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The present Investigation was undertaken in order to establish the character and special features of the e f -  
fect of adrenalin, ephedrine and amphetamine on the processes of bile secretion and formation in the liver of 
cholates as the main component of bile. 

The question of the effect of adrenalin onthe secretory function of the liver has been studied by many au- 
thors [1,4. etc.] but some of its aspects have remained unsolved. Moreover, the effect of sympathomimetic 
amines - noradrenalln, neoepinephrine, neosynephtine, ephedrine, amphetamine, etc. - on the bile secreting 
and bile excreting l~ocesses has not been described In the literature. 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 role of 
hyperglycemla 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 adrenalln was dlst[nguished 
by a very strong effect on the adrenergic systems of organs and tissues of the body and produced appreciable hyper- 
glycemia, whereas ephedrine and amphetamine c~used excitation of the cenural nervous system (particularly am- 
phetamine) with less marked peripheral effect. Comparison of these pharmacodynami c features in the substances 
mentioned with the results obtained in our experiments permir~ed a new interpretation of some aspects of the 
problem of the physiology of the secretory function of the liver. 

EXPERIMENTAL M E T H O D S  

Long-term experiments were performed on five dogs.' wi,.h permanent Schwann fistulas of the gallbladder. 
Attention was paid nqt 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 Shlre-Kuni method and of bi ~ILrubln by the Van denBergh method. The amount of bile secreted was noted 
every 30 minutes over a period of four hours. In order to avoid any possible gastrointestinal Iitfluences on bile 
secretion during digestion all the experiments were conducted in the fasting stole. Systematic parallel determi- 
nations Of blood sugar levels were made by the Hagedorn-~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 in~avenously (average dec~ea~ by 42.4-26.2~ in the 
dog Lol~matyi, by 6.8% in the dog Tse~r  and by 15.5% In the dog Dunai). In isolated experiments the decrease 
of bile secretion was even more marked. It must be emphasized that in the majority of expeflments the dimtna- 
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Fig. 1. Effect of adrenalin on bile secretion and 
process of chelate excretion in the dog Dunai 
(average values): a) control; b) adrenalin. 0,05 
mg per 1 kg bodyweight, intravenously. 

tlon of bile secretion under the l~fluence of ad~ena1~n war 
observed chic fly during the fkst two hours of experiment, 
i,e., when the blood sugar level was ral~ed, During the 
remaining time of eXl>Ctiment bile sectetic, v was lets 
markedly dimini~hed ot not diminished at all (Figure 1). 

The concentration of chelates and of billrubin In 
the bile also underwent a change. A close connection 
was noted between the level of bile secretion and con- 
centration of btlirubin in the bile. expressed in the fact 
that the content of ~his pigment in the bile increased 
considerably in those intervals of dine during the exper- 
iment when bile secretion was relatively low and de- 
creased to the initial level as the normal level of bile 
secretion was restored. The chelate 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 greater, in others 
smaller; only in isolated observations on ~,e dog Lokh- 
matyi during experiments with marked depression of bile 

secredon did the concentration of chelates remain unchanged or show a slight rise. 

Calculation of the total amount of chelates secreted with the bile as indication of the intensity of the pro- 
cess of their synthesis in the liver enabled us to establish that under the influence 0f adrenalin the absolute che- 
late content of bile showed a considerable decrease (in the case of Lokhmatyi by an average of 16.2-37,3~ in 
the case of Tsezar and Dunai by 31.6 and 30.9% respectively). The most marked decrease in cholera secretion 
was observed during the first hour of the experiment after which it rose gradually but remairmd considerably ira,- 
low the corresponding values throughout the experiment (Figure 1). 
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Fig. 2. Effect of ephedrine on bile secretion and cholera 
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 ln- 
jecfiolt. 

Adrenalin thus evokes marked depression of bile excretion and chelate synthesis in the liver; fills pampata- 
tion does not exert any appreciable effect on the process of billxubin secretion. 

Ephedrine. 
~ .  

,Less marked changes were observed foilowing intravenous admi~stration of 1-5 mg/kg ephe- 
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Doses of 1-2 mg/~g gave rise to slight depression of bile secretion in ~selaxed cases and no changes inothers 
while doses of 3-5 m g / ~  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 e ~ n ~ e n t .  "Ihe concentration of 
bile billrubln increased markedly in those experiments in which the secretion of bile was below the i)dtlal level 
and ~topped to some exter.t in those cases in which bile secretion was g~eater than in the c onuol serle~ 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 bile from 40.9 to 29,8 ml, the billrubln concentration rislng from 38.8-44.5 to 60.8-'/7.~ 
m g ~  When the Same dog received 6 mg/kg of ephedrine the total amount of b~te secreted during four houxs in., 
creased up to 63.4 ml,the concentration of the pigment falling to 34,3-~3,8 mg~'e. In this ease the changes ~ -  
sembled in character those observed on administration of adrenalin. 

The concentration of chelates in the bile was noticeably lower in all the experiments with ephedrine ~ a n  
In the control ones, The total amount of chelates secreted with bile was also 10wet than the Initial value In the' 
majority of experiments. This decrease was marked in the case of Lokhmatyl somewhat more than in the cam 
of Dural. Only in one experiment (Lokhmatyl) was there an incmasein the absolute c.holate content of the bile 
after administration of 5 mg/kg ephedrine; the increase was from '/86.8 Zo 1149 rag. The consistent reaction 
of the organism from the Point of view of bile secretion is thus dilution of the bile, the l~vel of secretion and 
the process of chelate synthesis in the liver depending on the dose of the preparation: as the do~e increases these 
processes rise to the normal level and in some eases (especially with respect t~ bil~ secretion) exceed the latten 
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Fig, 3. Effect of amphetamine on bile sec~don and procen 
<ff cholera secretion in the dog Dunai (average values}: a) 
control; b) amphetamine in dose 0.5 mg per 1 kg body 
weight; e) amphetamine in dose 1 trig per 1" kg body weight 
(intravenous injection). 

Amphetamine. The effect of amphetamine in doses of 0.5-2 mgP~g on the bile-secretlng function of the 
liver was studied in experiments on four dogs. The preparation was given subcutaneously and intravenously, As 
can be seen from the data given in the table, bile secretion was markedly increased in all experiments with 
sligh t exception (al~ence of reaction in Lokhmatyl upon parcnteral a'dminis~a~on of I mg/kg of amphetamine). 
This effect of amphetamine was most pronounced on intravenous injection; the bile-secreting action increased 
~s the dose rose from 0.5 to 1 mg/kg and decreased on further increase bf t~ dc~. Thus, in the case of the dog 
Aza the average increase of bile secretion following, administration of 0.5 m ~ - g  amphetamine was 3 7 . ~  and 
73.4~ when the dose was increased to i mg/kg; when the do~ was fur~.er increased to 2 mg]kg, howe~r ,  the~ 
was no increase in bile secretion. It was also noted that when ampbeta~ne was given parenr~ra!ly the increase 
in bile secretion occurred from the second re third hour onwards, ~..'~er~as ~%en the p~epa~aflon was given Intra- 
venously bile secl~flon w~s raised throughout the experiment (Figure 3). 
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In those experimenu in ~ i c h  enhancement of bite secretion was absent or slight the bile bitlrubin conce~- 
trati0nwasunchanged; it decreased substantially in experiments in which there wasdef ivdte stimulating effect 
of the prepare,ion on bile secretion. The cor~centration of chotates 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 chelate content of bile increased by an average of 22,8-23.'I~0 In Dunal, remained slmosttinchanged 
in Amur and decreased by an average of 31-27,2~ in Lokhmatyt. 

Thus. unlike adrenalin and ephedrine, amphetamine exerts a stimulating effect on bile secretion which 
resembles in its character the action of the majority of cholagogues (salts of bile adds, cholosas, flare/hum, eta,). 

Data obtained under long-term experimental conditions On dogs with permanent Schwann galibladdez fis- 
tulas show that adrenalin aud sympathomimetic amines (ephedrine and amphetamine) possess a number of p~op- 
erties with respect to the bHe-~ecreting function of the liver which are characteristic for each preparation indlv '  
/dually. 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 
amphetamin e is distinguished by a typical eholagogic action, Changes in the chemical composition of bile, on 
the other hand. were uniform: concentration of bile bilirubin wax in clom relation to the degree of the bil0-~- 
crating reaction, while the concentration of cho~tes was lowered in the majority of the expedmenls. 

Taking into account the distinctive features of the pharmacodynamies of ad~enalin, ephedrine and amphet- 
amine provides a basis for suggesting that the character of the effect of these substances on the lzocesses of bll~ 
secretion and synthesis of cholates in the Iiver is in definite/elati0nship with the ability of the preparations men- 
ttoned to elicit stimulation of the central ferrous system on the one hand. and on the other to influence the ad- 
renergic systems in tissues. In th~s series of r~brtanees the central action increases with decll~ of the peripheral 
effect. Therefore, evidently, the bile-secreting effect and the process of cholat~ formation in the liver depend 
on the degree of peripheral and central action of substances suda as adrenalin, ephedrine and amphetamine. P~e- 
dominance of peripheral over central effec~ (adrenalin) leads to depression of bile secretion and chelate synthesis, 
whereas predominance of central effect ove~ peripheral (amphetamine) is accompanied by definite cholagogtc 
action with increase of chola~ formation i~ the liver seen in a number of experiments. Ephedrine occupies an 
~ntermediate position with relation to the.cenu~l nervous system and with respect to effect on bile secretion, 

it is also essential to point out that hyperg!ycemi ~ which develops under the influence of adrenalin plays 
a ddfinlte part in the depression of bile secretion associated with administration of adrenalin. Our earlier work 
[6, 7] and data of A.F. Platonova-Petrovskaia [2, 3], R.V. Rudoi [5] and others suggest close connection between 
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 ~rp =ise. while considerable hyperglycemia is accompanied by marked 
inhibition of this process. As indicated previously [6], this connection is based on z neurohumoral mechanism. 

SUMMARY 

Long-term experimen~ 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. I t  was estabIL~hed that adrenalin in1~bited the bile secretion and promoted decrease 
of the absotute content of chelates in the bile. Amphetamine,on the other hand, has a promoting effect on bile 
production. The effect of ephedrir~ on l~:~ucfion of bile is less characteristic and is unstable. Changes in the 
chemical content of the bile showed that the concen~ation of bilirubtn In the bile depended on the degree of 
bile production. As to the concentration of the chelates - i n  the majority of experimen~ they showed consider- 
able decrease, The mechanism of action of  the preparation~ referred to above is discussed in this paper, 
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