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1. Introduction
Intrahepatic cholestasis, which is caused by drugs

and is accompanied by impaired bile formation and secre-
tion, is a common phenomenon [1, 2]. Intrahepatic accu-
mulation of cytotoxic bile acids (BA) provokes cholestatic 
liver damage, which is manifested by impaired hepato-
cyte integrity, inflammation, fibrosis, cirrhosis, and an 
increased risk of cancer [3, 4]. Agents that can cause in-
trahepatic cholestasis are estrogens, sex steroid hormones 
that play a crucial role in regulating the female reproduc-
tive system, bone density, cholesterol mobilization, elec-
trolyte balance, brain function, cardiovascular system, 
and central nervous system [5]. However, estrogens and 
their metabolites can cause cholestasis in pregnant wom-
en and postmenopausal women receiving oral contracep-
tives or hormone replacement therapy [5]. Estrogen-in-
duced cholestasis (EIC) is a specific condition in the 
second or third trimester of pregnancy in women. The 

incidence of EIC ranges from 0.2 to 5.6% [6]. EIC often 
presents as generalized pruritus in association with ele-
vated serum bile acids and/or transaminases in the late 
second or third trimester [7]. Despite a favorable maternal 
prognosis, the disease is associated with an increased risk 
of adverse perinatal outcomes, including meconium con-
tamination of amniotic fluid, preterm labor, and stillbirth 
[8]. Currently, therapeutic options for estrogen-induced 
cholestasis are limited, and treatment strategies are pri-
marily aimed at maintaining liver function and alleviating 
symptoms. In this context, natural products have attract-
ed increasing attention due to their multifactorial mecha-
nisms of action. Bioactive compounds such as flavonoids, 
phenolics, alkaloids, and saponins have demonstrated 
antioxidant, anti-inflammatory, and hepatoprotective 
properties, including modulation of bile acid homeostasis 
and hepatic transporter activity [9]. Recent systematic 
reviews and meta-analyses suggest that herbal medicines 
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may improve clinical symptoms and certain biochemical 
parameters in patients with intrahepatic cholestasis; how-
ever, the available evidence remains insufficient, high-
lighting the need for further high-quality experimental 
and clinical studies [10].

Therefore, given the limited availability of effec-
tive targeted therapies and the promising pharmacologi-
cal potential of plant-derived compounds, the present 
study aims to investigate the pharmacological activity of 
a newly developed thick extract of Tanacetum vulgare L. 
flowers (TETVF) in an experimental model of estro-
gen-induced cholestasis.

The aim of the work is to investigate the pharma-
cological activity of the newly created thick extract of 
Tanacetum vulgare L. flowers (TETVF) in an experi-
mental model of estrogen-induced cholestasis.

2. Planning (methodology) of research
Step 1. Analysis of publications on the prevalence 

of estrogen-induced cholestasis (EIC), possible pharma-
cocorrection approaches and justification of the feasibil-
ity of studying the effectiveness of the newly created 
thick extract of Tanacetum vulgare L. flowers (TETVF) 
on experimental EIC.

Step 2. Modeling EIC in female rats and adminis-
tration of tested agents.

Step 3. Determination of indicators of bile secre-
tion, the level of hepatocyte cytolysis indicators, inflam-
matory processes, lipid peroxidation and activity of the 
liver antioxidant system and preparation of liver micro-
preparations for histological examination.

Step 4. Identification of signs of damage to hepato-
cytes, bile ducts and severity of steatosis after staining sec-
tions with hematoxylin and eosin, sudan ΙV, respectively.

Step 5. Histological analysis of the liver and bile 
ducts and semi-quantitative assessment of EIC signs: 
ductular proliferation, inflammatory periductular reac-
tion, steatosis. 

Step 6. Processing and analysis of the results.
Step 7. Identification of promising directions for 

further research.

3. Materials and methods
The studied TETVF was obtained at the Depart-

ment of Botany at the National university of Pharmacy. 
Tansy flowers were crushed to a particle size of 2–3 mm 
and extracted three times with 70% water-ethanol solu-
tion. The ratio of the mass of the raw material to the total 
volume of the extractant was 1 : 5. The resulting extracts 
were combined and allowed to stand for 24 hours at a 
temperature of 2–4°C, after that they were filtered and 
evaporated on a rotary vacuum evaporator until a thick 
mass with humidity of not more than 25% was obtained. 
The dense extract obtained was a viscous mass of a dark 
brown color with a specific odor; it stretched into threads 
and again mixed into a solid mass [10]. 

TETVF was analyzed by thin-layer chromatogra-
phy, which allowed the identification of three dominant 
phenolic compounds: luteolin, luteolin-7-glycoside, and 
chlorogenic acid. The quantitative content of phenolic 

substances in the TETVF was determined by spectropho-
tometry. The obtained data allowed for the standardiza-
tion of TETVF for its total flavonoid content of 
3.69% (calculated as luteolin) and total hydroxycinnamic 
acids of 16.88% (calculated as chlorogenic acid) [11, 12].

This study was conducted at the Educational and 
Scientific Institute of Applied Pharmacy of the National 
University of Pharmacy, certified by the State Expert Center 
of the Ministry of Health of Ukraine. Preliminary safety 
tests of pure TETVF were conducted, and its toxicological 
properties were studied. It was determined that intragastric 
administration of TETVF to mature rats of both sexes at a 
dose of 5000 mg/kg did not result in animal mortality and 
had no adverse effects on the condition of the animal’s or-
gans and systems. This allows the TETVF to be classified 
as practically non-toxic. Also, during preliminary screening 
studies on healthy intact rats, a conditionally effective dose 
of extract was selected – 100 mg/kg [13].

The EIC model most closely reproduces the patho-
genesis and morphofunctional changes in the liver and 
biliary tract during estrogen administration [14]. Given 
this, this experimental model was used in the study. In-
trahepatic cholestasis was reproduced in sexually mature 
female rats (body weight 150–180 g) by subcutaneous 
administration of 7α-ethinylestradiol (E) (5 mg/kg) dis-
solved in an equal volume of propylene glycol, once 
daily for 5 days [14]. E was obtained from Sigma-Al-
drich (St. Louis, MO, USA). The studied extract and the 
reference preparation (RP) were administered to animals 
in a therapeutic and prophylactic regimen intragastrically 
once daily for three days before the start of pathology 
modeling and 1.5 hours before E administration through-
out the modeling period.

The herbal medicine сholelesan (ChL) (produced by 
the Arterium Corporation, Ukraine) was chosen as RP as an 
analogue of the study agent in terms of indications for use 
and therapeutic effect. Cholelesan contains the following 
components: extract of dense wild carrot fruits and calendu-
la flowers ((7.75–13.4):1) – 60 mg; extract of dry immortelle 
flower (40:1) – 50 mg; curcumin C3 ((64–66):1) – 20 mg; 
turmerone oil – 5 mg; peppermint essential oil – 7.5 mg [15].

Animals were divided into groups: 1 – intact con-
trol (IC), animals of which received distilled water; 2 – 
control pathology group (CP), animals of which received 
E (5 mg/kg, s. c.); 3 – animals that received E and TETVF 
at a dose of 100 mg/kg, which was found to be effective 
in terms of bile secretion [13]; 4 – animals that received 
E and RP ChL at a dose of 35 mg/kg as an analogue of 
pharmacological activity. The dose of RP was calculated 
considering the species sensitivity coefficients [16].

During the experiment, the animals were kept in 
standard vivarium conditions with a natural light regime 

“day-night” and free access to water and food. All manip-
ulations were carried out in accordance with the provi-
sions of the “European convention for the protection of 
vertebrate animals used for experimental and other scien-
tific purposes” [17] and the methodological recommen-
dations of the Ministry of Health of Ukraine [16]. The 
distribution of animals into groups was carried out ac-
cording to the principle of randomization. 
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One day after the last administration of E (9th day of 
the experiment), the animals were anesthetized with intra-
peritoneal administration of thiopental sodium at a dose of 
50 mg/kg, fixed on the operating table, and the abdominal 
cavity was opened with an incision in the epigastric region 
2 cm long. In the anesthetized animals, the place of entry 
of the bile duct into the duodenum was found and a poly-
ethylene tube-cannula was fixed in the duct, through 
which bile entered the test tube. The volume of bile secret-
ed in 60 min was recorded within one hour after the ad-
ministration of TETVF and RP by collecting bile from the 
test tube with a graduated syringe. Bile was collected for 1 
hour and the bile secretion rate (BSR) was calculated (mg/
min/100 g of animal body weight).

In blood serum, the activity of alanine aminotrans-
ferase (ALT) (Reitman-Frenkel method, by reaction with 
2,4-diphenylhydrazine), alkaline phosphatase (ALP) (pho-
tometrically, with 4-aminophenazone) and gamma-glutam-
yl transpeptidase (GGT) (photometrically, with γ-L-(+)-glu-
tamyl-4-nitroanilide) was determined using diagnostic kits 
PLIVA-Lachema Diagnostika (Czech Republic) and Filis-
it-Diagnostika (Ukraine). The content of thiobarbituric ac-
id-active products (TBA-AP) was determined by the meth-
od [16], the level of reduced glutathione (RG) by the method 
of Beutler E.D. et al. [18].

All actual material was processed 
by methods of variational statistics (mean 
value and its standard error, M ± m) using 
parametric (analysis of variance, New-
man-Keuls test) and nonparametric anal-
ysis methods (the Kruskal-Wallis test fol-
lowed by Dunn’s multiple comparisons 
test with Bonferroni correction). The sig-
nificance level was accepted as p < 0.05. 
To obtain statistical conclusions, the stan-
dard STATISTICA program package (ver-
sion 6) was used [19]. 

For histological examination, liver slices were 
fixed in 10% formalin solution, dehydrated in alcohols of 
increasing strength, and embedded in paraffin. Sections 
5-6 μm thick were obtained using a sledge microtome, 
mounted on a glass slide, and stained with hematoxylin 
and eosin. Additionally, formalin-fixed animal liver sam-
ples were cut on a freezing microtome. Sections for iden-
tification of total lipids were stained with sudan ΙV. In 
addition to the qualitative analysis of the state of the liver 
parenchyma, a semi-quantitative assessment of the sever-
ity of simulated intrahepatic cholestasis was performed: 
ductular proliferation, inflammatory periductular reac-
tion, and steatosis according to the following score: 0 
points – no sign; 1 point – proliferation of bile ducts in 
individual triads of single lobules on a microprepara-
tion (MP) and/or vague cellular infiltration periductally 
in triads of individual lobules on MP and/or dust-like or 
small droplet lipid infiltration of the cytoplasm of indi-
vidual periportal hepatocytes in MP; 2 points – prolifer-
ation of bile ducts in ¼ triads of lobules on a MP with 
slight spread towards adjacent portal tracts and/or weak 
cellular infiltration periductally in approximately ¼ tri-
ads of lobules on MP and/or small droplet lipid infiltra-

tion of the cytoplasm of periportal hepatocytes in approxi-
mately ¼ triads of lobules on MP; 3 points – proliferation 
of bile ducts in ½ triads of lobules on the MP with notice-
able spread towards adjacent portal tracts and/or pro-
nounced cellular infiltration periductally in approximate-
ly ½ triads of lobules on the MP and/or small droplet 
lipid infiltration of the cytoplasm of periportal hepato-
cytes in approximately ½ triads of lobules on the MP; 4 
points – proliferation of bile ducts in approximately ⅔ 
triads of lobules on the MP with noticeable spread to-
wards adjacent portal tracts, germination of newly 
formed ducts into the depth of the lobules and/or pro-
nounced cellular infiltration periductally in approximate-
ly ⅔ triads of lobules on the MP and/or small droplet 
lipid infiltration of the cytoplasm of periportal hepato-
cytes in approximately ⅔ triads of lobules on the MP.

4. Result
The study results (Table 1) showed that the ad-

ministration of E (CP group) caused a decrease in bile 
volume and BSR by 2 (0.22 ml vs. 0.44 ml, p < 0.05) and 
1.8 times (1.42 mg/min/100 g vs. 2.54 mg/min/100 g, 
p < 0.05), respectively, which indicates the development 
of intrahepatic cholestasis.

In the CP group, a significant increase in the 
hepatocyte cytolysis marker ALT enzyme by 4.4 
times (1.39 ± 0.04 mmol/(hxl) vs 0.33 ± 0.02, p < 0.05), 
the cholestasis marker ALP by 2 times (475.13 ± 
± 27.09 IU d/l vs 231.92 ± 22.13, p < 0.05) and GGT by 
1.85 times (16.71 ± 1.67 IU d/l vs 9.00 ± 0.11, p < 0.05) 
was also found in relation to the IC, which indicates 
impaired liver function. The study of lipid peroxida-
tion and antioxidant protection indicators showed  
a 2.4-fold increase in the content of TBA-AP 
(44.87 ± 4.26 μmol/g versus 18.38 ± 1.22, p < 0.05) 
and a 2.7-fold decrease in RG (2.19 ± 0.16 μmol/g ver-
sus 5.82 ± 0.51, p < 0.05) (Table 2).

Prophylactic and therapeutic administration of TET-
VF to rats with EIC contributed to the normalization of the 
volume and BSR indicators almost to the level of IC. In 
terms of the normalizing effect on the rate of bile secretion, 
TETVF was inferior to RP ChL (3.16 ± 0.27 mg/min/100 g 
vs 4.25 ± 0.32, p < 0.05). After administration of TETVF to 
rats with EIC, a significant (p < 0.05) decrease in the stud-
ied indicators was observed relative to CP: ALT, ALP 
and GTT. TETVF contributed to the reduction of LPO pro-
cesses and the enhancement of antioxidant protection of the 
liver, as evidenced by a significant decrease in the level  

Table 1
Effect of TETVF and RP ChL on the volume and bile secretion rate (BSR) 

in rats with EIC, M ± m, n = 6

Research groups ІС СP Pathology + TETVF, 
100 mg/kg

Pathology + RP ChL, 
35 mg/kg

Bile volume, ml 0.44 ± 0.03 0.22 ± 0.04* 0.44 ± 0.06 0.55 ± 0.03
Bile secretion rate 

(BSR), mg/min/100 g 2.54 ± 0.19 1.42 ± 0.13* 3.16 ± 0.27** 4.25 ± 0.32 */**/#

Note: * – relative to ІС (Newman-Keuls test), p < 0.05; ** – relative to CP (New-
man-Keuls test), p < 0.05; # – relative to RP ChL (Newman-Keuls test), p < 0.05; 
n – number of animals in the group.
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of TBA-AP compared to CP (30.98 ± 0.90 μmol/g vs. 
44.87 ± 4.26, p < 0.05) and a 1.9-fold increase in RG 
(4.11 ± 0.36 μmol/g vs. 2.19 ± 0.16, p < 0.05). TETVF exhib-
ited a normalizing effect similar to RP but was inferior in its 
effect on ALT activity and TBA-AP level.

Results of histological studies. On MP the liver 
parenchyma of intact rats had a typical structure for this 
species of animals. The condition of the endothelium of 
the bile ducts and the epithelium of the terminal branches 
of blood vessels (veins, arteries) in triads, as well as the 
endothelium of other blood vessels, was normal. Hepato-
cytes had a characteristic polygonal shape; their border 
was quite clear. The nuclei of the cells were of regular 
round shape, centrally located. The heterogeneity of the 
size of the nuclei was within the physiological norm. The 
cytoplasm of hepatocytes was evenly stained, optically 
dense, small accumulations of fine-grained basophilic 
material were visible in the perinuclear zone. Mitoses 
were not visible in the cells. The lumen of the intralobular 
sinusoidal hemocapillaries was normal, as a rule, it did 
not contain blood, a moderate number of lymphoid cells 
were observed. Stellate reticuloendotheliocytes (Kupffer 
cells) were without features. Lipid staining was nega-
tive (Fig. 1).

In all rats from the CP group, a pronounced round 
cell infiltration was observed in several triads around the 
bile duct (Fig. 2, a), small foci of necrosis of individual 
hepatocytes and groups of hepatocytes with infiltration 
by lympho-macrophage cells replacing dead cells were 

visible (Fig. 2, c). In the peripor-
tal zones, lipid accumulation was 
detected in the cytoplasm of he-
patocytes (Fig. 2, c). In all rats 
from the CP group, the number 
of hepatocytes in a state of divi-
sion was significantly increased, 
with changes indicating certain 
disorders (Fig. 2, d).

The results of semi-quan-
titative assessment of the severi-
ty of ductular proliferation, the 
intensity of periductal inflam-
mation, and fatty degeneration of 
periportal hepatocytes in rats of 
the CP group and others are pre-
sented in Table 3.

After therapeutic and prophylactic administration of 
TETVF at a dose of 100 mg/kg, no noticeable proliferation 
of bile ducts was detected in one rat (16.66%) (Fig. 3, a), the 
structure of the liver parenchyma corresponded to that of 
intact animals, and fatty dystrophy of hepatocytes was not 
detected (Fig. 3, d). In the remaining 83.33% of rats, moder-
ate proliferation of ductules in triads occurred, as well as 

Table 2
Effect of TETVF and RP ChL on biochemical parameters in blood serum and liver 

homogenate of rats with EIC, M ± m, n = 6

Research groups ІС СP Pathology + TET-
VF, 100 mg/kg

Pathology + RP 
ChL, 35 mg/kg

blood serum
ALT, mmol/(hxl) 0.33 ± 0.02 1.39 ± 0.04* 1.06 ± 0.04*/**/# 0.93 ± 0.04*/**

ALP, IU d/l 231.92 ± 22.13 475.13 ± 27.09* 317.65 ± 16.84*/** 271.54 ± 24.43**
GGT, IU d/l 9.00 ± 0.11 16.71 ± 1.67* 11.83 ± 0.70*/** 10.46 ± 0.95**

liver homogenate
TBA-AP, µmol/g 18.38 ± 1.22 44.87 ± 4.26* 30.98 ± 0.90*/**/# 26.07 ± 1.27*/**

RG, µmol/g 5.82 ± 0.51 2.19 ± 0.16* 4.11 ± 0.36*/** 4.77 ± 0.32**

Note: * – relative to ІС (Newman-Keuls test), p < 0.05; ** – relative to CP (Newman-Keuls 
test), p < 0.05; # – relative to RP ChL (Newman-Keuls test), p < 0.05; n – number of animals 
in the group.

Fig. 1. MP of the liver of an intact rat: a – the radial 
orientation of the hepatic lobules is not changed, the 

transverse profiles of the artery, bile duct, and vein are 
clearly visible in the triad (hematoxylin-eosin, × 250);  
b – the absence of fat in the cytoplasm of hepatocytes 

(sudan IV, × 400)

a b

Fig. 2. MP of the liver of a rat that was administered 
E (5 mg/kg, subcutaneously, 5 days): a – round cell 

infiltration around the proliferating bile ducts; b – necrosis 
of a group of hepatocytes (hematoxylin-eosin, × 200); 

c – accumulation of lipids in the cytoplasm of hepatocytes 
(sudan IV, × 250); d – hepatocytes in a state of division 

(hematoxylin-eosin, × 200)

a b

c d
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pronounced spread of bile ducts in the direction of other 
portal tracts (Fig. 3, b). Newly formed small ductules in the 
depth of the lobules were practically not found. The cellular 
inflammatory reaction was significantly reduced or ab-
sent (Fig. 3, c). In periportal hepatocytes, the severity of 
fatty dystrophy, although noticeably varied in different rats, 
was generally less than in CP (Fig. 3, d). Isolated small foci 
of necrosis were observed in only 33% of rats (with more 
prominent signs of ductular proliferation), as was an in-
crease in hepatocytes in the division phases.

Table 3
Effect of TETVF and RP ChL on the severity of some 

histological signs of EIC in rats, n = 6

Group of animals
Signs of cholestasis (points)

Ductular pro-
liferation

Periductular 
inflammation Steatosis 

Intact control (IC) 0 (0; 0) 0 (0; 0) 0 (0; 0)
Control pathology 

(CP) 3.0 (2; 3) * 2.5 (0; 3) 3.0 (2; 3) *

Pathology + TETVF 1.5 (0; 2) */** 0.66 (0; 1) ** 1.16 (0; 2) **

Pathology + ChL 1.66 (0; 2) 
*/** 1.0 (1; 1) ** 0 (0; 0) **/#

Note: Data are presented as median (Q1–Q3); statistical anal-
ysis was performed using the Kruskal–Wallis test followed by 
Dunn’s multiple comparisons test with Bonferroni correction; 

* – p < 0.05 vs intact control (IC); ** – p < 0.05 vs control pa-
thology (CP); n – number of animals in the group.

Analysis of semi-quantitative assessment of the 
liver condition of rats after administration of TETVF 

showed that the severity of ductal proliferation signifi-
cantly decreased by 1.6 times, periductal inflammation 
by 3.78 times, and fatty degeneration of hepatocytes of 
periductal zones by 2.3 times compared to animals from 
the CP group (Table 3).

The administration of the RP ChL generally 
significantly reduced both bile duct proliferation and 
periductal inflammatory reaction in all rats. At the 
same time, in some animals, against the background of 
a general decrease in the severity of ductular prolifer-
ation, quite noticeable growths of newly formed bile 
ducts in the direction of neighboring triads were ob-
served in individual lobules (Fig. 4). Small foci of ne-
crosis with cellular infiltration, replacing dead hepato-
cytes, were visualized, and the level of mitoses was 
reduced. When stained with sudan, lipid droplets were 
detected in the cytoplasm of single hepatocytes of the 
periportal zones, and a weak dust-like presence of 
fatty substances was visible in the intercellular spac-
es (Fig. 4, d).

In animals receiving RP ChL, the severity of duct-
ular proliferation was significantly reduced by 1.6 times 
compared to CP, the inflammatory reaction was reduced 
by 2.5 times, and fatty infiltration of hepatocytes in prob-
lem areas was not recorded (Table 3).

Fig. 3. MP of rat liver upon administration of E (5 mg/kg, 
subcutaneously) and TETVF (100 mg/kg intragastrically): 

a, b – absence of proliferation of ductules and ductular 
epithelium in the triad (hematoxylin-eosin, × 250);  
c, d – absence of lipid droplets in the cytoplasm of 

hepatocytes (sudan IV, ×400)

a b

c d

Fig. 4. MP of the rat liver upon administration  
of E (5 mg/kg, subcutaneously) and RP ChL (35 mg/kg 

intragastrically) cholelesan: a – absence of ductule 
proliferation and cellular reaction in the triad zone 

(hematoxylin-eosin, × 250), b – growth of bile ducts 
towards neighboring triads, moderate increase in 

inflammatory reaction (× 200); c – small foci of necrosis 
of several hepatocytes with cellular infiltration replacing 
them (hematoxylin-eosin, × 250), d – lipid droplets in the 
cytoplasm of individual hepatocytes, dust-like presence of 

fatty substances in the intercellular spaces (sudan ΙV, × 400)

a b

c d
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5. Discussion
It is well known that E, a synthetic estrogen, induces 

intrahepatic cholestasis and is widely used to establish an 
experimental model in rodents [20]. In the liver, estrogen 
penetrates the plasma membrane of hepatocytes to interact 
with estrogen receptors (ERα and ERβ), which can suppress 
farnesoid X receptor expression and then regulate the ex-
pression of other genes. Estrogens increase the activity of 
bile acid synthase (CYP7A1 and CYP8B1) and inhibit their 
metabolic enzymes (CYP3A1, CYP3A11 and Sult2a1) and 
also contribute to the increase in bile acid content in hepato-
cytes. Estrogens also reduce the levels of bile transporters 
bile salt export pump (BSEP) and multidrug-resistance-as-
sociated protein 2 (MRP2) and inhibit Na+-taurocholate 
co-transport polypeptide (NTCP) and organic anion trans-
porter polypeptides (OATP), resulting in reduced bile flow. 
In addition, EIC is associated with increased levels of reac-
tive oxygen species (ROS) and inflammatory response, 
which may also aggravate liver injury [21].

Elevated serum ALT, ALP, GTT, and bile acids in 
the presence of decreased bile volume and rate are gener-
ally considered markers of cholestasis. In this study, rats 
exposed to E (5 mg/kg p.c.) showed significant increases 
in serum ALT, ALP, GTT, and TBA-AP, which is consis-
tent with the findings of other investigators [14]. Treat-
ment with TETVF significantly improved the elevated 
biochemical parameters induced by E, suggesting that 
the biologically active substances (BAS) of TETVF exert 
a protective effect on the liver in E injury.

Many studies [9, 22] have suggested that free rad-
icals, oxidative stress, and lipid peroxidation are involved 
in cholestatic liver injury. E induces changes in the bal-
ance between antioxidant and prooxidant activity and 
ultimately increases hepatic malondialdehyde production 
and decreases the activity of the hepatic antioxidant sys-
tem [23]. TBA-AP are the main products of lipid peroxi-
dation, which is considered an effective marker of oxida-
tive stress. RG is a potent endogenous intracellular 
antioxidant that protects cells from oxidative stress, and 
its deficiency leads to the accumulation of highly reac-
tive free radicals and subsequent degenerative changes in 
the organ [24]. This study showed that E administration 
significantly increased the content of hepatic TBA-AP 
and decreased the activity of hepatic RG compared with 
intact controls, while TETVF significantly decreased the 
level of hepatic TBA-AP and increased the level of RG. 
This suggests the potential protective effects of TET-
VF BAS against EIC partly due to antioxidant effects.

Recent studies on biological activity and mecha-
nisms of plant substances flavonoids, phenols, acids, 
quinones, saponins, alkaloids, glycosides have shown 
that they function as complex regulators by improving 
oxidative stress, inflammation and apoptosis, restoring 
the balance of bile acids with hepatic transporters and 
correcting immune disorders. Moreover, the main targets 
for the activity of natural products are believed to be 
nuclear factor erythroid-related factor 2, reactive oxygen 
species production, heme oxygenase-1, NF-κB, cholester-
ol-7 alpha-hydroxylase, and farnesoid X receptors [9].

As is known, the hepatoprotective effect of flavo-
noids, in particular luteolin [24], and chlorogenic 
acid [25] contained in TETVF, is realized due to their 
antioxidant activity by inhibiting the processes of lipid 
peroxidation of cell membranes, preventing cytolysis 
and normalizing energy synthesis and energy metabo-
lism in liver cells. Also, flavonoids of tansy flowers 
prevent fatty degeneration and prevent the development 
of inflammation, proliferation and fibrosis in liver tis-
sues in general [9, 24].

Cholestasis is usually accompanied by rapid dam-
age to hepatocytes, inflammation, bile duct proliferation 
and fibrosis. Despite oxidative stress, inflammation 
plays a central role in the development of cholestasis [21].

Histological study confirmed that subcutaneous 
administration of E (5 mg/kg) to female rats for 5 days 
induces a state of intrahepatic cholestasis with character-
istic changes: ductular proliferation, pronounced peri-
ductal inflammation, and fatty dystrophy of periportal 
hepatocytes. TETVF at a dose of 100 mg/kg, adminis-
tered in a prophylactic and therapeutic regimen, reduces 
the severity of bile duct proliferation, inflammatory in-
filtration, and fatty dystrophy of periductal hepatocytes. 
In terms of its positive effect on the state of the liver pa-
renchyma, TETVF was not inferior to RP ChL (35 mg/kg 
intragastrically).

Thus, the ability of TETVF at a dose of 100 mg/kg 
to improve impaired liver function under EIC conditions 
and reduce pathological manifestations of developed in-
trahepatic cholestasis has been established.

Practical significance. The results obtained are a 
scientific justification for the possible use of drugs based 
on Tanacetum vulgare L. in estrogen-induced cholestasis.

Study limitations. The study was conducted in a 
single experimental model, which does not allow assess-
ing the effectiveness of the extract in other types of 
cholestasis.

Prospects for further research. Considering the 
established protective effect of TETVF on the liver with 
intrahepatic cholestasis, it is advisable to further study 
the deeper mechanisms of this effect.

6. Conclusions
In the estrogen-induced cholestasis (EIC) model 

in rats, thick extract of Tanacetum vulgare L. flow-
ers (TETVF) administered in a prophylactic and thera-
peutic regimen at a dose of 100 mg/kg contributes to a 
decrease in the severity of cytolytic and inflammatory 
processes, lipid peroxidation, an increase in the activity 
of the organ’s antioxidant system, normalization of bile 
formation and the bile secretion rate.

Histologically, it has been proven that TETVF re-
duces the severity of bile duct proliferation, inflammato-
ry infiltration, and fatty degeneration of periductal he-
patocytes.

In terms of its positive effect on the liver condition 
under EIC conditions, TETVF at a dose of 100 mg/kg is 
generally not inferior to reference preparation (RP) 
cholelesan (35 mg/kg).
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