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The present investigation was undertaken in order to establish the character and special features of the ef~
fect of adrenalin, ephedrine and amphetamine on the processes of bile secretion and formation in the liver of -
cholates as the main componsnt of bile,

The question of the effect of adrenalin onthe sectetory function of the l{ver has been studied by many au~
thors (1,4, etc.] but some of its aspects have remained unsolved. Moreover, the effect of sympathomimetic
amines — noradrenalin, neoepinephrine, neosynephrine, ephedrine, amphetainine, etc. — on the bils secreting
and bils excreting processes has not been described in the lterature. Such data, particularly a comparative study
of the action of the substances mentioned on the secretion of bile are necessary for the elucidation of the rols of

hyperglycemia in this process, of the role of adrenergic systems in tissues, the significance of the state of the
~ central nervous system, etc,

The choice of substances for the present investigation was based on the fact that adrenalin was distinguished
by a very strong effect on the adrenergic systems of organs and tssues of the body and produced appreciable hyper-
glycemia, whereas ephedrine and amphetamine caused excitatdon of the central nervous system (particularly am~
phetamine) with less marked peripheral effect. Comparison of these pharmacodynamic features in the substances
‘mentioned with the results obtained in our experiments permitted a new interpretation of some aspects of the
problem of the physiology of the secretory function of the liver.

EXPERIMENTAL METHODS

Long-term experiments were performed on five dcg# with permanent Schwann fistulas of the gallbladder.
Attention was paid not only to the intensity of the secretory process but also to the chemical composition of the
bile: each hourly specimen of bile was subjected to photometric determination of the cholate concentration by
the Shire-Kuni method and of bilirubin by the Van denBergh method. The amount of bile secreted was noted
every 30 miriutes over a period of four hours, In order to avoid any possible gastrointestinal influences on bils
secretion during digestlon all the experiments were conducted in the fasting state. Systematic parallel determi~

nations of blood sugar levels were made by the Hagedom-Jensen method. A total of over 90 experiments was
carried out,

EXPERIMENTAL RESULTS

Adrenalin, As can be seen from the table, there is a marked decrease in the total amount of bile under the
influence of 0.05 mg/kg adrenalin given subcutaneously or intravenously (average decrease by 42.4-26.2% in the
dog Lokhmatyi, by 6.8% in the dog Tsezar and by 15.5% in the dog Dunai). In isolated experiments the decreass
of blle secretion was even more marked. It must be emphasized that in the majority of experimeats the diminu-
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Fig. 1, Effect of adrenalin on bile secretion and
process of cholate excretion in the dog Dunal
(average values): a) control; b) adrenalin, 0,05
mg per 1 kg body weight, intravenously,

tion of bile secretion under the influence of adrenalln was
observed chiefly during the first two hours of experiment,
f.e., when the blood sugar level was rajsed, During the
remaining ume of experiment blle secreticn was less
markedly diminished or not diminished at all (Figure 1),

The concentraton of cholates and of bilirubin in
the bile also underwent a change. A close connection
was noted between the Jevel of bile secretion and con-
centration of bilirubin in the bile, expressed {n the fact
that the content of this pigment in the bile increased
considerably in those intervals of time during the exper- .
iment when bile secretion was relatively low and de~
creased to the initdal level as the normal level of bile
secretion was restored. The cholate concentration in the
bile, on the other hand, was below the control value
throughout the experiment in the majority of cases; in
some experiments this decrease was greatar, in others
smaller; only in {solated observations on the dog Lokh~
matyl during experiments with marked deprassion of bile

secretion did the concentration of cholates remain unchanged or show a slight rise.

Calculation of the iotal amount of cholates secreted with the bile as indlcation of the intensity of the pro-
cess of their synthesis {n the liver enabled us to establish that under the influence of adrenalin the absoluts cho-
late content of bile showed a considerable decrease (in the case of Lokhmatyl by an average of 16.2-37.3% in
the case of Tsezar and Dunat by 31.6 and 30.9% respectively). The most marked dacrease in cholats secretion
was observed during the first hour of the experiment after which it rose gradually but remained considerably be~
low the corresponding values throughout the experiment (Figure 1),
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Fig. 2. Effect of ephedrine on bile secretion and cholate
secretion in the dog Dunai (average values): a) control;

b) ephedrine in dose 2 mg per 1 kg body weight; c) ephe-
drine in dose 4 mg per 1 kg body weight (intravenous in-

jection.

Adrenalin thus evokes marked depression of bile excretion and chelate synthesis in the liver; this prepara-
ton does not exert any appreciable effect on the process of bilirubin secretion.

Ephedrine. Less marked changes were observed following intravenous administration of 1-5 mg/kg epha-

drine.
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Doses of 1-2 mg/kg gave rise to slight depression of bile secretion ia {solated cases and no changes inothers
while doses of 3-5 mg/kg caused no change in bile secretion in a number of cases or caused an average rise
of 5-15% (Figure 2); changes in the chemical composition of bile were more consistent, The concentration of
bile bilifubin increased markedly in those experiments in which the secretion of bile was below the hdtial level |
and dropped to some extert in those cases in which bile secretion was greater than in the control series of ex-
periments, Thus, in the case of the dog Lokhmatyl administration of 1 mg/kg ephedrine caused an average drop
in the total amount of bils from 40.9 to 28.8 ml, the biUrublin concentragion rlsing from 38.8-44.5 1o 60,8~ 1.8
mgh. When the same dog received 6 mg/kg of ephedrine the total amount of bile secreted during four hours in-
creased up to 63.4 ml,the concentraton of the pigment falling to 34.3-23.8 mg7 In this case the changes re-
sembled in character those observed on administration of adrena!in.

The concentration of cholates in the bile was noticeably lower in all the experiments with ephedrine than
_ in the control ones, The total amount of cholates secreted with bile was also lower than the initial value in the
majority of experiments. This decrease was marked In the case of Lokhmatyl somewhat more than in the case
of Dunal, Only in one experiment (Lokhmatyi) was there an increase in the absolute cholate content of the bile
after administration of 5 mg/kg ephedrine; the increase was from 786.8 to 1149 mg. The consistent reaction

of the organism from the point of view of bile secretion is thus dilution of the bile, the level of sectetion and
the process of cholate synthesis in the liver depending on the dose of the preparation: as the dose increases thesa
processes rise to the normal level and in some cases (éspaciaily with respect to bile secretion) exceed the latter.
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Fig. 3. Effect of amphetamine on bile secretion and process
of cholate secretion in the dog Dunai (average values)y: 8)
conzol; b) amphetamine in dose 0.5 mg per 1 kg body
weight, <€) amphemmine in dose 1 ing per 1 kg body weight
(intravenous injection).

Amphetamine. The effect of amphetamine in doses of 0.5-2 mg/kg on the bile-secreting function of the
liver was studied in experiments on four dogs. The preparation was given subculaneously and intravencusly, As
can be seen from the data given in the table, bile secretion was markedly increased in all experiments with
slight exception (absence of reaction in Lokhmatyi upon parenteral administration of 1 mg/kg of amphetamine).
This effect of amphetamine was most pronounced on intravenous injection: the bile-secreting action increased
2s the dose rose from 9.5 10 1 mg/kg and decreased on further increase of the dese. Thus, in the case of the dog
Aza the average increase of bile secretion follawmg administration of 0.5 mg/kg amphetamine was 37.3% and
73.4% when the dose was increased to 1 mg/kg; when the dose was further increased to 2 mg/kg, however, there
was no increase in bile secretion, - It was also noted that when amphetamine was given parenterally the increase
in bile secretion occurred from the second to third hour onwards, whereas when the preparation was given intra-
venously bile secretion was raised throughout the experiment (Figure 3},

476



0°8y8 u 0°8C-6'8% ' 0021-00%1 . 1. 4] M 01 1’089 £°09-0"CL 08¥3-0297 | 1°09
L'eys | L°0S-6"19 | 0601-0LEI | £'89 . 80 1°089 2°09-0°CL 08¥%1- 6297 1°09 | youngt
- . - - 6°L¢ » 02 - - - 8'8g |
- : - - i 5’86 . 01 - - : - 8'9g ,
- - - ! 0°'gL | fismonsaenuy g0l - - - 8°'9¢ V.
TSR+ B°LE-£'89 0521-0€1% | 8°2¢ - 02 £°9%01 1°26-1°29 0003-099¢ m 1844 “
§°0Z01 |  8°0E-8°¥y | 06¥1-0G8T | 209 . 07|  £'9201 r2¢-129 | 0002- 0992 T |
979%01 | - 0¥¥1-02%07% * 1°9¢ . s°0 £°9201 1°%8-1°29 “ 0002-0992 ! 1'vF i muy
EArA X T S I 1 2} m 0211-0281 m i 4 » 02 8°98L 8°'8E-G'¥b oow?omwmw e'av.
0'CYs ! L'8€-£°CF | OT11-0Z81 | 0'sc | Anesausted 0'1 8'98L 8'86-S°¥¥ | 0981-082% 6oy | Vavupor
. supwnaydwy
0°899 8°08-9°2L " 0901-02€1 £8¢ - o'¥ 1°689 3°09-0°¢L “ 08%1-02%91 ; 1°0¢
¥'¥99 879¢-1°LL  0ZE1-0691 e'9y . 02 1880 3709-0°8L 08¥1-0201 1°0% yeung
0'6¥TY-P 0 8°€T-£'ve » 0911-0891 = ¥°€9-8'6¢C » 0°g 8'98L g8'8C-8'v¥ 0981-0823 ' 8'0¥y.
8'6L¥-1°L8C ¢  L°6Z-9°L¥Y | 098-08I1 N 2°¢y-8°0¥ " (14 8°08L 2°8e-S'%¥ 0981-08223 , 8'0y
0°26%-9'0LC ! B8'09-8'LL !  086-0391 m 0°2¥-8°6Z | Aisnoueaenu] 0'1 8’98 8°8E-87%¥ 0981-082¢C | 6'0y yasunpioy
suppoydyz
Y . .
¥ eLY _ ¥L8-6°0L . 0€01-0811 ! 0°cy | Aisnousaenug 50°0 1°989 2°09-0°EL 08%1-0281 " 1°0¢ jeung
| { £psno !
9°'9LE w - I ov0t-0003 2°0¢ - pueINOQNg €00 $°0SS - 0€LT-0981 L 4 ivzes],
g°esy 0°6£-0'08 .| O0121-0£9% £'ge { fisnousaenu] <00 8'98L g'ge-a°vb 0981-0822 8'0%
Aysno , : .
0°6S9 - 0202-02¢2 9°€% - sueInogng ©0°0 8°98L 8'8e-S % 0981-0822 8’0y yhyeunpio
ufeusIpy
: Bw)sig
Bw) smoy » (fu1) sanoy uf sere(OYd () sanoy
uf sorejoud JO uyqnIn g sEow | pure[q uopensyuj | Jo junowie uIgnITIq seivjoyd | § Uy of1qG
wnowe [v10). © ¢dul Uf UONENUAIUOD jo 3unowe |.-pw Jo epows pue H/Sw 1e101 ofq U UORBRUOIUOD - | JO-JUnOWE
oiues 5,80

uoniesedaid Jo uOMIBRNSTULLPE 101}V

uy vonwedead jo osoq .

uopesedald jo uopienspIpe aiojog

(senpea ueow) sBog uy ofyg jo vomtsedwoeD JEsjWoYD pue HONRIDAS A[)g U0 eujwrloydwry pue suppoyd3 ‘uRRUDIPY Jo 309813

411



In those experiments in which enhancement of bile secretion was absent or slight the bile bilirubin concen-
trattonwasunchanged; it decreased substantially in experiments in which there was definite sdmulating effect
of the preparation on bile secredon. The concentration of cholates in the bile, regardless of the level of bile
secretion, was noticeably lowered including those experiments in which the level of bile secretion was unchanged,
The absolute cholate content of bile increased by an average of 22.8-23.7% in Dunal, remained almostunchanged
in Amur and decreased by an average of 31-27.2% in Lokhmaryl.

Thus, unlike adrenalin and ephedrine, amphetamine exerts A sumulating effect on bile secretion which
resembles in its character the acdon of the majority of cholagogues (salts of bile acids, cholosas, flaminum, ete.),

Data obtained under Jeng-term experimental condidons on dogs with permanent Schwann gallbladder fis-
tulas show that adrenalin and sympathomimeric amines {(ephedrine and amphetamine) possess a number of prop=
erties with respect to the bile-secreting function of the liver which are charactersistic for each preparation indiv-
idually., Adrenalin produces marked lowering of bile secretion, ephedrine produces small fluctuations towards
both diminution and enhancement of bile secretion (especially on increasing the dose of the preparation) while
amphetamine Is distinguished by a typical cholagogic action, Changes in the chemical composition of bile, on
the other hand, were uniform: concentradon of bile bilirubin was in close relation to the degree of the bile-ss~
creting reaction, while the concentration of cholates was lowered in the majority of the expedments.

Taking {nto account the distinctive features of the pharmacodynamics of adrenalin, ephedrine and amphet~
amine provides a basis for suggesting that the character of the effect of these substances on the processes of bile
secretion and synthesis of cholates in the liver is in definite relationship with the ability of the preparations men-
doned to elicit stimulation of the ceatral nervous system on the one hand, and on the other to influence the ad-
renergic systems in tssues. In this series of substances the central action {ncreases with decline of the peripheral
effect. Therefore, evidently, the bile-secreting effect and the process of cholate formation in the liver depend
on the degree of peripheral and central action of substances such as adrenalin, ephedrine and amphetamine, Pre-
dominance of peripheral over central sffect (adrenalin) leads to depression of bile secreticn and cholate synthess,
whereas predominance of ceniral effect over peripheral {amphetamine) {s accompanied by definite cholagogic
action with increase of cholate formation in the liver seen in 2 number of experiments. Ephedrine occupies an
intermediate position with relation to the central nervous system and with respect to effect on bile secretion,

It is also essential to point out that hyperglycemia which develops under the influence of adrenalin plays
a definite part in the depression of bile secretion associated with administration of adrenalin, Our earlier work
{6,7] and data of A.F. Platoniova-Petrovskaia [2,3], R.V. Rudoi {5] and others suggest close connection batween
the process of bile secretion and carbohydrate metabolism expressed in the fact that in the presence of hypogly~
cemia the level of bile secretion shows a sharp rise, while considerable hyperglycemia is accompanied by marked
inhibition of this process. As indicated previcusly {6}, this connection is based on a neurchumeral mechanism,

SUMMARY

Long-term experiments were performed on five dogs with a permanent Schwann fistula of the gallbladder.
The effect of adrenalin, ephedrine and amphetamine on bile production by the liver and on the chemical con-
tent of the bile was studied. It was established that adrenalin inhibited the bile secretion and promoted decrease
of the absclute content of cholates in the bile. Amphetamine,on the other hand, has a2 promoting effect on bile
production. The effect of ephedrine on production of bile is less characteristic and is unstable. Changes in the
chemical content of the bile showed that the concentration of bilirubin in the bile depended on the degree of
bile production. As to the concentration of the cholates — in the majority of experiments they showed consider~
able decrease. The mechanism of action of the preparations referred to above is discussed in this paper.
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