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Abstract. The study of sexual differences in the regulation of exocrine liver
function is one of the topical areas in hepatology. After all, the liver serves as a
mediator in a number of systemic effects of sex hormones on the body and is a key
organ of their metabolism. In particular, the correlation between the concentration of
steroid hormones can determine the direction of physiological processes and their
possible distortions.

Methods: physiological, biochemical, methods of mathematical statistics.

Cholesecretion increased in female rats under the influence of testosterone.
Testosterone raised the concentration of taurocholic acid and at the end of the acute
experiment the level of taurohenodeoxycholic and taurodeoxycholic acids significantly
increased. By comparison, the content of glycocholates decreased significantly
immediately after the administration of the hormone but at the end of the experiment,
the content of glycocholic acid increased significantly. The level of free bile acids
increased under the testosterone. Testosterone affected the bile lipid composition, in
particular, it raised the concentrations of phospholipids, cholesterol and its ethers,
while the content of free fatty acids decreased under the studied hormone.

Testosterone when administered intraperitoneally to female rats significantly
affects the concentration of conjugated and free cholate, which may indicate its
involvement in metabolic transformations and transport of bile acids to the primary
bile ducts. The studied hormone raised the concentration of phospholipids, cholesterol
and its ethers, but reduced the content of free fatty acids in the liver secretion of the
studied animals.
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Introduction. Over the past 20
years, there has been a growing tendency
of liver diseases in all the world
(Feysa S. V., 2016). If chronic
cholecystitis was previously considered
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to be a common disease of the biliary
tract, then in recent decades there has
been a steady increase of gallbladder
damage, especially in economically
developed countries in America and
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Europe. This happens due to metabolic
disorders such as cholesterol
cholelithiasis and gallbladder cholesterol
(Stinton L. M., Shaffer E. A., 2012;
Burmak Y. H., Kharchenko V. V.,
Yakubovskaya l. A, 2013;
Chernukha 1. S., Reshetnik E. M.,
Nuryshchenko N. E. et al., 2017).

It is currently known that there is a
correlation between the reproductive and
hepatobiliary systems (Kaminskyi V. V.,
Sumenko V. V., Kolomiichenko T. V. et
al., 2016). The liver is involved in the
metabolism of a number of hormones, so
its chronic diseases may be accompanied
by hormonal disorders
(Parkhomenko L. K., Budreiko O. A,
Strashok L. A. et al., 2018). Hormonal
disorders are not only associated with
reproductive pathology, but also affect
the functions of many organs and organ
systems (Kaminskyi V. V.,
Sumenko V. V., Kolomiichenko T. V. et
al., 2016). Thus, the imbalance of sex
hormones is associated with the
development of insulin resistance and an
increased risk of atherosclerosis,
diabetes and other metabolic and
functional disorders. It has been studied
that low testosterone levels are
cumulative and independent
premonitory symptom of type 2 diabetes
in middle-aged men, and deficiency of
total and free testosterone is common in
diabetics, especially with obesity
(Chernukha 1. S., Reshetnik E. M.,
Nuryshchenko N. E. et al., 2017;
Boyer J. L, 2013; Kelly D. M,
Jones T. H. 2013; Korpachev V. V.,
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Melnychenko S. V., Lukashova R. G.,
2015). In addition, testosterone may
increase the mitogenic activity of
hepatocytes (Nucci R. A. B., Teodoro
A.C.S., Krause N. W. et al., 2017).

It is well known that non-alcoholic
fatty liver disease is more common in
men than in women. Presumably sex
steroids play a role in its development, as
it is common in men with hypogonadism
and in  postmenopausal women
(Mintziori G., Poulakos P., Tsametis C.
et al., 2017). It should be noted that
according to clinical studies,
cholelithiasis is more common in women
than in men. This is due to a
physiological increase in estrogen levels,
as well as the wuse of hormonal
contraceptives, which lead to increased
cholesterol excretion by hepatocytes,
bile oversaturation and thus increase the
risk of cholesterol gallstones in women
(Borovets O., Bened’ V., Reshetnik E. et
al., 2016).

The correlation of sex hormones
and receptors to them differs
significantly in the bodies of male and
female rats. This specifies the course of
physiological and biochemical processes
in their bodies, including the
reproduction of the digestive system
functions. Hence, it is necessary to
experimentally study the effect of
changes in testosterone levels on one of
the leading liver functions in the
digestive system, in particular, exocrine,
under different ways to increase the level
of the studied hormone in experimental
animals by means of its exogenous
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administration. Thus, the aim of the
work is to study the effects of
testosterone on the bile acid and lipid
composition of rat bile.

Materials and methods. The
article deals with the effect of
testosterone on the biliary secretory
function of the liver of female (0.18-0.23
kg, n = 10) and male rats (0.18-0.23 kg,
n =9). Male and female rats of the same
age were used for the experiments.
Before surgical intervention, the animals
were deprived of food, but they had free
access to water. Thiopental sodium
(OJSC Kyivmedpreparat, Ukraine) was
used to anaesthetise rats during an acute
experiment at a dose of 60 mg/kg of
animal weight intraperitoneally.
Experiments on animals were performed
in compliance with the requirements of
the European Convention for the
Protection of Vertebrate Animals and the
Law of Ukraine Ne 3447 IV "On the
Protection of Animals from Cruelty".

The laparotomy was performed in
layers by cutting the skin along the white
line,  subcutaneous  tissue  and
peritoneum. Then, when the
hepatoduodenal ligament was found,
three ligatures were placed under the bile
duct, and then a thin metal probe was
inserted into the prepared duct through a
small insection in its wall. Using a probe,
a hollow plastic cannula was inserted
into the bile duct cavity, which was
connected to a glass micropipette. This
allowed to measure the amount of liver
secretion and collect bile over a definite
period of time. To maintain a constant
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temperature in rats’ bodies and to
prevent the dissected peritoneum from
drying out, the walls of opposite
peritoneum were ligated, and a gauze
pad, soaked in saline, was applied to the
wound surface. It took the animal 20
minutes to stabilize its condition after the
operation and only 30 minutes for the
bile duct to registration the bile volume
after the cannulation. Eighteen 10-
minute samples were taken in 3 hours of
acute experiment. The first three 10-
minute bile samples were taken to
determine the individual level of
cholesecretion for each  animal.
Subsequently, the experimental group of
animals was administered testosterone
propionate (firm "Farmak"”, Ukraine)
intraperitoneally at a dose of 700 pg per
kg body weight of rats (with regard to the
drug volume — 1 ml / kg), and the control
group — saline (1 ml / kg), then the next
5 half-hour bile samples were collected.

The concentrations of bile acids and
lipids in half-hour bile samples were
determined using thin-layer
chromatographic techniques improved
in our laboratory (Veselsky SP,
Lyashchenko PS, Luk'janenko YA,
1991; Veselsky SP, Lyashchenko PS,
Kostenko SI, Horenko ZA, Kurovska
LF, 2001). The experimental data were
statistically processed using the software
package STATISTICA 5.0 with the use
of t-Student's criteria in the normal
distribution, which was evaluated using
the Shapiro-Wilk test. Differences at
P<0.05 were considered statistically
significant.
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Results and discussion. Under
intraperitoneal administration of
testosterone propionate (700 pg / kg) to
female rats, a statistically significant
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Fig. 1. The rate of bile secretion in female rats at half-hour intervals and the
average volume of bile produced under the conditions of the experiment in the
control group (1) and after intraperitoneal administration of testosterone

propionate (2) (700 pg / kg), (M £ m)

Note: * P <0.05; ** P <0.01; 1 - control (solvent) n = 8; 2 - testosterone n = 10

In the second and third half-hour
periods of the experiment, the
volumetric rate of cholesecretion
increased by 57 % (P <0.05) and 91 % (P
<0.01) compared with the control group.
And already in the fourth, fifth and sixth
half-hour intervals of the experiment, the
average volumetric rate of bile secretion
was 14 % (P <0.01), 30 % (P <0.01) and
56 % (P <0.01) greater than in the control
group (Fig. 1).

It should be noted that with
intraperitoneal administration of
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testosterone propionate (700 ug / kg) to
male rats, a statistically significant
increase in the mean volumetric rate of
bile secretion was observed after 1.5 h of
acute experiment, namely by 8 % (P
<0.05) compared with the control group.
At the end of the experiment, the
choleresis of the studied animals was
significantly reduced by 7 % (P <0.05)
compared with the control group of
animals (Fig. 2).

ISSN 2223-1609



Biosoris, 6ioTexHoJ0TISI, eKoJIOTiSI

Jlynaina L. C., JIameBu4 A. M., Pemmretnik €. M., Beceascbknii C. I1., Makapuyk M. 1O.

1.8
51,7 *
=]
‘21,6 4 4
2] L1
551 ¢ ¢ I I T )\
; | ¢ ?
g14] 1 NG 3
:;;_ 13 1 1
1.2 r r . r r
30 60 ) 120 150

control
(solvent)
testosterone I 2

180 Time. min

1,7 1

—
[
e

plimin - gram of liver

H
U
-
-

14

Fig. 2. The rate of bile secretion in male rats at half-hour intervals and the
average volume of bile produced under experimental conditions in the control
group (1) and after intraperitoneal administration of testosterone propionate (2)

(700 pg / kg), (M £ m)

Note: * P <0.05; 1 - control (solvent) n = 11; 2 - testosterone n = 9

Thus, intraperitoneal
administration of exogenous
testosterone at a dose of 700 pg / kg body
weight of the experimental animal in an
acute experiment caused different
cholesecretion in male and female rats.
During the whole experiment, the
amount of bile produced by the rats’ liver
was 7 % (P <0.05) in male rats, greater
than in the control group (Fig. 2). In
female rats, the same dose of exogenous
testosterone raised the level of produced
bile by 11 % (P <0.05) compared with
the control group (Fig. 1).

Bile secretion is the result of
metabolic reactions that take place in
liver cells. The leading metabolic
processes that provide bile formation are
the synthesis and biotransformation of
organic components of bile, among
which bile acids and lipids have a special
place. To maintain the physiological
correlation of the main bile components,
metabolic and exocrine processes in the
liver are subject to complex
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neurohumoral regulation with the
involvement of a wide range of
hormones as  regulatory  factors

(Korpachev V. V., Lukashova R. G.,
Melnytchenko S. V. et al., 2013; Cai Z.,
XiH., Pan Y. et al., 2015).

The correlation of different bile
components, in particular different bile
acids is extremely important in the
pathogenesis of many diseases of the
hepatobiliary  system.  Given the
significant gender differences in bile
production and bile secretion, it was
decided to experimentally reproduce the
effect of exogenous testosterone on the
bile acid composition of rats’ bile.
Determination of the content of bile
acids and lipids in the bile obtained from
animals that were under the influence of
testosterone, allows us to establish the
metabolic links on which the hormone
has its regulatory effect.

It should be noted that a series of
experiments were conducted where the
same dose of testosterone by different
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routes of administration was tested and
its effect directly on liver cells and its
effect at the systemic level were studied

(Chernukha 1. S., Reshetnik E. M.,
Nuryshchenko N. E. et al., 2017;
Chernuha 1. S., Reshetnik Y. M,

Liashevych A. M. et al., 20180).

Intraperitoneal administration of
testosterone to female rats on the
background of its low endogenous level
led to a statistically significant increase
in the concentration of taurocholic acid
in the third, fourth and fifth samples of
bile by 12.1 % (P <0.05), 15.7 % (P <0,
05), 22.8 % (P <0.01) compared with the
control indicators (Table 1).

The tested hormone, at the end of
the acute experiment, significantly

increased the level of
taurohenodeoxycholic and
taurodeoxycholic acids by 354 % (P
<0,01). In contrast, the concentration of
glycocholic, glycochenodeoxycholic
and glycodeoxycholic acids decreased
statistically significantly immediately
after administration of the hormone.
Glycocholic decreased by 21.8 % (P
<0.01) and glycochenodeoxycholic and
glycodeoxycholic — by 44.3 % (P <0.01)
compared to control group. But, at the
end of the experiment, i.e. in the last 30-
minute sample of bile, the content of
glycocholic acid significantly increased
to 28.4 % (P <0,01) compared with the
control group of animals (Table 1).

1. Concentration of conjugated bile acids (mg%o) in the bile of female rats in
the control group (n = 8) and after intraperitoneal administration of testosterone

propionate (n = 10) (700 pg / kg), M £ m

Fractions of conjugated bile acids
Samples taurochenodeoxycholic ylycochenodeoxycholic
of Series of | taurocholic glycocholic +
bile | experiments acid taurodeoxycholic acid glycodeoxycholic
acid acid
1 control 177.0+£17.6 97.7£19.5 91.3+20.2 36.4+5.3
testosterone 178.0+9.1 86.8+4.3 80.8+12.5 29.8+3.7
Intraperitoneal administration of solvent or testosterone propionate
) control 176.6+13.9 98.6+16.3 91.4+17.8 36.1+5.2
testosterone 191.5+10.6 92.1+8.1 71.5+7.0* 20.1+£2.1**
3 control 171.0+13.8 96.1+15.9 89.1+16.9 34.145.0
testosterone 191.74£3.5* 88.8+2.0 72.3+£6.7 23.216.6*
4 control 167.2+14.0 95.2+14.1 84.6+17.8 32.3+4.5
testosterone | 193.5+12.4* 99.2+4.3 79.2+6.4 27.0+3.3
5 control 162.1+14.1 93.9+15.2 80.1+15.3 29.7+4.4
testosterone | 199.1+18.0** 108.6+3.6 87.5+5.8 28.8+0.4
6 control 158.3+13.6 90.2+14.4 77.7£14.0 27.1+4.2
testosterone 173.3+13.1 122.245.1** 99.9+4,7** 31.0+0.4

Notes: * — P < 0.05; ** — P < 0.01 — statistically significant differences compared with the
control group
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It is to be noted that conjugation
ensures the dissolution of cholates,
makes them resistant to the formation of
calcium salts and reduces the possibility
of their penetration through cell
membranes.  The  formation  of
conjugates is one of the ways of
biological transformation and
elimination of aggressiveness  of
endogenous and exogenous substances
(Scott KA, Melhorn SJ, Sakai RR,
2012).

Under the influence of testosterone,
which was administered
intraperitoneally to female rats, the level
of free bile acids increased, namely the
concentration of cholic acid increased by
40.7% (P <0.01) in the third half-hour

bile sample, in the fourth — 71.3%
0.001), the fifth — 41.8% (P <0.01) and
the sixth by 32.5% (P <0.01) compared
with the control group of animals (Table
2).

The concentration of the following
unconjugated bile acids also increased:
chenodeoxycholic and deoxycholic.
Their level increased at the beginning of
the acute experiment by 40.2% (P
<0.01), and at the end — 74.7% (P
<0.001) compared with the control group
of animals (Table 2). Changes in the
concentration of the above-mentioned
bile acids in the bile may indicate the
process of their synthesis from
cholesterol.

2. The concentration of free bile acids (mg%o) in the bile of female rats in
the control group (n = 8) and after intraperitoneal administration of testosterone

propionate (n = 10) (700 pg / kg), M £ m

Fractions of free bile acids
Samples -
of Series of cholic chenodeoxycholic
bile experiments acid o
deoxycholic
acid
1 control 16.8+3.7 8.2+1.9
testosterone 19.3£3.0 9.0+£1.0
Intraperitoneal administration of solvent or testosterone propionate
5 control 16.2+3.1 7.7£1.0
testosterone 17.5+2.7 10.8+1.8**
3 control 15.2+3.0 7.8+1.1
testosterone 21.3+£2.9** 10.0+1.7*
4 control 14.3+2.6 7.6+0.9
testosterone 24.5+£3.7*** 11.2+2.0**
5 control 15.2+2.7 7.5£1.0
testosterone 21.6+£1.7** 13.1+2.5**
5 control 15.3+2.7 7.9+1.3
testosterone 20.3+1.8** 12.9+£2.7**

Notes: * — P < 0.05; ** — P < 0.01; *** — P <0.001 - statistically significant differences compared
with the control group
The effect of testosterone on the

bile acid composition of the bile of
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female rats is of great importance,
because our research has shown that
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exogenous testosterone alters the
composition of hepatic secretion with
minimal  levels of  endogenous

testosterone. It is known that bile acids
are highly active biological compounds
that play a role in the functioning of the
digestive system and the body as a
whole.

Since the use of testosterone,
significant changes in the concentrations
of different physicochemical properties
of bile acids in the bile of female rats
were found, significant effects of this
hormone on the secretion of bile lipids
by the rats’ liver should be expected.
Such lipid compounds as phospholipids,
triglycerides, cholesterol, free fatty acids

are released from hepatocytes into the
primary bile ducts together with bile
acids, which is one of the important links
in lipid metabolism (Chernukha I. S.,
Reshetnik E. M., Nuryshchenko N. E. et
al., 2017).

In female rats injected with
testosterone propionate (700 pg/kg)
intraperitoneally, the most significant
increase in phospholipids was observed
in the fourth (13.7 % (P <0.05)), fifth
(22.4 % (P <0, 01) and the sixth samples
(30.5 % (P <0,001)) of bile compared
with the control group, i.e. after 2-2.5
hours after tested hormone was injected
(Table 3).

3. The concentration of lipids (mg%o) in the bile of female rats in the control
group (n = 8) and after intraperitoneal administration of testosterone propionate

(n=10) (700 pg / kg), M £ m

Fractions bile lipids
Samples .
of Series of  [“phospholipids| Cholesterol] Free fatty | Triglycerides Ethers
bile | EXPeriments acids, cholesterol
1 control 70.62 £7.66 P24.34+3.85 [16.73+1.92 3.38+0.66 | 3.92+0.37
testosterone | 74.08 +£8.44 P8.22+4.74 (15.25+ 0.64 242+0.30 | 481+0.98
Intraperitoneal administration of solvent or testosterone propionate
5 control 71.16 £5.47 R3.48+3.56 (17.42+2.84 3.36+091 | 3.06+0.43
testosterone | 76.12 +£8.08 P8.07 +4.75 [17.93 + 2.00 2.50+0.52 |6.41 £ 0.84%**~*
3 control 7154 +2.65 P3.74+2.31 (18.12 +2.38 3.08+0.77 | 3.12+0.15
testosterone | 79.26 £9.15 P5.34+2.02 19.49+ 2.10 2.67 £0.56 |6.75 £ 0.80***
4 control 72.70 £1.58 P3.70+1.78 (18.42 + 1.85 298+0.63 | 3.04+0.21
testosterone | 82.83 £ 8.96* 26.00 +1.97 [15.70 + 1.56*| 2.55+0.37 |6.72 + 0.33***
control 74.32 +£3.44 |24.02 £1.69 (17.86 + 1.42 284+0.71 | 290+0.19
5 91.01 £8.31** | 27.40 1501 + 2.29+0.33 6.38 +
testosterone 1.82++ 158+ 0.19%+
control 73.86 +4.80 23.92+1.41 (18.26 +1.80 2.80+0.81 | 258+0.18
6 96.38 + 28.63 £ 13.22 + 2.11+0.37 6.15 +
[eSIOSIETONE | g g gwes 2,65+ | 0.86% 0.16%+

Notes: * — P < 0.05; ** — P < 0.01; *** — P <0.001 - statistically significant differences compared

with the control group
As a result, our studies show that

testosterone in female rats increases the
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concentration of free bile acids and
phospholipids, and from this it can be
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assumed that the studied hormone
reduces the possibility of cholesterol
precipitation.

Cholesterol concentration
increased significantly at the end of the
acute experiment, namely in the fifth
sample of bile by 12.5 % (P <0.01), in
the sixth by 20.8 % (P <0.01) compared
with the control group of animals. Under
the action of testosterone in females the
content of free fatty acids statistically
significantly decreased in the fourth bile
sample by 14.8 % (P <0,05), in the fifth
—15.9 % (P <0,01) and the sixth—27.6 %
(P <0.001) compared with the control
group of animals. And the esterified
form  of  cholesterol increased
statistically significantly under the
action of testosterone throughout the
acute experiment, compared with control
values. Immediately after administration
of the hormone, the concentration of
cholesterol ethers increased by 9.5 % (P
<0.001), in the next half hour by 16 % (P
<0.001), an hour later by 21 % (P
<0.001), in the penultimate sample of
bile by 20 % (P <0,001), and in the latter
by 38 % (P <0,001) compared with the
control group of animals (Table 3). In
human bile, cholesterol is in a
solubilized state, which is facilitated by
bile acids (cholic, deoxycholic and
chenodeoxycholic acids), as well as
phospholipids, which form special
complexes with cholesterol, called

micelles. In the case of a decrease in the
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intraperitoneally acts in different ways
on lipid synthesis in female rats. This, in
turn, is mostly due to the peculiarities of
the biotransformation of the hormone in
tissues and in the liver as a whole and the
density of testosterone receptors in the
body of the studied animals.
Conclusions
Testosterone  propionate  when
administered intraperitoneally to female
rats significantly affects the
concentration of conjugated and free
cholates, which may indicate its
involvement in metabolic
transformations and transport of bile
acids to the primary bile ducts. The
tested hormone increased  the
concentration of phospholipids,
cholesterol and its ethers, but reduced
the content of free fatty acids in the liver
secretion of the experimental animals.
Due to the widespread use of
testosterone propionate and its effects on
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Anomauia.  [ocniodcenns — cmamesux — iOMIHHOcmeu —y  peeynayii
308HIUHbOCEKDEMOPHOT (DYHKYII NediHKU pPO32180AEMbCA K 0OUH 13 AKMYATIbHUX
Hanpsamkie 'y eenamonocii. AOdxce neyinka 8idicpac poib NoOcepeoHuKa 8 psoi
CUCTMEMHUX BGNIUBIE CMAMEBUX 2OPMOHIE HA OP2AHI3M | € KIHYOBUM OP2AHOM IX
Memabonizmy. 30Kkpema, Cni6BIOHOUEHHSL MINC KOHYEHMPAYI€o CmepoioHUx 20pMOHIE
ModKce  BUBHAYAMU HANPAGIEHICMb  (DI3I0N02TYHUX NPOYeci8 ma MONCIUBL  iX
NOPYULEHHAL.

Memoou: gizionoeiuni, OioXiMIiUHI, MEMOOU MAMEMAMUYHOL CIMAMUCTIUKU.

11lio eénausom mecmocmepony nidSUWYBANACS XOJleceKpeyis Y camuyb ulypie.
Tecmocmeporn 30inbuUly8a8 KOHYEHMPAYilo maypoxoneéoi KUciomu i HANpUuKinyi
2ocmpo2o  00cnioy, ICMOmMHO NiOBUWUE DPIBEHb  MAYPOXEHOOE30KCUXONe8ol |
maypooezokcuxonesoi kuciom. Hamomicms, emicm enikoxonamis 8idpasy nicis
88€0EHHSI 20PMOHY CYMMEBO 3MEHULYBANACA, dlle, HANPUKIHYI eKCnepuMeHmy, éMicm
2NIKOX0Ne80i Kuciomu icmomro nioguwgysascs. Ilpu 0ii mecmocmepony 30i16uty8ascs
pi6enb GLIbHUX JHCOBYHUX Kucaom. Tecmocmepon 6NIUHY8 HA AINIOHUL CKIAO HCOBUI,
30Kpema niosuwyyeas KoHyenmpayii gocgoniniois, xonecmepony ma 1o2o emepis, a
eMiCm BLILHUX JHCUPHUX KUCTIOM 3MEHULYBABCSL NiO BNAUBOM OOCIIONCYBAHOS0 COPMOH).

Tecmocmepon 3a 6HYMPIUHLOOUEPEBHO20 BBEOCHHST CAMUYIM WYPI8 ICIMOMHO
BNIUBAE HA KOHYEHMPAYII0 KOH H0208AHUX I BLILHUX XOJIAMIB, WO MOJiCEe CBI0UUMU NPO
1020 yuacms y MemaboiuHUX NepemeopeHHsxX | MPAHCROPMI HCOBYHUX KUCIOM OO
NEPBUHHUX JHCOBUHUX KAHAILYIE. J[0CNiONCYBAHULL 20PMOH 3YMOBUE NIOBULYEHHS]
KoHyeumpayii gocgponiniois, xonecmepony ma 1020 emepis, ajie 3HUNCYBAE BMIC
BIIbHUX HCUPHUX KUCTIOM J NEUIHKOBOM) CeKpemi O0CAI0NCYBAHUX MBAPUH.

Knrouoei cnosa: mecmocmepoH, JHcosuy, HCOBYHI KUCIOMU, INIOU, NeYiHKA
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