the oil droplets
observed with ncreased distension might be due to an increased reabsorptine area
(due to increased extension of the menisci) rather than an increased reabsorptne
capacity

Tn. the miczaperfisan expramens, (Wiedechalt, et ol 1967} Dk was wihwed 20
sarious rates into single pi 1 tubules and recollected from a later p 1 con
svolution The results suggested that while the luminal diameter mcreased with per
fusion rate (V) going from 10 to 24 mul/min reabsorptine capacity ncreased
proportionally. This conclusion was nferved from the finding of an unchanged col-
lected perfusate/myected fluid 1mukin ratio (CP/IP,) of 23 at 2000 # dutance from
the sute of flurd injection (corresponding to 20 ¢ total proximal lengthy Thus the
results were claimed to confirm the theory of Gertz However several asp=cts of
their findings were not readily expluned First the remarkably high CP/IP ratio at
2000 4 distance from the site of nfuston was explamned according to Gertz theony by

ve capacity dunng the luminal
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the merras 15 humns] dizmeter produced by the mumoperfusion procedure Thus
explanz 307 2pprrs mconastent with ther statement that at low perfuson rates
{1012 npd'man) 2t winch eqaalls huzh anulin rzties were found no siemificamt
Aferenc 1 dizmeers between perfused 2nd adjacent nonprrfused tubules could b
obsen=d. Seormd. m the znaliss of therr data they poxtulate that the CP/IP ublin
rzirs increases Loezarh wath the distance (L) startinz at 2 ratio of 10 at 2 distane~
of 2270 4 s2n fzcion explanztion 13 not gnen win 2ll regresson Iines presented 10
thear fizures 1 ~reept the absassz 2t 2 v2lue (L) of 2bout 500 ¢ sipmficandy dife
{rrent from the onen (zero lenph) Thurd, therr interpretation smphes a hvpetbolic
derreas~ of promamal rezboorpuon rate along the tubnle, Ths 1s 1n disagresment wab
previous findies obtamed under free flow conditions from the szme a5 well a5 other
laborztonss  Grbisch ¢t a! 1963 Gottschalk 2nd Lasuter 1956, the data obtained
ander free flow condinons fit with f2ir agreement the curve yepresenting constant
rezbsorptim rate 2long the comvoluted prommal sepment. Acoo-ding 10 the theons
advuczted tn th~ zuthors 2 hvperbolic drtrease 1n reabsorptin rate with ditance
1mplies that the radius sgaared decreases in mvers~ proporuon to the distznce No
evadenee has bren pressmed 2o support this mpheation.

The mcrup~rius ;2 detz were not 2nzlvzed m va=n of the 2lternative theon that
prommz] reabsorption rzte 1 apprummatedy constant 2long the convoluted sepment
2nd wd~pendent of luzmnel daennon. According 19 thus 2lternative ons wold ex
Pt 2 mom proooanced increass 13 lumina] pressure following elevavon of the per
fum rz « The perfussd sezmoent 1ncluding the punctuce ho'e at the prrfason site
would die end end Jezlaes of flwd out of the wbuls past the prpette Fught Lkedv

or Sach en ervor world readh explain the ngh and imenable CP/IP mula
‘a1 35 obzined o1 2000 p dstznee 2t the vanous prriusion rates. In abso'u e temms 2
“Jzbage error will b= most pemficant 2t the bizh CP/IP rans 1e 2t a distance of
200 —2400) g Srom the site of prriunon Consequenthy the data obtained 21 shorty
dretantes shoald b zare vahid It 1s ameerecting that the CP/IP snulin rztis 2t 1000
p €rtzace decrezsed from about 1610 12 commmponding to 2 {fracomal wa e 7e
Steorpram of $0 ¢ 2nd 20 ¢ reproinveh 23 the perfuan rate was dabled fron
12 16 2§ mad man Ths finding was 10 be exprtted 1 vaem of the al emnziive 03
crpt The o enon thet Jeakaze did not ocour 1 thes expenments would be the
dorumemeorm thet wtz] amouns of inulin mfused Vo IP, equalled 1 gmowat
recllerred Vg #CP wah different prrfusion rz1es and with dfferent rzwes of T®
eolecuon 21 2 cowtznt prfuson rzte. Such documentatig was not preseatd In
v of the dfficultm i explaming therr findiogs zcenrding 1 the theom of Graz
the [ieh Jeakaze error which mazht explan thar data, and lack of evaden.e 2rain?
ths <oLtre of error the paprr zppean les conclaave Comsdening the Mot vabd
ranze of prfused Jeroth the dats presued appear corsistent with the theon postes
etz that prexanal rezteorprne czpacits 1 independsnt of the Jumma rad s

Thss worr wazs czrwd 050 Wb the techrral 2 mznce of Ans Ha v

Vopwart vy ea i Tz 22 10D H G whos gresied amd s o 0 Vn‘;x
ey darnz L aist 10 Our Lywra om z0d hel fudy desoomstre 74 e 127 P
amizagne Ve 2o 2l guddred 1o D Gerz ‘or b va. aber artmen z2d dvus o0

TR0 WIS
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The Dynamics of the Inotropic Change Produced
by Altered Pacing of Rabbit Papillary Muscle
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Abstract

Eovs Ko AP and £ Nusson The dyromucs of the motrofic ehange groduced by
dtered pecirg of rabbut papiflary muscle Acta phveol. scand. 1969 76 236—
237

The nme coune of the actae szte the foreraelnan telanomlup znd the senrs (omplianes
of 11 paauan mudes wers gtudied 21 diferert amotropie Bates produced by 2Mered
pacnz of the s fr witun the reres 12 10 72 sumuletior s per mumnte The snotropsc soter
arzuon prodaced 2 afuft of the foreeasioats cune witbout markedh chanpming the 1he” of
o cunie berpestng tuzl Yaas U0 Cepann to produce motivn, and Pray the cagoactty 12
proday srson were Zffzcied 1o the same degree Imencficetion of the atine siie 1o
oA 30 25 paveav 0 sumulation fraguency war assoreted suth 2 steepsr mee of e
zne stz - 2o 2n sarher 1o The renies s was unafferind In
L > smarops eenvenyon. The resul s v~ taken 21 evadencs (1 that the 1w parasetrn of
B r oattne nze Y,y and Pug, 2% Povened by a common cortrol mechzanm 1 4 €

7 uortacon copplog and 2 tat the sootropi effect s due 1o altered kusencs of
s comrrol fanrtion The uptore of 1he mecheonm roreng the artne state 35 dousyd
relzuon 1o U wador filamert theory of masuler o0 tracuon

Esadencr wmes presened 1o a prevavus pzper (Edman and \ilswn 1968 tit e
cotepr of the come sizte Hill 1939 prosading 2 common parameter for the
Uil of the ¢ oasle o produce terson (P, and to shorten acmmels Vo0 3
2oplhreble m the anchan of the beart muscl~ funcpon. It was thown that cerda”
zonw qar grlle the s tuznon i the sheletal muscle hus 2 g'ow gnset znd dos o9t
rach a plarezy duanz 4 courecuon oicde abo s~ Brady 1956 Edman Gnew
and Nilwon 1655 Sumperbhrk 1955 The znaben furthermore demoatrated that
e eourse of the cttne et 1 oot defirreh programmed nhen the contrzcon
sterts, biah the marene) ntenany of the acne state and the durapon of the 2o
thn zre cnuealh @-pradert vpun the z2mount of shorteunz of the contractle
prd sz ke erowzenon pend In fzct the mnmy ozt chargm of
smnede {3~10 prrocest of the resung muscle fenzmh  wking plate dunnT 2R
ordinzn Brmoenc otracuon &ft st enouzh to dfect the chune of the T
srz2e 20d beoes the wezoetnc twich output © 2 substartal degree The rfarnre
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of muscle length upon the active state can be adequately controlled, however Thus
as demonstrated previously (Edman et al 1966, Edman and “alsson 1968 Brads
1967), 1t 15 possible to define the kinetics of the active state 1n 1solated papillary
muscles at a constant length of the contractile umt.

It has been the aum of the present 1nvestigation to explore the dynamics of the
wmotropic change that associates an altered pacing of the myocardium  Results of
earlier work have suggested (Abbott and Mommaerts 1909, Sonnenblick 1962,
1966) that the motropic effect mvolies changes of both Py, and V., However
the precise way 1 which these quantities are affected relatne to each other has not
vet been clearls demonstrated In order to <ettle this point, the force veloaty rela-
tionship must be analyzed under careful control of both length of the contractle
element and time at which the measurements are made dunng the actvity peniod
‘The pre<ent expeniments including these control have shown that over a
wide range of shmulation frequencies the <hape of the force veloaty curve remains
virtually constant suggesting that V., and P,,. undergo very nearly parallel
changes 1n response to the notropic mtervention produced This finding provides
relevant information for evaluation of the mechanism through which the motropic
effect 15 brought about

Methods
Tsolated papillary muscles of the rabbit were used The rabbits were heparmized before the
. W il s b e

the muscle Plaunum loaps were firmly tied with silk thread to the tendon and the p ece of
the ventnicular wall as closely as possible to the msertions of the muscle Ths
Ieft the papiliary muscle fully imtact.

The muscle was mounted sertically in the recording chamber (a jacketed thermostated
Perspex bath  with the lawer end (the ventricular wall end) artached to a tension transducer
(RCA 5734 and the upper end connected via a carcfully srashtened steel wire to a dis-
placement transducer A detailed description of the recordimg device ncluding the arrange
meats for damping of oscrllations loading of muscle stmulation production of quick release
and photoeraphic recording of the signals from the tenson 2
3 shortening velocity) have been gnen previously |Edman and “ilsson 1968) The equiva
lent mass of the displacement transducer used mn this study was 86 me and 13 stanc frction

2 me The stras compliance of the recording device including the connections of the
muscle with the transducers was 27 afg A preload of 100 mg was used throughout the ex
penments The preloaded muscle leneth ve the distance between the insertions of the muscle
to the tendon and the ventncle wall was determined bv means of an ocular micrometer
(10 magmification) while the muscle was mounted 1 the bath. The muscle cross section was
emated an ohe bave, o, 18 e wvakn wid Yo aesemnn, s e weeale bad » chadah
shape and a specific gravity of 10 The wet weight was determuned at the end of the expen
ment after removal of the upper tendon and the poruon of the ventrcle wall to which the
muscte had been attached

The muscle after being mounted to the recording device was paced to contract at 30 beats
Per minute for at least one hour before the expenment started The imotropic chanees to be
desenbed were produced bv alterine the contracton frequency The effects refer to steady
state condiuons at each frequencs stud ed

inzer s solution of the followirg compoution was uwsed (mM) “NaCl 170 KCl 5

NaHCOs 25 \aH2PO: 15 CaClz 20 MeSOs 15 Glucose 10 pH 740 The solution was
continuoushy acrated with a mivtare of ©5 €c Oz+5 % CO2 dunng dissection of the muscle
as well as dunng the actual expenimert. Glass dist lled water was used for washung of the

Klassware and for the preparation of the soutions All chemicals used were of analstical
grade

s arrangement
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Fig 1 2. Schematc illustration of method for collection of actie state data Photograp! ically
1 traces 3lh mng of rabbit papillary muscle
after quick release at different times after the stumulus The velocities of shontening are col
lected at the same degree of shortenung of the muscle n each release record (at intersection
of traces with dashed honzontal line)” The veloaity data considered as a function of time
after the sumulys {dashed vertical Iines) provide a measure of the course of the actne state
at a gnen length of the element b Osaill record sl 1501000
shortening after quick release (upper) and electncally differentiated signal of tle length
transducer (lower)
Resung length 60 mm Load 100 mg 5% contractions per minute Temp 32°C

Results

A. The time course of the actue state

The active state was determuned as the maximal speed of shorterung of the con
tractile umt at different times after the smulus using the same conceptual model
, ’:nd expenmental approach as descnbed 1 detail previously (Edman and \ilsson
Y1968 According to this technique the ume course of the actie state can be
anzlyzed at a precse length of the contracule umt the indsvadual actise state data
being collected when the muscle passes a grien length A few points of the expen

mental approach need to be rerterated The muscle was paced 1o contract ssometncally
ar a gnen frequency Dunng certain contractions about 30 sec apart the muscle was
released at a selected tume after the sumulus to shorten against a small load (100
mg) The length change took place m o steps an mmtial rapid phase during which
the senes elasuc element equilibrated with the load and a subsequent less rapid
phase represenung the shortening of the contractde unit alone (Fig 1 The e

Jocity of shortemeng dunng tile second phase at a gnen fength of the musce was
used as 2n index of the actie state 1n each case The method of collecting the actine
state data 1s dlustrated in Fig la Here a senes of quick release records are super

imposed on the same tume base The velocty of shorteming 1s measured at the mter

sectson of respectne trace with the dashed horizontal ine The values so obtaned
considered as a function of ume after the stimulus provide a measure of the course
of the actnve state at a defined length of the contracule unyt The fact that the {oad
was the szme 1n all quick release recordings implies that the degree of stretch of
the senies elasuc element was ideptical during the second shortening phase cach

record. This means that a particular overall length of the muscle during the sreond
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Fig 2 The tume course of the active state {a and b) and the ordmary sometric myogram (c)
of rabbit papillary muscle recorded at two different sumulation frequencies Curves 30
contractions per mun Curves B 72 contractions per min In left diagram (a} the intensity of
the actine state 15 expressed as p!rcentag: of the maumum recorded at 30 cumrzcuons per
mn, an the mldd]e diagram {b} th at both fi 15 0 100 per
cent Temp 29°

phase represents a unique length state of the contractile unit ! As was demonstrated
previously for rabbit papillary muscle (Edman ¢t of 1966, Edman and Nisson
1968), the active state curve defined m terms of shortenng velocity as just out
hned, 15 probably also a valid index of the mustle’s capacity to produce tenston at
the contractile element length considered

The expenmental approach used here 1s smmlar to that devied by Jewell and
Wilkie (1960) i studres on frog skeletal muscle and later adopted by Sonnenblick
(1965, 1967) 1n expenments on cat papillary muscles These earlier versions of the
techmque, howeser, differed from the present one by not controlling for the -
tnsic length changes of the muscle that occur during the (pseudo-)sometnic con-
traction

The effects on the tune course of the acuve state of lh: rabbit papillary muscle
caused by a change are 1l d 1 Fig 2 The cunves at
both frequencies are based on mcasuremems at the same length of the contractile
ok T Fig %a Whe mmensity of fhe actne state 1s expressed as percentage of tne
maximal activity recorded at 30 contractions per mpute, in Fig 2b the maxsmum
of both curves has been normalized to 100 per cent As can be seen an mcrease m
frequency from 30 to 72 per minute nearly doubled the mtensity of the actine state
and produced a more rapid nise of the activity and an earhier attamment of maximal

:‘l:n!”"ﬂ‘:ld be noted that the temm contracule ume sefers to the funcuonal model wsed T
20 inder at + adual active elements composing the preparation
Tre - umit un terms of the analyncal model 1s kept
cons . + acasuremens does not prectude that the distribu
o - the muscle has changed (see Gay and Johnson
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tamned virtually constant. These results by pol. from the empincal daw
support the view that V., and Pg,, are changed m parallel 1n response to the
motropic mtervention studied.

Results diverrent from those reported 1n thss msestization have been describd
by Sonnenblick (1962, 1965) m <tudies of afterload contracnons of cat papillan
muscles. He found that the force seloains cune undergoes a non-congruent shift tr
altermz the frequency of contracuon of the muscle, leading to a greater change of
N e than of P, The reason for this discrepancs 1n the results 15 not clear It
should be noted, however that the force veloaty curve denved from measurements
of afterload contracuions does not represent a enven state of activany of the muscle
{{or further discusaion of this pomnt see Blinks and hach Weser 1963 “Edman 1765
Blinks and Jewell 1963 Brads 1968) The veloan data used for construction of the
curve (the intial <peed of shortening dunng the motomic phase} refer to differert
times v 1he contraction peniod and to different Yenzth <tates of the contractle umt
dp-nding on th* Joad <tudied The complicated «ituzuem snherent 1n the afterload
recording techmque males 1t difficult to evaluate quantiatively the change of the
force-veloan rel hip dunng an pic mtenennon of the mvocardm.

C. Tke series elastie element
The stiffness of the <en~s elaste element was determined as the drop i trosion
[P} that occurred 1n response to 2 rapid controlled (about 1 per cent) relezse of
the suscle 4L ar mven tension levels (P dunng rsometne contrachon. The de-
™ 12ils of the technical approach have bren descnbed previoudy (Edman and Nibwm
1963 Mezsurements of P/ 1L were performed both dunng th= nsing and falle”
_ phases of the contracuon while the muscle was paced 1o contract at 2 meen fre
qaeney Exvht exprmments were performed 1n which the contracnon frequency was
va2ned between 18 2nd 72 cotrachons per minute
The results are fllustrated by two experiments 10 Fig 4 It can be seen. 1 o7
firmatom of previous results Edman 2nd \ilson 1963 Parmley and Sonnenblick
1967 that the suffnes 3P/AL. 2t 2 mven P was the same imespectne of whether
the measurement was made dunnz the nanz phase of the contracuon or Gunng
relaxation, This mephies 10 view of the difference 0 the mtenan of the actie ctate
between the contractyon and relaxaton phases Fiz 21 that the <enes elasuc ¢lement
behases 28 2 pureh passne entin at Jeast for tenvons greater than 15 prr cent of
the peak twitch tension the properues of the wn+s clastic component are indep=ndent
of o= 2nd mtemun of the acinve «azte
Within the Jumts of expenmental error the satio 1P JL to P was no Jff~eed
br alencg the contrection frequencs potwithstznding the fact that the maunat
mtrpan of the 2ctne size was greath charzed under the same condwor  The
reeults would thus eem to make clear that the inotropre 10 enveruon p")dqrrd th
altered pacing of the cardizc el dors pot mohe the pasne elasic prop7iss
of the rmuscl to 2z sizrificars dezvee The motropic effects <hown i the ordinan
wrmmne twich mvomam are ther-fore 1 be full annbuied 1o chans 1 dr
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Fig 4 The sufiness of the sertes elastc clement of 1wo rabbit papillary muccles Measuccmments

carssed wut at different tens ons botte duting the niseg phase {open srihals) and ducwg the

fall ng phase (flied symbols) of the isometric twitch 2 @ O 30 contactions per run
{7} 68 contractions per oun

b A 4 18 conwracuons per mun @ <, 36 contractions per mmn
Temp = 31°C b 23°C

functional state of the contractile umt as described tn the preceding secnons Lack
of effect upon the senies campliance of the myotardium has also been reported for

wnotropsc interventions produced by digitabs caloum and adrenaline {Parmley and
Sonnenbhich 1967)

D The sometne tuitch

The effects on the acuve state produred by altered pacing of the musele descnbed
m section A were reflected in the sometric mvogram {Fig 2) Thus i assocsation
uith 1 wncrease 1 amphtude of the sometrie twatch at the higher contraction fre
quency there was a reduchon of the tme to peal twitch tension nd 3 decreate
of the total coatraction time The motropic chinges pictured by the isometre
mycgram are comphicated however by the intrinae length changes of the muscle
which occur dunng contracion 35 was demonstrated 1 2 previous study {Edwan
and \ilsson 19681 the coure of the actie state ts not defintely programumed when
the contraction starts the final outeme  § the acne stute t enncall depeadent
on the fengih avsumed by the o atracule ua fim morent to woment durme the
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actnaty For instance by the amount of intrinsic shortening (5—8 per cent of the
resting muscle Iength) normally taking place duning an 1sometric contraction the
peak intensity of the active state 1s decreased by approvimately 45 per cent and the
duratton of the active state 1s reduced by 10—15 per cent (data refer 10 30°C 30
contractions per minute and 100—200 mg preload of the papillary muscle) Inten
sification of the actre state as a result of an 1notropic yntenention of the muscle
will cause a greater amount of shortening of the contracule umt during the actny
peniod This will mask the positine motropic effect to a certain degree since the
) 1 output 15 { by red m Jength of the contractile element
Accordingly the posstne 1notropic effect displayed by the 1sometric myogram 1s
regularly found to be smaller than the change 1n mtensity of the actne state defined
at a constant contractile element length
In the expernment demonstrated n Fig 2 the increase 1n peak intensity of the
acuve state was 75 per cent as compared to 60 per cent increase 1 the 1sometric
twich amplitude This difference can be fully accounted for by the different
amounts of mtrinsic shorteing of the muscle during 1sometnc contraction at the
two 1motroprc states As can be dertved from load extension curves of the senes
elastic element (Fig 8 Edman and Nilsson 1968) a 60 per cent werease mn 150-
metric twitch tenston requires about 15 per cent additional stretch of the serses
elastic component with an equivalent amount of shortening of the contractile
element A decrease 1n length of the actine umt by 15 per cent however will re
duce the muscle s capacity to produce tension by a factor of 09 (Table I Edman
N and \isson 1968) Thus while the mtensity of the actne state (considered ata
gven length of the contractile unit} mcreases to 173 per cent of the control value
the 1sometnc tension would be expected to nse to only 09x 175 per cent te to
158 per cent 1n good agreement with the actual findings in Fig 2 It 1s clear from
these results that the actne state rather than the ordiarv isometnic twitch re
sponse 1s the proper parameter to use for a quanutatne evaluation of an 1notropic
mtenvention Only 1n this way 15 1t possible to determne the motropic effect with
out interference from length changes within the contracnle system

Dyscussion

Analysis of the dynamics of the mechanscal activigy of rabbst papillary muscles has
shown that the concept of the actue state  as ongmally formulated 1 the shefetal
muscle (Hill 1949 also see Jewell and Wilkie 1960) 15 applicable to the contraction
of the cardiac muscle (Edman and Nilsson 1968} It was found that the capacity of
the heart muscle to deselop tension (P,,,) and the capactty to produce motion
(¥ ;as) undergo very nearly parallel changes duning the course of a contraction The
mechanical behaviour of the muscle as displayed by the analysts of the active state
mav provide a relevant clue to the evaluation of the molecular events 1n the actva

tion of the contractle element. It suggests that there eusts a control mechansm 18
the excitation-contraction coupling which continuously regulates the mechamcal out
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put dunng the contraction mn such a way that the ratio of Vi, 10 Pyy; 15 Lept
constant all the time dunng the actiaty pertod The present results are fully
consistent with this 1dea It was found (section B) that the inotropic effect produced
by altered pacing of the muscle 1s a genune change of the active state involving
equally great changes of the muscle’s capacity to produce tension and of 1ts capacity
to shorten actnely It 15 essential to powmt out that the motropic mtervention does
not merely affect the peak 1ntensity of the active state, the course of the actne state
15 fundamentally changed leading to an earher onset of the actmty and an earher
attainment of the maximum at the higher contraction frequency Taken together
these findings support the assumption 1 that the two parameters of the myocardial
contraction, force and shortemng velocity, are governed by a common control
mechanism 1n the excitation-contraction coupling and 2 that the notropic effect 1s
due to altered kinetics of this control function
The eustence of a discrete actnator step in the excitation contraction coupling,
tnvolving release of calcium or a calcium complex mnto the myofibrillar space, has
been a favonte 1dea for several years (for references see recent review articles by
Hasselbach 1964, Brady 1964, Huxley 1964 Klaus and Lullmann 1964, Edman 1965,
Sandow 1965, Nayler 1966, Langer 1968) and attempts huve been made to fit
such a mechamsm into the shding filament model (Davies 1963) However, the
theonies of contraction advanced so far do not provide a ready explanation for
the hinetics of the active state resealed by the present study of the myocardium
According to the assumptions made in the onginal shding filament hypothesis (Hux-
ley 1957) and in a more recent version of this theory (Davies 1963) the actnator
governs the formation of active hoks between the A and I filaments but has no effect
whatsoever on the dynamucs of the active bridge The connection once 1t has been
formed 1s assumed to run through a cycle of actnaty {thereby propelling the I fila
ment over a gnen distance) at a speed determined by the load alone On this assump-
tion P, (the capacity to develop tension at zero velocity) would be quantitatnely
related to the number of active hnks and hence to the actual actnator concentra
tion V, , (the velocity of shortening at zero load) on the other hand being virtu-
ally independent of the number of actne sites (Hudey 1997, Davies 1963), would
be 1t 1ts maximum as soon as there 15 actinator enough to form some bridges The
present results have clearly shown however that V.. does not chinge 1n an all or
nothing fashion V,,., and P,,,, both undergo gradual changes such that the ratio of
™ nay W0 Ty, 15 cONSTant duning fhe course ot a contraction and ndependent of the
motropic state Gradual changes of both and P, ,, have also been demonstrated
duning twitch contraction of frogs sheletal muscle (Jewell and Willie 1960) and
duning caletum induced contraction of skinned amphibian muscle fibres (Endo
1967) These findings suggest contran to previous assumptions, that the elementary
process invohved 1n the propulsion of the nnoftlaments can be adjusted in a graded
way by means of chanmng the Actnatsr concentration 1n the intrcellular medium
An alternatne explination of the erdual changes in V| could be that Ve does
not as assumed above represent the shortening selocin af the camnlarals sualandad
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contractile systern It may be that the propulsion of the filaments 1s hampered by
opposing frictional forces within the sarcomere, 1n which case Vi, would correspond
to a finite intninsic Joad of the myofilaments Under such conditions then the ests
mated value for V,,, would be expected to change in conjunction with a shift of
Py, while the real value for V,,,, 1 ¢ atzero intnnsic load, may be constant Results
obtained 11 studies of skeletal muscle fibres (Gordon, Huxley and Julian 1966) would
scem to indicate, however, that the resistance to shortening 15 small at sarcomere
lengths greater than 165 ju, 1¢ at the lengths concerned m the present 1m estigation
(see Gay and Johnson 1967) Atany rate, even though some mtrinsic load may exsst.
this would not account for the results quanutately, 11z the fact that Vi, s af
fected by the same amount as Pp,, It would thercfore scem that the changes n

Viae observed dunng the course of a and 1 resp to an p
mtervention, do reflect changes in the functional state of the mechanism which 1s
ponsible for the p Ision of the myofil as concluded above

If the actne state 15 governed by a chemical actinator 1t 4s logical to assume that
the motropic elfects studied are due to 2ltered hineties of this agent in the mvo-
fibnllar space The fact that the active state does not reach saturation during  con
traction cycle, under the conditions used means that every change n concentration
of the actnator around the myofibnls {above a certain threshold concentration)
would manfest stself as a mechanical response The results have shown that while
the mntensity of the actine state 1s wmcreased there 15 a stecper imtial nse and an
earlier attamnment of the maximum at the higher contraction frequency The dura
ton of the decay phase of the actine state on the other hand 15 pot substantally
changed (alo see Gennver and Mbson 1968) These observations considered to-
g ther support the idea that the intensification of the acusve state does imvolve an
mcreased rate of release or transport of the actnator into the myofibnllar space as
suggested previoush m studies of the calcrum metabolism of heart muscle (e g Wine
grad and Shanes 1962 Niedergerke 1963 Klaus and Lullmann 196¢ MNasler 1966
Fleckenstein 1968 Fuchs er al 1964 Langer 1968) On the same basis the reduced
tume to peak actie state would seem to mdicate that the duration of release of the
actnator 15 decreased at the higher contracuon frequency
The authors with to express their granitude to Miss M Olsson for Fer able fechnscal au stance
dunng this imesugation This work was supported by research grants from the Swed

\fed cal Research Counctl  Project No 14X 18404 and the Medical Faculty of tte Unt
versity of Lund
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On the Mechanism of Action for the Effect of
Cholecystokinin on the Choledochoduodenal Junction in the Cat
Br
Pavo Hepnzx and GLase Rorsstas

Revened 13 Sprember J902

Abstract

Heovze, P oand G Rerssan On the meckanum of action for the effect of cFoe
¢y tofimr on the choledochoduodenal junction in the cat Acta phwacl. scznd
1969 76 248—2>%

The revrance of e choiedochindaoderid 130 was uded by measinne the o frem
i commmon duct 1010 the doodenum uader corLtat infuncn presture and by mezin o the
= sednchal presure under comtart i-fusson sate, It 15 concluded that the choledrbrdas
@enal guncton ¢omzics 2 real sphuncer where the nomna) contracted stste depends on 42
Jmac chouomme Derve supht As dhe ffect of chuleontcimn on the small grteane 3
I L br oa choloermc pathwsr 2 wmilar mechanimn of acum for u effect on the
> rdochidaodenal yunedos was quetoned. Howner cholsmreye god adrenermc meckaooes
3d b blocked b zuv;r_g and reorrpree withiout affecunz the 2rizeonem of cho sovrrlins
W e co~trarbon of e spincies eliated U bradibimn, Tha the effect of cho ~oys haea
~tn the cho edochodacdrnal puncton seemms 10 be 2 direct ome a. d related rather 101 effect
o thr allbledder than 1o 11 effect on thr mzall oo

Choreevsiolimn has been <hown 1o ehar 2 oomtractom of smooth muscle 1n 1w
ddfferert orgzns by two didferent mechaniens of acton In the zall Yadder the of
fect 35 o nhibred by aropine 1adiesting 2 preibl~ effect duecth on thr vk
muscle cells In the szall mmresupe the stmmalanaz effect of cholenst ki 58
mu~da'ed by 2 cholinerme nemous pathwas without cholmrrzic ssnapws  Hedm?
and Rowwnzn 1902 The gall Madder the cho'sdorhadpodmal juncuon <nd b
w2l 1otmyas form 2 funcnonzl unn where cholecvstolimn seems 1o be of plnuo-
Jomcal rmportante The decreased resatance 1 e chled schoduodenal j.ncton
ceuwd tr chols <1 Ama 1 a well known phenomenon. dearh demomstrated Ia
Sandblom et 2l 193> 2nd venfied 1 mumeros later s enzznons. The otz
rarm of acoon of ths effecr 1 however sall unkorwn, With respect to the prrent
eadence for dferert mechann=s of acon for the effect of cholecysiok o o2 e
£2ll4) d3er and on th = ymall irteuns repretvels ot was eonndered 1o b cfarrer
et 1o mmvesnzzte 1 effect om the cboled xchoduudima! quncion 1o s i st o g
yelated 1o ather of thee tue cvzan
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Fig 1 Schematic drawmng of the arrangement
of catheters and registration of pressures m
expenments with a constant rate of nfusion
mto the common bile duct

Material and methods

20 cats of exther sex weighing 25—56 kg were used They were anaeslh!hzcd with pemo-
barbital which mitially was gnen then
by intermuttent t3 1nfuvon (0 1 mglkglhx) All amm:ds were kept fasting (or at Teast 15 hrs
before operation Two different prinespl of the resistance
were uses

4 In 11 cats caroud blood pressure gall bladder pressure duodenal pressure at about 3
om distal to paplla Vaten and the pressure in the commen bile duct were simultaneously
regmstered by flud fitled recording svstems connected to a Grass polygraph recorder A soft
polycthylene catheter was inserted into the gallbladder as shown m Fig 1 or via the cystic
duct It was fixed by hgaton and the proumal end of the common duct was also Ligated In
the distal part of the common duct two soft polyethylene catheters were inserted and fived by
hgation One of them was used for pressure recording and the other for continuous mfusion
of prewarmed Ringers solution at a rate of 05 mifmin The intraduodenal pressure was
measured by a polyethylene catheter passed through the oral cavity oesophagus and stomach
{open tip) A schematic drawing of the arrangement of the catheters 1s presented n Fig 1

‘\me cats were prepartd wnh rarond and duodenal calhelus as desmbed undu A

ments

1500 Ivy dog umts per mg was used? It s
referred to by e ot Tt GO o following Doses gnen for 5 hydroxytryptamine
refer o the creaimun sulphate and for atropine to the sulphate A snthetic preparaion of
bradykinin BRS 640 01 mg per ml was used !

Results

A Constant imfunon rate, miracholedochal pressure recording When the infusion
mto the common duct began, there was after 10-—20 sec a rapid increase of the
mtracholedochal pressure The records from the common duct showed as a rule a
speaific wave form profile and peiodicity different from that 1n the duodenum and
with pressure changes between 10 and 20 mm Hg (Fig 2)

When CCR was gnen (2 Ivy dog unsts per kg body weight intravenously) there
was after a few <econds delay 1 fall in the intracholedochn! pressure saming between

1 Supplied by Prof E Jorpes Stocklolm Sweden
*Supphed by Sandoz Trodskter 3B Taly Sweden
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BLOOD PRESSUAE
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GALL-BLADDER

SMALL INTESTINE

Fig 2 Wave formed pattern of the pressure in the common duct duning nfuson 05 ml per
mn Reduced effect of 5 hydroxytryptam ne on the pressures in the common duct and m tfe
vodenum after the 11+ adm n strat on of atropine

/

2 and 4 mm Hg (Fig 3) and the speaific wave form pattern disappeared The pres
sure returned in 20—30 min to the premjection level and the periodic pressure
changes reappear~d After CCh the pressure mn the gall bladder increased with
7—5 mm Hg and n the duodenum numerous pressure peaks up to 30 mm Hg v ere

registered
After atropine 1—2 mg per hg bw 1% there was a fall of the ntracholedochal
pressure or disappearance of the phasic pressure changes a short and constant fall
{uodenal

of the pressure i the gall bladder and disapy of the sg
actinity After atropine and also after CCK there was almost an equibibrat on be
tween the holedochal and the duodenal pressures (Fig 2 Fig 3) Ater

the adminstration of atropine the effect of CCh on the gall bladder was unaf
fected the pressure peaks i the duodenum otherwise observed were mhbited and
there was no additional decrease of the pressure in the common duct

2 hydroxytryptamine 10 g per kg 11 elicsted a peakformed nise of both ntra
}oledochal and duodenal p to 520 mm Hg and 1020

mm Hg respectinels At the same ume there was generally a shght pressure fall in
the gall bladder After pretreatment with atropne there was a marked reduction
of the pressure peabs following 2 hyvdroytryptamine (Fig 2)
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COMMON BILE DUCT

Fig 3 Effect of CCh on the pressure in the small mtestne galbladder and common bile

B. Constant infusion pressure {loa rate recording For registration of both 1n
creased and decreased flow rates an infusion rate of 3—5 drops/mun was found to
be suitable It was usually produced by an infusion pressure of about 20 em HO
Vith lower pressures the flow rate decreased \When the infusion pressure came
close to the intraduodenal pressure the flow stopped completely also after atropine
or CCh which otherwise considerably increased the flow raee

In some cases a group-wise of the drop A was observed 1n
the control penod before any drug had been adminstered

In all expenments the adminustravon of atropine  1—2 mg per kg or CCh (2
units per kgl d the flow rate derably (Fig 41 For tnvesugation of the
effect of CCK 1n the atropimzed arymal we searched for a substance able to reduce
the flow unaffected by atropine Morphine 2 mg per hg) was effective m reducing
the flow rate before atropine but after atropinzanon the effect was inconstant and
unreliable Histamune reduced the flow but the duration of 1ts effect was inconstant
which seemed to depend on a rapidly developing tachvphylaxis However brads-
ko was found to meet the requirements a dose of 10 pg per hg usually producing
a complete arrest of the flow throush the catheter n the common duct for 10—15
min  \fter atropine {1—2 mz per ke) the effect remamed the same but ceased
carher which was easily compensated by inercasing the doce with ¢g 50 ¢4 (see
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T Fig 4 Effect of CCK atropine
v and bradylimin on blood pres

\[ sure (upper record) duodenal
M pressure  (muddle record) and

J. ——— = flow rate through the chole
- / dochoduodenal  junction at 2
constant_infusion” pressure of 20

e em Hi0 (lower fecord) Each
marking on the lower record in
r. 1 T dicates one drop passing thraugh

< the drop counter

Fig 4) Close to the injection of bradyhmm a fall 1 blood pressure was regntered
also after pretreatment with atropine and a short lasting increase of the intraduo
denal pressure was noted which was reduced or absent after atropme The flow
stopped after bradykimin but started agam about 1 min after the admisustration of
CCK Ths effect remained the same also after pretreatment with atropine 1n alt
expenments (Fig 4) The same result was obtaned also 1n all amimals that had
been pretreated with reserpine

Discussion
The tvo ponciples of registration used here have both been used 1n seseral miestt
gations reported in the hterature and both hayve been regarded to give represtntiing
recordings of the resistance m the choledochoduodenal junction This 1 supported
by the fact that we found them to agree under comparable expenimental condi

tions
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Following an increased intracholedochal pressure Bergh and Layne (1910) found
a phasic reduction of the flow from the common duct to the duodenum which was
not related to the duodenal acunity Hauge and Mark (1965) reported an in
dependent intnnstc motor actinity of the terminal part of the common duct After
atropine we found almost an lit of the p 1 the duct and
m the duodenum. These findings together with anatomcal evidence (Boyden 1927)
mply that the choledochoduodenal junction contans a real sphimcter able to
operate independentls of the duodenal wall In this sphincter the contraction seems
to be the actne process and a dilatation 1s achieved by relaxation Under physto-
logical di the seems to be dep
nenve supply

Watts and Dunphy (1966) have suggested that the sphuncter unit may play a
more actne role mn the transport of bile by actively pumprng bile mnto the duodenum
an actinsty that nught be stunulated by cholecystokiun This has been demed by
others (Wyatt 1968) Our expenments do not permut any defimte conclusion 1n
this question but we did not find any evidence for a transport of bile over the
choledachoduodenal junction agamst a pressure gradient

An active dilatator mn the choledochoduodenal junction stimulated by chole-
cystobmin remains as a possibility but hitherto no anatomuc or physiologic evidence
for such a h has to our hnowledge been presented

Like several other investigators we found in some expenments a change between
a hugher and a lower pressure m the common duct durmg the mfusion with a
peniodicity different from that 1n the duodenum This may umply an intnnsic ac
tnity of the sphincter umit as suggested by Sitmick e al 11964} who obsened a
phasic pressure pattern m the common duct in the dog It may also be explamned
by 2 reflex mechanism by which an elevated pressure in the common duct might
tause the sphincter unt to emit bile Such 2 reflex 1s still hypothetic but may de
serve consideration as Wyatt (1967) found an increased flow through the chole
dochoduodenal junction electrnic or mechame stimuli applied to the gall
bladder as a reflex relayed over the coehiac ganglion

As cholecystokinm has been shown to sumulate the «mall intestine via a cholin
ergic nenvous pathway (Hedner and Rorsman 1968) the nervous supply of the
choledochoduodenal junction might provide a sumlar mechanism of action for CCh
on this organ When the normal d state of the sph had been in
fubited by atropine no further effect on the pressure in the common duct was ob
tained by CCR Bradyhimn which caused only a transient increase of the mtra
dundenal pressure now elicited a new contracuon probably via a direct effect on
the smooth musele in the sphincter This contractiont was antagonized by CCh. also
after the admunsstration of atroptne Thus the effect of CCK does not seem to
depend on an mntact cholinergic pathway 4s the same result was obtained m all
ammals pretreated with reserpine 1n a dose known to rule out the histologic ap
Pearance of adrenergic structures Carlsson 1966 an adrenergic mechamsm does
Not seem to be imolied s 5 hydrovytrvptamune increased the intracholedochal

on an ntact
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pressure 1t 1s reacopable 10 exclude 2 liberavon of 5 hydroxstrvptamune as the
mechamsm of action for CCK, which had to be conssdered when the effect of CCA
on the small intestine was mvestigated {Hedner and Rorsman 1968)

Inrespectine of the intncate of the choledochoduadenal junction the
ncreased flow through 1t following CCK seems to be independent of ntact cholin-
ergic or adrenergic pathwavs 2 mechamsm of action related rather to the galt
bladder than to the <mall intestine,

We are mdebted 1o Draco AB Lund for Jund permussion to use laboratones and trchmcal

equipment.
We wich to thank Mrs Margit Prytz for excellent techmcal assistance
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Acute Neur lar Tr ission Failure in Vas Deferens

after Reserpine
By
U S vov Evier

Duning a study of the acute effects of reserpine on 1solated organs 1t was observed
that this drug 1 low concentrations caused a block of the neuromuscular transms-
sion In the guinea pig vas deferens

Vas deferens was prepared according to Hukosic (1961) and mounted m a 20 ml bath with
Tyrode solution at 37° C. The nene was lated by a Grass § i for
2sec at 1 mun intenvals 3 msec duration and a {requency of 20—60 stumultfsec. Voltave was
adjusted to gne maumal retponse Contractions were recorded sem mometncally by a
potentiometer recorder with a Grass Force Displacement Transducer system

After stabil of the latory response, reserpine (Serpasil® CIBA) was
added to the bath 1 concentrations of 002—05 pg/ml bath fluid and the contrac-
tions recorded (Fig 1) 4s seen 1n the figure the contractions subsided rapidly after
ieserpine 1n the highest concentration and were reduced to a barely perceptible
response At the lowest concentration of reserpine tested, 005 pg/ml, the blocking
cffect was weak but manifested 1tself clearly although relatnelv slowly on further
addition of 01 pg/ml reserpine Serpasil sohvent 1n corresponding armounts had no
effect on the contractions The blocking effect could be reacily abohshed by wash-
ing with fresh Tyrode and 10—20 mim rest

In cther expenments the ssolated organ was subjected to postganglionic nenve
“tmulation according to Birmmgham and Wilson (1963), with sumlar results in-
dicating an effect of pine on the )

An acute blocking effect of pine on the 1ctor effect ob d by
sumulation of the svmpathetic nerves to the rabbit ear has previously been reported
by Day and Owen (1968) The authors did not howeer comment on this finding

The effect obeerved cannot be ascribed to an overall depletion of the transmitter
content of the organ \oreover the stumulus response returned after washing and
Test and was well mamntamned for at least 1 hr after the bloch It seems more likely
that the block s f 1 and depend on local defi of transmmtter 1m
mediately available for release

Reserpine snhibits the transmitter release from ssolated nene granules (Euler
and Lishajlo 19631 Ths 1s also the case for granules prepared from accessors male
renital organs which normally appear to have a slower release rate than splentc
Rerves or heart granules {Euler 1966 a)

255~
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st - — - Fig 1 Guinea pig vas deferens

suwpended 1n Tyrode solation
Contractions ehcited by electrical
stumulation of the hyporastne
nenve 5 sec at 1 omun antenals
Serpasil solsent 1 4000, Serpanl
same solume (05 ag/ml) 005
ug/ml reserpine (Serpaul®), 01
. . . . pglml reserpine At X6 min
' ¢ intersal

It has been assumed that nenous sumuli release the transtmtter from sites either
sn the termynal axon membrane itsell or from closely associated axonal sites and
further that a dynamic equiibrium csts between these and the granular stores
(Euler 1966b) A lowered release rate from the granules, as shown to occur after
reserpine may therefore cause a gradual decrease 1 the amount of transmitter
transferred to the actual neuronal release sites In agreement with this concept the
first stimulus response after addiion of reserpine s normal, wherealter the con
tractions dechne gradually at a rate depending on the dose After remosal of the
blocking agent and after rest the equilibrium may be re-established and the normal
response reappears A stmilar type of s 3, but due to inhut of
resynthests, has been described after decaborane on stimulation of the lumbar sympa-
thetic 1n the rabbit (Bygdeman and Euler 1966)

Tt 15 suggested that the hypotensive effect of small doses of reserpine 1n man mas
be due to retarded release rather than to depletion of the marmn stores

The research reported has been sponsored in part by the Swedish Medical Research Council
under project no B69-14X 97 05A and knut and Alice Wallenherg Foundation The gft of
Serpasil by CIBA Produkter, Vallngby, 15 gratefully acknowledeed Thanks are due 1o mrs
Amta Jorgensen for skilful assistance

References

Boxstisciax A T and A B Wusos T and 1. of the
guinea pig ssolated vas deferens preparavion &rt | Pharmacol 1963 21 569—580
Breoeyas S and L S v Etier Neurotransmitter deficiency and reloading 1n noradrenaline
depleted rabluts Acta phynol scand 1966 68 134-—140

Dy, M D and D A A Owes The interaction between angiotensin and sympathrtic $as0-
constnction tn the wsolated artery of the rablut ear Brt | Pharmacol 1968 34 499—50

Etter U S v Release and uptake of noradrenaline in adrenergic nerve granules Acta
phynol scand 19662 67 430 —440

Evrzr L S v 20 Years Noradrenaline Pharmacol Rev 1966L 18 2938

Etrkr U S v and F Lisyayxo Effect of reserpine on the uptake of catecholamines in
solated nene storage granules Int | Meuropharmacol 1963 2 127134

Hukovic, S Responses of the 1sofated hetic nerve ductus of the
gunea pig Brit ] Pharmacol 1961 16 188194




Abstracts from Meeting of the Scandinavian Physiological
Society in Kobenhavn 11—12 April 1969.

DEMONSTRATIONS

D1

Institute of Medical Physiol D, A, Un: ty of Cc h Denmark

Recording of Cell Membrane Potentials
in Perfused Rat Liver
By
M Forxe

D2
Tnstitute of Medical Physology B, University of Copenhagen, Denmark

Electrical and Mechanical Activity
in Myometrial Grafts in the Rabbit
By
G Wagnir

By placing 2 homograft of myometnal tissue (1¥ 1x1 mm) 1ato a previously 1n-
serted earchamber 1t has been possible to obtun electncal signals viz platinum
electrodes one of which protruded into the graft Cantractions of the tissue—esther
induced by oxvtocin or arsed sp 1 It in blanching of the graft This
can be recorded by means of the change in the transillurunation Long term studies
of the spontaneous activity and response to oxytocrn dunng pregnancy as well as
duning and after sp delnnery d that the graft follows the same
Ppattern as that descnbed for the organ n situ

The long term studies were made possible by the use of a—~for the purpose con
structed—F VM telemetry with a perf e period of 30 days The
insulated wires from the electrodes were connected to the mput of the transmutter
In this way the animsl can be in 1ts normal surroundings and move freely, as the
transtitter can be implanted

Fig 1d d Iy the and the recording system.

1600 Acts phonol scasd Vol 6 1= 1A
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As svmpathectoms was perfonmed in the nech before the grafting to the ear
neither neural nor mechanical factors seem to be necessary for the normal function
of the mvometnum

The method may be of use 1n pharmacological testing as well as m physiological
studses

Records hase been obtamed during normal delinery and a series of contractions
10 the graft concomuant with the delneny of the fetuses and placentae occurred

Method and results swill be demonstrated

[
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Laboratoniet for kimnisk arbe;dsfymologs, Rigshospitalet hobenhavn €, Denmark

Krogh’s Bicycle Ergometer Modified for Eccentric Exercise
By

F B Pererses

If a contracted muscle 1s stretched the mechameal tension wall increase without 2my

1] 1n electromy phical actvany, te the number of actne muscle fibres
15 the same. This form of muscle actnaty 1s called eccentne contraction and the
resulung external output 1s generally called negatne or eccentric work or exercise
In fact 1t 1s not a work which 15 done but a braking force which s exerted upon
the surroundings. Dunng eccentric exercise 1t 1s possible to mcrease the tension 11
muscles, without mncreasing the energy consumed by the muscle It 15, therefore, of
intesest to studs the effect of eccentne exercise upon cardiac output. penferal aircu-
lation, bods temperature and respirayon Thus could gne valuable mfommﬁn
about the regulation of thee parameters during muscular work Asmussen (1952)
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Fig 1 The modified Krogh's
bicycle ergometer showing  the
electromotor, the induction elutch
and on the wall the power
supply

and Muller (1953) 1m d the nfl of exercise upon oxygen can-
sumption  Asmussen used a spectal bicycle and a tread mull with different inclina-
tions and speeds Howener, the expeniments called for considerable skill on the part
of the expenmental subjects, and a certan period of traming duc to the difficulty
in balaneing the bicyele on the tread mull It was thought of interest therefore, to
develop a bicycle ergometer for negatine work

A stepless 1anable mduction clutch 15 combined with a Krogh's bicycle ergomcter
In this way 1t 15 possible to transmit known work loads from an electromotor to the
Krogh ergometer The work load can be calibrated by the magnetic brake of the
Krogh ergometer and when the direction of revolution 1s reversed 1t 15 possible for
the subject to brake the ergometer by either the arms or the Jegs It 15 concluded
that the device may be useful in mvestigating the cceentnic dynamic work with arms
and legs
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Cl1
Depaniment of Medica) Physiol A, Unnersity of Copenhagen, Denmark
What Drives Water Across Epithelial Cells
in the Absence of a General Transmural Osmotic Gradient?
By
E Skavpnauce

Cc2

Institute of Neurophysiology, Unnersity of Osle \orway

Lamellar Organization of Hippocampal Excitatory Pathways
By
P Asxpersen T V P Buss, T Losto, L 1 Otseny and K K. Skrepe

toa]

~We have mmesugated the distnbution of y mnpulses from the
area to the dentate area and the hippocampal fields CA3 and CAl along the four
membered pathway shown 1n Fig 1D
The hippocampal formation was stunulated with tungsten microelectrodes and
recordings made with glass microelectrodes In Fig 1B the open and filled circles
gve the size of the antidromic CA3 population spike recorded from two sites (Rec 1

and Rec 2) in respi 0 ], of Schaff 1L Is at a depth of 10 mm
along the tracks a to b (Fi1g 1A) Sumilasly the open and filled triangles repre<ent
orthod! CA3 o L of dentate granule cells decper n the same

tracks (12 mms The graph shows that fibres of both paths course along a stnp 2s
mdicated by the dotted areas of Fig JA Fig 1C shows some of the responses on
which the graph 1s based The middle column gives the responses to on beam stimu-
lation. The two columns on either side show the attenuation productd by movng
the sumulating clectrode 1 mm medially or laterally A similar organization was also
found for the perforant and alvear paths (Fig 1C pp and alv) which represeat the
nput and output fibres of the hippocampal formation, respectiely

We conclude that axons of the four membered pathway onginating from a group
of entorhinal cells run 10 the same near sagital plane from the point of entry at the
tsppocampal border via the dentate area and CA3 to CAl Asa result of ths lamellar
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Fig 1 A Dorsolateral view of the hippocampal surface Rec 1 and Rec 2 entry ponts of
CA3 recording clectrodes a—k sumulating electrode tracks for orthodromuc and antidromic
CA3 actnation B Amplitude of anndromuc {circles) and orthodromee (tnangles) population
spikes evohed at Rec 1 and Rec 2 by stunulation at points a~& C Population spikes (arrows)
evoked in the dentate area (pp), CA3 (Sch and mf) and CAl (alv) by sumulation on beam
{centre column) and 1 mm to ctther uide (left and nght columns) al aheus mf mossy
fibres. pp perforant path Sch Schaffer collaterals D Diagram of the proposed lamellar
organszation, with the four membered pathway heavily outhined

organization, local actnation of the area prod a beam of seq 1y

activated neurones confined to a natrow strip of the hippocampus as diagrammatical
Iy dltustrated in Fig 1D

C3

Departments of Phvsiology Unnersity of Goteborz and Unnerity of Umed Sweden

Projections of Low Threshold Joint Afferents
to the Cerebral Cortex of the Cat
By
L hornerand 5 Lasporen
Low threshold joint afferents are considered to subserve h kb {Rose and
Mounicastle 19391 It 1s therefore important to study thesr projections to the cerebral
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Fig 1 Records of potentials evoked by electrical stmulation of the contralateral elbow jomt
nene and diagram showing the projection areas of the low threshold joint afferents in the
somatosensory cortex

Upper records Cortical potentials evoked in the coronal sulcus Average of 50 s eeps
Calibration pulse 5 msec 100 a\

Lower records Alferent volley in the musculocutaneous nere
A Projecuions of low threshold elbow jomt afferents
© Projections of low threshold hnee joint afferents

Suppling Projections of group I muscle afferents from the forelmb

Hatclung  Projections of Group I muscle afferents from the hindlimb

Broken line Caudal projection area of the superficial radral nene

Dash dot Iine Dorsal projection area of the sural nenves

Scr Sulcus cruciatus

Scor Sulcus coronahs

San Sulcus ansatus

Sssa Sulcus suprasihuus anterior

Lines on both <ides of Scor and Sssa indicate the two banks of these suler

cortex The present hnowledge of these projections 1s unsaticfactory There 15 dis
agreement about the evistence of projections from the most low threshold group, and
cortical responses of short latency ndicating pnmary projections were so far not ob
senved (¢f Andersen ¢t al 1967)

Cortical potentials evoked by graded el \ i} of low
ferents (Golg and Ruffim endings) m the contralateral musculocutaneous elbow
joint branch and the posterior hnee joint nene were recorded mn cats anesthetized
with chloralose The afferent volley was monitored Cortical potentials were record:
from the surface and from layers 3—5 A Didac computor was-used to duclose re
sponses of low amphitude

Low threshold afferents from the elbow joint project to the postcruciate dimple
(Pcd) and to the antenior suprasyhian sulcus (Sssa) 1n both cases overlapping the
projections of the low threshold muscle afferents (Fig 1) In addition there was 2

hreshold al
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projection area m the coronal sulcus near the caudal projections of the superficral
radial nenve In the coronal area the response appeared with the first sign of the
afferent volley, and the latency was sumilar to that of the cutaneous primary projec
tions (45 msec) The latencies m Ped and Sssa was 1—1 5 msec longer

Projections from the low threshold knee jomnt afferents oserlapped with the dorsal
and medal areas of the low threshold muscle afferents in the postsigmoid gyrus {cf
Landgren and Silfvenius 1968) A third area was observed Just rostral to the medial
end of the ansate sulcus overlapping with the sural skin afferent projections

The ascending paths of the low threshold joint afferents were examined by spinal
cord lesions at C; The eibow joint p Is were abolished by of the
dorsal columns which did not affect the knee joint potentials These were abolished
b of the dorsol 1 fascicle The orgamzation of the ascending
paths is therefore similar to that of the Jow threshold muscle afferents
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A Comparison of Two Methods of
Assessing Capillary Permeability an Isolated Perfused
Mauscle Based on Single Injection Technique
By
C Crone and D Garucn

The appl of md diffusion techmque 1n the study of capillary permeability
rests on the p of the of an d fraction E 1e the portion
of intraartenally mjected daffusible matenal which has left the capillanes to reach
the interstivum  This fraction can be measured by using a non diffusible reference
tracer together with the d ble tracer The exp for capillary bl
in terms of extraction 15 P= — (Q/A) xIn{l—E) (Crone (963} where Q 1s blood
flow and A 15 capillary surface area

In view of the mmportance of the of E an independent estimate of
this parameter would be valuable According to Johnson and Walson (1966) 1t should
be possible to determine E during the washout period after a bolus injection when
the matenal which has diffused out of the capillanes returns again Washout extrac
tion E=k\ /Q where k 1s the rate constant of the exponential clearance cune, V 15
the mterstitial volume of distnbution and Q the blood flow

Irolated gastrocnemius muscles of cats were perfused 1 a non recrculating system
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with Rerzer-collnd flwd 2t constant uch flow (20—50 ml-min?-100 g?) The
non-d fusible 1racer was 2lbumin-bound T-182% The diffusible tracer was EDTA-
Cr3 INIW  390), on extracellularh & d From the time of bolus 1n
Jyechon the externz] counpng rate over the muscle was recorded with 2 ratemeter
2nd prgost Ao compencnz from mnjechon wme 1envus samples were collected
for up 10 60 mm 2nd aliquots d for dye ¢ and rad, Vit
Vz2scpler 20d 1 ernnal volumes were calenlzted from the venous concentratm
vereus nme curves of the reference and ddfusible tracers respectneh wnng the
stochasne formulae of Zieder (1063

In 20 expeniments the extraction calculated from the washout penod was less than
half the extracton caleulated by mdicztor difution.

The uw ¢ 2 rate 1 the calcul of the mn the washout
period 2esumes that o wmtemsunal concentration gradients occur e that the intes
suti2! flod 1s well mrxed wih recpect 1o the tracer molecules

Th~ presence of unstrred lavers 1n the mmerstium of muscle mas howeer, Iead
10 d.ifuaon gradwnts and thus explan the apparent discrepanty between the o
methods of determming extraction
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The Disappearance of Xe'** and I** in the Canine Gastroc-
nemius Muscle Following Vasoconstriction and Vasodilatation
Be
P Bouxtand L. Eowart
Th 250 of the such was 1 compare chenges 1n the blood flow with chang~s 13 ¢

apprasznce r2z of 2 bpid wluble We?®  and a waver solubls (I tracer damnr
vatommencon 2ed donpe differem npes of vasodlatanon, the princpal re2s™
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being that :n a recent study the changes 1n disapp rate bl
deviated from the recorded blood flow changes (Bolme and Edwall 1968)

‘The disappearance of Xe!? and I'™ was followed 1n the wsolated gastrocnemms
muscle of anesthetized dogs by an external detector The blood flow was measured
by an artenal electromagnetic flowmneter probe or by a venous drop recorder Graded
vasoconstnictions were produced by electrical stumulation of the cut lumbar sympa
thetic trunk  Vasodilatations were instituted by stimulation of the mixed tibial nerve
producing metabolic vasodilatation or by 1a infusion of acetylcholine The responses

were expressed as the ratio between p change 1n disapp e rate and
percentage change 1n the blood flow, (disappearance flow ratio)
During vasoconstnction blood flow and disapp rate were d d to the

same extent resulting in a disappearance flow ratio of approumately 1 regardless of
whether \e33 or I'*> were used

Dunng bol dil the disapp flow ratio usually exceeded 1
(range 03—11) This was observed during the whole period of vasodilataton In
some expenments the blood flow was kept constant at resting level during motor
nerve sumulation An increase 1n the disappearance rate was then regularly observed
The results were about the samre whether \e*3 or I'™® were used

The effects of acetslcholine differed 1n some respects from those observed dunnyg
metabolic vasodilatation Thus the snitial effects on disappearance flow ratio were
less Furthermore 1in late phases of acetylcholne infusion the duappearance rate
approached control levels mn spite of a continued high bloed flow The observed
differences between metabolic and acetylcholine mnduced vasodilatations were most
prominent with 11%»

The differences obsersed between the two types of vasodilatation were probably
due to different effects exerted by them on the exchange surface area The results
support the view that the disapp e of hydrophilic tracers 1s dependent on the
available surface area The results also indicate that even for lipophilic solutes the
disappearance 1s influenced by changes i the available surface area during vaso.
dilatation

References
BowMr P and L Epwatl Acta phynol scand In press
c7
o i Curroedds il T o Madear O Bopropre Wospich

Copenhagen Denmark

Capillary Diffusion Capacity for Small
Hydrophihic Molecules 1n the Exercising Forearm of Man
By
N A Lasstnvand ] TRap Jensen
This invesugation was undertaken in order to measure the capillary permeabihity for

small hydrophilic substances 1n the exercising musele of man
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The extraction fraction, E for -*Na”, ¥ | and “ICr-EDTA was measured by the
indicator diffusion method 1 exerasing human forearm 1n twentythree normal sub-
jects. The fractional loss of these diffunible indicators relative to the non-diffusible
tracer {T-1824j was pracucalls constant dunng the steeply nung part of the tme-
concentraton cune This finding 1s 1 agreement with the predictions that can be
made from the “sinzle capillary model of Crone (1963), which postulates that the
mterstitaal fluid space functions as 2 sink and that the umdirectional loss of dif.
fuable tracer (the extraction fraction, E} can be aswssed E calculated as the ratio
brtween the areas under the steeply rastng part of the time concentration cunes
for the non-diffusible (T-1824) and diffusible tracer was E,,=035%007, E;=
040=005 and Ec gy =0232005 The forearm blood flow, Q caleulated from
th= T 1824 tume concentration cunes was m the range of 220500 ml whole
blood per 100 g muscle per minute From these values the muscle capillany diffusion
capaats CDC defined as the ! und. 1 flux of diffusible tracer mver
the eapillan membrane per untt concentraton difference, was obtaned in the umt
of mole per {mole/ml; per 100 g muscle per minute, yieldmg CDC,, 137210,
CDC;=131=18 and CDC,,g174=3 67049 mole - (molefml) 1+ 100 g1 min’

The ratio of the CDC for the two monnvalent anions agreed with the correspond
g rata of ther free didfusion coefficient i water This supports the cuncept that
diffusion restncnion does appreciabls not anfluence so small hydrophilic molecules 1n
the muscle capillan However restnicuon for diffusion apparently sets in at a gnen
molecular sze «nce proteins do not penetrate the small pore system available for

nall hvdrophulic molecules  Prelimiman studses of the inulinfsucrose CDC ratio

ats 10 a larger value (in the range of 3—10/ than that of the corresponding free
d tuson coefficents ¢ 33 This 1 1n agreement with Pappenhemmers (1923)
predicuon of a pore diameter n the order of magmtude of 100 A (¢f also the sze
of the intracellular gaps wen electromicrocopically between the endothelial cells)
The ratios of the CDC for the cation 1o any onc of the anions were sumew hat larger
than the commesponding rano for the free diffusion eocfficients suggesting that the
anons transcapillany passaze 15 impeded by electne charges at the level of the
capillarn membrane
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Non-Homogeneous Wash-Out Conditions
of Xenon-133 from Adipose Tissue
By
S Levis Nrrises

The wash-out of the radwactne inent gases from adipose ussue has been suppoed 12
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take place with constant clearance rate (Larsen et al 1966) The clearance rate (k)
has been used for calculation of the adipose tissue blood flow (f) by means of the
blood to tissue partition coeffictent (#) for Nenon 133 f~L , 100 ml/mun 100 g
The purpose of the present study was to mestigate whether the clearance rate of
Nenon 133 from adipose tissue 1s constant and whether there 1s correlation between
the calculated blood flow and the directly measured flow

The inguimnal subcutaneous adipose tissue 1n urethane anesthetized rabbits was
1solated wath ntact blood supply through the superficial epigastrc vessels and then
covered by a gas tight polyethylene membrane The venous effluent was continuously
measured by a drop recorder unit and the blood was returned to the animal through
an open reservoir The blood pressure blood flow and hematocnit were Lept constant
as well as the temperature The blood to tissue partition coefficient for \enon was
determined from the solubility 1n the blood and tissue components Xenon 133 ac
fivity was registered by scintillation crystals

Three types of expenments were performed

1 After local atraumatic labehng of the tissue by diffusion of \enon 133 gas
from the surface the externally registered wash out curves were stnctly monoexpo-
nential and the calculated blood flow was mn good agreement with the directly meas
ured flow (p<C001)

2 After a bolus mjection (01 ml saline containtng \enon 133 mtra artenally i
2 sec) the externally registered wash out curves showed a faster clearance rate dur
17g the first 60—90 min but the blood flow calculated from the height area relation
according to Zierler (1965) was 1n good agreement with the directly measured flow

3 When the wash out curves after bolus injection were registered both externally
and over the venous effluent the imtially faster clearance rate was much more pro
nounced on the venous sid~

It 15 concluded from the results that calenlation of the adipose tissue blood flow
from the externally registered Xenon 133 wash out curves from saturated tissue gives
correct salues for the blood flow This means that the clearance 1s flow limited How
ever the imtally faster clearance rate after bolus mjection has shown that the wash
out condstions for \enon 133 from adipose tissue are not homogeneous Shunting by
diffacion might be the explanation of this finding as 1t has been described for muscle
tssue (Seyrsen and Tonnesen 1968) although the vascular structure 1n adipose tissue
shauld favour complete mrang within the system
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Brown Fat Thermogenesis
Reflected in Mitochondrial Respiration
By
H T Aspersen, EN Cumistiansts, H J Gravand J I Peperses

Brown adipoce wssue 15 a major source of nonshiwenng thermogeness Its great
h capacity 15 supposedls called upon an the nec-natal state, duning arousal
from hibernation and 1 cold adaptation

I1 has been shown previously an this laboratony (Pedersen ¢t af 1968) that brown
fat mitochondnia from new-born guinea pigs extubrt 2 very Jow degree of respration-
linked phosphonylanion Thus when pyru late was used as sub aPO
ratio of 047 =0 16 was obsensed whereas brain mitochondna from the same anymals
yrelded 2 PO ratio ranging from 2 56 to 1 97 which 1s fairly clo<e to the theoreucal
valve of 3 At age 3 weeks houeser, the P O rano of the brown fat miochondna
had mcreased to 260+ 06) These results indicate that the great thermogenic capac-
1 of brown adipose tissue 10 the new-born ammals 15 due to partial uncosphng of

~ otudatine phowphonylation,
In the present work this uncoupling” hvpothesis has been extended 1n a studs of
’ told adaptation n older animals

Guinea pigs at least 3 weeks old, were exposed 10 an ambrent temperatuse of
6 C for pertods ranging from 12 hrs to 2 months In response to ths thermal siress
uncouphing of respiration Linked phosphorylation 1n brown fat mitochondpa ook
place after app: 1 36 hrs of exp No “uncouphing” effect was detected
1n mitochondrta from bram and liver tissue from the same anumals

We therefore propose an extension of the uncouphing hypothesss to apply to non-
shnenng thermogeness of brown adipoe tissue dunng cold adaptation 1n adult
ammals as well as 10 the neo-natal state presiously invcstigated
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Arteriovenous Anastomoses in Temperature Regulation
By
L VancGaarp

In mammals maimtenance of a constant body 1s ul ly d di
upon coolng of the blood 1n the body surface and subscquem transport of lhe cooled
blood to the body core In the clothed human being the effectine cooling surface 15
small, confined to the acral parts, hands, forearms and head In these areas the
arteriovenous anastomoses play an important role 1 regulating local blood flow In
this respect the clothed man resembles the furred ammals

By means of thermocouple measurements under neutral thermal conditions 1t was
obsersed that the skin temperatures of fingers and toes fluctuate synchronously
while the slin temperatures over the rest of the body remain nearly constant. The
synchrontzed changes 1 the skin temperatures of fingers and toes indicate a common
regulatorly mechamsm.

Dunng sp fi the 1 P of the & d slopes
1 skin termperature 1s equal to that observed after stop of the blood flow m the area
by an inflatable cuff applied to the forearm This shows that these fluctuatons reflect
a drastic decrease in blood flow and harmonwes with the 1dea of arteriovenous
anastomoses as on—off shunts Plethysmographic measurements showed flows chang
1ng by a factor of 7—10 1n the fingers 1n accordance to the results of others

Under neutral thermal d al 1 P gradient along the
hands and forearms was found the fingertips 1mvaniably being warmest Furthermore
the temperature of skin over the superficial veins of the hand and forearm was higher
than that of the adjacent skin (as recorded by Vanggaard 1942) and followed the
temperature fluctuations 1n the fmgers wath an amphtude decreasing proximally
This temperature pattern was further visuahized by an infrared scanner (AGA)

In resting persons under neutral thermal conditions the rate of heat loss from the
ciesal 1

D \etns was from pleth b flow d and skin
temperature differences along the vewns—to 10—20 €7 of the basal heat production
4l of derably smaller de eve dered suify w0

the regulation of heat control of the bodsy under such conditions
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Short-Term Habituation and Dishabituation
of the Sensory Evoked Response in Man
By

H Fauustorrer, T JARviLEnTo 2and P Sovesmt

Quanutatne studres 1 six subjects have shown that the amplitude of the human
vertex potential elicited by a group of eight identical clicks (1 group/100 sec 1 chickf
1 sec) decreases rapidly and reaches a stable lexel at the third stmulus For the
F negatne response comp: N1y, {mean peak fatency 114 msec) this level
amounts 1054 €¢ 15=36 ¢, of the imtial value (305 s\, 5=106 «V') Ataslower
stimulavon rate (1 click/3 sec) the amplitude decreace 15 less rapid and Jess pro-
nounced, at the fifth sumulus Ny, reaches a stable level a1 125 ¢, (s=57 ¢ of the
izl value With both 1 rates the amphtude d follows closch a
nezative exponential course In order to find cut whether this response decrease
which 1s charactensuc for <hort-term habituation, meets also other cntena of habi-
tuation Thompson and Spencer 1966, the nteraction bctween a repeatedh pre-
sented sumulus of one modality and a single stynulus of another modality was
examned
} In 20 <esions mo subjects recened groups of seven sumult (40 groups/session, 1
group 60 sec 1 sum sec  The stimult were clicks (C) of 60 dB above subjective
threchold and shocks (S1 to the median nene just above motor threshold In 10
sessions the order of the sumuli 1o the groups was CCCCSCC n the other 10
SSSSCSS The venex responses were recorded from Cz Fpz and selectivels sum-
mated 1n a LINC computer according to therr order in the groups

With the presentation of the firt 4 sumuls of erther modality the amplitude of the
vertex response decreased rapidis time course and extent of the decrement depending
on the subject and on the modalits 1 ly with the amplitude chanze 2
<hight latency reduction occurred The fifth stmulus of different modabits evoked 2
response which was alwavs smaller than the non habituated response to the same
sumulus (p< 01 twowsided rank-um test  but alwavs bizeer than the habituated
response to this stmulus p<{ 0} The amplitude decrease was more pronnunced
1n the negatve components Ny, reaching on the average 37.8 ¢¢ (s=144 ) of 35
non habstuated «ze Stmilarhy the latency of Ny, was significantly reduced (p< 01)
In the SSSSCSS conditon the sixth sumulus response was slighth bigzer than the
fourth one due to an mcrease of Ny

These results show that there 15 strong cross-modal 1nteraction brtween somato-
sersory and audstory stmub when ebenng the unspecific veftex response m WAt
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Thus nteraction results 1n partial stimulus generalization of habituation, which ex-
plans the finding that neither click nor shock produced any ) dishabitua-
tion.
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The Effect of Noradrenaline on the
Direct Cortical Response of Asphyxiated Newborn Rabbits
By
J Boernies, T Breaprv and N A Persson

The central nervous system of newborn and fetal mammals can withstand the effects
of asphyxua to a greater extent than that of the adult This ability to withstand
asphyxia 35 mirrored by the resistance of the direct cortical response (DCR) as
demonstrated 1n fetal lambs (Meyerson 1964) Sunce 1n fetal and newborn mammals
asphya causes release of large amounts of notadrenaline from the preaortal para
ganglha (Brundin 1966) and from the adrenal medulla (Comhne and Silver 1938),
the present study was undertaken to find out if noradrenabine affects the asphyxia
resistance of the DCR of newborn rabbits

The rabbits were h d under ether b y with Flaxedi
and ventifated 1ly A unil 1 was made and the DCR was led
off from the exposed cortscal surface Immediately before asphyxiation each expert
mental animal received a large dose of noradrenaline (80—200 ng/g bwsc) and
the controls got corresponding volumes of saline

It was found that the resistance of the DCR of the untreated amimals was sinular
10 that which has been previously found for the adult, 1¢ the DCR being blocked
within 31/2 mun  After admunstration of noradrenaline the DCR. became more
Tesistant and could be evoked for 8—~17 min after the onset of asphyxia

In view of the large doses of noradrenaline used in the present expeniment 1t seems
reasonable to assume that noradrenaline had entered the bran tissue and that the
obserned effect of noradrenaline 15 due to some direct action on the cells of the
entral nervous svstem  The effect of noradrenaline might however also be caused
by general areulatory and bolic actions of the | and 1t 15 not possible at
Present to distinguish between the vanous mechanism by which noradrenaline could
cause asphywia resistance of the DCR
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Tension and Contraction Velocity of
Single Motor Units of the Stapedius Muscle
By
E Teo

Since the stapedius and the tensor tympam muscles are capable of delicate and swift
vanatons 1n tension (Carmel and Starr 1963), therr motor units are probably of
small sze and capable of fast contraction and relaxation Counts of the nene and
muscle fibres have shown the motor units of these muscles to be smaller than in most
other skeletal muscles (Malmfors and Wersall 1960, Blevins 1967) Wersall (1938)
calculated the twitch tension of the average stapedius motor unit in the rabbit to be
between 8 and 70 mg but no direct measurements exist
In the present study the tension and contraction properties of mdividual stapedius
motor units have been measured 1n the rabbit m response to threshold stimulanion of
\4 he facial nerve The muscle was attached to a transducer with an output of 02
mV/mg The distortion of the signal by background mechamcal noise, maunly due to

~
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Fizg I A Allor nothing contractions of a single motor umt B Average of 9
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the heart beat was counteracted by a\eragmg 50—200 contractons (Fig 1B) The
signal was digitalized by a voltage-t .| comerter which fed an electromc
counter, and thc tension cune was integrated for 5 msec at the peak of the contrac
ton (Fig 1A gating pulse upper hne) Fig 1C shows the integrated values obtamed
on 100 consecutne trials The peak at resung tension (Fig 1C D) represents the
baseline vartation and the peak at 40 mg the force of a stngle motor umt

The twitch tension of different motor units ranged from 13 to 90 mg Mne dif
ferent motor units showed contraction ttmes between 19 and 51 msec, and half
relaxation tunes from 22 to 64 msec Supramaximal stimulation gave twatch contrac
tion times between 21 and 24 msec Hence the stapeds may be classifted as a fast
muscle The wide range in contraction times and twatch tension of the stapedms
motor units 15 similar to that found m other fast muscles (Wuerker et al 1965, Burke
1967)

References

Bizvins G E Arch Otolaryng 1967 86 136142

Burke R.E. J Physol (Lond) 1967 193 141—160

Canser P W ‘and A Starr J Mcurophysiol 1963 26 598—616

Matwrors T and § WeRstL dcta morph neerd scand 1960 3 157—169

WersarL R Acta Otolaryng 1908 Suppl 139

Werrker R.B A M AMcPuroras and E Hexsestas [ \europhysol 1965 28 89--99

C14

Trsutute of Medscal Physiology B Unsversity of Copenhagen, Denmark

Renal Handling of Galactose 1n the Cat
By
S Nveo Rasuussen

Extrah 1 of gal occurs mamly 1 the hidney Unnary excretion

P
as well as bol ! may be of f e The ¥ of unnary
excrenon of galactose 13 not clearh understood {Tygstrup 1961 Tengstrom 1968)
The total renal capacity for metabolic utilization has not been measured and 1ts
sigmificance for the reabsorption has not been evaluated

Clearance measurements were done at practically constant plasma concentrations
of galactose between 60 and 1900 mg/liter In the concentration range 60 to 400 mg/
liter renal blood flow was sunultaneously measured and the rate of utlization 1n the
hidneys was calculated as the blood flow tumes the renal artenovenous dehait of
galactose minus the excretion rate The urine never was free of galactose and urne/
plasma concentration r1os below one pomnttng to uphill transportation were never
observed At low filtered loads the reab rpt fraction (reabsorp rate/filtra
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y
t1on rate) was constant and close to one (09) At higher loads the reabsorpuon frac.
tion decreased apparently comvesging towards 06

At Jow filtered loads the util rate was derab] hxgher than the reab-
<orption rate At increasing filtered foads the utsl d val
ues berween 50 and 80 ug galactose/minute  gram kidney uelgh!.

Push-flow experiments (Aukland and Kjehshus 1966) indicated that reabsorption
of galactose occurs exclusiely 1n the proximal tubular system. When, at fow plasma
concentrations, the utilization rate exceeds the reab rate the Tul:
concentration of galactose may stay low and this may promote diffusion into the cells
and account for the high reabsorption fracuons found At higher concentrations,
where the reabsorption rate exceeds the unilization rate reabsorpuion s probably m-

or gly due to Tlular back-diff
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Mechanisms in the Maintenance of
Glomerular Filtration Rate During High Urine Flow
By
J Kjensnus, E Lovving and F Kuo

Duning osmotic dresss, glomerular filtration rate (GFR) remains constant, despite
a large increase mn prouimal tubular pressure (Gottschalk 1964) Maintenance of
GFR probably implies a reduction n preglomenular vascular resistance In expen-
ments on anesthetized dogs, we have examined the posaibility that thc reduction m

gl ular vascular 132 quence of renal Our main
findings are summanzed 1n Fig 1

A nearly linear relationship between renal perfusion pressure and metered renal
blood flow (RBF) was observed at 1) high pressure 1n the renal pelvis, or 2) at
normal pelvic pressure, but high unme flow (>15 ml/min) induced by ethacrynic
acid or furosemude (B), Fig 1 The upper curve {C) was obtaned dunng expansion
of extracellular volume with 1) 1sotonic or hypertonic manntel, or 2) infusion of
sotore saline at 30—40 ml/min At all perfusion pressures, RBF was much higher
than during control conditions (lower curve, A}, but 1t still displayed autoregulaton
except at the highest rates of infusion when the flow/pressure relationship become
linear Comparable dilution of blood by infusion of saline mnto the renal artery caused
less increase 1n RBF, indicating that the increase in RBF during expansion of extra-
cellular volume was not solely a consequence of reduced blood viscosicy

As both high ureteral pressure and high unne flow dilate the autoregulating
clements, the present studies support the hypothesis that n’znsmuml pressure of the
afferent artenoles 1s the vanable ¢ d by the 1 In con-

200
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(B) high' dwresis {ethacrvmc
aad) or dunng ureteral ocelusion
:‘rt;ml pehic pressure 45 mm
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exiracellular valume wth sthine ° 50 100 ®
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trast Intravenous of | or saline d RBF without influencing
autoregulation untll intrarenal pressure rose as a consequence of high unine flow

£
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Water Balance in the Pupa of
the Silk Moth, Antheraea Pernyi
By
H J Fyunand T S¥rHER

Lanae and adult insects can regulate the osmolality of thetr haemolymph (Nemenz
1960, Schoffeniels 1960) but osmotic regul; duning phosts has not been
mvestigated As the pupa 1s a closed system for non volatde substances, metrbolites
and excretory products have to remamn tnside the pupa This accumulation may lead
to changes 1n haemolymph osmolality
Dunng the transformation from larva to mmago, we found a wesght decrease of
~85 ¢z, most of 1t due to loss of water The weight decrease during pupal hife proper
S only 10 ¢z, showing that loss of water was hept ar a mimmum during this pe-
. .Tiod The simultancous loss of dry weight was greater than the Joss of water during
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the pupal stage, and consequently, the relatine water content increased from 77 o
1081 %

By calculating the change 1n absolute water content dunng the pupal stage, a de-
crease of 6 & was found In the pupa as a whole, one should therefore expect a small
concentration of the solutes No such concentration was obsersed 1n the haemolymph,
as shown m the figure

However, the pupal hindgut developed and functioned dunng the last part of the
pupal stage, and 1ts contents, meconum, became highly concentrated At emergence,
1ts osmolality was twice that of haemolymph, as shown 1n the figure

We conclude that !.he pupa has the ability to withdraw osmouically active particles
from the lating lymph and o them m the hmdgut This, i
addition to the water conservation, 1s mterpreted as a regulation of the haemolymph
osmolality
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Blood Flow in the Interdigital Web
of Sea Gull at Low Temperatures
By
K Jomansev and K H Tosnesen

The sea gull 1s able to rest on ice at temperatures below the freezing pont The pur
pose of the present study was to investigate how the shin avoids freezing without
mntolerable heat loss from the bird This mechanism must partly be connected with
the blood flow of the foot

Sejrsen (1968) demonstrated the existence of a gas tight membrane 1n the skin of
man This membrane allows only a fraction of a gas of any partial tension to enter
by diffusion When a chamber with a high gas tension is placed on the skin for 6
minutes a fraction of the gas will diffuse into the skin The gas will be cleared pre-
domunantly by the blood flow as this process 1s much faster than the dilfusion
through the shin By using a radioactne gas the shin blood flow can be measured

In the present study the ewistence of a gas tight membrane 1n the web of the sea
gull was substanuated by demonstranng neghgible clearance of 85 Kr from the 1nter-
digital web during artenal occlusion
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The blood flow was calculated from the externally detected clearance curve of 85
Kr at external temperatures between —1 5° G and 27° C The temperature of the
web vaned between 4° G and 27° G, the blood flow varted betueen zery and 18 ml
100 g mm A positne correlation was found (r=098, p<{0001, N=8)

In an expenment at a low relatnely constant temperature of the foot (4°C) 1
fluctuation 1n the blood flow was observed In successive periods of 1030 munutes
the blood flow level changed from 1 8§ ml/100 g mn to zero and then increased to
3 ml/100 g min This observation suggests a mechamism by which the bird avoids
excessine heat joss from the body and frostbites of the fect
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Blood Flow Through Muscles during Heavy Rhythmic Exercise
By
B Fonow P GaskerLand B A WaaLer

“ thythmically working muscles blood vessels will be compressed duning cach ron

3 phase This will cause temporary reduction in venous blood content and
’;ha.slc lowening of local venous pressure The reduction in venous pressure can
apparently be ven marked when transmural pressure 1s high such 1s in a dependent
hmb where gentle movements are known to reduce local venous pressure consider
ably A reduction in local venous pressure must again imply an incrense i regronal
perfusion pressure During heavy rhythmie exercise where vessels are already maxt
mally ddated am d red: n mean lar venous pressure would rep
resent an important gam mn perfuston pressure and consequently 1n flon Howeser
1t 15 noc hnown 1f the huge mflow 1 such a situation may refill the chythmealls
emutied vewns sa rapidly that no signidicant gun tn perfusion pressure s obtamed

Introductory experiments 1n anesthetized cats showed that mean pressure w8
small calf muscle vein could be mamtaimed at a lowered leve! throughout a persod of
heavy thythmic exercise The degree of pressure reduction depended on the fre
quency and relame duraton of the single muscle contractions

A model study of the flow situation 1n esercising muscles was then performed on
the ssolated calf muscles of the cat prepared according to Rjeltmer (1964) Phasic
flow was recorded with an electromagnetic flowmeter on the artenial or on the venous
side of the preparation Artenal inflow and venous outflow pressure were recorded
Transmural pressure could be inereased by at lewst 25 mm Hg by lowening the
1olated hmb 1n relation fo the amimal Rbythmucal contractions were achieved by
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once per sec for 250 msec at 40—60 wnp/

1 sciatic nerve st

sec

Each contraction phase caused a virtual cessation of blood inflow nto the calf
muscles whlst at the same time blood was ejected at the venous side During the
relaxation phase inflow became maximal whereas there was then only a very small
outflow from the preparation —The net blood flow through muscles performmng
heavy rhythmic exercise could be considerably increased by lowenng the exercising
Lmb and thus elevating I p In such a dependent imb wath max:
mal vasodilatation average flow through the muscles was about the same during a
penod of rhythmic contractions as 1n the post exercise situation with free flow A
substantial gain 1n effectie perfusion pressure and in flow can thus apparently be
achieved 1n a dependent imb performing heavy rhythmic exercise
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Effects of Growth Hormone on Amino Acid Transport
and Protein Synthesis 1n the Isolated Working Rat Heart
By
& Ammen A Hjatmarson and O Isaksson

Both sze and mechamcal performance of the rat heart are reduced after hypo
physectomy (Beznak 1954) It has also been shown (Beznak 196%) that treatment
of hypophy rats with a of growth hormone (GH) and
thyrowune restore all basal cardiovascular parameters to normal

In the present study rat hearts were perfused by a new techmique developed by
Morgan et al (1965) where 1n contrast ta the classical Langendorff preparation the
perfusate 1 introduced into the left atrum and pumped by the left ventricle against
a hydrostatic pressure head Hearts from hypophysectomized rats perfused for vanous
periods with Rrebs bicarbonate buffer contaimng glucose (1 mg/ml) were found to
kase srgmdicane fower weight and showed fower systolic pressure cardiac rate, cardiac
output and coronary flow than hearts from normal rats Studies have been started m
order to analyse the t (s) for these d between hearts from normal
and hypophysectomuzed rats As a first part of this analysis the acute n zitro effect
of GH on amino acid uptake studied with the non utilizable amino acid a amino~
wsobutync acid (AIB) and on the incorporation of phenylalanine *H of the perfused
working rat heart was studied A GH concentration of 25 #gfml 1n the perfusate
significantly increased the rate of accumulion of AIB-MC of the heart muscle
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Taste I Effects of GH on the accumulation of AIB-1C and on the iacorporanon of pheny ! alanine'H
into the protein of the Ieft ventnele of the ssolated working heart from by pophysectomized

rats
Labelled Perfusion GH Distnbution Incorporation
substance ume (run) 25 pglmt rato
AIB 30 - 197:020 (8)
p<d 001
30 + 3374025 (9)
60 - 4772025 (4)
p<O0L
60 + 694050 (4)
Phenylalamne 120 - 5741028 (4) 10624:£312 (7)
p<001 p<0001
120 “+ 424018 (4} 131393597 ()
[TE et a6 o e~ R a1 e f

gnen

~{Table 1} The same GH concentration also increased the rate of mcorporation of
elled phenylalanine into the protem of the perfused heart from hypophysectomzed

afs

= Thss sumulatory effect of GH on the uptake and ncorporation of ammo acids
may be of phvsiological sigmificance for marntenance of normal cardiac protem
synthesis
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The Effect of Cocling on Liver Metabolism
By
J A Larses
Inexp on cats h d wath chloralose (40 mg/hg) 1t was obseried that

cooling of the animal exther by means of an arr strexm or by mtra abdominal conling
decreased the apparent elimmaion rate of glycerol
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The elmtnation rate was decreased by 30—50 per cent withtn a few minutes and
remained constant during the rest of the cooling pertod Upon heating the depressive
effect appeared to be reversible (see Fig 1) The elimmation of cthanol and galactose
was hikewse decreased by cooling but not to the same extent as with glycerol

The cooling was not accompanied by reactions normally seen i unanesthetized
anmals (Masoro 1966) Thus there was no observable muscle shivering and curare
drd not block the response to cooling

The oxygen uptake rematned constant and there was no change m the concentra
tion of plasma FFA There was no sign of d d of ad or nor-
adrenaline and a and § blockers did not change the response to cooling After dissec-
ton of the nenve plexus i the Iner hilus follo ved by apphcance of local anesthesia,
the depressive effect was stll observed

The metabolism of glycerol, ethanol and galactose 15 dependent on the function of
the Iiner and the obsenved effect of cooling therefore seems to be located in this
organ The way in which cooling exerts this effect 15, howeser stll obscure
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Microspectrophotometric Study of the
Compound Rhabdom in the Moth (Manduca sexta) Eye
By
S D Carusov and B Prmiresov

In the superposition eye of this nocturnal moth, the phatoreceptor cells cluster to
make up thousands of 8 celled units (retinulae) Each cell contins a rhabdomere
which 15 2 ranh of microvilli contamng visual pigment These microvill: oppose those
of the adjacent cell so there 15 no spatial separation between neighboring rhabdomeres
as 1n the apposition eye of the fly

This study s objective was to determine 1f absorption spectra of visual pigments
could be resohved when the pigment contaiming sttes of adjacent cells are continuous
These data also serve as a companison to the electraphysiologieal recardings abtamned
from single cells in the moth (Boethius et al 1968)

Cryostat sectioned eye tissue was mounted 1 glycerin between quartz glasses and
the absorption of the visual pigments was measured with a dual beam recording
microspectrophotometer (Zesss UMSPI)

Absorption maxima were found principally 1n the following regons 510—520
nm 480—490 nm and 450-—~60 nm Few records showed a maximum m the neir
UV at 340--350 pm There was also some mndication of a maximum mn the 530—550
nm area These maxima are 1 good agreement with those denved from spectral
elficiency cunes of ndmadual ph eptar cells d i b lectrod
techmque for Manduca sexta (Boethius o2 al 1968) Bleaching expeniments revealed
two photolabide pigments with maxima at about 445 and 485 nm Dunng these
bleaching losses an absorption butld up occurred 1 the near UV

Measurements i vanous quadrants of the retinula demonstrated a vanaton mn
maxima which makes 1t hkely that adjacent cells may have different colour receptor
properties Thus st 15 possible that all visual pigments are present 1a an 8 cclled
cluster of phatoreceptor cells It 1s mteresting that the renna of a mght flying moth
contamns several photop with duff color
cluster of photareceptor cells Because of the small size of the measuring beam (1
m diameter) and only one maximum per scan there 1s apparently onc visual pigment
per photorcceptor cell
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Effect of Smooth Muscle Contraction on
Aortic Diameter and Aortic Baroreceptor Activity
By
HARALD Aars

The present study was undertaken to whether aortic b: ptor activity 1s
modified by the state of contraction of aortic smooth muscle
The mesugations were carned out in rabbits anesthenzed with chloralose and
urethane B ptor actvity was ded 1n the whole left zortic nerve, and
d by r and (Aars and Leraand 1968a) Blood pres
sure was measured in the nght common carotid artery For recording of diameter in
the ascending aorta, prezoelectric crystals were glued to aorta one week prior to the
evpenmments (Aars and Leraand 1968b) Neme actnity and aortic diameter were
recorded at vanous blood pressure levels produced by stepwise withdrawal and re
mfusion of blood through the nght jugular vein before and dunng infusion of nor-
adrenaline The doses of noradrenaline (1—2 pgfkg min) were selected so as to
gve only 20—10 mm Hg nse i control diastolic blood pressure
In most cases the relationship between artenal blood pressure and actiity in the
aortic nerve was ne:!ﬂ) the same before and during infusion of noradrenaline Nor-
drenal duced about 3 €6 red m aortic d but pulse pressure and
rate of changc of pulsatile dmmclcr vanations mcreased When both diastolic and
pulsatile diameter vanations were talen 1nto account, the relationship between zortic
duameter i the receptar area 1nd aortic nerve activity was found to be largely 1n-
dependent of the degree of smooth muscle contraction Aortic nerve actmiy m
creased d ly after of ph ; {1 mgfhg), due to a 10—
12 St 1ncrease 1n d but the rel. hip between d and receptor ac-
ity changed very httle
It 1s concluded that the state of contracuon of the acrtic smooth muscle whether
mcreased by moder:u: doses of noradrenaline or reduced by phenoxybenzamine, did
not f il the hip between aortic diameter and activity 1n
the aortie baroreceptor nene
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Descending Monosynaptic Connexions to Spinal Border Cells
By
F Barpsssera and F Wetcur

The spinal border cells (SBC) have recently been identifted as cells of ongin of
ventral spmocerebellar axons (Burke et al 1968) Monosynaptic EPSPs andfor IPSPs
may be evohed 1n the SBC by stumulation, at low thoracic level, of ipsilateral descend-
mg fibres The purpose of the present investigation was to determmne the ongin of
tentral descending fibres monosynaptically connected to SBC

In chloralose anesthetized cats we hase recorded intracellularly from 48 SBC,
1dentified by their antidromic activation from the contralateral thoracie cord and by
thewr location in the lateral part of the ventral horn Tungsten electrades were 1n-
serted ipsilaterally 1 Denters’ nucleus and m the medal longitudinal fascrcle (MLF),
both known to project directly on motoneurones and ascending tract eells m the
Jumbar cord (Gnillner et o 1968)

In 16 cells stmuls 1 Desters’ nucleus (max intensity 100 ¢A) evoked EPSPs with
a segmental latency rangung from 04 to 1 1 msec, thus compatible with 2 mono-
synaptic hnkage Sumulation of the MLF gave EPSPs with segmental latencies m

us range m 13 cells Convergence from these two sources was observed 1n 6 celbs

ort latency IPSPs were also exoked 1o the SBC from the bram stem In four cells
~~-Stmulation of the MLF produced IPSPs with a segmental latency of less than 11

msec In two of them the segmental latency was 0 63 and 0 75 msec respectrely thus
strongly suggesting a monosynaptic binkage from fast conducting fibres

Tt 1s concluded that three ventral pathways of supraspinal ongin have monesynaptic
connexton 11th SBC two of them are excitatory and one inhibitory Recently Wibon
(1968) reported monosynaptic inhibrtory connexions from the bram stem to cenvical
motoneurones Our results give the first evidence of long mlibitory axons descending
from the bramn stem to the lumbar enlargement
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The Noradrenergic Control of the Resting Activity in Static
;-Motoneurones and Its Relation to the Tonic Stretch Reflex
By
S GRILLNER
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Two Inhibitory Reflexes to the
Abdominal Stretch Receptors of the Crayfish
By
J K S Javsen, A Njiand L Warroe

Two efferent nerve fibres the thick and the thin ‘accessory * nenies, establish synaptic
contacts with the soma-dendnitic regtons of the abdormnal stretch receptors of the
cragfish (Alexandrowicz 1967) The thick accessory nerve 15 imnhibitory (Kuffler and
Evzagunre 1955) and can be reflexly activated from the stretch receptors of the
sime and neighbiouring segments (Eckert 1961, Fields Evoy and Kennedy 1967)

By stretch actnvation of the slowly adapting receptor or by comparable electrical
stimulation of the dors1l perve we have regularly found reflex acuvation of two
efferent spikes of different amplitudes m the dorsal nenes of the same and the
neighbounng segments Both reflexes can have latencies as short as 30 to 40 msec
and both gne a maintamed response with only httle adaptation to a steady state
put

There 1s a certamn dufference 1n the distnbution of the actnation of the large and
the smail efferent spikes The large spihe 15 most effecively actnated sspsilaterally
while the small spihe 15 more prominent 10 crossed reflexes The nature of the refledy
Activated spihes can be deternuned by their effect on the dicharge of the receptor
The large as well as the small reflex spike consistently prolonged the 1ntersal between
Teceptor impulses 1 which the
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reflexes allowed ind d ) 10n of the inhibitory effect of both the large

P
and the small reflex spikes

In conclusion, the present experiments confirm Eckerts (1961} description of a
reflex actnation of the thick accessory nerve In addition a stretch receptor mput
also actnates the thin accesson nerve Its effect 15 inhibitory and the distnbution of
the two reflexes 1s partly overlapping The functional sigmificance of this inhibitors
feedback to the stretch receptors 15 at present unknown
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Influence of Prolonged Overhydration and Dehydration
on Vasopressimn Content and Neurosecretory Material in the
Hypothalamo-Neurohypophysial System of Rats
By

) H ViLmaror

\'s‘. /

Previous studies have shown that dehydration reduces the amount of stamnable neuro-
secretory matenial (NSM) in the neurchypophysis of rats (Ortmann 10531) There s
some ! changes 1n hy as d by broassay
under these circumstances

In a few earlier studies the contents of NSV have been studied 1 ammals which
have been overhvdrated The results vary from no changes at all to a considerable
augmentation There are no reports of the contents of hormone in overhydrated
ammals In the present studv rats were subjected 1o different degrees of hydrauon
samyng from 10 davs of dehvdranon to > days of overhydration The total contents
of vasopressm tn the neurohypophyss and i the hypothalamus was determned by
the rat blood pressure method and 1n pasallel waths this sections of neurohypophyseal
ussue were stained with paraldehvde fuchsin to attempt demonstration of quantfa
uve changes 1 the NS\

Tt was found that with progressise dehsdration there was a decrease of yasopressin
content 1n the neurohypophysis whereas the amount of hormone 1n the ln-poxh:l:mus
was unchanged n the beginmng of the dehydration penod but showed a consider-
able fall at the end of 10 davs dehvdration In parallel with this there was olsencd




31 A
a decrease of the neurchypophyseal NSM, the gland being tataily depleted after 10
days
Dunng merh)drauon there was a derabl 1 of vasop m the
ysis N 1 of the neurohypophysis of these over~
hydra!cd amm:!ls showed a considerably mncreased storage of NSM after 5 days
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Effect of Metabolic Inhibitors on
the Release of Vasopressin in vitro
By
N A Trorn and ] WaRBERG

According to Douglas and Poxsner (1964), the most hikely process molved 1n the
release mechamsm for vasopresun 1s reverse pmocytosis of neurosecretory granules
A different hypothesis put forth by Thorn (1963) assumes a complex dissociation be-
tween vasopressin and carner protein to be the essentral feature

One of the expermmental facts forming the basis for Douglas and Poiner’s concept
was the finding that bolic inhub cause an m} of the release of vaso-
pressin from neural hemilobes 1n vitro caused by excess caloum (Douglas ef af
1963) Since rather few expennments were made and since these results are important
for the concept of the mechanism of release the release of vasopressin from 1solated
Tat neurchypophyses was studied using a Ca free K-SO, Locke solution to which Ca
was added, or a modified Locke solution to which excess K was added When the
hemilobes had been incubated in the Ca free Locke medium or the modified Locke
medwim for 40 min, in the presence of inhibitor (24 dimtrophenol {05 mA\) or
rodoacetate (3 mM)) the release caused by addion of Ca (respecmely K), was in-
hibited considerably However during the 40 min baseline peniod with incubation
n DNP-contaimng medium, the baseline rate of release was considerably hugher than
i control experiments containng no DNP No certamn conclusion concerming this
Iatter phenomenon could be drawn in the expenments with 10doacetate

The small release of after 1 following a 40 mun t
with metabolic mhubator may be due to a depl of easily releasable’ h
Alternatine expt are 1 with a hypoth 1 actine transport of
caleium into the cells or int of an encrgyv-dependent step reverse

pinocytoss
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Ouabain-Sensitive Carrier-Mediated Transport
of Glucose in the Cerebral Ventricles of Cats
Be
H. E. Brospstep

The transport of glucose from blood mio ventncular cerebrospinal flurd (CSF) m
dogs 1s carner mediated (Fichman 1964)

In order to studs the transport in the opposte direction, arnfical CSF contaimng
C-14 glucose and glucose 1n diff o was perfused through the lateral
and 1117 cerebral sentneles of cats The outflow was collected from a catheter 1
serted into the cerebral 2queduct. By determmation duning steads state of the specific
zanat of glucose 1n the perfusate and rates of flow through the ventncles 1t was
poreible 10 determune the umdirectional flux of glucose from the ventriclss 10 blxod
ard bramn 1§, , and the unidirectional flax from blood and bram to the sentncles

A

The extractin of C-14 glucose from the perfusate decreased from 186 per cent
to 139 prr eemt of the maflow acanan when perfusate glucose concentratsn was 19
ereased from 1 M to 34 mM Addition of ouabamn 3510 ¢ M) to the perfusate
reduced both of the umdirectional fluxes The difference between J, o, before and
after addmm of ouabun was found 16 be a saturable tramsport proces Al ef
fects of ousbain  re reduced glume trancport ard CSF formation redaced oot
flow of sodium and ncreased outflm of potasuum  oould be gmtated by complete
seplacement of potasuum m the perfusate with equnalent amounts of sodium
Azetzzolamide in the perfusate 10 VM reduced CSF fonnation without reducind
the fluxes of glucore Thas finding suzemis that camer mediated transport «f rlucose
from tloxd to cerebral ventnicdss mas be indeprndent of CSF formation. Counter
transport was demon trared tn addition of mannwse or xvioe to the prisac
wheredn J; , was mcreawd This finding and the saturation phepomenon gne s50n%
evidence for carner medited tramspont of glucme 10 the cerebral sentncle
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3
Storage Granules in Rat Sympathetic Adrenergic Nerves
By
A DanLSTROM

Influence of Colchicine on Axoplasmic Transport of Amine

Strong evidence for the existence of a proximo distal transport of amine storage
granules m sympathetic adrenergic nerves has been presented (¢ g Dahlstrom 1965,
Kapeller and Mayor 1969) The granules are probably manufactured 1n the pen-
karyon, transported distally at a rate of about 5—10 mm/h and have a life span in
the nerve termnals of several weeks (Dahlstrom and Haggendal 1966)

So far, the mechamism of this fast proximo-distal transport of granules 1s unknown
However 1t has recently been proposed that the neurotubules may take part i fast
axonal transport (¢f Schmit 1968) Colchicine has been found to destroy meuro-
tubules by combimng with the subumt proteins (Schmitt 1968) Expenments by
Kreutzberg (pers comm ) indicate that colchicine may mhibit the fast transport of
acetylcholinesterase i1n myclinated axons 1n rat sciatic nerve It thus was thought of
interest to study the effect of colchicine also on granular (r;\nsport 1n unmyehnated
nerves The histoch ! method for local of and
was used 1n a prehminary study (Dahlstrom 1968)

A) Colchicine dissolved m saline was injected under the epmeurium of the sciahc
nenve unilaterally An equal volume of saline (5 4l) was mnjected m the contralateral
nene as a control Injection of 100 or 1000 xg of colek resulted 1n t T 1-
Iyy ed 1 of green fl matenal ( d 1 NA) n
bulgy axons above and partly within the area of injection Saline only or saline con
tamng 10 g of colchicine had no observable effect

B) Soaking the lumbar sympathetic gangln (giving nse to the adrenergic axons
m the sciatic nene) wath 100 or 1000 pig of colchicine 1n saline strongly mcreased
the specific green N \ fluorescence m both cell bodies and intraganglionic axons The
axons became shightly enlarged filled with NA 1n all probability stored within
storage grinules If the sciatic nenves were higated 24 hrs after this treatment no or
very few accumulations were obsenved 1n contrast to saline treated rats where large
accumulations of NA above the higation were always seen

The results indicate that calchicine may cause interruption of the fast transport of
storige granules Since colchicme has been d d to destroy bul
the prescnt results surest that the mechanusm of transport of amine storage granules
ma be connected to the 1 ewotubutes
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The Release Reaction of Secretion
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H Srorsornes
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Is Noradrenaline an Inhibitory Transmitter to Motoneurones®

By
G 1 Briconeate and I Enczere

nhe queston was rased when drenal INAy Is of
3 d ‘ccndmg tracts were found 1 mator nucler of the spmal cord by fluorescente
~ mucroscopy { Dahlstrom and Fuxe 1963, The findings mdicated that these termenals
were 1 trtimate contact with motoneurones Aficroefectruphoretc appheanon of M 4
12 the wants of unzle motoneurones has been reported 1o depress the extracellular
Iy recorded finnz 1n some of these neurones 1 Engberg and Ryall 1965 Werht 2nd
Salro ragtu 19467 Faehitators effects of N A on motoncurones have not been fourd
We have 0w mmvesu~ated the action of NA on 2 «mall number of mtoneurones
using a techmque which permits intracellular recording with simultaneous extr2
cellslar electrophoretic drug apphicanon  with parallel microprpettest The eff ency
of the electmphorenc drug adminstrauon was judred by alternate ejecpons of M4
and glvene from the mulubarrelled extraceliuler micropipette Uhane prosed as
reponied earber Curtns of al 198 to have a2 potent mhibiton acion o0 10to-
neurgss mosth hvperpr Lanzin- theis wembranes and <ronzh increasinz thesr me -
brane conductancee Sirilar scuors were never found with N4 (Fiz 1 wietes
the peurones revpvmdcd t gheine epetiom or oot Of 30 cefls where ghare had
strong actors onh 2 showed any reacyon o N\ a smal} reducuon of the dicharer
evoked by skin penve sumulanon However 1n companng the mcroclectiop' setic
effects of NA and ehare one rmuzht conuder the possibiliny that the potencs of NA
as 2 trapemutter could be Jower thun that of ghane and thus the amounts o N
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Bg 1 Effects on mzmbrane conductance (records at A) and membrane polenual (record C)
B) and glyeme
(Hgnal D) Membrane conductance was measured by current pulses of 10 n Y passed through
the recording electrode

ejected could have been too small to act on a sulficient number of receptors even
when P Ty strong el t currents were used The proxumty of
the drug pipettes to the cefl sumata appeared to be very important for evoking the
glycine response since the distance between the mtraceliular and extracellular pipeste
tips had to be kept below some 30 g It 1s posuble therefore that the sensitivity of
only a small part of the soma membrane was tested by the drug applications and that
the absence of NA effects was due to a lack of NA receptors at the soma (into which
the imtracellular electrode 15 most Likely to penetrate) Thus the present findings are
compatible with the hypothesis of NA as an inhibitory transmitter to motoneurones
only 1f 1ts synapses are assumed to be located further out on the dendntes
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GABA Synthesis in Rat Hhppocampus Correlated
to the Distribution of Inhibitory Neurones
By
F Fovntnmand J Story MaTmisen

When GABA g5 apphed to corucal neurones by microiontophoress its effect closely
mmmics the IPSP (hmjevié and Schwartz 1967) In brain GABA 1 synthesized from
-
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L-glutamate by L-glutamate I-carboxy hyase (GAD), which 1s predommantly loca
Lized 1n the nenve ending parucles (Fonnum 1968) If GABA acts as an miubitory
aeurcteansmitror its synthesis should take place withm the nlbito | ncuroncs

The hippocampus regto supenor (CA 1) 15 characterized by a simple and regular
structure were the mhibitory and exctaton synapses ar sputialy scporited <o tha
they mav be 1solated by microdissecion The pyramds are concentrated 1n 3 sungle
laver with the dendnites extending through the rest of the gray matter They are
excited by axo-dendnitic synapses, but recene recurr-nt intubition through synapses
located on their somata ( Andersen et al 1963)

Samples (03—2 pg) were dussected from frecze diyed sections (Lowry 1943)
GAD was determined largely according to Albers and Brady (1939) In fig 1 the
results are presented relatise to the mean activaty of strips cut through all layers The
sem as well as the number of determinations and animals are indjcated A drawing
of a horontal section stamned with the hoelle method for AChE shows the area
from which samples were obtamed
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1 Histogram showing GAD actwaty in hippocampus rex sup Herel t (f Lioek on 10D ©
th eolumn eqaals 2 x sem. Figures inude blocks indicate nun ber of determn rances ‘:‘"
amsmals Hatehed block represents strips runmung petpendicularly through all layert S:;rpw
were of taired from the ares arcumsenbed in the drawirg whach v ta e on a honron
tion stained with the hoel ¢ mettod for ACKE
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‘The concentration of GAD around the pyramids with gradual decline towards
both sides closely parallels the distrbution of the basket cell system GAD also shows
a hugh actmty throughout str moleculare and in contrast to AChE 1s not restricted
to 1ts caudal parts In this layer GAD and AChE are thus hardly concentrated m
the same nerious el Str moleculare contains wth short axons not
unble the basket cells, but no mhibitory system has hitherto been demonstrated
the Jayer
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L-gi by L-gl 1-carboxy lyase (G3D), which 1s predominantly loca
Iized sn the nene ending parucles (Fonnum 1968} 1f GABA acts as an mhbitory
neurotransmttor 1ts svnthesss should take place within the mhubitony neurones

The hippocampus regio supenor {CA 1) 1s characterized by a sumple and resular
structure were the nhibitory and excrtatory synapses are sputialiy scparated <o that
thes mav be olated by microdissecuion The prramids are conmentrated m a single
laver with the dendntes extending through the rest of the gray matte= They are
exated b axo-dendnitic svnapses, but recene recurrnt mhibiton through synapses
located on therr somata (Andersen ef al 1963)

Samples (03—2 pg) were dissected from freeze-dni-d sections (Lowry 1953}
GAD was determned largely according to Albers and Brady (19.9) In Fig 1 the
results are presented relatne to the mean activity of strips cut through all lasers The
se.m as well as the number of determuinations and ammals are indicated A drawing
of 2 honsontal section stained with the Koelle method for AChE shows the area
from which samples were obtamed

\\*

2
s
?] T w
. % -
1 ¥
i %
- e
1 >
3 o
g — > i
= @ 3
5 ° B
H . 5
s o 5
2 - < <
= @
T ot o >
s “ et T
> & =
% pommdd =
z S
i o
oy A a
g e
© : | x
\ 3
. “ e
. L
\ v
' '
’ Ll
’ 1
. i
i
1
. '
1 '
. i
" 1
[
A 0o P R LM

of block on top of
determmmations and
21 layens Sasrgles
b nrantal wes

ig 1 His ogram showing GAD acusaty m hippocampus res sup Heieht
f;ih column equals 2 x $em Figures mude blocks indicate number of
anmmals, Hatched block represents stnps runnung perpendicularly through
wers ohiamed from the area arcurenled in the dranang which 1s baed on 3
o starned with the Roel'e mettod for ACRE









Acta physiol. scand. 1969. 76. 257—269

From the Department of Pharmacology, University of Lund Sweden and the Insttute of
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Innervation by Nerve Implants of “Fast”
and “Slow” Skeletal Muscles of the Rat
By
8§ Fex and Isa Jiruanova

Recened 30 August 1968

Abstract

Tex 8 and T JiruanovA Inneriation by nerte smplants of “fast” and “slot’
sheletal muscles of the rat Acta physiol scand 1969 76 2>7—269

The time course of wnervation by nemve implants of the fast contracting flexor digitorum

longus and the slow contracting soleus muscles were studied by the recording of isometric

' - ua

scle

=

. . 16

days were required for the implanted nerve to innenate the muscle Implantation of the nere

which normally innervates the flexor digitorum longus muscle into the soleus altered e

contraction and relaxation speeds of the soleus muscle towards those of a fast contracting

muscle the change being apparent as soon as +—8 davs following sectioning of the anginal

nere In muscles with nerve implants and intact normal mmnenation hypertrophy oceurred
amounting to 2030 per cent within one month

”~

When a foreign motor nerve 15 surgically 1mplanted mto a sheletal muscle synaptic
contacts are estabhished provided that the muscle 15 previcusly denervated poisoned
with botulinum towmn or locally ijured A nerve implanted 1nto a normally nner
‘vated muscle fails to establsh contact with the muscle fibers {Elsberg 1917 Fort
1938, Antken 1950 Hoffman 1951 Guth and Zalewshi 1963 \filed) 1963 Hofmann
Thesleff and Zelena 1964)

The purpose of the present Iestigaticn was to studs the time required for a nenve
mplant to innen ate a denen ated rat sheletal muscle Two approaches were used In
the first the foreign nene was implanted 1 I with the of the
onginal nene and in the other senes the implant was made 30 days prior to the
severance of the normal nene supply In the latter serntes the time period between
nene implantation and denenation was designed to allow implanted nene fibers to
8row Into the muscle and o mature As reported by Fex and Thesleff (1967 1t was
10 be expected that when the musc'e was denervated one month later the implanted
nene fibers would be able to form svnapuc contacts within a shorter time peniod
than when implantation 1nd deneration w1s carmed out stmultancously

L—493903 Acte pAysrol seand Bol 76 3 27
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The hind lunb muscles of the rat can be differentiated according to their force
veJoaity properties nto fast and slow contracting muscles (Ramier 1874 Cloe
1964) These differences 1n the dynamic properties have been shown to be man
tamed at I=ast partalh, b, neural wmfluence Thus, operatine cross unicn of the
nenves to fast and slow muscles changes the speed of each muscle so that 1t 1s charac
tepstic of the implanted nerve (Buller, Eccles and Eccles 1960) To study the ume
course of muscle tramsformauon by nenve cross innen ation, experiments were made
1 which a nenve to a fast muscle was unplanted nto a slow muscle and tece tersa
As prevtously, two sertes of rats were used, one 1 which the nene was implanted
stmultaneously with denervation and one with a 30 day mterval between implanta
tion and denenation

Followng the operause procedures the extent of muscle tnnen ation by each nenve
mmplant was determined by recording 1sometric twitch tenston n response to pene

1 and by histech al 1 of new end plates The dvnamic
properues of the muscle were studied by comparing the rate of icometni* tension
deselopment during repetitne sumulation of either the mnplanted or the onginal
nene

Methods

VYatenal
The study was carred out on Sprague Dawley rats of Loth sexes with an initial body weig! t of
175— 200 g The muscles imestigated were the flexor drgitorum longum (FDI ) and the soleus
{SOL) The nerves implanted were the tiial nerve (TIBn) and the nene to FDL (FDin}
both of which are conuidered to mnenate manly List-contracting muscles and tie rene to
SOL (SOLn) which mnenates a slow-contracting muscle The rats were divded mta three
mam groups one in which the T'IBn was mmplanted wnto FDI  a second i which te FDin
j was smplanied mio SOL and a third un which the SOLn was implanted imto FDI Tterene
wnplants were made 1o muscles of the left leg while those of the nght sened as controls In
each main group of rats the oriminal nene supply 1 one half of the anmals was cut at tfr
ume of nere mplantation while in the others it way left intact for an addmional periol of 30
days at which ttme severence of the oriwnal nenve was carned out in a sccond operation In
this way stx series of animals with nenve implants were obtained thres serres in wtich denena
tion was made at the ume of nene implantation and three senes with ntact orginal nere
supply for 30 more davs Subsequently cach series of the anumals was divsded tnfo six sub-
groups and 2 + 8 16 and 32 days after denervation the dynamic properues of the musies
were examined In addinon the muscles in one subgroup n each series with stmultancous im
plantation and denenauon were examined 62 days alterwards In those with a 30 days nterval
between wnplantation and droenation one subgroup was exammed at the day of denenation

Anesthestg and surgieal procedure

The rats were d by 3l ad) of pentol arbutal sodium 40 me/ke
which dunng surgeny was supplemented with I ght ether inhalation anesthesia When muh;lt
tensions were recorded however ho ether was used For nerve implantation mta SOI de
lateral and prowimal part of the muscle was exposed The nere mnenating FDI was m‘x
close 1o 1ts muscle and dissected sufficiently free to be brought to the surlace of SO \lumn‘z

a small (1 mm or less cut 1n the faia covenng this muscle The nene was glued o de
surface of SOL bv the ap pl cation of fibnnogen and throm! tm and one drop of Rmxrnd '
fion Extreme care was taken not to further damage neither the nene nor the muscie an ue
considered unlikely that more than 20 —30 muscle Libers were injured by the p[rx:’m'ell'z'n

dure To avoid tectecence with hlood crrculation to the muwle ammals in wh ch :[(lmf
occurred 1n the region of the implant were diarded The onainal nene supphy w:;"ﬂ:m‘ ol
ta the muscle the proimal nene stump dissected free higated and sutured n;’m a‘ “1“1“0"
an adjacent muscle At the day of the fanal recording 4t} eck was made that yon!

had not o curred
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When the TIBn or the SOLn were ymplanted into the FDL, the techmque was the same ay
that described for SOL It should however, be mentioned that, of these nerves the one 1n
nenatng SOL 1s short and for that reason derable difficulties were when
mmplants were made into the FDI  To reach the FDL the SOl n had to be brought through a
thick and tight fascia through which the underlyimg muscle had a tendency to protrude after
the mcison In the FDL, nere smplants were made m the mddle of the muscle, 1e <lose to
the ongnal end plate zone This site of smplintation had to be chosen because of the
shortness of the SOLn

Registsation of muscle tenston
The muscles to be studied were dussected free s their distal part, the blood supph being
presenved Indiidual motor neres were carefully dissected, cut centrally and mounted on
bipotar plaunum sumulating electrodes The muscle tendon was firmly tied to a steel hook
which was dire~tly attached to the stram gauge (Grass FT 03) The leg was clamped ngidly
at two pomts, through the foot and through a steel twist dnll inserted through the distal part
of the lemur Muscle and nerves were kept moim by superfusing them with Ringer's solution
bubbled with 5% carbon dioude i oxygen The compostition of the Ringers solution was
that described by Liley (1956) The temperature of the leg was maintamned between 36 0—
370° C by the use of a thermistor and heating lamp

Nenes were sumulated by two Grass S4 stmulators, one modulanng the other, and all
pultes were fed to the nenve through a Grass sumulus isolation umit Unless otherwise stated
each muscle was stimulated at the frequencies of 1, 10 15, 20, 30, 45, 90, 120 and 200 per
sec with a square pulse of 0 1 msec duration and supramaximal voltage (8—10 \ ) The dura
ton of each tran of sumuli was 04 sec and the intenal between them 3 mn The stimul
were on an 11 and cal d with the help of a count down circurt drven
from a 10 KC/sec guarez erystal

The strain gauge was aligned m the natural kne of pull of the muscle and the mitial ten
sion adjusted to gine a mavimal twitch response 2¢ descnbed by Close (1964) The posttion
and 1nmal tension of the stram gauge was repeatedly checked during the expemment The
output of the stran gauge was displayed on one beam of the osclloscope (Tektromx 502) and

h d In addition dings were made on a polygraph (\ingograph 8] having a
flat frequency response up to 500 cfs) The stram gauge was calibrated by weights at the
begioning and end of each expenment

The following were used for exp the of the muscles
studied twitch tension as the mawimal mechanical tension produced by a single twitch
tetanic tension as the maximum tens on reached dunng the tetantc tram f{usion frequency as
the sumulus frequency at which no apparent oscillations of the tension record were seen at the
amphficauon used contraction time as the time taken for the teasion of a mngle twitch to
reach from zero 1o sts peak value (Te) and relaxat on tme as tme for tension to declme to
50:¢% of s maximal value (T 1/2 R)

Morphology

At the conclusion of an expersment the muscles used and the control muscles from the contra
lateral leg were dissected out of the body biotted “dry with hlter paper and weighed Simi
larly the body weights of the rats were noted

The soleus muscle was chosen for a subsequent histological study The growth of maplanted
nenve fibers 1nto the muscle was observed 1n frozen longitudinal sections 30 « thick stamed
according to Gros-Bielschowsks following fixation in AFA salution and 20 % formol

© mvestigate the extert of formauon of new end plates by the nene implant a fusto-
chemical technique for + sualizing cholmesterase actmty was used The muscles were fived 1
10 % formaldehyde solution at 4 C for a perod of 2 or 4 brs Lonentudmal senal rections

# thick were cut. (rom the {mozen tusclr and stawed for cholinesterase accarding 1
rebtzolf {1953) a modification of the technique of hoclle and Friedenwald (1949) The sec
tons were incubated at 37° C for 1 2 and 10 or 15 hrs at pH 5 with acetyhiocholine 1odide
as substrate The short incubation time was used for visuabizing <tructural detaids while the
longer incubation times were used for estimation of the new 2one of motor end plates All
cholinesterase positine loct were checked under high magmfication (400 ¥ ) in order to ascer
tain that they  « 0 ‘ PP R A

© deternur . .

bedded 1 par . . .
belly and stain .
aid of an o u .
Aserage fiber ..
made to demonstrate the fiber distnbution
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SOt FOL

N 3 Fig 1 Jeometric twitch tensors
P following strm 1lation of respectne
nene mmplants an the FDI and
0, THen FOL SOI muscles The open circles
. ol are the vlues obtained tn normal
50 02 % B IREOE uscles sumulated through their
[3 ongtnal nenve supply e flled

40) . 20
t ¥ . . FOLa SOU circles are the values obtamned
s s 8 4 from ndnidal muscles n the
H M series with implantation made 30
20 " 10 days prior to denenvation and the
P crosses the values of the senes
©] 5. 5 - with  stmultaneous implantation
PR R e i and devenation Abscisae days
Coniol 0 2 4 8 16 32 62 Cotrd O 2 4 8 6 32 62doys [ollowing section of the or mral

aays

nenve supph

Results
Isemetric contrachions of muscles innertated by nerve tmplants

Two approaches were used for studying remnen ation of muscles by nerve implnts
In one surgrcal implantation and denennation of the original nene supply to the
muscle were carned out m the same operition In the other series of ammah nenve
mmplintation wis made mto the innervated musele and 30 days Iter the ongmal
nene was severed

Tuutch tension The tenstons observed 1n the two scries of rts at vinous time
periods following denervation are gnen i Fig 1

In the series with implantation made prior to denenanon synaphic contacts wes

)formcd 2—4 duys after sccuomng of the orginal nerve and subsequently their

number meresed as shown by 1 progressnely mereasing twiteh tension After one
month the mean twitch tension 1 the FDL upon sumulavon of the mmplanted
TIBn was more than 30 g 1 ¢ about the sime 15 that recorded 1n 1 normal muscle
(sce Fig 1) With implantation of the SOLn the mean tension of FDL after one
month was only 89 g The difference in the extent of mnervaton of FDL by the
two atrves may reftect the funciional difference botween the nerves bur could ~ho
be explaned by the shartness of the SOLn which madc its surgreal mplintaton dif
ficult For instance the «mall number of ammals 1 the tvo series innervated by
SOLn 15 a reflecuon of the fact that the nenve i 1 majonty of the rats was torn
w1y from ats site of wtackment and thus faded (o tnervate the muscle Sumuby
ton of the FBLr which normally mnervates fast contracting muscles after 1m
plantation into SOL i both series produced weak twitches equal to ibout cne
tenth that of the norma} SOL

In two groups of rats sumuhien of the tmplinted nerve produced cven Lebore
denenvition 1 weak twirch 1cspon e (<50 mg) Since an mjured mwcle fiber s
known to accept mncnatn by 1 nerve unplant even though ts ongml ene
supply 15 intact (Mideds 19635 the abserved tsiteli 15 Mkely to be the resuh of
neratian of damaged muscle fib~rs at the site of nene mmplantanon
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AL
Fig 2 Recards of single 1sometric
|
Ia

twitches and tetan c tens ons (200
mp fsec) i FDL and SOL fol
lowing stmelation of the mm
planted TIBn (records A B and
C) and FDLn (records D E and
F) respeetnely The TIBn was
implanted 1nto FDL. 30 days prior
to section of its onginal nene
and the records obtamed 4 days
{A) 8 days (B) and 16 davs
(C} after deneration The
FDLn was implanted nto SOL
smultaneously with denervat on
of the muscle and the tensions
recorded in records D E and F
were obta ned respectnely 16 32
and 62 days later

In contrast to the previous senes the rats 11 which implantation and denerauon
were made sumultaneously 1n the FDL or i the SOL required 16 davs for the
formation of functioning synapses (Fig 1} However after 30—60 days the twitch
tenston was similar to that obsened 1n *he series with a 30 dass int=nal between
implantation and denervation

Tusteh tetanus ratio When the tetamic tension at apparent fusion frequency was
examined 1t was obvious that the tension was not always maintamed for the perrod
of 84 sec that the impulse train lasted If a fall of tension by more than 16 ¢ of
maximal tension occurred 1t was considered that tension was not mamtained This
fact made estimations of twitch tetanus ratios uncertain Particularly 1n SOL 1t was
notable that in the series with a 30 davs interval between implantation and de
nervation tetanic tension was mamtained in the early groups (4—8 days) and in
the late group {32 days) but not in the groups of 16 days In the semes with
simultaneous implantation and denenation tetamic tension was mamtamed only in
the late groups Scme of these differences are illustrated in Fig 2 shich shows
typical records of single twitches and tetanic tension in the two series at varying
time ntervals followng denervation

Contraction speed and fusion frequency Nerve implants were made nto fast and
slow muscles <o that the motoneurones (FDLn) which normally innervated fast
muscles came to innenvate the slow muscle (SOL) and rice tersa mctoneurones of
SOLn were made 10 1nnenate FDL Addwonally the TIBn nnenatmg fast muscles
was mmplanted into the fast FDL From the studies of Buller Eecles and Fecles
(1960), Buller and Lewis 196> and Close 1963) 1t 15 hnown that such cross-
innervations affect the peed of mu cle contraction by changing the ume course of

— T
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the riving and falling phases of the twitch and also the of
tetante contracyons at vanous frequencies These dyvnimic properties of the muscl
were therefore determined i the 6 serses of rats at varying tme ntenals after de-
nenation the results being presented 1n Fig 3

Compared with the control values for the normal FDL and SOL 1t 1s byt
that n the senes of rats studied there was neither a uniform nor 1 consstent
chinge 1n the dynimic properties following cross innervation However duspste the
small number of antmals 1 some of the groups 1t appearcd that implintition of
FDLn 1nto SOL modified the contrachion time {Te) half relasation tme (I 1/2
R), and the Tusion frequency of the muscle so that 1t resembled a fast musele This
change was apparent at four and eight days after deneration m the groups with ¢
30 days mntenval between unplantaton and denenvation \ sumslar tendencs 1e 1
modification of the dvnymic properties of the muscle 1n accordance with the snner
\ating motoneurone was abo abserved in the senies with implntation of SOl v mnto
FDL ‘The<e chinges are tustrated 1 Fig 4 which shows responses of representitne
FDL and SOL muscles with nenve mmplants of respectinely SOIn and FDLn 1t 1
howcver, noteworthy thit mmplantation of the fast TIBn into the fast DI abo
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B
D
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—_—
Qlsec

BIEN.

Fg 4 Records showmng the contraction and relaxation speed of single twitches and the
amount of fus on at a sumulation frequency of 43/sec or 90/sec Record A 1s from a rormal
FDL and shows that the apparent fusion frequency 1s higher than 4/sec Record B was ob-
ta ned 32 days after implantation of 5OLn into FDL and simultaneous denernation “ote the

on el La PR -t s 1 am £ am e

seemed to slow the contraction speed of the muscle (Fig 5) This obsenation 1s i
agreement with Eccles Eccles and hozah (1962) who pointed out that the twitches
of fast muscles were greatly slowed by denervation while with slow muscles the
slowing 15 much less

AMorpholog)y

The ongmal one of end plates and the grouth of implanted nerve fibers

The onginal end plates when stamned for cholinesterase actnity appear as a
charactenstic z1g zag pattern approximately in the central regron of each muscle
The charactersuc localization of those motor end plates which retuned ther
cholinesterase actmts for a lorg period after denenation helped to distinguish
onginal end plates from the new blished durtng the exp Ad
ditonally after denenation the sub neural apparatus of ongnal end plates exhibrt
shninkage and granulation |Csillih 1929)

Utihzing siher preg the Is of the d nerve were found in
longitudinal sectians of the muscle 30 davs after implantation bus before section of
the oniginal nerve supply the implanted nerve stump and 1ts nene terminals were
79 more than 1—2 mm from the sie of implantaton The onigmnal motor nene
termimals on the other hand were localized 1n the middle part of the musele The
libers of the implanted nerve were observed to run m parallel to muscle fibers or na
pleaform network but structures corresponding to end plates were ven rire In
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Fig 5 Same as Fix 3 but illusirates the effects of imptanung the T1Bn anto FDI

Fig 6 A graphic presentation of the wet wesrhts of the SOL and FDI muscles with nerie
ymplants of respecinely FDLn and TIBn The values are the means of the muscles presentrd
n the graphs of Fiz | and ars expressed i percent of respecnve contralateral musle The
filled circles are those with 30 days pre implantation and the crosses {rom the series with
simultaneous smphintagon and denenation Note that 1n both muscles nerve amplangs without
denervation caused an apparent iicrease s muscle weghty

such structures 1n comparison with normal end plites (Fig 8 41 usually onc or at
the most a few branches were abserved and the number of the nucler as far 25 they
were visible were reduced (Tig 8 5 6)

Nea end-plates In SOL muscles in which nerve umnplanes wese made one month
before denenvation at the dav of sectioning of the ongmnal nene a few nev end
plates were obsenved 1n the immednate Gty of the implaniation site Tpo divs
after sevenag the onginal nene the number of new end plates was sull it 20-
30) but 4 davs after dencrsation the number of new Juncuons was almest nwate that
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Fig 7 H stogram of muscle fibre i
ameters from the control (C white
columns) and expenimental (E black
columns) soleus muscles one month
after the nen e implantation nto the
mnenated muscle Abscissa d steibu
tion of muscles fibre drameters 1 5p
meenvals. Ordinate  the pumber of
muscle { bers 1n each group x4 A w =

% 3 & ¥ ¥ H ¥ & 2

amount A mrore substantial increment n the number of n~wly formed junctions was
found 1n muscles 8 days after depervation, when 1 2 muscles out of 4, there were
almost 200 end plates At that period there was a distinet shaft of the new end plate
zone distally so that some end plates were found 1/3 of the distance between the
site of mmplantation and the ongmal end plate zone

At later stages of the experiment 2¢ 16 and 32 days after section of the onginal
nenve the number of end plates gradually increased and the size of the new zone
became lirger 16 days after section of the ongmal nerve (Fig 9 1-5) numerous
fibers of the implanted nerve had grown out 1 vanous directions from the site of
implantation and established end plates up to about 2/3 of the distance between the
tnplantation site and the original motor end plate zone

As seen 1n senal sections the region containing new end plates was usually spread
ot 1n superficial layers of the muscle (Fig 9 1—3; while mn deeper layers 1t was
more circumscnbed and the end plates were less numerous (Fig 9 4 5)

In muscles sath 1 nene 1 and denervation end plates
formed by the implanted nenve were present from the 16th dav after the operation
The newly formed 7one was at that tume localized to the vicimty of the site of
wmplantation and the number of motor end plates was substanually lower than in
muscles with 2 pre implanted nerve at the same tme interval (1e 16 davs after
section of the onginal nerve) 1t was also lower than 1n muscles with a pre im
planted nere at 8 days denenvation At later periods 1¢ 32 and 62 days after the
operation the number of end plates and the size of the newls formed end plate zone

gradually increased approaching the range of values found in the pre implanted
mascle

Some of the ongmal end plates may have became reinnenated by the unplanted
rene duning the expeniment however most of them exhubited granulation reduced
cholinesterase actinity and a  diffuse  stamming typical for denenated end plates
(Catllk 1950)

Sining for cholinesterasc acuntiy visuabizes the post svnaptic membrane of the
end plate In a normal muscle the end plates have a regular oval or round shape
formed by the mterconnected snaptic troughs (Fig 8 1) The size and shape of

-
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A—
Fie & Orenz) end plates 1 the soleus wuscle (1 and 4) and newhs formed end plates in te
solrus af er nene mplantation 12 3 5 20d 6) J—~3 cJolnederase nanmg 4— she
amprecnztion. Scale .0 4 Incul 2tion tme for cholirecterate stamre | Fr

newh formed end plates vaned (Fiz 8 2 3) eperaall 1 muscies studied 16 and

32 davs after denenvation. In most of the pew end plates the postsynaptc mem

bran= comssted of small separzte Jobes which enther zccumulated in great number
reand the nenve termmnals (Fiz 8 2, or as 2 few arranged in a group iFig 8 3
Koz 1963 Fex rt ol §966)

Uu cee e ght and f ber diameter Sivce deprrvation produces atrophy of musdle
fibrrs 1t was of interest 10 determine the weight of the musdes 1n the two <«enes
In addition 1 2 few anctances the averaze transierse fiber dizmeters wiere me2v-
vred.

The graphs 1n Fiz 6 dlustrate the muscle werghts expressed as a percentaze of
thow of the contralateral control musc'e Denervatin produced 1 FDL wnd SOL
a fall of werzht the werrht Joss being most marked 1n the FDL Recoven «f werzdt
cecurred 1 the SOL whils the wezht of the FDL jemamned at a teaed of about
€0 per cert of pormal for the enure prood of obsenatin

Norralls nnsnated muscl~ with nerve implants shemed hipertophs at the umr
e onmpal nenve was sectwned the pain tn werchr comesponding 1o 1 33 pf
cert of the wereht of the contralateral museles The increase in weight wey main
ta.med dunng the fint davs after cutunz the onmnal nene but by the €4 da 3
decreace of muscle weizht was appzrent The hvperttophs wa accompan ~d by ap
sncrease m srusc’e fiber diameters as shown for SOL i = brstogrem of Bz 7 10
the group of 6 ran with normal mnenavon 30 davs alter unplant-tir of she
FDLn. the mean fiber diameter 1n the soleis muncds nas 311 ~065n SE

eans whereas the rean fiber dureter 1 eorralateral musedes v 131

079y
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il Sl
Fiz 9 Longitudinal sections through soleus muscle 46 days after nene pre mplantation and
16 davs after scction of the onginal nerse 1—3  superfrcial sections 4—3 <ections of deeper
seqions. Note rew end plate zore around the mplanted rerve ar the top and oranal end plate
Lrnon in the middle of the sections Cholinesterase staiming scale 1 mm Incubauon ume 10
rs

Discusston

In the present study two hinds of nerse implants were made One n which the
nene was implanted into a normally mmnenated muscle and one in which the 1m-
plant was made simultaneously with secuon of the ongmal nenve It was expected
that, with the first mentioned procedure the fibers of the mmplanted nerve would
£rOw 1nto the muscle and form mature nerve endings When the onginal nerve was
sectioned 30 davs later and the muscle thereby denervated the mmplanted nene
termunals should be able to rapidh form extensne svnaptic contacts without further
growth In the second senies with concormtant unplantation and denenation the
mplanted nerve fibers would have to grow mnto the muscle before functional con
tacts could be established resulting presumabli 1n a slower and more gradual re
mrenation of the muscle

The expenmental results only partly confinned thes= expectations \uscle
tstehes i response to sumulation of the impianted nemve were obtamned within
one week after denenation 1n the senes with an interval of 30 davs between nene
tmplantation and denenation This was m contrast to the rats in which the two
Procedures were made 1n one operation In thase rats about two weehs were re-
Quired to establish funetioning neuromuscular contacts

In the muscles with one month of pre implantation denenation resulted 1n func-
tonal tnnen ation of a considerable number of muscle fibers within 8 davs as judged
b the force of muscle contraction 1 response to stmulation of the nene implant.
The mumber of new end plates as visualized by staming for cholinesterase actnty
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however, appeared to be relatchy small This suggests that the process of forming
functinning synaptic contacts occurs more rapidly than the induction of cholmesterase
activits A gradual increase in the extent of reinnenation by the mmplanted nenve at
later stages and the shilt of the newly formed end plate zone towards the center of
the muscle demonstrated that the growth of nene fibers and end plate formation
were progressing Why this occurred gradually, duning a relatnel long ume penod
mstead of wathin a short penod following denenauon s unclear

The twiteh tensions precented i Fig 1 show that when TIBn which munh
wnenates fast muscles 15 mmplanted nto FDL a more extenave wmnenatem 1
achieved than when the SOLn 1s used This difference could mmply that a * fast
nene more readily forms funcuonal contacts with a fast muscle than does a slow
nenve but it could alo be a reflection of a difference 1n the number of axons in the
two nene trunks the TIBn being considerable larger than the SOLn

Buller, Eccles and Eccles (1960), Eccles et ol {1962), Bufler and Lewis (1963}
and Close (1963} have reported changes in the dynamic charactenistics of slow and
fast muscles following thesr cross snnersation In all those studies the onginal aerse
o the muscle was cut at the time of nene implantation and the force veloats
propestes of the muscles studied not earhier than 28 days alter the operation Thus
no data were available abour the earh changes in the mate of 1sometnic tension
deve’opment sn mammahan fast and slow muscles following operatne cros m
plantation of their respecuse nenves From our data as presented i Fig 3 1t <cems
that mmplantation of a fast nenve (FDLn) 1nto SOL modified the speeds of muscle

ntraction and relaxation towards those of a fast muscle and that a simlar but lews

, rked change 1n the opposite direction occurred when SOLn was wmpla ted snto
FDL Tt 1s of mierest that these changes were observed as carly as 48 davs alter
section of the onginal nerve mndicatng that the nenve factars which detertnine the
speed of the muscle assert themselves at an early phase of innenaton

Hypertraphy by about 10 per cent has previously been shown to occur in normal
Yy innenated muscles mto which a foreign nene was implanted (Guth and Za
lewsht 1963 ¢ and has also been found o a sumilar extent 1 muscles with 2 true
accestory nene supply (Gutmann and Hanzltkovs 19671 In our experiments 30
dass after nene implantanon onhy occasiona! newly formed end plates were observed
and therefore accesson innenanion with hyperfunciion can be excluded as the
cause of the 30 per cent relatne hvpertrophy observed The increase 1n the muscle
wetzhts and 1 the muscle fiber diameter i the SOL suggest that the free  nent
termunals of the mmplanted nerve by some mechanism have exerted a wophor n
fluence on the muscle resulung i is hipertrophy. Howeter such a hyvpr thes
astractise as st may be 15 stll premature as we do not koow the doy wertht value
of the muscles and therefore cannot exclude that at least a part of the tnpertrophy
was due to some pathological reaction of the muscle w the nenve suplant

et Cam il
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(usion with Na free Raebs Henseleit solution esther phenoyl enzimeme (PBAY, Dibenzylne®
Stauth, Rhine and French) 10 uglml or cocune 8 ugiml+ Hydergia® {Sindoz) 03 uetul
were added 1o the perfusion medium  \fter 10 min the splecn was divrded 1nto tvo porttons
one 1o senve as 1 control and the other to be used for the nenve sumulstions The dinjuon was
made after applytng a tighdy fittmg clamp, m the mostly easily obsersable borderline between
the two sascular beds of the spleen The contral portion wis mnmeditely blotted dry weighed
and homogerized 1n an Ultra.Turrax apparatus with 10 volumes of 100 % trchloror etic
1ad Tlectncal penve sumulations of the remning portion of the spleen were catried aut av
deseribed above At the end of the experiment the stimulated portion of the spken was
weighed homogenized and extracted in the same way as the control

Analyss
The outflow of N\ from the spleen was momtored by detenmmng the rad oxetivity m the
different crude perfusate fracuons an a Packard Liquad Spectrometer as desertl ed below

‘The remamder of the perfusate fractiony was then pooled i groups, and protein was pre
eipitated by addiion of 1710 velume of 5 % tnclitoreacetic acsd or in the sunples ysed for
chromatography by addition of 1/10 volume of 4 M perchlone acid

The perfusate samples and the organ extracts were purified on alumina ind their NA cn
tent assayed fluormetrcally according 10 Fuler and Dihyko (1961) In prder 1o detrrmene
b3S h aliquots of rep e perfusate samples and organ extracts were aho
analysed by cation exchange cofumn chiromatopraphy ax described by Styarne and 1 ishagko
(1967)

The radioactinsty of the different samplea was detersmned by coanting 05 ml aliquots i a
7 3 toluene absolute ethanol solution ¢ bgaf 2 9 dipl it le and 100 mg of
1-1 a5 2(4 methyl 5 phemylovazolyl) henzene per hiter of toluene Quenching win momtore
by mternal standards of *H dt N A and was found not to differ signidicantly between different
extracty

Accordirg 1o chromatopraphue analysis of the perfusite fracton obtuned dunng the penod
of mavimurm NA overflow 10 respone 10 nenve stmulation N A actounted far 96 3 7, 200
(mean 2 SF\! n=4) of the total rdioactinity and in the pooled total perfunate for %6 e £
06 (mean2 ST\ 0 <5) In the perfused spleen 962 7 210 (mean®SIAL n=} ol the
radioactity consisted of mtact N

In control rxpeniments the recovery of NA added 10 perfurate sinples and to orgin ex
tracts and carned through the entire procedure of punfication amd fuonmetrical detetmmation
was 759 413 (meantSINL nw 15) m the perfusate and 781 ¢ %12 tmean SN
n=151 1n the splenic extracts

The N4 values i splenrc extracts obtamned by fluorsmetric aviy were cortected 61 foses
an aluguna (correction factor 1/078%) and these 1a the perfusite both for loses er al it
and for metabolites {correction factor for NA peak 170 759> 0903 and for total perfusse
170 759 x 0 906)

The insal N A content of the sumulated portion of the spleen was caloat e § Ntom the
NA content of the control porttan of the spleen using 1} e deoxyrtbonucien acid (DN4 con
tent of the two portions of the splees as 2 reference (¢f Dearnaley and Gelfen PHO 4 0
the following way

The acid insoluble seciment rema ning after centnfugation of the splenic home fate was
treated with 05 M perchlonic acid at 80° G for 20 mm Purine deoxyribose an the acid plaase
was then determuned colonmetnically by the dipenylamme teaction accoring 1+ 8 xlllf‘l
(10%6) [he tenilts were expres ed a0 DNA units 1 it yegresenuing the extinch n 1rd
by 1 mg of standard DNA (dﬂ:]xynlmm:(lnr acu! sperm Natiopal Biachem Corp wreated

T sediment ,
" S::n::“l’;:‘“:lt'l?l‘m'lh:h 4 oontent ;af(thr v e v of a senes of non st alated cat
2

oy

spleens was found to Tal!

p';lm; by determinat ntent ¢! ttion and of the DNA (nnlm:
of bath the cantrol ar nor 10 caleulate the N A qonfeny
of the stmulated port ¢ the ¢ i~ orean

e aplen v

tence of nere
In the abw canrtee NA

dose 10
£ the

ot

rtieatment
o1 Ceenhe
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Tasce I Dis nibution of NA 1n control cat spleens in relation to wet weight (w w) and to DNA

A B c ClA (<] BIA
ww DNAumts g ™A
| 315 275 692 220 0252 873
39 355 871 221 0245 899
2 215 160 07 174 0234 744
180 140 322 179 0230 177
3 220 170 339 154 0199 773
270 203 389 144 0192 752
4 265 200 357 13 0179 755
330 770 482 t47 0 180 818
5 140 123 207 148 0168 879
130 ns 182 142 0164 269
175 168 370 21 0220 960
375 340 782 209 0230 910

Tasie 11 Outflow of NA (nglg w w fmin uncorrected) from 1solated perfused cat spleen afier
pretreatment with malamide (100 mgfkg 1% to the animal) and addition to the per
fus on fluid of PRA (10 yrgfml) or cocate (8 ; gfml) + Hydergwn (0 3 pg/ml) Mean values

+SEM
Drugs Control Nualarmde Nualarmde Nnalamide
Cocaine
Hyderg ne
NA 0534011 056006 05940408 053 +003%
Vg g wwmin
Number of exper ments 9

Hydergim did not sigmificantly alter the fluonmetnically deterrmned basal NA over
flow (Table 11) or the level of radiorwctinity 1n the perfusate found 1n the absence
of these drugs (Fig 1 and 2) Nor did pretreatment with malamide change the

normal \A content of the spleen ( Fable 111)

When PBA or cocaine + Hydergin were added to the perfusion fluid electrical
stmulation of the splenic nerves resulted 1n an immediate large nise tn the outllow
of NA At a stmulanon {requency of ljsec the peak \ A outflow was $19+068
ng/DNA umit/mm (mean+SEM n=%) When higher sumulation frequencies were
used (3fsec and 10jsec) the peak outflow was always higher At Sfsec the \NA out
flow rose to 14684210 ng/DN\/mun and at 10/sec to 1219%3 60 ng/D\\

unit/min (mean+ SEAf n=+4) (¢f Table IV)



272 P HEDQVIST AND L STJARNE

fusion with Na free Rrebs Henselent solution either phenoxybenzamine (PBAT Dibensliret
Sruth, hhine and French) 10 uglml, or cocaine 8 pg/ml+ Hydergin® (Sandoz) 03 pelel
weze added 10 1he perfusion mednim After 30 min the spleen was dissded into tuo portions
one 0 senve as a control and the other to be used for the nene sumulations The dii onws
made, after applying a tightly [ tung clamp 1n the mostly eastly observal le borderline bemaeen
the two sascular beds of the spleen. The control portion was nnmediately blotted dry we !
and homogemized i an Ultra Turrax apparatus with 10 volumes of 10 ¢ trchloroa e
acid Electrical nenve strmulations of the remaining portion of the apleen were carred out 2
deseribed above At the end of the experment the stmulated portion of the sleen wa
weighed, homogenized and extracted 1n the same way as the contro!

Analysis
The outflow of \A from the spleen was monttored by determming the rad oactn i e
dillerent erude perfusate Iractions mn a Packard Liquid Spectrameter as described heon

The remamnder of the perfusate fractions was then pooled 1n groups and protein was pre
cipitated by additton of 1/10 volume of 50 <% trichloroacetsc acid or 1 the samples vsed T ¢
chromatorsaphy by addition of 1710 volume of 4 \f perchloric acd

e perfusate samples and the organ exiracts were punfied on alumina and thesr M o

tent assayed fluormetrically according to Euler and [ yshajke (1961) In order (o determne
N3 metabolites aliquots ol representatne perfusate samples and organ extracs were 3%
analysed by cation exchange column chiromatography as described by Stpuene and 1shajis
{1967)

The radioactinsty of the dufierent samples  +
7 3 toluene absolute ethano! solution contar
1-4 bss-2(4 methy! 5 phenyloxazoly)) benzene =
by internal standards of 3H d NA and was f

e “a

extracts

Accordirg to chromatographic analysis of the perfusate fracuon obtamed dunnt ﬂw(p;“é‘é
of maximum \A overflow in response to nenve st mulation N3 accounted for 962 B
{mean+SEM n=4) of the total racioactissty and sn the pooled (otal perfusate for ﬂﬁx"—r
06 (meantSEM n=2} In the perfused spleen 962 ++10 (mean*SEM nw=d) of?
radwactnaty conssted of mtact N A «

In contro! experiments the recovery of VA added to perfusate samples and 10 om'\‘ v
tracts and carried through the entre of and {luori 1 determuna

was 739 4213 (mean®SCA n=15) sn the pesfusate and 764 fc 212 (mean3SEN
n=13] n the splenic exiracts ed for I
The \A rafues 1 splemic extracts obtained by fluorimetnic assay were €orreck m:!um "

on alumuna (correction factor 1/0 784) and those m the perfusate both for loves on 24T 10
and for metabal tes {correction factor for NA peak 1/0750x 05963 and for ol #
140 759 x 0 906) o oo U
The wnstial NA content of he stmulated portion of the spleen wp calcula ed b O
\A content of the contral poruion of the sleen usmg the deotybonucleic aad {DRA, S0
tent of the twe portions of the spleen as a reference (cf Dearnaley and Geffen
}e following wa: .
! The aad ?nsoh]hlz sediment rema nimg after centeifugation of the splense humﬂ‘\;; e
treated with 05 M perchlonc acid at B0” L for 20 myn Purinc deonribese in the 3055 1
was then determmed colonmetricalh by the dipenylamine reacton a cording ‘;‘“
11956) The results were expres ed in DNA units 1 unst representng tf e extipa ared
by | mg of standard DNA (deoxyrthonuclerc actd sperm  N\ational Bioctem Corp b
i the same was as the tissue sediment rard 3t
Lsing this method tte \NA content of the two portoas of a senes o)
spleens was found to be almost sdentical (Table 1) he % & content
Thus by determnation of the NA content of the control portion and of the N4 comte 1
of both the control and the sumulated portions 15 was powble to calcutare ite
of the sumulated port on of the spleen at the ttme of dinsion of fte orean

§ ranatmn

Results

uent from the spleed was
ametne M
K'"l“l"!)(ﬂ(

In the absence of nenc actisity the NA leved in the off}
quite low and close 1o the it of sansfactory accuracy 10 the fhuos
determunation with the method used The values found indicate that pr e
of the cats with malamide or addition to the perfuaon find of PBA or o
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Taste I Dis nbution of NA 1n control cat spleens in relation to wet weight {ww ) and to DNA

A B c clA c/B B/A
ww DNAumts  pgNA
1 315 275 692 220 0252 873
395 355 871 221 0245 899
2 215 160 075 174 0234 744
180 140 322 179 0230 777
3 220 170 339 154 0199 773
270 203 389 14e 0192 752
4 265 200 357 135 0179 755
330 270 48> 147 0180 818
5 140 123 207 148 0168 879
130 ns 185 142 0164 869
175 168 370 21 0220 9560
/ 175 340 782 209 0230 910

Tasie 1T Outflow of NA (ngfg w w /min uncorrected) from wsolated perfused cat spleen after
pretreatment with nialamide (100 mgfkg 1v to the ammal) and addition to the per
fusion find of PBA (10 zg/m1) or cocame (8 ug/ml) +Hydergin (0 3 pg/ml ) Mean values

+SEM
Drugs Control Nralamd Niatarmd Nealarud
PBA Cocaine

Hydergine

NA 0531011 0562006 0594008 0584003

MR ww fmin

Number of experments 9 7 5 4

Hydergin did not alter the fl 11 d basal NA over

flow (Table I1) or the level of radtoactity 1n the perfusate found 1n the absence
of these drugs {Fig 1 and 2) Nor did pretreatment with malamde change the
normal NA content of the spleen ( lable 111)

When PBA or cocaine + Hydergin were added to the perfusion fluid electneal
sumulation of the splenic nenves resulted 1n an 1mmediate large rise in the outfiow
Of N\ At a stunulation (requency of ljsec the peak NA outflow was 419068
P2/DNA unit/mun (mean-+SEM n=4) When higher sumulaton frequencies were
used {S/sec and 10fsec) the peak outflow was always higher At 5/sec the NA out-
flow rose 1o 1468£210 ng/DNA/min and at 10fsec 10 1219360 ng/DNA
unt/min (mean+SEN nad) (o Takle FVI 7

2693063 4rta phy tof ccand E of TE



273 P MEDQVIST AND L STJ3RNE

sone 310 ——
ot il Ll
) J— P p—
e - e
: i C
» C C of
E ¥
i h
¥
p
. : :
£
g
MRV ST MCRVE STM Lo
H roe T sorom e
e wEn wEE i S
\J :
2 ] 2
e ¥ ® B K B ° £ 0 1

% » « ¢ ® B ® & o
FRACTON WoTH PCtoN rcsecn RACTON pecs

Fiz 1 Perfused cat spleens pretreated with malamide and loaded with % dl A\ Outflo

of rad sty and of fi hy o d NA (shaded areas) Irom the spleen resune
and in response to nene sumulation Cocaine + hydergqin added to the perfuston medium to
it uptake and to facihitate wathout of A released from the sympathetic neyrons Lal
culated starung NA content in sumulated spleen £NAe ) NA content 1n stmulated apleen at
the end of the expentment {NAs) and \A content in perfusate {NAy)

At Isee the peak level of NA overflow was refatnely well mamtained throughout
the stinulation perod or decreased only moderately VWath the higher stumulation
frequencies the NA outflow reached a Iugher peak level anly tn fall quite steeply
{Fig 1 2)

The peak level of the M A overflow responce to a second nerve stumulon perind
after a resung ntenal of 2030 min was alnays fower than the peak kvel i the
first sumulation penod and closer to the NA Jevel tonards the end of the fint
stmulauen pertod (Fig 1, 2)
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Taste 111 Effect of \AO inhibition on \ \ content 1n cat spleen Nalamude 100 mgjkg ginen
1—2 hours before the expenment Mean vatues £SEM

Number of  Drug treatment

NApgfgww N pg/DN A

experiments
6 0 1744014 0211001
15 nialamide 1784013 0204002

Tasiz IV NA synthesis 1n, and mawimum overfow from 12 €at spleens 1 response to nerve
sumulation of different frequencies Mean valuesSEAI Relation of synthests to
maximal overflow Multplytug syathesis and overflow vatucs by 9 4 gives an esumate

of synthesis and overflow of NA expressed in ngfg w s frun

o Sumulation  Synthests Overflow Synthesisfoverflow
Frequency ng NA/DNA-U/mm  ng NA/DNA-Ufmin ¢,
1 Uisec 0135 374 94
2 018 246 81
3 085 516 164
4 040 541 74
0452014 4194069 103121
1 5fsec 042 1720 25
2 027 861 31
3 040 1790 22
4 074 1510 49
045010 1468210 3206
! 10jsec 014 1047 13
2 025 769 33
3 074 719 95
4 067 22 80 29
0454015 12192360 4318

The total amount of NA recovered in the perfusate {rom the sumulated portion
of the spleen {NA;) was very large both absolutely and m relation 1o the calculated
“tarting NA content of the stumulated portion of the splten (NAL,), 530+ 13 ¢; of
Na,, (mean £SEM, n=12) {cf Tablc V) The NA content of the sumulated
portion of the spleen found at the end of the expenment (NA,) was always lower
than NA,, Howerer while there was thus a substantial reduction of the tissuc
content of NA the deplenun was by no means complete (390+45 € of NA,
men SEN n=12), (¢f Table V) Since the depletion was less than NAp, part of
the overflewing N\ must have been replaced by newly svnthesized neurotranse

mitter
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Fig 1 The relauionship between reduetam
DLco/voz RATIO DURING MAXIMAL WORK mmcimal \ o, 12250 mas] and the oo

between the putmonary diffus ng capaciry ¢
(O W ML/MN v, N L/MN]  CO and oxygen uptake at maximal exerene
co MuHg T2 1n 6 athletes

Maumal \ o at sea level was i all 6 subjects shghtly lower after than before the
stav at atutude The difference was probably related to a reduced mtensiy of
traiming at alutude Euther set of sea level data might have been used to demonstrate
the relatanstip shown in Fig 1 A simlar correlation 15 also present between
mavimal \ o at alutude and the ratto Dy ,/maximal cardiac output at <2 Tevel

In voung adults a conditioning program induce a larger increase 1n ma< oy
than n Dy, (Saltn et al 1968) This 1s 1n accordance with the findings that
individuals with a large aerobic work power duning maimal exercise havea sealler
margin to the upper limut of the lungs to transfer oxygen (Shepard e af 1957) The
rato for Drcg/max Vo, had a mean value of 12 2 in the present study of enduranc®
athletes compared with 13 1n tramed students (Holmgren and Astrand 1966} l4m
untraied students (Saltin et a/ 1968) and 15 1n untramned femnle students (Holm
gren and Astrand 1966) These findings may then explan the obserations that
the Inrgest reduction in max Vo at altitude 1s found n the most well trained groupt
(Salun 1967, Grover et al 1967, Faulkner ef ol 1968) It 1s worth noticing howerer
that 1s the ratio between Dy, and max Vo, that 1s the crucal factor for the reduc
tion 1n max \ g, at altitude and not an extreemly high max Vo, per sc¢ Thus the
present findings mas also gine the physiological explanation for the observed """
differences in performance at altitude betw een athletes of equal capacity ats3 love!
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by local synthesis (Spector, Melmon and Sjcerdsma 1962, Montanan 2 al 1963,
Levitt ef ol 1865, Sedvall Weise and Kopin 1968) or by uptake from the environ
ment of preformed NA erther circulating (Kopin and Gordon 1963, Kopin, Gordon
and Horst 1965) or locally released (Paton 1960, Blakeley, Brown and Geffen 1964,
Stjarne 196+, Brown 1965, Gillespte and Kirpehar 1965, Haefely e o/ 1965, Blake-
ley and Brown 1966 Hedqvsst and Stjarne 1966, Geffen 1967, Folkow, Haggen
dal and Lisander 1968) has been based on studies of either parameter in scparate
expenments, using dilferent tissues, species and techriques

In view of this the present imestigation was carned out to study the balance be
tueen the loss of NA from the neuron by spontaneous ‘ leakage™ as well as bv neuro-
transmstter discharge in response to nenve stmulation, and the gain of NA by local
s\nthesss, 1 one and the same experiment, using the 1solated perfused cat spleen
Intraaxonal deamination was bloched by mhibition of moncamine oxidase (MAQO)
O methilation was momtored nd corrected for Uptahe of NA from the extra-
cellular medium was bloched Thus the corrected values for NA n the venous
elffluent should equal the total amount of NA gen off from the neurons, and the
net gam of NA calculated frem a balance study should reflect NA synthesis

Abbreviations NA = noradrenaline
\AO = monoarmne oxidase
PBA = phenoxybenzamine
DNA = deoxyribonuclerc actd
NA; = noradrenalmne n perfusate
NA., = mnal line content of lated spletn (cal-
culated)
NA. - line content of lated spleen at the end

of the experiment {found)

Methods

Cats of both sexes weighing 2—4 kg were used for the study Ite expermental animals were
anesthetized with sodium pentobarbita) (30 me/kg 1p) and pretrcated with nalamide
N\1amud® Pfizer 100 me/kg 1+ about one hour before startng the perfusion of the spleen)
and hepann (1000 I 1 /kg 3+ The abdomen was opened by a midime nciston and the
splenic Vessels and nerves were car ¢ ¢ as = f ~x 2n far nene malt ~t e
then cut The splecn was transferr - .
fused with a slighth modified . . ) 4
MeSO4 7 HiO 0294 ¢ CaClz - - -
KHiPOY 0163 g NaH(Os 21 g dextivse 240 # ilh sJ0 1 53sr contamn g 2 put cent
dextran (Macrode<® Pharmacia M 70000) and aerated with 5 % Oz 1n Oz Ihe flow
fate way Lept at ; mi/mm by means of a comtant rate perfusion pump (Ssgmamotor)
Ascorbic acid 120 pg/ml was added to the perfution flud (o protect the NA in the mediuns
and hydrochlonic acid was infused into the senous collecung syuem (o mantain a suitable
low acidity 1 the prrfusate The cfflieat from the spleen was doaded meo 10 mi porgans 1y
feans of an autou auc ira tion col ecter Supramaximal electrcal stmu'aticn of the s lemc
Deres was carred out with shislded platmum electrodes uung 3 Grass 4 stimulator
operated at frequenc es {r m | 10 per sec a duratiog of 2 mee and a symulanon strength of
2030 volts for twn tmulstion penods of 10 20 min daratien sepasated by an jateral
of 2030 min

The expennment was started by an snteaarteral imfven ¢f 32 wC of tritram Jabeled d1 Na
spee 9ct 5 A0 o wri ~ New Fngland Suclear Carp After wa Fing for 30 min by pere
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fusion with N\a free Krebs Henseleit solution esther phy b (PBA! Dib Tine®
Smith Khne and French) 10 ex/m! or cocame 8 ug/ml+Hydergin® (Sandoz) 0.3 xefml
were added to the perfusion medm Alter 10 min the spleen was duided 1nto two portion
one to senie as a control and the other to e used for the nerve sumulations The division was
made, after applying a tichtly fitting clamp 1n the mostly easily obsernable bordeshne between
the two vascular beds of the spleen The controf portion was immediately blotted dry weighed
and homogenized 1n an Ultra Turrax apparatus with 10 volumes of 10 % trichloroacete
acid Electrical nenve sumulations of the remaining portion of the spleen were carred out as
described above At the end of the expenment the sumulated portion of the spleen was
weighed }omorenized and extracted in the same way as the control

Analysis
The outflow of N4 from the spleen was monitored by determining the rad oactinty n the
different crude perfusate iracuons 1n a Packard Liquid Spectsometer, as descibed below

The remainder of the perfusate fractions was then pooled 1n groups and protesn was pre
cipitated by addition of 1710 volume of 50 % tnchloroacetic acid or n the samples used for
chromatography by addition of 1/10 volume of 4 M perchlorc acid

The perfusate samples and the organ extracts were punfied on alumina and thetr NA con
tent assased fluonmetnically according to Euler and Lishagko (1961) In order to determine
\A 1 abiquots of rep ¢ perfusate samples and organ extracts were aho
analysed by cation exchange column chromatography as described by Styarne and I rhajlo
(1867)

The radwactnuy of e dillerent samples was determined by counting 85 mi alaquots m 2
7 3 toluene absolute ethanol solutton 5 diphenyls le and 100 mg of
14 bis 2(4 methyl 5 phenyloxazolyl) benzene per hter of toluene Quencling was monitored
Iy anternal standasds of TH dI NA and was found not to differ significantly berween different
extracts

According to chromatorraphic analysis of the perfusate fraction obtained daring the penod
of mavmum NA overflow in response 1o nerve stinulation NA accounted for 963 ¢ 209
tmean SEM n=34) of the total radioactivity and 1n the pooted total perfusate for 906 ¢+
06 (mean:SENM n=3) In the perfused <pleen 962 72210 (mean*SENM n=4) of the
radioactinity consisted of intact N4

In contro] expenments the recovery of NA added to perfusate samples and to organ et
tracts and carried through the cntire procedure of i and fh al d
was 759 413 (mean*SLM n=15) i the perfusate and 784 ¢c#12 (mean2SEA
n=15) 1 the splemic extracts

The A ralues 10 splemc extracts obtained by fluormmetnic assay were corrected for lowses
on alumina (correctton factor 1/ 781 and those 1n the perfusate hoth for losses on alumina
and for metabolites (correction factor for NA petk 1/0759x 0963 and for toral perfusate
1/0 729 x D 906) 5

The mitial NA content of the stumulated portion of the spleen was calculated From the
\ A content of the control portien of the spleen usung the deoxynbonuclerc acid DVY4) con
tent of the o portrons of the spleen as a reference (¢f Dearnaley and Geffen 19662) 1n
the followmng way .

The acid insoluble sedrment rema ming after centrifugation of the splentc | omogenate }:'1-
treated with 05 AL perchlone acid at 80° € for 20 o Purme deoxynl ose in the actd | ‘f‘“
was_then d ? By by the 4 ! react on according to Bur :
(1956) The results were expresced 1n DNA umss 1 unit representing the extinction rau"d
bv 1 mg of standard DNA (deoxynbonuclerc atid sperm  Nauonal Biochem Corgr) 1re3f

way as the ussue sediment
" l‘}:ns:r:‘lfu method the N\ content f‘ _llhz; lmlvl portiens of 1 serres of ro stmutatedd £t
was found ta be almou identical (Table

ipl’er::s‘hy .memauon of the NA content of the control portion and of the D:: :3:::':
of both the contral and the stinulated portions ss was powil e to calculate e
of the stimulated port on of the spleen at the time of division of 1 e oran

Results

Y 3
In the absence of nere actnaty the NA level i the effivent from the spleen ‘;3\
quite low, and close to the lmst of sausfactony accurics 1n the fluanmernc :
L]
determunation with the method used The salues found mndicate that pretre

of the cats with nalwade or addinon to the perfosion fluid of PBA or cocae=
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Taste 1 D stribution of NA 1n control cat spleens in relation to wet we ght {w w ) and to DNA

A B c (/AN C/B B/A
ww DN\A unus FENA
1 315 275 692 220 0252 873
39 325 87 221 0245 899
2 215 160 075 174 0234 744
180 140 322 179 0230 771
3 220 170 339 154 0199 773
270 203 389 144 0192 752
4 262 200 357 13 0179 755
330 270 48 147 0180 818
5 140 123 207 148 0168 879
130 13 18> 142 0164 869
175 168 370 211 0220 960
X 375 340 782 209 0230 910

Tazsis 11 Outflow of NA (ng/g w w jmin uncorrected) from solated perfused cat spleen after
preteeatment with malamide (100 mgfkg 1 v to the ammal) and addition to the per
fusion fluid of PBA (10  gfml) or cocainc (8 s g/ml) +Hydergmn (0 3 pgfml ) Mean values

+SEAL
Drugs Control Niatamide Nualamide Nialam de
Cacaine
Hydergine
A 0534011 0564006 0592008 058£003
Ng g wWWwW/mn
Number of expeniments 9 7 S 4

Hydergin did not significantly alter the fluonmetncally deterrmned basal NA over
flow (Table II) or the level of radioactiity m the perfusate found 1n the absence
of these drugs (Fig 1 and 2) Nor did pretreatment with mialamide change the
normal \A content of the spleen ( Table 111)

When PEA or cocaine + Hydergin were added to the perfusion fluid  electrical
stmulation of the splenic nerves resulted 1n an immediate large rse n the outflow
of NA At a sumulation frequency of I/sec the peak NA outflow was 419068
ng/DN\A un t/min (mean#SEM n=4) When higher sumulation frequencies were
used {afsec and 10;sec) the peak ovtflow was always higher At 5fsec the NA out
flow tose to 1468210 ng/DNA/min and at 10fsec 1o 121943 60 ng/DN\\
unitfmin (mean+SEM n=4) (of Table IV)
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Fig | Perfused cat spleens pretreated with nralamide and Inaded with 3H dI NA Oult
of radioact ssts and of fluontmetncally determmed NA (shaded areas) from the spleen restme
and in response to nerve sumulation Cocaine +hydergin added to the perfusion medism to
inhibit uptake and to facihisate washout of NA released from the sympathetic neurons Cal
culated starting \ A content in sumulated spleen (NAe,) \A content m stimulated spleen 2t
the end of the expenment {\NA<; and N3 content 1n perfusate (NAp)

At 1ysec the peab level of N A overflow was relatnels well mamtuncd throughou
the sumulation penod or decretsed only moderately Wath the higher sumulation
frequencies the NA outflow reached a higher peak level only to fall quite steeply
(Fig 1, 2}

The peak level of the NA overflaw response to a sccond nene stmulatton period
after a resting mtenal of 20—30 min was always lower than the peak fovet m the
first sumulanon peniod and closer to the DA level towards the end of the fint
stmulation pened (Fig 1 2y
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Tasie 111 Effect of MAO mhibition on N A content 1n cat spleen Nialarmde 100 mgikg gnen
12 hours before the experiment Mean values~SEM

Number of  Drug treatment

NApggww  NA pg/DMA une

expenments
6 o 1742014 021001
1 nialamide 1784013 0202002

Taste IV NA synthess m and mavimum overfiow from 12 <at spleens 1 response to neeve
sumulation of different frequencies Mean values2SEA Relation of svnthests to
maumal overflow Muluplying svnthesis and overflow vatues by 9 4 gnes an estmate

of synthesis and overflow of \ A expressed 1n 1 g w w frun

o Somulation Synthesis
Frequency  ng NA/DNA Ujmin

Orerflow
ng NA/DNA Uimm

Synithesis overfiow

o

1isec 03>
018
085
040

e =

043-01¢
53ec 042
027
040
07t

A

0454010
10 sec 014
025
074
067

- e

04301

371
246
516
241
419069

1720
861
1790
1310
1468210
10 47
769
779
2280
1219 360

94
81
16 ¢
74

25
31
22
49

13
33
95
29

103221

32-06

+3:18

The total amount of NA recovered 1n the perfusate from the sumulated portion
of the sp'een (A7) was ven large both absolutely and m relauon to the calculated
starting NA content of the stmulated portion of the spleen (\A ) 53043 ¢¢ of
Na, (mean*SEM n-12) tef Table Vi The NA content of the sumulated
Portion of the spleen found at the end of the expeniment (NAL} was always Jower
than \NA_ However while there was thus 2 substantial reductien of the tissue
content of \A the dep'etion was by no means complete (390%45 €¢ of NAL
meanSENM n=12) (¢f Table V1 Since the depleton was less than NA; part of
the overflewing N\ must have been replaced by newh svntbesized neurotrans

mitter
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Firg 1 Perfused cat <pleens preueated with malamide and Joaded with 3161 V8 Ouifi

of radioact vty and of floonmetnically driermmed NA (shaded areas) from the sjleen restns
and in response fo nene sumulanon (ocaine +hydergin added to the perfusion wrd um 0%
mhibit uptake and to facihtate washout of “A released from the sumpathenc nearers Cat 3
culated starting \A content in sumulated spieen {%A<,) NA content i stmulated splren at
tte end of the expenment N4« and NA content 1 perfusate (NVA)

At Jysec the peak level of N A overflow was relatisely well mamtamed through ut
the stmulation prnod or decreased only moderately With the higher stim aten
frequencies the NA outflow reached a higher peak level, onh to fall guite steeph
(Fig 1 2v

The peak lesel of the N\ overflon response to a second nenve stmulation perod
after a resting wntenad { 200 30 min was always fower than the peak Jevel in the
first sumulation pertd and cloer 1o the NA level tonards the end of the fint
sumulaton perrod (Fie 1 2
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oazorns of the released N A by addl won of PBA or excare ~Hvder=in to th= perfu
w2 medl o, De ro-o svnthesss of N4 was estmated as the dfference between the
txa} ammoent of \A found 1n crg2n and perfusat~+ and that calculated to be
Presen? i the 0—an at the bempnung of th- expriment. Thas cfculaven mas um
w23 based e th- use of DNA 25 a refevence 2nd on the finding 1 the presert ex
Prmes.s that the VA of the cat p'een was bemoceneoush distribued between
e two 2.1 porions of the o zan Thi> cbeervanen & wmewhat m contrast to that
of Drarpales and Geffen 11966b  who reported a 10 ¢ difference of the \A con-
"1 17 two portons of cat spreen.

A methndalorcal dufficud v  this sruds was the poed 1o we drues to block mrra
axosal holremn of \A famd=  to prevert reuptake of libera ed.
canzvonsl tarenmer PBA cocune  and to facihitate 15 complets ard rapd
wahout PBA. Hwdermin  The dufficults cor ed m chotine 3 druz concene
tratea, whch would produce maxmam <prafic effects wibout dis orune N A svn
e or release brcause of pras™= s de effects. Such sid= effects have been reporeed
foz PRA. whxch when adminstered in a sinz'e hioh dove has been shown 10 cause
releace of \A frem the perived cat sp'een Furchzott and Karpekar 1063 Fischer
Horst and fopin 1% \oreover PBA when added 1n relatveh hngh concentra
9078 0 axpemaons of \A storaze particles wolated from bovine splsme rerves e
£~ 70 hs bren thown both 10 coun ~ract spon.aneous release of \ A from the parncles

Euryand Lshajio 1962 and 1o mbu™it the Last s ¢p m \NA svn.bess from pros ne

Stpr= ind Lhajko 190  Thas 1t o4t be cuspected that ths druz would
€% o the normal p cture chanme~ the rsupz NA leaka frem the nerves poe
“Hh detrea ing the arount of \A released dunnz renve < rr lanon and ewire
Taalls rw fimures for NA «n hess However 1 the presert exnernimer « 2dde
v of PBA to the perfuaon redium did ret chon the recar~ outflow of & her
Rémimve or of flen~etncals desnm oed NA Morrover the drur aromshy
P‘:"ﬂ 2rd the \ 3 overfiow respom<e 1o electnaal aerve sumlaten  of Brown and
G P 1957 and obers  Finals the firures for N arthes s chzined 1n the
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present expernnents were high when compared ta data i the Itertune (¢f Spececs
«t al 1862 Montanan ¢t al 1963 Lesite o @l 1965 Scdvall o al 1968) Thus
suggests that the abovementioned m 21tro hibitory cffects of PBY on N\ svnthesis
or on the release of NA need not necessanly 1pply to the mtact neuron and might
therefore not affect the present preparatton This 1 further supported by the almont
sdentica] results obttined 1 the present sertes when cocune + Hydugin were u ed
tnstead of PBA Cocamne was chosen because it s known to inhubit N A uptake 1aty
sympatheuc neurons (Whithy Hertung and Axclrod 1960) by blacking the speeific
uptihe mechamsm at the level of the axonal membrne {Hillarp and \Malwions
1964) without imhibiung N\ biosynthesss {Holtz O swald and Stock 19€0) or
affecting the spontaneous reletse of NA from 1solted bovine splenic nenve granules
{Euler and Lishajho 1965) Hydergin was gnen in 1 smlt dose about o0 tnes fes.
than that of PBA just suffscient to black the alpha receptor response 1n ocder to
faciitate the washout of NA \ery much ke PBA Hidergin 1s known 1o retard
the spantancous NA release from 1solated nerve grinules {Luler and Luhagko 1966)
although 1t 1 concentration much tugher than that used m the present e <pertnents
On th= other hand Hydergin has been found not to mhibit NA synthesis 1 bovme
spleme nune homogenate fractions at concentritions which strongly blck spon
tincous NA relewse (Stjarne and Lishagko 1960) In agreanent wih the observa
tions m the PBA expeniments addition to the perfusion medium of c> ane+
Hydergin did not change the resung NA overflow from the perfused splecn Thee
constderations indicate that PB\ cocamne and Hydergin in the conceniratimy v ed
id not interfere with synthesis or release of N A 10 the spleme nenves

Another aspect of the drug problemn s the question whether the concentratt s
of PBA or cacune present 1a the perfuston medium were sufficient to bl xch com
pletely the NA uptake process at the level of the 1vonal membrane fn 1) pre
treatment wath either PBA or cacune has been shown to reduce N3 aptike in the
perfused cat spleen to the same extent as postgangly e denervanon {Gillesy i and
Rarpekar 1965) Morcover in other experunents in this lbortony {Hedqvnt
published} higher concentrations of PBA and cocame than thase uscd 1n the proent
series were fourd not to Jurther merease the NA everflon response 1) nerve st
lation in the ro'ated perfused cat spleen Fhus it appeans hkley that the it o
of the NA reuptihe nto the nenves was ewh completc and that ther e the
ratues for NA m the perfusate 1a the presence of these drugs accuritedy rflect the
NA release from the nerves

One addittonal drug problem eoncerns the we of anlamide to block MO shich

was regarded advantageous for the balance su dv Long term MAO minbin n hv
been shona to reduce N A biosynthests possubly by product intnbinon «f the tirone
hydroyylation step (Neff 1nd Costa 1966) Fhis aoght imply that the swathews

values found by us re not representattse of the Physobpical mate of N3 et

Howeser tn Qur exXperments short term AMAQ inhbin did net alter the n b 1f

\A content of the cxt spleen (¢f Malmfoss 1961 b1 Moreover MAO b b i

Lnown not to change the NA autpr it from the spleen cither resting or an respe v 1
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nerve sumulation {Brown and Gillespre 1957) Thus 1t appears likely that the basic
balance between NA synthesis and overflow was not affected by MAO inhibition

Further methodological difficulties were caused by the need to find switable cor
rection factors for the fluortmetric NA values All of these were corrected for losses
on alumina (see under Methods}) Moreover the NA values n the perfusate but
not 1n the tissue extracts were n addition corrected for metabolites using results
from a chromatographic analysis of the radioactivity appeanng n the perfusate
The basis for this was the following

Metabohites made up only a small proportion of the radioactivity both in total
perfusate and tissue extracts Since MAO was mhibited and since O methylat
appears to proceed exclusively extraneuronally (Waltman and Sears 1964 Potter
et al 1965 Iversen Glowinsk: and Axelrod 1966} the metabolites 1n the splenic
extracts (less than 4 per cent of the total radioactivity) may be assumed to be
derved largely from exogenous NA retained and metabolized extraneuronally

Thus correction for these bolites of the fl 1ly determined NA figures
m tissue extracts did not appear to improve on the accuracy of the estmation of
mtraneuronal NA On the other hand the bol: P g 1n the perf

from the splen may be assumed to be largely denved from NA ongnally bound n
the nerves protected agawnst intraaxonal enzymatic mactination subsequently re
leased from the nerves as intact NA and metabolized extraneuronally On these
grounds 1t appeared necessary to carrect the fluonmetneally deterrined NA values
m the perfusate for metabolites to 1mprove on the accuracy of the esimaton of the
amounts of NA actually released from the nerves

Methodologcally the use of exogenous dl NA administered about 40 min before
the beginning of the sumulation penod as a tracer to reveal the fate of the enq
dogenous 1 NA 1nyolves a number of difficules It may be argued that exogenous
NA could not equilibrate with the endogenous NA during such a short period of
tume \oreover the raceme tracer obvicusly 1s less suitable to reflect uptake storage
release and enzymatic iactnation of the endogenous | NA However 1 and d NA
have been reported to be equally good substrates for catechol O methyl transferase
(Axelrod and Tomchick 1958) Furthermore in view of the preferential retention
of the 1 somer (Maickel Beaven and Brodie 1963 Iversen 1963) there 1s reason to
assume that the majorty of the exogencus NA retamned 1n the spleen after 40 min of
washing consisted of 1 NA In fact the close agreement between outflow of radio-
active and fluorimetnically determined NA i the present expeniments mdicates a

by complete eq between exog and end: NA Finally

since the metabolites represented less than 10 per cent of the total radioactivity in
the perfusate any error introduced by this correction factor shoild be at the most
quite small Thus the corrected salues for NA in the perfusate should gine a
feuonably accurate estimate of the total N A gnven off from the neurons

The values for N4 release and synthesis obtained by these metheds appear to be
'" general agreement with findings 1n other laboratories Thus the \NA output per
nene impukse calculated from the peak NA loss from the neurons of the spleen
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dunng the mual part of the stmulaton peniods compares relatively well with e
sults from the Iiterature (Brown and Gillespie 1957, Rirpekar and Cenowm 1963
Haefely et al 1963)

The rapid fading of the neurotransmitter output during contmuous nene sty
laton appears 10 be due 1o the effectrve dramage of the “pool of NA immediately
avalable to release by nerve mnpulses 1 the p of drugs mnhib sefill ng
of this “pool * by reuptake of the NA released from the nerves Under these con
ditons continuous nerse stimulation Jed to partial depletion of the total NV i the
organ However NA amounting to more than one half of the il level turned
out to be resistant to release by nene stntulation The nature of this funcuonat
compartmentalization of the stored NA 1s presently under study in this laborawon

It must also be pamted out that when reuptahe of N4 1s not inhubited very hal
NA escapes 10 the arculauon dunng nenve stimulation at frequencies below 10 per
sec (¢f Brown and Gillespre 1957 and others) Therefore 1t appears reasonable 1o
assume that the large NA discharge m response to nerve unpulses which m our
expeniments was observed only during the first part of the symulanon peniods m3y
represent the normally occurring ‘physiological ' transmitter release, which in the
absence of drugs blochmg reuptahe 15 masked because the major proportion of the
NA released 15 retained i the organ, ultimately recaptured into the neurons and
reused (Paton 1960 Blakeles et a! 1564, Stjarne 1964, Brown 1963, Gillopie and
Kirpehar 1963, Haefely ¢t al 1965 Blakeley and Brown 1966 Hedqust and Stfime
1966, Geffen 1967 Folhow e al 1968)

The NA synthesis figures obtaned in the present series, averaging 20 nife
tsuefhour, are quite high 1n comparison to those of Blakeley and Brown (1%60)
In a studs of NA synthesis 1 the isolated cat spleen perfused with Blood withaut
addinon of drugs these authors calculated the rate of NA synthesis to 03 pglbour
which 1 2 5 g spleen would correspond o 60 ngfg/ hour In thewr study miermt
tent hugh frequencs nenve symulation was used and the esnmaton of synthests wis
based on determination of steady state output under conditions where the organ
content of NA w1s supposed to remarn constant In our expenments the spleen w3t
exposed to prolonged ¢ontinuous nenve stunulation and drugs were added to the
salime perfuston medium o ensure inhbition of N\ reuptake mto the peuren EY
well as 11s complete and rapid washout The estimation of synthesis was based o 2
balance calculanen after correction for both losses on alumin and for mrh\xﬂn:
These mas be xome of the reasons for the differences observed It may also be PO
out that PBA pretreatment in 210 has been observed to produce 2 marked 1€reat
n the NA synthesis in sanous tisues | Udenfriend 1968

The high rate of N wwathesss  the present experments probably repre™™s “’

celeravion from the resting rate level induced by the creased nene actnte {4
Andén et al 1965 Olnero and Stjarne 1965 Gordon et al 1966 Roth Stj+b¢ ”‘
Euler 1966, Sedvall and hopm 1967) The range of NA snthess yalues ‘;f“ 7‘(
most identical at the different sumulavon frequencies Ths indicites that ::dlb\
celeraton of the NA synthesss induced by increased nerse activity 15 1125
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some factor secondary to the depolanization frequency rather than by the depolan-
zation as such (Roth, Stjarne and Euler 1867) Such a factor mught be some
strategic NA pool which becomes depleted as a result of the increased transmitter
discharge

As mentioned above, the purpose of the present imestigation was to estimate the
physiological discharge of NA 1n response to nerve impulses, and to find out to
what extent local synthesis could replace the NA lost, under conditions where this
loss was made permanent by prevention of NA reuptake The results obtamed 1n-
dicate that the average rate of NA synthests corresponds to only about 6 per cent
of the maximum NA discharge from the neurons in response to nerve stimulation
With due respect to the techmcal and theoretical fallacies 1n this type of calculation
discussed above, the strhing discrepancy found between the magnitude of trans
mutter discharge and the capaaty for replacement by local formation of new trans
mitter leads to the conclusion that “short term neurotransnutter homeostasts”, 1 e
the mechanism whereby a constant level of neurotransmutter 1s maintamed in the
sympathetic neurons from one moment to the next 1s not mamly based on de noto
synthesis, but rather on almost quantitative reuptake and reuse of neurotransmtter
(¢f references above)

However, even under conditions where the recapture mechanism functions optimal-
by, 1t 15 obvious that some of the NA released from the axons must be permanently
lost, due to removal by the circul or to local, 1 enzymatic degrada
tion This loss, as well as that due to ntraaxonal enzymatic mactnation, requires
fompensation by de novo synthesss During peniods of ncreased nerve activity an
tncreased exposure of the NA released from protective binding m the axon should
vesult 1n an increased rate of loss of NA from the tissue Adjustment of the rate of
synthesis according to the functional state of actiity of the organ (Anden et al 1965
Olienio and Stjarne 1965, Roth Stjarne and Euler 1966 Gordon ct al 1966 Sed
vall and Kopin 1967) therefore appears to be the mechamism whereby the long term
constancy, (¢f Kopmn e al} or in certam organs the controlled rhythmic varration
(ef Hokfelr 1951, Wurtman and Axelrod 1966 Wurtman, Axelrod and Sedvall
1967, Ress and Wurtman 1968) of the NA store 1s regulated ( long term neuro
transmutter homeostasts )

Thus work was supported by grants from the Swedish \fedical Research Council projects No

149703 \o 14X 609 02 and Suftelsen Lars Hiertas Minne which are hereby gratefully
acknawledged

gddmdum As emphasized in the discusion the authors are aware of the possibihity that the
rugs used ma;

y interfere with the processes of NA synthesis and release TIn fact recent ob
t this laboratory {Hedquist unpublished) indicate that PBA by a mechamsm

d
diferent from those discussed above may nduce an mereased \A overflow m response to
ene stimalation
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Pulmonary Diffusing Capacity
Limiting Human Performance at Altitude
By
Gonnar Browgrist, Ronert L Jonsson Jr and Besar SALTin

Recerned 3 Scptember 1968

Abstract

Browgrist, G, R L Jounsos Jr and B Savtis Pulmonasy diffusing capacity lmiting
kuman performance at altitude Acta physiol scand 1969 76 284287

In6 Iy successfut athletes of oxygen uptake and pulmonary
diffusion capzaity at maximal brcyele exeraise were performed at sea level and after 3 weeks stay
at 2250 m alutwde (Mexico City) Maximal oxygen uptake was 10—17 2, lower at alutude and
this reduction was related to the rato at sea Jevel between Dyco/) Voo The find

ed that there 1s 2 physiological bavis not anly for a morr marked reducton of max b g, n welkrained
groups a1 alutude but also for the obsered large differences 1n petfirmance at altitude betwern
athletes of cqual capabality at sea Jesel

Diffusion capacity of the fung does not limit maximal oxy gen uptake sn normal subjects
at sca level (Johnson 1967) However, based on the same evidence measurements of
g capacity pull y <apillary blood volume and cardiac
autput at sea level indcate that diffusing capacity should become an increasngly
important factor at alutudes above 1500 m, parucularly at high pulmonars capiflany
blood flaws Prestous studies suggest that a decrease of the oxygen content of aminent
air may be assocrated with a larger reduction of maximal axygen uptake in well

trained groups than in groups with average cardiovascular capacity (Saltin 1967)

bus confisung evidence has also been presented (1 aulkner et al 1968, 1he provent
srudy of a group of inter Iy successful end ¢ athletes was undertaken 0
imesugate quanutatvely the relation between diffusing capacity of the tuny; and
changes i performance between sea level and alutude

Subjects and methods
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Taste 1 Individual data

Measurements during mavimal work

Subject Age yrs  Place Vo, Heart Q D Hgb Het
Heght  of STPD  rate mljoun  BTPS
cm study'  Ifmun beats/ Itmm mmbg  Yun £°% °
Weght kg min
A 23 s 514 184 1872 143 43
183 G 415 179 1940 149 44
65 D 494 179 287 577 1943 151 44
8 27 s 618 187 205 4 148 4+
189 e 491 187 2368 162 465
7 D 610 18> 65 695 2198 152 4+
c 2 s 526 190 316 1784 143 43
188 MC 430 186 2189 153 4+
7 D 542 189 271 668 2013 153 44
D 26 s 560 183 309 1709 148 1
179 NMC 457 183 1962 159 48
72 D 531 178 622 1943 150 47
E 23 s 584 192 1685 143 42
187 MC 487 182 1863 159 47
T4 D 543 183 321 72 1714 157 45
F 24 5 527 171 2960 1539 151 44
180 NG 440 10 1931 160 47
75 D 507 171 269 650 1772 157 465

' $ = Stockholm MC = \leueo City D = Dallas
* The dye diluuon technique was used for this cardiac output determination

mnd,ﬁzd [ur simultaneous “m,n output Q) measurements by the acerylene techmque (Salun et of
1958 was d from the tsldual | capacaty with an wmual \olumo m
the rcbtealbmg bag approvimataly ' .
Tate was determuned from ECG re oo
metee Measurements were made

subjects eould tolerate for 6 min .
(Daflas) a3 week stay 1n Mexico .

of the 3) week penod Diffusion capacity was measured on the first day afier ceturn (0 3ca level
allas

Results and Discussion
The results presented m Table 1 and Tig 1 indicate that diffusion capactty of the
lung 1s an ymportant limiting factor at a barometric pressure of 580 mm Hg It s
apparent that the magnitude of the decrease in maximal Va. at alutude 1s deter-
mMined by the relation between diffusing capacity and the potential rate of oxvgen
uptake, e the rauo Dig, maumal Vo, at sea level
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. Fig 1 The rebsts nad p brtwcen redvenym 1
AT DUPTIG MAXDY oPx T 1% i
, TATI DRSS MAXIAL WOPK 5, ol N g 31 2250 masd and 1o ra o

Ertween the pulmonary diffus ng capac v{¢
[0} oy .VO DI L/VN) (O and uxrgen uptake 3t max mal exerra
o Yo% 10 6 attletes.

Maximal Vo. at sca lerel was mn all 6 subjects shzhtls lower after than before the
sty at alutude The difference was probably related 1o a reduced ntensity of
traimmg at alatude Esther set of sea Ies el data might hase been used to demon trte
the relatonship shown in Fig 1 A similar correlauon 1s also present between
maxsmal \ o, at alutude and the rauo Di, maximal cardiac output at sea Imel

In voung adults a conditsoning program induce a larger increase 1n max \n,
than mn Dy, Salun et al 1968 This 1 in accordance with the find ngs that
individuals with a large acrobic work power duning maximal exercase have a vnalfer
marg'e to the upper lumut of the lungs to tramfer oxygen Shepard et af 1957 The
rato for Dy, max \ o, had a mean value of 12 2 1n the present study of endurance
athletes compared with 13 1 tramned students Holmgren and Astrand 1955 1411
untraincd students (Salun et of 1962 and 15 in untrained female studenss H 1=
gren and Astrand 1966, These findings mav then explain the olrenat s th2!
the largest reduction in max \ o 2t alutude 1s found 1 the most well tramned gro P
(Salun 197, Grover et of 1957 Yaulkner etal 1962 It s worth noucing homaer
thzt 15 the rano between Di,, 2nd max \ o that s the crucial factor for th e reduc
toa 12 rax \ o, at afutude and not an extreemby hugh max \ o, por ser Thus the

prewert fird ngs mas alo gne the phvsiological explanatn for the olnersed L2z
d.Ferenees 1 prrformaree at altitude between athletes of equal capacins atwralod
" - e oand
He gttt N e g g i e R
Prenl
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. o Fig 1 The relanonstup between redcwnn
R DURNG W oFK P
B /Yo, PATO DURSS WAL WOPC roagmal Vg, 2t 2250 m.aal and the rin

between the pulmonan diffusirs capsary fx
(0 B LY, N L/MH) CO and oxvgen uptake at mavimal v
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\Maxumal Vo, atf <ea level was 1n all 6 subjects shightls lower after than before the
stav at alutude The difference was probablv related 1o 2 reduced ntensin of
traiming at altitude Esther set of sea Jev el data rught have been used to demonstrate
the relattonship shown m Fig 1 A simular correlation 1s also present between
maxymal \ o. at 2lutude and the ratio Dy /maxmal cardiac output at <2 Jevel.

In vourg adults a conditonmg program induce a Jarger increace ;n matv AY:S
than in Dy, Salun et al 1968, This 1s 1n accordance with the findings tht
indnaduals with a large aerobic work power durmg maximal exerare hase a<mal'er
margin 1o the upper it of the lungs to transfer oxvgen (Shepard ¢f af 1957; The
rato for Dy, max \ o. had 2 mean value of 12 2 1n the present study of endurance
athletes compared with 13 m tramned students (Holmgren and Astrand 1966 14
untramned students Salun ef ol 1968) and 15 1n untrauned female students {Helm
gren and Astrand 1966 These findings mav then explam the obcenatios that
the largest reducnon in max \ ¢, at alutude 15 found i the most well trained £TOUPS
(Salun 1967 Grover ef of 1967, Faulkner et al 1968) It 1s worth noncng, hmaer
that b the ratio between Dy, and max V. that 1s the cruaal factor for the redur
tion n max \ g, at alutude and not an extreemh high max Vo, per see Thut the
present findings may also gne the phvsiological explanation for the observed h"‘;v‘
dufferences tn performance at alutude berween athletes of cqual capaam atwalad
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Studies on the Histamine Releasing Effect
of Bee Venom Fractions and Compound 48/80
on Skin and Lung Tissue of the Rat
By
Bo FreproLy and OsTeEN HAEGERVARK

Recened 4 September 1968

Abstract

Frepnowsr, B and O Haecermark Studies on the histamine veleasng effect of bee
venom fractions and compound 4880 en shin and lung tisue of the rat Acta
physiol scand 1969 76 288-~208

Two bee venom fractions, F* "7 "7 e L1t e ol o Porm o 44000 yere
shown to release histamine I . e A
contaimng fraction, and F - - + the
ttme course of the histamune - The

results with F I and compound 48,80 were simular, sugeesting that the two substances ac-
tivate the same kind of release mechanism It 1s concluded that F I 1s not related to the
earhier deseribed bee venom polypeptides mehtun and apamin The mode of action of
phosphatidase A was distinctly different from that of F 11 or compound 4880 The resules
are consstent with the assumption that 3t acts i a “non-speailic® way by hydrohsing tresue
phosphandes to lyso compounds, which in turn damage the tissue

Bee venom has been shown to contawn several factors which can release histamine in
vanous animal spectes Such agents are phosphatidase A mehtun (Riley 1958 Roth
schild 1963}, and a recently-described venom fraction, F 11 (Fredholm 1966 Fred
ho!m and Haegermark 1967) It has been suggested that phosphatidase A cuses
h release by hvdrolysing tissue phosphatdes to fatry acids and fysn com-
pounds, which, 1 turn attack histamune-storing cells (Feldberg, Holden and hella
way 1938, Trethewie 1939 Rothschuld 1965 Melitun has high surface acustty
{Habermann 1958}, and its effect on mast cells 15 probably due to this property
(Riley 1958, Habermann 1965 Rethschild 1965) The effect of F 11 on rat pens
toneal mast cells has several charactenstics 1n common sith that of the histamine
Iiberatar compound 48/80 { Fredholm and Haegermark 19671 and thus differs from
both phosphatidase A and mehtun

The aim of the present work was to study the lustamtne relersing effects of the
1o bee venom {ractions F I (phosphaudase A and F 11 on shin and lung trsur of
the rat and to compare the effects with those of compound 4880

288
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Methods
Fractionation of bee vemom
B T Set o penmy, '
- - . . - . .

st s e g

Preparation of shin and lung ttssue
Sprague Dawley rats on bath sexes {350—500 g) were used They were anaesthetized with
o FE i S o, e e Fa-atie Sl
P . .. .-
ased, and freed from subcutaneous fat The skin was cut with scusors into 3X3 mm peces
{weighing about 20 mg) This size was chosen because preluminany expernments had shown
that cutting into smaller pieces increased the spontareous release considerably The cut tissue
was thoroughh ninsed wath salt solution and allowed to stand at 4° C for 30 min prior to a
final wash at 37° C for 2 min It was blotted dry with filter paper and divided into D23 g
samples The samples were placed m 30-miErk flasks and ded 1 2 25 ml of salt
solution

Lung fissur Four ammals were used 1n each expenment The lungs and heart were excised
together To remove blood from the lungs they were perfused via the pulmonany artery wath
20 mi of buffered salt solution The heart was remosved, and the lung lobes dissected free from
visble bronch: The tissue was cut mto picces weighing 5—10 mg, and then treated as de-
scnbed above for skin

Incubatton technigue

. . of 01 N HCI and heated 1n

. . - r centnfugation at 1000x g

. the histamine remaining in

. .o . w» == ndimadual expeniments, the
Telease was expressed as a percentage of the total amount of histamine in the sample

Ihistamne assay

Histamine was determuned fluorometrically according o Share Burkhalter and Cohn (1929),
uang an & B and 10 mm cwettes

Electrophorens

Low voltage paper . Sron e ..
wide strips of Wh P ve o
buffer The curren .

PAPErs Were CUt A LIsely HiL0 s<ill PICES wiimas +L1L L tu wan wun M LaoUs

Determination of partitron ratros of compound 48 80

The partition ratio of compound 48780 1n a two-phase system was determined using  method
similar to that descnbed by Brodie and Udenfriend (1945) The releaser was dissolved n
001 M NH(HCOs, pH 7 4 to give 2 concentration of 1 mg/ml. To a 5 ml sample of this solu-
tion an equal volume of the organic sohvent (heptane or chloroform) was added and the
tube was shaken for 2 min at reom temperature After centrifugation, the separated phases
were evaporated to dryness (water phase freeze dried and organic phase evaporated under
futrogen at room temperature)  The residues were weighed and the hustamine releasing effect
of the recovered matenial neal mast cells as described by Fredholm
and Hargermark (1967

3693003 dete phyuiol scand kol 75 3
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Materials

A Yee cenont preparation (herealter referred to as bee venom ) ot tamned by precip tat on
with picnic acid and chromatography on Amberlte IRC-50 and compound 48 40 were
generously suppled by Dr B Hogberg AB Leo IHalungborg Sweden  Lecuthin (for tle
phosphatidase A assay) was prepared and lndly supphed by Dr A Wrethad “at aaat
Insutute of Public Health Stockholm Sweden

Results
Histamine content and spontancous release
The histamine content of the rat shin ranged from 10 to 30 sg/g (n=32) and of the
lung from 5 to 12 ugfg ussue (n=25) (wct weight after cutung and rin mg the
tissue)

The spontaneous release of histammne durimg the ncubations vaned considerably
bemseen indivdual evpenments Duning 30 mun incubation at 37°C waithout
Iiberator the mean release from shin was 179 (range 11 0—~288 n=59) per cent
and from lung nssue 105 (range 38—156 n=44) per cent

Dose response relationshaps
The ussue was mcubated at 37° C for 30 min with bee venom F I, F Il or com
pound 48/80 1n concentrations rangng from 01 to 100 ug/ml For skin the dosc
release cunves were very flat for all agents tested The percentage histarmine released
w1s of the same order of magnitude for the two types of ussue, but due to high
spontaneous leakage from the skin the net refease from that tissue was fower than
from lung e g with bee venom 100 pug/ml 25 per cent as compared to 35 per cent
an the lung with 48/80 100 pg/ml 11 per cent an skin and 29 per cent tn lung
ussue

Both bee venom fractions caused histamine release and the release cunves ran
almost parallel F I betng the more potent of the two Netther of the fractions showed
as high actnaty as unfractionated bee venom (Fig 1 and 2)

Solubility charactersstics of compound 4880

The poor release from skin might be explained by bad penciration into the ussue
fragments due to low fat solubility of the releaser To imesugate this possibility
the distrib ratio of comp 1 48/80 was d d 1n a two-phase system con
sisung of an aqueous solutton of 061 M NH,HCO: pH 74 and an orgamic sohent
(Beptane or chloroform) In the water/chloroform system the releaser was about
evenly distnbuted between the two phases while 10 water heptane ot was alinowt
exclusively found m the aqueous phase (Table I)

Time course of the hustamtne release

Bath compound 48/80 and F IT have been shown to cause 1 rapid releawe of
fustamine from mat pentoneal mast cells (Moran Usnis and Westerholm 1962,
Fredholm and Haegermark 1967) To our knowledge there re no data available on
the tme course of the release induced by any of these agents from other Mt tissues
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In the present work the histamine release was followed during the first 60 (in some
experiments 180) min of exposure of the tissues to the vanous releasers at 37° G The
spontaneous release was followed 1n parallel samples

Lung tissue (Fig 3) In the first senes of experiments the release was followed
for 60 mun after the addinon of the releaser It was found that the rate of release
was mmtially faster with F II than with F I with F II the maximal release value was
reached after only 5 min incubation while F 1 had hberated only about 50 per cent
of the 1 hour value at this time In the samples incubated with F I the release con
tinued although the rate decreised after 10 min and stabilized at a new level which
was constant duning the rest of the observation period Compound 48/80 liberated
Ristamune at a rate sumlar to that of F II In order to further lustrate the difference
between F 1 and F 11 exp were also perf d tn which the release was
fallowed for 180 min The results confirmed those of the 1 hour expenmments with

Tanee I D str but on of compound 48 80 between 1 pid solvents and water at pH
74 The results are expresied 3 the ratio of the amount of compound 1n
the organic phase to the total amount

Exp no  System Recorery Partition rat o
per cent

1 chloroformjwater °9 045

2 106 052

3 108 04c¢

4 heptanc water 100 0025

5 101 o012
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Fig 3 Time course of histamine
release from lung hissue, tnduced by
FI, & @, FIl O---0
and compound 48,80, B~ ~ -I
Concentration of tefeaser 50 pemt

PER CENT RELEASE
~
o

Qo
1 Spontanecous release, A
0= v r ¥ v Values from 2 (48/80) or ¥ (FI
oslo 30 60 180 F 11) expts are included 1n each
MIN cune

F 1 there was a contnuous and linear (the lineanty 1s not apparent from the figure
as the diagram 1s broken) release during the period 10—180 mun, whereas wih
F 11 no further release occurred after the imtial 5—10 min

Shen (Fig 4) In contrast to the findings with Jung tssue, the spontancous fe-
lease from skin increased consderably with 1ncreasing ncubation tme, a fact which
may have obscured differences between the release curves for the various agents
After 60 mn 1t had reached 25 per cent of the total histamine content, and it was
considered uscless to extend the obsenvation time any further

Witk all three hberators the main net release from shin occurred withmn the first
10 mun of incubation and there were no obvious differences between the cunes

Influence of metabolic minbitors and preheating of the tissue

Enzyme inhibstors, and heat treatment of the tissue are Anown to block the effect of
certain histamimne rdleasers, such as antigen or compound +48/80 (Mongar and
Schild 1935 1957 Mota and Ishu 1960) The effect of F I on rit pentoneal mast
cells was also found to be impatred by metbolic snhubitors (Fredholm and Haeger
mark 19671, while the action of the bee venom fraction mehttin and that of
phosphatidase \ was not affected by the inhik 1 phenal (Rothschild 1965)
Tn the present work the effect of potassium cyamde and dimtrophenol was studred
The tissue was wncubated with the inhibitor for 10 mun and, after addition of v
leaser, the incubation was contiued for another 20 min It was found that the
release induced both by compound 48/80 and by F II was strongly ahibited By

@ A
S o

shen

Fig 4 Time course of lustamune release from oy
d b ——e F 1 O-=-O

’cr;?:;undy-uf*go.. - - - -K Wmmnon‘nl

releaser 50 pe/ml Spontancous r:lt‘:le A

Each cune represenss the mean of 2 expts:

PER CENT RELEASE
o
-3
:

1

o ©
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Fig 5 Influence of metabolic inhibitors on the histamine release from lung ussue, induced
by F I, F 11, and compound 4880 Concentration of releaser 10 ggfml The spontancous
release was deducted before calculanon Each rolumn represents the mean of 3—+ expts,
sertical bars indicate standard errors

Fig 6 Influence of metabolic anhibitors on the histamune release from skin, nduced by F I,
F 11, and compound 4880 Concentration of releaser 10 gem! The spontancous release was
deducted before calculation Each column represents the mean of 4 expts, vertical bars in-
dicate standard errors

ether inhubitor, while no sigruficant effect was observed on the histamune release m-
duced by F I (Fig 5 and 6)

“Spontancous™ release was determined both 1n the presence and mn the absence
of the inhibitors In several expenments this release was lower 1n mhibitor-treated
samples than in non treated ones, but the d was not 11 fi

Heating of the skin or lung tissue at 45° C for 15 min before exposure to F II or
compound 48/80 reduced the release induced by esther agent (Table IT)

Paper electrophoresis of F II

B 11 was subjected 1o Jow voltage paper electrophoresis at pH values ranging from
7010 1225 The histamine releasing matenal was strongly basic, only at pH 1225
id 1t remain at the starung point. Some spreading of the actiaty which occurred
when non treated paper was used was probably due to adsorption, as it could be
reduced by pretreatment of the paper with 05 per cent Tween 20 (¢f Zeva and
Spitznagel 1966)

In w20 effect of F II 1n the mouse

Bee venom 15 known to possess excitatory effects on the central nervous svstem m
several species 1ncluding dog and mouse (Langer 1897, Hahn and Ostermayer
1936) Thus effect has recently been attnbuted to a basic polypepude fraction called
apamun {Habermann and Retz 1964, 1965) The 1soelectnie point of this fraction 1s
around 12, 1¢ about the same as that of F II To see whether F IT had any apammn-
like activity 1t was 1ajected ntravenoush 1n two series of mice (NMRI stramn) In
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Fig 3 Time course of } o
release from lung nssue, ind
FL ® F

and compound 4820 M~ t
Concentration of releaser 30 »
Spontaneous  release ’

LEN RILFASE

< o 1t aluo from 2 @900) o)
051 30 10 F 1) expts are anchided &
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1 v2s a continuous and hnear (the lineanty 1s not apparent from the f

azram 1 broten) release dunng the period 10—180 mun, wherc:
7 fu her re'ecr occurred after the imtial 510 mn.

n z 4 In contrast to lhc findings with lung tissue, the spontan-o
1. tr1  1maneressed considerably with b time, a fact 2!
may b r#d differences between the releasc curves for the rvanow 1
Afer & J reached 25 per cent of the total histamine content and 1t
consider s 15 extend the obsersation tume any further

With Arators the mamn net release from skin occusred withia 1
10 min ! 4 and there were no obvious differences between the cone
Irfluen tc ninbitors and preheating of the tusue
Enzvire inhit ¢ and heat treatment of the tissue are known to block the tft
certamn hitar teasers such as anugen or compound $8/80 { (Mo

Schild 1927 '+ M yta and Ishu 1960) The effect of F IF on rat penttol
cells wasal »1  d 10 be imparred by bolic 1nhib (Fredholm w 111
mark 1067 while the action of the bee venom fraction mehitun anl
phosphatidase A w < nt affected by the inhubitor dmxlmphenol (Roth e 1
In the present work the effect of p cyantde and d phencl »
The tissue was incubated with lhe inhybator for 10 mun and a[(er add t
leaser, the smcubation was contnued for another 20 mun It was foun! !
release induced both by compound 48/80 and by F II was strongl 1!’
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more susceptible to the action of the liberators The poor release obtained even with
the highest concentration of compound 48/80 15 i agreement with earher reports
on the release both from minced skin (Rothschild 1965) and minced lung tissue
{Diamant and Uvnas 1961) by this agent. Seemungly contradictory to the results
with shin are the earlier observations that in perfusion experiments or n ziro,
histarmne 15 readily released from rat skin by small amounts of compound 48/80

{Feldberg and Mongar 1924, Perry 1936) One expl for this discrep
mught be that the reactivity of the mast cells was impaired dunng the p

of the tissue which usually required 11/2—2 hours This possibility 15 supponed by
the observanon that agmng of rat skin caused 2 red: of subseq

release induced by compound 48/80 (Yamasak: and Endo 1967) An alternanie
explanation 1s that n 1ncubation expenments compound 48/80 can not diffuse nto
the tissue to reach the target cell As one approach to the question of diffusion of
the releaser we determined the distnbution ratto for compound 48/80 between
water and an organic phase Those expeniments revealed that 1n 2 water/heptane
system pracucally no releaser entered the orgamc phase, ¢ ccmpound 48/80 1s
almost insoluble m a non polar sohvent It has been shown that i intact skin the
rate of penetration of various substances 1s proportional to their ipid solubility
(Treherne 1926) Although the experimental conditions differed from those 1n 1n
tact shin the results may indrcate that the solubility ch of d
48/8D dasfavour 1ts penetration wmto the tissue fragments so that 1t only {eaches mast
cells Jocated close to the surface. The situation 15 apparently different in the lung
where the release was o ble with that ob d 1n perfusion

{Feldberg and Mongar 1954) This may be due to the loose structure of that tissue
which allows a better penetration of the releaser
The rate of histamune release was best studied mn lung tissue as i skin a con

tinuous spontaneous leahage of histamime dunng the incubation prevented a vahd
interpretation of the release The histamine release mduced both by F IT and com

pound 48/80 from lung tissue was completed within 5—10 mn. Considening the
time required for diffusion m a preparation like this 1t 15 concevable that the ac-
tual release process 1n the mast cell has the same rapid course as was reported for
the effect of F II and P d 48/80 on suspended rat [ 1 mast cells, 1n
that preparauon the release was finished within 20 seconds (Fredholm and Haeger

mark 1967 It may be recalled in this context that when histamme release 15 1n

duced from a simular Jung ussue preparation by a polypeptide found in Ascarss suss,
the releace cunve has app: 1y the same app as i the present work
{Diamant 1961

It 15 well known that the effect of compound 48/80 on rat mast cells or ussues 1s

influenced by physical or chemical agents which interfere with metabolic processes
m the cells for references see Uwvnas 1961) The present finding that the release
mduced by both F II and pound 48/80 was inhibited by p cyamde,
dimitrophenol or preheaung the tissue at 45° C lends further support to the idea
that the release mechanusms of the two agents are of the same kind The effect of
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Tasie II Hustamine release induced by F 11 or compound 48 80 from nissye
heated at 43* C before the incubation The release 15 expressed as
a pereentage of the relcase from non heated tssue Spontaneaut
refease was deducted before calculation Concentranon of seleaser

10 g/ml

Exp no Tissue Release from preheated tissue an per
cent of zelease in controls
FiI 48 80

1 lung 67 44

2 " 38 —

3 ” 47 [}

4 " 30 o

5 skin 8 [

6 - 6l o

7 ” u -

8 3 []

all mne ammals recened 4 mg/kg and six 40 mgfhg bw Controls were gren 09 per
cent NaCl The mjection volume was 01 m! The anmmals were obsenved for three
davs after the mnjections Those who had recened 4 mg/hg behaved perfectls normal
Iv throughout the observation perod. In the ammals that had recened 40 mgfkg
there was a symptom free penod of about 15 min followed by the dexelopment of
marked cvanosss ear enthema oedema of the fect, breathing difficulty and genesa!
wealness Four of them died within one hour after the injection. One showed
moderate sgns of hperexciability on the fist dav after the injecnon and pansl
fund lesr paralvsts which persisted dunng the whole obsenation pessod One of the
anmals recovered completeh within one day

Discussion

The bee venom fracuon F I1 a basie polvpepude with a molecular weight between
1000 and 5000 Fredholm 19661 has previoush been shown to caus~ hustamine
release from rat pentoneal mast cells 1n suspension, while the fracuon F 1 1phos
phatidase A has onhy 2 vers weak effect on such cells It was suggested (hat Fl
acts by tngzenng an energy-dependent. enzvmatic release mechanisr n the mu!
cell in a was smilar to the histamune hberator compound 48/80 or anuzen Fred
holm and Haegermark 1967  In the present studs 1t was found that boh F Land
F 11 cansed histamine release from skin and lung vssue of the rat ard the resuls
give support to the idea that F I and compound 48 £0 actnate the sam» tund of
release mechansm

The dose-respome cunves revraled that none of the acents seleawed ™ re than 2
small f~ *on of th b «aruns from <lin and that the lung Lsue was srm-what
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capTlata (Uvnds 1960) For the 4scans and Cyaneg polvpeptides 1t ks been shawn
that their action mvolves enerpv-dependent mechanems 2nd 1t may be that m
respect of hustamine release F IT belongs to th group of compeunds Phovphatidace
A acts apparenthy 1n another was as 1ty effect 1s not influenced by agents mrerfermg
with metabolic processes. This observanon 15 constent with the assumpnon that the
histamine release caused b} phosphandase A 15 due to the effect of Ivso compounds

resultmg from kdown of tssue phosphand: thar do not

need metabolic energy

Note added v proof Recently and (1963) d new
f about the d d F i
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Hazzasany E and K-G Rriz Ein neues \erfabren sur Gewinr e der homponen.rn von
fselnm?él, wnsbesonder= des zentrauwoksamen Pepuds Apamus. Eocher~ Z 1%m3 340

—

Hun G and H Liorrscxz Leber das Benemaft IV \ftelune  Gewirmung bede G 7t

lmpnnmre dur:h D.ase Bor € ch chem Ges 193 0 163 —

Hurx G a Orru)u\u Ueber das Bererct 1 Muealing Ber & wk chem Ger
1936 69 "40' +10
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FIl: 1% s ¢ ferer frum that of th* ber venom fraction mnun Neumaen 204

Hebrzarn 1€ 04), whome 26007 15 not whibited by dinstropheno! 2nd whych prrds

B . 2 e “nomapeafic” was b vartue of sts huzh surface actniy (Ridm 192
H Y»r _a9 1%, Rothschald 1963}

~} 27 ne releas- by F 1 was of another character than that snduced by F I

¢« ov pd 46 ¢ It was ot blocked bn metabolic mbubnors or heat trestoest

o a1 = rtlease had 2 «tow course and continued dunag the whole incubaten prood

“51 1 Trew Godinzs agree with results recenth obtained with gumea ped o

v s~ Fredro'm and Strandberg 1963) It has previoush been shown tha phoe

2 Ao & has onh 2 ven weak histamime releanng effect on wilated pres ool

s Of the g2z Keller 1963, Rothschild 1963, Fredholm and Haepenmad

Hmee hoophogphatidec—mhich can be exprcted to appear ot &

Pt D sephandas A—hgve been reported 10 causs hidtamine releas from vao-

i o't 1. <ach as dog ver (Feldberg Holden and Kellaway 1933), sucrez

I3 F illps 2nd Middicton 1953), rat mast cells {Hogberg and Uvnls 197

¥« ~ G5 294 Fiuman Iucoevtes (Finke, Phillips and Wddiesa 1974 Kt

b tees L zersd that the acton of phusphatidase 4 15 m~diated vi2 the forra

ofe b soands from phosphatides present an the tieue (Feldirre Holdm 223

Rela ¢ Treep=wi~ 1039, Rothsthild 1955) If the suggsuon s comeet, &
(Rt e re ezsm by F I represents the sum of at least three process ¢
dfus 21 B tasue, hvdrohs of phosphandes, and hs of the mant ol
Ayt vt oF these proceses have not been studied separarh no fimm 2
clus 5 b ~rown from the rate of appearance of hstamine 30 the g0

fl:d e s5_pr of the cune obtamed sn the prewnt work, showirz a shw @
urasn eeav © 0ot eontredict such an idea,

Ar eorh dev o 4 effect of bre venom 1 exaanon of the certral prnvus ST
ilarzev 1o +” Ho nand Ostermarer 1936) Thss acusats has recerth boeg 2zt
10 a bate pr pade fracton called apamin (Habermann and Reuz 1954 1)
Inowdr to s wheber F 11 had 2m such acuwty st was myeeed ar 0 26 2
drs of up Lt e the LD, reported for zpamin. After the tughet 4 27
anzma's shmed moned svmprovs of the anapinlacnc tp- but osl shitt ol
DeTVOus st strnulstyn was produced. Hind Jeg paralhs simlar 19 thot RS
1909 0f the ice was sbeenved by Hahin 2nd Ledrschbe (1937 aftr iopeer £
rmce of 2 slowh dizhsabs bee venom fracuon, which the calied “hopoatt! .
but 1o our koowdedzs th s has 5901 been further stadied ot

In conclunn. the resalry have shown that the two bee senom fracuons F 1222
F I redeasr h ctamyne from 13t teeams throuzh different mechar <= T frtr?
F 1L fint deanbed In Fredholm (1965 Hberates hizroe by 2 m“”’w.rs
semmbling that of eompnnd 48 80 and thus difers from e eatdeT €
hpstamine relezsiry bee venom fracuon melintn, Hitamine relmay oz 27507 .-Lz!:"{(
Ly b denomiraved £ 0507 basic prolvprprades such as pahime B ”“r'u
2nd Bondit 1960), a prpnude svilaced fsomm Ascaris sus (Lyvnls of ERC .
and Wo'd 1957), 2nd extroces from rmammalan tsues {4red~ 197 avd Gy
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capillata (Uvnas 1960) For the Ascaris and Cyanea polypeptides it has been shown
that their action 1molves energy dependent mechanisms, and 1t mav be that m
respect of histamine release F 1I belongs to this group of compounds Phosphatidase
A acts apparently 1n another wajy, as its effect 15 not influenced by agents interfenng.
with metabolic processes This observauon 1s consistent with the assumption that the
histamune release caused by phosphatidase A 1s due to the effect of lyso compounds,
resulting from breakd, of tissue phosphatid, that do not
need metabolic energy

Aote added 1n proof Recently Bresthaupt and Habermann (1968) presented smportant new
fe the pol ds dam F I
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Metabolism of Dopamine and Noradrenaline
in Normal, Atrophied and Postganglionically Sympathec-
tomized Rat Salivary Glands in vitro
By
Jan Jonasos

Recenned 13 September 1968

Abstract

Jonason, T Metabolism of dop and drenaline 1n normal, atrophied and
postganghomically sympathectom: ed rat salizary glands 1 tiro Acta physiol
«cand 1969 76 299—311

Slices from normal atrophied and postganghumu"y s}'mpz(hccloxmzed rat salvary glands were
incubated with labeled d e at
2 higher rate than that of nandrﬂuhne Thas phenomenon 15 vmpwd 1o be due 10 the tugher
affimty of dopamine for monoamine osidase the extraneuronal part of which being very 1m
portant The major cataboltes of dopamine were found wdbe the phenolic acids dihydroxy

phenylacetic acid and h e aeid dded was primarily

catabohized to normetanephrine whercas the mayor Lues of hy

Line from dopamine were the phenolic ghcols 34¢h,dwwhemlslycol and 3 methoxy-4
the view dn initially 55

bot udase prior to T G etz by catechol O

methyl uanduzs: Atrophy rcducfd the le\els of all 3.0 methylated products especially those

of the methovvlated amines whereas sympathectomy increased the amounts of these amines

and diminished the deaminated products Thus catechol O methy] transferase 1s localized to

the parenchvmal cells in the salnary glands. In comrast to the dopamine metabolsm the

catabolsm of noradrenaline was more affected by postgapglionical sympathectomy than by

atrophy The data from the present study demonstrate the umportance of the amine con
of the ad nenve cell

The metabolism of dopamine (DA) and noradrenaline {NAV in both the central
and peripheral nervous system has been extensiely studied dunng the last decade
(for review see ¢ g Axelrod 1965 Glowinski and Baldessanm 1966 Iversen 1967)
The enzymes monoamme oxidase 1MAO) and catechol O methyl transferase
(COMT  are of great importance 1n the catat of these hol {Axel-
rod ef al 1938 Axclrod Albers and Clement 1959, Rosengren 1960, Crout Crevel
g and Udenfnend 1961 La Brosse ¢t al 1961 Carlson and Hillarp 1962 \Manna
fino Kinhner and Nashold 1963 Glowmnski hopin and Axelrod 1965) It 15 alio
well known that dopamine g hndroxilase (the enzvme comerting DA to NA) 15 1m
poriant i the metabolum of DA (Ldenfriend and Creveling 1939, Caslson 1958
RNasshner 1959 Potter and Axelrod 1963 Kaufmann and Friedmann 1965, Glo-
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winshy, \nelrod and Tversen 1966, Merntt and Schultz 1966) In svmpatheneaily
mnnenated organs this enzyme is considered to be localized within the storage granules
which are located within the adrenergic neuron (Potter and Axelrod 1963, Iversen
Glownshi and Axelrod 1966) The acti ity of COMT s not =ifected by ssmpathec
tomy (Waltman and Sears 1964, Potter ¢t al 1965, Iversen et al 1966) Thus
COMT 1s thought to be localized outside the neuron n both peripheral tssues
{hopm and Gordon 1962) and bran {Carlsson and Hillarp 1962 Jonason and Rut
ledge 1968a) MAO, on the other hand, 1s localized both within the neuron and out
side the neuron in sympathetically innenated tissues (Snyder, Fischer and Axelrod
1965 Almgren ¢t al 1966) In fact, 1t has been demonstrated that m rat salivary
glands about one third of the MAOQ actiaty 1s localized within the adrenergic nenes
and about two thirds within the parenchymal cells (Almgren ef ol 1966)

The salnary glands have many advantages in studying intraneuronal versus extra

1 bolism of catechol By extirpauion of the superor cenvical gang

lion this organ can be | gl Ily sympath 1 and extraneuronal setab
olism can be studied Furthermore, 1t has been reported that the salnary gland cells
atrophy after ligation of the excretory ducts (Junqueira 1951, Bhaskar, Bolden and
Wemmann 1956, Standish and Shafer 1957) This atrophy 1s not accompamed by a
corresponding foss of NA (Anden, Norberg and Olson 1966) The MAQ actisaty m
such atrophied glands are reduced by bout two thirds {Almgren ef a! 1966) The
NA reduction rate after reserpine 15 not affected by this operation but after pre
treatment with the MAO it lamide reserpme produced a slower decrease
1 the atrophied glands than 1n the wntact ones (Jonason 1968) This phenomenon
mght be due to loss of COMT activity if this enzyme 15 localtzed within or at the
surface of the parenchvmal cells Obviously after reserpine treatment the intra
neuronal part of MAQ 1s responsible for the metabolism of most of the NA Atrophied
salivary glhnds seem to be 1 useful tool for investigations of itraneuronal metibolsm
of catecholamines

Recently the metabolic pathways of DA and NA in rabbit brain have been i
vestigated using slice techmque (Rutledge and Jonason 1967) It was found that
DA was d d to the two phenolic acids 3 4 dihydroxyphenylacetie acd (DO
PAC) and homosanillic acid (HVA) whereas NA was deammated pnmanly to the
two phenolic glycols 3 methoxy-4 hvdroxyphemylglycol (MOPEG) and 34 diby
drosyphenyliglycol {DOPEG) The same phenomenon has been found in rabbit atna
(Rutledge and Wemer 1967) These findings have prompted the present study on
the metabolism of DA and NA in normal atrophied and sympathetically denenvated
salnary glands in order to gan inf of norm1l bolism of catecholamines
ntra zersus extrancuronal metabolism of these monoamunes and the locahization of
the imolved enzymes in these glands

Material and methods .
f anmimaly
male Sprague Dawley rats weighmng about 200 g were used In one group o
ﬁ“ﬁ;cmory Fucts of the left sul maullary and sublingual glands were hgated near 1he na 1‘1\::
I another group the submaxilary and sublinzusl glands were postgang) on cally P
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' T oL - te A1 Le ~perations were

. . the operation

.t - - . - + e used Before

- observing the
it

.,,.

. - - roform

- - uns of
- - - ml of
Rrebs-Henselert_solution for 10 mn at 37° in 92 % 025 % CO: (Rutledee and Wemer
1967) Then 5670 10 12 moles of C'* DA (46 5 10 ® cumes) or H3 NA (6 66 10 ¥ curses)
were added and the flasks were incubated an addttional 20 min Control samples were prepared
by the addition of 2 mal 2 \ HCI to the flasks before the premncubation period All mcubations
were terminated by the addition of 2 ml 2\ HCL
When the retention of the amines was measured the slices were blotted and dried upon filter
paper after the 20 mn icubation and mcubated an addstional 10 min m a substrate free
medum The <lices were blotted and dried agan and the total radwactity retamed by the
slices was determined
Procedures n this study have been described 1n detail in previous publications (Rutledge
and Jonason 1967, Jonason and Rutledge 1968a) and thus will be presented only m general
terms DA and \\"were 1solated by adsorption onto 2 Dowex 50 column ethotytyramne
{MTA) and normetaneghane {\M] were firse passed over alsmina where the two catechol
amuines DA and \A were adsorbed The alumma effluent contaiming \MTA and NV, was
then passed over a Dowex 50 column and the two amines were eluted n separate {racions

amnnn
@,
Yy
]
&

When the d d were det the Dowex effluent was passed osver
' NP T S sa e rooa - 1’ ~dehe acrd
nylgtycol

‘ hydrowy

~nylglycol

. MA) was

. . - - . and the
rolumes were reduced for esther paper or thin layer chromatography The compounds were
¢luted from the chromatograms with 02 \ acetic acid Recorenies were determined m each
sample by adding carrier substances immediately upon termnat on of the incubation and quan
tification of the amount remaning mn the eluate after the separation procedures The amount
of amnes recorered was measured by the fluorescence emitted at 335 mpu upon activation at
280 mu The amount of d hols was by the phenol reaction of
Barness ¢t al (1963) The radioactnity of each of the amines and catabohtes was determmed
by hauid scintillation counting technique 1 a Packard Tricarb scmtillation apparatus after
freeze-drying
Ta

st e s et el he et were
.. spearfic

. . ‘e * same

manner with the exception that no recovery vafues could be assessed thus no correction for
this sanable was made It was assumed that the recoseres from this group of compounds were
relanely constant Resuls are generally expressed as mean ¥tandard error of the mean

Results

Metabohsm of exogenously added DA in normal, atrophied and sympathectomr.ed
salieary glands

The results are presented i Table 1 The rate of metabolism of DA 15 normal
salvan gland shees was lngh After 20 nun incubation 28 per cent of the substrate
Was unmetabolized (compared to the control values) The major metabolites of DA
were (hsted 1n order of quantitative importance) DOPAC, HVA, MTA and NA
The phenolic nlcohols DOPET and MOPET were of no quantitative )mportance.
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This 15 10 good agreement with the conditions 1n rabbit brain cortex (Rutledge and
Jon1son 1967 Jonason and Rutledge 19681) and mn the rabbit atna (Rutledge and
Wener 1967) Howeser, in the rabbit bram cortex the metabolic rate of DA was
found to be somew hat slower and DOPAC seemed to be quanstatively 1 more doms
nating metabolite than 1n the salnary glands In thece glands metabolism of exo-
genoush added DA by COMT appeared to be of greater quantitatne mnportance
than 1n rabbit brain cortex

After atrophy of the parenchymal cells the metabohic rte of DA was sigmificanthy
decrersed 59 per cent of added DA was unmetabolized compired to the controt
values (P<Q001) All 3 O methylated compounds were dimimshed MTA 16 per
cent HVA 39 per cent and MOPET 50 per cent of the normal values respectinehy
(after subtracting the control values) The dibydroxy compound DOPAC was
shghthy reduced whereas the small value of DOPET actually was shghtly increased
It 1s obvious that the COMT activity 1s severely decreased after atrophy The rela
tvely large control values of NA are due to partial contamination from the C' DA
precursor (13 per cent of the substrate) It might be surprising to find that fier
sympathectomy the NA values were less than 50 per cent of the control values How
ever 1n this case the level of CM DA was much lower than n the control Actually
the NA salues alter sympathectomy are m good agreement with the control valucs
{about 1 3 per cent of the C* D)

Sympathetic denervation of the salnary glands produced a shghtly reduced mett
bolic rate of DA (40 per cent of added DA unmetabolized) The most stnking effect
of this operation was the three fold increase i the amount of MTA (P<0001)
whereas the Jevel of the corresponding acsd HVA was reduced (39 per cent of
normal) The low level of MOPET was not affected The dihydroxy compounds
DOPAC and DOPET were reduced NA was not found after svmpathectomy

Metabolism of newly formed NA tn normal atrophted and sympathectam: ed sal
rary glands

NA was synthetized from DA by rat salnan gland shces {Table I} The m»wtm
portant metabolites of this newh formed NA from a quantitatne pomnt of view were
the glycols DOPEG and MOPEG NA[ DO A and Y MA were found onls in small
quantities. This 13 consistent with results from rbbit brain cortex {Rutledge and Jo-
nason 1967 Jonason and Rutledge 1968a) Atrophs did not affect the wnthess of
MA from DA whereas sympathectomy reduced the level of N A to zem Tte small
values of the individual metabolites do not allow to make any certamn conchusions
of the cffects of atrophy and svmpithectorny but 1t 15 obvious that M{OPEG alter
atrophy was markedly reduced (7 €c of normal values VM4 and DO\ could
not be detected after atrophy whereas NM and DOPFG were not signtficanthy f

fected Sympathectomy seemed to reduce 4l the metabolites except the small amunts
of NM It appears from Table I 1s1f some DOPEG actually wis formed fnm nc\\‘h

syntheuzed NA from DA However the values were rather smill Tte mmn)x{)‘r
this phenomenon 1 not known It might be an incomplete separition between
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Yaste I Metabolism of dopaminc m rat salivary gland shces

Shees from narmal, atrophied and postganglomcally sympathectomized rat salnary
glands were incubated for 20 mun with 3670 x 10 ** moles (465 X 10 * cunes} of G
dopamine Control corresponds to samples 1 which 2 ml 2\ HCl nere added to the

b fAuid before the \ean of the based upon
19—52 values dopamine (DA) 910°, + 18 methoxytyramine (MTA) 732°% =
21,3 4-dihydrosyphenylacetic acid (DOPAC) 442 °, - 16, homosamltic acid (HY A)
647 °, + 34, 34-dihydrovyphenylethanol (DOPET) 422 ©, & 19 3 methoxy
4 hydroxyphenylethanol (MOPET) 235°, = 22, noradrenaline (NA)925°% = 16,
normetancphrine (N\1) 806 o, L 07, 3 4-dihydroxymandehc aad (DOV(A) 1532,
2 09,3 methoxy 4-hydroxymandelic aid (3 MA) 14 09, 3 13, 3,4-dshydroxs phenyl
glycol (DOPEG) 164 °, = 10 3 methoxy 4 hydroxyphenylglycol (MOPEG) 3402,
423 All values were corrected for recorery n represents the number of experiments
S E. M represents the standard error of the mean The values are presented as moles
10 1 and represent the amounts of the compounds in the medsa plus that in the tissue
Values 1n parenthesis represent values in which the control values have been subtracted
* ugnificantly cifferent from normal valucs at P < 003, *¢* P < 0001

“ormal Atrophied Sympathecto-  Control
glands glands muzed glands
Mean 1470 3040%%+ 2001* 5180
S E.\I 183 145 169 533
n 12 7 10 >
Mean 213 18800 60700+ 168
sy @ (590
S E AL 77 45 338 0>
n 6 5 4 4
Mean 529 293+ 210°*% 25
(526) (390) (207)
S E AL 336 354 136 o1
n 8 6 3 1
Mean 476 18600 36200 06
S E M 575 207 409 06
n 7 5 4 3
\ean 1z 4100 17gees 06
S E M 31 55 21 04
n 9 6 5 3
\ean 208 10594 20 03
MOPET
SE 16 38 38 03
n L © 3 3
\ean 3 269 293800 635
173 (209) U]
SENM 194 298 102 192
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Table!  Continued)

Normal Atrophied Sympathector  Contral
glands glands rmuzed glands

\ean 235 250 374 185
Ny (50) 65) (189)

S E M 31 28 51 23

n [ 5 4 H

\ean 06 65 10 124
DO(A (9.2) [ (0)

S EAI 124 24 08 124

n 6 I3 4 3

Mean 204 [ 138 21
WAy 183) my

S E A 28 0 77 21

n 7 4 3 3

Afean 58 12z 108 46
DOPEG (153 7 (103}

S E N 350 358 234 15

n 9 A 5 2

Mean 120 80 141 09
MOPEG

SE N 632 33 46 09

n 4 4 2 3

PAC and DOPEG 1n the chromatograms The exnstence of 3 site  (not localired
to the adrenergic neuroms  which has the capacity of metaboliang DA 1o DOPEG
canpot be excluded

Metabolism of cxogenously added NA wn normal atrophted and sympathectomied
saluary glands
The results are presented w0 Table IT NA was metabolized at a slowes rate than DA
Nonmally & per cent of added NA was unmetabolized after 20 qun ncabroon
{calcutated th companng the expenmental values (o the control values; Ty 50
good agreement with data from rabbie bran n eiro (Rutledge and Jonason 1967
Jonacon and Rutledge 19682 by In contrast (o the conditions 1 rabbyt brain the
ghcols of Ny weze por quantiatisely the major catsholites of exogroowh added
NA in the salnan glands The catabolites of A 0 thrse glands were inted 0
arder of quanumame smportance) MM jwhich constitutes about 60 per cent of total
cantolitss DOPEG VA MOPEG and DOMA The Uwic difference brtween
theer data and there of rabint bram tonex 1 that 3 Q methylation by COM L ap-
pran to play a greater ole in the salnan glands after exogenous admnntrston of
AL The Inels ef NV and V34 were hugher compared to the bramn cortex whi'e
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Tabie I N l of added di 1

10 rat salwary gland shees
Slhices from normal atrophied and h d

rat salivary
glands were mcubated for 20 min with 567010 12 moles {6 6610 7 cunes) of H?
noradrenahine  For further see Table 1 etc}
All values were corrected for recovery and are expressed as moles X 10 1* The values
represént the amounts of the compounds in the media plus that m the tissue Values
1 parenthesis Tepresent values 1n which the cantrol values have been substracted
* significantly different from normal valucs at P << 005, #¢ P < 001, #** P < 0001

Normal Atrophied Sympathecto-  Control
glands glands mized glands

Mean 3071 3614 3857+ 4871
NA

SEM 126 136 310 213

n 9 10 4 3

Mean 759 11gees 1269¢+¢ 516
NM (707 (59) (217

SEM 537 260 26 90

n 8 7 5 4

Mean 634 836 20 4%4e 41
DOMA (593) (795) (163)

SEM 44 130 41 21

n 8 11 3 6

Mean 112 563% 738 59
MAIA (106) (504) 679)

S E 120 129 54 13

n 5 5 4 4

Mean 210 3554+ 5210 54
DOPEG (205) (350) 467

SEM 257 292 23 36

n 7 1 4 4

\Mean 107 746% 113 92
MOPEG (978 (65 4) (104

S E M 106 47 186 21

n 13 1 8 5

especially the levels of DOMA DOPEG and even MOPEG sere lower The rela
tnely large control values of NM are due to partial contamination from the H? NA
precursor

After atrophy there was no sigmficant merease of unmetabolized NA The level of
all 3 O methylated products were decreased while the dihydroxy compounds etther
were d or unch NAL d only 8 per cent of the normal values
(P<O001} The correspanding values for VM A and MOPEG were 47 and 67 per
cent, respectinely (P<005) The level of DQPEG was increased {P<001) whereas
the values of DOMA were not significantly elevated compared to the normal ones

69303 4 14 phy 1ol teand Kol 76 3
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Tasce I R of dy and drenaline sn rat saliary gland shees

hied 1 "

Slices from normal, and p y sy rat salwary
glands were incubated for 20 mun with 5670x 10 4 moles of either G dopamne
{#65x10 * cunes) or H' noradrenaline (666X 10 7 cupes) The valyes represent
the amount of amine {or metabolic product) retained by the shices afiee 2 10 mun
postincubation in a substrate free medium and are expressed as moles of amune x 10 #
¥#% Significantly different from normal values at P < 0 001

Normal Atrophied Sympathecto.  Control
glands glands mized glands
\ecan 418 387 180%°¢ 167
DA ($01) (370) (163)
S E M 383 424 201 39
n 11 5 8 6
\ean 479 433 189¢2* G4
o (473) (427) (183)
S EM 215 430 72 09
n 6 5 5 4

Sympathectomy produced a decreased rate of metabolism of NA 79 per cent of
added NA was bolized after 20 min b: (P<005) The Jevel of NM
was significantly sncreased (P<0001) whereas markedis decreased levels of the di
hydroxy compounds DOMA and DOPEG were observed The amount of VMA also
was slightly lowered while that of MOPEG was unchinged

Retention of DA and NA in normal atrophied and sympathectornzed salicary glands
From Table I1I st can be seen that normally about equal amounts of DA and M\
were retained by the shiees The amounts retained appear to be about the same as 1n
the caudate nucleus of rabbits (Jonason and Rutledge 1968b), but somewhat Jess
than the amounts retaned by rabbit brain cortex slices (Jonason and Rutledge
19683} Atrophy of the parenchymal cells of the salinany glands did not sigmficantly
reduce the retention abihity of the slices Honever after sympathectomy there was a
marked decrease of retained amines (or eatabolitesi to about one third of the normal
values for both of the amnes (P<0001)

Ot erall recoteries of amnes and metaboltes

If the amounts of the substrate and all the metabolites are summed and ths + ilue
are compared to the control values of the substrate 1t 1s found that the recovery 8
good sshen NA 15 used as substrate (between 87 and 106 per cont) When the cor
responding comparison for DA 1s made the recoveny salues are found to be betwren
62 and 78 per cent The reason for this discrepancy s nnt known 1t amighe pantly be
due to autoradiolysts dunng the time consumng separition procedure The ewstenee
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of other metabolites which were not analyzed e g oxudaton products (Axelrod 1961}
or conjugates cannot be excluded The major conclustons drawn 1n this study 15 not
affected by this somewhat low recoveny

Discussion

1t 15 evident from this studs that the rate of metabolism of catecholammes 1n normal
sabvary gland shces 1s high After a 20 mun ncubavon period only 28 per cem of
added DA and 6% per cent of added N\ were bolized The P

values of rabbit brain cortex cerebn shces were about 50 and 79 per cent respec
uvely after 30 min ncubation, using about equal amounts of substrate and ussue
(Rutledge and Jonason 1967) This difference 1n metabohc rate between rabbit bramn
and rat salivary glands 1s probably due to different metabolic properties 1n the two
tissues but spectes differences cannot be e<cluded However ust as in rabbit brain
cortex shices DA 1s metabolized at a faster rate than NA 1 salnary gland shices

The general pattern of the DA metabolites appears to be about the same n rat

salivary glands and rabbit bram cortex (Rutledge and Jonason 1967) However
DOPAC does not seem to be as predominant 1n these glands as 1a rabbit bramn cortex
but the deaminated metabolites of DA are primanly phenolic acids as was found in
rabbit brain tissues (Rutledge and Jonason 1967 Jonason and Rutedge 1968b) The
same 1m estigators also found that the predormmant metabolites of N A 1n these tissues
are the phenolic glycols a phenomenon which earlier has been reported from rabbit
atna (Rutledge and Weiner 1967) As seen from this study (Table II) this 1s not
true for the salivary glands \\M 1 1n this organ the major metabolite of e<ogenously
added \A and constitutes about 60 per cent of the total catabolites O methylation
by COMT appears to play a very 1mp role 1n the bolism of NA in the
salivary glands in contrast to e g the caudate nucler i 11tro (Jonason and Rutledge
1968b) It s also hnown that the sahvan glands have a partcularly hugh acuvity of
COMT (Axelrod Albers and Clemenn 19391 The glycols DOPEG and \IOPEG
constitute together about 26 per cent of the total bolites whereas the

ng value of ¥ VLA plus DOMA 1s about 14 per cent

There 1s an interesting d fference between the metabolism of exogenoush added
NA and the metabolism of newls svnthesized NA from DA “\ewh formed A 1s
metabolized primanh to the phenolic glvcols DOPEG and MOPEG the other metab-
olites being formed onh 1n small quanuues (Table I) Thus the level of \\M
low This phenomenon supports the view that intraneuronally formed N A 1s ympalh
deamimated by traneuronal MAO prior to its O methylaton by extraneuronal
COMT Carlsson and Hillarp 196 hopin and Gordon 1967)

It 1s known that about one thurd of the MAQ actmty 15 locshized intraneuronally
and about two thirds o 1ts de the neurons m the sahvary glands (Almgren et af
1966} The extraneuronal part of the enzvime 15 localized 1n the parenchvmal cells of
the glands The enzyme COMT on the other hand 1s thought to be localized out
sde the adrenergic neurons hopin and Gordon 1967 Carlsson and Hillarp 1967
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Waltman and Sears 1964 Potter et al 1963, Iversen ¢f al 1966 Jonson and Ru
ledge 1968a) The evidence for this view are of more or less ndirect nanere Th
present study shows that after atrophy of the parenchymil cells of the salnar
glands there 1s a severe decrease of COMT actiaty (Table I and 11) All 3C
methylited products 1re dimshed espeaially the methoxylated anunes NV const
tutes only 8 per cent of the normal value ustng N\ as substrate whereas the corre
sponding value of MTA using DA as substrate 1s 16 per cent After postganghonics
sympthectomy of the glinds those products which are only 3 O methylated namel
MTA and NM, are markedly increwsed those products which arc both 3 C
methylated and deaminated (HVA VMA, MOPET and MOPEG) are cithe
reduced or unchanged whereas those products which are only deammnated (DOPAC
DOMA DOPET and DOPEG) are reduced These data strongly indicate that th
enzvine COMT 1o the greatest extent 1s locahized wathin or at the surface of th
parenchyvmal cells of the salinany glands

It 35 obvious from this investigation that normally DA s metabohzed 1t 2 faste
rate than NA 1n the salnany glands The same phenomenon 1s observed after sym
pathectomy (Table I and II) Thus the reason for thts difference 1n metabalic rate
between DA and NA mught be unequalities 1n extraneuronal metabolism of these
amines The affinities of these amines for CONMT are about the s1me (Axelrod anc
Tomchick 1958) Furthermore the level of NM using NA 1s substrate is lugher thae
that of MTA from DA {Thble I and 1) Howeser, D\ 1s hnown to be 1 bette
substrate for MAO than NA (Blaschke Richtcr and Schlossman 1937 Waner
1960) Thus DA 15 probably metabolized by extrancuronal and ntrancuronal MAC
to a greater extent than NA The total sum of deaminated metabolites of D4 1
diminished about equally by atrophy and sympathetic denervition whereas that ol
NA 15 not affected by atrophy but decreased after sympathetic denervation These
data sndicate that extrancuronal MAQ plays a greater role for inictivation of DA
than that of N\ Atrophy which results in severe loss of both MAQO (Algren of al
1966) and COMT (1 seen from this imvestigation) has 4 more pronounced effect
on the metabolic rate of DA than sympathetic denenation The reson for this
phenomenon scems primanly to be the loss of MAO actinaty by this procedure
Thus, the data from tls msesuganon indicate that DA\ 15 metabolized at 1 faster
rate than DA n salnany gland shees mostls because of its fugher affimty for A{AO
the extrancuronal part of this enzyme being very smportant

Reduetion of the M AO activity by atrophy docs not duninish the level of the direct
deimmated product of DA pamely DOPAC proportionally In fret when Ny wn
used as substrite the direct deaminated products pamnely DOPLG aind DOMA wert
actually increased or unaltered ( Table ) It could be argued that thiy phen me
non 1 due to unability of further catabolism by COMT to form MOPFG and VM3
However, the increse tn amounts of DOPEG and DOMA 15 about tuice of the
decrease 1n the levels of MOPEG and V MA after atrophy Furthermore N A red i
tton rate after reserpine 3 not affected by atrophy 1n spite of the severe Pws of beth
VAO and COMT actniies {Jon1son 1968) 1t 1s probable that the mtrancuronal
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part of MAO 1s highly important 1n the metabohism of VA because of the ability of
the adrenergic nenves to concentrate the substrate mnside the nenve by the membrane
pump mechamsm  (Hamberger and Masuoha 1965 Glowinski and Axelrod 1966
Carlsson ¢t al 1966 Haggendal and Hamberger 1967) The substrate concentration
for ntraneuronal MAO and the “membrane pump mechamsm 15 increased by
atrophy This situation could explam why the deamination reactions of \A are not
50 much affected by reducing the MAO activity m the glands by two thirds Probably
the membrane pump very effectively concentrates the armines 1nside the neurons
This view 15 supported by the fact that the levels of the 3 O methylated amunes
MTA and MM are increased after sympathetic denenation of the glands (Table I
and IT) In normal glands the enzyme COMT 1s probably exposed to lower substrate
than 1n the sympath d glands because of the effectieness of

the membrane pump which results in lower levels of MTA and M\{ It s not un
likely that NA utilizes the membrane pump to a greater extent than DA (Jonason
and Rutledge 1968a) A support for this view 1s that atrophy did not significandy
reduce the metabolic rate of NA i contrast to that of DA 1 hereas postganglionical
sympathectomy had a greater effect than atrophy on the NA metabolism (also n
contrast to DA metabolistn) If NA 1s a better substrate than DA for the amine con
centrating mechamism at the level of the cell membrane of the adrenergic nerves
sympathectomy would be expected to affect NA metabolism to a greater extent than
DA metabolism

Normally about equal amounts of DA and NA were retained by the salnary gland
shees (Table 111} Protriptyl ne pretreatment of the amimals reduced the retention
of NA 10 18 per cent of normal whereas the retention of DA was dimimshed to 30
per cent of normal using the same substrate concentration and amount of shces as 1n
this mestigation (Jonason 1968—to be publshed) The retention abiity of the
sal vary gland slices was reduced to about one third of normal for both DA and N\
by sympathectomy Thus protrptyline mught have some extraneuronal effects in the
metabolism of NA Atrophy did not significantly reduce the retention ab lity of the
shices Loss of poss ble extraneuronal binding sites 1 the parenct ymal cells (Alm
gren Anden and Waldeck 1965) does not seem to affect the ability of retention of
catecholamines by tf e salnary gland slices
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Abstract

Rosquist, G Enzyme actiesties at the surface of wntact human erythrocytes Acta
physiol scand 1969 76 312—320

The actnaty of glyceradehyde-3-phosph dehy di hosphog] kinase and
ademylate kinase was determined at the surface of mntact red cclls suspended 1n 1<otonue sodum
chlonde or wotonic sodium chlonde conlnmmg 6 ¢ Devtran The surface-bound phospho-
glycerate kinase actiuty was found to be 4 5 ¢ r o[ lhc total phnsphaxlycuale kinase actmaty of
the cell The ding figures for gl and adenylate
kinase were 3192 and 20 %, respectinely The utem of hcmoxluhm leakage into the asay
medium did not ureed l b3 m zny tasc The xuspcndmg medxum, afier the cells had been
removed kenase
actinaty, whereas p:u ol 1h: aden)lalt hn;lsc actinaty had been eluled {rom the cells

The formation of extracellular (**Pjadenosine tnphosphate by human erythrocytes

b with (**P)orthophosphate and the phosphorylated sul and cofactors
of glyceraldehyde-3-phosphate dehyd, (D-glyceraldehyde-3-phosphate NAD
oudoreductase (phesphonylaungj, EC 12112} and phosphogiscerate ke
{ATP D-3-phosphoglycerate 1-phosph EC 2723) was studied in 3

previous work {Ronquust 1968) Evidence was obtained that most of the extracellular
(**P)ATP had been formed by enzymes bound to the outer surface of the red cells
It was thercfore of interest to determine the activaty of each single ensme pmubly
concerned

Thus, the present tnvestigation deals with the determination of gheeraldehyde-3-
phosphate dehydrogenase, phosphoghcerate kinase and ademylate kinave | ATP
AMP phosphotransferase, E.C 274 3) at the red cell surface, as well as that i a
total hemolysate Vanous other enzymes of the red cell were fikewsse tested for ac-
uvity at the surface and in the bemelvsate

Material and methods
Specral ehericals
AMP, ADP, ATP, \ADH \mm 3 phosphoshycerate Imdxum nalt) phmphnrnnlpynnl::l)r
(tncyclohexy, 23 tpes
fructese 3,6

2 fary
d,p),mphalt (wdnum salt), fructose 6 phosphate 4lunum ul(), 2 phenphinglycersie

312
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(barum salt), glutathione (oudized form), glucose 6 phosphate (sodium salt) pvrunate
(sodium salt) and all enzymes were purchased from Boehringer & Sochne GrmbH ‘Mannhem,
Germanv The 2 phosphoglycerate and fructose 6 phosphate were rendered Ba™ free before
use by making them weakly acid and prectpitating the banum 1ons with potassium sulfate

Anabytical methods

Hemoglobin wa. * — 4% t oo e - 1957)
Small amounts - Model
137 UV Spectr es with
known hemoglol - R

Hematocent was determuned 1n an Adams readacnit centrifuge Es 75M-4 67 (Clav Adams
New York 10 NY ) Osmolanty was measured 1n a \apor Pressure Osmometer ‘Model 301
2 Mechrolab , Hewlett & Packard (by courtesy of Dr R Stromberg AB Pharmacia Uppsala

weden)

Preparation of red cells

Venous blood samples from healthy indnsduals were collected in hepanmized tubes Only
freshly drawn blood was uced throughout the expenments The blood was centnfuged at
1800 g for 6 mun, and the plasma and the buffy coat layer were removed by suction The red
cells were washed 4 tumes at 10—15° C with 015 Af sodium chlonide and centnfuged at
1800x g for 6 min_When red cells were suspended 1n 015 3 NaCl contaiming 6 % (w/v)
Dextran (Dextran T 40 Myw=41800 \Ma=25700 /o/—0210, AB Pharmacra Uppsala
Sweden) the third and fourth washings were performed with this solution The red cells were
used 1mmediately after preparation

Preparation of hemolysate

Hemolysates were prepared by freeang and thawing an aqueous suspension of washed red cellc
(red cells difuted 1060 umes with distlled water) The enzymes of the hemolysate were
cnther measured directly or within one week, being kept frozen in the meantune

Ensyme assays

All enzymanc analyses were performed in an assay medium buffered with tnethanolamine
bydrochlonc acid buffer, pH 76 005 M with respect to total trethanolamne In the expen
]D)ltms using red cells suspended in sodwwm chlonde Dextran the buffer contained 6 %

extran

Phosphofructokinase was determined as described by Vogell e af (1959  For all other
enzymes tested the methods given in the Biochemica Information Boehninger (1961 1962)
were followed except that the assay mediums of 3 hate dehyd
and ph 1 kinase also d 4 umoles of 23 diphosphoglycerate 1o depress the
diphospheglyceromutase (EC 2754 ) reaction

Adenylate kinase activity was estmated by coupling ADP formation with pvruvate kinase
phosphoenolpyruvate lactic acid dehydrogenase and NADH  Correction was made for the
slow reactian obtamned 1n the absence of AMP

All enzymes were assaye* * ‘.
oudation or reduction of

measured was ratehm . = =

Beckman \fodel DU Spec - .
coelficient of 6 22 x 103/cm? for both NADH 2nd NADPH was assumed (Horecker and horn
berg 1948) Enzyme activities are expressed tn units One unit 1s defined as that amount of
enzyme which conserts one umole of pynidine nucleotide per mun at 25° C

Intact red cells to be analyzed for enzyme activities were diluted with 013 Y sodmm
chlonde or 015 ¥ socdium chlonde containing 6 % Dextran giving a red cell suspension with
a hematocnt of 10 % 50—150 whters of this suspension were transferred to a medsm con
tamning the buffered assay solution and an amount of sodwwm chlonde gwing a final osmotic
pressure of the medium of 305—310 Is In the for in Table 4

¢ amount of sodium chloride added was increased to give an osmotic pressure of the assay
medium of 395—400 mllasmots The final volume of the assay mitture was 30 mi

ceurate readings were difficult 10 achiere with the red cells in the hght path The readings
Were thorafn o eacceat . Btia i Ny PR [
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_— Abstract

R t G Tizyme actiethes at the surface of intact human erythrocytes Aca
n e d 1969 76 312—320

Ihe > - - - N s

ad- - . . .- R c. .

h'snde - - - P

elycerate . . . e te

e cell 1 PR .- . - - . .

kinase we . . P ..

med um .. . f

removed d o gheeraldehvde 3 phosphate del or phosphog! J

actmat es 1 fthe ademlate kinase acunity had been eluted from the cells

The formatsn f st cellular (3*P)adenostne triphosphate by human enthroctes
ncubated wih P rthophosphate and the phosphorylated sut and cofactons
of gheeralditve [ hosphate dendrog (D glyceraldehyde 3 phosphate NAD
oxidoreductase | hxphonlating), EGC 12112} and phosphoglcerate hinve
(ATP D 3 ph ~ph sgivcerate 1-phosphotransferase, EC 2723) was studied 1 3
previous work  Ronquist 1968) Evidence was obtained that most of the extracelllat
(33P)ATP had been formed bs enzymes bound to the outer surface of the red <f‘1‘-‘
It was thercfore « f mterest to determmine the actisty of each single ennyne prdh
concerned

Thus the present imestigation deals with the determmation of gly
phosphate dehydrogenase  phosphoglycerate kinase and ademlate ks (A
AMP phosphotrinsfirase. EC 274 3) at the red cell surface, a8 well as thatm 2
total hemolysate Vanous other enzymes of the red cell were Iikewise tested for 3¢
tinsty at the surface and in the hemolysate

ceraldehwde >

Material and methods

Specral chemicals .
AMP, ADP, ATP, MADH \ADP 3 phosphoglycerate (sodium salt), yhm;'h"":’m Py
(tncyclohexyl alt 23 diphosphoglycerate  (pentacyclol eOUMIRL e
fructose 1,6 diphosphate (sodium salt), fructose 6 phowphate (banum 1alt), 2 pbe

e’
o
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Tasre I Enzyme activities of intact red cells
All enzyme activities are given mn unts per m! of red cells “umerals in brackets denote
results obtamed with 6 %, Dextran T 40 1n the astay medium For definition of a umit
and for further details see Methods

Supernatant  Intact red cells Hemolysate Hemolysate
(338 pmoles of (338 pmoles
A\aCl m assay of NaClin
medium) assay medium)
Glyceraldehyde 3 phos-
phate dehydrogenase
n=14)
< 0 () 03¢ (035 11 (113) 165 (167)
5D 00236 (00225) 079 (069) 100 (095)
Phosphogly cerate kinase
(n=14)
X 001 (001) 078  (079) 175 (175) 173 (172)
Sb 0049 (00424) 120 (123) 113 (116)

Adenylare hinase (n=12)
N 007 (008; 028 (031) 141 (141) 148 (148
Sp 00446 (00383) 072 (075) 060 (052)

The 1sotomc hemohsate incubated once with red cells was mixed with a new porton of
intact cells and the above procedure was repeated Finally the ssotontc hemolysate incubated
tWice was mived with a third new portion of red cells and the procedure with centnfugations
2nd enzvme determinations was repeated once more

Statstical methodst

1n the tables the different groups are described by espressing cach attnbute 1n terms of means
{\) and standard (SD) The were ding 1o Snedecor
(1936)

Results

Enyme actistres of wntact sed cells
The 2ssay medium was made 1sotonic to mamntain the integnity of the red cells during
measurement of enzyme actmity To achieve 1sotonic conditions, 338 gmoles of
sodium chloride were added to the assas medium giving an augmentation of the
osmotic strength of about 208 milkosmols The final osmonc pressure of the assay
medium was thus 303—310 mulliosmols

The results gien 1n Table T clearlv show that ghyceraldehyde-3 phosphate de
hyd; and phosphoglycerate kinase were detectable only of intact red cells
were present in the assay medim The supernatant obtained after centnfugation of
a prewarmed red cell suspension did not show amy measurable actnity The adenylate

1 The statictical calculanions were made by Dr S Nilsson Statisucal Department Agricultural
College of Sweden



318 GLNNAR RONQUIST

TarLe IV Enzyme actintty at a h gher osmor ¢ atrength
Enzyme actnities are given in units per ml of red cclls For definit on of a un tand f r
further details sec text

310 m Ul osmals 400 m hosmols
tn asay medwm in assay mediom
Red cells
gly ceraldehy de-3 phosphate dehyd 036 024
phosphoglycerate kinase 08 08l
adenylate kinase 02 027
Hemolysate
lyceraldebyde-3 phosphate dehyd 2 108
photphoglycerate k nase 178 176
adenylate kinase 139 140

which have been suggested to be related to the struepyral integnity of the cell surface
{Benesch and Benesch 1951)

No pyruvate hinase could be 1dentified at the cell surfice Thus the formation of
extracellular ATP (Ronquist 1968) could not be accounted for to any 1pprecitble
extent by this enzyme

Effect of incubating red cells uith hemolysate
A possible explanation of the presence of glyceraldehyde 3 phosphate dehvdmgenwe
phosphoglycerate kinase and adenylate himase at the surface of the celb 1 that the
enzymes ¢ ¢ after small changes 1n <hape of the cells would pass through the mem
brane to the outside There the enzymes would be auached to the surface structure
by some bind of binding forces

Washed red cells were therefore analyzed for surface enzymes before and fterin
cubation 1 25 volumes of an 1otonte hemolysate ¢ 1s evident from the data
Table JIT that there was neither 1n augmentition of the surfice enzymes nor 4
defimte loss of the enzymes of the hemolvsate used 1 the incubation expenment

En.yme actity at a higher osmotie strength

Glyceraldehyde 3 phosph dehydrogentse phosphogh cerate kinase and adenylate
Linase were also tesied in 2 medium contuning 446 gmoles of sodium chl nde 1¢

1 10tal osmotic pressure of the medium of 3%—400 nulliesmals Hs pertonic hemnly

s15 15 not to be expected 1 such a medium (¢f Zade Oppen 1768)

“The Gugures 1n Table IV show that phosphoglyeerte hnase and 1dem]ate kinase
were not affected by the higher osmotic strength The glyeerldehyde 3 phosphate
dehydrogenuse on the other hand was reduced and the red iction seened to l;‘
wmore pronounced for the surfiwce bound cnzvme than for the mteacellular ghren‘
dehyde 3 phosphate dehvdrogenase This ducrepaney could be explained T differen




ENZYME ACTIVITY IN ERYTHROCYTES 319
physico-chemical properties of the soluble and the surface bound enzvine However,
another explanation might be that the red cells, by contraction m the hvpertonic
medium, made the surface-bound gliceraldehyde-3 phosphate dehyd Tess
available to 1ts substrates and cofactors in the extracellular space

Discusston

The actty of gl ldehyde 3-phosphate delnd, -, phosphoglvcerate kinase
and adenylate kinase at the surface of the red cells was 31 ¢, 4.5 ¢ and 20 ¢z,
respectinely, of the total The degree of hemolysis during the assay procedure did not
exceed 15 The presence of 6 $¢ Dextran T 40 in the assay medium did not reduce
the surface enzyme activities to any extent. Consequentls, the present results gne
strong vidence for the view that part of the glyceraldehvde-3 phosphate dehydro-
genase, phosphoglycerate hinase and adenylate hinase of the red cells 1s bound to
the outer surface

The supernatants (soduum chlonde or sodium chloride Dextran centnfugate from
the red cell susp ) d glyceraldehyde 3 phosphate de-
hydrogenase and phosphoglycerate kinase actiaty, mdicating that no sigmficant
leakage of intracellutar enzymes mto the medium had occurred Some of the adenylate
kinase activity, on the other hand, seemed to be easily eluted by the sodium chlonde
and sodium chlonde Dextran solutton This finding agrees with previous studies on
red cells (Ronquist 1968), tumor cells (Rongust and Agren 1968) and on muscle
cells (Dunkley, Manery and Dryden 1966 \anery, Riordan and Boegman 1967)

The cell surface bound activity of phosphoghcerate hinase as measured, was 23
times that of glyceraldehyde-3 phosph dehnds (Table I} On the other
hand an inverse ratio between the activity of the two enzymes was obtamned with an
1solated membrane fraction from human enythrocytes (Ronquist 1967) Thus, the
ghyceraldehyde 3 phosphate dehydrogenase acuvity can be considered to be more
firmly bound to the membraneous structure

T wish 1o express my_grattude to Professor Gunnar Agren for his valuable advice and en
<ouragement dunng the course of the wor!

My thanks are also due to Mr Tage Fransson for skilful technical assistance
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Single Unit Recordings from Muscle Nerves in Human Subjects
By
K -E Hacsartitand A B Varizo

Recenned 18 Scptember 1968

Abstract

Hicearts K-E and A B Vawuro Single umst recordings from muscle nerves in
human subjects Acta physiol scand 1969 76 321334

Single unt 1mpulses were recorded with sem: mucroelectrodes from muscular portions of
penpheral lmb nerves 1n awake human subjects Thirteen unts were studied Four of them
could not be actiated by mechanical penpheral sumuh but they Dired steadily dunog
sustaned soluntary contsactions They were considered to be eiher motor fibres or propro-

muscle perves indicate that the muscle spindle afferent discharge 1s increased during voluntary
contractions and thus, that the fusimotor system is engaved in yoluntary motor acts

As previously shown {Hagbarth and Vallbe 1967 b, Vallbo and Hagbarth 1968)
nerve signals can be recorded with tungsten lectrodes m
serted into peripheral neres of awake human subjects R:sponses to adequate
stumuli of mechanareceptors in glabrous and non glabrous shin have been analysed
in a senies of mult: fibre recordings and single unit recordings from cutaneous nerves
(Vallbo and Hagbarth 1968) and a description has also been gien of mult fibre
duscharge patterns occurnng ¥ uman muscle nenves duning voluntary contraction,
muscle stretch and other mar( «uvres Liable to affect muscular mechanoreceptors
(Hagbarth and Vallbo 1967}), Vallbo 1967, Hagbarth and Vallbo 1968) The
present report dealing witly”. senes of single umt recordings from musdc nerves
healthy subjects prov: dd ! data the dasch

of human muscle rr&pmrs A relatinely large proportion of the units encountered
had such discha j\/, charactenstics as might be expected of muscle spindle afferents
which are toméily actnated by fusimotor outflow dunng roluntary contractions

s

385303 dcta phynol scand Vol 76 3
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Methods

A of the expenmental arrancements have been mven 1t a previous repent (Har
a ho 193 Afferent nerve impulees of muscular onmn were cearched with 2 1w
t de inserted mto the ubial, peroneal er median nerves of two bealthr ad s (&
al several hundred insertions were made dunne thiny three expenmertad vy
v b of the cntens for nerve actnany from deep structures have been dwuced ma
e~ Hacbarth and Vallbo 1908) In short, the following clues were consdeed to
u ular mmportance {at dull deep panesthesias and muscle faccicutavons 1nduced by
1 swerien b abeence of neural response to Dicht shan sumull but reqone b
« 1 <umnub reachine deep structures, and {¢) discharre dunng voluntary contractons
e uscles 1 which the paresthesias were felt.

v tests were performed an order to define the dicharee charactensties of the soele
1te teet procram was smular o the one ueed 1n 2 previous report (Hackarth and Val!
[N 5 a local mechanical sumuli such as taps, slomh nang and sustained presure (b}

4 c ot wovements ¢ voluntan contractiens—either with the jomt beng ficed ("o
e or free 1o move (“rotome’ ) Dunng these fests, great precautiors were talen i
11 11 avead manoeweres which could venture the recording stuavoen. Therefore all soluntary
wif xntra tons were weak 2 rouch estumate ndicated that ther relatne sencth dd not
exceed 10 0f the mavimum strencth possible Mutcle vibranons and fast mucle wabe
#e 101l avesded The recording situaion was particularh senave to rmovements of ¥
a sl 30 1 when the electrode was in the tibia] nerve, 1 the popliteal fosa. The raree of
veree « was thus small (20307} 1n these expenuments. In spate of these precasuons, Be
modIg < uaton often detenorated before the full tect program had been completed and
co sequer v the informanen  concerming some of the umis, 1s frarmentan

Results
Critent » rge untt recordings In recordings from shin nenws (Vallbo ad
Hagb: 1905 1w well as from nuncle nenves {Hagbarth and Vallbe 19681 the
neural i mosth appeared as mult-fibre dicharges 1 dense succesaon of &
flecuons of vanous amplitudes with the most conspicuous phase mn the negatnt
dirction Howtver as found m the <hn penve study, diccharges from aingle nent
fibres could ~ e tmes be dinenmimited with the present recarding techmique, 374
wme ot the maske nenve recordings ako compneed repeteine spibes of um(\\r.m we
and <hrpe mdicune of ungle umt actvaty Examples are shown Fig 1-3 The

spihes hid o1 en Darger ampliudes than the muln-fibre dicharges and then lud:
Iree povitine phise Beeause of their sire and <hape, cuch impubes often st od o
clewrdy from 1 bacderound of none and mulu fibre discharee

N e te

It ma be arcuad thir the impales <hown in the ficures are ot unform enouch 10 R
conclayen that thes were smle umi discharmes, as the $p ke amip itudes elten VRC L
factor of two f1 11 vue smpale to the other However s ree the ampliude raue WP
basesline was ot e than hetween two and four 1t seems ven [Lels thas mterferenst B
the haclrround actnan and none could explan s vanstion Funthermore W80
looks more proveanced when the time scale 1 con parateh enenpressed 29 10 £E S Gy
shown When the tape rvordings were duplaved on an extendnd tme sole, SCCONT L,
of low frequencs nose were separated from exch other and st coutd then BEAVE L o
spike amplitudes were mote urform. There was ako a Jong term rrdacton € U8R e
dunng the e of B e evpenment An example 1 shown sn Fie 1 ¢ Tbe memr@ 7KL g
ncht of the ficure was taken carhier dunine the evpeniment than the wo - vant XA

in which the 1mpu «ev were a0 conaderat i smal er Therefore 1t weems 13t 0 U8 L

s O
spile amplitudes as seen n mowt of the ficures, @ not senoush Tt e 36 S et
wever L s pos e
sion that actiities from sngle yruts were reconded. Hovw o Jarpe d phat el

impulies from several unis but it seeras Jusnfied to reeard ag Jeast
uons as succesave 11 jubes trom the e unit
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Taste I Basic charactenstics of afferent wnits in schemave form See text for further details
Columns 5 and 6 refer to discharges during contracuons of the muscles gn en 1 colums
3 The dynamic senmovity was estmated qualitanely, hrgh® imdicates that the
discharge was clearly more pronounced during a sumulus 1perease than during a sus-
tained sumulus

Umt Nerne  Probablesmucof Adaptauon  Discharge Discharge Dynamic
RO recorded  end organ and subgroup dunng  durmg  sens
from ‘wsotoruc”  asometnc’ tvaty
contraction  contractzon

! medan  fiexor digitorum  fast increased  ncreased Fig 1
muscles

2 nbal gasocnemuus fast increased  mereased
muscle

3 peroneal peroncal muscles  slow type A decreased  no change fow  Fig 2
or tendons?

4 median  flevor digitorum  slow type A decreased  no change ?
muscles or
tendons®

5 peroneal  anrenor tibial slow typc B not tested increased  bigh
muscle

6 peroneal  toe extensor slow type B mnereased  increased  high
muscles

7 ubal gastrocnermus sfow type B mottested increased  high  Fig 3
muscle

8 ubal gastrocnerius slow type B mereased  ncreased  high  Fig 4
muscle

9 bt gastrocnemius slow type B increased  ncreased  Jow
muscle

Clastfication of the umts The umts described in the present imestigation were
recorded from the tibal the peroneal or the median nerses The electrode tip was
Placed 1n muscudar portions of these nenves as determined by the cntena previously
described (Hagbarth and Vallbo 1968) The end organs were all located 1n muscles
or other deep structures of the leg or forearm Units with end organs in the hand
or the foot were not mcluded The same lsmitition was used in the previous study
dealing wath multifibre discharges from deep structures In all, 13 sigle umes
which fulfilled these requirements and which could eastly be discrimmated from the
background actnity were encountered Nine of the 13 units could be activated by
local taps andfor sustained pressures which sumult were effecine only when ap-
plied to a restncted area over the muscle bellies or to particular muscle tendons
The neural responses were cf wely related to the tntensities and the tme courses of
the local sumult whereas after-discharges were never seen, nor vanations of the
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Toeporse to successve sdenncal sumull Thus st seems jusufied 10 conclude that
these units were afferents. The bz ic findines concerning thew umis are gven i
Tal'~ 1 The conclusion that the umts were propnoceptors was based upon two
mamn findings (a) threold struli were of such sniensities that deformaton of
deep <tructures without doubt occurred  (b) therr discharge 10 response 1o volun.
tany muscle contracuons was more p d than the discharge which
could be induced v Jocal mechamceal «umul. However, 1t st ould be emphasged
that 2 «kin umt can b~ mntaken for a propnoceptor if local mechamueal sumuls are
2pplied 5 40 the area of munmum thrediold but in the penphen of the cutane
ous recepave figdd It a5 very unlikeh that such mustakes could have been made~ i
the prewnt study since great care was alwavs taken n order to define the area
where the threshold was mimmum Jor mechamcal sumul,

Four of the proprnoceptor umts were found 1 the tibial 1 ree m the peroneal
and w0 1n th medizn penves. For seven of the afferents the end organs could be
disnncth Docalzed tn mechamical sumull The receptive fields to Jocal deformation
from the skun surface were mosth 1n an order of size vanang from 10 to 30 ecm”
For two afferent um.s (umts no 3 and 4 1n Table I} the site of the end ongans
could not accurateh be determmned bn mears of Jocal stimuls but receptor Jocations
were anferred on the bass of therr respoases 15 point movernents and pressures on
the muscl t=ndons Two of the afferent units were fast adapungz and seven of tf rm
wer~ slowh adzptire The slowh adapting umts were dnaded nto two groups dr
s gaated 25 p~ A and typr B which will sutnequenth be dmeribed separateh Four
of the 13 ur s fired steadih dunng suntzined voluntan contracuons but 8 o could
not be 2zaanated B penphenal sunub

Fast edagtirg ur ts Two fast adapunz receptors were found one 1 the calf
rem o and the other 0ne 1 the sular remon of the forearm funis o 1 and 2
w Table I Th~ were charzetrnzed bn 3 ligh dvnamic senaitian and a fast
aday.avnon 1o 21! binds of sustined mrchamcal sumuly The actraty shown 1 Fiz 1
wzs recorded from the medizn perve The ending was Leated 2pproxmatels 10 om
dis2fh 1o the eom as 1t 1 indiczted b the black dot. It could be ascerts ned 12
severz] wass that thy wat not 2 skin amwt the median perve dx oot inenas s
ewn zrea. and furthermore 11 could be shown dunng the exprnmeny by pu bz
the shin ndewane that t ~ exzet prnt at which a stalus was effectne was bound
10 a poent @ the drep structuses and oett theakin As 1t was drtermuned o jE=Y
srttamcal s.muly the receptive field of ¢ partcular unst was unusualh send
that 38 2pproumach | af Repomses 10 a Jocal su tained pressure and tps are
shown 19 Fiz 1A On the left of the fizare 3t c2n be sren that two mmpulsms were
1w 12 ed 2 the brzpring of 2 lasurz sumulus f 23 pewtom but that th e war
29 51 a.red dischizres The rrepones 10 12ps ase depicrrd on a mare extendd €
scale smtrnttland prrof Fiz 1A Tiefin tw) taps which reached a prak i
approa B 25 pewtrs aoked two prpules while the tast tap which bod 2
rre slwh g pras mdsced ol one wels impules Comvquen b the 1o

¢rp or was 101 prricularhy sene trve 1) docal deforrma 3 from the skeg surfa « Hat
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Fig 1 Response to mechanical e T

stimult and voluntary contractions

of a fast adapting umt, recorded A

from the median nenve The loca h
uon of the receptor 1s mdicated h

by a black dot on the drawing o

A Local sustamed pressures and — —
taps The stmulus force and tme |3 OSERPR N
course are indicated by the upper

trace Note that the tune scale 1s

different for the nght hand and

the left hand parts {sec below)
B left Fast passne extensions of C
the metacarpo-phalangeal jomts t f

B nght Fast passive flexions of
the same jaints Movements are

mdicated ~ ciagrammatically by T~ T
bans sbove the nene record C, )

left Fast active *1sotomc’ exten

sioms of the same jounts C, night

Fast active *1sotomc™ flexions of {

the same jomts D Isometnc R

contractsons of the finger flexors

¢ upper trace indicates actine forces exerted by the finger tips In this and in all the other
figures upward deflections inv the neurograms mdicate positne signals at the intraneural etec
trode

Calibrations \enve sgnal amphtude bar opposite C 20 xV Stumulus force bar opposite
A 25 newtons Active force bar opposite D 50 newtons Trme 25 sec for A left 10 sec
for all other traces

it was readily excited by muscle movements as shown in Fig 1B, C, and D Short
bursts of impulses appeared when the three ulnar fingers were passively extended by
a fast blow on the finger ups (Fig 1B left), but there was no response to fast pas-
sne flexions (Fig 1B, nght) Voluntary contractions, resulting 1n fast active move-
ments of the same fingers, were more effective stmuli than passne movements Fast
€xtensions induced five to ten impulses with a q of app! y
70 1mpfsec as it was calculated after five successne spike ntervals (Fig 1C, left)
Active flexions also excited the ending m contrast to passine fleions (Fig 1 C, nght)
Furth , “1sometric ® of the finger flexor muscles ehcited a discharge
stmultaneously with the rse of the muscle force, as 1t was recorded with a stran
gauge device upon contact with the finger tips (Fig 1D) Therefore large changes
of muscle length were not essenual This receptor apparently did not specifically
signal the rate of change of the muscle length or of the tension, but responded to
various types of rapid muscle movements It seems that, for example a Pacintan
torpuscle, located 1n the muscle fascia, might show this type of discharge (Hunt
and Melntyre 1960, Hunt 1961, Barker 1962) The other fast adapting umit which
was located laterally in the proximal calf region had very sumilar discharge charac-
tenstics as the one descnbed

Sloaly adapting type A units The two receptors 1n this group (umits no 3 and 4
1n Table 1) could not be direcths located by mechanical stimuli avolied to a e




326 hE HAGIARTH AND 1 B \aLLBO

1 e 1Y SLads A Fir 2 Response to mechamieal

A sumuli and joint movements of &
slowly adapting umit  recorded

, from the peromeal neme A

Sustained pressure on the pero-

=y neal tendons 50 em protmal
FEDAR AR A 10 the lateral malleolus. B Tape

on the peroneal tendons The 1m

3 pulses 1nduced by taps are ndi
CMI cated br black dots below the
trace of the nene activaty Note

the diference 1n tme scale

tween B and the other traces (see
below) € Paswe joint mene

- 4 : ' ments which are diasrammatical
D Iy indicated below the trace of
the nene actinaty Bars above the

line indicate a supmation of the

font (muscle stretch}, and the bar

[ESE—— below the line ndwcates a pro-

nation of the foot {muscle short

enmz) D Actne “wotonic” joint movements indicated as 1n C. Movements were of approxi
mateh the same range 1 C and

Cahb Nene nignal amplitude 20 uV Time 50 sec for A Cand D 10 sec for B

stricted area over the muscle bellies Their locations were snferred from ther
responces to joint mosements and pressures on muscle tendons One was Jocated m
or close to the peroneal muscles or tendons, and the other, 1n the volar region of
the forearm probably 1n close association with the finger flexor muscles They were
actnated by passine as well as active joint movements which caused an extension of
the structures in which they were located Contrary to all other units they were not
activated by weah wsometne  muscle contractions The discharge patterns of the
)pcmm'al umt are shown mn Fig 2 It responded readils to pressure on the peroneal
/muscle tendons The discharge associated with a lasting pressure on these tendons
at a pomnt five em proumal fo the lateral malleolus 15 depicted in Fig 2A This
actmity showed vens little adaptation and 1t was possible to keep the unit finng 1o
such stunubi for severa] minutes Responses to tendon taps are shown 1n hig 2B
The tme wale 1s expanded by a factor of five, compared to the other records 1n
this figure Duning this test the foot was passively held in supiation 1 order to
make the muscle tendons more accessible This extension of peroneal muscles was
associated with a sustained discharge (see below ) The impulses induced by tendon
taps are marked by black dots below the trice Only one poutne spike appeired 10
response to each tap which suggested that this unit had a poor dynamic senutnity
Pasnve joint movements alterrd the dicharge markedly In the test dlustnited 10
Fiz 2C, the unnt fired with a frequencs of approxamately 5 0 impfsec when the fot
was kept m an 1ntermediate posttion. A passive supmnation imolving a stretching of
the peroneal muscles resulted 10 an increase of the impulse frequency to approts
mately 13 impfsec When an intermediate position was reached agam there was 1o
discharge at all in this particufar test The position of the foot might hase beert
shightls different before and after supmation and this could be the mun reawn for
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- l 11 Fig 3 Response to local me
A chanical stmulr joint movements
and muscle contractions of a slow

T ____ T 1 adaptng umt_recorded from
EMG

the tbial nene The was

1 (11} recorded with surface electrodes

over the medial gastrocnemius

B - muscle A Local mechamcal
-

stimuli The muscle was relaxed
the ankle jomnt was at an angle
I of 90° The sumulus force and
the t me course are indicated by

LA [} lower traces B D scharge induced
c by (a) a passne dorsal flevion of
the foot (lowermost trace} (b) a

i I local sustaned pressure (second

—_ trace from below) and (c) a

weak muscle contract on The run

started with a passine dorsal flevion of the foot and a shght voluntary actnation In ths

stuaton a susta ned local pressure was exerted on the same spot as 1n A the f{irst few seconds

Mere cut out at the gap on account of artefacts C Discharge dunng an isometnic  voluntary

contraction (The triangular shaped deflect ons i tiaces of the force and the angle n A and

are artefacts due to minute vananons of the tape speed )

Calbrations Nerve s gnal amplitude bar oppos te B 20 «V EMG s gnal amplitude bar

oppos te C 200 uV_Local mechan cal st mub bar opposite A_50 newtons Ankle joint angle
small bar oppos te B 1nd cates 90° (bottom) and B4* (top) Time 50 sec

the difference n the single unit discharge When the foot was passively moved m
the other direction and kept m pronation mplying a passive shortenmg of the
muscles the urut remained silent However on the movement back to intermediate
position a short burst of impulses was ehicited Another passie suptation induced
a discharge of sumlar frequency as the first one

Responses to active movements are illustrated n Fig 2D The impulse frequency
changed approximately from 70 to 14 imp/fsec upon actne supmation of the foot
In the nght hand part of Fig 2D the discharge frequency was approximately 90
mpfsec when the foot was kept 1n an intermediate posiion A voluntary activation
of the peroncal muscles resulung 1n a pronation of the foot and a shortening of
these muscles stopped the discharge completely By contrast 1sometric contrac
ons of the peroneal muscles or their antagonsts did not affect the discharge of the
umt The two umts of the A ype were thus charactenized by the fact that therr
discharge changed with joint position (or muscle length} in the same way whether
the movements were actne or passsive The exact site and nature of the end organs
remains obscure

Sloxly adapting type B umits These umits (no 5—9 1 Table I) responded with
an increased discharge to passie muscle stretch like the two units described 1n the
cather secuon However unlike the type A units they were all acuvated by weak

sometric voluntary contractions and an increased discharge could be demon
strated for three of them duning 1sotonic  contractions of the muscles 1 which the
receptors were located Al the umits in the B group could be actnated by local
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mechanical sumult within a hmied area over the muscle bellies Three of them
were located in the ankle extensor muscles probably gastrocnemius and the other
two 1 the ankle flexors.

The actmities of two slowly adapting type B units are allustrated 1in Fiz 3 and 4
The discharge shown in Fig 3 was recorded from the ubial nene The receptor
could be excited by a strong local pressure applied to the proximal part of the calf
region. Judging from the sesponse 1o such stimull the ending seemed to be located
quite deepls probably 1n the medial head of the gastrocnermus muscle Figure 3A
shows the perve discharge upon local pressure duning relaxation It can be seen that

few impulses were induced at the beginming of the sumulus but that there was no

/L'uung discharge Likewise a sustained passne dorflexton of the foot elicsted a few
umpulses while the foot was moving but no sustained discharge (Fig 3B left)
The subject umintentionally made a weak contraction of the ankle extensor muscles
while hus foot was held tn dommiflexion as st ean be seen tn the EMG record While
this contraction persisted 1n the stretched muscles a sustained local pressure (stmilar
to the one shown 1n Fig 3 A} was agamn applied n the upper calfl rezion and i
this situation a continunys discharge was indueed (Fig 3B nght) Such an effect
could ot be actzmed by the local pressure or the passne muscle stretch alan- Howe
ever stronger “ssometne  voluntary contractions of the calf muscles, were sufficent
bn themselves to make the umit fire conunvoush (Fiz 3C) It can be sren that the
discharge was irregular and that the {requency was Jow approvimately 20 and 3.5
ump'sec 1n Fig 3B and C respecanely Four of the umits 1n this group {n0 5-8
1n Table 1) exhibited sumilar discharge charactensues as the umt allustrated 2
Fiz 3 that 15 to s3v they responded wath only a shortlasting discharge to a sustaned
passie muscl~ stretch or a local pressure wherray they gave a continuous dischargr
when the muscle was engaged 1n a voluntary contraction. Duning seluntany actna
tions srregular discharges were seen {rom three of the type B units
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All the umts in this group were tested for their response to sometnc  voluntary
contractions, three of them were also tested for their response to 1otonic  con
tractions an example of which 1s shown in Fig 4 These muscle activations were all
associated with sustained discharges Whether one type of contraction was more
effective than the other, 1t could not be unequivocally shown but the findines sug
gest that * were d wath a shghtly higher discharge
frequency, the EMG actmity bemg of a sumlar mtensity

The ume relation between the onset of the EMG actisity and of the proprio-
ceptor discharge was carefully observed dunng voluntary contractions The EMG
actmity usually started before or il 1y with the disch of the afferent
unit but some exceptions to this rule were seen (Fig 4C) However 1t was hard to
exclude that low threshold motor umt potentials had escaped detection 1n such
cases

One umit (no 9 1 Table I) located in the gastrocnemius muscle differed from
the other units 1 this group mn that 1t had a poor dynamic sensitvity and that 1t
fired spontaneously when the muscles were relaxed and the foot was 1w an wter
mediate position The mean frequency was approximately 60 mmp/see \one of the
other unts showed a similar spontaneous discharge

Tt seems hikely that most of these units were muscle spindle afferents The argu
ments for this conclusion will be given 1n the discussion.

The ampulse frequencies induced by the vanous tests were low as compared to
many findings 1n the cat and the monkey (e g Matthews 1933 Jansen and Matthews
1962 Critchlow and von Euler 1964 Crowe and Matthews 19642 hoeze Phullips
and Shendan 1968) The d f; seen 1n the present study
Was approvmately 30 impj/sec. This was recorded duning an 1sometnc  contraction
from 2 unut probably focated 1n the antenor tbial muscle {umt 10 5 i Table 1)

Efferent umits (?) Four umts did not fulfill the main cnteron of afferent umits
1 that they could not be actnated by penpheral mechamcal sumuli Thev were all
recorded from the peroncal nene and they were charactenized by a sustaned dis
tharge dunng contrrtiane af tha mrceloc innenaied by the neraneal meme 4-
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an cxample single umt impubes and the EVIG activty, which was recorded simul
tancoush with surface electrodes overhving the antenior ubial musele re shown
Fig 5 In the sequence illustrated the subject made an  rsometnic  contriction of
a moderate mtensity of the ankle flexor muscles It cin be scen that the necie umt
discharged with regular spihe intervals, except for the first fow seconds The
masmum frequency was approvmately 25 1mp/sec The other three umits m this
group ko exhubited a regulir discharge but the maximum frequences were some
what Jower (10~20 imp/sec) duning 1sometnic voluntary contrctions of moderate
strength It seems very Iikely that most of the umts mn this group were « motor
fibres but 1t cannot be exeluded that 1t least some of them were proprioceptor units
which dunng relaxation had a high threshold to penipheral stunul:

Discussion

Two obstacles encountered tn most single umit recordings were particularly hard
to overcome m experiments on Make human subjects One concerns the stabihity of
the recording situation In our expenience a  floatng  electrode mserted by hand
has definite 2dvantages as compared to 1 more ngid external fixanon of the clec
trode Sull the present recording situation w1s too unstable to permit such tests as
muscle twitches muscle vibrations or strong voluntany contractions The other ob-
stacle vrees from the fact that the preparition s intact There are a priort many
“~.possbilities to consider when nying to determine the ongin of 1 umtany discharge
A mixed nenve 3t may be efferent or afferent it m1y onginate from o receptor
Jlf} deep or superficial structures etc Furthennore 1n an intact preparaton there ts
10 e way of sumulating deep structures without akso affecting receptors an the
shin On the other hand an alert human subjecr can tell about the site and the
qualits of the msertion paresthesits an informaton which s of great help when tn
g to wdenuly the neural structures recorded from and be can make the actne
mosements and wometnic muscle contrictions desired for the analyses of §roprio-
ceptor discharges
The ungle units were separated 1n four groups This grouping s fargely descriptise
since the avmlable informavon does not allow an unequnocal clwsfication i ef
ferees Golgr temdeny oo avescle spradle wiforores cte Howesar o s
meamngful to consider wluch types of receptor unns might cansttute the v anoos
groups s presented here Such a consideration must be bised upon the assumption
that humans are provided with proprioceptors of suntlar properties 1s other mam
ke
One group of umits fired dunng voluntary contractiins but no discharge coutd
De snduced by penipheral mechanmcnl sumult This suggests that they were efferents
Since the recording techmque most bikely gives 1 selection of Ige diatneter nene
fibres 1\ allbo and Hagbarth 1968) the efferent units encountered probably were @
motor fibres rather than fusimotor fibres The discharge charaetenstics of the umts
n this group largely agreed with such an mterpretation (Bigland and 1 ippcid 104
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Harnison and Mortensen 1962) It ss possible that some of the umts i this group
were 1n fact afferents the receptors of which had high thresholds to mechamical
stimul from the outside but were readily actnated by muscle contractions Such
responses can be expected from some Golg: tendon organs (Jansen and Rudjord
1964 Houk and Henneman 1967)

Two afferent units were encountered showmng short lasting discharge of compara
tvely high 1mpulse frequency to all kinds of tests employed Such discharge charac
tenstics suggest that the end organs were Pactnian corpuscles (Hunt and MecIntyre
1960 Hunt 1961 Barker 1962)

The slowly adapting afferents were divided 1n two groups The type A umits were
not actinated during weak voluntary c but they Jed to
Jomnt movements Their discharge increased to m one d and de
creased to movements 1n the other direction independently of whether these jont
movements were active or passne The end organs could not be exactly located by
penipheral stimuli but some findings suggest that they were situated m the muscles
or the tendons Their discharge mncreased when these structures were stretched The
receptors were probably not Golgr tendon organs since they did not respond to an
active nise of tension durmg 1sometric  contractions but they responded to passive
muscle stretch which did not give mise to an appreciable muscle tension They could
be spindle afferents which were unloaded during voluntary contractons or since
1t could not be definitely excluded that they were located in the joint capsule or
Iigaments they could be joint receptors (Boyd and Roberts 1953 Skoglund 1956)

The type B slowly adapung afferents fired during weak isometric soluntary
contractions they responded to passive muscle extension and some of them to
actne muscle shorteming Stnce they were all located in the fleshy parts of the
muscle 1t was concluded that they were either spindle afferents or Golgi tendon
organs So far 1t has not been possible 1n the single umt recordings to employ the
common test discnimmating between tendon ergans and spindle afferents 1 to
determine the receptor response to a muscle twitch evohed by an electricsl stimu
lation of the nerve trunk nor has any other test provided conclusive evidence for a
differentiation 1 ths respect However some findings suggest that the majonity of
these unuts were spindle pnmary endings rather than secondary endings or tendon
organs On the onc hand it 15 unbkely that any large proportion of these units was
group I1 spindle afferents as the recording technique probably gives a selection of
liage domever Shores Fovhermere sl oire swleg ewepion U oims Tad a
o el p d dynamic On the other hand several findings
speak n fnour of spindle afferents rather than Golg tendon organs one finding
being agun the high dynamic sensitivaty (Matthews 1933 Jansen and Rudjord 1964

Alnaes 1967 Houk and Henneman 1967) In generl primary spindle endings have
fower thre hold than Golg tendon organs to passne muscle stretch (Matthews

1933) although very high sensitnty has recently been demonstrated for some Golgt

tendon orgins 1n the ¢t Alnaes 1967) The weak test sumul and the sm
movements emploved 10 the present study implies a bias towards lg»
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units Furthermore, irregular discharges, which were found for several of the tpe B
units, have been described as a ch istic of spindle affe subject to fusil
dnve (Eldred, Gramit and Merton 1953, Crowe and Matthews 1964 b, Koeze, Phil-
hips and Sheridan 1968). Therelore, 1t seems Justified to conclude that a large por-
tion of the slowly adapting type B units were in fact spindlc primary affercnts, al-
though conclusne evidence could not be presented for any particular unit
In a previous analysis of the mulu-fibre discharge patterns in human muscle
nenves, twitch tests indicated that a major part of the neural activity which was
recorded duning passne muscle siretch and acuve canteacuans, ongaited fom
muscle spindles (Hagbarth and Vallbo 1968). It was also shown that phasic re-
sponses to mech al stmult were p d, whereas a substantial lasting dis.
charge was not readsly induced, except by muscle vibration or “ssometric™ voluntany
contractions Thus agrees well with the present findings, since a relatnely Jarge pro-
portion of the slowly adapting units (+ out of 7) responded readily ta phasc local
sumul and sustamed voluntary contractions, but not to a sustamed local pressure,
nor to a sustained passine muscle stretch The two studies are complementany to
cach other in supporung the notion, that this type of responsc onginated from group
1 spindle afferents
The majonity of the slawly adapting affercnts fired during weak voluatary con-
tracuons of the muscles in which they were located, indreating that, sunultancously
with the skelet t there was a of the intrafusal muscle
~tees Thas provides a more direct evidence for the conclusion which was presented
s the basis of the mulu-fibre recordings, that the fustmotor system, besides bang
E:’gmgcd 1 reflexes, postural mechanisms, and breathing, as shown in other mam-
fnals te g Hunt 1951, Eldred, Gramt and Merton 19533, Eldred and Hagbarth 1934,
Cntchlow and von Euler 1963, Granit 1968}, 1s also activated during voluntany
motor acts This accords with mesuganons showing that spmdie afferent dis-
charges may be mcreased by an efectneal shmulanon of the motor eortes in the
monkey (e g Koeze Phillips and Shendan 1968) The discharge frequencies of the
afferents were mostly low This mught, at first sight, suggest that the system 1 not
very powerful On the other hand 1t should be recalled that the contractions were
weak. Strong contractions might well give nse to much higher 1mpulse frequencies
Anyhow, the rindings do indicare thar, during voluntary motor acts, (he a MOWIMTIRT
discharge 1s supported by affesent smpulses from spindies, but the findings do not
give any answer as to how pronounced (s support may be n vanous situations
Some of the units assumed to be spindle afferents, abo fired dunng “rotonic can-
sractions, mmplung that these spindles were not unloaded by the actne muscle
shortening, but the decrease of muscle length was compensated by ntrafusal con-
tractions No evidence was obtamed 1n support of the idea that the motoncuron
ducharge was refleavely snibated by spindle afferents, as a convequence of fustmntor
activations; ¢ g the EMG actnaty asually started before or smultaneomnh with the

discharge of the afferent unis .
The majority of the slowly adapuing receptors were Jocated 1 the Jegg muscles and
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their discharges were recorded when the subject was lying on a bench It should be
siressed that spindle receptors in other muscles and mn other situations might ex
bt different discharge ch from those suggested by the findings reported
n the present investigation

Two functionally diferent types of fusimotor fibres have been demonstrated

the cat although there 15 not )] on the sigmifi e of the two

systems {e g Matthews 1962, Crowe and Matthews 196¢a, Bessou and Laporte
1966, Schafer and Henatsch 1968) It seems premature to present amy suggestions
with regard 1o the two fustmotor systems m man A quantitatne analysis of the
muscle spindle responses to passive muscle stretch was not undertaken, but with
some 1mprovements of the present expenmental technique, 1t may be possible to
make such an analysis of the posttton and velocity sensitvity of human muscle
spindles duning varjous types of voluntary motor acts

Thus v esuigation was supported by the Swedish Medical Research Council (Project No B
67 14% 2075 O1)

References

Atsies E Statc and dynamic properties of Golgr tendon organs m (he anterior tibral and
soleus muscle of the cat Acta physol scand 1967 70 176—187

Bwrsgr D The structure and distnbution of muscle receptors In Symposium on ascle
Receptors Ed D Barker Hong hong Unnersity Press Hong hong 1962 227240

Bessov P and 1 LarorTe QObsemvations on stati fusumotor {bres In |Iu1zular afferents
and motor control Ed R. Gramt Almqyist & Wiksell Uppsala 1966 81—8

Berasp B and O € J Lierorp Motor umt activty in the voluntary comracnon of human
muscle ] Phyaol (Lond ) 1954 120 37233

Bovo I A and T D M Roserts Proprioceptne discharges from stretch receptors n the
knee oint of xhe cax ] Physol {Lond ) 1933 {22 38—58

Crercow Vo oang vov Evrer lntermsul muscle spindle acuvity and its ¥ motor con
trol J Phynot (Lond| 1963 163 B2

Crowz A and P B C Marrnews The d[rus of stimulation of static and dynamuc fus
motor fibres on the response to streiching of the primary endings of muscle spindles [
Phystol (Lond | 1964 a. 174 109—131

Crowe A and P B C Marriews Further studies of stauc and dyname fustmotor fibres
J Physiol (Lond ) 1964b l74 132/—15

Eworep E R Grasrt
significance ] PAys
wrep E and K B - -
of certain skin arus

Graner R The func - - . - .
ed 1968 61 ﬁ_‘?v~78

Hacaskty K E and A B Variso Afferent response to mechanscal stimulation of muscle
receprors m nan Arln Sa: Cled upmhen 1967a 72 102—104

L T St X U

Hacmart h E and A
semi microelectrodes 1n B
Hagsswyn K E and A B
1 muscle stretch and cof,
Harrison \ F and
unit 2t 1y 10 the ubialis
Houk J and E Hesvesuas
soleus 1 uccle of the eat J
Husr € C The reflex act
115 436469



334 K E MAGBARTH AND A B \ALLBO

Hest € € On the nature of sibration receptors in the und kmb of the cat [ Physiol
(Lond } 1961 [55 175—186

Hust € C and A R Mclsnire Charactenstes of respontes from receptors from tte
flexor Jongus digitorum muscle and the adjoimng anterosseus region of the cat 1 Aysiol
(Lond ) 1960 {53 7+-87

Jasen J Ao S and P B C Marmnews The central control of the dyvnmamie response of
muscle spindle receptors J Physiol (Lond ) 1962 161 357378

Janses 7R S and T Repjoro On the silent penod and Golgs tendon organs of tl e soleus
muscle of the cat Acta phynol scand 1964 62 364379

hoeze T H € G Pmsrrs and ] D Suerm, Thresholds of cortical actvation of
muscle spindies and a motoneurones of the baboons hand J Physiol (Lond) 1M8 195
413349

Martiews B H €, “ene endings in mammalian muscle J Fhynol (Lond) 1933 78
1—

Aarriiews P B € The differentiation of two tvpes of fusimotor fibre by thewr cifects on
the dynamic response of muscle spindle primary endings Quart | exp 4 hysiol 192 47

324333

Scuaree S § and H D Henarscu Do ten der primaren Muskelpindel Alfe
renz bes elektnscher Retzung und naturlicher Innenation der teiden Justmotonischen Faser
typen Exp Bran Res 1968 4 275201

Sxoottsd S  Anatomucal and physiological studies of knee jomt snnenation an tle cat
Acta physiol scand 1956 36 Suppl 124 1—101

Vaireo A B Impule patterns in a muscle nenve dunng voluntary contraction in san A¢ts
physiol scand 1967 69 123—124

Vattee % B and h E Hicesrtn Actisty from skin mechanoreceptors recorded per
cutancoush 1n awake human subjects Evp Sewrol 1968 27 270289



Acta physiol. scand. 1969. 76. 335339

From the Department of Pharmacology, harolnska Institutet, Stockholm, Sueden

The Mechanism of Histamine Release from Isolated
Rat Peritoneal Mast Cells Induced by d-Tubocurarine
By
MarianNE Frisk-Howasere and Bogje Uvnis

Recersed 19 September 1968

Abstract

Frisn-Howmsers, M and B UvNas The mechansm of hustamine release from
wolated rat peritoneal mast cells induced by d-tubocurarine Acta physiol
scand 1969 76 335—339

Isolated rat peritoneal mast cells were exposed to d tubocuranine and the release of histaruine

was studied under various conduions The proposal 1s made that d tubocuranne although a

monomer induces histamune release by a mechanism sumlar to that one toggered by the
polymer synthetic anune compound 48/80

Alam et af (1939) first showed that d tubocurarine releases histamine from
skeletal muscle Since then several authors have reported histamine release from
vanous tissues by this substance (Comroe 1946 Rocha-e Silva and Schild 1946,
Mongar and Whelan 1953, Archer 1959 and Rothschuld 1966, 1967)

It 15 believed that long chain monoarunes such as octyl- and decylamine and
other surface active agents degranulate mast cells and release thewr hustamine by
direct physical damage to the cell membrane On the other hand the degranulation
and histamtne release caused by certan polymenic compounds eg the synthetic
polyamme compound 48/80 and sarious basic polypeptides seem to depend on the
triggenng of enzymatic processes 1n the mast cell membrane leading to an actne
discharge of granules from the cells (Thon and Uwnas 1967) The aim of the
present wmvestigation was to clanfy the mechanism by which d tubocurarine, 1
monomer releases histamine from wsolated rat peritoneal mast cells

Experimentel procedures

Tiotation of mast cells

Azle Sprague Dawley rats weighing 350—400 g were anaesthetized with ether and bled by
cutting the carotids 7 ml of 1sotoruc NaCl wolution sdjusted o pH 6 with 10 ¢ Sorensen
phosphate buffer was m]emg nto the abdomen After gen'lle massage for 11/2 min the
e N TG T Aeme T E v
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Fig 1 g2
Fig | Release of hutamune from intact rasst cells by various concentrations of d-tubocuranne,
37° C SR =Spontaneous histamune release Each pomnt tepresents the mean of three experiments,
cach carmied out with duplicate samples

Fig 2 Effect of pH on hutamune release from intact mast cells by d tubocuranne (2 m\)
3 C @ Spontancous histamunc refease A-—A—A Lach pomt represents the mean
?r three experniments carmied out with duplicate samples (% erucal bars represents range 1n all
figures)

\:md 40 % w/s as descnbed by Usnas and Thon (19G1) After isolation and washing the
rclhdv\n;l;mled and cell counts were performed 1n a Burker chamber after staining with
sludine blue

Ircubatcn techmque

“Unlews othernne stated aliquots of the pooled cells were suspended n an wsotonic sohution
(pH 7 comamng 150 m\{ NaCl 27 mM ACI, 10 m\M CaCls, 10 % Sorensen phosphate
buffer and 01 7% human scrum albumm) and incubated with the releaser for 5 mm at 87°
with constant shaking 1n a waterbath  After the incubstion the tubes were cooled 1 an
scebath and then centnfuged (400x g) for 10 min at 4° & W here approprate an aliquot of
the incubanion mixture was insprcted under the 10 o | had
occun

Detremination of histamine

After bouing the supernatants and sediments for 5 min the histamine was determined by a
shght modification of the fluorometnic method of Shore Burkhalter and Cohn 119591 (The
perchlonic acid step was omutted as no interfering amino acids or proteins were present ) e
{luosescence was measured in 2 Farrand photorlectric fluoromerer model A 3 In the can
centratons used d tubocuratine does nat snterfere with the esumation of histamune by thi
method

Matenals
Ficoll (molwt 400000 was obtaned from AB Pharmacia Uppala Sweden human serum
alburmn from AB Rabi Strangnas Sweden and d tubocurarine dibydrochlorde from A
Kalt Stranenas_Sweden and d tubocuranne dibvdrochlonde trom AD Sima  Sweden
Tsotonic sucrose (028 831 M) in disnlled water was adgusted to pil 7 with NaOf1 (10 430
Qther substances were obtamned from norma) commeraal sources

Results

Dose-response relationshup
d-Tubocurarine caused degranulation and histanune relewse in concentraon aboe
100M (Fig 1) A maomal release of about 50 7¢ of the total hitamuoe content
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Fig 3 Effect of wcubation remperatuse o histamine release from sntact mast cells induced by
d tubocuranine (2 m\} @ Spontaneous huistamine releasc A—~A—A Fach pont
Tepresents the mean of three ﬂpmmmﬂ carnied out with duplicate samples

Fig 4 Tahibiwion of hitamine releasc 1nduced by d tubocuranine {2 m\) from intact mast cells
by pretreatment with by drin O—O—O or ethytmaterm de A A—A Release withd tubocur
ame alone @—@—@ 37° C Spontancous release deducied Each pownt represents she mean
of three experiments tarned out with dupl cate satnples

was obtained with a concentration of 5 103\ and could not be surpassed even
with a tenfold increase 1 the d tubocurarine concentration

The release of histamine by d tubocuranne occurred oser a fanly narrow pH
range ith an optimum between pH 66—74 (Fig 2)

Influence of temperature

‘The histamine release induced bs d tubccuranne increased with temperature being
optimal between 37° C—40° C (Fig 3) Abore this temperature there was a rapid
fall the release being totally abolished at 45°C Thus loss of responsieness of the
mwast cells to d tubocuranne was wreversible

Influence of en-yme wnhibitors
The releasing action of d tubocuranine was presented by premcubation the cells
with ether minhvdnin (blocking armuno groups) or N ethylmaletmide for 15 muin be-
fore adding the fiberator Inhibition of histamine release was seen with inhibstor
concentrations above 10 molar IFig 43 The sensinaty of inhibutor treated cells
1o the releasing act1n of d tubocuranne was not restored by washing the cells once
w buffered saline before addurg the hiberator

24 Dimtrcphenol D\P) an pler of arcobic high. hosphate syn
thesis bloched h release m abae 10"\[ The presence of
glucose 1 me ml  almost completely abolished the inhibitors action of this con
centration of DNP (Fig 5) In these experiments the cells were premncubated for
15 min with glucose The inhibitor was added and after further 15 mun the Iiberator
was added Thyrovine another uncoupler of ouidatie phosphonylation blocked the
amine hberauon in concentrations above 108\ (Fig §) This block was
reversed by preincubation with glucose

6853101 4 taphy of seasd Vol 36 3
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Fig 5 Inhibivon of histanmne refease mnduced by d tubocuranne {2 mM) from infact mt cells
by pretreatment with DNP O—0~ and resersal of thy wehibtian by premncubat n with
glucote (! mg ml) A~ A—A Relrase with d tubocurarine alone @ — @ — @ 37° C. Spuntancous
telease deducted. Each pount tepresents the inean of three experrments carried out with dupl care
anples

Fig 6 Inhilition of hutamine relcase induced by d tubocuranine (2 mM) from intact mast
celis by pretreatment with thyroxine O—(Q—() Release with d tubocurarmealone @—~@~9
37 € Sponuncous release deducted Each point represents the mean of three experiments
earmed out with duplicate samples

~

Discussion

e present study indieates that d tubocurinne induced degraaulaton and histamine
+ '/ release by & mechansm sunular 10 thae tnggered by compound 18/80 The man
cell response was temperature dependent At 0° C there was no histaumine releae
The celease reached tts maximum between 37—40°C Abore 40°C the mast celt
response decreased and above 437 C the cells ireversibly lost their resp nsnenes £
d twbocurarme  The temperature dependence 13 comatent with the ascmption
that ennymatie processes are smolved i the mast cdl reaction Further evdence for
enzvinatic particspation 1 the narrow pH ringe (68—7 2 aver which relrase v
curs and the blocking acuon of enzyme inhibitors such 1s mnhyvdrn  eths!
maleunide 24 diutrophenol and thyroxne
In rat mast cell grinules the histamine 1 electrostaucally hinked to carbovylgrips
mn the protemn hepann complex and the histammne 18 mstantancowdy seleased on
~xposure of the grnules to cation-contammg medn Shorg Novotne and Lo
1967)
1t was propased from thus laboratory (Thon and Lyvaas 19671 that the histusune
relese snduced by compound 38/80 occurred 35 @ two stage respome the fint
step~—the degranulation  bemng an energy requinng discharge of fustumne con

tasming graoules from the mast cells the second step- the fstunme gelene be
e in

ing an extracelfular physico-chemical process an 1on exchange betwen it '"""!
T

the granules and catians predetnnantdy sodium 1ons—mn the extr srellular uun’
TFhe present sesults are comntent with the aumpuon tht d whbexurinoe &



HISTAMINE RELEASE BY TUBOCURARINE 339

though 2 monomer, actnates a sumiar two step release mechamsm to that trggered
by the polymer compound 48/80 Defirute proof of this 1dea—the demonstration of
the d of I beset with the difficulty that the
d tubocuranine concentration needed to activate the degranulation mechanism 15
sufficient to result in a cationic exchange in the extruded granules between the brs-
quaternary base and the histamine It remains to be shoun, for example by using

d 1y labelled d-tub 1ne, erther that d tubocuranne does not enter the
mast cells (as s most probably the case) or that, 1f it enters 1t does so 1 concen-
tratons which will cause no significant Iiberation of histamine by intracellular cation
evchange 1n the granules

Hitherto all agents known to tnigger the degranulation of rat mast cells have been
polvmer amunes, either biogeme polypeptides or synthetic armnes It mught be as-
sumed that they attach to receptors on the cell surface, thereby tnggenng processes
tn the cell membrane which lead to the discharge of granules from the cell d-Tubo-
€uranne 35 a bisquaternary ammonrum base of known structure and a study of the
histamme releasing properties of the mamy structurally-related synthetic dernatnes
mizht give a better insight nto the hantsm of action of d 1 agents
and into the relationshup between chemical structure and degranulating actiuity
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Fiz 1 Schematc drawmng of the
expenmental arrangement  and
block diacram of recording equip-
ment Pluncer system to the left
and the connected animal skul®
to the nght

Pl=pendulum, A —accelero-
meter Pre=piston rod, St=
adyustable stopper, P =piston, §
=shutter, P m =potentiometer,
Pt =pressure transducers

ducing a transtent m>e 1n mtracramal pressure (Gurdjsan et al 1934, Lindgren and
Rinder 1966, 1967}, has proved useful 1o ehat cemmon pathophysiofogical signs of
“expenmental bramn concussion” and patboanatemical alterations similar to those
obsened following mmpacts on the ntact anmal skull Control and vanation of such
load applied to the brain may be comparatively easy to perform Study of subsequent
pressure changes within the CA S 15 of interest, because some information 15 avail-
able on mtracramal pressure changes at a blow aganst human cadaver shulls (Liss-
ner et al 1960, Sellier and Unterharnscherdt 1963, Landgren 1966, Thomas et al
1967, Hodgson 1968), possible relatons between pressure differences and imjury
produced at the cranio-spinal junction have been frequently discussed

The present report describes an eq for sudden appl of a mechamcal

Toad to the bram m amimals by displacing a column of flmd mto the shull cavity
through a hole 1n the shull The usefulness of this method to produce graded and
reproducible loading was studied 1n expeniments m rabbits and the subsequent pres-
sure pulses were recorded simultaneoush at various sites 1n the skull cavity and spinal
canal

Material and methods

Animals and preparations
30 rablus, weightng 2 333 kg were used Anesthesia was induced and mamntarned by ¢ o
mnjection of '+ «wdium mebumal solulion Some cxpenments were performed on ammals
fairificed by admumstration of an ever-dose of the anestheue ummediately before the expent
ment Tn the Inang antmals local anesthesia wac used wn the operatne fields

% panctal hole diam | > mm was made in the midline with a hand trephine the dura
mater was left mntact Bone edges were smoothened and bone sutfaces around the hole were
exposed and dried A plexiglass tube firner diam. 16 mm length 23 mm Fig 1—3) prouded
e oS collar way anserted mnto the trephined hole unti it yust seached the dura The tube
B e, surrounding bone with quick hardeming plastic soluton (Simplex Rapid®
Dentat Fillines Co  England  and 1o screws in the frontal and occipual skull Lones The fua
o s oerurred through a comparatnely thick plastic layer “solded” to the screws and the
skull bones even allowing heavy obl que external load to the tube

One e thres further holes diam 6 mm) were made in sarious parts of the skull Lones and
spina) column Fie 3 for the insertion of pressure trancducers

Equipment | » application of graded load to the brain

A ‘metal plunces svsiem was deaened in such a wav that 1ts epen end could be tightly co
ot st e, plesrglass tube freed 1 the tephined hole (Fig 1—2) —  ~ ° °
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Fig 2 Pt of the
Pendulum — plunger system — rablyt skyll

(ef g 1)

plunger s)slcrn‘:?\il”lhc connected plexiglass tube were completels filled witl kv atan ca]

sahne af vaan.
. . . .

t - .

: -

e . .
3 s on sty

The movement 'of th

) ent of the piston was arrested b, ], !
tod em y an adjustable collar (stopper) on the ton-
. ﬂ(’};:g":r 5‘) xl:‘;h:,ﬁ;tj:’:r;cﬁufc 1;1 the plunger system could Le ln(,:fru;lr; by eor’:’;xnz
/(.Fzg pi all by the 1mpact of an adyustable lever from the prston rod

Recording equipment
Qlu‘;}":,'"f’?,f"""’é"’""" (RLP 25, Swema, Sweden) was nigdly fived to the wall of the
omeer ‘)v“x:r .-md :‘jannccted with the piston-rod (Fig 1--2) The sgnal from the poten-

ccorded on an osallescope The potertiometrr displacement was calibrated b

mosing ¢} -
An acc .

Piston-roq " k, nat freq 47 kHz) was fived to the

recordings ¢ integrated to selocity or displacement

atlgwi . ~ osaillotcope Calibration was performe:
Piczoelectric ressure o1, § ) P —

I 7 (v 6
nae freq 150 kHz sensun 8 pClkpfems :
plem?) were inserted laterally into the pleuglass tube
f:rp&nd:é‘lﬁm[’ to the impact direction near the bran surface ("txlracrama‘lley{,) al%d n the
ephined holes 1n the skull and spinal canal flush with the dura (Fig 1—3) 1ihe latter trans

Fig 3 Sagital mud line section
through the skull and upper
spmal canal of a rablut with 2
medullary lesion after an expen
ment Location of trephined hole
with marks for tube tntertion
parietally and numbers for fora-
tion of pressure transducers {—3
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Fig 4 a~b Osalloscope record
ngs of piston movement at im-
pact on the piston rod by the
pendulum

c—d Control of pressure trans-
ducer  acceleration  rensitnaty
duang expenmental conditions
Piston rod smpacted with no Mnd
{c) in the plunger system and
with fluid and the piston rod
nindly fixed (d)
Puton displacement  displ pm
(recorded from potenuometer),
dupl mtegr  (from acceleror
meter) —Piston veloaity  zeloc
(obtained from accelerometer) —
Puston accele-ation  aecel —Pres-
sure press, recorded from pres-
sure transducers 1n the locations
shown m Fig 3
Calibrations Piston displacement
09 mm/squate, acceleration
glsquare, pressure 12 atm
square, time 2 msec/squate

ducers were fixed 1o the surrounding bone with the plasic soluuon In some expeniments a
smaller pressure transducer (LC-5, Atlantc Research Corp, US4, diam 25 mm) was i
Serted —on ) s 0 . it - '

T . . - . . -
TA . . .
plug . - P . I -
N\llgscapc was tnggered by the contact be;v«e:n .Ihc pendulum and the puton rod The

. LR . .o 1d pressure
. . b The LC-5

. . ucers were

- = — Pressure

. . he plunger

" . . C um e

amymal, connected with the loading equipment was placed on a table with the Neray beam

parallell to the plane through the end surface of the tube with brawn surface/contrast Mlnd

ndary clearly reproduced The X ray screen was photographed with 2 movie camera at

about B0 exposuresisec exposure time was about 3 msec The smpact of the pendulum was
marked with a Light flash on the film stnp

Control of expertmental procedures
The telocity of the pendulum at impact on the piston vod was studied by photographing the
fail of the pendulum wath a stroboscopic light source \ anaton of impact velocity, at constant
fall height was found to be less than 10 per cent
e accelerometer was mounted wath 1ts aus of main sensitmits 1n the direction of piston

movement with a screw on the piston rod (Fig 1—2) Influence of cross scasitnaty and mode
of mounting was studied with the accelerometes mounted with 1its man axs perpendicular to
the main tmpact aws. At piston wmpact only minor high frequent deflections of the accelero-
wcter nignal were recorded At the arrest of the piston by the stapper the accelerometer dis-
played signals of hueh frequency and amplitude (Fig 4 3, b), these signals were vsed as an
indication of ume of arrest of piston movemens The pressure sncrease 1n the plenger svstem
dunng Ioading of the bran could be suddenlv interrupted by opeming of a shutter at m-
pact of a lever connected with the piston rod Th s smpact produced a high frequent oxcilla
tion of the accelerometer tiznal which was used to determune the moment of opening of the
shutter

The distance and tme course of the movement of the piston was meacwred with the
potenniometes connected with the puton rod These recordines were compared with the
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recordines of velocis and displacement of the pston rod, obtamned by electronie invegratien of
the accelerometer nignal (Fig 43, b) They showed some latency of the start of the poten
tiometer recording and a “hunch’ and delay at the arrest of piston movement This lag may

due to elastiaaty of the connection between the piston rod and the potentiometer 1t was
howerer considered that drsplacement and “mean™ svelocnty {calculated from distance and
duration of movement) of the piston could be obtamed from the potentiometer recordings
with savusfactory aceuracs

The effect of displacement of the piston and the fluid 1s partly dependent on the tightness
af e o rtaem Tha naen snd of e 3 dan d v PR I N
- e e - . . .. .
foil was produced The volume of the pleviglass tube was determimed again and the drforma
sion of the Jead fo] was calevlated from the dilerence betneen the volume of the plexielas
tube before and after deformation of the foit Differences between the amount of flud dis-
placed, obtained from the potentiometer recording and from the delormation of the foil
respectively, were found to be less than 10 per cent, and 1t was considered that leakage of
fluid duning the Joading of the bram was not an error of major mportance — Leakaee of
fiurd between the end of the plexiclass tube and the plastic seal zround the trephined hole was
controlled visually and was also checked at the X-ray cmematography of the conrast filled
plunger system.

The prezoelectric pressure teensducers have high nawral frequency suntable for measurements
of rapid pressure transents. They are howerver sensitne to acceleration {DUN2atmfz
according 1o the manufactures) which mav result in considerable ervors of pressuse recordings
made during smpact conditions (cf Lindgren and Rinder 1965§ To study the influence of
this factor m the present expennments the piston rod was impacted under sanying condinons
with the piston rod ngidly fixed by the stopper, with no fluid 1n the plunger system and with
the pressure sensiire membrane of the transducer protected by an air filled case In these
control expeniments there were only munor deflectians i the pressure recordings (Fig $¢ d)

Results
i “Piston morement and extracramal pressure course

The displacement of the piston from the start at the mmpact by the pendulum 1o the
arrest at the contact between the stopper and the cybinder was vaned betneen 02
and 5 mm corresponding te a calculated flind volume displacement of 0 G4 10 1ml
The mean veloaity of the piston was sated between 003 and 2 mfsec This resulted
1n a gradual mcrease of the pressure recorded within the plunger system which
reached a peak value at the arrest of the pistan between 01 and 40 atm With
known displacement and mean velocity of the piston the amphtude and duraton of
the pressure pulse produced could be predicted and repeated with good accuracy
(¢f Fig 71 Errors in the experimental procedures e g leakage of flud dunng the
loading could thus be resealed The duranon of the pressure pulse was varted be-
tween 1 and 300 msec and 115 later course could be interrupted by openiog o the
shutter

The sigral from the piston-rod accelerometer usually had the shape of a half
sme wave (Fig 4a, by, interrupted by high frequency disturbances at the smpact of
the stopper aganst the wall of the plunger Peak amphtude of the acceleration pulse
seldom exceeded about 25 g Piston velocsty seemed to be farrly constant in the later
part of the piston moscment also with ely short pulses Puston dePg“'
ment, obtamned by integration of the acceleromerer signa showed a course esembling
the smooth nise of the potentiometer recording (Fig 4a)
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Fig 2 Four comsequine ex
posures of the fluid/bran surface
boundary dunng an \ ray cine
matography experiment Impact
on the pistonrod by the pen
dulum occurs at exposure b
dentaton of the bran surface

and d — The piston was dis
placed 15 mm at a mean velo 1
ty of about 05 mfsec The
shutter opened at the arrest of
piston movement Exposure rate
about BOfscc and exposure time
3 msec

Ocarpital region to the left m
the \ rays

Dunng the movement of the piston the pressure recorded within the plunger
system {no 1 1n Fig 3) showed a continuous nise, which was sudd-nly interrupted
at the moment of arrest of the piston 1rrespectine of whether the shutter was opened
or not With mcreasing mean veloaity of the piston the rate of pressure nise also
creased (cf Fig 7) If the shutter in the plunger wall was opened at the arrest of
Piston movement pressure fell suddenly to zero (Fig 6b) With the shutter sull
closed an immediate pressure fall was later followed by more gradual decrease to
zero (Fig 6a) The shape of the pressure pulses produced was thus approximately
tnangular

Bram surface displacement Pressure course m skull cavity and spinal canal
In the \ ray t P were made at a rather slow

P
rate compared with the tme course of piston movement However the film stnps
clearly showed that no contrast fluid was displaced laterally between the dura and
the skull bones but the brain surface under the trephined hole was indented locally
by the fluid imput The deepest indentation was not situated under the center of
the trephined hole but 1n the occrpital direction (Fig 5 b)Y The bram surface was
permanently indented unnl the shutter was opened later When the shutter was
opened at the end of piston movement the indentation was no langer seen on fol
lowing exposures (Fig 5d)

The pressure pulses recorded from transducers located 1n the frontal and ocaipital
skull holes {(nos 2 and 3 Fig 3) were always stmilar to the one obtained simul
tancously from the extracramal transducer (Fig 6 and 8) The levels of peak
pressure recorded in these locations were thus equal with that obtamed extracranial
v It was difficult 1n the mutine experiments to determme ume differences Letween
the start of the pressure pulses as the pressure rise was comparatiely slow at the b
ginning of piston movement There was however a shight delay of the peaks of the
pressure pulses recorded in the frontal and ocaipatal locations compared wath the
pressure pubse recorded within the plunger sistems (Fig 6 and 8)
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recordings of veloaity and displacement of the piston rod obtained hy electronic mntegration of
the accelerometer wignal (Fig 4a b) They showed some Jasency of the start of the poten
tiometer vecordmg and a “hunch and delay at the arrest of piston movement This lag may
be due to elasticty of the connection between the piton rod and the potentiometer It was
however considered that displacement and  mean’ veloaty (calculated from distance and
duraston of movement] of the piston could be obtained from the potentiometer recordings
with sausfactory accuracy

The effect of displacement of the piston and the flurd 15 panily dependent on the tightness
of the ssstem. The open end of the plewsglass tube (lo be snserted snto the trephined hole)
supphed with the pressure transduces, was covered with a pece of lead fol, and tf ¢ volume of
the tube was determined by weighig its flud contents By mmpacting the paston rod (te con
tents of the tube was then displaced a short distance and a permanent deformation of the lead
forl was produced The volume of the plexigiass tube was determined agam and the deforma
tion of the lead forl was calculated Jrom the diflerence between the volume of the plewgtas
tube before and after deformation of the foil Differences between the amount of flud dis-
placed obtained from the potentiometer recording and from the deformation of the foil.
respectinely, were found to be less than JO per cent, and st was considered that leakage of
Owd duning the Joading of the bram was not an error of major importance ~— Leakage of
fluid betneen the end of the plevsglass tube and the plasuc seal around the trephined hole was
controlled \1sually and was also checked at the X ray cinematography of the contrast { lled
plunger system

‘The piezoelectne pressure transducers have ™ * e e 4§ Viafa man camens
of rapid pressure transrients They are b - .
according to the manafacturer) which may . - .
fmade during impact conditions (¢f Iindgre . ' -
. - - - B
~
Results

~Puton morement and extracramal pressure course

The displacement of the piston from the start at the impact by the pendulum to the
arrest at the contact between the stopper and the cylinder was vaned between 02
and 5 mm corresponding to a calculated flud volume displacement of 004 to 1m
The mean velocity of the piston was varied between 005 and 2 m/sec This resulted
m a gradual increase of the pressure recorded withm the plunger svstem which
reached a peak salue at the arrest of the piston between 01 and 40 aun. With
known displacement and mean velocity of the piston the amphtude and durationt of
the pressure pulse produced could be predicted and repeated with good accuracy
(¢f Fig 77 Errors 1n the experimental procedures ¢ g leakage of flud dunng the
loading could thus be revealed The duration of the pressure pulse was varied be
tween 1 and 300 msec and s later course could be mterrupted by apemng of the
shutter

The signal from the pston rod accelerometer usually had the shape of a hal;
sine wave (Fig 4a b) interrupted by high frequency duturbances at the lmP’A““’
the stopper against the wall of the plunger Peak amphtude of the acceleration puist
seldom exceeded about 25 g Piston veloosty seemed to be farrly constant i the later
part of the prston movement also with comparatisely short pulses Piston dASP‘;":
ment, ob d by of the accel: signal showed a course reserm ing

the sirooth nse of the potentiometer recording (Fig 4a)
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Pressure
otm

;

T d X
Fig 7 Relauons between peak __/ e . {e/

amplitude of the extracramal

pressure pulse (no 1 an Fig 3) 2«

and displacement of the paston L P v

moving the flud into the skull P Pston d spL

favity at \arjng mean piston o i

seloaity 1 2 ? ©mm
Discusston

Reproducible conditions and rehable of | mechanical ef

fects are more difficult to obtain with impact to the ammal shull than with direct
loading of the bramn (¢f Gurdpan et al 1965 Lindgren and Rinder 1963) Effects
of comparatively slow application of such load, ¢g inflation of an intracrarual
extradural balloon, have been frequently studied, but there are few investigations
within the higher frequency range and often with no report concerning mnput
magmtude and course

Gurdpian ef al (1954) used apphcation of compressed arr to the exposed parietal
dura 1n dogs There was a steep mse in intracramal pressure (6—7+ psi') lasting
between 1 and 100 msec, with production of high levels of intracrantal pressure,
however there were marked osaillations 1n the pressure recordings and an average
level had to be determined —Fluid loading may produce more easily controlled and
saned intracramal pressure effects and cause less contact phenpomena and local
shtanng effects than loading with a sold object (v Gierke 1966)

In this study the control expeniments seemied to show that there were no con
siderable errors 1n the piston displacement and pressure recordmgs Other expen
ments performed to control the possibility of fluid leakage dunng the procedures
seemed to show that the system could be made sufficiently tght, knowledge of the
routinely obtained pressure recording from the extracramal transducer was useful
to reveal the occurrence of leakage of flud dunng the loading of the brain {cf
Fig 7)

The mean velocity and displacement of the piston moving the (hud column extra
durally mto the shull cavits could be adjusted and recorded In Fig 7 1t 1s demon

1ps pounds per sqare inch 147 psi=1 atm
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Yig & Drawmg ol pressure pulses
recorded at vanous sites (¢f Fig 3) in
the skul) cavity and cenvical spinal canal
at expertments with stmilar loading of
the panetal bran surface

strated that the extracransal peah pressure level 1s related to both volume and rate
of the flud displaced 1n the plunger—shull system The fluid motement nto the
shull cavtty was not possible to measure directly, X-ray cinematography expen-
ments showed indentation of the bram surface underneath the panetal hole The
™ course of this deformatian could not be studied, due to the comparatinely slow
.osure rate, but the film strps seemed to show that the mamn part of the in-
‘antalxon occurred in the otapisal part and not in the center of the trephined hole
(Fig 5b) indicating the directron of maximum ussue deformation. At high rate
loading some further deformation of the brain may occur after the arrest of the
piston
The flud volume 1nput and the pressure increase built up extraduralls may exert
full effect on the exposed dura resulting in the mtracramal pressurc peak at the
arrest of the piston The dural sac with the brain and spinal cord constitutes a
complex mechanical system and 1ts response to different mechamcal inputs vanes
{¢f Goldsmuth 1966) In the present experniments loading time was long compared
with the apparent velocity of propagation of the pressure pulse and the pressure
course produced extracramally withtn the flud column and m the major part of the
contents of the shull cavity were found to be almost identical with respect to pres
sure nise, peak amphtude and duration
Controlled 2and vaned sudden mechanical loading of the bran with a simtlar
extra- and intracramal pressure pulse, could be produced with the present equip-
ment Thus n studying correlations betsecn pathophysiological and marphological
effects and ntracrantal pressure course at such loadmg insertion of the pressure
transducer into the skull contents will not be required and artsfacts due to procedures

for i 1 pressure can be avorded
The course of displacement of the contents of the skull cauty and spial canal
produced by the lwd volume wnput may he related to differences in magmtude
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tme lapse and duration of the pressure course at vanous sites Amphtude and
duration of the pressure pulse gradually d d and g pulse delay oc
curred at the cranio spinal junction and the upper part of the spinal canal —The
results of experiments performed by Gurdpan et al (1967) and Hodgson (1968)
are suggestive of suddenly occurning displacement of the tissues at the cramo spinal
Junction duning and after the end of loading of the brain They introduced lead
tags via the foramen magnum mto the brain stem 1 dogs Flash \ ry recordmgs
+ ere made both dunng ympact to the mtact skull and on application of compressed
arr to the exposed dura At a hammer blow agamnst the panetal part of the fixed
shull of a dog which seemed to produce 1 local indentation at the wmpact site
there was some deformation of the tags 1n the bramn stem area with 1ts convetaty
tonards the spinal canal  suggesting that a flow of cerebral tissue towards the
foramen magnum 15 1n process The tags returned to their normal position and
1t was concluded that the deformation of the brain was elastic  In experiments
% 1th an impact 1n the mid ocopital area to the free head of a monkey the pellets
tn the bran also moved towards the foramen magnum After apphication of a 20 pst
and 20 msec duration atr pressure pulse to the eyposed dura the lead tags ap-
Parently moved towards the spinal cord but mught rewurn to the pre mjuny
Pouton The application of 30 psi increment resulted n the death of the ammal
and the tags did not return to the pre mpact position —In stmilar experiments,
with sudden application of a mechanical load to the exposed dura patho-anatom:
cal alterations have been produced and mamly confined to the bramn stem and
Upper cervical cord (Chason ¢f al 1927 Lindgren and Rinder 1967 Rinder and
Ol'son 1968) Application of a sudden load to the panetal part of the brain sur
face m the rabbt produces displacement of bram tissue through a frontall or oc
“ipitally located decompressive hole (dura removed where a marked pressure
d fference must be present the damage of the bram stem and cenical cord was
Jess than after application of the same load without decompression of the bram
{Lindgren and Rinder 1967) —These results support the assumption that displace
ment and deformation of the tissues at the cramo-sptnal junction accur and are
mportant mechamnical effects in producing damage in these areas in such expen
ments

Pressure changes of a few msec duration occur withmn the contents of the skull
On impacting human cadaver shulls (Lissner ef al 1960 Seller and Untetharn-
scherdt 1963 Lindgren 1966 Thomas et al 1967 Hodgson 1968) 1If there 1s no
fracture intracranial pressure pattern will vany mamnly according to acceleration
and veloaity differences betneen the skull and its contents and a transi=nt pres
sure gradiens will occur along the main axis of movement of the head with a
POsitine pressure area at the impact pole and a negatne pressure area on the other
sde If a blow |roduces a large depressed fracture there wall be a temporary
father uniform 1nd comparatnely stow ncrease of intracransal pressure within tl e
whole skull ¢¢ simlar sth the pressure course produced in the present expen
Ments At impacts on a child s skull with comparatinehy low ngidity the aceelera

A~
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tion pressure pattern s also less marked (Lindgren 1966) At mmpacts to skulls
without fractuning change i solume of the skull may also oceur Pressure dif
ferences between the skull cavsty and upper part of the spinal canal have been
found to occur m such expeniments (Lindgren 1966}, and may cause tissue dis
placement 1n these arcas n the present study pressure changes at the cramo spinal
Junction were of particular mterest —Results of experiments on closed skull models
also pont to the occurrence of mechanical cffects in this region at skull 1mpact
Gurdjian and Lissner {1961) and Edberg et af (1963) observed shear lines pre-
dominantly at the simulated cramio-spinal junction following rmpacts on skull arts
facts filled with photoelastic matenial High speed cinematography of the junction
between a duralumimum sphere and a plexiglass “spinal canal® revealed an out
ward displacement of the layer between two fluids witlun a few msee following
a blow agamst the * occipital * pole of the sphere (Lindgren ef al) The results of
the flash X-ray expenments performed by Gurdpan et ol and Hodgson (see above}
are also suggestive of such effects of a blow on the ntact anmimal skull

The present method prod: lled and vaned f al loading of the
brain 1n animal expeniments, with predictable pressure changes within the contenss
of the skull cavity and spinal canal It may be valuable in eluctdating rcdanions be
tween tntracramial h ! exents and pathological effects produced

We are indepted to Dr Bengt Zachrisson Roentgen Depariment J, Unnersity of Goteborg for
kind cooperation tn the X ray cmnematography expeniments

The investigation has been supported by grants from the Medical Faculty of the Unnersty
f Goteborg Statens Trafiksakerhetsrdd and Trygrg Fylrias Awiolrsfond
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From the Department of Hygiene, Unnersity of Goteharg, Sweden

“Concussive Response” and Intracranial Pressure
Changes at Sudden Extradural Fluid Volume Input in Rabbits
By
LennNarr RiNper

Recened 19 September 1968

Abstract

Rinper, L ¢ Concussive response” and intracrantal pressure changes at sudden extra-
~ dural flutd olume mput 1n rabbuts Acta physiol scand 1969 76 352—360

An extradural fluid volume (004—10 ml) was suddenly apphied to the panetal braim sur-
face n rabbits by means of a plunger system, attached to a hole tn the skull The immediate
changes in artenal blood pressure, pulse rate and respiration were recorded and used as
cntena of a “concusuve response” These pathophysiological effects were related to peak
amplitude (0130 atm) and duration (5-~300 msec) of the recorded intracranial pres
sure pulse Simular pathophysiological effects could be reproduced by application of the same
single load to the bramn through a sertes of experiments The “seventv” of the concussne
response varied with the peak amphitude and duration of the intracramal pressure pule 4t
pressure pulses of 5—15 msec duration no pathophysiological effects occurred with a pressur
pulse not exceeding about 0 7 atm peak amphitude, but at 25 atm peak pressure irresersible
apnea was produced Decrease 1n blood pressure occurred at mduction of pressure pulses of
comparatinely low magmitude while a sudden ncrezse in blood pressure was produced at
pressure pulses of higher magmitude Duration of apnea increased with increasing pesk am
phtude of the pressure pulee and seems to be a useful measure of the “severits of the con
cussive response in the present type of bramn trauma

At head junies some of the ltately occurring pathophysiol 1 effects seem
to be elicited from brain stem areas (¢f Ward 1958 1966) A blow to the head 1n
animals may also produce such immediate vasomotor respiratory and reflex disturb-
ances, generally used as criternta of “expenimental bramn concusston (f Denny-
Brown and Russell 1941 Denny-Brown 1945 Gurdpan et al 1955 Ommaja 19662
Hodgson 1968) Recent investigations suggest that the brain stem 1s probably dis-
placed towards the spinal canal at impacts on the anunal shull (Gurdyan et a
1967, Hodgson 1968) and the occurrence of cranto spinal pressure daiferences may
indicate simila effects at a blow on human cadaver shulls (Lindgren 1966 Thomas
et al 1967)

At sudden mechamical loading of the bram through a hole i t
producing 2 steep rise 1n intracramal pressure, the bramn stem mav be displaced ::‘
wards the spmal canal {¢f Render and Lindgren 1969) and a * concussive respon:

he ammal skull,

259
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may oceur (¢f Denny Brown 1945, Gurdpan et al 1954, Lindgren and Rinder 1966
1967) With such loading lled exy 1 d: can be ob d
avording more complex mechanical effects from a blow to the mntact shull There
are few reports on relations between load mput course intracrantal pressure van-
ations and pathophysiol 1 effects produced at such sudden mechamcal loadiag
of the brain

A previous report (Rinder and Lindgren 1969) described an equipment for
sudden extradural applicatton of fluid volume load to the brain tn ammaly It was
possible to produce predictable pressure pulses of varying peak amphtude and dura-
tion, resembling those recorded in human cadaver head mpact esperiments {Lind-
gren 1966, Thomas ef al 1967, Hodgson 1968) Marked pressure differences occurred
at the cramo-spinal Junction —In the present mestigation the production of some

diate pathophysiological effects, g Iy used as critena of experimental bram
concussion were recorded following application of load to the bram m rabbuts, the
effects were related to peak Litude and d of the 1 pressure
changes

Material and methods
Ammals and preparations

155 rabluts of both sexes weighing 23—33 kg were used Anesthesta was mduced (05
mljkg bw) and if necessary mamtamed (02—03 ml) by si injection of 6t sodwmm
mebumal solution (Mebumal® ACO Sweden; Local anesthetc (Nylocam®, Astra Sweden)
was wsed in operatne fields The sntenal between induction of anesthesta and apphication
of load to the bramn was about 100 min

4 hole (diam 175 mm) was made m the nud hine of the exposed panetal skull bone and
a well uting plevglass tube was spserted and fixed to the shull as descrbed previoush
(Runder and Lindgren 1963) The dura was mosth hept macroscopcally ntact

A polyethylens tube (PE 160) was mserted mto the femoral artery and adwanced up into
3

th aorta for of artenal blood pressure and pulse rate

Equipment for apphication of load to the brain Recording of piston displacement (flusd input)
and subscquent pressure pulse

The equipment used has been described 1 detai] prevously (Rinder and Lindgren 1969)
Thus 4 plunger system with the copnected plesiglass tube was completety filted with physio-
logical saline of rooms temperature The piston of the plunger svstem was moved fowards the
bran surface by the 1mpact of a pendulum or by means or a lever A pressure transducer was
inserted meo the plexielass tube near the exposed brain surface The pressure pulse measured
at this site at the loading of the brain was similar 1n e tme peak amphitade and duration
with the pressure pulse recorded stmultaneoush withte major part of the skull cauty —
At the arrest of the piston moving the Huid extradurally into the skull casaty, a shutter 1n
the eshinder could be opencd thus releasing the pressure (Fig 1) and the mdentation of the
bram surface diappested withtn a few msec The movement of the piston and the pressure
pulse produced were recorded sumultaneoushs on an osalloscope (Fig 1) —Cabibratton of the
pressure transducer was performed as described presioush (Rinder and Lindgren 1969)

Recordings of pathophysiological effects and experrmental procedure
Artertal blood pressure was measured by connecting the tube snserted to the femoral arter
with @ stram gage pressure dome (Statham T-23 US.A) The signal was amphfied (Honer
well 131 2C U SA ) and recorded on an U\ recorder (isicorder, Honeywell) Cakbration
was performed with the md of the onmnal electromc calibration Unit and was checked 11
connteting the pressure dome with 8 mercury column of varying herght

Palic rate could be obtamed from the blood pressure recording or—for practical purposes
by connertimg a s1nal output Trom the blood pressure amplifier with a heart rate merer

1693001 4cte phy il scand
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Piston & Open

displ
Fiz [ Schematic drawing of osal
lowope recording routnely ohtamed
at application of the load 10 the
brain showing displacement of puton
and the simultaneous pressure palse
measured with a transducer mserted
Time  extracransally near the site of load
g of the bran Mean puston 1c
loaity was calculated from distance
of piston movement (3) and the
ume from start to arrest of piston
movement (1} When the shutter was
opened at the arrest of the piston
the pressure decreased suddenly to
Time  zero (1), when the shutter re
mamed closed pressure later de

Shutter eponed 1)
- remong clesedlzl

P

Pressure duration creased more slowly (2)

(EMT 50 Elema Schonander Sweden) This was supplied with a speaally designed pre-
amplifier made to count but every second peak of the astenal pulse waves The pulse rate
signal thus obtained was recorded on the Visicorder The unit was calibrated with a pule
generator It was possible to record the pulse rate within a range of 30—$00 beats/min and
a chapee in pulse rate of about 20 beats/sec

Resprratory morements were recorded by a mercury filled rubber tube apphed around the
chest of the rabbit (Yellow Springs Instr Corp USA )} and conne ted with an amplfier

‘> (Honeywell chest dusplacement gaze control module) the mignal was recorded oo the Vis
corder

The \iucorder was started 2—3 mun before application of the load to the bram and
conunuouslhy run for 10—15 min

The corneal reflex was tested smmedsately before apphication of the load to the bram The
duration of subsequent Joss of the corneal reflex usually was noted howener conculitons with
closure of the hids occurred at application of the load It was controlled that the ammal reacted
to paimnful stmult such as hard tail pinch before 1nd, of the ]
pressure pubse.

In most expertments only a single load was apphed to the brain and if lethal elfects were
not produced the anumals were sacified at sarving mtervals Howeser if the apphied load &id
not produce T effects another load of higher magniude was
apphed. The bramn and spinal cord were semoved and examuned for changes 1n cerebroepina)
vascular permeabilitn  Rinder and Olsson 1968

Control expersments
The umpact of the pendulum on the piston rod produces pot only movement of (luid 1nte the
skull caviny but alco other mechamical effects such as ribrations possibly transmitied to the
attached head of the fabbit (¢f Rinder and Lindzren 1969 To contro) the infuence of
such factors as well as of the prep on the ph recorded  the
piston rod was impacted withour flud 1n the plunger svitem and with flud but with the
piston rod ngudlv fixed so thar there was ro displacement of the piston at the impact of 1be
pendulum. In theee expenments no changes occurred in the recerdimgy of blood pressure
rate and resprration and there were no eficcts on the corneal reflex and no comvul

sions,

Results

Pressure pulse duration 5—15 msce

fn these expenments the piston was moved by an ympact of the pendulum The
mean velocity of the piston dunng the loading of the bram was about § m sec and
the paton displacement, from start 1o arrest was varted between 02 and 20 mm.
The flud volume thus displaced extradurally into the skull cavity was calculated to
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Fig 2 Results of expenments
with induction of preseure pulses
of 515 meec duraton The
pistan was displaced 0 2—2 0 mm
at a mean vefoony of 1 mfsce
Maximum wnitial changes  (ob- et
tamed within 215 rec after W0 - tina
appheation of the load to the )= 13

bram) i systolic astenal blood
pressure and  pulse rate and

i

duraton of apnea have been & L
plotted aganct peak amphmude
of the pressure pylse produced P

Q=shutter opened at arvest of
piston {5—8 msec presure g
duration),

@ =shutter remained closed (12
—-15 mec pressure dura
tion}

X =tasung apnea produced

vany between 00+ and 04 ml In about half of the number of cxpenments the
shutter opened ay the arrest of the piston, the duration of the pressure pulses thus
produced extra- and intracranually was about 5—38 msec In the other experiments
the shutter remained closed at the arrest of the piston and was not opened untl
several <ec later the pressure pulse duration was about 12—15 msec tef Fig 1)

Apphcauon of load producing an itracramal pressure pulse with a peak am-
plitude not exceeding about 07 atm  did nat result 1n changes m the physialogical
parameiers recorded With in-reasing peal amplitude immediate but trapsient
effects occurred and at a peak amplitude exceeding about 23 atm rrreversible apnea
avarably occurred and beart acuvity ceased within 5—j0 mn. The effects
produced and their relations to the peak amphiude of the ntracrantal pressure
pulse were not dependent on whetker the shutter opened at the armrest of the piston
or not

Maaimum levels of the changes 10 artena) blood pressure (BP) and pulse rate
(PR) alwavs occurred within 213 sec after applicaton of the load to the brain
and have been plotted 2gainst the peak amplitude of the intracramal pressure pulse

together with the duration of apner produced n Fig 2 With a peah amphiud=
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Fiz 3 Reco-dires of artenal b ood pressure pu'se rate and repiranion at induction of vanous
pressure pulses by udden application of 2 fluid vo'ume to the bran Arrox cenotes 2pph
caton of load a peal pressure amphtude 04 atm. > rwec duranon b 10 am 17 mec
€ 13atm. bmwec d 18am. I msec ¢ 26 2tm 8 msc

of the mtracranial presure pulse 1 the range between 07 and 11 atm. there was
alwas a decrease 1n BP dunng 2060 <ec Fiz 3a. b) \osth PR was lowered
dunng a somewhat shorter period Respiraton arrest lasung 212 <«ec occurred

an return the rate and 2rohude of chest displacerrent were wsuallh sirmilr to that
record-d previous to the appucaton of the load When considered possible to evaly

ate, the comneal reflex ma th scemed to be unaffected f lost 115 absence d.d not
exceed ? min Often 2 sudden Jerh occurred 21 the appheation of the load to the
bran
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Fig 4 Results of expenments .
with mnduction of pressure pulses ™

of 25—300 msec duration show .
g relations between “seventy M
of the concusse response and .
peak amphtude and duration of .
the pressure pulse The piston .
was displaced 1—5 mom at a . H

mean veloary of 0002 m/sec - . .

QO-—no effects @—*light effect . . .o
% = moderate  effect +="se ' M - .
vere” ellect {entena a.e stated .. . . . ..

i “Resuls” p 6 hne 6 from .

bottom)

With mtracramal pressure pu'ses of rore than I 2 atm peak amphtude there was
always {except for one expertment) a sudden nse 1 BP, however somenmes pre
ceeded by a vers transient fall (Fig 3¢ d) BP then slowl decreased dunng 30—
120 sec to the pre-existing level PR usually decreased duning the same penod but
n some cases tachvcardia was recorded (Fig 2) Duration of apnea was increased
compared with expernments with pressure pulses of lower magmtude After the
penod of respiratory arrest the amphtude and rate of resprratory movements usually
wncsreased durng 2—10 mm (Fig 3d) When considered possible to evaluate the
corneal reflex was found to be absent for 1—30 mmn. A sudden jerk occurred at the
application of the load to the brain followed by sudden flexton of the hmbs during
a few sec and later [ollowed by relaxation

Pressure pulses exceeding 20 atm peak amplitude were always followed by srre
ersible apnea and sudden increase tn BP falling to zero duning the next >—10 min
Brady or tachycardia occurred (Fig 3 e)

Pressure pulse duration 25—300 m ec
In these experiments the piston was moved at a mean velocity between 00> and
02 mfsec The piston duplacement was vaned between 05 and 50 mm correspond

ing to a caleulated flud input of 01 to 10 m! The shutter alwavs opened at the
arvest of the pision

The pathopt I effects produced 1n these

F were quite similar
wath o «c\&m&\g o wdstoon o6 presute polses of 319 meee daravem, ot

the relations to the peak amplitude vaned with the duration of the pressure pulse —
In Fig 4 the seventy of the pathophwsiological effects has been plotted aganst
peak amplitude and duraton of the pressure pulse Thus a hght concussne
response was considered to have occurred when there was a decrease 1n BP and
apnea dunng 2—12 sec The occurrence of a nise in BP with respiratorv arrest dur
g 10—00 sec was conwdered as 1= moderate concussive effect and 1f there was

a lastmg apnea a “severe” concussne response was considered 1o have been pro;
duced ‘
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Discussion

The present expertments showed that ssmilar immedate pathophyuolonical effects
generalh wsed as entena of a concusne response, can be reproduced through a
senes of ammal expenments In sudden application of the same single mechanical
load 1o the brain and that the “scxents™ of these eflects vaned with the prak am
plitude and durauon of the mtracranial pressure pulse produced Sumiar patho-
phesiolomieal effects bave 2lo been reported with comparatnely s'owh applied foad
to the bramn (“compresvton-concusrn  ¢f Denm-Brown 19435 Gurdyan of af
11954, produced a sudden nte in intracramal pressure (6—74 psi® 1—~100 mee
duration) by appheation of compressed air to the exposed panetal durs 1 dogs
On the bass of the phyuclogieal effects produced ther classified the reaction as no
concusaon threhold concusaon (1n mam nstances a fall in blood pressure but 1o
repiraton zrrest)  moderate {<teep nw mn blood pressure and apnea of vananz
duraton s 2nd severe concwsson (o2l wounded) Homever with production of
intracrams2! precsure pulses of smilzr leved 2nd dusation 4 cuncissne response of
vaning sevenn occurted but there was “a definne trend that the shorter the tune
duration the higher the prescure pectsan 0 rsult m a osnceene effect” e
sumilar 1o the results obtained 11 the prewent expenments

) In the preent expenments duration of respiratory arvest generalls increased with

,/ mcreasing peak amplitude of the mtracranial pressure pulse, the duration of apnea
mev mndiczte the smenn” of the concysine fesponse 1 this type of me~hanical
brain trzuma. Hodzson 11968), 10 head smpact expenments in dogs and monkews
found increas~d duraton of apnea with mcreastng smpact force and Fnede 19611
found that duration of rapiraton amest was related 1o maamum vefoosty of te
head 2t impacts o the kull 1n eats ~—A sudden decrease 1n artenal blood preoure
lzstng 20—60) sex alwavs excurred at induction of pressure pulses of comparameh
Iow peak amplitude with pressure pultes excerding a certan peak ampliude a steep
ne i blood presure occurred and may ndiczte 2 more “unere” conru sve se
«pomse In head nmpact expeniments the apprarance of decreass an blood presur~
has been considered ty indicate 2 “wubroncusne  tesponse of Gurdjnn et @'
1953 Ommzna 1966 o Hodzon 1963 With vers hraw head impacts producrs
irvesersible apnea m the smmal an immediais and lastng drop of bloxd pressure
has occurred  Demmy Brown apd Rusell 1931 Ommana 1966 2 thy was not o
served 1 the present expenments with applicanon of load producing srreverible
apnea —Daranon of brs of comeal reflex seems to be the m st obsenved ur 2l factor
wed to grade the “sments of the concusne respon 1 animz) expeniments Jt was
Femeser difficult to determne that duratson in the presnt experiments preparzuomns
pecesan o atizeh the Inadirz equipmaent and reprated reflex tests man have i
fluenced the pouibilites for refiable olsenations

When correlatinz the recorded mechamcal effects wnth the pathophyventomcal

changes 1 the preent exprnments 1t must be rememtered thet the merez” A4

1187 g pounds pr squa £ ch ] aum
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the pressure 1n the plunger system and of the indentauon of the brain surface were
interrupted at the arrest of the piston This first part of the mechamical course was
easier to control than the Jater course and the same pathophysiological response
occurred irrespectine of whether the shutter was opened or not The veloaits and
displacement of the piston and the extradural pressure increase may exert full effect
at the brain surface, resulting in the intracramal pressure peak, however, due to

t difying the pathophysiol 1 effect full k with piston dis-
placement cannot be expected The time course of movement and deformation of the
parts of the cranio-spinal contents imolved 1 the occurrence of the pathophysiologi-
cal effects may be of mmportance, Rosenbluth (quoted by Ommaya 1966b) has
shown that if axons were tapped mechamcally 1n order to produce an action poten-
tial, the electnc effect seemed to be related to the rate of change of velocity of the
mechanical tap —So far reliable of tssue displ. and deforma-
tion within the cranio-spinal contents are difficult to perform, and only some tenta-
tine experiments have been made to study such mechanical events At ampacting the
sntact skull n dogs and monkeys and at apphcation of compressed air to the ex-
posed dura in dogs, Gurdyan et ol (1967) and Hodgson (1968), using flash X-ray
hy, observed displ of lead tags, mserted into the brain stem,
towards the spinal canal The lead tags mught return to the “pre impact™ position
In the present expeniments marked pressure differences occurred at the cramo-
spinal junction (Rinder and Lindgren 1969), indicating displacement of skull con-
tents towards the spinal canal Smmlar pressure differences have been recorded at
impacts on human cadaver shulls (Lindgren 1966) In experiments, sumilar to those
presented here, brain tissue protruded through another “decompressive” hole m the
rabbits shull {dura remored) and the concussie response was absent or less “sesere’
than following apphication of the same load with no decompression (Lindgren and
Runder 1967), this also imdicates the importance of mechanical effects at the cranio-
spinal junction

1

The 1 events g within the ¢ pmnal contents at shull trauma
are evidently complex and may differ derably due to the ch stics of the
apphied load The experimental study of reliuons between brief intracramal intra-
spinal pressure changes and pathophysiological and path 1 al
within the central nenous system may vield useful 1n the d
concerming the nature and magmitude of mechamecal processes involved 1n the pro-
dusnan. of. brun. damage . Sl trama, T camelate parbalagnal, e stk e
placement and deformition of the cerebrospinal ussues further mformauon 1
necessan

1 am indepted to Docent Sten Lindgren Depariment of \eurosurgery Lnnersity of Gote
bory for vatusble dunng the of

The imvestgation has been supporicd by gramts from the Medical Faculty of the University
of Gateborg Statens Trafiksalerhetsr3d and Tree Fylmas Attiodrsfond
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The Effect of Menthol on Taste Receptors
By

GoraN HeLLERANT

Recened 23 September 1968

Abstract

Hewrenant, G, The effect of menthol on taste receptors Acta physiol scand 1969
76 161368

The response to menthol and its effect on the exaitability of the gustatory receptors were

studied by recording the ympulse activity 1n the chorda tympan nene 3[ the cat It was ob-

Thus effect on the receptors was related to concentration and length of the preceding menthol
nnse It showed alo vanations with regard to stimulus concentration and subject

1t has been clearly demonstrated by earher authors that menthol affects the response
of many receptors to stmulation Like several other drugs 1t enhances m small con

and dep 1n larger or after extended exposure Electro-
physiologically this effect of menthol was first demonstrated for the thermal receptors
by Hensel and Zotterman (1931) and Dodt Shouby and Zotterman (1952) Similar
effects of menthol were observed 1n the chemoreceptors of the carotid body by Land
gren Shouby and Zotterman (1953) An increase of the sensitiuity as well as a de
crease after menthol exposure were reported by Shouby and Zilstorff Pedersen for
the olfactory sense (1934) and the gustatory sense (1923) These last authors used
psichaphysical techmique m their studies 1t 1s felt that there 1s a gap to be bndged
between the observatons obtamed with electrophysiologteal techmque 1n the non
gustatory receptors (Hensel and Zotterman 1951 Dodt et al 1952, Landgren ¢t af
1953) and those with psychophysical techmque 1n the gustatory (Skouby and Zil
storff Pedersen 1955} bv applying electrophysiological technigue to gustatory recep-
tors The present study was undertaken with this aim

Methods "
9 cats were used 1n this study The disecuing and sumulating techmques were the same as
described 1n a previous study (Hellckant 1965 a) except for a longrr water ninse which
recently shown to be smportant (Hell mac
which alo was uted as a contir— -~

~
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MentnoA

NaCi - ——

QAHCL >

Fiz 1 shows a senes of summated
secordines from one cat The 10p

record displavs the response to 002 &
01 zand 0.2 g menthol/} water The

~ other records show the responses to 4
clecohol stunli with 01 g mentholfl, dotred
) curve and without mentho! unbrolen

. . cune Time marler 1fsec

the water flow w2s eachanered with a flow of menthol. Three concentrauons of menthol were
wed 0f> g 01 g and 0 = | solunon The menthol was pror to each expenment diluted
m water 0] M qumne mono-bndrochlonds (QHCI , 00>M acenc (HAe) 05Msodium
chlode NaC) 1 M sucrowe  sucrose and 2.5-M etin alcohol (alcohol) The same set of
straml without menthol was also used. In ope senes of experument (003 M and 001 M HAc
with 07 g menthol | solubon were used as gastato~ stimuli
Results
The resporse to gplam menthol solutions
\entho) «olutions on the tongue chated a slonlt mereasing discharge 1 the chorda
fvmpani nene 2s can be seen from the top recording of Fig 1 The Jowest concrntia-
non wed. 005 g menthol | water gave a hardh perceptible ncrease of the recorded
seural acvany The response to 0 1 g menthol T was more evident. though the anset
of discharee w2+ slew and had a lztepes of a few sec However 1t gaie an upgquestion
alle merease of the newral aconan This actan seemed 10 reach a steady state 2ffer
zboyt 1/2 min. of the flow of menthol was sustamned. The response 1002 g menthol/l
seater was stronger It reached a maximum after about 1/2 mun after which the
seural acman dechned. The general picture of the chorda tympam response 0
o dation with menthol & emilar 10 that of aleohol (ethanol) This can be seen 1
compannz the top and botom revordings i Fig 1 The mam difference was ob-
senved when snmulaon mas mterrupred and the sumulus nmed 2way with water
Then te secoring Sowed hale of the <tronz burst of actwan which can be seen
after Jdechid
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Fig 2 shows the response of a fine branch of the chorda tympan) nerve to @ series of gustatory
sumsh The wene wopnises were tecorded with a Stator 1 recorder Teme maskes 118 sec
ard 1/sec

The effect of plain menthol was also studited m a number of single fibre prepara
tions Fig 218 an example of such a recording In the top recording 1t can be seen
that menthol itself elictted a slowly increasing spike activity without any imual burst
of actinity This pattern was repeated in all other fibres observed With regard to
the relation between spike activity and menthol concentranon 1t was obsenved that
the response to 0 05 g menthol/l often was vot perceptible, while the activity caused
by the strongest solution reached a peak and then very often decreased 1f the stmula
ton was extended The top recordings 1n Fig 2 demonstrate the response to the two
stronger concentrations used in the sepes of expefiment

In Fig 3 the de of the d resp as well as the maximum 1m
pul e frequency for some single fibres have been plotted versus the concentration of
the menthol solutions used From the data obtaned st can be suggested that there
1 a hinear relanon between the menthol used and the re
sponses elicited The figures within the brackets of Fig 3 show the number of ob-
senavons for the summated data the arcles while the higures without brackets
displas the number of observations for the single fibres the ponts

The relation between the response to menthol and that to cooling was 1lo ob
senved 1 the single fibres The temperature of the water flow over the tongue was
lowered wath 2 rate of about 15° Clser from 33° € 1o about 16° C An increase of
the umpulse aetrity was then observed i most fibres though not 1 all No difference

however was obsen ed 1n the responses to menthol between the fibres that responded
to cooling and those that did not
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Fig 3 The diagram shows the relation Letwren mentho] concentration and response in the
whole chorda tympan: nerve, aircles, and 1n a number of single fibres, dots The hgures along
the lines show the number of observations n each point

Fig 4 The diagram shows the relation between menthol concentration and magnitude of the
sumsnated response to the sapsd solutions used after 60 sec of a menthol nnse The responses

are all expressed 1n per cent of the responses to the same stimulus without menthol belore the
“\flow of menthol

)

The effect of adding menthol to some saprd solutions

In this part of the experiments 0 1 g menthol/! was chosen as being the most sutable
concentration to add to the other solutions The weakest solution was regarded too
weak, as 1t in uself ebierted a very smali response The strongest solution was appa
rently too strong, as 1t soon paralysed the chemoreceptors The responses to the saptd
soluttons with and without 01 g menthol/l were then recorded and compared It
was then obsenved as can be seen in Fig 1 that adding menthol changed the gusta
tory response n two respects 1t shghtly suppressed the il burst of activity which
normally appeared dunng the fust seconds of simulaton with NaCl QHC! and
HAc 1n the cat and 1t caused a slower decline or even an increase of the neural ac-
traty after the smtial burst This can be seen by companng the unbroken lines solu
tion without menthol and the dotted hines, solution with menthol of each recording
i Fig 1 Obsenations obtained 1n the single fibres gave stmlar results Therr 1mual
part of response was 25 €¢, SE 5 €%, lowered when menthol was added to the sapid
solutions But the later part of the actmty, the sustained response was enhanced
Fig 1 shows further that mentholic alcohol caused a faster increase of the neural
actiaty than plam alcohol solution, while there was very litle Increase in actnty
when the mentholic alcohol was mnsed away after the sumulaton Single fibre
recordings gae siplar results )

It 15 possible that the observed enh of the 1 activity

was the result of two kinds of fibres one responding to the stimulus 1 question
while the other, as an elfect of the menthol developed a slowly increasing activity
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Fig 5 The responses to three con
centrations of HAc have been plotted
n the diagram versus the length of
the preceding flow of 005 g menthol{l
water Each symbol represents one ob
semation
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which added to the compound response thus giving the characteristics descnbed
above However, the single fibre recording of Fig 2 does not support ths possibihity
It shows clearly that the same fibre responded with a somewhat different pattern
when menthol was added to the solution This pattern 1s very sumilar to the pattern
observed for the whole chorda tympam nerve Other recordings gave consistent
obsersations

The cffect of prolonged menthol exposure on the responses to other chemcals
In this part of the experiments the water rmse between the exposures was exchanged
with a nnse of mentho! The same concentrations of menthel as before were used
The summated response to mentholic NaCl, QHCI, HAc, sucrose and alcohol solu-
tions was recorded after different time periods of rinsing with menthol Stimuli con-
taimng menthol were used as otherwise the flow of menthol would have been inter-
rupted giving time for the receptors to recover This would have affected the re
sponse 1o the next stumulation

1t was then obseried that the mmtial burst as well as the later part of the response
to these solutions were affected The effect was related to the sumulus, the strength
and the length of the preceding menthol rinse Fig 4 gnes an 1dea of the relation
between the response to the stimuli and the concentration of menthol The diagram
consists of data from two cats The heights of the responses after one mm of menthol
rinse are expressed 1n per cent of the response to the same stimult without menthol
before the nnse Since the responses to NaCl 003-M HAc and QHCI showed small
dufferences 1n the way they were alfected by the extended ninse with menthol they
were included m the same cune Fig 4 shows that the response to alcohol was most
deprese=+ It disappeared almost complete'y after one min exposure to the strongest
menthol concentration On the contrany the response to sucrose was enhanced after
one mun ninstng with 005 and 01 g menthol/l But the strongest concentration of
menthot depressed the response to sucrose after one mun almost as much as 1t did
with the others

For reasons which will be discussed later 1t was surmused that the strength of the
response plaved an important role 1n these effects This assumption was tested for a
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senies of concentrations of HAc 003\ , 003 M and 001-M mixed with 01 g
menthol/l solution Fig 5 shows the effect of a preceding ninse with 005 g menthol/l
water on the responses of these three acid concentrations Fig 5 wndicates that the
response to the strongest actd concentration was most depressed while that of the
weakest was somewhat enhanced The order of depressions were the same dunng
nnsing with 01 g menthol/l solution Thus the respense to 005 M HAc showed
73 ¢ of 1ts ttial value, that to 003-M 79 ¢ and that 10 001-M 97 € after cne
min nosing with 01 g menthol?

The depression of the gustatory response, which occurred during menthol ex-
posure, was reversible The neural response grew agamn when the menthol flow was
exchanged with a water ransz. The recovery +ras most evsdemfor theresponee of

aleohol 1 A jporary enh. of the resp was also obsened
during the recovery
Discussion
The present study shows that menthol 1n mod © the neusat
response of the taste receptors to other sapid solutions, but also that 1t paralyses the
\, Feceptors m higher or dunng ded exf These obser:ations

~ 1n agreerrent with those described by other authors (Hensel and Zotterman

1951 Dodt et af 1952 Landgren et al 1953 Skouby and Zilstorff Pedersen 1934
Y1925)

It 1s poss'ble to present a tentatne explanation for the obsenations 1n ths study
The studies by Kimura and Berdler (1961 and Tateda and Bexdler (1964} demon
strate that gustatory sumulation depolanizes the taste cell Their studies show
further that a stronger stimulus depolanizes more than a weaker but thar the de
po'anzanon reaches a “limit value’ beyond which 1t hardly can be pushed by stronger
‘norral * stimuli Howeter “abnormal’ sumuli Iike cocaime can push the receptor
potential further or even reverse 1t It 15 also well known that dunng a continuous
change of the receptor potental, the sensitiary of the receptor cell ar first will n
crease, then decrease and fmally disappear

1t has been d d earlier (Hell 19651 that the response to alcoho)
grows slowly and that the taste receptors ly change their o
other stmul: during aleohol exposure Alcohol depolanzes the cell membrane tef
Daweon 19601 which has suggested that during alcohol exposire the respomse 10
another chemieal 15 influenced by the fevel of depolanzation at that mom-ant

\fenthol 15 more soluable 1n organte compounds than n water It may therefore
accurnulate 1 the structures of the taste ce'l The response to menthol as well as the
effect of menthol on the excitability of the taste receptors are similar o those ob-
served dunng alcohol exposure This indicates a sumlar effect by menthot as <ug
gested before for alcohol That s the accumulation of menthol changes continuoush
the re~eptor p I and fore al<o the bility of the receptor cell .

Thus change may a0 account for the differences between the effects of menthol

on the respomses of the other four stimu" used Stumulauon with one of these four
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shifts the receptor potential more rapudly than menthol does This shift adds tc the
slow change already caused by the menthol The response of the sumulus will be
enhanced as long as the depolanzation caused does not reach the limt value re
ferred to earhier As soon as 1t does so a decrease of the neural response will be seen
This decrease will be more p d with the d ) F 1 space be
tween the arbitrary  lumt value and the actual receptor potenual Put 1n another
way the respomse to weaker and weaker stimali will be depressed with the shrnking
potential space  As for this study the response to sucrose 15 small 1 the cat both
1 single fibre and whole nerve recerdings Its effect on the receptor potential 1s
therefore according to himura and Bedler (1961) small It adds little to the change
already taused by menthol QHCI stimulates more and therefore depolanzes more
Consequently 1t will take longer time for the potential change caused by sucrose to
come within the vicimity of the Limit value of depolanzation than 1t will for that
of QHCI

Thas expl can be supported or dicted by studying the effect of men
thol on the responses of a serie of different concentrations of the same stimulus Such
a senes will stimulate the receptors n the same way but to dilferent extent From
the hypothesis suggested above 1t can be concluded that the effect of menthol on
therr responses will show a different ume course 1¢ the response of the strongest
solution wall be depressed first or measured after equal time pertods of menthol ex
posure most depressed

This consequence was repeatedly tested mn one ammal as descnbed under results
Acenc acid was chosen as stimulus because 1t elicits 1n moderate concentrations a
good response 1n the chorda tympam nene of the cat Further it has a fast nsing
receptor recovery fun tion (Hellekant 1968) There are therefore few overlapping
effects to be suspected between Y paced wath ble intervals
These sertes showed that the responses to the strongest acid are f rst and most de
pressed while those of the weakest are last and least depressed or even enhanced
before they are depressed It s felt that these results support the 1dea of a changing

receptor potential under the nfluence of menthol as the cause for the effects ob-
served

o relation was obsenved between the responses of the taste fibres to cooling and
to menthol as described before The observation may be of interest since menthol 15
regarded as a substance that gnes 2 cool taste  Hensel and Zotterman (1931
studied the cooling effect of menthol on the thermoreceptors of the tongue They
found that the increase of the response which they observed when mentnol was
applied to th ¢ tongue during cooling was caused by an increased excitabilin of the
receptors due 1o the menthol present but not by am measurable physical cooling by
r=nthol There 1s therefo e no reason to expect a relation per se between the sens
ity to menthol and to cooling in the gustators fibres which 15 m agreement with
the results presented in this study

In summan 1t 1s hvpothesized that the receptor cell depolanizes slowly dunng th~
exposure to menthol This depolanzanon gives a slowh growing neural response



368 GORAN HEI LEKANT

which dechines, when the receptor potentiil reaches a  lumt value or a steady state
Stimulation with any of the stimuli representing the four taste qualities depolarizes
more rapidly This depolanization adds to the one caused by menthol Thewr sum
determunes the response to the new sttmulus which will be enhanced as long as the
sum of the potential changes has not reached the ‘It value”, otherwise 1t will be
depressed

Thrs study has been supported by grants from Svenska Maltdrycksforshnngsmsuitutet Swed sh
Aled cal Research Couneil grant No B 69 14 2467 02 and NMagnus Bergvalls Stiftelse
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Isolation of Fibrinopeptides Formed
during Intravascular Coagulation in Dogs
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Abstract

Gronoanr, N J,S P Mirer and A C Tecer NiessoN Isolation of fibrinopeptides
formed during wntravascular coagulation wn dogs Acta physiol scand 1969 76
360—375

Punfied camne fibninopeptide A was incubated in canme serum 1a vitro The trichloroacetic
acid-soluble degradation products were 1solated by preparatne electrophoresis and 1dentified
by means of ammno acid analyses Desargimino fibnnopepude A and free arginime were found,
indicating that C-terminal argwine 15 spht off from fibrnopeptide A during incubation an
serum i1 uitro An attempt was made to isolated f, and possible fib

electrophoretic mobility of the fractions and of their tryptic digests as well as the amino acid
analyses ndicated that one fraction consisted of fibrinopeptide A and the other of desarginino
fibnnopeptide A

Several investigations made with punfied fibnnogen tn zitro have shown that
thrombin induced fibnn formation 1s preceded by the release of two peptides, the
fibninopepudes, from the fibnnogen molecule (¢f Blomback 1967) It 1s therefore
now generally assumed that thrombin induced fibnn formation n t1z0 15 also related
7 release of the Sbnaopeptides from Ehnwogen Llaul new, koweer, ths kas noe
been proved and the fibninopeptides have not been 1solated from blood, clotted in
w0

The present imestigation was an attempt to lsolalc the rbnnopcpudts from
carune blood alter exp 1ly induced As fibnno-
peptides may be degraded in blood (Teger Nisson and Blomback 1967, Teger-
NMilsson 1969), the products formed dunng incubation of punfied canine fibnino-
peptide A 1in serum tn ttro were [irst sdentified

-
-

o~

8693003 dcta physiol scand Vol 76: 3
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Material and methods
ivlnmql: ‘;\(:ngnl dlogx, relg’hmg l%?ﬁhkg, were used for the isolation experiments

t
¢ - . . .

| S .
1954), and chlonnauon reactions (Reindel and Hoppe l954)

Amino aesd analyses were made 1n an Auto-Analyzer (Technicon Instruments Corp , CI
cey, NY) Prior to chromatography, the samples were hydrolyzed 1n 57 M hydro(h]nnc and,
at 110° C, under N2 for 22 hrs

Peptide upnm:mn way made on an automatic peptide analyzer (Technmicon Instruments
Corp, Chauncey, NY }

Experiments and results

In vitro degradation of fibninopeptide A in serum

15 mg of fibnnopeptide A was dissofved in 150 gl of serum and 1 4! of toluene,
and incubated for 2% hrs at 37° The same volume of serum alone was used as
blank After incubation, proteins were precipitated at 0° C in 10 5 trichloroacetic
aad (TCA] The precipitate was discarded, and TCA was removed from the
upernatant by extraction with ether The samples were lyophilized, and the residues
were subrmtted to high voltage electrophoress on paper Guide strips from each side
of the paper were cut out, and the bands were 1dentfied with the minhydrin, Saka-
guch: and chlonnanon reactions The bands on the remasning paper sheet were
eluted with 3—3 ml of distilled water The eluates were lyophilized, and the residues
were analyzed for their amino acid composition after hydrolysis

The electrophoretic picture of the incubate, as seent on the gwde strips, 15 shown
i Fig 1, where the electropt bl of unch d fibninopeptide A and
the serum blank are also given Dunng incubation of fibnnopeptide A mn scrum,
three fractions appeared Fraction IT was located at the same place where the serum
blank showed a band and may therefore have d of serum p ts Frac.

. E; & :L- Fibrinepaptids A

I m

1
- Fibrinopaptide A
. + Serom
- Serwm
+

N pydenn Sakaguch Cntor nation

Teacn D renction 8 reactien
E! ph 1cture de A after 24 hrs digeshon 1n serum The clectro
}p‘;agort‘sls \u! run on p:g« for 2 hr; 1n 01 M pyndine acetate buffer, pH 55, at 45—33 Vjem,

20—100 mA.
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tions I and IIT had apparently been formed from the fibnnopeptide durmg incuba
tron. Fibnnopeptide A thus seemed to be degraded dunng ncubation n serum

The results of the amino acid analysss are shown 1n Table 1 Fracton I had the
same amino acid p as canne fibrinopeptide A (Blombick ef al 1964),
with the exception of a low argimine content Fraction 1 thus seemed to consist of
fibninopeptide A without 1ts C termmal argimne Fraction IT contained several
amno actds None of them was comparatnely more abundant than m the serum
blank, and they could therefore all have been derved from serum Fracton 111 con-
tamned mainly argimne, and no argimne was found in the blank It thus seems that
the argimne 15 spht off from the C termunal end of the fibnnopeptide A No sphitting
from the N termunal end, and no other degradation of importance seemed to have
occurred

The blood was xmmcdlatdy cemnfuged at 2000xg for 30 mun at 0° and “plasma  was

1% TCA The

- . - )a\td from the

= *  mumngw the
" C

r, pH 68, and
The residue (27 g) was then dissohed s 9 ml of 16 M acenc acrd and apphed 1o a

column of Sephadex G10 16 cm?x 36 cm equilibrated with 16 M acetic aad The column
N O SR L T I oAbt W 2 =

fraction G10—1 on paper (45
. rositive spots at the place where
ore not further analyzed Frac

. . suffer pH 28
. Chromo-beads

For elution

(cf Twanaga

. coliscted The

n before and
aftes alhhne fdrolyss The chromatogram 13 shown i Fig 2 The fractons were pooled 25

Ane mw

Ve e
demnatnes are expected were sub to further by electroph

20 1 of the fractions were applied to a thin laver plate along a 17-¢m bne situated 12 cm
from the anode Flectrophoresis was run for 2 brs under the conditions deserbed abore After
the run the location of the bands was \usualized by staming two gusde strips (5 mm) wath
ninhyden The cellulose at the remuning unstaed bands was collected on a sintered glass
filter by sucton and subsequendy eluted with 4 mi of 16 M acetsc acid The cluates were
lyophilized and submtted to amino acid analyses after hydrofysis

e
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Fig 2 Chromatogram of the pepude separation of fraction G102 The effluent volume givenin
the figurc 15 the volume aficr 27 °, had withdrawn for analyses

nunhydrin reaction without hydrolysis
— ninhydrin reaction after alkaline hydrolysis

— - — —pH
~
apLe I Amino acid composition of the electrophoretic fractions obtained after sncubation of
canune fibrinopeptide A 1n camine serum i oitre Structure of canine fibninopeptide A
(f Blombick 1964) NH, Thr Asn Ser Lys Glu Gly Glu Phe Ilu Ala Glu Gly Gly
Gly Val Arg OH
Aruno Fracuon 1 Fraction IT Fraction 11T
aad
#moles residuesfmole  sample blank sample blank
pmoles pmoles pmoles pmoles
Asp 0030 10 (1) 0006 0004 0003 trace
Thr 0025 o8 (1) 0013 0014 — -
Ser 0018 07 (1) 0009 ooit — trace
Glu oogg 29 (3) o018 0027 0002 trace
Pro — - trace 004 — -
Gly 0130 42 (4) 0019 0022 0004 0004
Ala 0031 10 () 0015 0027 - b
Yal 0030 ro (1 0007 0010 — -
Hu 0031 10 (1 0004 0005 - -
Leu — — 0004 0003 — -
Tyr — —~ — trace — -
Phe 0029 09 (1) 0002 0004 — -
Lys 0033 1o - 0008 - -
0058 bt

Arg o004 01 ® - -
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TasLe II Amino acd composition of two of the fractions obtained from the blood of thrombin

treated dogs

Amuno and  Fraction Fracuon

Aul3l Au-4-1

pmoles sesduesfmole  pmoles residues/mole
p 0039 14 () 0031 16 (1-1)
Thr 0025 09 (1) 0017 09 (1
Ser 0030 11 ) 0022 1 )
Glu Q097 35 (34 Q066 34 (3
Pro - — 0) — — ©)
Gly 0138 50 (4-3) 0095 48  (1-5)
Ala 0033 12 (1) 0079 14
Val 0030 10 (1 0020 10
Cys2 o010 o4 (0) — - o
Met — — (L] —_ — (V]
Tha 0026 09 (1) o018 09 @
Leu 0005 02 () trace —
Tyr trace — trace -
The 0022 o8 (1) 0020 10
Try — - O — - O
Om trace —_ ) trace — [V}
Lys 0027 10 (1 0020 10 ()
Hs 0007 03 (0) trace — W
Arg trace — o 0015 03 (1

Only two of the bands denoted as fractions Au ! 3 and Au-t 1 had an amno
acid composiion which could be related to the fibrinopeptides (Table 1) The
ammo acid composition of fraction Au 1 3 was i resonable agreement with that of
canune desargimno-fibninopepude A Small amounts of cystemne leucine and histidme
were however present indicaung that the pepude was not completely pure The
electrophoretic mobihity of fraction Au 1 3 shows that 1t was somewhat more actdic
than peptide A {Fig 3)

The amino acid composition of fraction Au-$ 1 was the same as that of unchanged
fibnnopeptide A apart from shghtly large amounts of aspartc acd glutamic acd
glhyane and alanme It 15 therefore DIhely that fraction Au-t 1 conssted of un
changed fibrmopeptde A although not compl pure This view 1s strengthened
by the finding lhat fraction Au 4 1 had the same electrophoreuc mobility as punified
fibnnopepude A (Fig 3)

None of the other analyzed acidic fractions could be related to the fibnnopeptides
MNeither fibrinopeptide B nor denvatives of fibnnopeptide B were found In this
connexion 3t s perhaps worth mentioning that one of the fractions Au 5 1, con
tawned mainly glutamie acd glyane and cystemne 10 roughly equimolar amounts,
and may therefore be 1denucal with glutathione

To obtain further evidence that fractions Au-4 1 and Au 1 3 consisted of fibnno-
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Fig 3 Thin layer clectrophoresis 1n 01 AL
pyridine acetate buffer, pH 5 5, for 2 hrs at
15 Vjerm 15 mA Identification was made with
the snhydnn and  Sakaguch:  seactions
1 Fibrnopeptide A 2 Fraction Au 1.3
3 Fraction Au 41
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Fig 4 Thinlayer electrophoresis 1 01 M
pyride acetate buffer, pH 55, for 15 hr at
15 Vjem, 15 mA Identification with the mn-
hydna reaction

1 Trypuc digest of fraction Au 4 1 2 Tryptic
digest of fraction Au 1-3 3 Tryptic digest of

fibrnopeptide A 4 Fibrinopeptide A

peptide A and 1ts degradanion product, these fractions and purthed fibninopeptide A
™ were subritted to tryptic dig and the ph mobility of the digests
compared The fractions were each dissolved 1n 50 zl of 02 M ammomum bt
4 tarbonate pH 86 Trypsin {25 sg 1n 05 l of 0001 M hydrochlonic acd) was
added The samples were digested for 4 hrs at 37° C and then lyophilized The
residues were dissohved 1n 5 pl of distilled water and submutted to thmn layer electro
phoresss The results are shown in Fig 4 Two new fractions are expected after
tryptic digestion of fibrinopeptide A, since 1t contains a lysyl bond but no other
trypsin-susceptible bonds The tryptic digest of the reference peptide showed three
spots, the most acsdrc one representing the C-termnal part of the molecule, the next
unchanged peptide, and the basic spot the N-termnal part of the molecule The
tryptic digest of fraction Au-4-1 gave the same marm spots as did the digest of fibrino-
peptide A The digest of fraction Au 1-3 showed two acidic spots, probably repre-
senting the C-termunal part and the unchanged pepuide, and a basic spot at the
same place as the reference The results strengthen the view that fractions Au -1
and Au-1-3 are fibr ptide A and desar fibrinopeptide A

Discussion

In wutro of camne fibrinopep A 1 camune serum showed that the
C-terminal arginme was spht off, possibly by carboxypeptidases 1n serum This 15 the
same finding as m similar expeniments on human matenal (Teger-Nilsson 1969) In
contrast to the findings for human fibnnopeptide A, there was no detectable de-
gradation from the N-termunal end of the canne fibnnopept:de

Two peptides resembling fibrinopeptides were isolated from the blood of thrombin-
treated dogs The behaviour durmg the 1saolation procedure, the electrophoretic
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mobility of the peptides and of their tryptic digests, and the amino acid composition
mdicated that these peptides were fibrinopeptide A, and d fibrinopep
tide A

The yield of the peptides was very low There are, however, several reasons why a
hugh yreld 1s improbable In view of the size of the fibnnopeptides, 1t 15 possible that
they arc faly rapidly excreted 1n the urine More extenstve degradation of fibnino-
peptide A might also have occurred i vivo \han n vitro Finally, the yield of the
peptides 1n the punf; dure 13 probably fairly Jow

Neither flbnnopepud: B nor denvatives of thls peptide were found 1n the blood
after thrombin treatment In several species fibrinopeptide B 1s split off from
fibnnogen more slowly than fibrmopeptde A, and fibrin can be formed without
release of fibnnopeptide B (¢f Blomback 1967) The absence of fibimopeptide B
does not however, nccessanly nply that 1t 1s not sphitt off from Nibnnogen dunng
ntras ascular coagul a of the peptide m tizo might have
occurred  moreover, 1t might have been excreted in the unne or lost 1n the separa
tion procedure
In conclusion 1t can be stated that C termmal argimne 15 spht off from camne

de A during b 1n canmne serum n zefro Not only fibnnopeptde

A but also desarg] fit ptde A are th pected to circulate 1n the
bload during states of mzmvascular coagulation In an attempt to 1solate the fibrino-
peptides from the blood of thrombm treated dogs two fractions were dentifted, which
could be correlated to the fibrinopeptides One of the fractions was mainly fibrino-
peptide A and the other desargino fibrinopeptide A

This mestieation was supposted by grants from Karolnska Institutet Swedish Med caf
Rescarch Council No K68 19X 520-0¢ and Mational Institutes of Health No HE 07379 04
to Laborator Birger Blomback

We wish to thank Laborator Birger Blomback for much support and valuable discussions
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Non-Uniform Blood Flow in the Left Ventricular Wall
of Dogs Measured by the Xe-133 Wash-out Technique
By
Henning Anperses, HenvinG Baceer! and Hensne Gorzsene

Recened 15 October 1968

Abstract

Anpersey, H H Baccer and H. Gorzscue Non-umform blood flow tn the left
tentricular uwall of dogs measured by the Xe-133 uash-out techmgue Acta
~ physiol scand 1969 76 376—382
~

Jntra myocardial injections of Xe 133 into the Jeft sentncular wall revealed time actiaty
tunes which indrcate that blood flow mn the subepicardial layers 1s 30 % grester than n the

. Lend layers A model of the ventricular wall was therefore con

/sidered, and a good correlation was found between this model and the results of graphcal
and computer analyses of time actvaty cunes obtamed by imjections of Xe 133 into the Jeft
coronary artery The flows of these two compartments and flows after superficial and deep
ntra myocardial ngections were not identical Thus the myocardial two-compartment model
must be abandoned. A gradual decrezse of flow from ste subepicardial o the subendocardia)
surface & suegested. If chus 15 true then the wash-out cune after mtra-coronary sajretion of
Ne 133 15 multrexponenual and thereby maccessible to graphical analyms

It 15 commonh accepted that coronary blood flow 15 umform throughour the feft
sentricular wall (Johnson, Cavert and Lifson 1952 Herd, Hollenberg and Thor
burn 1962) Sullvan ef af (1967) found that Kr-85 clearance constants mezsured
after mntra myocardsal deposition of tracer at a umform depth of 3 mm did not dif
fer from those obtamned after ymyjecuon of tracer into the left antenor descending
artern However, estmation of Jocal myocardial blood flow from the dsappearance
rate of intra myocardial deposits of Nal-131 (hark and Homg 1964 showed that
tissue blood flow 1n the decp layers of the left ventncular wall was slower than in
the superfictal layers

In the present study local myocardial blood flow was estumated from the dis-
PP rate of the rad re ert gas Xe 133 deposited at two different
depths of the free left sentncular wall In addition Xe-133 was 1njected as 2 bolus
idto the left coronary artery, to see if a posssble snhomogeneity of flow could be
L] d asa P 1 clearance cunve and to compare the sesul
tant flows with flows obtamed by mtra myocardeal injections of Xe 133

1 Research fellow, The Dep of Pvnology Lanersity of Aarhus Denmath
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Fig 1 Expenimental plan

Methods

The experiments were performed on mongrel dogs of 15~35 ke Thiomebumal-sodum (Leo-
pental®) was given 1v (15—20 mg per kg), and respiration was maintamed with atmos-
phenc air through an endotracheal tube using an Engstrom ventlator (Fig 1)
atheters were introduced through the nght femoral artery and sein into the aorta and

pulmonary artery to allow continuous observanon of pressures together with simultaneous
recording of the ECG Repeated measyrements of otygen and carbon diocude tension pxsgen
saturation and pH m the arteral blood were performed Cardiac ontput was measured by the
dircct Fack method

The right carotd artery was exposed and a Sones no 8 coronary catheter was mserted
the tip was placed jJust wathin the left coronary antery under Huorescopy and »s position
confirmed by myection of rad ‘matenal was through a left
lateral approach and the percardium was opened Xe 133 was then myected either directly
into the myocardium of the left ventucle or into the left coronary artery

Xe 133 was obtaned [rom The Radiocherucal Centre Amersham, England in hatches of
10-—12 mC in 10 m] sahine \ olumes of 0 1 m] were used for ntra myocardial injecuions and
03—05 ml for injections mto the coronary artery guning peak rates of about 1000—2000
counts per sec \eedles with an external diameter of 04 mm were used for intra-mnocardial
injections and the deposits were applied 1n depths of 2 mm for superficial and 8 mm for deep
Now measuremcnts The sites of intra myocardial injections are shown i Fig 2 Immediately
following 1ntra coronary injections the catheter was fushed with sotoruc glucose to remove
the xenon

Myocardial radioactinity was detected with a 134 inch thallum actnated sodism rodide
erystal A wide angle lead collmator allowed detection of actwity from the whole heart
Wash-oat was recorded by means of a rate meter operating with a 1 or 4 sec tme constant
and a stp chart Linear/loganthmic recoider with a paper speed of 38 em per min

Calculgtions

Assamung equal perfusion of all regions of the mocardwm contaiming the radioacte nert
s 1e a one-compartment model the wash-out after local mjection of the tracer can te
expressed by (Rety 1949)

Q=Qqext )
where Q, and Q, are the count raies of myocardial radioactnnity at ume t and zero and the
rate constant

k—=In T, ,=FI\ D-(F a}f(W 3

where T, , 18 the biological half Iife of the tracer X the ncsue-blood partition coefficient W

and p the wewht and specific gravity of the myocardium and F the blood flow throuch W
grams of tssue Assumung a A of 077 and a2 p of 100 flow can be calculated from

F=(\ 2 In2)j(p T,,)={100 077 0693)/(100 T,,) 53Ty,

@
and 15 expressed as m!/100/g/oun
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Fig 2 Sites of intra myocardial njections  Fig 3 Flows obtamed after superficial
of Xe 133 ntra myocardial injections compared with
flows after deep, intra myocardial mjections
of Xe 133

Clearance cunves after local imjection of the tracer are seldom mono-exponential they
show usually a decrease in the relative slope with ume However, if diffusion equil bnum 16
assumed to exst mmally blood flow can be calcufated from the imital slope of the cune

“(Lassen 1967) Our flows after intra dial have been lated using the
wutial slope of the clearance curves and equation (2)
i J Assummng n ndependently perfused compartments sn parallel in the myocardum with

Wffuston equilibrium 1n each compartment and no exchange of tracer between them the

Awash out of the gas can be expressed by
Qi=Qr o e X4 Qy e bt +Qag €kt (]
where Que  Qu are the actnities of compartment 1 2 at time zero ki k2 the
rate constants of each compartment

Though a semu loganthmic plot of equation (3) does not reveal a straight line the m
dntdual terms can be obtamed by graphical resolution of the curve A standard resofution
procedure has been used for clearance curves obtamned after intra artenal injections of Xe 133
{see ¢ g Hagzenda) Nilsson and Norback 1963}

In addinon to graphical resolution compartmental analysts of clearance cunes recorded
alter sntra coronary njections of e 133 has been performed by an electronic computer A

~

computer was by The C Cenre (Unnersity of Arhus)
which after cubtraction of wash-out from the final compartment gave a least square best it
of two ! functions A plotter operated by the com

y P P
puter drew for sesual compareson the expervmental curve wnus the final compartment and the
sumcunce of the exponentrals found (Fig 6)

Results
Wash-out curves of Xe 133 showed a final, slow removal of radioactnity after both
ntra myocardial and intra-coronary injections (Table I final compartment) An
equally slow wash-out was found by simultaneous recording over the left femur of
the dogs, and was of the same order of magmtude as flows of the third compartment
found hy xenon clearance of the brain (Haggendal et ol 1965) and of the kidney
{Ladefoged 1966) Thus ths final compartment has been considered to be due to
remoral of Xe 133 from myocardual fat scatter from extea myocardial uissue and to
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Fasee ¥
Site of snyecnon Number of Compart | Compart 2 Finst com
obsenvatons part

Mean 8§D MearSD MentSD
m1J100 glmin mIf100 gimin m})100 gloun

Left coronary artery u 145430 43£11 1

Superfiial Jayer of myocardium 1 108526 344

Derp layer of myocaydium. 1% TiL24 244

Table T Mean flow vatues after mt y and iatra dial tngect of “e 133

recarculation and 1t has been subtracted from the onginal time actvity cusve after
both 1ntra myvocardial and intra coronary njeenons of Xe-133

A comparnison between flows calculated from the staal slope of the wash out
curves obtained from 1% pans of superfical and deep 1ntra myocardial mjections
nto the same area 1s shown 1 Fig 3 The difference of 30 ¢ between superficial
and deep flows 13 significant with regard 1o mean values {Table I) and when
estumated from parred observations {p<0 002} To decide whether the fast removal
of xenon after superficial injechions could be due to an escape of xenon through
the epicardial surface Ne-133 was injected mto the superficial fayers of the myo-
cardium and acuuty recorded before dunng and alter constnction of the lefc
coronary antery (Fig 4) The shght decrease 1n radoactvity dunng constriction s
oo small to account for the difference between superficial and deep flows and has
been astnbed to collateral coronary blood flow (Johansson Linder and Seeman
1964}

Sem Joganthmue clearance curves of chal rad; tty ded for 20
min after Xe 133 bolus 1njection mto the left coronary artery were submitted to
graphical compantmental analyus OF 18 impections 17 revealed a sum of two e

Fizg § Time actions cune recorded
after superfical  intra myocardsal 1n.
Jction of e i33 showing the effect i,
of comstriction of the coronary arten
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Fig 2 Sies of mtra myocardial njections  Fig 3 Flows obtaned after superficial
of Xe 133 ntra myocardral tnjections  compared with
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of Xe 133

Clearance curves after local injection of the tracer are seldom mono-exponental they
show ucwallh a decrease m the relative slope with time However if diffusion equilthrium 1
~. 2%umed to ewust smtially blood flow can be calculated from the mutal slope of the curve
(Lassen 1967 Qur flows after intra m; dial have been calculated psng the
aniual slope of the clearance curves and equation (2)
"J Assumng n 1ndi i perfused . parallel in the myocardium with
iliusion equilibnium n each compartment and no exchange of tracer between them the

s~ wash-out of the gas can be expressed by
Qi=Qi0r € * *~Qrcy e 1ot +Qag e b2t (<]
where Que Qutor are the actniues of compartment 1 2 at time 2er0 ki kz  the

fate constants of each compartment

Though a semt loganthmic plot of equation (3) does not reveal a straght line the 1
dinidual terms can be obtained by graphical resolution of the cune A standard resolution
procedure has been used for clearance curves obtamed after intra artenal injections of Xe 133
(sec ¢ g Haerendal Malsson and Norback 1965)

In additon to graphrcal resolytion compartmental analyss of clearance curves recorded
alter intra coronary injections of Xe 133 has bren performed by an electronic computer A
computer was d by The C Cen*re (Unnersity of Arhus)
which after subtraction of wash-out from the final compartment gave a least square best fit
by pp) of two | functions A plotter operated by the com
puter drew for visual companson the expenmmental cune minus the final compartment and the
sumcune of the exponenuals found (Fig 6)

Results
Wash-out cunes of Xe 133 showed a final, slow removal of radioactivity after both
sntra myvocardial and intra-coronary jections (Table I fmal compartment) An
equally slow wash-out was found by simultaneous recording over the Jeft femur of
the dogs and was of the same order of magnitude as flows of the third compartment
found by xenon clearance of the brain (Haggendal, et ol 1965) and of the kidney
(Ladefoged 1966) Thus this final p has been dered to be due to
semoval of Xe-133 from myocardial fat scatter from extra myocarchal tissue and to
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VI RUT doponod

Tig 6 A representatne result after iyechion of Xe 133 into the Jeft coronan artery The
dotted 1ne 15 the yecorded time acinaty curve mnus wash-out from the final compartment
Curve 3) shows the best Iisting mono-exponential funcnion and curve Y the best hiting sum
cune of two approsimaled exponentals.

Ordinate Counts per see Abscissa Tume 1n minutes

‘The demonstration by Gillespre and Love (1967) of a myocatdial uptake of intra
tenously mpected Rb-8B6 which 1s greater i the deep lavers than in the superficial
layers seems inconsitent with our results According to Moir (19661 myocardial
uptabe of Rb-§6 depends on the hme the wotope remans i the capillary bed A
greater subendocardial than subepicardial blood content {Myers and Homg 1964)
indicates that capsilary demsity 1s greater in the deep lavers than 1n the superf ciat
fayers In view of these findings the Rb-86 are not mn
consistent with our results

According to Johansson ¢t af 11964) and Linder (1966) the myocardial clear
ance after intracoronary injechon of salme Kr 85 and Xe 133 follows a mono-
npﬁncnua! (unumn With an extended period of recording s could not be

d i our exg Suk 1 to graphical resolution they revealed a
sum of o exponentials and anafvsed by computer they showed a good fit 10 a
sum of two exponential funcuons

Toa "rn‘meg o vem meroespRasialie vl n goed (e san W o v

does not d that two matn flow levels exist i the left
ventricular wall A two p vt model 15 compatible with the il
distnbution of myocardsal blood vessels as it 15 possible to differenuate between
separate subeprcardial and subendocardial artery supplirs (Estes et al 1965) How
ever if one accept that txal tissue flav i the different depths of the wall 15 mamn
ly influenced by the sntramural pressure there may actually exst a gradual decrease

of focal flow §r m the picardial to the subendocasdial surface Henee the wash
out cunve after mira-coronary myection of xenon ss mults exponential and nacees-
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sible 1o graphical znahvas. This invabdates 2 mvocardial two-compartment mod-1.
but mizht explam the lack of agreement 1n companng the flow of compartment 1
2nd 2 after intra-coonan mnjection with flows after the ntra mvocardial mjections

Th.s work has been supported be Dazuh State Rewarch Foundation, L 48/66
We are mdebued 10 C. Hilberr, The Compunng Centre Unnersty of Aarbus for the
computer anateses,
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Antagonism between Prostaglandin E, and Phenoxybenzamine
on Noradrenaline Release from the Cat Spleen
By
P Hengvist

Nerve stimulation of the spleen has been shown to cause increased overflow of nor-
adrenaline (NA) (Brown and Gillesprie 1957), and of prostaglandin (PG), mamly
as PGE» (Davies, Horton and Withnington 1967) Recently imnfusion of PGE was
found to reduce the outflow of NA from the spleen 1n response to nene stimulation,
suggesting that PG might exert a braking action on the process of NA release (Hed
quist 1969)

Since the q receptor bloching drug phenoxybenzamine (PBA), which has been
shown to increase the outflow of NA from the spleen 1n response to nerve stimula-
tion (Brown and Gillespie 1957), inhibits the release of PG from that same organ
(Dasies et al 1967), the present expertments were carred out to study the possibility
of antagonism between PBA and PGE- on the release of NA from the spleen in
duced by nen e stimulation

Cat spleens were 1solated and perfused at a constant rate of 10 mlfmm with a
modified krebs Henseleit s solution as described elsewhere {Hedqwist and S(;ame
1969} The effluent from the spleen was collected 1 10 mi § and d
fluonmetrically for NA The splenic nenves were sumulated for 20 sec at 10/sec be-
fore and n the presence of PGEz (0 6 seg/ml) and/or PBA (10 pg/ml)

Nenve stmulation led to a considerable increase 1n the outflow of NA from the
spleen Addition of PBA to the perfusion medium resulted 1n a several fold increase
of this response Sumultaneous infusion of PGE strongly counteracted this effect of
PBA leading to NA output figures close to those from the preceding control sumula
tion (Fig 1) After cessation of the infusion of PGE. (PBA sull in the medium) the
NA overflow tesponse to nerve stimulation gradually increased only to be markedly
reduced often to a level close to that caused by control sumulation, on renewed 1n
fusion of PGE Thus PGE; was found to mhibit the onset of the PB\ induced
potentiation of NA outflow in response to nenve sumulation, and also to reduce the
cffect of PBA on the NA outflow once 1t was established

The present studs supports the previously presented concept that PGEz may exert
a braking action on the release of NA from the nerves (Hedquist 1969) The results
also demonstrate the existence of antagomsm between PGE: and PBA on transmutter
release from the splemic nenes It 1s thus concevable that part of the increase of
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Antagonism between Prostaglandin E, and Phenoxybenzamine
on Noradrenaline Release from the Cat Spleen
By
P Hepgvist

Nene stmulation of the spleen has been shown to cause increased overflow of nr-
adrenaline (NA) (Brown and Gillespte 1957), and of prostaglandin (PG) mamiz
as PGE; (Davies, Horton and Withnington 1967) Recently mfusion of PGE. was
found to reduce the outflow of NA from the spleen 1n response to nerve simularr e,
suggesting that PG might exert a braking action on the process of NA releaw (Hac
quist 1969)

Since the a receptor blocking drug phenoxybenzarmne (PBA), which hat been
shown to increase the outflow of NA from the spleen in response to nerve sormnla
tion (Brown and Gullespre 1957), intubuts the release of PG from that sarme rrop
(Davies et al 1967) the present expenments were carried out to study the e au‘[t
of antagomsm between PBA and PGE- on the release of NA from the anfame L
duced by nene stimulation

Cat spleens were 1solated and perfused at a constant rat
modified hrebs Henseleit s solution as described elsewhere
1969) The effluent from the spleen was collected an 10 m]
fluonmetnically for NA The splenic nerves were stimulated
fore and 1n the presence of PGE- (06 ug/ml) andfor PBA |

Nenve stimulation led to a considerable mcrease 1n the ¢
spleen Addition of PBA to the perfusion medim resulted 1.
of this response Simultaneous mfusion of PGE. strongly co
PBA leading to NA output figures close to those from the pr
non (Fig 1) After cessation of the mnfusion of PGE. (PBay
NA overflow response to nerve sttmulation gradually Dierege
reduced often to a level close to that caused by control s
fusion of PGE  Thus PGEa was found to hibat tre cp,
potentiation of NA outflow 1n response to neme st Leteyy
effect of PBA on the NA outflow once 1t was establifeg

The present study supports the previously presen,ed ;_‘
a braking action on the release of NA from the reem, ';
also demonstrate the existence of Antagonim beewneq g;j
release from the splenic nerves It as thus COXamaf ,.'1



382 HENNING ANDERSEN, HENNING BAGGER AND HENNING GOTZSCHE

sible to graphical analysis This imabidates 2 myocardsal two compartment model
but might explain the lack of agreement in companng the flow of compartment 1
and 2 after mtra coronary mjection with flows after the intra myocardral injections

Thus work has been supported by Dantsh State Research Foundation L 48/66
We are mdebted to C Hilberg The Computing Centre Unnersity of Aarhus for the
computer analyses
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Antagonism between Prostaglandin E; and Phenoxybenzamine
on Noradrenaline Release from the Cat Spleen
By
P Hepgvist

Nerve simulation of the spleen has been shown to cause increased overflow of nor~
adrenaline (NA} (Brown and Giflespie 1957}, and of prostaglandin (PG}, mamly
as PGE» (Davies, Horton and Withrington 1967) Recently snfusion of PGE» was
found to reduce the outflow of NA from the spleen 1n response to nenve sttmulation
suggesting that PG might exert a braking action on the process of NA release {Hed
quist 1969)

Smce the « receptor blocking drug phenoxybenzamine (PBA}, which has been
shown to increase the cutflow of NA from the spleen 1n response to nerve sumula-
tion (Brown and Gillespre 1957), inhibyts the release of PG from that same organ
(Davies et al 1967), the present expertments were carnied out to study the possibility
of antagonism between PBA and PGE. on the release of NA from the spleen 1
duced by nene stmulation

Cat spleens were 1salated and perfused at a constant rate of 10 mlfmin with a
modified hrebs Henselest s solution as described elsewhere (Hedquist and Stjarne
1969) The effluent from the spleen was collected 1n 10 m? fracttons and analvzed
Tluonmetncally for NA The splenic nenves were stmulated for 20 sec at 10/sec be-
fore and n the presence of PGE. {06 ug/mi) and/or PBA (10 pg/mi)

Nene ! led to a © {erable ncrease 1 the outflow of NA from the
spleen Addition of PBA to the perfusion medium resulted m a several fold incretse
of this response Simultaneous infusion of PGE- strongly counteracted this effect of
PBA leading to NA output figures close to those from the preceding control sumula
tion (Fig 1) After cessation of the mfuston of PGEx (PBA suill 1n the medm)} the
NA overflow respose to nenve sumulation gradually mereased only to be marbedly
reduced often to a level close to that caused by control stimulation, on renewed n
fuston of PGE Thus PGE2 was found to mhibit the onset of the PBA mduced
potentiatron of NA outfiow 1 response to nerve simulation, and ako to reduce the
effect of PBA on the NA outflow once it was established

The present study supports the previously presented concept that PGE mas €xert
2 braking acuon on the release of \A from the nenes {Hedquist 1969) The results
also demonstrate the eustence of antagonsm between PGE, and PBA on transnutter
release from the splenic nerves It s thus conceable that pare of F :
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sible to graphical analysis This invahdates 2 myocardial two-compartmens model,
but mmght explamn the lack of agreement 1 companng the flow of compartment |
and 2 after intracoronary injection with flows after the intra myocardial myections

‘This work has been supported by Dantsh State Research Foundation L 48/66
Ve are indebted to C Huberg, The Computing Centre, Unnersity of Aarhus for the
computer analyses
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Secretive Response of the Electrically Stimulated
Nasal Salt Gland 1n Larus Argentatus (Herring Gull)
By

G H Hinanssov and B Matcus

Recened 30 Apnl 1968

Abstract

HixkanssoN C H and B Matcus Secretire response of the electrically stimulated
nasal salt gland m Larus argentatus (Hernng Gull) Acta physiol
scand 1969 76 385392

The secretion from the nasal salt gland 1n Larus argentatus (Herring Gull) was studied by a
new tvpe of llowmeter winch allowed the secretion at electrical nerve stimulation to be followed
continuously The masirmal secretory capacity of the gland was found to be within the range of

0—375 mm®/mim/g gland Equal yolumes and equal electrolytic concentrations were secreted
from the two ducts of the gland After the penod of sumulaton the secretion continued at a
decreasing rate for about 2 min This afterflow was supposed to be the result manly of post
synaptic afterdischarge and physical distension of the gland

Manne birds have glands 1n their head (Technau 1936) wiich upon salt loading
serve the osmoregulation by secreting sodium chloride m highly hypertonic solutions
{Fange et al 1958) These salt glands glandulae nasales (Schmidt Nielen 1960)
as a means for desalination are surpassed only by the most efficient mammahan kid
neys Their biological importance 1s evident from the fact that the avian kidney at
1ts best 15 only able to secrete hafl of the electrolytic concentrations 1n scawater
(Schmidt Niehen 19601

The activity of the salt gland m Larus argeatatus 1s p 1y ¢ led by
nerves (Fange ef af 1938) but corticosterord hormanes seem to be necessary for the
proper function of the gland (Holmes et al 1961) Pharmacological obserations
indicate that the secretory nerve fibres are parasympathetic (Fange ot ol 1963)
However functional and anatorical details of the innen tion are stll insufficienth
Anown

Obsenations on flow rates and electrolytic concentrations from the stmulated
gland have beun reported (McFarland 1959 Schundt Nicksen 1963) The use how-
cver of a more advanced recording technique which permits continuous obsers

N
of the flow rate seems 1o be valuable since it simultancously g es informa

1693003 Actaphy of scond Vol
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the secretive capacity of the salt gland The purpose of the present estigarion s,
therefore, to give an account of the flow rates and electrolytic concentrations i the
electrically lated salt gland as d by 2 new exp tal device and to
compare the data with those published earlier

Material

Young birds (1—2 years of age, body weight 780-—1000 g) of Larus argeniotys were trapped
and kept m captivity from 18 hours 10 one week They were fed wastes of fish and bread as
well as natural seawater ad libitum Totally 15 birds were used

Methods

Anesthesia An il dose of 10 ml/kg bw of Mebumal sodium (6 %) 1n the femoral muscle
resulted m deep anesthesia after 30 min at most This was mantamed for 8 —10 hrs by 01—
02 ml every 20 min
As secretory centres m the CNS are blocked by anesthes:a no reflexely wnduced secretion
oceurs 1 the expertmental birds (Fange ¢t al 1958)
Operation tech The was ding to Fange ef ol (1958)
A ! h secretory nenve fibres in r palatinus of the facial
nerve run parallel with v ophthalmicus of the trgemunal penve 57 mm in the anterior upper
ipart of the orbit Numerous synapses occur along the common nerve and this ganghonyc mass
/;s called ganglion ethmoidale (Cords 190%) or ganglon sphenopalatinum (Webb 1957) In
1t/ order to relate the position of the stmulaton electrodes to these synapses the nerve was cut in
10 u sections stained with hematoxylin and eosin and the number of ganghonic cells calculated
as shown i Fig

Synapses occur an 5 palatte  alread 9% men bafn e s o odhao 4L 1 Al e ba
common nen¢ two ganghc .
trunk the othrr at a pownt .
o - -
AR LU W€ 341U B141U 1S PIOVIE WILTE LUTES 12013 U €

1ne pusiton o} the sumuiatmg cathoder at x in Frg 1 indicates that the stimulation 13 at
least partly presynaptic

Stimulation A Grass Stimulator $6 was used The electrodes were of stainless steel If not
otherwise stated the duratop was | msec ntensites 1—5 V and frequencies 20—35/sec
Sumulation ume was 3—6 oin

The cut ends of the opthalmic and palatnie rami were tied together and pulled 1to a plastic
tube 1n order to isolate them and stimulation needle electrodes penetrated snto the plastic
tube lumen the cathode being at the distal part of the nere

Fiow wmeasuring For continuous recording of the secretion j¢ was necessary to constct ?
new type of Mlowmeter capable of recording very slow Ilow rates This flowmeter made u<e o
the hght-conducting properties of perspex materal and was constructed 1 the following wag'
Two cwrcular perspex discs were placed as shown i Frg 2A the one light shielded immh\ ¢
other with the exception of a small groove m the outer disc into which 2 polyethylene 1b 0§
(Inteamedic PE 200 19 mm od 14 mm:d | was placed

The nner dssc transmitted the hght from 2 bulb in its center through the tra
tube 1n the groove of the outer disc Then the light followed the perspex matenial to the
of the outer disc where a photohube (ORP 60) was placed on a plastic knob in contact o
the disc The polyethylene tubung outside the flowmeter contained an ink colamn e w00

nsparent ptasue
center
with

tube LU LB 4 M) Py
:l'hc system showed Iineanity from 6—450 mm’ 1 was measured when the flow cate w'.‘n

. - tamiation with the mk columa of ¢ :

. « \olume between the duct catheter an
. ining which eould be_compensated Ly

uc o 4 air bubble (Fsg 2B} The compression

the comp of the ahore
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Fig 1 Upper { gure D agram of gangl on ethmo dale w th nerve (bres to the salt gland from
samus palat us of 1he fac 2l erve (dotted 1 nes)

Gang! on ¢ cells number/10 a4 sections) dvide nto two d st netve masses along the com
mon nene

Louer { gure Pl otographs of sect ons (ind cated by arrows) show dark gangl on ¢ cells

resulted 1n a latency of 16—20 sec wh ch 1s the t me latency (Thesleff and Schmudt ™ elsen
162) for the ad ance of the nk {lud At a pressurc of 5 mm H20 tte counterforce of the ink
was o ercome and further secretan d d not au e any measurcable nse in the a r compress on
Flectrolyt ¢ con ent_at ons Secretory samples were cold store | for at most two dmys in
sealed plastc tubes They we e analysed for sod um and pota sum ons wth an Eppendorf
flamepl o ometer also used in plasma an 1 seawater analyses
Blood samples were taken 1 a ¢ anco  sen at the tbotarsal jont and centr fuged 1m

med ately for 5 m n at 6500 rm o~
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PRESSURE

TRANSDUCER
A B r- 1
SECRETION L

U

[
PRESSURE
IND CaTOR (

FLOWNETER W
Fig 2\ Upper frgure Phototube wth sts electrienl errouit and ik wrter
Locer frigure Fowmeter (side view) suitable for metsuning slow 1 tes Broad contour marke
the re1 impermeable to hght The arrows show the light path through the homogenous perspex
matenal Between the mner and onter dises the encles smulate the perspex tulang contanung
the tnk column

POLYETHILENE INNER  OUTER
TUB NG 33V02A  PERSPLY OSCS

Fig 2B Ponciple of the flow measunng when an air volume 1< left betseen secretion and a k
column The compression of the ir bubble ss metwsured by 2 pressure tinsducer  (Snhosn
26818

A Plastic tubing 1n the ghing duet
B Dlstic tubing contamng wir
(D Fas
. Ink colunn
/
Results

Tlo ¢ measurements The pperrance of the contiruous sceretioniny curve upon
nenve stunulatton » shown m Fig 3 The upper curve (1} 15 from the mechal and
Iateral ducts together In this ca5e 1 catheter of 03% mm od 015 1d was wsed
both ducts Stumulztion w1 30 ¢/s \nd 5V for 3 min Lateney 1s about 13 see The
slope of the curie durng the 11t 2/7 of the stanulition period 1 pracue iy hnew
and mdicates 1 flow rate of 2 sdjsec Trom the end of the sumuliton the outftm
from the ducts continues 2t 1 slovang rare for about 3 nun

) ! 4 3 : 3 T e
—_— st
ow record ng from
B o e toscer
b medial duct
e Jateral duct
Sum 30 cps 1 msec 5%
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Fig 4 Recording of secreted solume dunng repetine stmulation, each stmulation period
being 3 min

{1 —secrenon dunng stmulation

T —alterflow

—recording made from lateral and medial duct

—recording made from medial duct

@ = recording made from lateral duct

A
Q

At x 20 ml arnficial seawater 15 given orally
N\a 430 meq/l K 9 meqfl)

The lower cunves (b and c) are from the medal and lateral duct rtspccu\e]), lhe
duct not measured having been left cath d but open § 1. was [
at 10 mn ntervals The tho cunves have marmly pracucally the same latcnt}, namely
16—18 sec and a nse of about 1—11 plfsec The total production of <ecretion was
190 4! for a 3 mun stmulauon penod from the medial duct and 185 4l from the
lateral duct or together 375 pl nearly equalling the amount from both ducts (387
#ly 1 the fisst exp 15 1nd that the sa i of <ecretion 15
dehuered from each part of the gland This was onginallh proposed by Finge ef af
1938) but has vet not been proved

In long term exp (hours) at frequently repeated L d 2
volumes were cbtained In extreme cases the decrease could be as much as shown 1n
Fig 4 Possibly this could be due to the extraordinary function of this gland 1¢ to
~ecetnate a caluton of sodvsra chlonde @k wmes more corcentrated than that of
hlood plasma Another explanation 1s the depmation of the blood supply to the

gangliome cells when the renves were cut at the operation An oral salt dase was not
able 10 hinder the decrement

At the end of the simulation the flowmcter regstered further flow from the duct
afterflow  The amrount was found to be m direct relation to the nsing rate of the
flow cune (Fig 53 and by In two birds the flow of which was recorded from both e,
the redial and the lateral duct the correlanon between the afterflow and the fln

1ate was found to have a straizht hine relauonship (Fiz 5a) The correlation bet
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. ay “ - A i
Fig 3A. \olume of aftesflow (ordinate) plotted aramst the flow rate (abscissa) \alues from
two birds. Recordimg made from

@A =medial and lateral duct together
QA =lateral ducr, the medial duct catheterized but open
@OV =medial duct the lateral duct cathetenzed but open

the same parameters for the medial and lateral duct 1n the same birds was best fitted
™ the same line having a slope of 47 3 al/ulfsec. In these curves both ducts are
L 4 by a catheter of 035 mm o.d 015 1d the duct not measured having
been left catheterized but open

In two more expenments onh the <ecretion from the lateral duct was measured
while the opeming of the medial duct was left intact. The relanon berween the after
flow and the flow rate m these cases <howed also the straght line relationship the
slope betng 38 7 gl/uljcec (Fig 5b)

Afaximum flow rate (20 pljsec) was regstered for a gland weight of 0 31 g repre
senting an output of 373 ul/min/g gland tisue. The value was obtamed from the
whole gland (measured by both the medial and the Lateral ducts) From the lateral
duet 093 glfsec was the highest value This was obtamed from another gland of

*

«

»

»

N
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Fig 5B \olume of afterflow  ordinate plotted agamnst flow rate abscroa  Values from twe

birds
@) Recording made from the lateral duct the medhal duct uncatheterized and open
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Tastz | Maximum sccretory capacity from the nasal salt gland at nervous sumulaton

Ammal  Glnd woght Recorded duct Max flow  Max spec

no g lateral L rate sl fsec sccrenve capacity
medial M lfmmn)g gland

1 02> L 060 288+

2 032 L 082 307+

3 033 L 087 316*

4 032 L 084 315+

5 032 L 093 360*

& 027 L 063 280*

7 029 L+M 180 372

8 030 L+M 185 370

9 031 L+M 200 375

* Calculated as twice the flow rate from the one duct

secretory capacity for this gland was ~360 zlfmin/g 1f the values are extrapolated
to be vahd for 2 whole gland That such an extrapolation 1s tolerable 1s shown by
the expermment presented in Fig 4, where about the same amounts of fluid were ob
tamed from each duct as a result of equivalent sumulations Mean value of the max:
mal specific secretory power from nine birds was 330 plfmunfg (Table 1)

Electrolytic concentrations Normal values in the experimental series were for Na
690—910 meq/! and for K 44—63 meq/l, which 1s approimately the same values as
those given 1n the hiterature (Schmidt Nuelsen 196+) The medial and lateral duct
delnered the same concentrations

In Fig 4 1t was shown that the secreted volumes diminished at repeated sumula
tions The electrolytic concentration, however, were unchanged

Discusston
The main purpose of this paper 1s to draw to some physiol 1 ph
of the nasal salt gland not earlier dealt with, which can be measured by a type of
flowmeter described above The secretory capacity of the gland was measured from
both medral and lateral ducts in three expeniments and was found to be 372 370, and
364 plfmin/g gland Ths 1s about double the value of that measured from the lateral

duct only This confirms the conclusion of Fange et al (1928) that 50 ¢ of the out
flow 15 secreted from each duct

As compared with the human glomerular filtration rate of 02 mi/minfg kidney
Nechay ¢t al 1960) and 003 ml/min/g kidney 1 maximum water dwresis
(Schmdt Nielsen 1960) thus salt gland output of 0 3—0 4 ml/min/g 1s very high If
such values were to be obtained from a stimulation induced by osmosis they would
carrespond to an 1% salt load of 10 mifhg bw of 10¢c NaCl (Finge et of 1958)
Minimum 11 salt load 1o induce gland secretion 1n gulls seems to be about 05 ml
10 ¢¢ NaClfAg bw (McFarland 1964)

——
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The secyenon of flusd prr unit ume was found to accelerate during the fint pat of
surrulation up 10 a steadh state rezistered as a invar dops by the flowmeter {Fiz 3)
To attam thus hneants the gland has 10 guild up 2 constant cverprescure which as
czculated from e dopr 1s a0 the range of 30—60 mm H-O After the cessat s of
the wumulus the flow of seorenon evmunued at 2 detrezung rate for about 2 run.

These fimd nzs mmrht indicate the exastence of an afterdischarge unce the sumula
oz could not b prrforred completeh pottwnapucath (Fig 1) On the orher
hand, 2 phyvaea] disenaon of the gland dunng secretor acmaty 1 alv ableto
contribute 1o the dfterflow rate
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Urinary Excretion of Catecholamines and
Vanilmandelic Acid in Rats Exposed to Cold
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Tos MotrLica?
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Abstract

Motzica I Urinary excretion of catecholamines and tamimandehc acid n vats
exposed to cold Acta physiol scand 1969 76 393—395

\Male Sprague Dawley rats of an average weight of 300 g excreted dunng laboratory cond:
uons at 20—22° C on an average 18 ng/kg/hr adrenaline (A), 97 ngfkg/hr noradrenatine
(\4) and about 4 sefkg/hr vamimandehc acd (VMA) Indridual, dmmal and seasonal

Uninary excretion of catecholammes during exposure to cold has been studied both
m ammals (Johnson 1963, Johnson 1966 Le Blanc ef al 1967, Leduc 1961, Pouliot
1966) and n man (Amet and Watts 1960)

It was generally observed that NA reaches maximum 1alues n the first hours and
remaimns at a high level dunng the entire duration of exposure Adrenakine excretion
mnereases gradually 10 2 maximum value within about one week, thereafter gradually
decreasing No data seem to be available concerming the cxeretion of VMA dunng
exposure (o cold

The main role 1n the adaptation to cold and survnal is attebuted to N4 while A
1s considered only as the secondary line of defense {Leduc 1961)

Since 1t seemed af wnterest to follow also the exceenon of VA w unne duning
exposure of rats to cold in order to obtain some more information of the total cate

cholamine release this has been studied 1n addition to the excretion of free catechol-
amines

* Permanent addres Department of Ammal Physiology, Institute of Biology “Traimn Savu
lescu* of the Academy of Socialist Republic of Komama Bucharcst Romania
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1 2 3 & S5 & 17 & 9pAaYS exposure to the temperature of +3°C.
= Materals and methods

expenments were carned out dunng March-October on male Sprague Dawley rats
e ghing on an average 300 g purchased from Anucimex, Stockholm.

7 After an adaptaton of at least 3 days to laboratory conditions (temperature 20—22°C
water and food ad hibitum) lots of 6 rats each of the same weight were placed mn indnadual
metabolic cages These were provided with plastic funnels and metallic grates covered w th
polysimihic paint. Faces and food were separated from the unine by a glass trap system Unnary
pH was adjusted 1o 3—4 by the imnal addition of 5 ml 1 N\ acetic or sulphunc aad into the
collectng vessels Lnne was generally collected for 24 hrs. At the end of the 24 hr period 2
shight pressure of the abdomen was exerted i order 1o induce voiding The rats were then
moved into clean cages unine being collected for a new penod. The funnels were washed with
acsdulated disulled water which was added to the respectne samples of urine These were
centrifuged and the free ) d ding to Evler and
Lishajko (1961  The VMA was measured by the method of Pisano ef of (1962

The values obtamed were expressed n ng/kg/hr for catecholammes and in wg/kg/hr for
\ MA. The standard error (SEM) and the “t™ test were comput

All values are given in terms of the base or ad but uncorvected for the recovery which
was about 75 per cent

Results

1 Unnary excretion of catecholamines and ¥ MA in normal conditions
Indizidual rarations 1n our matenal the rats excreted 18+ 9 ng/kg/hr of A 972
41 ngfkg/hr of NA 4201 pg/kg/hr of VMA

Durnal ranations In one and the same amimal the values dunng different days
vanied between 12—23 ng/kg/hr for A 85—99 ngfkg/hr for NA and 3250 ug/
kg/hr for VMA or between approvimately the same himuts as for the mdndual
vapations

2. Unnary excretion of catecl olamines and V MA during exposure to cold
The expenments were carmied out in the months of July and September No sigmfs
cant differences between the results were noted and the values for the two groups

have been treated together
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After a period of 3 days at room temperature the rats were exposed to an ambient
temperature of +3° C for 3 days and then brought back to room temperature The
results are presented 1n Fig 1

As observed 1n earher studies (Leduc 1961) NA excretion reached a maximum
the fu'st day and remamed at dus high level through the d of

Ad. d more g 1y

i

In the case of VMA thc mcrease reached its maamum yalue only after 2 days,
thereby differing from NA

‘When the ammals were brought back to a temperature of +20—22° C, the values
returned gradually to normal, somewhat more rapidly for NA than for A and VMA
(Fig b

Comment

The present results on catecholamine excrenon dunng exposure to cold confirm
these obtained by Leduc (1961), and also show that the excretion of VMA 15 1n
creased dunng these conditions

While NA excretion ncreased 3 to 4 tmes dunng exposure to cold the VA{A
excretion was about doubled, suggesting that dunng higher excretion rates of NA
the proportion of free amine 1n the unine increases This observation 1s 1n keeping
with the data obtained for adrenaline by Bygdeman Euler and Hékfelt (1960)

It 1s of interest to note that while the NA mcreases rapidly dunng exposure to
oold, the VMA only slowly increases, reaching 2 maximum on the second day VMA
thus less faithfully reflects the tume-course of the changes occurnng in the catechol
amine release tn the orgamsm

The recearch reported in this document has been spansored in part by the AIR FORCE OF-
FICE OF SCIENTIFIC RESEARCH under Grant EOOAR-68-0009 through the European
Office of Acrospace Research (OAR), Unuted States Air Force
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Compensatory Hypertrophy of the Rat’s Submaxillary Gland
By

Mats ELver and Per OnLis
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Abstract

Erver, M and P Ouun Compensatory hypertrophy of the rat’s submawilary
gland Acta physiol scand 1969 76 396--398

The secretory actntty of the submawllary gland in the conscious rat 1s increased in the acute

expenment when the secretion from one or more of the other saluary glands 15 prevented

from reaching the oral cauty In chrome expenments the weight of the submaxilfary gland

Js auzmented after duct hganon of other <aliary glands It seems likely that increased

n'chlory actiaty as observed in the acute expenments, 15 the cause of this glandular hyper
phy

P!
g
The weight of salivary glands seems to be dependent on therr actinity Thus mraws
1t 1s reduced when the animals are on a iquid dret (Hall and Schneyer 196 Wells
and Peronace 1967) which 1s supposed to decrease the sccretory actiity Smmidarly
the stze of the submaxillary glands 1s dimumshed after section of the sympathetic or
parasvmpathetic glandular nenes (see Ohlin 1966a) which also reduces the
secretory activity since both sets of nerves have been shown 1o ehat secretion from
the glands in conscrous rats (Ohlin 1968) On the other hand treatment with a
sialagogue agent e g pilocarptne abolishes the atrophy following denenation (Oh
ln 1966 b)
The present expenments were carned out to study the relation between organ
actisty and glandular weight In one group of rats the secretory actity of the
i Nary gland was d anmmals when sumulaung secretion
reflexly by oral apphcation of atric acid The flow of salina was studied 1 con
trols and after duct higation of one or more of the other major sainary glands It
was found to increase when the secrenon from some other glands was prevented
from teachung the oral cavity In another group of rats the effeet of this increasd
secretory activity on the weight of one submaxillany gland was determined 3 weeks
after duct ligation of other major salnary glands the size of the submaxilan gland
was found to be augmented

Methods

Female rats of a strawy bred at this Institute were used when aged about 4 months “The
ammals were gnen a pelleted diet (Anvamex 210) and water ad libitum

205
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CITRIC CITRIC CITRIC
ACID ACID ACID

(a) (b) (c)

Fig 1 Secretors responses of the rats submaullany gland after citnc aod (a) No ducts
lizated (b) the paroud ducts higated (c} the submawllary and sublngual ducts hgated as
well Records from above time in run drops of salna signal

To study the secretory responses of the submaxillary gland to cune acrd 12 rats were used
Under ether anzesthesia a thin polythene tube was mserted 1nto the submaxillary duct as far
cramal as possible to avoid damage to the chorda lingual nerve The tube was fastened by two
I gatures and a collar was put round the neck to prevent the rat from pulling out the can
nula The animal was then placed n a metal caee and drops of salna appeanng at the tip
of the cannula were marked on a smohed drum In the conscrous anumals, about 15 min after
the operation the secretory responses o citric acid (0% ml 100 mg/ml) were estsmated
All determinauons were made 3 times 1 each rat and the mean was calculated Tmmediately

e OO [ PR ligation of the two parotid ducts
ducts (6 rats) The secretory re
4 rats the ducts of the remaning
were then leated and the meas
ulation procedure alone presented
the cannulated side from reaching

the secretion of the submawillary and sublingual glands on
the oral cawity

In 16 rats the weight of the submawillany glands was esimated 1n controls m one group
of rats after Ligation of the submawllary and sublirgual ducts on one side and in another
eroup of ammals after higation of both parotid ducts as well Three weeks later the rats were
killed by cenical dislocation and the submaxillary glands were careflully dissected and cleaned
The wesght was determined as wet weight and as dry weight after heating to 110° G for
48 hrs

Results

The secretory response of the submanllany gland to the standardized solution of
citne acid was found to be 413036 (12)'* drops of saliva when the submaxillany
and subl; 1 glands on the i} } stde and the wo paroud glands were sull
secreting 1nto the oral cavity Ligauon of the parotid ducts ncreased the secretory
response sigmificantly (P<001) from 413036 (12) 10 69+096 (6) drops of
salna {Fig 1) The secretory response scemed also shghtly mcreased (00><P<
0Ly i B+ L4 (6 doone of absa after bganon, of the suhmaxillan, and. s,
hingual glands on the contralateral side The secretors respomses to citric acid ap
peated when the rat started hiching movements and they were finsshed within a
few min On the other hand a longlasting profuse secretion 23+4 6 (4) drops of
salina was noticed when the secretion from all major salivary glands was eliminated
(Fig 1)

Ligation of the submaxillary and sublingual ducts on one side and the two parotid
ducts caused 1 significant (P<O 01 increase m weight of the intact submall;

2. Mean * standard error of memn (number of 1 rats or b glands) el
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gland 1n 3 weeks, by about 20 ¢% Thus, the dry werght increased from 318083
(10)?® mg to 38114 (6) mg, the wet weight was stmilarly increased from 131+
22 (10) mg to 159441 (6) mg The dry weight of the duct igated submasillary
gland was marhedly decreased, from 3184083 (10) mg to 1017 (6) mg m
accordance with previous observations (Junquerra and Rabinovitch 1954, Ohlin and
Perec 1967)

After higation of the submaxillarv and subhingual ducts on one side alone, the
werght of the remaiming submasxilary gland was shghdy increased, by about 4 ¢

Discussion

The sccretory resy of the rat's sut llary gland to citric acid was found to
increase when salna from the other major salvary glands was prevented from
reaching the oral actmty It was shghtly increased after duct ligation of the contra
lateral sub llary and sublingual glands and sigmf; ) d after duct
hgation of the two paronrds These findings indicate that the salivation from the
two paroud glands remove the atre acid from the mouth more effectively than the
secretion from one submaxillary and subl, ! gland The longl. flow of saftva
~. when no secretion from the major salivary glands reached the oral cavity ndicates
that the secretion from glandular cells in the mucous membranes of the mouth 1
. scanty and of mmor importance shich has been suggested previously (Wallenius
1966}

‘There scems to be a close relationship between the secretory actnaty and the size
of the submaxillary gland 1n rats Thus, 1n the acute expeniment the secretory ac
vty of the glind was sigmificantly increased when the secretion from one sub-
maxillary and sublingual gland and the two paroud glands was prevented from
reaching the oral cavity the weight of the gland was increased under sumlar con
ditions m 3 weeks The present results support the previous suggestion (Hall and
Schneyer 1964) that an increased secretory activity 1s followed by glandular hyper
trophy They are also 1 accordance with simular findings on the weight of glands
after extirpation of salhary glands (Schwartz and Shaw 1955)
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Abstract

NorosTrow S, P Ousson, A C Tecer Nisson and E Zerrerovist A procoagu
lant from human postpartum serum Effects on coagulation and hemodynamues
i dogs Acta physiol scand 1969 76 399402

Several imestigations have been made on the effects of different tissue thrombo-
plastins on coagulation in ttre, and the ability of tissue thromboplastin to induce
intravascular coagulation 15 well documented (cf Perick and Roberts 1964, Mchay
1965) Tissue thromboplastn from placenta has been studied extensnely (Copley
1945 Fulton and Page 1948 Page et al 1951, Schneider 1947), and 1t has been sug-
gested that some bleeding and thrombotic complications 1n late pregnancy may be
due to leakage of pl ! tissue thrombopl. mto the 1 blood stream
(Schneider 1950) Recently human postpartum serum has been shown to contam a
procoagulant which behaves like tssue thromboplasin m titro (Teger Nilsson
1967a b)

The purpose of this investigation was to study the effect i 1120 of the procoagu
lant from human postpartum serum (PPS) and to see whether, Iike other tissue
thromboplastins 1t does induce intravascular coagulation PPS was therefore injected
wnto dogs and 1ts effect on fibrinogen and prothrombin concentrations  platelet
count and elimination of labelled fibnnogen was studied The effects were compared
with those of homologous brun thromboplastin given to dogs in a similar study
Nordstrom and Zetterqaist (1969 In addition zortic blood preswre and fe
arterial blood flow were recorded ’

fa
.
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Tasre I Effects of PPS on . factors The fib rad; 1ty 13 expressed in per cent
of the value which 1s arb Iy set at 100 per cent
Dog  Cencentration of Before  Before Hours after PPS anjection
no anaes  PP§
thesia 4 12 2 4 6

1 Fibnnogen, mg/100 mlplasma 053 050 039 037 033 030 — —
Fibrnogen rad oacvity % 107 100 89 73 64 57 — —
Prothrombin, NIH u of formed

thrombin/ml plasma 42 40 28 27 2 20 — —
Platelets number/nl blood 460 450 6 I3 66 82 — —
Hematocnt °, 47 40 42 41 43 50 — —
2 Fibnnogen 051 045 029 030 029 028 — —
Fibrinogen radioactnaty ° 116 100 6 59 61 52 — -~
Prothrombin 51 47 26 28 28 25 — —
Platelets 480 470 11 24 56 74 — —
Hematocrit % 43 33 38 39 38 I8 — —
~3  Fbnnogen 071 065 068 076 06! 063 065 053
Fibninogen radsoactnuty ¢ 113 10 91 102 89 90 8 70
' ) Prothrombin 42 9 31 35 3 227 H 02
; Platclets 240 250 12 11 74 110 180 200
Hematoernt %, 40 33 37 3 3, 40 35 38
4 Pbnoogen 030 - 072 018 020 019 018 018
Fibnnogen radioacuaty ®, 100 — 75 71 71 713 70 7
Prothrombin - - — — — - —_ -
Platclets 2% — 39 e 8 713 10 1%
Hematocrit °, 47 — 4% 40 38 38 39 3

per cent of the premfusion value within 9—21 min In one amimal the low pressure
d gt the exy

The hepannized anmmals when injected with PPS also evidenced 2 fall m blood
pressure from 140—180 mm Hg to 91—145 mm Hg The pressure reached 90 pef
cent of the premnjection value 1n 1—6 min

Infusions of PPS o the femoral artery produced no major changes i the
femoral artenal blood flow indicating that PPS has no direct action on the pe
ripheral blood vessels and was not contarminated w1th vasoactive matenal

Discussion
Comersion of p bin to thrombin and of fibrinogen to fibrn 15 mevitable 1
hromboplastin nduced 1 Corsequently  the conc of pro-
0 followed

thrombin and fibrinogen 1n the blood were followed The platelet count was .
as being a sensitne mndicator of intravascular coagulation Previous studies on the

n
ehmmanon rate of 1odine labelled fibnnogen have gnen valuable information o
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Fiz 1 A Effects of PES inecuons on coagulation fictors 1n one dog
A

——A p!
of labellcd fhnnogcn n dogs i an ndmelling catherer e Zetter
quist et al 1968)

B

Effect on coagulation factors in one dog when 1000 u of heparin per kg bw was given prior
to the PPS anjection

h

plastin induced coagul

espectally with respect to 1ts re-
lation to fibrmelvsis (Nordstrom and Zetterqwist 1969) The same methode were
thercfore apphed

The results of the preeent study should be compared to the results of a previous
m hrombop!.

on p tnduced 1 1 (Nordstrd
Zettergvist 19691 In ths studh dogs were gnen homologous bram thrombopl

a

.
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with the same techmque but 1 somewhat lugher doses The mortaliyy rate was
compatively high 1n both groups Injection of PPS and homologous brain thrombo-
plastin gave nse to stmlar changes 1n fibnnogen concentration, fibrinogen radioac
vty and platelet count In the present study also prothrombin concentration was
measured and found to decrease The results presented should morcover be evaluated
with respect to the findings tn dogs treated with anesthesta, saline and sndwelling
catheters (Zetterqvust ef a! 1968) These dogs showed no changes 1n fibnnogen con
centration and platelet count but a slightly increased elimination rate of rodine
fabelled fibnnogen The latter finding 15, however, of mmnor mportance for the
present mvestigation In view of this background it 1s assumed that PPS, Like homo-
hromboplastin induces of coagul factors The obsena

logous brain
uon that PPS injection into a hepannized dog was without effect on fibrinogen
strengthens this assumption
Fibrmnolysis 1n connection with ntravascular coagulation has been reported both
after thrombin and thromboplastin infusions (howalsk: ef al 1965, Nordstrom and
Zetterquist 1968 Scegerss [961) In this study as in the others fibrinofysis was
mdicated by an increasing difference between plasma and fibrinogen radoactivity
Fibrinolysts, following the mjections of PPS seems to be vanable
;2 Since bemodynamic changes are an mmportant manifestauon of ntravascular
“stoagulation (Hardaway 1966 AMcKay 1965) the circulatory effects of PPS secm to
be of interest I+ 1njections of PPS produced a pronounced drop in blood pressure
The mraartenal infusions of the substance however induced no changes 1n the
local peripheral blood flow indicating that PPS does not contamn any important
amounts of vasoactive matertal
Several mechanusms are probably involved in the PPS mduced hypotenston The
decrease 1 blood pressure following mjections of PPS also in the heparnized
ammals indicate thar part of the hypotensive effect may be due to other mechanisms
than intravascular coagulation It has earher been shown that thrombin in concen
trations as low as 001—1 NIH u/ml blood exerts perspheral vasodilatation and
hypotension (Delin et al 1967 Olsson et al 1969) As judged from the decrease 1
prothrombmn concentration as much as 10—20 MH u of thrombmn per ml plasma
might have been formed sn the prescnt expenment It s therefore reasonable to
conclude that part of the hypotension 1s secondary to actnation of the plasma coagy
lation system with thrombin formation and subsequent peripheral rasodilatanon
A decrease 1n the cardiac output as a consequence of thrombus formaten especially
1n the pulmonary circulation must also be taken into consideration as a caust of the
decrease 1n blood pressure
In conclusion intravenous wmjections of PPS induce consumption of coagulation
factors and hypotension findings which dicate intrarascular coagultien The
ts are 1n agreement with those obtained with other ussue thr mbo
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The Effect of Secretin and Pancreozymin on
Pancreatic Blood Flow in the Conscious and Anesthetized Dog
B
S AuneandL S Seus

Recened 8 QOctober 1968

Abstract

Avve S and L S Sewn The effect of secretin and pancreo.ymmn on pancreatc
blood flou in the conscious and anestheti.ed dog Acta physiol scand 1969 76
N H06—t14

s ancreatic blood flow was studied in dogs by measuring local hydrogen gas clearance External
+ _ ncreatic secretion was collected by for \olume In 16 expts {13
dogs) recordmgs were obtamed 1n barbital (Nembutal 1 “The mean alue of
“115 obsenvations was 428 (SE 43} ml/min 100 g pancreas In 3 dogs measurements were
made i the awake fasted state by means of chromcally implanted electrodes which proved
effectne for about two weeks Mean of 33 observations was 76 ml/min 100 g The correlation
between pancreatic blood flow and external secretton was studied by means of secretm (Boots
Jorpes and pancreozvmin (Boots) A variable response occurred which proved to be time
dependent and not correlated to the state of secretion or stmulation An acute nise in b
flow was seen when hormone admunistration was started or sncreased This effect was im
mediate but transient blood flow returned to pre stmulatory level after 20 min wl ereas the
external secretson continued unchanged Mo effect was noticed on gastric hydrogen clearance
recorded n 4 of the dogs mdicating an organ specificaty of the hormonal influence

Measurement of blood flow tn the pancreas has been the subject of several studies in
the past However the methods employed all have shortconmngs The direct methods
such as Thenmostrohmuhr {Gayet and Guillaume 1930 Maltesos and Watson
1939), or electromagnetic flowmeter (Eichelter and Schank 1966 MacKowsah ¢/ al
1967) cannot be employed without extensive surgery and only to a part of the
pancreas, since the giand has its blood supply from several mam trunks which abo
support other organs Of induect methods plethysmography gained some mtesest
carly 1 this century but interpretations of blood flow changes in organ volumes
proved difficult Laght transmission (Hilton and Jones 1960) and heat conductance
(Papp, Varga and Acs 1966) gie only relatne measurements of blond flow :n\e
1sotope dilution techmque utlizing K= or Rb*® as introduced by Sapirstemn (1838}
has also been used by Delanes and Gnm (1966) and by Papp et al (1966) Thts
method gnes a reasonable measure of the share of the cardiac output rcft;\l‘d Z"
the pancreas but has 1ts hmtation 1 that only one observation can be abtain
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from each ammal Comparnson of different states of function thus has to be per-
formed 1 groups of ammals

Pancreatic blood flow in resting condittons 1s reported i the literature to vary be-
tween 61 and 129 ml/min 100 g tissue

The hydrogen gas method for measurements of local blood flow, introduced by
Aukland, Bower and Berliner (1964), was employed in the present study of pan
creatic blood flow n dogs This method seemed especially smtable, since repeated
measurements are possible 1n the same ammal, whether the dog 1s anesthetized or
not Minumal trauma 1s gnen to the organ

Blood flow was recorded mn the resting state of the gland and following secretory
stumulation with secretin and pancreozymin

Material and methods
Operative procedures
15 mongrel dogs weighing 1270 kg were used The ammals were fasted for 18 hrs before
PR st o g S St - P T

elapse before measurements were started

Artenial blood pressure was recorded from 2 femoral artery bv means of a Statham pressure
transducer and a Sanborn mult:channel amphiier and recorder

In 3 ammals the abdomen was closed by means of mterrupted silk sutures and the elec
trode leads were led through the abdominal wall through a separate stab wound and fastened
1n a specially devised holder with a bite block attached 1n order to protect the leads when not
m use External secretion was not measured in these dogs Blood flow recordings were made 1n
the anesthetized state and 212 days after the implantation of the electrodes with the dogs
standing 1n a Pavlov frame In the awake dogs artenal cannulation was performed m local
anesthesia (Lidocame 1 % 5—10 mlsc)

e arculatory effect of secrettin was tested by infusion of 1-—10 TU per kg body weight
Secretin was dissolied 1n 09 € N\aCl immediately before use In 6 of the experiments the
secretin of Boots Pure Drug Co Ltd was used and in 9 other experments pure secretin
(geneously supphed by Professor E_Jorpes)

ancreozymin (Boots Pure Drug Co Ltd } was infused in doses of 1—5 clincal unus per kg

body weight

The majonty of the obsenations were carned out with continuous 1y admmnistration of the
hormones by means of 2 pump delnening the solutions at a rate of 15 ml/hr Immedrate re
sponses were tested by mjections of single doses within 30-—60 sec using 10—20 1U secretin
and 515 chirucal unnts of pancreozymun respectively

In arder to determime the organ speaificity of the hormones simultaneous recordings were
made of pancreatic and gastric hydrogen clearance In this series including two of the awake
dogs the effect of histamine and acetylcholine was mmvestigated

Blood flow. measurements

Aukland et af (1964 showed that local blood flow 1n a tissue can be measured by recording
e rate of hydrogen desaturation of the tissue with platisum electrodes Hydrogen oudation
at the platinum surface generates an electrical current (1uy ) which 1s proportional to the
P L

. . . . i

read from a serilozanthm ¢ plot of the cunc according to the formuta F=100 1
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where Ty 1s the half time 1n mmutes The tissue/blog partition coefficient and specific
gravity of pancreatic tissue are assumed fo be 1

Hydrogen current was measured by means of a six channe] polarograph and recorder {Rika
denki, hogyo, Ltd Model B64), unlaing a polasizing Botential of +02 V versus a calomel
reference electrode (For further details of the method reference 1s made to Aukland et of
1967 Auhland 1968 )

‘The hydrogen gas was admimistered through the trachea) tube in the anesthetrzed ammals
giung approvimately 5 % of H, in the resprratory ar, upyl a fairly stable concentration was
obtatned m the pancreas In the conscious dogs, Hy was provided through a thin catheter 1n
the mouth or nose or by means of a funnel shaped device placed around the dogs snout In
some of the first expenments, H, saturated saline was infused nto the thoracic sorta for 1/2 1
min after stopping the H -mhalation, in order to obtan a square wave drop to zero n arterial
hydrogen gas concentration This procedure was abandoned, however, In later expersments
smee the rate of desaturation was not usually of such a magmitude as to be disturbed by the
delay 1n artertal desaturation caused by elimination of the gas through the hungs

Results

Monoexponential desaturation curves (Fig 1) wese obtaned 1n the majonty of ex-
peniments In curves deviating clearly from a monoesponennal course after remosval
of 80 $¢ of the hydrogen gas, the smtial slope was used 3n determuning the flow rate
The results of 16 expts n 15 dogs are gnen 1 Table I, which shows pancreatc
\blood flow 1 the unstimulated state of the gland i pentobarbrtal anesthesrn Con-

Stomach\ Pancreas’

Arbitrary unds

Fig 1 H_desaturation curves (upper

. STITIITY, Ieft) of pancreas and gastnc wail -;-":
b 19 Lg awake dog {no 12) ﬁda)!ﬂd
= splantanon of platmum  electrodes
” . Arrows indicate agmptote Srml}{oﬂﬂ“

Tithmic plots of the curves are shown

! ot 10 the nght The artenal blood pres
voe T ' stire measured by cannulation throud

mn  the femoral artery 1t shown below
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Taste T Resting blood flow in Nembutal anesthes a

Dog no Number of  Numberof  “umberof  Mean flowin  Range
desat electr obs each dog mlfmmn 100 g
1 2 + 8 168 123—192
2 3 1 3 200 193204
3 2 6 12 328 173—195
4 3 3 4 338 300—385
5 3 2 6 345 266—420
6 3 4 10 422 230—925
7 3 5 15 490 230730
8 3 3 9 495 384—580
9 3 n 10 600 26 4—107 0
10 1 3 4 200 165—243
10* 2 2 4 326 313—406
n 4 1 4 601 530693
12 3 2 6 703 470990
13 1 4 4 412 185—60 1
14 5 2 10 47 462—126 0
15 3 2 6 442 355—556

\Mean 42B(SE 4%}

* 20 days clapsed between the 2 expts 1n dog no 10

Taste IT Pancreatic blood flow m awake fasung dogs compared to record ngs in Nembutal
anesthes a

Dog No umber of Number of Number of Mean flow mlfmn 100 g
desat electr obs
Awnake Ancsthetized®
4 6 3 18 620 338
12 5 3 12 1170 703
13 4 2 6 490 442
Total 14 8 36 \Mean 76 494

(SE208) (SE109)

* Dara taken from Table |

siderable vamations were scen from one ammal to another and to some extent mn
the dufferent areas of the gland but no consistent difference mn blood flow was found
between the corpus 1nd the uncinate process (caput) Average blood flow of 115
observations amounted to 428 m!/min 100 g

In conscions dogs (3 ammals 36 recordings were made (Fig 1 Table I) and
the average blood flow with the ammals fasted and standing n a Pavoy frame
76 mlfmin 100 g This 15 comparable to a mean blood flow of 494 mlfmmn »

o

Paan N
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12/3 1419 2079
| N

F | WEMBUTAL NEMBUTAL

Fig 2 Effect of Nembural anes
thesta on pancreatic blood flow
(F) in dog no 4 Initral value of
each electrode s set at 100 per
cent Electrodes implanted 12/9
and  measurements  continued
throughout recovery from anesthe
513 the degree of consciousness
indicated by the triangle (lelt)
100 The measurements were repeated
2 and 8 days later, and termn
nated by a new “embutal anes
00 08 D 100 0 00 min  thesia

when these dogs were given Nembutal The dep effect of Nembutal 15 seen 1n
Fig 2 which also demonstrates that the electrodes were 1n full order when chrom
cally implanted 1 the gland Recordings were obtained up to 12 days after the tm
“wplantation but showed increasing delay and reduced sensttaty or were unstable
alter three weeks The reasans for the failure were not entirely clear at autopsy, but
ere probably due to leakage 1n the clectrodes or electrical leads No infection or
necrosis could be detected macroscoprcally but an impressne proliferation of the
pentoncal tissue around the Jeads was apparent

Effects of hormones and rasoactiic substances

The of secretin or p min was usually started 25—30 mun before the
blood flow measurements were made 1n order to obtain a defimte external secretory
response from the gland In a sertes of 8 h d ammals d

tion of secretn gave mse to disunctly mncreased pancreatie blood flow n 4 ammab
(Fig 3) whercas no response was seen 1n the others As shown in Fig 4 blood flow
was even reduced in some experiments duning secretin stimulation  However 1t

SECRETIR PANCREOZYMIN
SECRETE \cheoz,
¥
0
“ ,
* i Fig 3 Pancreatic blood flow (¥
miymin 100 g recorded
1 * no U lasally and during ¢ fusion
w of secrean and pancreonnin In

this dog the restng !lood flow
° ) " 11 10 200 20 min  was relatnely low
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SECRETIN PANCREDZYMIN
=

mli/mn 100 g) and external

Fig 4 Pancreatc blood flow (F 1 * i i } |
secretion  (Secretion  mlfmin) 3

recorded 1 dog no 8 basally 4 iy
and dunmg wnfusion of secretm

and pancreozymuin In this dog 1@

the resung blood flow was rela | ] oot
inely high o 0 e 12 ] 50 me

seemed that 1n the dogs with a low resting blood flow, the response to secretin was
more pronounced than m the dogs where the restng flow was high No difference
was noted between the Jorpes and the Boots” secretin. The flow response to pan-
creozymn showed the same features as seen for secretin a marked 1increase in some
expenments, no significant increase m others (Fig 3 and +4)

The admimstration of secretn did not give any sigmficant change in artenal blood
pressure {ABP), while in most expenmments pancreozvmin led to an immediate
lowenng of ABP of 20—25 mm Hg lasting for 20 sec or more Simular reactions were
seen after acetylcholme and histamine The decreased ABP resulted in a transient
reduction of blood flow wvisualized by the flattening out of the desaturation cune
(Fig 6)

The dissociation between secretorn and blood flow response to hormonal sumula
tion 1s evident from Fig 5 In this expenment secreun and pancreozymn were given

i ly A constant \! led to a steady secretion and mean blood
flow was ca 38 mi/min 100 g As the hormone infuston was suddenly increased
external secretion was trebled and quickly reached a new steady state A blood flow
increase was aho observed on average to 80 ml/fmmn 100 g 5 min after the sumula
tony change However the blood flow returned to 1ts presious level 1a the course of
20—30 min despite a continuous high secretory rate

When the hormone stimulations were supphied suddenly dunng a desaturation run
the slope of the curve almost immediately became steeper but only 3—5 min passed
befare the cunie started to flatten out again (Fig 6} The change 15 due to flow
samations and 1s caused by the hormones since no such responses occurred after
saline mfusion Acetsicholine and histamine gave no consistent effect on the pan-
ereanc blood flow except for a short reduction corresponding to the change 1n ABP
In contrast concommuttant tracings from the gastnic wall showed marked tncreases
in the hydrogen desaturation curves after admmistration of these drugs while secretin
and pancreonstin had no such effect

Recordings were also made of hormonal as well as vasoactne responses 1n 3 awake
dogs The results were consistent with the obsennations made 1n Nembutal anesthear
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INCREASED STIwyLATION

—

—_—— .

€

40

o
270 m 239 I e
esmen
1z
g Fiz 3 Effect of a threefold sncrcase i s
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H erurun on pantreane blood flw (F mif
s 0 mun 100 ¢ and external seereuon i)
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Discussion

1o ihe prent senes the pancreatse Blood flow was assessed by means of the by
droeen gas dearance techmigue of Aukland «f ol 1963 Thn method seems 1o offer
a valuable 100] tn the stuch of arculaton of thy organ unce measurements can be
prormed wib pegboble trauma 1o the tssues 3t can be applied both 1o the 2n~
thetized and 1 the awake znymal. 2nd measurements can be repeated for 1z penods
of tm= and under vanous conditsons. Finalh  the method allows measarements 39
seavrz] orgzns smultaneoudy Theredore mtegrated blood flow studies are prosable
23 for ipctance in functsonzlly related orgzen such ay thowe 1o the digrsine tract.
The bt mezsuremenn of bloud flvm 15 the sntact pancreas haye previoudy been
ptformoed by means of K or Rb™ clearance techmgues fir decnibed In Sapir
sean (19381 and recently utilzed ta Delan= and Gnm 196 and Papp ¢t al
(1655) Comiderable dnerpenoms apprar bemeen therr findings Whereas pane
creanr Hood flow 1n the senung state could be caloulated bn Sap ren (1981 ot
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100 00 Histamne
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Fig 6 H, desaturation cunes of pancreas and stomach wall 1n dog no 12 awake (left} and m
the same dog anesthetized (right} demonstratirg the acute effect of pan-reozyran, serretn
tustamine and acetylcholine

100 mlfmin 100 g tissue m the rat, the corresponding result was 61 ml according to
Delaney and Grim in the dog {1966) These authors supposed the difference to be
due to the size of the amimals Another possible explanaton 1s circulatory differences
induced by anesthetics Delaney and Grm (1966) used pentobarbital i their dogs
while Papp et al (1966) have reported resung flow at 75 mifmin 100 g with the
use of chloralose anesthesia

Our results indicate that the pancreatic vascufature 1s sharing in the vasoconstric-
thve influence of Nembutal causing about 40 ¢ reducuon of the blood flow in the
non stimulated pancreas Flow vanations tn our expeniments might partly be caused
by differences 1n the constrictory state of the vasculature inddually and duning
cach experiment No consiseent pattern could be seen of local vamations within the
organ although such vanations were noted (Fig 2} without obvious reason

Al tn pancr blood perf have previously been studied by use of
durect as well as indirect methods by which relatie vanations are obtainable Tan
kel and Hollander (1957) i their sunes of the Iiterature up to that time, found no
definite evidence of a correlation between blood flow and external secrction Exen
recent studtes show discrepancies in assessing the effect of secretory stmulation and
vasoactine substances Secretin 13 uniformls reported to have an mncreasing effect on
the pancreatic blood flow althongh Linderen (1958) found that the effect disap
perred with repeated <ecretin 1njections
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Whereas Delaney and Grm (1966) found no increasing effect of pancreozymin
admnistration on pancreatic blood flow, a marked increase was reported by Barlow
et al (1966) i therr experiments with hughly purified pancreozymin extracts i the
anesthetized cat In the present study, no difference in the effect of secretn and
pancreozymin was noted, both hormones causing a distinct but transient ncrease 1
the pancreatic blood perfusion The effect was of short duration compared to a
rather persistent external secrenon, which showed a defimte dose response relation
siip The observed change of pancreatic blood flow seemed to depend on changes
nduced by the stmulant 1tself or its effect on pancreatic secretory tissue, since secre
tion could be maintained at 2 high rate even though the pancreatic blood perfusion
was low or decreasing If the hormone affected the vasculature durectly, by dilatng
arteries or arterioles, this nfl pred ly attacks p , smce hi
1ng organs Itke the stomach are left essentially unchanged

The flow effect 15 not due to a general vsoactivity smce 1o effect was observed
by the pancreatic hormones on the hydrogen clearance of the stomach On the other
hand, no change was seen 1n pancreatic blood flow following administration of gastric
secretagogues, ¢ g histamine and acetylcholine, which caused an (mstantaneously)
wmcreased hydrogen clearance from the stomach

' A Prelimunary report of this study was read at the annual meeting of the Norwegian Surgical
Association Oct 28 1966
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Electron and Fluorescence Microscopical Studies on the
Nucleus Caudatus Putamen of the Rat after Unilateral Lesions
of Ascending Nigro-Neostriatal Dopamine Neurons
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Abstract

Honrerr, T and U Uncersteot Electron and fluorescence microscopical studies on
the nucleus caudatus putamen of the rat after umlateral lesions of ascending
nigro-neostratal dopamine neurons Acta physiol scand 1969 76 415—126

the operation These results were 1n perfect with the

findings, d a reduced of amimnes 1 the DA nene termunals as well
2s reduced levels of endogenous armne at these ume intenals after the lesion —Parallel to the
reduction in number of boutons contaimng small granular vesicles boutons were obsersed
showing obvious signs of the so called “dense” type of degeneration These boutons were
however, comparatinely rare and present above all 1n rats killed between two and four davs
after performing the lesion Further studies are necessary to establish whether they represent
boutons belonging 1o degenerating DA nere termmals or not It may be concluded that the
present study gives ultrastructural evidence for the evistence of an ascending migro-neostriatal
DA neuron system, although the degeneratng pattern of these neurons 1s sull unclear

There 13 good evidence for the existence of a large uncrossed nigro-neostrniatal
dopamine (D) neuron system 1n the brain (Anden et al 1964 1965, Poirter and
Sourkes 1965, Hornykiewicz 1966) The cell bodies localized mainly 1n the zona
€ompacta of the substantia migra (Dahlstrom and Fuxe 1964b, Anden et al 1965),
send their axons to the nucleus caudatus putamen {NCP) where they form an ex-
tensive terminal plexus (Fuxe ot al 1963 Fuxe 1965, Andén ¢t al 1966c) So far
1t has not been possible to demonstrate this system with silver impregnation-de-
Beneration studses, e g with Nauta techmque (Cole et al 1964, Faull and Carman
1968), probably due to the fineness of the fibres (Fuxe ef al 196%) Howeer, the
ascending migro-neostniatal DA fibres has recently been mapped out in their entire
course with fuorescence techmque by studying the accumulation of transmitter sub-
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Tapte I Lffect of lesions of

revealed u

Endogenous amnc Jeels (the overall fluore-
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TOMAS HOKFELT AND URBAN UNGERSTEDT

the nucle dat,

putamen as revealed 1n the electron and fluorescence mucroscape

From the electron mucroscopic mvestigation on the nucleus caudatus putamen from the eontrol
and operated side the total number of all boutons, the boutons containing small granular vesicles
(“positive’ ), as well as boutons showing obvious signs of degeneration have been recorded from
13 operated and 2 sham operated rats (se¢ Matertaland methods) Inaddition the effect on the endo-
genous amme Jevels and the effect on the uptake and accumulauan of exogenous amnes in shices as

n the

microscope are

Uptake and accumulation of exogenous amines

scence of the nucleus caudatus putamenisrecor-  in shces
ded, sinee no single termunals can be observed)
OQO  normal fluorescence mtensity VYV nermal number of nerve termmals
OO  markedlyreduced fluorescence intensty V'V marbedly reduced number of menc
terminals
o] no or very faint fluorescence v no or very few nerve termunals
Time of Rat  Electron microscopy Fluorescence
survinal sdent microscopy
(days) no
Boutons Boutons Boutons Boutons Endo-  Slhces
total posittve degen  °, positive genous
~ erated
Lesion  Control Leston Control Lesion Control
/‘{d 559 167+ 1222 118 150 0 71123 000 VvV
560 1626 1127 194 130 0 iz0 15 000 VVV
96+ 119
2d 515 1628 6o 23 &7 7 1+ 144 O v
si8 6 798 5 %0 1 98 114 O v
] 129
3d 506 1033 750 43 9 [ 42 127 0O VWV
514 1713 151 32 131 8 19 e o v
31 72
4d 586 802 301 2> 32 1 31 106 o0 vV
587 761 382 0 44 0% e ns O v
1o iri
5d 571 679 427 20 53 0« 31 12¢ 00 VY
576 656 29+ 10 28 00 15 95 00 YV
110
-
6 563 s60 388 7 39 0 13 101 7
565 733 588 9 63 0 12 107 <
13 104
12d 505 873 608 8 94 [ 09 155 o} v
-
24 G3gere 1524 — 169 — 0 27— o] S
6370 1035 — 13 — 0 nr - COoO0 /
mns

* Mean

ve Single degenerated boutons observed  *** Sham operated rats
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Fig 2 Shee of the \CP of rat ncubated with a methy! NA (10 ygml) control side An
wntense diffuse fluorescence 15 seen The large dark «pots are myehinated nene bundles (m)
Fluorescence micrograph X 75

Fig 3 4 Slice of the \CP of the <ame rat as in Fig 2 incubated with @ methyl N3 (10
pgml) operated side rat kulled 4 dass afier the operation Only ven few {luorecent nene
termnals are seen In Fig 4 single sancosities (+) of the rene termnals can be seen Note
the farge number of mtenselv fluorescent cell bodies of unhnown nature (#) m—myelinated
nene bund es c=non fluorescent renve cell bodies Fluorescence micrographs X 75 and x 300
respectinehy

amine contumng systems A close correlation was found between the extent to
which the D\ axons were Jeson~d and the disappearance of D\ from the NCP as
seen 1 the fluorescence microscope and the electron microscope (see below )

The \CP

Fluorescence microscopy o obrious difference mn fluorescence ntensity could be
observed between the mcubated shices from the operated and the control side of rats
killed 1 day after the operation I Table I} In slices from rats kil'ed 2 or more davs
after the operation a very marked decrease tn the degree of accumulation of amine
was observed on the operated side (Fig 2—4#) In some of these rats ¢ g rats no 287
14 dus) 263 16 davsy and 505 (12 davs) almost no intraneuronal specific fluo-
rescence at afl could be olrened after incubanon with o methyl N\ (10 pg/ml)
In theee sections a large number of green fluorescent cell bodes of unknown nature
could be olserned Fie 3 4)

The effect of the lesion on the endogenous D\ Ievels was studied 1n that part of
the NCP which was not shiced or 1ncubated 1n « methy] \NA (Table 1) One day
after the leson there was no abvious difference n fluorescence ntensin between
the \CP of the aperated and the normal side Howerer after two davs a gre

FN e
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Fiz 22, b Tle \CP of rat killed $ davs after the operation operated (52) and control (5h)
nide. Note the marked difference in fluorescence intenuty Letween operated and control side
Since almost no speafic fluorescence 21 all 1 s#en on the operated side the localization of the
NCP 3y indicated Uy tim hines Fluorescence mcrozraphs ¥ 7o

duction of fluorescence mntensity was seen 1 the NCP of the operated side signifing
. )4 large decrease 1n endogenous DA lesels (Fig 52 b) This decrease was apparent
o~ 10 all animals from the 2nd—12th day after the lesion The results oa the endo-
genous DA levels were wholly consistent with the sesults obtaned from the
cubated shees Some vamatons howeser occurred between the ammals A Irss
extensine leston was paraflelled bs a less obssous difference betwcen the NCP of the
operated and normal side

Electron mucroscopy  The results obtamed from the dectron microscopic studis
have bren summarzed 1n Table I They show that an slices of the NCP from the
eontrol side ancubated with o methy] NA (10 pg/ml) boutons contamng small
granular vesicles consuitute between 10 and 16 (mean 119) per cent of all boutons
(Fiz 61 In shices from the operated side about the same percentage was found onl
i rats killed 1 dav after the operation No obvious morphological changes wert
found 1n those boutons which contained small granular vesicles and which were
present 1n shices of the operated side 1 day after the lesion. In shices of rats with Jonzes
survival pennds (2 to 12 davs) a dramatic reducuon was found (Fig 7 8) Thue
onh between 0 and # per cent of all boutons contamed smal] granular vesicles 1
slices from these rats In addition 1n slices frum the operated side of these anmmals
boutans of the so called  dense  tvpe (Colonmer 1968 Walberg 1961 Alksne o at
1965) were seen. e the boutons shnnk and darken and become engulfed 1 glal
ovtoplasm {Fiz 7 & They were most numerous n slices from rats Filled two 1o four
davs after the operation In rats with longzer sunvn al penods onfy sinzle degenesaunz
boutnns were seenL It must however be poutted out chat thess degen=raung Loutons
alen during dav 2 10 3 were rare as compared to ¢ g the number of brutons eom
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e

Fig 6 Shee of the \CP of rat incubated with a methy] NA (10 ggml), control side A
number of boutons contaimng small granclar vesicles are scen (a) The majorny of the
bouton however, contain only agranular vesicles Electron mcrograph, x 27 000

taming small granular vesicles in shices from the control side Further signs of de-
generatne processes were found in the cvtoplasm of ghal cell bodies where myelin-
Tike matenal could be observed

In sham operated rats hilled 2 and 3 days after the operation 119 per cent of all
boutons contained small granular vesicles, e about the same percentage as in the
controls Furthermore, no boutons showing obvious signs of degeneration were found

Discussion

Strong evidence now exsts that small granular svesicles are storage sites for mono-
amines both 1n the peripheral {de Robestis and Pellegnino de Ialdr 1961a b Wolfe
et al 1962 Richardson 1961 Bloom and Barmew 1966 van Orden et al 1966,
1967a, b Hokfelt 1966 1967a)1 and the central nenous svstem (Hokfelt 1967b
1968 Hokfelt wnd Jonsson 1968) and that small granular vesicles are charactenstic
of boutons belonging to moncamine neuron svstems  Since hiochemical studies ha
revealed that DA concentrations are vers high in the NCP (Bertler and Rosenr
~
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Fiz 7 8 Shees af the NCF of rtat medoted with a et NA 10 ugml  operated ude
cat kalled 2 davs after the operatior In b g 7 one degeneran g bouton (d) 2 seen so¥
rounded by glial evtoplaar Ore be stor o contarrs nal) granular vencles In fie B two
boutons 1t owirg sizns of degereraty noare wen diz b th suriounded by ie evioghm (€)
of the same glial cell Electror microzraphs » 30000 and < 38 001 respeetnels
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1959, Carlsson 1939) and that both NA and 5 HT concentrations are low (Powner
and Sourkes 1963, Sourkes and Poiner 1963, Anden, unpubhshed data), 1t may be
assumed that the majonty of boutons contaimng small granular vesicles in the NCP,
indeed belong 1o D-\ nene terminals (Hokfelt 1963), especially 1n view of the fact
that {l h 1 studies have d huge bers of DA
nerve termunals mn the NCP (Anden et al 1965, Anden et al 1966c)

The results in the present study show that a umilateral lesion 1n a well defined
area medial to the crus cerebn causes disunct changes 1n the 1psilateral NCP, where
as no obvious changes of the same type are found 1n the control (unoperated) side
Thus, 1 thin brain slices of the NCP from the operated side only a very small
percentage (0—1 per cent) of the total number of boutons contaimns small granular
vesicles after incubation in @ methy! NA (10 pg/ml) from day 2 and onwards Thas
1s in contrast to shices from the control side, where boutons containing small granular
vesicles constitute between 10 and 16 per cent {mean 119 per cent) of all boutons
This figure 1 somewhat lower than that obtamed n a previous combined fluo-
rescence and electron microscopic study (Hokfelt 1968), where about 16 per cent of
all boutons contamned small granular vesicles after meubation in an @ methyl NA
(1 pg/ml) contaiming medium. Thus difference 15 probably explained by a combined
effect of regional differences and the small areas 1nvestigated in the electron micro-
scope

The fluorescence microscopic results are in agreement with the electron micro-
scopic findings No reduction 1n the fluorescence of endogenous anune was seen one
day after the leston whereas a strong reduction occurred after 2 davs The shces
showed a clearhy reduced uptake of exegenous amine from day 2 and onwards

The decrease m boutons contaming small granular vesicles 15 very marked, but

there 1s sull a varymg number of such boutons present 1n almost all sechions 1n
vestigated This may be explamed in several wavs Firstly the lesion destroys vany-
g numbers of DA axons A tlose correlation exsted between the extent of the
lesion and the number of boutons contaning small granular vesicles Secondly, the
remaming boutons contaimng small granular vesicles belong to NA andfor 5 HT
neuron systems ascending close to the DA fibers at the level of the lesion (Anden
et al 1966a) Thirdly there exists regional differences 1n the degree of degeneration
within the NCP Due to the comparausely small areas investigated m the electron
mcroscope such differences may not be obsenved and so far no attempt has been
made to map out these possible differences 1n regional degeneration patterns

Not only did the number of boutons containing small granular vesicles decrease

but there also appeared a special type of boutan m the \CP on the operated side
These boutons showed tvpical signs of degeneration of the darh type te aggreza

ton of synaptic vesicles darkeming and shnnking of the bouton which was engulfed

1 ghal cvtoplasm (Colonmer 1964 Alksne ef al 1966) It 15 tempting to assumee=—
that these boutons belong to di DA nene Is However,

doubts can be cast to thus assumption ¢ g the number of degenerating * !
comparativels low or abont ane ner cent ar the mect Thie thore « an
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respondence between the Joss of boutons contaiming small grnular vesicles and
boutons showing degencratne changes This difference howeser may at least partly
be explained by the possibility that degenerating boutons may be comparatnely
quickly removed and broken down by the ghal cells In this connexion 1t may be
ponted out that 1 this study only boutons with very obsious signs of degeneration
have been counted This 15 partly due 1o the fact that the morphology of brai shces
as processed yn the present study is clearly nfenor to that obtatned after e g per
fusion with glutaraldehyde, mamnly due to the incubaton procedure (Hokfelt 1968)
Thus earhy changes 1n degenerating boutons are difficult to determune with cer
amty

It must also be kept an mund that the degenerating boutons observed may belong
to axons ascendmng close to the DA fibers If thus DA nene termmals do not show a
degeneration pattern of the dense type it may be speculated that with the present
techmque boutons belonging to DA neurons at least during the fisst six davs may
appear as normal boutons with agranular vesicles Further studies wath Jonger
survinal tmes may sofve this problem

Electron microscopic and fluorescence microscopic sesulis obtamned 1 this study
<how that after destruction of the DA fibres to the NCP the majonty of the boutons
of the DA nenve terminals lose therr ability to take up amines at the level of the cell
membrane and to accumulate these amimes at the granular storage sites as well as to
maintain endogenous amrne levels

Previous studies on degenerating sympathetic adrenergic neurons hate shawn loss
of or a decreased abihty to take up and retam exogenous NA (Malmfors and Sachs
1965 Sruth et al 1966) Furthermore there 1s a reducuon m the 1 ts520 ipcorpora
tion of H3 dopa 1n central CA neurons after lesions in the medtal forebrawn bundle
{Moore et al 1962) Further signs of degeneration 1n the NCP after damage to the
ascending DA fibres are decreases 1n tyrosine hydroxylase (Goldstemn ¢ al 1966) and
dopa-decarboxylase actnaty (Anden et al 1966a}

Several have postulated a ni 1atal DA systemn (see abore)
In the present study severed DA axons could be traced back to cell bodies 1 the
substantia mgra due to int 1 1 of fl matenal and the

DA nene termnals 1n the NCP showed almost complete amne depletion Further
more large lestons caudal to the substantra nigra have shown that probably no D4
fibres ascend from the pons and the medulla oblongata (Anden et al 1966b} There
15 thus httle doubt that the lesion of this study damaged D fibres onginaung from
cell bodies i the substanua migra In the electron microscope these lesions caused 3
reduction of a special tvpe of bouton 1n the NCP previously dentified as belonging
0 DA termmnals Thus fact gne ultrastructural evidence for the existence of a nugro-
neostratal DA svstem
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Distribution of Noradrenaline Storing Particles in Peripheral
Adrenergic Neurons as Revealed by Electron Microscopy
By
‘Tovas HowreLr

Recerved 11 October 1968

Abstract

Howrewr, T. Distribution of noradrenalne storing particles in perspheral adrenergic
neurons as revealed by electron microscopy Acta physiol scand 1969 76 427—
440

The cell bodues, the axons and the termunal parts of feral neurons
. the supenor cervical ganglion and (crmmatmg i the dilator muscle of the irs were -
vestigated in the rat by electeon perm; as a lixatne In all

panty o[ lhe neuron granular ivesteles were found They were most Aumerous 1n the amnzl

416 34U graullde vesicles WELE 1k Widjullty, Lomsuu § uvbss vy P

enlargements 1n the dilatoy muscle of the ins The mumber of vesicles 1n the asonal enlarge-
ments vared widely from 45 to 852 per enlareement In all pmb:bxht) the small granular
vesicles are the main storage site of hine 1n the neurons How-
ever, also the large ones probably contan an amine or at least are mvolied in the amine
metabolism

In a series of papers Euler (19462 b ¢ 1948, 1930} presented strong evidence that
drenaline (N i) 15 the pred catecholanine {CA) 1n peripheral tissues
and ad, gIC nenes q di d that much higher concentrations
of N\ were present 1 the nene Is than mn the p 1 axen and the
cell body of the neurons (Rexed and Euler 1931 Euler 1937) Furthermore, Iunda-
mental data on the Tlular localization of the 1 NA was p
by Euler and Hillarp (1936) by demonstrating particle bound NA n homogenaws
from bovine splentc nenes Thus the first evidence had been obtaned for the
exstence of NA storage granules in nerves smilar to those previously demonstrared
in adrenal medutlary cells (Blaschko and Welch 1953 Hillarp et al 1933)

With the help of the histochemical formaldehvde fluorescence method of Falck
and Hillarp (Falek et o/ 1962 Hillarp ¢t ol 1966) these findings were definitely
established and 1t was even possible to achieve quanutatne data on the intraneuronat
distnbution of NA i single neurons | Norberg and Hamberger 1961, Dal*

1966)

studies

d H
1 N .
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and showed the same features s those found 1n the termnal parts of the neurons
both with regard to size and morphological features The small granular yesicles
were found 1n large 1mounts 1 some cell bodies whereas they were rather sparse
i others They were found i high numbers 1 the peripheral parts (Fig 1) of the
cell body especially where the cell processes emanate from the ccll bodies (Fig 1)

Here often clusters of small granular vesicles could be seen (Fig 1, 3) Howmever
also along the cell membrane and mn connection wath the Golgs apparitus small
granular vesicles were found (Fig 2) It must howeser, be ponted out that the size
of the granular vesicles 1n the neighbourhood of the Golg: apy was less umform
than ¢ g 1 the perpheral parts of the cell body This may mdicate that granular
vesicles m thus regron are mvolied 1 a growth process and possibly formed mn as

socration to the Golgr apparatus In additron also small granular sesicles were found
often in high numbers 1n cell processes probably both 1n axons and dendrites (Fig
1+ 5) Thus small granulir svesicles could sometimes be seen lyng 1n processes
which were 1n synaptic contact with presynaptic presumably cholmergic nene end

mgs (Fig 5] The latter are recogmzed by the fact that all vesicles both the small
and the large ones are agrinular or have an mteror of only a very low density It
15 however obvious that only serial sectioning can reveal the true structural relt

onships i the supersor cenvical ganglion (¢f Elfvin 1963a b)

/Large granular vesicles could be seen together with the small granular vesicles 1n
the same parts of the cell bodies and the processes where small granular vesicles nere
observed although mostly only few were present They thus are few as compared 1o
the small ones

This first type of cell bodies m1y correspond to N4 contaiming cell bodies previ
ously 1 1n this lion (Hamberger ef al 1963)

In the second tpe of cell bodies nerther smll nor large granular vesicles were
obsenied Only vesicles of the agranular type of varying size were seen mostly mn the
nerghbourhood of the Golgi apparatus These cell bodies may correspond to cell
bodies with high acetylcholinesterase activity described by Eranho and Harkonen
(1964) m this ganghon

A specal kind of cell bodies constituted the third group These cell bodies were
comparatuely rare and mostly Iying in small groups They were smaller than the
majorty of the cell bodies and large numbers of granular vesicles with a dismeter of
about 800—1200 A were found throughout the cyvtoplasm In additon emph
vestcles of About 2000 to 3000 A size were seen n these cell bodies These cell bodics
may correspond to 0 called small mtensely fluorescent (SIF) cells prz-\m‘h
demonstrated n fluorescence microscopic studies (Eranko and Harkonen 1963 Nor
berg ef al.1966) and alo described at the ultrastructural level (Stegrist of o 1966
Elfvin 1967) They are believed to contain 2 primary CA (N srberg et al 1966)

The nternal carotrd meree trunk .
The majonty of the wons of the mternal carotid nerve trunk were thin 1 nmyvelin

avons with a diameter of abaut 05 © 10 ¢ surrounded by Schwann cell oyt plasn
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process (7)

Fg 4 Superior cers cal gangl on of rat A cell process p probably a dendnite 1sscen i close:

contact with a cell body b Note the h gh number [ gran lar ves cles in the cell

%17 000

g ¢ nerve end ng (c)
€ of granular vex cles.

Fg 5 Super or cer 1cal gangl n of rat A pregangl nc probably chol nery
makes synapt c contact B w hapracess p ofacrll body Note the presence

59 000

(1) 10 the cell process
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%
0 b

Fg 8 Duatnbution of diameters of
granular vesicles m axonal enlarge »
ments m the dilator musele of rat ins
About 500 vemcles were measured F
Two types of vestcles seem to be pres
ent, distinguished by therr size Consid »
ering 720 A as a border hnc between
the two types they will have a mean
diameter of 495 A'and 967 A respec
tively W @ s we R0 MO W o e

Single myelinated axons were seen onh occasionalls. Within these axons both small
and large granular vesicles were present although in much lower toncentrations than
m the nene termmals 1n the 1is and 1n many cell processes 1n the supenor cervieal
ganghon (Fig 6, 7) Howezer, occasionally clusters of mainly small granular yesicles
could be seen 1 single axons (Fig 7) The relatine proportions between small and
large granular vesicles 1n the axons were difficult to estimate properly, since careful
senal sectioning was not performed However 1t seemed as 1f the proportion of large
granular vesicles was relatnely higher 1 the axons than 1n the cell bodies and the
nene terminals

Within the axons tubular structures and sarying numbers of agranular vesicles of
different size were seen Sometimes the vestcles lay close together along a line parallel

to the long axis of the axon Mitochondna were frequendy scen within the axons
(Fig 6)

The dilator muscle of the s

The axons 1n the dilator muscle of the rat 1ns were usually lying in bundles where a
rarying number of axons (up to 11) were surrounded by a Schwann cell However
single axons completely free of Schwann cells were also seen

At least two types of axons were seen distinguished by the tvpe of their intra
neuronal vesicles {Fig 9) Thus with the present fixaton techmque one tvpe
probably the adrenergic axons contained almost exclusivels vesicles with an electron
dense intenor so called granular vesicles This dense intenor either consisted of one
single dense core of a vaning size or of two or more small dense cores (Fig 9) Often
2 few vesicles without a dense core were seen in the same axons together with the
granular vesicles

The diameter of the vestcles 1n the adrinergic 15ons has been gnen in Fig 8 Th
results indicate the presence of two wpes of vesicles with a diameter of about
and 1000 A respectinely comesponding 10 the small and large granular +

- ”
0 (e phy o and lf
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T < [ S TSl ememen g m s semgemn (Vesfn contans mainly

LR . . © oy % qe tharn both
. [ . v v are seen ()
b DO - “ s o fes) 236500

Fig 10 Dilator muscle of rat ms Axenal enlargement 'n) contaimng granular vesicles with 3
tnple layered membrane The enlargement 1 party free of Schwann cell cytoplasm (=) 58000

Fig 11 Dilator muscle of rat irss. An axonal enlargement in and part of a thin axonal segment (4}
1 seen. Only fow granular scucles are present in the enlargemens while compasatiely many
granular vesicles are seen in the thin segment Note that the thin segment 15 free of Schwann cell
Cytoplasm (B) and the extrution of the axon 1] «27,000
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Taste T The number of granular vesicles in axonal enlargements 1n the dilator muscle of the rat
ins as revealed 1 serial sections
14 axonal cnlargements contaming granular vesicles have been followed in senal
sections In every section the number of esicles were counted and summarnzed for cach
enlargement \ esicles with a diameter above 750 & (large sesicles) were counted scpa
rately (see Fig 1) Correction for double counting was performed according to Billingslev
and Ransom (1918—19)

Axanal S encles Y esicles after correction
Small Large Small Large
1 72 [ e o
2 132 2 82 1
3 214 n 133 5
4 361 12 22¢ 5
> 399 7 247 3
6 404 1 251 1
7 444 8 275 4
F 472 13 203 6
9 484 9 300 4
10 637 1 395 7
n 638 18 407 9
12 749 25 464 12
13 773 13 479 6
14 1374 34 852 17
Mean 512 12 318 6

classified by Gnllo and Palay (1962} If the vesicles are dnided into two groups with
750 A as a border line the mean diameter of the ™o groups can be calculated to be
492 A and 967 A respectinely

The second type of axon probably the cholinergic axons contained vesicles only ot
the agranular type 1 their nterior was of a very low electron density (Fig 9)
However also n these axons the vesicles may tentatively be diaded n small and
farge ones the latter being comparatn ely rare

The intraneuronal distnbution of the granular vesicles in the adrenergic axons in
the dilator muscle of the rat inis has been studied partly wath the help of senal sec
tions The granular vesicles seemed to be present in most parts of the nenve terminals
although onls few vesicles were present 1n axons and axon bundles runmng in front
of the vessels n the ins Occasionally clusters of mamly small granular vesicles were
found 1n single axons

Axons runmng between blood vessels and approiching the smooth muscle layer
often enlarged at intenals and within these enlargements usually high numbers of
granular vesicles were present (Fiz 9 10 Here the axon often was panly or e
completely free of Schwann cell evtoplasm (Fig 10} Fourteen such enlar

7
g
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have been follonwed 1n serial sections and the number of vesicles 1n each section
counted As shown 1n Table T the number of vesicles n these enlargements vaned
widels, from 45 to 862 (mean 318) after correction for double counting according
to Billingsley and Ransom (1918~-1919) It has, howeter, to be pomted out that
862 v no sneans represent an upper hmit Thus, axonal enlargements of larger
dimensions contammg very high numbcrs of granular vesicles were seen, although
they could not be followed in serses of sections Al vesicles wath a divmeter abme
730 A were counted scparately and found to constitute about 18 ‘¢ of all vesicles
These large granular vesicles were often found erther 1 the thin stgments of the
axons at the ends of the axonal enlarguments In addition to the granalar sesicles
always a number of mitochondna was found within each axonal cnlargement This
finding may be of nterest 1n connexion with the possible intrancuronal Iocalizaton
of manoaminc oxidase {see Styame 1966 Jarrott and Iversen 1963)

It must be pomted out that many exceptions to the abose mentioned descrption
of the distnbution and feature of the granular vesicles were found Thus granular
vesicles were present aleo an the thin segments of the avons (Fig 11) and some
times enlarged parts of axons contained almost no granular vesicles at all Further
more axonal cnlargements contatming many granular vesicles wore often localized
fir away from the dfcctor cells re the smooth muscle cells and sometimes sur
1lnundcd In Schwann cell cytoplasm On the other hand certam thin segments of
the axon (Fig 11 and axonal enlargesments with onls few pranular vescles could
by ween parth free of Schwann ecll cytoplasm

Discussion
At least two tvpes of granular sesicles exist 1 pestpheral autonomic neurons i the
rat according t the classilication of Grillo and Palay (1962) so-called amall and
large granular vesicles In the present study mcasurcments of the diamcter of
granular vesicles indeed gave evidence for the existence of two tipes with men
diameters of 493 A and 967 4 respectnely These results are n good agreement
r g with thowe of Euler and Swanbeck (19641 and Machado (1967)

The proportions of small and large granular sesicles scem to vany conude rably ;n
different neuron systemns tsce e g Hokfelt 196¢; although the small ones almot
aluays are the predominant tvpe Thus in the present study the large ones con
sututed 18 per cent of all vescles This figure may be compared with the 23 prr
cent found by Machado (1967, 1n nenve termmnals in the rat pmeal gland and %
per cent found by Farsell 11968 10 nerve termynals in the rat vas delorens

Almost complete agreament exnts that the small granular vesicles are storage ute
of NAm p('rlpheml adrenergic neurons {(for references see Hokfedt 1968) Recent
evidence furthennore indicates that also n the central nenvous siston IONNIIINeS
are maih stored 1 small granular vescles [ Hokfelt 1967b 1968,

“Ibe role of the large granular vevicles has been more controverstal The reawns
for this may at least panhy be that epecially when wung glutaraldehde-osmum
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tetroude fixation large granular vesicles can be seen both in moncamine neurons
and 1n non neurons (Coupland 1963, Fuxe et al 1965 1966 Cle-
ment1 et al 1966, Gnllo 1966) Furthermore, 1n several studies no cbvious changes
m number and appearance of these 1esicles were found after various pharmacological
treatments known to change amme levels (Fuxe et ol 1965, 1966, Hokfelt 1966a,
Bloom and Aghajanian 1968, Farrell 1968) In contrast to these results clear changes
n the density of the large granular vesicles were ok d i recent phar )l
expenments using AMnOy as a fixatne (Hokfelt 1968, and unpublished data) This
may depend on the fact that the dense core obsenned after AMnO, fixation reflects
a reaction between the fixative and the amine (HGkfelt and Jonsson 1968 ¢f Wood
1966), while eg after glutaraldehyde fnation the dense core rather reflects a
reaction between the fixatne and the matrix of the vesicles Evidence for the locah
zation of amunes m the large granular vesicles has recently also been obtamed by
Tranzer and Thoenen (1968) 1n histochemical studies and by ustng injections of
5 hydrovy dopamine Furthermore, 1n studies on rat heart based on hnear sucrose
density centrifugation 1t was recently possible to demonstrate the presence of twa
fractions contaming ‘hight and *heavy particles respectnely (Roth et al 1968),
both for which stored NA

In the present study small and large granular vesicles were found to be present
m all parts of the adrenergic neuron and usually the highest number was found
the terminal parts whereas the lowest numbers were found m the axons However,
1 same adrenergic cell bodies high numbers of granular vesicles were found especial
1y 1n the penpheral parts of the cytoplasin Also 1n single axons clusters of granular

vesicles were seen These data are almost 1n ! with fl e
microscoptcal studies on the distrbution of NA 1n penipheral adrenergic neurons
{Norberg and Hamt 1964 Malmfors 1965 D: 1966) Earlier electron

micrescopie studies have revealed granular vesicles in cell bodies (Craviato 1962
Taxi 1965 Gnilo 1966) 1n axons (Elfvin 1961 Kapeller and Mayor 1967) and 1
nene terminals (see ¢ g Richardson 1964) of sympathetic adrenergic neurons How
ever with the present fixation techmique 1t has been shown that practically all vesicles
m the adrencrgic ground plexus contain a dense core and that both types of granular
vesicles exist also 1n the cell bodies and in the avons of adrenergic neurons with con
siderable numbers of small granular vesicles 1 the cell bodies

The results 1n the present study may be correlated to problems concerning site of
synfhesis and intrineuronal transport of amine storage particles The presence of
granular vesicles 1n all parts of the neuron may be considered to favour the view that
the granules are mnufactured 1n the cell bods and transported down to the terminal
prts of the neurcn (see Dahlstrom 1966 hapeller and Mwor 1967) Thus
granular vesicles of both the small and large type were found 1n the neighbourhood
of the Golg 1ppat wus  This suggests that the Golgi apparatus 15 the site of synthesis
of granular veucles tFuxe o al 1966 However ance vesicles in this region may be
m a state of growth 1t s difficult to state definitely that small grinular vesicles 3
deed are synth wed m th Gelg appuatus Thus the present ditr do not « *°

-

r—
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the possibijity that especially small granular vesicles may be produced locally 1n
vanous parts of the neuron. Recent studtes on regenerating axons have even been
mterpreted to indicate formation of large granular vesicles 1 axons (Pellegnno de
Iraldi and de Robertis 1968)

This study was supported by grants from the Rarolinska Institutet (Resenationsanslaget), by
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Energy Exchange in Isometric Contraction
of Vascular Smooth Muscle Induced by K-ions
By
A~pras Beviz, LEns art Luspnory and ELva Monve LusproLy

Recened 23 October 1968

Abstract

Beviz, A, L Luspnoru and E \lonve-Lu~pnory Energy exchange wn wsometnic
contraction of rascular muscle wnduced by R wns Acta physiol scand 1969 76
+H1—445

FIRE ~ - ' Tes
. - ter

. . P

. ot

(RPN ’ . CE [ T T "o

was relatively large m mesentenic artenes Thereforc even on 1sometnc contraction the muscle
erformed work on g of this After of this internal work the

FAUO == was calculated 1o be 48,4 ¢ about 1/2 of that demanstrated by Hull {1958) wn thermo-
eleetncal n skeletal muscle from the frog In glucose frec
solution a signsficant corrclation was found between the tension developed and the content of
€nergy nch phosphate compounds in muscle

In a previous study (Beviz et af 1965) we found that on 1sometric contraction of
bovine mesenteric artenes with adrenaline under bic cond hsdrolvsis
took place of energy nich phospt pound: hosphate = ATP,
€reaune phosphate = CrP) of an order of magmitude which agreed with that
predicated by Hill (1949) from thermoelectric measurements on contracted muscle
These determmations did not however, permit a more exact determunation of
the relauon between tension development and energy consumption swnce the
lactate production was not ascertained simultaneously

In further expeniments 1t was found that adrenaline abo sumulated the cnergy
exchange 1n vascular muscle via a mechanism that was not connected with the
tontraction process {Mohme Lundholm and Vamos 1967) Finally 1t was found
that vaseylar muscle had a large serics elastic component which on maximal tension
development {Puax) amounted to 153—20 °, of the length of thevessel (Lo (Lund

441
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Taee I Influence of K* on tension of and content of energy rich phosphate compounds 1
Mean = 8§ E M Sigmificance levels #= P < 005, **=P < 002, %**= P < 000]

Expenimental ATP CrP
Basal Change Basal Change
145 meq/l k/
0 glucose 0334011 —~021£000** 0504013 —0304008*
1mun (o = 6)
142 meqfl K/
05 °, glucose 0461018 ~0291012¢ 044£017 —0184010

tmin{n=3)

145 meqfl k/

0 glucose 0254008 —0141002*** 039004 —0224003%
3 mm (0 = 5)
145 meqt h/
5 °, glucose 0562007 —018£005% 0564008 —0261008°
min (n = 35)
.

S
holm and Mohme-Lundholm 1966} This meant that on maximal isometnc”

contraction the contracule ¢lements became shortened by 15—20 9, when they
stretched the series-elastic component At the same ume the muscle performed

P,
“mternal work” which could be estimated approuimately to be %-02 Lo

In skeletal muscle the serses elastc component was smaller — about 3—i °, of
Lo at Prax (Hill 1953) — and consequently sts “internal work” on 1sometric contrac-
ton was less The energy exchange induced by the “internal work” can be assumed
to be added to the energy exchange of the tension development The former com-
ponent 1s 4—5 umes larger n vascular muscle than in sheletal muscle and can there-
fore be expected to mfluence the relationship between tension development and
energy consumption
In the study described below an attempt was made to tahe these factors int®

account 1n determination of the energy exchange on isometric contraction of 1%
cular muscle A contraction was mnduced by heons which, to judge by previout
expeniments, do not, or only t0 a mnor extent, dircctly stmulate the metabolism
(Mohme-Lundholm and Vamos 1967) Experiments were also performed on prep-
arations which had been suspended for 60 mmn i glucose-free solution 1n Ny i
an attempt o reduce the rate of resynthesizing processes of energy-rich phasphate
compounds and also to decrease the basal lactate content of the preparahons s:
that changes 1n this content could be more easily demonstrated A comparatiy
study was abso carried out on preparations suspended in 05 % glucose
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bovine mesentenic artery Imitial tension 18—20 p Concentration 1n somoles/g wet weight

ATP o CrP Lactate Tension,
increase

Basal Change Basal Change ?
083018 — 05140 150 1264013 025+010* 80L£17%%
050034 ~0 460 19* 411070 —0724+066 97-10%+
0642011 —0344006% - — 834 150%
j13z010 —0384.006°* — - Byal50%

Method

The d on bovime arteries, with 5 diameter of 3 51 0 mm
The s ox a1 Lal —x«  dnal desrr an aftar wh rh 4 anerimens wers cut wath a
N, . " . . .

' . .
between the potnts of sttachment was 12 ¢m Afier 60 min the Tyrode solution was changed
0n two of the preparations to a solution where all Na tons 1n the Tyrode s solution were replaced
by k(145 meq/i} The solutions, as before, were previowly saturated with N\, for 60 min and
warmedto 37 C 4n one case the solution was glucose-free and 1n the other case contaned 05 2,
glucose The specsmens to which R Tyrode s solution had been added contracted rapsdly and
had generally attained a constant teasion level afier | mn_ In one series they were frozen in freon
112t ~ 80° C | mun afrer the addition of A+ Tyrode s solution and in another series 3 mun after
this addition The preparations were extracted with 6 ° wwe-cold perchloric actd and then analysed
for their contents of ATP, CrP and lactate by methods described previously (Beviz et al 1965)

Results

The results are gnen m Table I In the expenments with glucose-free Tyrode’s
solution, 1 mm after addition of K-tons the vascular muscle had, on the average,
increased 1ts tenston from a mean sutial value of 18 p to 98 p At the same time
the ATP content decreased sigmficantly In 021 yemolesig wet weight and the
CrP content by 0 30 gmoles/g, ¢ ¢ there was a total decrease of the content
cnergv,-nch phmphale [ =de ~FARL cmalar o The Tasesin meeeeos
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m 5 et of 6 expts and, on the average, by 025 gmolesfg In the presence of
05 °, glucose essentially SJmJJar resulis ssere obtamned The total decrease of the
content of energy-nch phosph d d 10 046 pgmolesjg The
changes 1n the lactate content showed grmlcr vanation n this senies and allowed
no defintte conclusions

In order to obtain an 1dea of how rapidly the energy-rich phosphate compounds
was resynthesized when the maximal tension development had been attamed, 2
determnauon of the content of energy-nich phosphate compounds was also made
3 nun afier 1he addimon of K~ In these cases the vessed had a “restitution perind *
of about 2 rmun at a constantly rased tension In previous tests we had found that
the energy consumpuon was much smaller when the tension had reached a constant
value than when 1t was raming (Lundholm and Mohme-Lundholm 1963, It s
evident from Table 1 that the total decrease of ATP ~ CrP was 0 3% umoles g
after 3 mun in the absence of glucose, that 1s 0 17 gmoles/g less than after I min
The ncrease 1 tenston was then of almost exactly the same magnutude as | mm
after the addiuon of K* Some resvnthesis of energy-nch phosphate compounds
can be assumed 10 have occurred dunng the mterval (2 min) but this was probably

more rapsd than about 0 08 gmoles min

,} Discussion

In a previnus study the energy consumed on the production of tension was alculated
LP
from Huls (1949, formula T where L was the length of the muscle 19 am, P

the desclopment of tension m p and H the energy consumption in pem (Briiz
et al 1963) In the expe: with a ume of 1 mun  glucose-free
solutson the total byvdrobvsis of ATP and CrP was 0 51 pmoles/g In addmon these
was a Jactate mncrease of 025 gmoles g In the production of 1 mol lactate from
ghcogen or hexose monophosphate esters, 15 mol of energy rich phosphate esters
are formed The total consumption of encrgv-rich phosphate evters can therefore
be calculated to be 0 89 gmoles g On hvdrolvsis of I mol ATP, 8400 cal are Iiberated,
and since the mechamcal heat equnalent 1s 4 26 100, the hydrolvus of the entrgd

nch phesphate compounds corresponds (o an energy exchange of 318 pom g muscle
Howerver, the muscle performed work on stretching of the series-elastic tomponedt

Experiments with  quick relase” Lundholm and Mohme-Lundholm 1956 showed
that thss siretching at the developed tension amounted to abomt §0, of the length
of the muscle The tension development was calculated (o be 1066 p cm® when
the cross-section surface area was abou 0075 em® The work per em mu te per
cm? required for stretching of the senies-elasuc component can be calculatrd appiox

v 10 be .l.-D—-GG 01 1 =53 pcm If the energy consumption 15 corvected with
2

mateh
LP 1066 12 1
" 44 Ihnovalur
regard 10 this work the rato —H— 18 calculated 10 be 553 &
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15 approvimately hall that found by Hill {1938) in thermoelectnical measure
ments on wometrically contracted sheletal muscle from the frog It 15 1n good agree
ment with the prelinunary calculation of the corresponding value which we made
previosly when the effect of Jactate formation was mcluded (Beviz ef ol 1963)

Sinte the development of tension m vascular muscle 1s accompanied by hydrolysis
of energy nich phospt pounds, 1t seemed ble o assume that the
tension denelopment should be depeadent upon the avatlable ATP and CrP in
the muscle A significant correlation was also found s the experiments with glucase
free Tyrode s solution, between the magnitude of the final tension and the total
content of energy rich phosphate compounds ATP — CrP at the end of the con
tracuon The coefficient of correlation was 0 57 (n = 10 P < 00d) This may mds
cate that the final tension attamed bv a substrate depleted muscle s limtced
by the decreasing content of energy nich phosphate compounds On the other
hand no corresponding correlation was found in glucose contaiming medium
The content of energy nich phosphate compounds was howeser somewhat higher,
on the average i glucese containg than wm glucose free solution (Table 1)
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Release of Histamine and Formation of Smooth-Muscle
Stimulating Principles in Guinea-Pig Lung Tissue Induced
by Antigen and Bee Venom Phosphatidase A
By
Bo Frepiiorst and KjeLL Stranpeerc

Recened 24 October 1968

Abstract

Freprowss, B and b Straxprerc  Release of histapune and formation of smooth

~ muscle stumulating principles 1n guinea pig lung tissue induced by antigen and

}

bee tenom phosphatidase a Acta physiol scand 1969 76 446—457

of fistamine and formatson of smooth muscle sumulating prmesples (spasmogenic
# Jpnds) occurred when sminced guinea pig lung ssue was exposed to antigen or to bee venom
phosphanidase 4 In agreement with earler reports the anaphylacuc histamme releawe was 2
rapid process, and it could be ynhibited by anowa in the absence of glucose and by potassum
cyamide runhydnn and \-ethy] malermide The histamine release induced by phosphatdase 4
was not influenced by these mhibitors or by anowa and the release was slower than n ana
phylaxis The spasmogenic lipids formed had sumilar chromatographic and biological propesties
10 those reported for the corresponding ponciples formed mn anaphylaxis and the process of
formation was snhubsted by oxygen lack and by the above enzyme inbubitors One noteworthy
feature of the spasmogenic ipid formation was that the snhubition caused by anoua could not
be counteracted by glucose The sesults support earhier hypotheses regarding the roode of ac
ton of phosphatidase A on guinea pig lung uscue It 15 suggested that mast cells are pot

[ . P .

. e . -

The histamine releasing capacity of bee senom first obsenced by Feldberg and
Kellaway (1937} can be attnbuted to at least three principles These are phos-
phatidase 4, which 15 belteved to act via the formation of lysophosphatides in the
tissue (Feldberg and hellaway 1938 Rothschild 1965, melnttn probably actng
by virtue of sts high surface acuvity (Riley 1928, Rothschuld 19631 and 2 recenthy
descnibed polypeptide fraction F 11 which 15 thought to imate an energ n-qumn:
histamne selease process wn rat mast cells resembling that induced by compoun
48/60 (Fredholm and Haegermark 19671

A prelummary report of this imestigation was presented at the \Al Scandinavian Pharmaco-
Imrvml \feeung Copenhagen, Denmark 1967

416
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Laprd soluble, smooth muscle stunulaung principles have been shown to appear
n vanous tissues exposed to phosphatidase A contaming venoms (for references
see Vogt 1965), antigen or other histamine releasing agents (Chakravarty, Hég
berg and Uvnas 1959, Chakravarty 1960 b, Anggird et al 1963) Such principles
have often been referred to as “slow reacting substance, SRS  Studies on the
smooth muscle sumulating principles from guinea pig lung (antigen), rat mast cells
{compound 48/80), and cat paw (compound 48/80) have revealed that they con
sist of mixtures of compounds with different chemical and biologrcal properties
{Anggérd et al 1963) In the present work the term  spasmogenic ipids* will be
used to denote acid lipid soluble smooth muscle sumulanng principles which have
not been further ch 1zed ct Ly or b 1y

Although both the release of h and the of Iipids
induced by bee venom in guinea pig lung have been ascnbed to phosphatidase A,
the effects of punfied enzyme have only been sparsely investigated In a few studies
has the of both h and lipids been d d
{Middleton and Phillips 1964}, and the results do not allow any conclusions to be
drawn about the possible correlation of lhe mcchamsms molved This 15 1n con
trast to anaphylaxis, where the P have been sysi 1}
studied and shown to have several features 1n common (Boréus and Chakravarty
1960, Chakravarty and Uvnas 1960)

The present work was designed as a comparatne study of the anaphylactic and
phosphatidase A induced release of h and the {c of
hipids, and of the relationship between the two processes induced by enher releaser

Methods
Anmals
Male guinea pigs (200—300 g) were gien, on the same day one subeutancous and ene ntra
pentoneal injection each of 100 mg egg albumin dissolved 1 10 ml of saline Three days

later the mtrapentoneal injection was repeated The amimals were used 4—16 weeks later for
anaphylactic reaction in minced lung tissue

Incubation procedure
The techruque was adopted from Unear and Parrot (1936), as modified by Chakravarty

-

A 0 5-ml sample of the supernatant was removed [rom each tube for histamine assay The
rest of the supernatane in 1 ¢ fltrate tubes was used for whe assay of spasmogenuc hpads
~ b= eslease process mtrogen or ovygen was
. . ~iod of 15 mun Afier addition of the
. sed aborve the level of the Lquid The
by the oxyeen or nutrogen treatment
ed with the ussue for 15 min before
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Assay of histamine and spasmogentc hipids

H was o d fl ding to Shore, Burkhalter and Cohn ({1959},
uang an Aminco Bowman spectrophotofluorometer and 10 mm cuvettes It was measured n
both filtrate and tissue extracts, and the release was expressed as a percentage of the fotal
content of histamine i each sample This amount was usually 7—15 aglg lung ussue (wet
weight) The spontancous rt‘leasc after 20 mn 1ncubation at 37° C was 334039 (\M+SENM
RmIB) wms mme Af oL aes 10 oo

Spasmoy . . . -
3 with P
tracted . i

the

pH8 1 . - - . .
addition of 1 N NaOH  After extraction, the extracts were evaporated free from ether and
neugralized by the addition of 1 N HC

The recovery of acuve matenal m this extraction procedure 1s about 70 per cent, whether
determmed for spasmogenic Jipids produced by compound 48/80 1n cat paw (Strandberg and
Usnas, to be published) or by antigen in gumea pig tung tissue {Chakravarty 1960 b, Strand
berg, unpublished)

The spasmorenic actnty of the extracted (Ipid soluble) matersal was routinely determned
on guinea ptg sleum 1n the presence of atropine sulphate (1 pg/mlj and mepyramine maleate
(1 ug/ml) Generallv a four pornt assay techmque was used (Chakravarty 1959), but in some
instances, due to low actnity, close-bracket assays had to be performed The values presented
are expressed as spasmogemic Lipids, units per gram lung uissue, referring to a standard of cat
paw SRS (Strandberg to be published), and are not corrected for the extraction losses

Characterization of spasmogenic lipids
The cnitena used for of the Iipids were the behaviour on sihac
“aad, column and thin layer (TLC), chromategraphy, and effects in differcnt biologreal assars
18usnea-pIg sleum, rat uterus and rabbrt duodenum) The column chrematography was per
d according to Anggird ef al (1963), details of the other techmigues used are descobed
g shewhere (Strandberg, to be published)

Materials

A bee tenom preparation {referred to as ‘bee venom') ohtamed by precipitation with prnc

o ' A " " lsly supplied by Dr B Hogberg

F 1§ were ohuned by g tlea

. ously (Fredholm and Haegermark

: - ~If contained a bsic palypeptide

Prostaglandin Fya was a @it from Prof § Besgstrom Dept of Chemntry Rarolmska Inst o
tet, Stockholm Sweden

Results
Dose-response relationships
It was established that antigen did not release histamene or induce the formatio
spasmogenic hpids 1n Jung tissue from non-sensitized gunea pigs and that the
venom and senom fractions chated the same response n sensitized as 1n pon-

n of

sensinzed lung tissue
In one senes of expenments the histamine release was detertnned after 20

incubation of the lung tissue wath the releastng agent (Fig 1a) Bee venom released
histarne already at a concentration of 2 ug/ml and with 100 g/l 25—30 per
cent of the lung stamne was hberated The effect of the phosph tidase \-cnr::
taing fraction (F I) was sumlar to that of unfractionated venom Tl;r (ncu“-
F {1, capable of releasing histamine from rat ussues was included m the N:ﬂ“
(ments, and was found to have a aeghgible effect even at the highest ("n‘:]:"fd oy
wsed As the studies of the time course revealed that the release process induel

min
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Fig 1 2 Concentration — response curves for  Fig 1 b Concentration — response curves

Tustamine release from lung bssue mduced by
bee venom, F I and F II at 37° C Incuba-
tion time 20 min Each pomt represents the
mean of 3 expts, except for the 100 pg
values, which are based on 2 expts Shaded
column denotes spontaneous release, vertical
bars standard errors

for formation of spasmogerne bipids from lung
tissue mnduced by bee venom, F I and F 11
at 37°C Incubation time 20 muin Each
point represents the mean of 3 expts, except
for the 100 ug values, which are based on 2
expts Vertical bars indicate standard errors
Shaded column denotes spontaneous forma-
tion, vertical bars standard errors

F I was very slow, the expeniments were rep d with p: ged periods
After 160 min mcubation the release induced by F I had increased, ¢ g 100 ig/ml
had liberated 40-—50 per cent of the histamine, while the effect of F II was still no
greater than after 20 mn

Spasmogenic hipids were formed by the phosphatidase A-contamning fraction
(F I) and by bee venom but were not detected m samples exposed to F IT (Fig
1b} In these expeniments the tncubation period was 20 mun The optimal concen-

tration for production of spasmogenic hpids by bee venom was 50 pg/ml, and by
F 110 pgfml

Time course of the reactions

The release processes were followed for 160 run after the addition of releaser In
confirmation of earler results (Brocklehurst 1960 Chakravarty 1960 b) the antigen-
induced release of histammne was found to occur rapidly After 5 muin which was
the shortest period studied egg albumun, 1 mg/ml had liberated 23—30 per cent of
the histaymne and no further release took plice during prolonged incubation With
aJower dose 01 mg/ml less histamine was released but the process was as fast as
with the hugher concentration (Fig 2a) The ttme course of the histamne release
induced by the phosphatdase A-contamng fraction (F 1) had a different ap
pearance The release proceeded slowly almost linearly, throughout the incubation
period and after 160 men about 40 per cent of the histamine had been released by
F1 25 yg/ml (Fig 2a)

e of Lipids 1n the t fluid—whether induced
by anugen or F [—occurred within the first 10—20 min of incubation After this
time there was a continuous and marked decrease 1n the amount of spasmogenic
ipads found in the supernatant fwd 1 Fig 2b)

-
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Fie 2 a. Time course of lustsmuine release  Fig 2 b Time course of the formanon of
{rom lung tsse snduced by antigen, 01 and  spasmogemic Iipids from lung nssue induced
10 rog/ml, and F 1 25 pgiml Means and by antigen, 81 and 10 mg/m, and F 1, 25
ranges of 2 expts, except for amnngen, 01 az/ml

mgiml, which 13 1 expe

Influence of temperature
1t has been shown that antigen does nat tnduce release of histanune or formation
, ; 2! hpids g pig lung nssue heated at 43° C or above {Mongar
_"/,'md Schuld 1957 b Chakrasarty and Uvnas 1960} In one seres of expenments the
lung ussue was mcubated with anugen or the phosphatidase \-containng fraction
(F 1) for 20 mm at dilferent temperatures At 0° C only a shght hwamne release
was obtasned At 22° C and sull mare at 37° C, the effect of both agents was -
creased At 45 C anngen released practically no histasmine while F T was more
actne thap ar 37 C iFig 3a: The formanon of spasmogenic hpids showed the
same temperature dependence as the release of histamme with the exception that
with F I less spasmogemsc hipids were found after mcubation at 45° C than at 37°C
iFiz 3b
In another senies of expenments the lung ussue was preincubated m byffered 2lt
<olutron at 37° C or 45° C for 20 mun prior to the equilibravon (10 mm) and m-
cubatton 120 min penods at 37° C It was found that preincubauon at $°C
caused a pronounced decrease m the subsequent refease of Hoth fustarmme and
spasmogeme Lipsds caused by antigen while the same treatment had no effecs on
the F I-induced release (Fig 44

Influence of anoxia and glucose

Lung tissuc was incubated with liberator for 40 mmn under oxygen or nitfoRen n
the presence or absence of glucose 36 mM (Fig 5a by Anugen. 1 me/mt and
F 1, 25 pgfmi, both hiberated 4 per cent of the lung histamine s aerobic muhen 10
the absence of glucose Other figures were caleulated as percentages of ths value
1n confirmanon of earher resuls (Damant 1962+ the antigen induced histarmne
release was almost completeh blocked by anowa m a ghicese-free medium bt 18
the presence aof glucose the mhibition was onlv partial 1n aerobsc mibhew the presence
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Fig 3 a Influence of temperature on the Fig 3 b Influence of temperature on the
release of istamne from Jung tissue anduced  formation of spasmogenc Lipsds n lung tissue
by antigen and F 1 Means and ranges of 2  induced by antigen and F I The values are
expts Spontaneous releasc deducted expressed as percentages of the formation at
37°C, m the figure denoted by “maimal
Means and ranges of 2 expts Spon

taneous release deducted

of glucose increased the release above the value in glucose-free buffer The F I-
induced release was not sigmficantly influenced by such changes i the mheu
(Fig 5a)

The effects of anoxia and glucose on the formation of spasmogenic lipids were at
vanance with the influence of those factors on the release of histamine Firstly, not
only the anaphylactic but also the F I-induced formation was depressed in the ab-
sence of oxygen, although the latter to a lesser degree Secondly, the blockade of
neither the anaphylactic nor the F I-nduced f could be d by
glucose, 56 mM (Fig 5b)

Effects of enzyme inbibitors
Potassium cyanide, N-ethylmaleimide and minhydrin were selected for the study
All these agents caused an whibition of the anaphlactic histamine release which 1n

the case of cyanide and N-ethylmal le 1s 1 with previous
P Y g P
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g 4 Release of histamne and formation of
spasmogemc Lipids from lung tssue prein
cubnted at 45° G Concentration of antizen 1
me/ml F 150 ag/ml The results are ex
pressed as percentages of the release from
Usue preincubated at 37°C Means and
standard errors of 4 3 expts The spon

tancous release was deducted before calcula
uon
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Fig 2 a Time course of histarmine release
from Jung ussue induced by antigen, 01 and
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Fig 2 b Tme course of the formation of
spasmogenrc hpids from lung trssue tnduced
by antigen, 01 and 10 mg/ml, and F I, 25
#g/ml

me/fml, which 15 1 expt

Influence of temperature

™It has been shown that antigen does not induce release of histamtne or formation
of sp i liprds 1n g pig lung tissue heated at 43° C or above (Mongar

" ’Jnd Sciuld 1957 b, Chakravarty and Usvnas 1960) In one series of experiments the
lung ussue was incubated with antigen or the phosphatdase A-containing fracton
(F I) for 20 mun at different tempcratures At 0° C only a shght histamne release
was obtamed At 22° C, and sl more at 37° G, the effect of hoth agents was m-
creased At 45° C antigen released practically no histamine while F I was more
actve than at 37°C (Fig 3a) The formation of spasmogensc liptds showed the
same temperature dependence as the release of hitamine with the exception that
with F 1 less spasmogenic hipids were found after icubation at 45° C than at 37°C
(Fig 3b)

In another scries of expeniments the lung tissue was premncubated n buffered slt
solution at 37° C or 45° C for 20 mn prior to the equilibration {10 m) and 1w
cubation (20 min} penods at 37°C It was found that premcubation at 45°C
caused a pronounced decrease i the subsequent release of both histamine and
spasmogenic hipids caused by anngen while the same treatment hnd no effect on

the F I-induced release (Fig 4)

Influence of anovia and glucose
Lung tissue was meubated with
the presence or absence of glucose, 56 mM (Fig 5a, b) Anugen 1 mg
F 1, 25 pgfml, both hberated 14 per cent of the lung histummne n aerobre gmlicu

the absence of glucose Other figures were calculated as percentages of X:H‘ ratue
1 and Y ictamine

liberator for 40 mn under oxygen or nitrogen N
Jah, and

In confirmation of earlier results (Diamant
release was almost completcly blocked by anc
the presence of glucose the inhibition was only ,

'
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This shape of a tme-curve masv be explamed by a slow penetration of the re
leaser to the site of action andfor by a slow progttss of the reactions mduced by 1t
To what extent delavs 1n p of the phosph A molecule contnbute
to the slow release cannot be stated meer, 1n perfusion experiments, where the
delay due to penetration can be expected to be reduced, the release induced by bee
venom continues for more than three hours (Feldberg and Kellawayv 1937} This
observation seems to reduce the importance of the penetration and thus lend sup-
port to the idea that the rate hmung step 1s the release process per se Whether
this process—as suggested—consists of Ivsis of mast cells caused by lysophosphandes,
remains to be elucidated The 1dea seems justfied, because similar tme-cunes can
be obtamned for the action of Iysoleathin (in low concentration) on brain homo-
genates {Vebster 1957)

Several authors have observed a 1 between the h release and
the f of sp Lipids 1n anaphyl some reports also include a cor
relation between the amounts of substances released and the number of mast cells
wn the tissue (Boreus and Chalravarts 1960, Eilbeck aad Smuth 1967} Ths has led
to the suggestion that the release of both histamine and spasmogenic Iipids 15 the
result of a common mechanism. and that the mast cell 15 the source of both Part of
the evidence 15 stmilanties observed in the energy-dependence of the release
processes The present results have 1o some extent confirmed the earhier finding
that the anaphylactuc release of histamine and spasmogemic lipids are equally
dependent on metabolic energy One additional observation was made howeser,
while the inhibition of the anaphylactic hustamine release brought about by anovia
could parth be counteracted by glucose which 15 1n agreement with earher ob-
servations {Diamant 1962), this was not the case with the formation of spasmogemic
bpids Tt should be noted n this conr 1 that the fe of
liptds induced by the phosphatidase A contaimng fraction was also markcdl) de
pressed by anoxia both in the presence and absence of glucose 1 spite of the fact

that the release of histamine by F I was not affected by oxygen lack These facts
suggest that there 15 some step tn the production of spasmogenmic hpids induced by
both anugen and F [ which 15 dependent on oxygen.

Earlier information about the possible correlation between venom induced release

of h and f of lipids 13 very scanty In some tissucs
exposed to Vaja nagja venom. a hlgh tustamine release was accompanied by the
of of sp fiprds whude i otfiers 1t was not

{(Middleton and Phillips Ufwlv In the pn'x‘n! study 1o eudent correlation brtween
the two processes induced by phosphatidase A was found Nt only was the rate
of the formation of spasmsgemic hpids much faster than the release of hintemine
but differences were al revealed in the mfluence of tenperiture and enzyme 1n
hibitors and—as mentioned above 0 the oxigen drpendencr When interpreting
the results 1t should be remembered that whereay tustarmne sweemns to be sery stat e
under the prevailing condiions the spasiogente iyt 1s are s shyeeted 10 tnacts stion
as pointed out by Chakmsarty 1960by [t iy the amoint meyed -
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amount formed less that mactnited An obvious demonstration of this mctvation
is the g d d of sp ynds found aiter prolonged wncubation
{tsde time curves) However, taling mto consideration passible errars 1 the wter
pretation thus tntroduced the resuits shilf seem to mdicate definrte dissamianties be
tween the courses of the two processes

The obsenation that the formation of spasmogenic hpids occurs much more
rapidly than the release of histamine makes st even questtonable whether mast cells
are needssanly imvolsed in the formation of spismogenic lipids snduced by phos
phatidase A We do not consider this statement contrachctory to the carber obsena
tion that spasmogerc pids—with stanlar charactenstics to guinea pig spasmogentc
ipsds—can be formed from an almost pure suspension of rat mast cells {Anggind
et al 1963) Instend, st seems reasonable to assume that spasmogentc lpd pre
cursors are localized to vanous elements of the ussue and, regardless of ongin e
be translormed to biologically active compounds under the influence of histamune
releasing agents As mn lung tssue the mast cells represent only a mnor part of the
tissue ther contribution to the total output of spasmogeme hiprds ean be expected
to be smalt as compared to the non mast cell spismogemc hpids

Spasmogenic ipids formed 1n guinea pig lung tissue on exposure to bee enom

“~or anugen have been sep 1 1nto compounds with diff ok i properties
y sihtere acid chromatography (Strandberg to be publnhed) In that work the
ltion profiles were g Ity qual ely stmlar 1 dless of relewsing 1gent
Uthough g diff es in the distnb of the sp g actiy were

cncountered The present study has shown that the action of punfied phosphaudise
A also leads to the formation of compounds with stmlar properties This lends
weight to the etrlter suggestion (see Vogt 1965) that spasmogemc hpids my derne
from tissue phosphatides

Note added 1n groaf Recently Bresthanpt and Halermann (1908) presented important new
al 1 t1d dw F U1

Thas 1 estigation was supported by grants from harolnska Instiutet from Sventka Salf hapet
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Renal Clearances of Labelled Inulin
{Inulin-Carboxyl-*C, Inulin-Methoxy-’H)} and a
Polyethylene Glycol (PEG 1000) in the Rat
By
Frepnix Bercrt~p Aspers Exceenc, Erin Persse and Hans ULrespant

Recened 28 October 1963

Abstract

Bercuusp F A Encezre E Persson and H Urreapant. Renal elearances of la
belled mulin (1nuhin-carboryl VIC, inulin methoxy *H) and a polyethylene gheol
) (PEG 1000) 1n the rat Acta physiol scand 1969 76 458462

"/The timultaneous renal clearances of M*Canulin 3H mulin and PEG 1000 were measured
10 unanesthetized male Sprague Dawley sats by a constant safusion techmque Both tte 3H
nulin/PEG 1000 and the 3H inulin/WCanulin clearance ratios were signsficantly below wniny
There was a negatne corvelanion between *H mubin/PEG 1000 o *'C-nulin/PEG 1007
clearance ravos and the clearance of PEG 1000 ndicating more efficient “sicving  at m
creased filtration rates Inubin  unlabelled as well as labe'led dervauves) ss cons dered un
suntable for the accurate measyrement of glomerular filtravion raze 1n the rat

Inubn clearance s generally accepted as a measure of glomerular filtration rate
(GFR) but certam objections have been ratsed from time to ttme  Morphologica!
and phystological studres indicate retention of uha in the kidneys (Falhnard 1%57)
possibly due to reabsorption of filtered mulin by the tubules Such reabsorption wems
to be neghgeable from a quanutatine viewpomt (¢f Thurau \alun and Schncrmanft
1962, Qo the ather band the vanang phaunachemical groperues of tnuha may 10
fluence the filterabihty through the glomerular membrane (Bergfund 19631 as well
as through other membranes (Chen Terepka and Lane 1963 Chen and Lant
(196+) also showed a more raptd penetration of inulin YCOOH than of non hbtﬂj
inulin from plasma to thoracic duct lvmph an the dog Thus tnulin and its labell
denvatives may filter ar different rates 2nd thesr renal clearances way therefre
deviate more or Jess from the true GFR In the rat the clearance of unlabelled inulin
1 lower than that of PEG 1000 (Berglund 1963/ It seemed 0 be of smterest xhru{
fore, 16 compare the ) clearances of dif; labelled tnulins winh lh;-“r’
Pgé 1000 mn the rat The results showed significant differentes between the clea
ances of 31 wubn YCroulin and PEG 1000

458
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Methods

Male Sprague Dawley rats, weight 210-~310 g were used They were gien standard pellet
Jood and water ad hbttum At Jeast 5 days prior to each experiment, catheters were waserted
mto the abdommal 2otta supenor caval vein and unnary bladder (o allow clearance measure
ments with mimmal restriction and without anesthesia (Engberg 1969) No food or water
was svailable durng the 3 hr d ost sul s f
by codnstan! mfusion after a pnming dose Each experiment comprised frve 30 yun clearance
penods

Thatalla e 4 L - amiotr ot mro 1690 (Baush Drug Houses
L wnd Nuclear Corp, Mass,
T U SH inulin (New Fog

a u¢al source of the snulin 1s
not known to us

and seintdlation hquid (07 % butyl PBD in toluene) was added The actnities of 1¥C and of
3H were then measured tn a Packard lquid scmbllation counter with manually adjusted
channels The results were calculated according to the two channel methed (Damelson, Dela
hajes and Sjostrand 1966) In wrtro tests after addstion of known amounts of the labelled
nulins showed identical measunng efficiency of inulin 1n serum and vrine

Staustical analysis was done by standard methods as presented by Snedecor (1956)

Results
The clearance of PEG 1000 was 097 +0 20 mg/min/100 g bw Both the *H mulin/
PEG 1000 and the *H inultn/**C iultn cl ratios were f Iy below {0

(Table 1) There was a negatne correlanon between the 3H mulin/PEG 1000 or
MC 1nulin/PEG 1000 clearance ratios and the clearance of PEG 1000 (Fig 1)

Discussion

The clearance of PEG 1000 1n our experiments was of the same order of magnitude
as reported earher in blachhooded rats with manmitol dwresss {1 00+ 025 ml/mn/
100 g bw n=17 Berglund 1964 103018 ml/mun/100 g bw n=19 Berglund
1962) As the clearance of both PEG 1000 and PEG 1200 15 sery close to that of
mannitol m the rat (Berglund 1968) PEG 1000 clearance scems to be a valid
measure of GFR 1n this species

The low *H mulin/PEG 1000 clearance ratio (0690 111 m our expersnents
even Inwer than the nulin/PEG 1000 clearance ratio (08140 14) roported 1,
Berglund (1965) The low clearance ratio 1s most probably due 10 a fow filter,1 1,
of large molecular weight fractions of the 1ulin preparations Molecular & parn o
of 1aulia has been well documented by various physicischermerl methed (foatge
19651 ibo the pore size of the glomerular membrane seems to be sllis 51 sy 14
than in the dog This has been demonstrated 1n exprrments with PLG 4 4 mn
molecular sizes 1 the two species  Berglund 1968 — In cur expentioi t ¢« o e n
of sH snulin was sigmficanthy Jower than that of “Canukin Thi v, 0@ g
fugher filterabilins of the "'C mulin than of the Hinulm Tt slis e le g, per
ever that different lots of *Cnalin v v show marked diffeeion o
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Tasre 1 Renal elearances of **Canutin, *Hemulin and PEG 1000 1 10 raf expersments

Exp Weght Clearance Cleasance rano
g
ne Pl PEG nCpH POIPEG HIPLG
mijmm}100 g
1 2 086 062 0383 137 105 077
2 226 098 075 105 130 094 072
3 230 086 063 087 138 107 078
4 232 085 077 130 13 066 060
B 234 oeo 067 112 123 073 059
6 276 069 059 06> 133 109 088
7 26 087 058 080 146 196 a13
8 292 083 059 091 143 093 066
9 306 094 059 116 160 082 052
0 304 063 067 196 Yo 058 [T3)

Clearanzes (mean = standard deviauon)
MCanulin 083 = 0105 ml nun 100 g body wt

™t wutn 065 = 0068 » M
W00 = DD » »

: earances rotios {ean = standard deviation)

1 PEG 1000 069 = 011 p 0001

“C PEG 1000 089 2018 p 010

H e 079°012  p <000

1p calculated for obiamed ratios versus 1 0r

Regression equatians for clearance ratios aganst Cpeo
*H PEG = 1 16—~0 48 Crrc
HCPEG = | 85— 78 Cyug,
HCPH = 165-033Cppe 1~ - 040

15 ctearatice  Yorege .

RATIO 4/ PEG + o

05

i the
Fig | Relauonship between elearance ratios an
02 wb " v}ls clearance of PEG 1000 1)y an 10 3¢ experimerts
Cpgg mi/mn/100g body Regression equations are gren n Table
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through cellophane membranes (Chen and Lane 1964) Our experiments therefore
do not prove any general advantage of ¥*C mulin over 3H snulin for the measure
ment of GFR 1n the rat.

Our data also showed 2 marked deeline of inulin/PEG 1000 ratios at high clear
ances of PEG 1000 This relationship was not evident in indwidual rats and not m
the earlier paper by Berglund (1963) From a theoretical wviewpoint, however, one
might expect a lower clearance ratio equnalent to increased * sieving , at mcreased
filtration rates {Renkin 1954), although not necessanly following a straight line, as
calculated here over a narrow range of glomerular Hiltration rates

The low mulin/PEG 1000 clearance ratios, therr dependence on GFR, and the
poorly defined molecular weight of 1nulm, preclude the use of inulin or 1ts labelled
denvatves for accurate measurement of GFR in the rat The low clearance of
mulin 1n the rat may cause sertous errors 1n studies of renal function This 1s most
conspicuous 1 the measurement of the tubular reabsorption (T) of any substance
(\) at varying plasma levels (Pg) The reabsorpuon equals the difference between
filtered load and excreted load 1¢ T=P, GFR~U, V The latter term 1s pract:
cally zero untl the transfer maximum (Tm) of reabsorption is reached, but will
then increase rapidly with increasing plasma levels The caleulated term Py - GFR
will be erroneously low 1f GFR 1s measured with nubn and the error {eg as
#moles/min) will mcrease with mcreasing values of Py The error of the calculated
reabsorption (T) will therefore also increase at higher plasma levels of X, yielding a
false pattern of reabsorption at low plasma levels and secretion at high plasma levels

1s was pomnted out 1n an earlier paper on sulfate reabsorption in the rat (Berg
lund 1964) The same source of error 1s probably responsible for the reports of a
reabsorption—secretion pattern for magnesium (Avenll and Heaton 1966) and on
a decreasing reabsorption of phosphate at high plasma levels (Frich 1968) m the rat
This progect was supported by a grant from Pharmacsa AB and grant B 67 14% 10 03 from
the Swedish Medical Reearch Councd The exptnmemal v\m’k was largelv done at lhe
ststarch drsion Pharmacia AB Uppsala and at the D

Institutet Stockholm We thank Mrs Stina Antonsson Mr Ore Fonherg Miss Chmuna I\or
ner and Mrs Margareta Sandstrom for skillful techmcal assistance
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On Adrenergic Influence on Gastric
Motility in Chronically Vagotomized Cats
By
G Janssow and B LisaNDER

Recened 1 November 1968

Abstract

Jansson, G and B Lisanper On adrenergic influence on gastnc moblity w chront-
cally vagotormzed cats Acta physiol scand 1969 76 463—471

E were d

on cats, which had been vagotomized 8—102 days

efferent low frequency sumulation of the splanchnic supply to the stomach promptly inhibited
the stomach contractions After adminsstration of atropine the above types of adrenergic actna-
tion elicited at most only very weak inhibitory response of the stomach and then only after a
long latency —The data presented are compatble with the view that the adrenergic fibres to
the stomach exert their prrmary action on stomach motihity by inhibiting the intramucal
cholinergic ganghon cells cather than the smooth muscle cells, responaible for gastric myogene
tone, or by any “presynaptic nhibitory action” on the preganglionic vagal nerve endings

The interaction between the vagal excitatory fibres and the adrenergic fibres running
to the stomnch was studied 11 a recent 1mestigation ( Jansson and Martnson 1966)
which showed that actnation of the adrenergic supply to the stomach promptly in-
Ibated vagally induced stomach motor waves In the absence of these waves adren-
ergic actiation had at most very faint inhibitory effect on  gastric myogenic tone”
and then only after a comparatnely long latency On the other hand this grstnc
tone level could be markedly suppressed by stunulation of the vagal rela<atory ©
fibres Furthermore gastnic contraction induced by the muscaninic effect of acetyl-
choline was unaffected by such adrenergic activation as prompthy inhibited a vagally
induced contraction of simifar magmtude

1t would appear that the abmve findings can be best explained as an effect of the
adrenergic suppy to the stomach on chalinergic gangha espeantly since neurohisto-
fogical evidence of such a mechanim 15 avatlab'e  Norberg 1964 Jacobowiz 1965
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Norbcrg 1967, person:d communication) Howesver, in mn 2itro studies on the stomach
and intestine of guimen pigs and rabbits Gershon (1967) produced evidence suggest
ng a durect effect of adrenergic nenves on the gastro mtestinal smooth muscle cells

Although, as mentioned, the stuches by Norberg (1964), Jacobowitz (1965) and
Jansson and Martinson (1966} suggest a ganglionic site of action of the mun part of
sympathetic outflow to the stomach, the site of action of the adrenergic nerve endings
1s still obscure They might evert their inhibitory action on any section of the vagsl
excitatory pathway below the cervical Jevel, where also the possibility of 1 presynaptic
mhibitton of the preganghome vagal fibres must be considered

Most sf not alf, efferent cholimergic fibres to the stomach run 1 the vagal nerves
and after acute vagotomy the stomach seems devord of contractions {Jansson and
Martmnson 1966) On the other hand, following chronic vagotomy 1n dogs Murn
(1956) observed pronounced stomach motor waves, which could be abolished by
h } or atrof Although the mechanisms responsible for these stomach
motor waves were not studted further, the pharmacological characterstics menroned
above were sufficient to warrant the assumption of activity 1n parisympathetic post
ganghome neurons nducing the stomach c 1 these ch Iy 1ago

tommzed ammals
The present i estigation was undertaken to efucidate the adrenergic influence on

the stomach contractions appearing after chrome vagotomy
.

i
e

Material and methods

12 cats weighing 30 to 55 Lg were used They were vagotomuzed 9—102 days before the
acute expenments

I Operatie preparation for chrome cagotomy The operations were performed under
nembutal anesthesta (30—40 mg/kg 1p) The animals were mtubated and artiicial reepira
tion was d by means of a pump A incasion was made n the
skin over the stemum which was exposed and dinaded along 1ts enure length with a crreular
saw Loose strings were placed atound the esophagus shghtly cranially 1o the diaphragm All
the vagal trunks were dissected free at this level and at least 2 cm of them were resccted be
tween bgatures The thorax was then carefully closed The ammals recovered well and wﬂ:
one exception ate the day after the operauon They were allowed food mlk ard water @
hbitum

11 Operatice preparation for acute expermens Before the acute experiments the ammals
were deprived of food for 24~36 hrs They were then chloralosed (30 80 mg/kg) and (; eie
stomach matllity was recorded The two methods used for this purpose have been describe -\rvx
detail elsewhere (Jansson 1969 Jansson and Martnson 1965 1968) and wi therefore oo

briefly outhined here
b‘a Eal;:mn eolume mttlwd. lnj experiments lhu-mc(lm:i was uS(‘d. in the h:gmm:ntnﬂ’”‘n:‘

it \he
ter, and connected to 2 volume resenoir by a polynaml catheter Tle solme o

e wauated m the balloon and the deflated balloon was about 16 ml winch was el
i the volumes gnen 1o the figures below The mtragastric pressure was me.u;u: wilh
reference to the pubsc tubercle of the supine cat and was kept mmnl;nma e gh 35
throughout the recordmg Occasionally the pressure was transiently rase

wall tfe
10 e O ntragastic tolume aethod Aiter pudline ncision of the shdommat wall o
tomach lumen was shut off by a ligature passed ynderncath the vagus trual 0 b aodenal
:l::m:bdammal part of the esophagus while another ligature was placed a1ous:
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end of the stomach, where a widebore polyvinyl catheter was mtroduced 1nto the gastric lumen
The catheter was connected to a volume resenvoir for continuous volumetric recordings

The svmpathetic supply to the stomach was actrvated either direct by means of electric
sumulation of the distal ends of the divided splanchmic nenves or reflexdy by graded distension
of a 1015 em long duodenal or jejuno-ileal loop, or by afferent electric sumulation of
mpulse generator (Grass Sumulator S4) Stmulations of 1—32 imp/<ec at a voltace of 2—8
and a pulse duration of 0 2—4#0 msec were used

To check that the chronic vagotomy was complete, the vazal nenves were dissected free at
the cenical level and sumulated in the efferent direction with increasing voltage and duration
of the mmpulses,

In I expt the spinal cord was transected between vertebraz C6 and C7_Spinal anesthesa
was induced by subdural snfusion of 15 ml of a 2 % ldocame soluton (Nyloczin®, Astra)
through a fine polyethylene catheter at the lumbar and thoracic levels

A femoral artery was cannulated to enable recording of the blood pressure bv a mercury

mAnAmatan am e et = e " ~me sulphate Merck) was gien itrasenously n a
B - ne (Ismehn®, CIBA) was given m a dose of 2 6
. - was gnen by 1m. imjection of hydrocortisone 3
.
Results

In acute expenments on + chloralose anesthetized animals, which had been vago-
tomzed 16, 56 60 and 102 davs earher, gastne volume changes were recorded at
constant intragast—c pressure with the balloon volume method {Jansson 1969;) All
these expeniments revealed regular and p d stomach which
could be blocked by . tropine 1n small doses (see Fig 1—3) The regular contrac
tons were often poweriul enough to empty the balloon even at intragastric pressures
as high as 10 em H.O

Further analvsis of the stomach contractions in the vagotomized ammals required
abdominal surgery Even dunng the midline skin 1ncision a transient suppression of
this stomach moulity was recorded After maision of the abdominal wall and the
surgical procedures necessary for adrenalectomy, 1solation of the stomach and of the
intestinal loops the stomach regularly disapp i for at least two
hours (see Fig 1 and 3) This suppression of the motility was evidently due to ac-
ity of the adrenerqic nene supply to the stomach since it could be completely
blocked by guanethidine Fig 3 by spimal an=sthesia (Fig 2} or by section of the
splanchnic nerves supplyving the stomach Fig 1 On the other hand in the cats
where the splanchnic nenves had been diaded the suppression of the motor waves
could be induced agam by elterent of the divided sp nenves {Fig
1) The abdomimal incsion thus evidentls produced a marked reflex tonic duscharge
i the splanchmic renves relaved wia spinal connections and exerting an adrenergic
wnhibitony effect suppressing the stomach contracuons \Moreover if 1t 1s assumed
that thes~ stomach motor wave 1n chronrally d anmmals are dependent
on o h these

As menuoned above all the contra tions of the stomach in the anesthetized
disappeared for at least two hours after abdominal surgery When one of the,
nic perves was then cut and its efferent end sumulated, 1t preduced at

h reside in the stomach wall

E~6MN3 1t 1a phyaral »
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BN CITTRNITTTHIT 1) 1T .

- - - ' A e e - 1 in acute expertment on
. 7 em Hy

- control of completeness of
- . d mcreasing duration of
impulses N\ote transient suppression of the stomach moulity on sumulation with 2 msec 1m
pulses.

Upper mght pare Moulity suppressed after abdominal surgery necessary for adrenalectomy
and preparation of nght splanchnic nenves. Note weak inhibigory gastric responses on efferent
stumulation_ af night splanchnic nenes (2 msec 8

Louer part Return of stomach contractions after dnision of all detectable splanchnic nrnr;
.. B : o areme
fant mcrease 1in volume provided the other splanch were still intact

Netther did 1 d nor nteric afferent stmulation result a0 am
prompt or significant decrease 1n gastre tone under these conditions In other worde
the presence of contractions 1 the stomach was necessary for the chcitauon of

d snhit by sympathetic actsnatian This 1s obvions from the
and 4 The upper part of Fig 1 shows the complete

Y resp
P
~xpennments llustrated m Fig 1
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Atrepine
. a2my/ke
Fig 2 Cat 35 kg Chromc vago oo vome g
tomy 36 days before acute expen
ment  Stomach motihty, which " J‘“‘W‘K | M
was suppressed by spinal cord

ginseclmn between  vertebrae

6~C7 (muddle part, actual re

cording abour 40 mun after TINE (min
transection)  Spinal  anesthesia

blocked this suppression and con

tractions returned

T Spin. anassth,

ARTERIAL BLOOD 200 | T
PRESSURE mm Hg 7 B e

GASTRC VOLUME 20 e T T

MESENT AFF ST
TIME, t min T T al iaanal

Avdominel
incleten

big 3 Cat 39 kg Records of gastric monlity with balloon volume method 1n acute expen
ment 60 days after \agotomy

Before laparotom; there were marked contractions (left pancl} which disappeared on ab
domunal incision (left part of middle section)

Administrat on of guanethidine was followed by return of stomach contractions

Ruight part Electric sumulation of mesenteric afferent nenes 4 4 impjeec 1 msec 3 \

4impfsec 5msec 5V C 20 mplsec 5 msec 53\ The gastrc motor wares were blocked
by atropine (The anmmal was not adrenalectomized)

disappearance of the stomach contrictions 1fter abdomunal surgern In this situation
stimulation of the splanchnic nene chiated no sigmificant (3 mpfsec) or only a
small {8 mp/sec) smibitory response 1n the stomach and then with a long latency
On the other hand after bilateral dnston { the splinchme nerves (lower part of
Fig 1) the stomach contrictions returned and thes could be completely and promg

Iy inhubited by even 1o oo onteesboos ' - )
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S
Fir 4 27 38 ke Vaermomued 48 dov before acute experimer t Effect of grade dosderd
€x1mmmon M pant) and elrttne smulaton of mewrtenc afferents upon sios b corua
Goms Nore {2510 mhiln on oolex responses wib lope L'ency 2ftr atropt s+ Thne from ube
dv:::-ﬂ preperaann 10 actaz] recording 2ot 3 ki Mesertenc alfrrent soms et 3 fuvet
-

these 1o brton responses was as short as 3—4 sec, compared with a late aos of about
20-—30 v for the wezk inhibnory gerponses obtamed th high frequeney splanthm-
rurzal 1o when the oontracuons weee absent

In sorse expenments the eomarh oontracums returned 2 o4 brs of e the Wb
domnngl preparzn L even when the splanchme perves were Joft mtact Jn thme ex
prrimeats the inteomn ~zacnc b bion reflex (¢f Jamson and Mo v 194
was srudrd Geaded meesnz) duten s Fiz § 1t pant and eleon umalai
of fmegeent perves 1 such 2o 2ozl Fiz 4 nzht purt promprly wilubs o gaeen”
moilnn Thewe inhib tn reponses could b blocked by guanetod o

Atrop 2= orzplerh blxbed the gaenc covracton and then the odrenemy
suppreeam of the presding gene 1ome was alw mure or les aboh hed When
prewt ths suppres 1 was qar ~ srnzl) 2nd slow i omset. € zafian LdrDrRT
Fibreomy srepomses € uld then usazlls b obtared oo om ferent b hme sumd-
bom woth Lagh freqaenmis Sor Marp vt Fiz |l ,

No 2 gmertatye s smach mo e resprmyes weee e reoorded when the Qoo
nes of the chromae sezro™y was cheehed bn bnlstera! elecine s yeilanem of U
ozl ends of the cLt et vazus with stepwie 197TrRs 07 1l Guratn 13



ADRENERGIC CONTROL OT GASTRIC MOTILITY 469

actinate any residual excitatory vagal fibres runming to the stomach On the other

hand, 1n two experiments ntense vagal hibited the p ling stomach
contractions and produced a considerable s multaneous fall 1n blood pressure (Fig
1) This inhik was p bly ad g1¢, simce 1t could be blocked by guane-

thidine but no further analysis of lhese occastonal findings was made

Discussion

Investigating the pronounced stomach motor waves after chronic vagotomy Muren
(1926) observed that the contractions could be blocked by atropine and hexame-
thonum both n unanesthetized and anesthetized dogs This suggests that nervous
activity imolving the paras)mpalhehc postgangliomc neurons was responsible for
the d motlity H m and atropime i the concentrations used
seem ot to affect “myogenic tone’ (¢f Martincon 1963, Jansson and Martinson
1966) In the present studv 1t was shown that this type of stomach contractions per-
sisted during spinal anesthesia and after dnsion of the splanchmic supply to the
stomach The observations mdicate that an  wnherent ’ nervous activity of intramural
parasympathetic neurons of the stomach are responsible for this motility Local intra-
mural cholimergic reflex connecnons may perhaps, become sensitized after chronic
vagotomy and act ¢ spontaneously’ to a far greater extent than mn the acutely vago
tomized stomach and thereby elicit the ch stomach No such
motor waves occur after acute vagotomy {Jansson and Martinson 1966), not even
when splanchmc nerve connections are divided or when guancthidine has been gien
(Jansson unpublished observations)

It was further studied whether these apparently mtramurally 1nduced stomach
< were under ad control It was found (Fig 1 and 4) that both a
direct efferent splanch 1 and a reflex actnation

even at low

of these connections by mtestinal d or afferent nerve
markedly and promp!l) mhibited such motiity The adrenergic nenous activty
seemed p to the stomach c which were i turn

depcndem on cholinergic nenous actnity 1n the chronucally vagotomized stomach
In fact the inhibition of stomach motility by the adrenergic nerves could be clearly
shown onfy 1n the presence of this type of moulits In the ab =nce of the contrac
tons sumilar adrenergic activaton had at mest a weah mhibitory effect on gastiic
tone and then with a comparatnely long latency Thus on efferent direct stimula
von of the splanchnic nerves with supraphystological  frequencies (especially with
16 or 32 ymp/sec) these slow inhibitery responses could be chicited an obsenation
also sugaestng the existence of a tone that could be affected The probable explana
tion of thy minbion produced by praphsiol 1 \

svmpathetic 15
an overflow of the adrenergic transmitter substance from ¢ 2 visoconstnctor nenve
endings a1 d adrenergic nerve endmngs mvolved m menlity regulition (cf Brown
1960) In contrist to these weik whibitony responses the stomach contractio
the clironyc alls s agotomtzed animnls could be completely and prompely b
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adienergic stunulation at a comparatively low frequency Thertfore demonstration
of direct adrenergic smhibitory effects on the stomach required the presence of
cholinergic actaty or, in other words, a *nervous cholmergre tone

The fact that the adrenergic inlubitory effects 1n the present experiments were so
clearly demonstrated only 1 the presence of the cholinergie nenous actiity men
toned abose, fends further support to the view that the adrencrgic eontrol of gastric
moulity operates at Ieast mamly by antagomzing the cholmergic actnity sn the
stomach Neuro-lustochemical studies strongly suggest that the termnals of adrenergie
nerves other than vasomotor fibres arc arranged around 1ntrimural ganghone cdlls
i the stomach and intestinal wall (Norberg 1964 Jacobowstz 1965, Norberg 1967
personal communication) Jansson and Martinson (1966) explaned therr findings 2
a result of an adrenergic inhib of { gangl cells smolied 1 the
sagal excitatory psthuay to the smooth museles of the stomach The responses de
scribed by them showed charactenistics essentially sdentical sith the adrentrgic i
hibstion described sn the present study Gershon (1967) studied the site of acton for
svmpathetic sumolt 1n the gastro-intestinal tract His results were taken a< evidence
of a direct acion of sympathetic nurve stmudation on the smootlt muscles Thes con
clusion was bascd on tr titro experiments on rodents and, as far as the stomach was
concerned mainly on the observation that peryascular sympathetic stunulatton and
noradrenaline elicited inh Y resy 1 the presence of hyoscine

1t should here be stressed that diffurent sttes of action of the adrencrgic nene
termmnals 1n the stomach may wdll exist (¢ g smooth muscles and gangha) and that
they mav dilfer i relatine smportance m different species Demonstration of the
subtle nenous mechantm molung a ganglonic site of action of ~drenergic nene
termenals scemns to require an n tizo preparatton with sotact blood supply and
“ normal’ internal emv In such exp the resy should br closely
studied for any quanttatne or qualitatne differencies The present findings 11t
well compauble with the Inpothesss that the adrenergre fibres act prumnly upon
cholinergic ganghonic cells imohed 1 the excitatory influence an the gastre sooth
muscle cells but do not exclude the possitality of adrenergic nene fibres with direet
action on gastric smooth muscles nor do the results obtamned Iy Gershon (1967
exclude a cholinergie ganglionic site of action of the adrenergic nerses to the stomach
Tt should be stressed however that the adrenergic nerves virtualhy mvest and tesnn
nate 1round 1 cholinergic 1 cells and do not end i the muscle
layers of intesune (Norburg 1964) and the stomch (Jucobovitz 1agy Norbere
1967, personal communication) Furthermore  gastae smoath muscle acuuty pr‘;‘
duced by the dircet muscannse effect of infused acetyleholit 1 un ‘"""'df'" m{‘:
svmpatl ! puy mpubats vagally induced ¢ neracts 18 s
magmtude (Jansson and Martinson 19664

Tt 1s known that abdommal surgery markedh affcets gaswro
Cannon and Murply 1906 From the present experunents st
3, 1t 15 obstous that abdommal surgen actinates adrenert M ;
completcly suppress the stomach contracuons for 1 consideritle pm

tic

m s p

intestimd moahty 04
Ju araned m Fu d wd
which could
Thus under

reflones
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such conditions 1t may be 1mpossible to demonstrate the existence of an nhubitory
response on adrenergic stimulation sumply because a pronounced wnhibition 15 already
present owing to tome reflex actvaty

The effect of spinal anesthesia on the stomach contractions 1n a chronically vago
tomuzed cat was studied 1n the expermment illustrated 1 Fig 2 In the same expen
ment suppression of gastric motlity was obsenved after spial cord transection but
this finding was not made the subject of further investigation This suppression was
m all probability due to increased activity i adrenergic reflex arcs and was thus n
conformty with the finding by Johansson Jonsson and Ljung (1968) m therr study
of the supraspnal controf of the intestino intestinal ishibitory reflex

This stuc' -t . te€ v r v 1 (Geant B68
M\ 16C N 61(022) 732
through ' r Force from
Public H - * ne Umnersty
of Goteborg
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Effects of Thermal Treatment on
~ Mitochondria of Brain, Liver and Ascites Cells
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E N Curistiansen? and E Ky avive

Recened 12 November 1968

Abstract

Curistiansen, E N and E Ksasie Effects of thermal treatment on mitochondna
of bram liter and ascites cells Acta physiol scand 1969 76 472—481

The oudatne phosphonylation and respyratory control of mouse brawn Iner and Ehrlich ascites

4 tymour cells have been studied after preincubatng the mitochondria s titro at temperatures
I up 10 45° Respiration phosphorylation and respiratary contral were measured with malate
- N . . [

s d

PhOSphUTyIaUOn were detentuien  1N€ 13U MUKW U dL Gk Lta 3

cvtochrome ¢ region is more heat sensitne than that of the cytochrome coxygen region
NMorcover both tins intubition of electron transport lovs of respiratory controt and unco phng
of phosphoniatuon are likely to be pnmany eliects of heat weatment Leakage of endoxenous
cytochrome ¢ to the surrounding medium has been demonstrated indicating membrane Samage
as an early effect of heat treatment The imesngated ussues show ronaderable vanatiory i
beat sensitnaty of oxidatne phosphonlation bran hend 1ng the most heat rea tant
Owudatne phosphonlaton of mitochondria prepared from heat treated sniact ascnes tedly v
more heat resistant than that of 1 ¢ tvo heat treated mitochondna as hugher temperatures are
required to produce similar effects

The effects of mild thermal treatment have previously been siudred 1 the Rheilin
Hartree heart muscle preparatton (Mornis and Rang 1962) T was found that
NADH-~oxygen and NADH—cviochrame ¢ actisities were most sensinne (o thermi}
smactnation whereas evtochrome osidase actstty was almast ymffected Fusther
more agemng has been shown to inlubit the varous processes mrolied in :mdm\;
phosphonlanon unequalh (Redfearn and Divon 1961 Rothman Lothe and Lese
1967, Siater 1949} Thus it seemed prssible to make usc of muld heat treatment 252
method o influence energy metabolm sclectinely even im inact celbs
\ouse brain Iner and ascstes tumour cells were chosen for the studies
the great dilferences in oudatne metaboltsm between these tsues Oad

beeuse of
atne phis

tite
1 Fellow of the Sornegun Societs for tichung Cancer Preseat address Nutnmen Institd
Uniernty of Oslo Binder, Oslo 3
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phonyLation of ascites cells 1s also of particular interest due to the yet unexplaned
Crabtree effect (Coe 1966, Gordon, Ernster and Dallner 1967, Nigam 1966 Oser-
gaard Hansen 1965)

In the present communication 1t s reported that brain rutochondna are consider-
ably more heat resistant than the other tissues mvestigated a fact which confirms
that there exist varmations 1n heat sensitinaty between tissues of differsnt ongin More-
over, electron transport in the suctinate cvtochrome ¢ region 1s more heat sensitne
than that of the termunal segment, and couplng of phosphorylation 15 generally Jabile
to thermal treatment In addition, evidence will be presented that the cytochrome ¢
content of mitochondna decreases upon heat treatment

Materials and methods
Reagents
NN N, tetramethyl 1 4 phenylenediamine (T\{PD) was obtained from Fluka AG The
phenazne methosulphate (P\(S), ATP, heokinase cytochrome c, rotenone and antimscin
A uwed were products of the Sigma Corporatzon The other reagents were of highest punty,
analyuca] grade

Ascites tumour cells
Ehtlich ascites tumotir cells were obtained from Dr L Reivesz Karolnsla Institutet Stock
B Lrac - * both sexes ac
twice 10 saline
. . ished cells were
1 004 A, tns

Preparation of mitachondria
- ~95\ and EDTA
viv) 13 ml of
m! of Ballotrm

. .. - 205 em thiek

1gned and made

. mpletely broken

() the procedire Lne ceu suspils Ot @ b s - e \ce before tho
Nomogentzation and the Fure of the ho at the end way +2°

n

Mouse Iiner and bram were homogenized 1n 030 \f sucrose contumng EDTA (hver 05
mefm! brawn 02 me/mt) and using  Poter Ekehjem homogemzer The homogenates were
first centnfuged for 5 mn at 440X ¢ and the supernatants then centrifuged for 10 min at
20000x g i a Sonall centnfuge 554 rotor No 5§34 The mutochodnal precipates were
washed twice

Heat freatment
Brain and .
NMeCl 0 ' i

tnsHO p

mz{ml) .

mutochondrn exuept that sucrose was replaced by mannitol 012 M and the LDIA con
centration fanged 10 O T mz/mi Heat treatment of whole cells or mitochondnia was performed
either for 10 min at pre set temperatures£01° {up to 45 or for vaning time intenals at
45° 1 a thermostatic controlled water bath The samples were cooled n ice before the
measurem nt of oxveen uptake an ! pl osphorylation

Oxygen uptake

The oxreen uptake wis measured 4t 30 by andard Warburg techmique ynog 15 ml £
and 02 ml 10 €% ROH on a rofl of filter paper in the center well Tle fonal solu
incubatior mixture was 2 m! and readings wese taken evers 10 min The reaction was

by the  ldition of perchlone acid 03 \f final concentranen), and the

preciprtar 1 with ROH
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Oxidatie phasphorylation
Ao

P
‘
. . Y
N e o UL S rione
vio M, Mgll, vub M, RLI 003 M potasnum phosphate pH 74 (lner 003 M bran
004 M), tns HCl pH 74, (Iner, 0007 M, bran, 002 \f) and EDTA lner, 02 me/ml
bran 00! mgiml) The sucrose of the medwm used for bramn was replaced by manmtol
(010 M} and the EDTA concentration changed to 005 mgfa 1 the medwm for asciees cell
mitochondria. The composition of the media was such as to ensure maximal oadatne phos
phorylation The medium for brain mutochondna was essentially sumlar to that wsed b
Baldzs (1965) The mitochondna suspension was added i a foral volume of 2 ml Owudatine
phosphorylation ac the sues I+ 11411 including substrate Linked phosphorylation w1y meas
ured tn the presence of malate, 0012 M, pyrinate, 0006 M and NAD, 000> A NAD was
added to ensure a sufficient concentration of this cofactor 1n case heat Ireatment in <ome way

sould affect the endogenous supply The *+™ . Hanon of
oxygen uptake of untreated mitochondna - FHE was
deternuned in the presence of succmnate, ¢ N electron
transport obserned in the abscence of phe - sermpned

according ta Tee Sottocasa and Ernuter (1967) Thus P/2c at stte 11 was assayed 1y mets
unag both the reduction of ferncyamde (DDD25 M) by succinte 1 the presence of rotenone
(03x10 % \) and KON (0001 M}, s well as the phosphorylation coupled 1o 1l s red ic
uen at 25° The reduction of ferncyan da wae dare manl’ o ' -
and corrected for that value 1n the pre

phosphoryJation was corrected for any -

and Racker 1966} Th ~~* .
15 important m view of -

sutochondria as shown .

T\H’D 04x 1033 2 - . '

#¢ (Schaz et al 1966) Lhe results were corrected for phosphate and ovsen uptake in e
same assay system an which cyamde was added The presence of rotenone inhl ited oxveen
uptake with malate plus pyrusate as substrate Honever po mdbition of ferreyamde red wenon
In succinate or oxygen uptake mn the cytochrome c—oxygen remion and the coup fed phos
phorylaen tsite If I} could be demonstrated Thus the addinon of rotenane was un
necessary for these determanations This 1s 1n accordanee with the low oxygen uptike i intact
mutochondsta without added substrate The oxidanse phosphonlanon at_the wtes 1411 m\
cluding substrate linked pliosphorylation was assayed by the addition of TMIT) antumyem
and malate plus pynnate m the sbove mentioned concentriiont usng ovisen as (it mae
electron acceptor (Lee Nordenbrand and Ernster 1965 Pacher ind Vustafa 1966) _—
Phosphate uptake was determined according 10 Conover Praine and Racker {1%3% )fw
method 15 a slight modification of that of Lindberg and Fraster (1956) Inarganic (nhwm;';
was measured following extraction by ssol utane/benzene (Martin and Doty 1919 ; .
Packard Irquid sctmullation counter used for the counting of radroactine pho phate mI r:‘
solution (Bray 1960 Both the ssobutanc/l enzene phase and the aqueous [hi ¢ were counl

Results
i
Mitochondnial oxygen and phosphite uptahe were bath sensunve to hear treatm™

with succinate and malate plus pyruvate as substrates particalrhy n asates cdl‘;
and lner Dig 1 demamstrates the percentage inintnuon of oxygen uptake (1) 'm“
phosphorylaon (1b) following heat trerument Mild heat troaumtnt rmmm)m)um
below 41°} of hwer and wscites cell matochondn Affected phosphe shiton ;AQ‘X

more than exygen vptake the P/O ratios remuning almmt constant 1):1 “‘“«
Thus was parsicularly striking when using malate plus purusate B :;»\‘\ M‘,hu«
The mstially rather stible P/O ranios (in spate ol dechmng n“p;’n S p"\\:y’,“m
uptakt) cn be explamed i o ws It myy be an ] or none ffece te e
hondra ceised compleedy a0 bt

Intion of some of the wptac
i the phenomen noswaht by

that of the remarmng (nes ¢ cerred  Mrernstnely
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Fig 1 The pr cent reducuon in oxsgen uptake (12} and phosphorylanion (1b) following heat
treatment of the mitochondna The mrtochondna were heat treated for 10 mun at 37°~—45 and
cooled 1 5ce The composition of the ncubation medium for the assay was the same as in Table T
= 25533 was performed at 30
B 100 °, mdscates yratoms of oxygen or phesphate taken up per mg proten per 30 mun in mutochon
1y © - . ' * - i

Iner e . P
Absgy . . .
asaite . R

£, bramn mutochondna

! asates eell mitochondrra

. NAD @002 M

271 2 The cffect of heat ireatment nn 3scates
o mutachondna astaved with suyccmate
ad phenanine methosulfate The cxpen
meatsl condigions were the same as 1 Table

ueated for 71t gun at 1 as ndicated
added sucamate 08125 4

4 sddedsycanate 001 5 M phenazine
methosulfate 1 mg Cafl 000125 \f
asd RCN 0000 \T
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TABLE 1 The cffect of heat treatment on ssolated brarn, lver and ascrtes cell mutochondria

The mitochondna were prepared and heat treated for 10 min at temperatures from 37°—~43 as
described 1n the text The asay way performed at 30° for 30 mmn 11 a medium of the fellowvang
composition (total volume 2 ml) Bovine albumin 2 mgfml, cytochrome ¢, 2 5 (0 *A(, \MgCl,
0005 \f, RCI, 004 M, potassium phasphate pH 74, 004 N, tns HCI plt 74, 002 A, [#p)
15 4G, hexokinase, 0 2 mg/ml, glucose, 005 \f and ATP, 08 410 *\ In addition the incubstion
media contamed for huer mitochondna sucrose, 0 15 M, EDTA, 02 mg/ml, for brain muochon
dria sucrose, 0 15M EDTA 0 I mg/ml, for asates cell mitachondtia maanal, 0 10 M, FDTA
005 mg/ml Each experiment was performed 3 ttmes R G resperatory control, 1 ¢ the rans of
o%ygen uptake in the presence of hexokinase, glucose and ATP to thatin the absence Added mulate,
00120 \! pyruvate 0 006 M and NAD, 0005 \f Added succinate, 00125 Af

Substrate Cell type 0 37 3 4 4 43
Aalate+ Bram  PJO 26 25 27 25 24 21
Pyrunate RC 107 133 117 104 63
Liser PO 26 28 23 24 20 13

RC 13 26 14 15 IEEET

setes P10 30 27 23 20 [T T

clls RO 38 25 23 ¢ 1416

anate Bran PO 18 20 20 20 21 18
o RC 18 17 ts 4 12
ner PO 16 14 [} 12 o o7

RO 20 13 iz 1 09 09

\sctes PO 22 te 16 s 12 03

s RC 20 12 TR 1o 10

platned by a partial mlubition (with no uncoupling) cuher of the electron transport
or of the ptosphanlaton of all the nutockondra 1 phosphorylauon was mitnlhy
ihibied ¢g by a mechanism similar (o that of ohigomyemn uncoupless bke 24.
dimtrophenol (D\P) ought to sumulatc oxsgen uptake Experiments carned ons t
elucidate this point failed o disclose any stimulation by DNP under thest condi
tions

As shown in Table I respiratory control gencrally dechined more rapsdhy upon heat
weatment than did PJO raues Since respiratory control 18 measured w the it ol
state 1T respration to that of state IV Chance and Willams 1956 1 faltm
respiratons coptrol could be duc to enther a decrease n sttt i lhpxmhﬂﬂlﬂ( an
increase i state 1V respiranon State IV respravon (dotted ine an biz :;) »
measured by onsgen uptake with no phosphate aceeptor systemn added lnn,ﬂ 2 l:;
phonlating dectron transport (Chance ot al 1936, It 15 indicated rha!hlfl’l‘,:‘m
centage decrease 1n state 1HE vpratinn of asotes el sstechandrig l;;hl( o
the corresponding incsease in state IV respiration In brun mrtnchondna s"mmﬂ
and state IV respiratan seem to comnibute about equally to the drop n o5}
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Fig 3 Fig 4
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{meyanide reduction was followed spectrophotometncally at 420 myv (25°) Lhe reduction of
femicyamde was carrected for that in the presence of antmyein A (1 pig/mg protcin) and the
oupled phosphory lation for that in the absence of ferricyamde
Iner mutochondna
bram mitochondnia
asentes cell mtochondria
ferncyanide reduction
Phosphorylation

HER Jrte]

= The mitochondna were

. £ 10 min at temperatures
+ s the same asn Table 1

o e . atenone 03 4 10-% \f and
. s at 97°

liver mutochondria

brain mutochondnia

aseites cell mitochondria

oxygen uptake

- phosphorylaten

e>C

control, but 1n Iner mitochondria the decrease 1n respiratory control 15 mostly due
10 an increased state IV respiration
Stronger heat treatment { temperatures in the range 41745} generally

than ovigen uptike whi
Phosphors lation considerably more gen uptihe which indicates

of phosphonylation
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P

Fig 9 The per cent reduction sn mutochc ndrnal ovygen
uptake and phosphorylation fellowing heat treatment «f

antact asartes cells The whole cells were | eat treated
\ for 10 min at temperatures in the range 37°—45° and
the mitochondria prepared as described in e text

o

"

Oxygen uptake was measured at 30 and ferneyande
at 25° The ferr dereduchion t
ed for that i the presence of antmyan (1 pgmg
protetn}) The compos tion of the incubayon medi m
was the s3me as ;n Table ¥
. added malate 00120 Al pyrusate 0006 M
5 1 and MAD 0005 M1
\ O added suceinate 00125 M
A added fereyande 00022 A succate
DDi235 A\ rotenone D3I x10* M ani AN
b 1 110 * M (scc text) Ferncyamde seduct on
was measused at 420 my
(3 asay of phospharylatian sue LI Ascorbate
pH 74 D016 M TMPD 04>10° M
rotecnone 03 10 ¢ M and anumyan ¥ v
. . P ~— ovygen uptake o ferricyan de red ¢t on
e e R 43* phosphorylation

e N\ e,

o,

-~

tochondna. Insignificant phosphate uptake could be measured 10 ascites el mito-

yﬁfmndm upon heat treatment at temperatures wn the range 20°—377 Phosphate up

take 1 bratn outochondna was however not lowered uader these conditions (Fig

3 ) Furthermore 1n contrast to brain mitochondria resprratory control at phos

phonylation site 11 was Jost and P/O ranios markedly decreased in ascues cell and
Iner mitochondnia {hiamme and Chrstiansen 1967)

Oxygen uptake coupled to phosphorylation at site 111 was asayed using ascorbic
actd as electron donor for I'NIPD and oxygen as ulumate electron aceeptor in the
presence of rotenone and antimycin {Schatz ot af 1966) (Fig $) Under these con
ditions oxygen uptake was quite heat resistant 1 mitochondsia from ascites ¢clls
iner and bramn whereas phosphate uptake (Fig 4) and P/O ratios (Frg 5) 1
ascites cell mitochondna were consideribly more heat sensine than these of hner
and bramn mutochondna This indicates that electron transport i the succnitt—
sysoehrome € srgan are garteulardy heat suaoise 1o asces cells and Ines

Owdation and coupled phosphorylation at the sites T+ 111 of asotes clls were
assayed ustng malate as hvdrogen donor for NAD anumyen to bloch stte 1 T\"’(D
as a bypass for ths block and axvgen as ultimate electran acceptor (Lec et al 1965)
(Fig 6) Since oxygen mnd phosphate uptake decreased rapidly under these condt
tions and electron transport at site 11T was shown to be quite heat resistint clectron
transport at site 1 seemed blehy to be heat wuname Fig 3 v and 2 abw mdlmt{r
that phosphorylation at site 111 1 asaites cell and Waer mitochondn was loss 3
fected by thesmal wreatment than phosphorylanon at site 11 However bram mstos
chondna did not show any such difference b the

Astochondnal owgen uptake particalarly of ascites cedls ws snmulated )‘ o
addsuon of cytochrowe ¢ and the sumulation becarre more pronounced b
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treated mtochondria (Fig 7) When oxygen uptake in the ¢ytochrome c—ovygen
region was assayed the effect of cytochrome ¢ addinon was stnking The data 1n

dicate that the end, supply of eytoch ¢ was rapidly depleted by heat
treatment Since the heat treatment did not destroy an equally buffered suspenston
of pure cytoch ¢ the end supply of cytoch € was p bly lost
to the medwm through a heat d: d 1 1al b In support of
this view the extinction at 410 my of the suspending medium was found to in

crease following heat treatment (Fig 8a) Furthermore the difference spectrum of
the suspending medium from heat treated mitochondna (45°, 10 min) agamst that
from non heat treated mitochondria showed peaks at 415 and 545—550 my upon
reduction with the dﬂhmmte (Fig 8b)

The oudatine phosphorylation of hondna prepared from 1ntact ascites cells
exposed 1o heat trealmcnt 1s shown m Fig 9 Under these conditrons oxidatne
phosphorylation was somewhat more heat resistant than that of heat treated isolated
mtochondnia (Cf Fig fa 1band 9) The data indicate that electron transport in
the succtnate {or NADH)—cytochrome ¢ region 1s heat sensitive 1n contrast to that
of the cytochrome c—oxygen region also m heat treated 1ntact cells

Endogenous resprration of intact ascites cells was greatly snhibited by heat treat
ment whereas glycolysis and respiration n the presence of glucose (003 M) were
little affected In other words the Crabtree effect was reduced and almost disap
peared by heat treatment (hvamme ef al 1967) This 13 1n accordance with the
general hypothesis that the Crabtree effect 1s due to mhibition of oxuidatne phos
phonylation (Racker 1906) It 1s also 1n agreement with the great heat resstance of
non phosphonylating electron transport 1n wolated mtochondra

Discussion

1t 1s well known that the three phosphorylation sites might be selectively inhibited
by dufferent mhibitors (Slater 1966) Heat 1s another means of affecting oxidatine
phosphonlation and this inthibtion mught also be possible to produce m tizo The
ageing phenomenon of mitochondria 1s related to the effect of mild heat treatment
However the conditions for agemng have been different 1n vartous investigations with
respect to temperature and time used The vanauon of these parameters may affect
different regons of the respiratory chain. No direct comparison can thus be made
betwenn. agptag, and the heat treatment used mn this work It has been suggested that.
the cytochrome b segment of heart mutochondna 1s the most heat sensitive part of
the respiratory chain (Morrs ef al 1962) which conforms with the present findings
Since succinate dehydrogenase 1s quite heat resistant when assayed by the phenazine
methosulphate mett od 1t seems probable that the first carners to recene electrons
are heat resistant as they are bel eved to be assoc ated with the enzyme atself Fur
thermore as the electron transport bety een succinate and cytocl rome ¢ 1s more 1
sensitne than that of the termmnal segment the most heat sensitive part 1s X

be localized to the cytochrome b segment,

7 63001 4 ephy o~d
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If cytochrome c 1s not supplemented to the medium, the resprration dechnes due
to loss of cytochrome ¢ from the mitochondna This indicates that the structural
membrane 15 affected by heat making the mitochondna leaky for eytochrome ¢
Damage of the mitochondnal structure might also liberate Iiprd perovides and free
fatty acids denved from structurally bound hpds, whereby the uncoupling effect
might be explaimed (VW ojtczak and Lehnminger 1961)

Varnious chemteal and physical mnhibstors (e g irradiation, Clark 1967) produce
a stronger effect on respiratory control than that on P/O ratios Since the P/O ratio
3s an expression of the overall stoichiometry of oudatne phosphonylation the re
spiratory control may be a better | for the of the phosphorylating
system It 15 indicated that the fall 1 respiratory control i ascites cells 1s caused by
a decreased state III respiration which may 1 turn be explamed by an inhibited
electron transfer or by a decreased production or availability of reducing equivalents
In Iner the fall in respiratory control 1s largely caused by an increased state IV
respiranon which may be correlated with an increased ATP-ase actiaty It 1 re-
ported (Chance 1959) that the respiratory control 15 affected by even shight mrto-
chondnal membrane damage The hypothests that loss of respiratory control 15

aused by membrane damage, 15 supported by the finding of cytochrome ¢ leakage

1Concerming the differences 1n heat sensitinty of asaites cell, Iner and bram mito
/chondm 1t should be noted that medsa of different composition were used for
thermal treatment of these tissues The media selected were previously found to
gne optimal oxidative phosphorylation for the tissues i question based on studtes
reported 1n the literature Control experiments interchanging the media used for
bram and ascites cell mitochondna did not make ascites cell mitochondnt mnore
heat ressstant and vice versa However on lowenng the EDTA concentration {to
01 mg/ml) and the tns Iner hondna were more
east)y uncoupled but electron transport was now almost nsensitive to heat treat
ment In this connection 1t 1s of interest that Good et al (1966) have descnbed an
mhbitons effect of trss buffer on oxadative phosphonylaton

The demonstrated differences 1n heat sensitinty of various tissues resemble the
well established differences 1n radiosensitinity which might also reflect sarations 1
mtochondnal structure or enzymre systems Of particular snterest 1s the great heat
sensstistes of ascrtes tumour cells i contrast to that of braw

If enzymes were hberated from lysosomes which contaminate the mmxhondn;l
preparations (de Duse ¢t al 1935) they might contnbute to the measured heat :d
fect on solated mitochondria However a similar mechanism would alsn be expect :
to operate by heat treatment of intact cells since oxidatne phosphnnylation 18 ’l ,
fected 1 the same way as 1n solated mutochondna The mun difference seems ;1
be that mitochondna of ntact cells are somewhat protected by the surrounding cc!

1 <o that 2 higher temperature 1s required to give a specific ihibanon
m Iue certan physiological and pathological
The effects of thermal treatment mohe certamn pl el \ et to tem
aspects The labality of ovdal'ne phosphonylation of ”mm,,!{":n,;.:m;h e e
peratures 11 the range 41°—45 may explan the senatnaty
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m body terrperature above a certam cntical level within this range It 1s possible
that an 1reversible uncouphng of phosphorylation eccurs n the Iner under such
crcumstan-es

This investigation \nas supported by gmnu fmm the \Dmegmn SmHy for fighung Cancer
and Grosserer \ A Stangs Legat ul
were aided by Andzrs Jahres fond ul \ nznskapens fremme The aulhcn are mdebted to Pro-
fessor L. Ernster Institute of Biochemustry Um\emzy of Stockholm Sweden, for valuable
sugzestions and cnticsm during the his The skalled of
¥ strument maker B Andersen 15 gratefully acknuwledgtd
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The Regulation of Extra- and Intracellular Acid-Base
Parameters in the Rat Brain during Hyper- and Hypocapnia
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A Kjarrgquist, M Narnivitand B K Siesjo
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Abstract

hyatiguist, A, M Naroniand B K Sisjo The regulation of extra and ntracellular
acd base parameters in the rat brawn during Byper and kypocapma Acta physiol scand
1969 76 485491

The tra and intracellular acid ba: aram the
The mfuence of hyper and hypocapma upon extra. and intracellular acd base parameters in the

continuously sncreasing lactate concentration and wmck \he constant bulier capatity &t LU,
tensions exeeeding 50 mm Hg was associated wath lactate concentrations wh ch hardly varied at
all

Recently Ponten (1966) determned the relation between the CO, tension and the
bicarbonate concentrations of brain tissue and of cisternal cerebrospmnal flurd (CSF)
n phenobarbital anacsthetized rats ¢f Roos 1963) The CO, absorpuion cune thus
obtaimed for the tissue phase gave a calculated CO, buffer capacity, defined as d log
Peo jd pH of about 1 4 This vatue wich 15 shghihy lower than that of whele blood
i titro suggested that the tssue contains a mummum concentration of nou bicarbo-
nate buffers of ahout 3> mmoles kg and a buffer base concentrauon of about 35
meq kg of ussue water

4 O Jease of absence from the Deparn ent ot Neurolngy and N\curosargery Unn emity of
Tualy
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In the phenobarbital sestes referred to, control experniments indicated that the
tissuc Jactate concentrauon was only slightly nfluenced by sanatons i the CO,
tension, and the calculations of an equivalent buffer system were made on tie

ption of a buffer base (Ponten 1966) Howeuer, later
experiments have <hown that there are appreciable changes tn the tissue and CSF
lactate concentrations, especially sn marked hypenenulauon (Leusen and Demees
ter 1966, Plum and Posner 1967, Granholm and Sicsjs 1968} The present expen
ments were devised to study the nfluence of metabolic events on the regulation of
extra and flular acd base p s 1n hyper- and hypocapma To that
end, the bicarbonate, lactate, and pvrunate concentranons of sat bramn tissue and of
asternat CSF were measured In order to mmimize depression of the tissue metabo-
lism due to the anaesthes;a natrous oxide was used i all experiments Finally since
changes in the phosphocreatine and ATP lesels may influence ntracellular acd
base events /Siegjo et al 1963, tissue concentrations of phosphocreatne and adenimc
nucleotdes were determned

Metheds

Male rats of the Wotar stram wetghing 300 L00 grams, were anacsth etized with d umyl etter
v uxckly tracheotomized and maintained on 0 ¥, mitrous ox dr and 30 ¥, vxygen Arifoalventls
o0 was gien with 3 Palmer  Mimzture Rop rator  Muscle relaxation was act oved with tubo-
/curanpe ¢hl nde Thr sectal temperature was measared with a mercury therm meter O €
femmoral zrtery was cannulated for blond presure fecord ng with an electromanometer £1ESA
Stockbolm  and for blood samphng The atlanto-occipital membrane was exposed f 1 CSF samp-
Ing znd a plasue furnel was fited 1010 a vlun in¢oion over the cranial vault to allow freer nz of
ke bran oty

Artenal blood was analyzed at 37 C for pH Pro, and Po, unng m croclecrrodes  Rad ometer
Copenhagen and Eschwalerund Co Rarl and [ haemoglob i us ng 2 standard ¢ lanimetr &
method Vstatren H land  The values measured were used [ r calculanng actual and ptandard

b carbonatr valurs from a comventional nomogram S zgsard Andersen 19
The CSF samples withdrawn ( D-—E0 4l were anatyzed either f5r the total CO, contert a1
the factate and piruvate © The CSF ticarb concentratin and the CST pHl
were calculted from the sotal (O content and Syom she mean tsue CO; tepsion TH- laster was
- . ) - -

T - - - .
v .
[ s .- . . i s

Vo
for chang=s 1o the CSF pH
T~ frozen tusue samplss were analveed for the total CO ¢onent Pontena d 5oy 144 ;
§2tbe lacsate pyrs ate ATE ADP AVP and phrapt xemat - conceatat oy (ra ) inal in'
192w ngextractiom of the tsur at | € Lsally the t A2] LOy cantent and the n'ztn « s
1ent were mezsured on ore half of the brysn and 1t e they metabel tey cn th » shey bal l;-c’; -
in some ammals the samples  buaired £ deterr naty m f the water ot fent weve o 4omall /s
ebtars accurate measurerrrts Therefore and wres o syvter anc € Ferences werr § und 10
at the (O trnsimystucard caleuls om were made u rg ¢
funm P4

and

canwart
tidur water contrnt an
4 pyrusate between thr ratra and ne2 Lulag smaer
U and rymrarellitys fud € rna om ‘R:;:nd
Iv Rafl Oppe tand Patlak 147 W wriward -
rtra 1 were pejreserate © of the whe rnmrb .a.
. 4 Hemerer [rc gparponthe 12 :\\{u v
bomate cowertran o3 268 L e cqu 4 i ra elular pH valun were afw steuia 72 00
g tures of 5 2nd 20 per enl teapecuneh o
"%Z" e thovrt €al 6F rctums 1 s rg the pif tept unay am amEerd vl m :’I:y‘, o
I’:mgel'vf Lut g order to fac L tate ¢ mpar s s with ru B puti heditn ten
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(apparent) intracellular pH * (pHy'} was d Ths lent pH 15 with the

M a one-compartment system with the same brearbonate conrcentraton and the same CO,
tendion s was measured i the biological system  After subtracting the amount of CO, dissolved
1n the tessue the 1 bicarb and the Tent PH was
calculated according to the following equations

{HCO3): — 0 03{HCO )ut — 0 12{HCO] )esy

(HCO, ) = ey
. (HCO3),
PHY =612 4 log 556, Gos1e
Gl enT ten e e e o e .

studied, whence all animals were treated as one group

Results

The total CO, content of bram ussue was measured 1 35 expts while the CO,
content of cisternal CSF was analyzed 1n 17 expts In all experiments the mean arte-
rral blood pressure esceeded 110 mm Hg, the artenal haemoglobin concentration
exceeded 12 5 g per 100 ml and the artenal Po. was higher than 85 mm Hg

In Fig 1 the measured CSF and ussue TCO, values have been related to the
measured artersal CO, tensions, and cunves have been drawn, representing the best
visual fits to the experimental pomnts The resulung curves show that at artenal CO,
tenstons of 15, 20, 30 40, 50 60, 70, 80 and 90 mm Hg, the total CO, content of
brain tissue was 82, 96, 119, 136, 151, 165,178, 190 and 20 1, and the total
CO, content of cisternal CSF 197,225,269 301,329 350,368,383 and 396
m\foles/kg respectnely Thus for the same increase in the artenial CO, tenston
(20~90 mm Hg) the CSF (O, content increased by 8 m\oles/kg more than did
the total tissue phasc

The lnes, representing the best fits to the experimental pomnts were used for
further calculations Thus, after converung the artenial CO, tensions to ussue CO,
tensjons and after subtracting the physically dissolved CO, and the CO, contaned
1n the blood and mn the extracellular space of the tissue, the bicarbonate concentra
tions of the intracellular phase were obtaned

Tig 2 shows the relaton between the ussue CO, tension and the bicarbonate
concentrations of the GSE and the miraceltular water phase, respectiveh However,
the intracellular bicarbonate concentration was not only calcutated for an extra-
cellular space of 12 per cent but ako for extracellular spaces of 5 and 20 per
respecunely  Assumung that [ EE




488 A KJALLQUIST, M NARDINIAND B R sIEsjo

a2
3sf
[ < e 3 //x
38l o csg o Ve
2 32f
rs
34| ° i
L o . 28}
3 Lo
3oF _ £
L2 3 248r 3
‘S I'd
2 S
L 20} ¢ . 5%
»2b L x/ /,//o 2%
o
L o L o a 20°
% Brain 6 g o/q/ 5
18} o L ey
| # e
» . 12r 5 o Brain 1o water
- £ [ -
el
1wl f
) L
L
fr/ . st Picoy mm Hg
[ 'aco, mm Hg
b iy 2B M Hy [ S SRR U S|
o 20 40 50 80 00 o 20 40 60 80 100
Fg t Fig 2

Fig 1 The relation betneen the arterial CO, tension and the total CO, content of custernal CSF
aud of whole bratn tssue 1n rats anacsthenized with mtrous oxide CSI was sampled prior to the
freezing of the ssue wn situ only 1n abour half of the cxperiments The curves through the expen
mental poipts were drawn by best visual fit

Fig 2 The relation between the tissuc fand GSF) €O, tension and the CSF and meracellular b
carbanate concentrations The lLatter were dern ed from the hincs of best fit n Fig 1 by subtracting
the amount of CO, dissalsed, the amount of bicarbonate containcd 1 the blood ¢] the tssuc
(assumed ta b+ 3 °; of the weight] and the amount of bicarbonate contatacd 1n the extracelular
solume The calculations were made for extraceltular volumes of 5 12 and 20 °, reprctnely

00 conditions (see Discussion) ussue € O; tensions of 20, 30, 40 50 60 70 80 and
90 mm Hg corresponded to mtracellular bicarbonate concentrayons of 69 99,
118,133,150, 16 3, 176 and 18 8 meq kg of intracellular water, respectivels M
the same CO; tension the {S1 hicarbonate was 17 5, 225, 26 5, 296 317 334
349 and 360 meqfhg of CSF, respectnely This imphes that the exracellutar
bicarbonate changed by 18 3 and the intraceltular by 119 meq ki water when the
tssue CO; tensions varied between 20 and 90 mm Hg The figure abkso shows that &
20 per cent extracellular space would imply bath that the nraceflular Incarbonate
shauld decrease almost 10 5 meq kg at a tssue € O, tension of 20 mm Hg and that
the 70 mm Hg tnerease in the LO; tenston isee abore; should be followed In a 109
meq/hg wncrease n the intracellular incarbonare
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Fig 3 The rclation between the tissuc (and CSF) CO, tension (loganithmic scale) and the
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In Fig 3, the calculated 1 1lul. H has been plotted against
g 12 8
log Peo,

The figure shows that the buffer capacity of the mntracellular phase,
defined as d log Pco./d pH, 15 not constant but mncreases contrnuously at low CO,
tensions In fact, the plots show that the pH approaches constancy in hyperventila-
tion 1n that a further decrease i Peo, leads to very small, if any, pH changes In
hypercapnia (Peo, values lugher than 40—50 mm Hg) the buffer ine cannot be
distinguished from a straight line, implying a constant buffer capacity In this
region, assuming an ECI volume of 12 per cent, the buffer capacity can be calcula-
ted to 2 27, while ECI volumes of 5 and 20 pu cent give intraceliular buffer capac-
1ies of 2 04 and 2 74, respectrvely

In the next figure (11g 4) the buffer hines of the €51 and the intracellular spaces
have been plotted using the mean tisue €O, tensions and compared to the corre-
sponding plasma Pco./pll changes, wmg the arterinl CO, tensions for the Iatter
Plot The figure shows that the buffer cap ity of the stracellulir space {f = 2:27)
15 higher than that of the CS} (f = 159} but very much higher than thar
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Eig 5 The relation between the arterial CO, tension and the lactate and puruvate concentrations
#1,45 well as the Jactate/pyruvate ratios of whole brain tissue and of citernal CSI Notc marked
wncrease in the lactate (and pyrurate) concentrations at CO, tensions below about 3¢ mm Hg

rial blood (f = 13) At low CO, tensians, however, there were stmilar increases in
the buffer capacity of all three systems

The relations between the arterial CO, tension and the lactate and pyrnate
concentrations of bramn tissue and cisternal CSF are given in fig 5 and m g 6
the calculated intracellular lactate and pyruvate cancentrations have been compared
to the correspondimg CST p g a 12 per cent extraceltular volume
The results confirm the lactate and pyruvate changes i hyper- and hypocapmia
previously reported for cat cerebral cortex (Granholm and Stesjo 1968)  bur the
present rat material anaestheuzed with nitrous oxide, showed 2 larger inerease it
the lactate and pyruvate cancentrations at low (O, tenstons Thus the present
results indicate that at artenial (O, tensions below 15 mm Hg the tissue lacrne
concentration wnereased to vafues huigher than o meq/kg of miraceflular water and
the CSI lactate to values exceeding 7 meq/kg It was abo indscated that there were
very small further decreases in the ssue and LS lactate and pyrusate concentra
tons when the CO, tenston increased heyond 50 mm Hg

There were no szuficant varanons in the ussue concentritons of phosphocrea-

tine, ATP, ADP and ANMP at the vanous CO, tensions studied except for a sugges
ted wperease m AMP at extreme hwperienulaton  1hese results thus confirm the
previoush reported for cat cercbral cortex (Granholm and Sicyn 1969)

results
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Discussion

The present results have shown that both the mtracellular phase of bramn tissue,
and the CSF, are very well buffered against changes 1n the CO, tension in that the
pp buffer caf calculated greatly exceeded that of whole blood i 110
The Jow buffer capacity of the blood i z110 1s well known and 15 explained by the
exhange of bicarbonate between plasma and extracellular flwds 1n hyper- and hypo-
capmua (see Schwartz and Relman 1963) The high CSF buffer capaaty 1s explam
ed by the fact that not only the changes in the plasma bicarbonate, but also the
pH- dependent changes m the CSk/plasma potenual, will favor increase m the
CSF bicarbonate in hypercapma and decrease 1n hypocapma (Kjallqusst and Siesjo
1967, 1968 Stesjo and Kyallquist 1969

The buffering of the tissue phases was not constant at different CO, tensions
but mcreased at low CO, tensions to approach mfinite buflering power at extreme
hypervenulauon The varying buffer capacity strongh indicates that pH i the
extra- and ntracellular spaces 15 regulated not only by physicochemical buffering
but also by metabohic mechanisms

Itappears that the metabolic control is parth exerted by vanationsin thelacucacid
producton smce the increase 1 the caleulated buffer capaaity at low CO, tensions
was parallclled by conunuousls increasmg tisssue and CSF lactate concentrations,

and since the constant buffer capacity at CO, tensions above 50 mm Hg was
Companed - -romfinams alianoe in dha Vacsate cnnsantetians P
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The conclusions regarding the buffer capacity of the intracellular space, 85 well
as regarding the change n pH or bicarbonate with the CO, tension, are relatively
dependent of any p with regard to the size of the extracellular volume
Houever, the actual bicarbonate concentration, and the actual pH, calculated for
the mtracellular space at any given CO, tension are critically dependent on the size
of this volume The g relauons 1 below are based on an extra-
cellular volume of 12 per cent, a figure which 1s close to those reported by many
worhers, using different extracellular markers mntroduced m a way which arcum-
vents the blood bram barrier and the sink action of the CSF (Rall, Patfak and Oppelt
1962, Woodward, Reed and Woodbury 1967, Davson 1967) It was also assumed
that the brcarbonate, lactate and pyrusate concentrations of the cisternal CSI
represented k ECr This assumption s less eastly cheeked
by control expeniments but small deviations in concentrations between the CSI and
the true ECF wili not serjously affect the conclusions
Recendy, Ponten (1966) reported an apparent buffer capacity for bramns of
phenobarbital-anaestheuzed rats of about 1 4 while Roos (1965) calculated a buffir
capacity of more than 2 0, using the DMO method for measurements on cat cerc-
I cortex In both these studies, the buffer capacity was equally Jarge at all CO,
wons studied  The main reason for the discrepaney between the present results,
_ ! those reported by Ponten (1966), may be the type of anacsthesia used, while
the present finding of a buffer capacity which varied with the CO, tension, appears
to be adequately explamed by the large changes in the lactate (and pyrinate)
concentrations obseried during hyperventilation in the present experiments under
nitrous oxde anaesthesia This 1y 1n contrast to the relati ely small changes n Ictate,
suggested by Ponten’s control measurements However, the fact that the buffer
capacity, which can be caleulated from the straight portion of the present log Peos/
pH cune (f = 23) greatsy exceeds the buffer capacity derved from Ponténs
phenobarbital anaesthetized rats (# = 1 4) suggests that another buffer mechansm
comes nto action 1 the mtrous oxide ammals Moreover, the buffer capacity cat
culated 1n this group of animals s so Ingh that the responsible buffers are dsfficult
to account for 1 any other system than in whole blood with sts hugh cons cntration
of imidazole groups (sec Edsall and Wyman 1958) Thus, further work 1s required to
eluctdate buffering mechanisms i e
The pK of lactic acid 15 50 low (3 8) that the acid can be regarded as being vire
tually completely 1omzed 1n tssucs For that rcason, changes m the lactate concen-
srations will be accompanted by cqually large changes in the bufer base concepira-
ton The same argument applies to pvrnic acid but the actual pyrusate concentra-
uons are so law that therr influence on the buffer base concentration can be neglected
“The lactate changes will, however by themselves Iead to a varauon in the buffer e

n of 4—3 meq kg of intracellular water over the Puq. region 20~
ih Jowers the

concentratiol

mm Hg The production of lactic acid at low € Oy tensions undoubred S

CSY, winch
tion of the (SI and wtracellular phases In the f

brcarbonate concentration of R

lacks other buffers than the biearbonte buffer svstem there will be a l
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ship between the appearance of lactate and the disappearance of bicarbonate Thus,
1f the 1 r2ro buffer curve of CSF 15 corrected for the changes in the lactate concentra
tion at the various CO, tensions the log Peo./pH cun e becomes linear wath a slope,
which cannot be distingwshed from the upper portion of the curve displaved i
Fig 4 In the mtracellular space, however, the presence of nenbicarbonate buffers
will gne a vanable relationship between the accumulation of lactate and the
removal of bicarbonate The quantification of these changes will be reported 1n a
forthcoming publication from the laboratory

The changes in the lactate (and pyvruvate) concentration were the only chemical
eients observed, wich will lead to a change in the buffer base concentration Theoret-
rcally, such changes are possible through shifts in the steady state reactions smolv
1ng the phosphocreatine creatine and the adenmne nucleotide systems (Siesjo ¢f af
1968}, but none of the compounds v olved 1n these reactions showed any significant
vanation with the CO, tension

The changes obsers ed 1n the lactate/pyruvate ratios of brain tissue and of CSF m
hypenienulation (see Fig 5) fully confirm the previous finding from the laboratory
{Granholm and Siesjo 1968 a and b) that a pronounced hvpertentilation leads to
significant jncreases m the tissue and CSF lactate/pyrunate rattos These mcreases
occur simultaneously with a greatly accelemated lactate production m s CO, tenston
range, mn wich a further decrease 1n Pco, seems to be unaccompanied by any sig-
nificant pH changes
Acknowledgements The present work was supported by the Swedish Medical Rescarch Counal
(Project B68—14X—263—04) and by Carl Bertel Nathhont s \etenskaphiga Stfielse

Note add d tn proof When the present manuscript was written up we were not aware of the fact that
Wevne Demeester and Leusen (Arch internat Phystol Bioch 1968 /6 415—433) had reported an
increase m the tissue buffer capacity of (¢ rat brain i hypocapnia However these authors calcula

ted ussue pH for only three Pro, levels and no CSF measurcments were performed
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—_— Abstract

Bovers, | Turnover of H3 labelled palmutate wn the unanesthetied rat Acta physiol
stand 1969 76 495—502

The turnouer rate of blood plasma FFA bas been studied in unanesthetzed rats by single in
Jection as well as constant infusions of albumyn bound palmitic 210 H3 acid The turnover
+ 35 fotnd to be about 50 ymoles/mun per kg body weight with both technigues The mean half
Ife time of FFA was estimated fo 17 sec with na significant difference between fed and fasted
rats

For the quanttation of the turnover of frec fatty acds (FFA) 1n blood plasma with
150topes two techmques are available In the first a single 1+ njection of Inbelled
albumin bound fatty actd 1s given and the 1mtial disappearance of radicactisity an
plasma FFA 15 followed (Havel and Fredrickson 1956 Laurell 1937, Frednckson and
Gordon 1958 Borgstrom and Olwvecrona 1961 Baker and Schotz 1967) Steady state
conditions are assumed and the obtamed fractional turnover of FFA 1s multiplied by
the blood plasma pool of FFA The second technique utilizes a constant infusion of
labelled albumsm bound FFA and the turnover 1s calculated from the infusion rate
and the speaific activity of the plasma FFA durmg steady state conditions (Arm
strong et al 1961) Both these techmques hive so far been difficult to perform on
unanesthetized rits

In this report the fractional turnover and the turnover rate of FFA in unanesthe
tized rats have been estimated using trium libelled palmitate The rats were equip
ped with chromic catheters in the nght jugular vern and 1 the abdomunal aorta
(Weeks 1062 Weehs and Dss 1964)

Procedures
cdure Male Sprague-Danley albina rats { Antcimex AL Sweden} weighing 150—
QS,II;";"W,:-'\'Z'[ wsed During hesia with sodim p (abour 60 ms per kg *
ey napertoncally one catheter was placed m the neht Jum far sein and a secor !
o s The catheters and the wurgical frocedere were smilar to thow d V4
e "Davis (1964) Al expermenty weee performed when the rats had
Wwerehy lows caused by the surgery ¢ %10 das alter operanion (hie 1Y -
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The fed rats had free access to water and their ordinary food (pellets from
Sweden} The fasted rats had water ad hbrum but ne loc)d dunn(gp:hz 20—-2‘2 }n':;‘::‘!\;:: :Prxle
expenments were started which always was about nine ocloch am During the studes e
rats were chained but could move freely (Weeks 1962) Their appearance was normal and thes
did not seem to be upset by the experrment

Dose_procedure Palmitic 9,10 I1* acid (New Lngland Nuclear Corp, Mass, US \) with a
specific activity of 500 mCi per snmole was used The rsotope was purihed by means of thin
tayer chromotography (TLC) (Boberg 1956) and then stored dssohed in heptane at —20° (
under N, before use When the punfied matenal was subjected to chromatography on TLC
(Boberg 1966) only one spot was visible on the chromatogram and 99 5 per cent of the radio-
on
. man
- luent
ather
was
found as metiyl palmitate
In the single mjection studies 50 4Ci of H3 labelled ' ! ' -
tube, the sohent evaporated at about 60° C with a ge .
melar NaOH solution added and the palmitic acd
palmtate was cooled at room temperature to 35—40°

1

~total dose 015—030 ml was gnen as rapidly as possible (1—2 sec) snto the jugular sem
catheter without flushing The catheter volume was measured (around 0 01 ml) and tl e radio-
Actnaty corresponding to this volume was corrected for

In the constant infusion studies the palmitate serum complex was prepared as described

above A primer dose of about 5 uCi of H? palmitate was ginen 1v and withm 15 sec the
constant tnfusion was started The infusion rate was 003 mi/mm corresponding to about 5
#Cr of H3 palm:tate per min

Sampling procedure Blood was sampled from the aortic catheter (volume around 001 mi
Systemte blood pressure forced blood through the catheter into hepanntzed glass capillary
tubes 75x1 mm (hematocnt tubes) In the single 1njection studies blood was allowed (o
flow freely dunng the first minute after the injection and capillary tubes were changed once
every 5 to 6 sec Between further samples a constant mfusion of 003 ml per mnute of sihine
was used to keep the catheter patent The amount of blood was estimated by weighing the
capillary tubes The blood samples weighed about 30 mg The blood was flushed out of l§r
capillary tubes mto test cubes with diluted human serum (blood bank serum and sabne 1 1)
and made up to a volume of 3 ml One ml was used for determination of the J*% radiex
taaty and 1 ml was d for d of rad n the FF A fraction P

Before the i1sotope injection and at the end of the expentment aortic blood was taken ]or
hematoenit determimation At the end of the expenment the rat was killed by 1 blow on the
head and 2—5 ml of blood was withdrawn by aortc puncture into heparmzed tubes lun ‘;)1‘1’:
expeniments thus amount of blood was taken from the aortic catheter with the rat sti ! :u“
There seemed to be no consstent difference if blood was taken by aortic puncture of u:‘r“);
from the catheter The blood was centnfuged and the plasma was extracted for traty
FFA

unlls as
123 qamma ray actmity was determined m a Well saintillation counter essen
g:;:?lgc’d]by \g\enerfors et ol 1962) Radicactaty in FF\ was d”"m;,m!ri_"cn,,,l:‘:,d,:;s
hqud santellator after extraction in .. methana] :n:i e . iam" el
m + were added to the
~ : : . }af 11961
N . 8 Radsoactinity of
’ T . of Aptribution of
R . Speeific gravity of whole biood was 1tken 33 10X,

“matocnt alue of the sample taken a1 the end
plasma votume

Gree
2',:‘";‘,{; ?:;ﬁ;ﬂ(iy LPERe D snd L O Planun chencal research enmiveer
in
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BODY WEIGHT AFTER OPERATION OF CHRONIC
CATHETERS IN THE RAT

catmersr
gtsn opesoten .
! VA
120
170 -
160
150

Fig 1 Body weight of 2 rau 140
before and after the
of catheters T2 3 4 5 6 7 8 3 10 M 12 fideys

Calculation of the fractional turnover rate of palmitie actd was done Imm lhe linear regres
sion line (calculated bv least squares) of blaod FFA

sersus time The radioactnty of the samples taken between 15 and 50 see atter njection was
used for this calculation Turnover rate by constant iafusion technique was calculated as
deseribed by Armstrong et af (1961) Staustical analyses were performed according to Sne
decor (1926)

Results

Animal operation technigue Following the catheter operation the rats lost 10 to 13
per cent of their body weight However, after 24 hrs they began to gamn weight again
at almost the same rate as before operation (see Fig 1) A 150 g rat gained about 6
g/day Since rats eat preferenually dunng the night their werghts are about 3 g higher
in the morming than 1 the afternoon Experiments were not performed until the
animals had reached their preoperative weight If this did not occur within 10 days,
the rat was nat used About 1 out of 4 operated rats was rejected because of not
functioning catheters

Turnoer of plasma FF A by stngle injection technique i fed rats The ' mdioac-
tiaty stayed on a plateau 10 (o 13 sec after a sigle injection of the labelled palmitate
and albumm (see Fig 2 and the radioactivaty of the plasma FFA disappeared single
exponentially for 40 to 60 sec The value esumated from the intercept of the extra-
polated exponental cune in Fig 215 87 per cent of the gnen dose This 15 1n agree-
ment with what Frednickson and Gordon found 1n man (1958) and s explamed by
the fact that loss of radioactinity accurs before muxing in the plasma is completed
The intercept salue should be stll fower 1f one consider the 2 to 4 sec the blood flow
through the aortic catheter delays the samphing The sesults from 11 fed rats are scen
1n Table I The blood volume of these rats was 138+ 06 ml and the plasma volume
7805 ml 69 and 39 m! per 100 g by respectivels These values are in «
agreement with those carlter reported (Cartland and Koch 1928) Vi

=603 feta phyand srand
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ELIMINATION OF H3 LABELLED
PALMITIC ACID IN THE RAT

© Biood plasma atpumm J125
x

Percent o rad ooctev
ot aven ® Biood a

plasma FFA W
dose sad vactrr ty

tion

2 Blood plasma radioactinrty of albumin
J“' and FFA H3 after a single inpection of
J12 labelled human albumin and H? labelled
serum bound palmutate to a rat
polated curve 15 the hinear regvession line cal
culated (by least squares) from the samples
taken between 15 and 50 sec after e injec

The extra

Tasce I Data from the expeniments on the fed not ancsthetized rats Analysss and caleulations

were perfc d ay 15 di bed ynder P
Rat  Body Hemato-Blood Plasma FFA  FFA  FFA FFA tumnover rate
no weght  ont volume volume concen plasma fractional ————————"
1 % ml ml tration  pool turnover  pmoles/ pmoles
simoles/ preoles  rate min minand
ml min ! kgbw
1 171 4 133 78 027 21—
2 182 40 149 89 042 375 238 89+ 491
3 %0 42 03— -
4 184 56 141 62 — 196
H 208 40 170 102 039 398 297 j182 a8
[ 173 53 n 22 199 —
7 23 42 e 67 047 316 254 803 377
8 220 42 it 82 047 384 284 1092 426
9 207 39 130 79 052 412 208 837 404
10 211 42 1220 73 058 434 265 o0 545
i 243 42 155 90 048 395 289 a3y 470
\lean 200 +# 138 78 043 366 247 13:7 4;?
Sem 7 2 06 0> 003 025 013
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cpmimi cpm fymote
et o
200
100 o0 °.\__04°
100
o
Fig 3 Radioactietty, concentra- pmoiesiml vmolesimn
non, specific radicachvity and
wmover rate of blood plasma ﬁv
FFA 1 2 rats dunng a constant  ©% 1
wnfusion of H3 Jabelled palmitate o
At zer0 tume a priwer dose of 02 ® R

about 5 4Ci was given and withun

13 sec the constant infuuon was | S N Nt S— A A
statted Infusion rate was 003 Q_10 20 30 40 meutes 01070 W0 40
mlfmun (about 5 #Cr)

The concentration of plasma FFA in the rats was 0433003 gmoles/ml and the
plasma pool of FFA was 3 66025 sancles These values are high, ¢ ¢ 1 compan-
son to alues seen 1n carbohydrate fed rats This may be explained by the eating
habits of the rats, which will be commented upon 1n the discusston The fractional
turnover rate was 247 +0 13 min ! corresponding to a hall life of about 17 sec The
resulting total turnoser rate was 10 [4 =0 61 ymoles/mtn which 15 47 9+ 2 6 gamoles/
min and kg body weight

Turnauer rate of plasma FFA by constant infusion techmque in fed rats The results
from 2 rats are seen 1 Fig 3 Dunng the ume studied the radioactvity of plasma
FFA (cpm{m!) was constant. The concentration of plasma FFA in these rats ranged
between 0 38 and 052 gmmoles/ml The means of the turnosver rates were of the same
order of magnitude as those determined after a single injection One rat had a mean
turnover rate of 11 1 ramoles/mun and the other 8 3 gmoles/min which 1s 45 0 and
407 pimoles/muin and hg bw respectinels

Turnoter rate of plasma FFA by single mjection technique n fasting rats The pic
ture of the ehmination cunes was the same as for the fed rats The results from 10
fasting rats are seen in Table IT The blood volume was 123304 ml and plasma
volume 68+ 03 ml which 15 68 and 38 ml per 100 g bw respectively —almost the
same as for the fed rats The concentration of plasma FFA was 049 +0 06 umoles/
ml which 15 lower than has been descnbed from other laboratortes for rats fasted 20
0 22 hrs (McCalla ef af 1957 Laurell 1929 a b Borgstrom and Olnecrona 1961
Barrett 1964) However thus value on arternal plasma FFA concentration agrees well
with what has been found 1n other studies reported from our laboratory (Carlson
and Ave 19661 The FF\ plasma pool had a value of 336 =036 ymoles The mean
fractional tarnover rate was 2430 14 min '—very sumilar to the mean value of the
fed rats The total turnover rate was 869161 pmoles mun or 474289 gmol
mn and hg bods weight This value 1s ven smtar to the wurnover for the Led

but there 15 a wider range

n
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Tavte 11 Data from the expeniments of the [asted not anesthetized rats Analysis and calculattons

were perfc as1s d d under Proced
Rat Body  Hemato-Bloed  Plasma FFA FFA FEA FF\ turnover rate
no weight  crit volume volume concen plasma fractional
)4 ©o ml ml tration  pool turnover  gmoles) pgmolesf
smoles) pmoles rate mn mn and
ml mun 4 kgbw
23 181 — 134 — — — 212 — -
24 167 44 123 69 — - 302 —
25 176 50 120 60 056 336 193 648 368
26 182 45 127 70 061 427 215 918 504
27 162 47 98 52 - - 235 - —
28 178 43 124 71 039 277 224 620 318
29 183 41 e 70 065 455 325 1479 808
30 177 44 126 71 035 249 —_ - -
31 199 42 133 77 035 270 251 678 341
32 194 40 - — - —_ 250 - -
\\Ican 180 44 123 68 049 336 245 869 474
3'r‘m 3 i 04 03 006 036 014 161 a9
4
IDhscussion

The plasma solumes of the rats studied had values very sumilir to what has been
described before

The concentration of plasma FFA in the fasted rats were of the sime order of
magnitude as have beep found 1n other series of rats studted 1t our lboratory (Cart
son and Nye 1966 In the fed rats however plasma FFA concentration was Tughar
than expected Thrs might be explaiped by the fact that rats generally eae duning the
mght 1 these free fed rats had finshed eating 3—6 hrs before the expcriment Ac
cording to the results of Barrett (1964) the plasma FFA concentration the rat bad
sncreased twofold alreads aftcr 6 hrs fasting

The removal rate of FFA from the blood stream 1 the rt 15 npid compred to
other species In this study the mnean half Iife was 17 sec (Laurell 1920 b gave an
upper himt of 28 sec for glucose fed rats and 54 sec for rats staned for 48 hrs Borg
strom and Olnecrona (1961) gave 1 value of 48 sec for glucost fed rits Homerer
1n those studies the samples were taken with about 1 mins it nal after sln;:!‘ H\\’
jecuon of labelled FFA and radioactinity was measured 1n the total plysm s Jipids €

How
seen from this study the disappearance of mjected labelled palmitate did n;; fol 11‘

«
‘single exponential  function Jonger than for 1 mip after mprenon Thes o
t by Laurell (1909 b) nd he clanned from his results that the exponen
cction In the studies done

and

a

A Iread 2 fter the 10}
1 mun after the

course must have occurred already at 2

by Baker and Schatz (1967) thes took their first swmple | min after the injechion
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found 1n thus sample 30+ 8 per cent of mjected G1-palmitate, which 15 about twice
the amount found 1n this study

The rapid remos al rate found in the single wjection studies was confirmed by the
results from the constant infusion studies, which gave a smular value for the turn
over

The turnoser rate of plasma FFA m the fasting rats were 47 4 jumoles/mun and Lg
bw If the FFA undervent pl 1 the oxygen p should be
474 60-23-32.10%=21 g O:/hr and kg bw This value agrees well with the
figures for ovygen consumption of fasting rats weighing between 120 and 201 g,
which has been described 16 range from 1 5t0 2 1 gihrand kg bw  (Carr and Krantz
1949)

Most earlier stuchies on FFA turnover in the rat have been performed on anesthe-
tized rats and venous blood samples have been taken 'The rats in this study had
chranic catheters and underwent a surgical procedure about one week before the ex-
Ppermments were performed and thus cannot be considered as normal rats However,
this techmque seems surtable for 1n vivo tests in studying ¢ ¢ drugs and conditrons
which affect FFA turnover in the rat

Supported by grants from Resen linsha Insts
f;lart och Lungsjukdomar and the S\Aedlsh \(!dlcal Research Counul {19\ 204 04, B69 IQP
628 01)
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Abstract

Mowtsr A R Umit responses in the cochlear nucleus of the rat to sueep tones
Acta physiol scand 1969 76 503—512

Unit discharges 1n the cochlear nucleus of the rat have been studied in response to stimula
tion with continuous tones whose frequency was changed hnearh at different rates (sweep
tones) At low sweep rates the distribution of discharges as a function of tone frequency was
an expression of the umts response area When the rate of frequency change was mncreased
the response areas of the umt became narrower At a certan sweep rate the probability of
firng within a narrow {requency range around the umts CF reached a maximum value which
was several umes greater than that found for low sweep speed The direction of the change
n tone frequency had no signthicant nfluence on the results and the average liring rate
appeared to be mmdependent of the sweep rate These results mdicate that spectral resolution
of rochlear nucleus nmts was enbanced at a certain rate of frequency change Addinonal ex
penments showed that the enhancement of spectral resolunon at a certaa rate of frequency
change remains upon tntroduction of mashing wide band noise

The natural stmulation 10 which the audnory system 15 exposed and anaiyzes 1s not
of constant amphtude or spectrum Since n fact the spectra of most natural sounds
wanes rapidly 1t 1s mmportant to know how the auditory system processes such signals

The sounds which flying bats produce and use 1n their elegant echolocation svstem
are speaial examples of sounds whose spectra vany rptdhy Grffin (¢f 1938) has
descnbed these sounds and their functional use tn avording obstacles and 1n catch
ing wects Bat sounds are usually pure tones emitted m short bursts and with a
frequency that varies over more than one octave during a few mulhseconds

\ number of theories on how these sounds are percenned by the bat have been
developed (Strother 1961 san Bergeyjk 1964 and Nordmark 1961) but the proces
sing by the auditony system of tones whose frequency vanes rapidiy has however,
onh recently been studied by electrophysiological methods (Sug: 1962 2 b ¢}

Current knowledge leads us to think of the auditony system as 2 soum]‘
snakser that 1s bued on the frequency selectnats prinaiples of the

«
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brane 1n the cochlea The resonant action of each pont of the basilar membrane
15 usvally believed to be analogous to that of a set of filters consisting of ftnear
elements {sce ¢ g Flanagen 1960) Although there has been conuderable doubt as
to the bandwidth of these filters 1t 15 clear that such filters do not sttisfactontly
transmit signals of rapidly varying frequency (see ¢ g Kuplmuller 1949) Tis
mability reflects on the relationship that the more nirrow the filter and the more
rapid the frequency changes the more the response will be spread out 1n time

The amm of the present investigation was to investigate how the audttory system at
the level of the cochlear nucleus processes tones whose frequency varies rapdly and
to determine whether the speed and direction of frequency v ination mfluences the
respores Recordings were made from the cochlear nucleus in the white rat to
continuous tones whose frequency varied hnearly (linear sweep tones) s a func
tion of ime The speed of vanation encompased a large ringe

Methods
Wiute rats weighing about 250 g were used The surgreal procedure and methods for acousn
' Toob A Sedea s A 1969 a) and there
- 1perutonelly myected
- remosed 1y sucton
' rat was placed

4 one nch condenst
~microphene (type 4131) together with a probe mrcrophone {B & h type 4134 sce Miller
19692a) The one inch microphone <eried as a sound source The antmal was piaced i &
sound and vibration insulated box
Glass des drawn to up d ranging from I to 5 4 and flled wih 27
M KRCL were used for recording The electrode was posttioned under visual control and 1t
was then advanced through the cochlear nucleus n a nearly dorso-ventral direction ty a
hydraulic system which was operated from outside of the <ound nsulated box
When contact with a unit was established its response area (tuming curie) was determmed
using 50 msec tone bursts (the mtenaty of which was set_n 5 dB steps and whose frequency
wag vaned m order to determine the umts threshold) The tonebursts were presented an X
rate of 6 per second The sumulus response h s de d by 32 rone
bursts {50 meec long) at 5 dB intenals Action potentials were recorded on magneuc 1y e for
later processing
Sweep tones were produced v a Wavetek (type 104) Cencrator in which e ‘rrl]lmﬂ(
was vaned by applying a trianqular wase to ats frequency control input The frequency o
the triangular sienal was usually vanied stepwise from 01 to 100 Hz and sweep tones wose
esented for 1 minute durations
R eiorded data was processed by 3 TMC (type 400 A) Cormputer of Average Tramses
used 10 Jts post stmulus time histogram mode The analyzer was tnggered by ay ll\r\\nh:“
caincided with the beginning of the falfing frequency sweep of tte tone snmuhncm‘ :'a‘ad -
tune on the analyzer was set sn accordance with the frequency of the sweep 511 : e
such 2 way that the sweep on tl e analvzer always covered the ame tone rrrque]nrvdml\:rm "
pulse which tnggered the analyzer reset the apalvzers address register lmlnﬂ(ﬂl“‘ b et
tnegered a sweep This arrungen ent made it possible to use only a‘h‘m‘hon :d
$00 addresces In that way an optional smoothing of the data could be of 1

Results

nore thin 200 unis The unite were
of the cochtear nucleus of the Tt
nalyss wath sweep tones n 4 bage
tc frequency VCF) drtnbuted
nency fimst of

The present study 1 based on recordings from n
all encountered sn the dorsal and ventrl areas
“Tharty usuts 10 8 rats were sclected for detuled a:
The untts had their charactess!

¢ of sweep Tates
g 500 Hr to 30 hHz which 1s near the upper freq

sn the range from 1
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response Among these umits 26 had a tuning cune of the normal type te  asym
metrical with a steep high frequency shirt and a much less steep low frequency part
and four had broad and svmmetnical tuning curves All umts gave a sustained
respon € to tonebursts (¢f Moller 1969 a) Responses to sweep tones from a typical
experiment are shown in the left column of Fig 1 The frequency of the tone was
varted linearly from 55 kHz 10 185 kHz 1nd the characteristie frequency of the umit
was located 1n the middle of that range The sweep rate was set between 02 and
100 Hz as ndicated by legend numbers 1n Fig 1 Thus the speed of frequency 11
ation ranged from 52 Hzjsec to 2600 kHzfsec Each channel of the amiyzer
covered a frequencs mange of 208 Hz At w sweep rates the <hape of the histograms
was independent af the sweep rate as scen in Fig 1 Therefore at these sweep o

the histogram represented the respome areq of the umt or rather s w:; ’
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tions (cf Sachs and kuang 1968) Fig 1 shows that when the speed of frequency
change was increased above a certam value, the shape of the histograms changed
The peaks of the histograms grew m height and reached maximum values before
falling again when the sweep rate was further increased It was also seen that the
width of the peaks in the histograms becomes narrower as the height of the peak
ncreases

The function of the periphery of the auditory system has often been ¢compared to that of a
resonant filter (electnical or mechamical) made tp of Linear elements Such an analogy may
be valid for the mechanical events of the basilar membrane but 1t 15 rather doubtful wl ether
this concept 1s also valid for unt responses m the exght nerve and the cochlear nucleus whoe
charactenstics not only depend on the mechanscal events of the basilar membrane but are also
mfluenced by mhibition (Nomoto et af 1964, Greenwood and Marupama 1965 Sachs and
Riang 1968)

When 2 Inear filter 1s excated by sweep tones of the same type as the stimult used in these
experiments the amphtude of the output decreases when the sweep rate is increased above 2
certam Dimut Ths relanionship 1s depicted 1n Fig 1 where the second and fourth columns show
the sesponse of a bandpass filter to sweep tones of the same charactenstics ay wsed in the
eleceraphysiological experuments The center frequency of the bandpass Filter was cqual ta the
CF of the umt whose response 15 shown 1 Fig 1 Bandwidth of the filter was 750 Hz which i
also in the same range of magnitude as the width of the units response area (Moller 1903b)
(The filter was a three pole minmum overshoot filter, Vioss 1954) The propertes of unit

“responses 1o sumulaton with sweep tones thus differed radically from that of a hinear filter

e properties of the unit responses 1s further illustrated 1n Fig 2 A which shows
s ie height of the peals of the histograms shown n Fig 1 (filled circles) The ampl
tude scale 15 a relatne one and the response to tones of low sweep rate s set at 10
The dashed cune rep the unts resp b d when the tone frequency
was faling and the solid cune represents its response to a nsing frequency For
companson  height of the response of the bandpass filters 15 akso shown (open
circles) Fig 2B shows the average discharge rate 1 spikes per second

It 15 seen that the peak of the histogram (Fig 2A) reaches a height which s
nearly three tunes greater than that obtamed at low sweep rates while the average
finng rate (Fig 2B) 1s nearly constant throughout the ranges of sweep rates 10
vestigated This response pattern 1s typrcal and was found m all the umts imvestigated
with tuning curves of the normal tvpe 1 ¢ asvmmetrical with a steep high frequency
shirt and a slowly falling low frequency part (see \oller 19692)

Esen units with @ CF near the upper hearing himt {about 30 kHz
Aoller 1969 2) showed the same pattern of peak height increase n the istograms
Histograms of a umit with a CF of 293 kHz and a normal naryow tunmng cur\;'):‘ﬂ‘
shown i Fig 3 The sound intensity at the units CF was approvmmatels 20 dBabove
the umt s threshold fnd

In <ome expeniments 2 broad band mashing noise was introduted 1n order 10
out how such an additonal sumulation would influence the response ‘y’;““:(‘:
tones The results from a typrcal expenment 15 shown n Fig 4 and 3 The "
column m Fig + shows the histograms of the response to sweep tones of V-“:',
sweep rate (ndscated by legend numberst The upper left hrstogram "P”m“ Toe
mn of response while all the other are based on a recording tune of 1 :‘dunt
two columns 10 the night show the respances (0 sweep tones with the sams

n rats st
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Frg 2A Filled circles show the relatne amphitude of the peaks m the histograrns of Fig 1
a3 a funcuion of sweep rate Solid lme represents increasng frequency sweep and dashed hine
a decreasing sweep Open crrcles indicate the peak ampliude of the response of an electrical
filter the responses of which are depicted in Fig 1

B Average finng rate (in discharges per second as a function of sweep frequency of the
same unie

terntics but with 2 mashing nowse supenimpmed The signal to nose ratio was —6
and —16 dB respectnely It should be mentsoned that the nase and tones were
passed through the same sound generating svstem which had a non uniform fre
quency response and thus colored both nowse and tones in the same was The
signal to noise ratio sn a 1 Hz broad band was 30 dB and 20 dB respectinely

As these figures dicate the h b d duning It with mashed
sweep tones have nearly the same shape as those without masking but the peaks
were lower and actnsty 1s also present between the peaks (MNotice the difference 1n
the verucal scate of the left column and the two columns 1o the nght i Dig 4)
Fig 5 A shows in the same way as Fig 2 A the relative height of the two peaks
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Fig 3 Sumlar records as a0 iz 1 for 2 unit with a CF of 293 kHz Sound intenuty ot CF
was 20 dB above the units threshold

Fiz 4 Historeams of the reponces of a unit to sweep tones showing e eSfect ol masking
with byed band nowe Left column no maskimg smddle and nygbt colut ne s enal (o new
7at0 of —6 and ~16 dB respectnel which correspondt to a simal 10 1o tate in a 1117
band at the unsts CF of 30 and 20 dB respectively The 1ome ) zd an wsenwte of 33 dB SPT
at tte unts CF Reeording ume 1 minute except upper left histegram wlere it was 2 min
tegend numbers indicate sweep frequency

the histograms Without mashing  the peaks reached o maxinal vafue whych wat
four times tigher than that at low sweep tones MWhen nowe ws sugermpoed the
maxmmal value was lower than that without nose but there semveed 2 ;m:munmf
peak at a sigml to nore 1oto of ~ 16 dB Al 1n thus ume the aserage finny e
was imggmificanty nfluenced ty the sweep rate as can be seen from Fag 5B
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The results presented thus far are typical for umts of 1,0 Vrealled commer ™
o
i«ce Moller 19692) which have an asymmetnca] WAZ Cure gy o s
(requency skirt and a much less steep low frequene, -

2 A few un
show much less frequency selectinity and <0t wgg oftep il gty 1o de—"
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responise areas by listenung to the discharges through a loudspeaker or watching the
discharge pattern on an oscilloscope while tone bursts were presented When
stimulated with sweep tones of low sweep rate such umits do not show any marked
frequency selectnity Comversely when the sweep rate was increased a marked
selectivity can often be seen as illustrated m Fig 6 This figure displays histe grams
from a unit which had a diffuse response area with a broad maximum arc und 33
AHz. Such an increase 1 frequency selectinity with ncreasing sweep rate can be
seen n the range of sweep rate from 0 1 to 90 Hz At 50 Hz the histogram becomes
asymmetncal and a0 upgorng frequency sweep evokes a much higher and nurrover
peak than a downgomg sweep At a sweep frequency of 100 Hz only nc peak re
mains (Note that there 15 a shift of the peaks to the nght with increaung sweep
rate, so that when 50 Hz 1s reached <ame of the discharges esoked by increanng
tone frequency appear i the beginning of the lustogram At the 100 Hz sweep Ire
quency this shift 1s so big that the whole peak cvohed by increxsing tone frequency
occupies the left part of the histogram  Also 1n this unit the werage finng rate was
almost constant and independent of the sweep ate

Discusston
The present study shows that there 15 a rate of frequency change 2t which lh;
probability of urut discharges 15 higher within a narrow range around the umits C
*han at any other sweep rate The average discharge frequency appears 10 be ‘m
dependent of sweep rite Thys finding indicates tht the spectral resolution ¢8 &
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unit 15 enhanced at a certan rate of frequency change Thus the response pattern
of a cochlear nucleus umit to sweep tones cannot be regarded as a result of the filter
action of the basitar membrane f only that membrane resembled a filter made up
of lmear elements In some neurons 1 the cochlear nucleus and the mferor col
hewlus of the bar the hold Sor Sreq dulared b differs from
that of tonebursts of constant frequency (Suga 1963¢} This difference was as
sumed to be due to interactions between the unit's mhibitory and tatory resy
areas Further, 1t has been shown that the excitatory spaual response areas of the
unyts 1 the erght nerve and the cochlear nucleus 1s “sandwiched® between m
buory areas {see ¢ g Sachs and Roang 1968} Tt1s likely that the behaviour of the
umt responses described 1n the present mvesugation 1s due to the temporal charac
terstecs of the units inhibitory and excitatory response areas The organusaton of
the response areas of umts in the audstory periphery thus show simlanues to those
of the receptine fields m the visual cortex as shown by Hubel and Wiesel (1939)
There 15 a further analogy between the response patterns to sweep tones of auditor
units 1 the cochlear nucleus and those of visual cortical umts which respond to
movements {Hubel and Wiesel 1963, 1968)

Since the results of the present study shows that the sesponses of the cochlear
nucleus untts 1s only, to small extent influenced by the dwection of the sweep 1t 15
nat likely that the sharpemng of the response areas was accomplished by a
mechanism sumlar to that of a collapsing filter used in certaim types of radar (FM
radar) as has been proposed by Strother (1961) van Bergeyk {1984) and VMcCue
{1966)

An ncrease m the hesght of the histogram peaks was noted at the same sweep
rates whether or not wide band notse was superimposed on the sweep tones It should
be noted however, that this increase 1n height was less pronounted at ven low
signal to-nose rahios

present study was supported by grants from the Swedish Vledical Rescarch Councrl
(Grant B68-14\ 90-03) Therese and Johan Andersons Stftelse and from \agnus Bergalls
Suftelse The Computer of Average Transients (TMC pe 400A) has been generowsly
placed at m disposal by Professor Lars Leksell Department of Neusosurger; harohmska
Spuihusct
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