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ABSTRACT

Objectives: The article presents the study of hepatoprotective and choleretic properties of 
Tanacetum vulgare flowers dried extract (TVFDE) in vivo. Materials and Methods: The research 
was carried out using the model of subchronic toxic hepatitis in rats, caused by intragastric 
administration of 50% tetrachloromethane oil solution (0.4 ml/100 g) and subcutaneous 
administration of 40% ethyl alcohol (1.3 ml/100 g) within 4 days. An evaluation of the effect of 
TVFDE on the treatment-prophylactic regimen in doses of 25, 50, 75, 100, and 150 mg/kg was 
performed in 72 h after the last administration of toxins. Results: It has been established that 
TVFDE has dose-dependent hepatoprotective and choleretic effects. TVFDE in doses of 75 and 
100 mg/kg decreased thiobarbituric acid active products on 25% and 29% (P < 0.05), increased 
the concentration of reduced glutathione on 40% and 34% (P < 0.05), decreased the activity 
of alanine aminotransferase in 1.7 times (P < 0.05) and 1.3 times (P < 0.05), and the activity 
of aspartate aminotransferase in 1.3 (P < 0.05) and 1.2 (P > 0.05) times, respectively, versus 
control hepatitis. The use of TVFDE in doses of 50, 75, 100, and 150 mg/kg (excluding 25 mg/
kg) contributed to the normalization of the bile volume and rate of bile secretion. Among all the 
studied doses, TVFDE only in a dose of 75 mg/kg showed the significant improvement in bile 
composition: The bile acids content was significantly increased in 1.5 (P < 0.05), cholesterol in 
1.7 times (P < 0.05), and influenced the total volume of allocated bile, which was significantly 
higher in 2.3 times (P < 0.05) and contributed to alkaline phosphatase activity decrease in 
1.4 times (P < 0.05). Conclusions: TVFDE makes dose-dependent hepatoprotective and 
choleretic effects. Two most effective doses of TVFDE 75 and 100 mg/kg were determined. Based 
on the total assessment of the extract effect on the prooxidant-antioxidant imbalance, the activity 
of cytolysis and cholestasis, bile-synthetic and bile-secretory liver function TVFDE in a dose of 
75 mg/kg was found to be most effective; therefore, it was selected for further research.

Keywords: Antioxidant activity, choleretic activity, hepatoprotective activity, subchronic toxic hepatitis, 
Tanacetum vulgare flowers

INTRODUCTION

Among the most common non-infectious liver diseases are 
fatty hepatosis, non-alcoholic steatohepatitis and in its 
outcome liver cirrhosis, as well as medicine and alcohol 

damage of the liver.[1-3] Without any connection to the etiological 
factor causes liver damage, oxidative stress, which leads to the 
activation of lipid peroxidation of the cell and subcellular membrane 
lipids, is played key role.[4-6] The products of lipid peroxidation 
play an important role in fibrogenesis, activating stellate cells of 
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the liver. In its turn, fibrosis leads to the cirrhosis formation, which 
is the main cause of patients death.[7-9] The damage of the liver is 
often accompanied by a disruption of the biliary and bile excretory 
functions of the liver. It is generally known that bile components 
(hydrophobic bile acids [BA], bilirubin, and cholesterol) have a 
toxic effect both on the tubular epithelium of the bile ducts and 
on the hepatocytes, in particular on its mitochondria, directly or 
indirectly blocking the respiratory cycle and oxidation of fatty 
acids. The result is not only further disruption of hepatocyte 
function but also the secondary stimulation of lipid peroxidation 
processes, which leads to cell damage.[10,11] Hepatocellular 
cholestasis predominantly takes place under the influence of 
metabolic disorders, toxic substances, medicines, and alcohol. 
Hepatoprotectors are widely used in the complex treatment of 
liver diseases. The ability of the hepatoprotector to positively 
influence on the cholestasis state is an important characteristic of 
its pharmacological effect.[12] Considering the above, it is advisable 
to evaluate the hepatoprotective effect together with choleretic, 
when searching for a new hepatoprotector. It is known from 
the experience of traditional medicine that Tanacetum vulgare 
flowers, which is common in Ukraine, has a choleretic effect,[13] 
and research data[14] confirm a similar effect of T. vulgare liquid 
extract. However, phytomedicines from T. vulgare flowers are 
lacking in the pharmaceutical market of Ukraine. That is why the 
development of a new medicine from T. vulgare flowers is efficient.

At the Department of Botany of the National University 
of Pharmacy, under the guidance of professor T. N. Gontova, 
T. vulgare flowers dried extract (TVFDE) was purposely 
received, and the presence of hepatoprotective effect along 
with the ability to positively influence the processes of 
bile formation and secretion was predicted. Study of the 
pharmacological properties of TVFDE was provided at doses 
of 25, 50, 75, 100, and 150 mg of extract per kg rat body 
weight. The choice of such a range of TVFDE doses is due to 
the necessity of the effective dose determination.

MATERIALS AND METHODS

Phytochemical Part

Plant materials and extraction procedures

T. vulgare flowers were collected during flowering in 2014 
on the territory of Ukraine in the Kharkiv region, Kolomatsiy 
district. The raw material, according to the rules of purchasing, 
was exposed to the air-shadow method of drying, crushed 
into powder, stored in well-sealed containers and used for 
phytochemical analysis.

TVFDE was prepared by fractional maceration. 
T. vulgare flowers were infused with 70% ethyl alcohol at 
room temperature 3 times when the ratio of raw material to 
extractant was 1:5. The first extraction was carried out within 
12 h, the second and third within 1 h each. Received filtered 
extracts were combined, purified and evaporated to dryness 
under vacuum. The technology of obtaining was tested in 
manufacturing conditions of the pharmaceutical manufacturer 
“Chervona zirka” (Ukraine). The novelty of the research is 
confirmed by patent number 113431, January 25, 2017.[15]

Preliminary phytochemical screening

The determination of phenolic compounds of TVFDE was carried 
out by a thin-layer chromatography identification method using 

Merk Silica gel 60 F254 as a mobile phase. Standard solutions 
of luteolin, luteolin-7-glycoside, caffeine and chlorogenic 
acids were used. The content of phenolic compounds was 
studied using high-performance liquid chromatography 
(HPLC) method with a Shimadzu HPLC - system, ser. 20 with 
a diode array detector. The spectrophotometry method has 
been used for the determination of quantitative content of 
flavonoids (wavelength – 410 nm, per luteolin) and sum of 
hydroxycinnamic acids (wavelength - 525 nm, per chlorogenic 
acid).[13]

Pharmacological Part

Animals

Male rats weighing 190–220 g were used. The animals were 
obtained from the vivarium of the Central Research Laboratory 
(National University of Pharmacy, Kharkiv, Ukraine). All 
experimental protocols were approved by the Bioethics 
Commission of the National University of Pharmacy (animal 
use protocol number 12, December 20, 2017). Experiments 
were conducted in accordance with the “Directive 2010/63/
EU of the European Parliament of the Council of 22 September 
2010 on the protection of animals used for scientific purposes.” 
The rats were housed in standard polypropylene cages and kept 
at 20–26°C and 50% humidity in a well-ventilated room with 
a 12 h light/dark cycle with free access to food and water.[16]

Preparation of the extract and the reference medicine for 
biological research

A freshly prepared aqueous suspension of TVFDE was 
stabilized with Tween-80, and a freshly prepared aqueous 
silymarin suspension (comparison agent) was also stabilized 
with Tween-80.

Influence on subchronic toxic hepatitis

Laboratory animals (male rats weighing 190–220 g) were 
divided into eight groups according to the experimental 
conditions: Group I - intact control (normal control); 
Group II- control hepatitis; Groups III–VII- animals with 
hepatitis, which were administered TVFDE in doses of 25, 50, 
75, 100, and 150 mg/kg, respectively; Group VIII - animals 
with hepatitis, which were treated with reference medicine 
silymarin (Karsil, Sopharma, Bulgaria) at a dose of 100 mg/kg 
(silymarin content per tablet is 22.5 mg).[17]

To obtain the representative results and provide the 
correct statistical analysis of experimental data, the eight 
rats were used in each group. Less number of experimental 
animals can lead to distortion of experimental results due to 
the variability of biological test systems.[18]

A model of subchronic toxic lesion of the liver was 
reproduced by a single subcutaneous administration of 
tetrachloromethane 50% oil solution in a dose of 0.4 ml/100 g 
of rat weight with subsequent intragastric 40% ethyl alcohol 
introduction in a dose of 1.3 ml/100 g for 4 days.[18] TVFDE 
was administered in chosen doses to rats 7 days before 
hepatitis modeling 1 time/day (prophylactic mode) and 
during hepatitis 1 h before tetrachloromethane administration 
and 2 h after (treatment regimen). After the last injection of 
toxins (on the 4 days), TVFDE was administered once a day, 
the last time in an hour before the procedure of bile collecting.
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Influence on bile formation and bile secretion

On the 4th day of hepatitis modeling, 1 h after the introduction 
of toxins, animals were anesthetized with barbamil 1% aqueous 
solution and laparotomy of the abdominal cavity was conducted. 
The duodenum and the place where the bile duct was introduced 
into was found, where the incision was made. Into the incision 
of the bile duct, a catheter was injected through which bile was 
collected in a test tube. The allocated total volume (Vtotal) of bile 
was recorded. The bile activity of TVFDE and silymarin at the 
rate of bile secretion (RBS) within an hour (mg/min/100 g of 
rat weight) and its quantitative components: The content of BA 
and cholesterol was evaluated.[19] A method based on the ability 
of a cooled iron chloride solution to give colored complexes 
with BA and cholesterol with absorption peaks at different 
wavelengths was used.[18] Photometric measurements of the 
studied parameters were performed on a spectrophotometer 
SPh-46. Furthermore, the influence of TVFDE on the activity of 
alkaline phosphatase (APh), a marker of cholestasis, was studied 
by the kinetic method for the rate of para-nitrophenol formation, 
which was directly proportional to the activity of the enzyme.[20]

Influence on the state of cytolytic processes and 
antioxidant-prooxidative imbalance

After studying the state of bile secretion processes, the rats 
were decapitated with subsequent serum obtaining according 
to generally accepted methods. In serum, the concentration of 
marker enzymes of cytolysis alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) was determined using 
the unified Reitman-Frankel dinitrophenylhydrazine method 
based on the reaction of  transamination involving these 
enzymes to form a colored hydrazone in an alkaline medium, 
having a characteristic absorption peak at a wavelength of 
500–560 nm.[21] The manufacturer sets of the Scientific-
Research Enterprise “Filisit-Diagnostika” (Ukraine) were used.

The content of thiobarbituric acid-active products 
(TBA-AP) and reduced glutathione (RG) in liver homogenate 
made the ability to evaluate the effect of TVFDE on the 
prooxidant-antioxidant imbalance. To obtain a homogenate 
of the liver, 0.5 M Tris HCl buffer with a pH of 7.8 was used. 
The content of TBA-AP in the liver homogenate by colorimetric 
method, based on the ability of these compounds to form in 
the acidic medium trimethine complexes with TBA, having 
a maximum absorption at a wavelength of 532 nm,[22] was 
determined. The determination of the content of RG is based 
on the formation of a colored compound in the destruction 
of the bisulfide bond in the glutathione molecule under the 
influence of sulfosalicylic acid.[20] The optical density of the 
colored compound at a wavelength of 412 nm was measured.

Statistical Analysis

Statistical processing of the obtained results using the program 
“Statistica 8.0” was carried out. The non-parametric Mann–
Whitney U-test was used, the level of significance P < 0.05 
was adopted.[23]

It was considered that TVFDE provides pharmacological 
activity in case of significant differences (P < 0.05) compared 
with the model pathology (control hepatitis). For the 
determination of the benefits of TVFDE, the comparison with 
standard treatment with silymarin (P < 0.05) was carried out.

RESULTS AND DISCUSSION

Previous Phytochemical Screening

Previously, it was detected that TVFDE contains the following 
phenolic compounds: Flavonoids (luteolin 0.34%, routine 
0.37%, hyperoside 0.16%, acacetin 7-glycoside 1.02%, 
apigenin 0.06%, and kaempferol 0.05%), hydroxycinnamic 
acids (chlorogenic acid 2.40%, neochlorogenic acid 0.13%, 
3,5-dicaffeoylquinic acid 7.32%, and 4,5-dicaffeoylquinic acid 
1.83% of acid). Trace amounts of coumarins (umbelliferone), 
flavonoids (catechin, apigenin-7-glycoside), hydroxycinnamic 
acids (caffeic acid, ferulic acid), and phenolcarboxylic acids 
(gallic acid)[24] have been found.

Pharmacological Activity

Influence on subchronic hepatitis

Influence on antioxidant-prooxidant imbalance and activity 
of cytolytic processes

The composition of the biologically active compounds 
of TVFDE, which has antioxidant properties, in particular 
routine, apigenin, luteolin, hydroxycinnamic acids,[25-27] 
allowed to predict the possible hepatoprotective effect. This 
is very important, as noted above, regardless of the etiological 
factor causing hepatocytes damage, the key role is given to 
oxidative stress.[4-6]

Experimental hepatitis was accompanied by an increase 
in the processes of lipid peroxidation: The TBA-AP content 
increased in 2.5 times while the antioxidant content of RG 
decreased in 1.9 compared to normal control [Table 1].

This indicates the development of oxidative stress, 
which resulted in the destruction of cellular and subcellular 
membranes, which is confirmed by the growth of cytolysis 
activity markers: ALT in 2.5 times and AST in 2.4 times 
[Table 2].

The most beneficial effect on the normalization of the 
prooxidant-antioxidant imbalance was observed in TVFDE in 
doses of 75 and 100 mg/kg: TBA-AP decreased on 25% and 
29% (P < 0.05), while the concentration of RG increased on 
40 % and 34 % (P < 0.05), respectively.

Table 1: TVFDE influence on the prooxidant-antioxidant 
imbalance under the conditions of subchronic toxic hepatitis

Group of animals RG, μkmol/g TBA‑AP, μkmol/g

Normal control 1.76±0.16 33.33±3.53

Control hepatitis 0.94±0.27* 82.05±22.34*

TVFDE, 25 mg/kg 0.97±0.27# 77.77±21.84#

TVFDE, 50 mg/kg 0.87±0.41# 73.93±30.41

TVFDE, 75 mg/kg 1.32±0.33** 61.54±5.06**/#

TVFDE, 100 mg/kg 1.26±0.26** 58.12±8.53**

TVFDE, 150 mg/kg 1.19±0.25# 65.60±22.59

Silymarin, 100 mg/kg 1.96±0.39** 49.14±9.98**

*Significantly different from the normal control (P<0.05). **Significantly 
different from the control hepatitis (P<0.05). #Significantly different from 
the standard treatment with silymarin (P<0.05). n=8 rats per group. Values 
are expressed as means±SD. TBA-AP: Thiobarbituric acid-active products, 
RG: Reduced glutathione, TVFDE: Tanacetum vulgare flowers dried extract
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TVFDE in doses of 25, 50, and 150 mg/kg did not show 
a pronounced effect on the prooxidant-antioxidant imbalance. 
The reference medicine silymarin showed a more pronounced 
effect than TVFDE: In doses of 25, 50, and 150 mg kg, 
respectively, the content of RG was in 2.02, 2.25, and 1.65 times 
higher (P < 0.05) and the, respectively, content of TBA-AP 
was in 1.58 and 1.3 times lower (P < 0.05) than under the 
influence of the extract in doses of 25 and 75 mg/kg [Table 1].

TVFDE in doses of 75 and 100 mg/kg decreased 
the activity of ALT in 1.7 times (P < 0.05) and 1.3 times 
(P < 0.05) and the activity of AST in 1.3 (P < 0.05) and 1.2 
(P > 0.05) times comparing with control hepatitis [Table 2]. 
Administration of TVFDE in doses of 25 and 50 mg/kg did 
not lead to significant changes in transaminases activity. 
TVFDE in doses of 150 mg/kg caused a significant decrease 
only in ALT activity. Silymarin reduced the markers of cytolysis 
in 1.5 times (P < 0.05). There was no significant difference 
between the effect of silymarin 100 mg/kg and TVFDE in doses 
of 75 and 100 mg/kg. Anti-cytolytic activity of TVFDE in a 
dose of 75 mg/kg was practically the same as in silymarin and 
significantly higher than TVFDE in dose of 100 mg/kg (ALT 
activity 2.20 ± 0.14 vs. 2.70 ± 0.50 μkmol/h × ml, P < 0.05).

Thus, the expressed anti-cytolytic activity of TVFDE in 
doses of 75 and 100 mg/kg is established, which is believed 
to be realized under the antioxidant mechanism, since the 
flavonoids (kaempferol, apigenin, apigenin-7-glycoside, 
luteolin, hyperoside, routine, acacetin-7-glycoside, and 
catechin) and hydroxycinnamic acids, which according to 
the literature[25,28-30] is “scavengers” of free radicals. The 
more pronounced anti-cytolytic effect of TVFDE at a dose of 
75 mg/kg compared with the doses of 100 and 150 mg/kg is 
probably due to the ability of flavonoids and hydroxycinnamic 
acids, which are presenting in the composition of dried 
extract, at higher doses to provide prooxidant properties.[31] 
The absence of the antioxidant effect of TVFDE at a dose of 
150 mg/kg can also be explained by this fact.

Influence on the processes of bile formation and bile 
secretion
Against the background of aggressive pathology induced by 
the introduction of tetrachloromethane and alcohol, there was 
a suppression of biliary excretion: Vtotal and RBS decreased in 
2.0 times (P < 0.05) [Table 3]. BA and cholesterol synthesis 
was suppressed: BA decreased in 1.6 times (P < 0.05), 
cholesterol - in 1.9 times (P < 0.05), respectively, relatively to 
normal control [Table 4].

Furthermore, in the blood serum APh activity was 
increased (in 1.5 times, P < 0.05), which is a marker of 
cholestasis, indicating on the development of inflammation in 
the bile ducts. The above data indicate the development of 
cholestasis syndrome.[32]

TVFDE dose-dependently effected on bile-forming and 
bile-secretion functions, probably due to hepatoprotective 
properties described in the previous section. The manifestation 
of cholestasis is a consequence of cytodestruction of 
hepatocytes and cholangiocytes, and the root cause of this 
process is oxidative stress.[33] TVFDE in doses of 50, 75, 
100, and 150 mg/kg (excluding 25 mg/kg) significantly 
affect on the Vtotal of bile and RBS. TVFDE in doses of 75 and 

100 mg/kg had the most potent normalizing effect on the 
functional parameters of the bile-synthetic and bile-secretory 
function of the liver, which is confirmed by a greater volume of 
secreted bile and its secretion rate, compared to other studied 
doses of the extract and to standard treatment with silymarin 
(P < 0.05) [Table 3]. Effect of TVFDE in doses of 75 and 
100 mg/kg on bile-synthetic and bile-secretory liver function 
was superior to the effect of standard treatment with silymarin 
(P < 0.05).

Among all the studied doses, TVFDE only in a dose 
of 75 mg/kg showed the significantly improvement in bile 
composition: The BA content was significantly increased 
in 1.5 (P < 0.05), cholesterol in 1.7 times (P < 0.05), and 
influenced the total volume of allocated bile, which was 
significantly higher in 2.3 times (P < 0.05) and contributed to 
APh activity decrease in 1.4 times (P < 0.05) comparing with 
control hepatitis [Table 4]. The influence of TVFDE in a dose 
of 75 mg/kg on the BAs and cholesterol content in bile and 
blood serum Aph activity was the same as standard treatment 
with silymarin. The decrease in activity of serum APh under 
the influence of TVFDE in a dose of 75 mg/kg and silymarin 
indicated a normalizing effect on cholestasis syndrome.

Table 2: TVFDE influence on cytolysis markers activity under the 
conditions of subchronic toxic hepatitis

Group of animals ALT, μkmol/h×ml AST, μkmol/h×ml

Normal control 1.49±0.28 1.45±0.16

Control hepatitis 3.66±0.23* 3.43±0.61*

TVFDE, 25 mg/kg 3.29±0.75# 3.48±0.48#

TVFDE, 50 mg/kg 3.42±0.42# 2.81±0.95#

TVFDE, 75 mg/kg 2.20±0.14** 2.75±0.92**

TVFDE, 100 mg/kg 2.70±0.50**/$ 2.79±0.83

TVFDE, 150 mg/kg 2.70±0.30**/$ 3.25±0.60#

Silymarin, 100 mg/kg 2.48±0.44** 2.29±0.36**

*Significantly different from the normal control (P<0.05). **Significantly 
different from the control hepatitis (P<0.05). $Significantly different from 
the TVFDE in dose 75 mg/kg; n=8 rats per group. Values are expressed as 
means±SD. TVFDE: Tanacetum vulgare flowers dried extract, ALT: Alanine 
aminotransferase, AST: Aspartate aminotransferase

Table 3: TVFDE influence on bile-synthetic and bile-secretory 
liver function under the conditions of subchronic toxic hepatitis

Group of animals Vtotal, ml RBS, mg/min/100

Normal control 7.86±0.88 4.66±0.66

Control hepatitis 3.91±1.24* 2.35±0.25*

TVFDE, 25 mg/kg 5.10±0.60# 3.00±0.12@/#

TVFDE, 50 mg/kg 6.26±0.55** 3.79±0.13@

TVFDE, 75 mg/kg 8.94±0.61**/# 5.12±0.20**/#

TVFDE, 100 mg/kg 8.60±0.68**/# 5.07±0.22**/#

TVFDE, 150 mg/kg 7.71±1.54** 4.51±0.37**

Silymarin, 100 mg/kg 6.84±0.70** 4.01±0.14**

*Significantly different from the normal control (P<0.05). **Significantly 
different from the control hepatitis (P<0.05). #Significantly different from 
the silymarin group (P<0.05). @Significantly different from the group of 
animals administered TVFDE in doses of 75 and 100 mg/kg (P<0.05). n=8 
rats per group. Values are expressed as means±SD. TVFDE: Tanacetum 
vulgare flowers dried extract, Vtotal: Total volume, RBS: Rate of bile secretion
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According to the results of the study, two most effective 
doses of TVFDE 75 and 100 mg/kg were determined. Taking 
into account that TVFDE in a dose of 75 mg/kg significantly 
exceeded the extract in a dose of 100 mg/kg for inhibitory 
effect on cytolytic processes (ALT activity 2.20 ± 0.14 vs. 
2.70 ± 0.50 μkmol/h × ml, P < 0.05) and had a significant 
effect on the cholesterol and bile secretion function of the liver, 
a dose of 75 mg/kg was chosen for further studies.

CONCLUSIONS

Thus, the TVFDE makes dose-dependent hepatoprotective and 
choleretic effects. Two most effective doses of TVFDE 75 and 
100 mg/kg were determined. Based on the total assessment 
of the extract effect on the prooxidant-antioxidant imbalance, 
the activity of cytolysis and cholestasis, bile-synthetic and 
bile-secretory liver function TVFDE in a dose of 75 mg/kg 
was found to be most effective: Significantly exceeded the 
extract in a dose of 100 mg/kg for inhibitory effect on cytolytic 
processes and had a significant effect on the cholesterol and 
bile secretion function of the liver; therefore, it was selected 
for further study. TVFDE at a dose of 75 mg/kg has shown 
less antioxidant activity and the same anti-cytolytic effect as 
standard treatment with silymarin but inferior to silymarin for 
normalization of bile formation and secretion.
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