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Kim et al.: Antihepatofibrotic Effect of Aster tataricus

Aster tataricus Linn., (Asteraceae), an oriental and nutrient-potential herb is used in Asian countries for 
various health benefits. The present study focused on the protective effects of Aster tataricus against liver 
fibrosis in cellular and an experimental rat model. Cell cytotoxicity, cell cycle and apoptosis functions were 
analyzed using hepatic stellate cell lines following MTT assay, flow cytometry, and Annexin V-FITC/PI 
staining methods. For in vivo evaluation, thioacetamide-induced hepatofibrosis rat model was established. 
Sprague Dawley rats were divided into 5 groups of 10 each (control, thioacetamide, thioacetamide with 
Aster tataricus extract 100 and 500 mg/kg and silymarin 50 mg/kg groups, respectively). Fibrosis was 
induced by thioacetamide treatment (200 mg/kg, ip) 3 times per week for 13 weeks except for the control 
group. Aster tataricus extract (100 and 500 mg/kg), and silymarin was administrated orally to each 
group 6 times a week from week 7 to 13 and various fibrosis-related parameters were estimated using 
real-time polymerase chain reaction using TRIzol Plus RNA purification Kit and a spectrophotometer. 
Results indicated that hepatic stellate cells treated with Aster tataricus extract (0.5 mg/ml) and silymarin 
(0.05 mg/ml) significantly (p<0.05) induced apoptosis (19.04 and 24.82 %, respectively) compared to the 
control group (9.78 %). Moreover, rat primary hepatic stellate cells showed morphological changes and 
degradation of collagen and fibronectin when treated with 0.5 mg/kg of Aster tataricus extract. In vivo 
evaluation Aster tataricus extract at concentrations of 100 and 500 mg/mlattenuated the increased serum 
levels of alanine transaminase, aspartate transaminase and hydroxyproline and restored the decreased 
glutathione levels significantly in thioacetamide induced fibrotic rats (p<0.05). The altered histopathology 
in thioacetamide-induced liver tissues and changes in fibrosis-related gene expression (TGF-β, α-SMA 
and Col1α1) were also restored by Aster tataricus extract treatment. In conclusion, Aster tataricus can be 
developed as a potential therapeutic agent in the treatment of liver fibrosis. 

Key words: Liver fibrosis, thioacetamide, apoptosis, hepatic stellate cells, hydroxyproline

Liver fibrosis, one of the critical disorders in the 
world population results from chronic hepatic injury, 
autoimmune hepatitis, hepatitis C infection, alcoholic 
and non-alcoholic fatty liver and non-alcoholic 
steatohepatitis with sustained inflammation, formation 
of scar, altered tissue architecture and organ failure[1]. 
Deposition of extra cellular matrix (ECM) proteins, a 
major source of fibrillary and non-fibrillar matrix by 
hepatic stellate cells (HSCs) activation is considered 
as one of the important characteristic featuresin the 

pathogenesis of liver fibrosis[1-3]. HSCs are normally 
quiescent and possess low proliferation rate, but at 
conditions of hepatocyte damage or injury they get 
activated with increased proliferation rate further 
transforming into myofibroblast-like phenotypic cells. 
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This condition causes severe damage to the normal 
architecture of the liver and therefore considered 
as an important stage during progressive liver 
disease[4-8]. Inhibiting ECM secretion by activated 
HSCs and targeting HSCs apoptotic pathways, which 
are involved in the pathogenesis of liver fibrosis 
has great significance in ameliorating chronic liver 
diseases[9]. Several studies on thioacetamide (TAA) 
in experimental animals revealed similar mechanism 
of liver fibrogenesis both metabolic and histological 
when compared with the fibrotic livers of humans 
including virus-induced cirrhosis[10,11]. Therefore, TAA-
induced liver fibrosis in rodents could be a classical 
model to evaluate therapeutic efficacy of various 
agents for studying liver damage and liver fibrosis[11]. 
Use of natural products derived from plants in aiding 
liver capacity and preventing liver damage such as 
Ampelopsis brevipedunculata, Orostachys japonicus, 
Artemisia, Chrysanthemum, Plantago seed, Gardenia 
jasminoides and Paeonialactiflora have been practiced 
in Asian countries since centuries[12]. Many factors 
contribute to herbal medicine’s appeal and supporters 
of traditional herbal medicine claim that herbs may 
both treat and prevent liver fibrosis and also act as 
potential nutrients in strengthening liver functions[13]. 
Aster tataricus Linn., from the family Asteraceae, 
is distributed widely in Asian countries and has been 
used as a common traditional medicine for the relief 
of coughs and as an expectorant. Scientific studies 
revealed that A. tataricus possessed diuretic, antitumor, 
antibacterial, antivirus, antiulcer activities and related 
hepatic microsomal biotransformation[14,15]. The major 
constituents of A. tataricus are terpenoids, sterols, 
flavonoids, polysaccharides and cylclopeptides[16-17]. 
Recently, the roots and rhizomes of A. tataricus 
have been reported to inhibit HBV DNA replications 
and the human gastric carcinoma cell growth 
indicating that it could act as a natural anticancer 
agent[16,17]. A. tataricus was also reported to have 
antioxidant activity and reduce the levels of alanine 
aminotransferase (ALS), aspartate aminotransferase 
(AST) and alkaline phosphatase (ALP) in hepatotoxic 
effect induced by Fr-2[18,19]. More recently, potential 
inhibitors were isolated from Aster tataricuswhich 
exhibited antiinflammatory effects bypreventing 
the downstream activation of the mitogen-activated 
protein kinase signaling pathway[20,21]. A. tataricus was 
found to protect retinal damage in diabetic rats due 
to the antioxidant and antiinflammatory effects[22] 
and attenuated neuroinflammation by decreasing the 
oxidative stress and inhibiting the cytokine production 

in LPS-stimulated rat astrocytoma cell line (C6) and 
THP-1 cells[23]. Further, A. tataricus extract was also 
reported to possess antiinflammatory and anticancer 
activity in LPS-induced acute lung injury model and 
by effectively attenuating the growth of SCC-9 cancer 
cells by virtue of its cytotoxic and anticlonogenic 
activity[24,25]. Owing to its immense pharmacological 
properties, in the present study the antihepatofibrotic 
effects of A. tataricus extract was investigated in HSCs 
and in a TAA-induced liver fibrosis rat model. 

MATERIALS AND METHODS

Hydroxyproline, TAA, glutathione (GSH), 
chloramine-T, 5,5-dithiobis-2-nitrobenzoic acid 
(DTNB), nicotinamide adenine dinucleotide phosphate 
(β-NADPH), p-dimethylaminobenzaldehyde,1,1,3,3-
tetraethoxypropane (TEP) and 3-(4,5-demethylthiazol-
2yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 
were purchased from Sigma (St. Louis, Missouri, 
USA). Annexin V-Fluorescein isothiocyanate (FITC) 
and propidium iodide (PI) Apoptosis Detection Kit 
I and GOT-GPT assay kits were obtained from BD 
Biosciences (San Jose, CA, USA). Perchloric acid was 
purchased from GFS chemical Co, (Columbus, Ohio, 
USA). All other chemicals used were of highest quality 
commercially available.

Plant collection and extraction:

The root of A. tataricus collected during June-July, 
2018, was purchased from Ichanbang Medical Herb 
Co., Jecheon, Chungcheongbuk-do, South Korea. For 
extraction, Soxhlet extraction technique was used 
as described previously[21]. Briefly, finely powdered 
A. tataricus (1 kg) was extracted with 5 l of ethanol 
(95%) for 3 d and the collected extract was concentrated 
under reduced pressure, lyophilized and stored in a 
refrigerator at 4°. The final yield of A. tataricus extract 
(ATE) was 12.5 % (w/w). ATE stock for use in each 
experiment was prepared by dissolving ATE in 10% 
dimethyl sulfoxide (DMSO, Junsei Chemical Co., Ltd., 
Tokyo, Japan) and then filtered through a 0.22 μM 
syringe filter. The final concentration of DMSO used 
for the study was not more than 0.1 %.

Cell lines and culture:

An immortalized rat hepatic stellate cell line (HSC-T6) 
was obtained from Korean Hospital of Daejeon 
University, Daejeon, South Korea. Chang liver cell 
lines was purchased from American Type Culture 
Collection (Manassas, VA, USA). HSC-T6 cells were 
cultured in Dulbecco`s modified Eagle media (DMEM, 
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Invitrogen, Carlsbad, CA, USA) supplemented with 
5 % fetal bovine serum (FBS, Invitrogen, Carlsbad, 
CA, USA) and 1 % antibiotic-antimycotic (Invitrogen, 
Carlsbad, CA, USA) in a humidified atmosphere of 5% 
CO2 at 37°. The Chang liver cell line was used as a 
normal human cell line derived from normal liver tissue 
and cultured as described previously[26]. HSC-T6 cells 
were activated by serum starvation before treatment 
with ATE. The protocol for primary HSCs isolation and 
culture was performed as described previously[27,28].

Cell viability assay:

The effect of ATE on overall cell viability was evaluated 
using MTT assay and the results were measured on an 
ELISA reader at 540 nM as described previously[26]. 
Briefly, the cells were treated with ATE (24 h) at 
various concentrations (0, 0.1, 0.5, 1.0 mg/ml) and 
were incubated with 0.5 mg/ml MTT for 3 h, and then 
the reaction was interrupted by addition of DMSO. The 
viability of control cells were used as the control values 
at 100 %.

Cell cycle and apoptosis analysis:

Cell cycle analysis in HSC-T6 cells was evaluated using 
ATE at 0.1 and 0.5 mg/ml concentrations measured by 
flow cytometer (FACSCalibur, BD Biosciences, San 
Jose, CA, USA) using a method reported previously[26]. 
For apoptosis, Annexin V-FITC and PI apoptosis 
detection kit I was used according to manufacturer’s 
instructions. Data analysis was performed with 
CellQuest software obtained from BD Biosciences. For 
cell death determination, both early (Annexin V+ and 
PI-) and late (Annexin V+ and PI-) apoptotic cells were 
included.

Quantitative Real-time polymerase chain reaction 
(qRT-PCR):

The protocol for qRT-PCR was followed as described 
previously[26]. Briefly, total RNA was extracted 
from tissue samples using TRIzol Plus RNA 
Purification Kit (Qiagen, Valencia, CA, USA). From total 
RNA (2 µg), cDNA was synthesized in a 20 µl reaction 
using a high-capacity cDNA reverse transcription kit 
(Applied Biosystems, Foster, CA, USA). The internal 
control was β-actin and the primers used in the study 
was shown in Table. 1.

Experimental animals:

Specific-pathogen-free Sprague Dawley (SD) rats 
(6-w old, 190-210 g) of either sex obtained from a 

commercial animal breeder (Orient Bio, Seongnam, 
Gyeonggi-do, Korea) were used for experiments 
approved by the Committee of Laboratory Animals 
according to the Institutional Guidelines of Konkuk 
University, Republic of Korea (IACUC No. KU15148). 
The animals were housed in conventional cages under 
controlled conditions of temperature (23±3°), relative 
humidity (50±20 %), and 12/12-h light/dark cycle with 
standard laboratory chow and purified water ad libitum. 

Experimental design:

After one week of adaptation, a total of 50 rats were 
divided randomly into 5 groups consisting of 10 rats 
each, the normal control group, TAA group (TAA only), 
ATE 500 group (TAA with 500 mg/kg ATE), ATE 100 
group (TAA with 100 mg/kg), and positive control 
silymarin group (TAA with 50 mg/kg silymarin). Liver 
fibrosis was induced by intraperitoneally injecting TAA 
(200 mg/kg) thrice a week for 13 w to 4 groups of rats 
except to the normal control group, which received 
normal saline ip ATE (100 or 500 mg/kg), silymarin  
(50 mg/kg), or distilled water was given by gastric 
gavage 6 times per week starting from the w 7 to 13. All 
animals were fasted for 18 h after the last administration 
of ATE or silymarin and then blood was collected by 
cardiac puncture under CO2 anesthesia. For tissue 
analysis, liver from each rat was excised and separated 
as two portions. One portion of tissue was fixed in 
Bouin’s solution for histomorphological findings and 
another portion of liver tissue was stored at -80° for 
individual fibrosis-related gene expression.

Analysis of serum biomarkers (AST/ALT), GSH 
and hydroxyproline:

For analysing serum biochemical parameters serum 
was separated using a centrifuge (3000 g, 15 min) 
and the levels of AST and ALT were determined 
using a GOT-GTP assay kit[26]. Total GSH content 
was determined according to the method of Ellman[29] 

qRT-PCR Primer sequences
α-SMA Forward 5'-AACACGGCATCATCACCAACT-3'
　 Reverse 5'-TTTCTCCCGGTTGGCCTTA-3'
Cn type 1 α 1 Forward 5'-CCCAGCGGTGGTTATGACTT-3'
　 Reverse 5'-GCTGCGGATGTTCTCAATCTG-3'
TGF-β1 Forward 5'-AGGAGACGGAATACAGGGCTTT-3'
　 Reverse 5'-AGCAGGAAGGGTCGGTTCAT-3'
β-actin Forward 5'-CTAAGGCCAACCGTGAAAAGAT-3'
　 Reverse 5'-GACCAGAGGCATACAGGGACAA-3'

TABLE 1: THE PRIMERS USED IN THE STUDY

α-SMA- α-smooth muscle actin; Col1α1- collagen type1 alpha 1; 
TGF-β1- transforming growth factor β1
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and the hydroxyproline estimation was performed 
using a previously reported method with a slight 
modification[30]. The optical density of the reaction 
product of GSH and hydroxyproline was read at 405 
and 558 nM, respectively using a spectrophotometer 
(Tecan, Morrisville, NC, USA).

Histopathology:

After sacrificing the animals, the liver was quickly 
removed and fixed in Bouin’s solution, embedded in 
paraffin and cut into 5 µM thick sections. The tissue 
sections were stained with Hematoxylin and Eosin (HE) 
and Masson’s trichrome. After regular gradient alcohol 
dehydration and mounting the sections were observed 
under a light microscope (Olympus BX-50 Microscope, 
Leica Microsystems, USA) and then photographed. For 
collagen expression analysis, the blue-stained areas in 
the Masson’s trichrome stained sections were measured 
on an image analyzer (Image J, NIH, Bethesda, MD, 
USA).

Statistical analysis:

Data are expressed as the mean±standard error of the 
mean (SEM, n=10). Statistically significant differences 
between groups were analyzed using one-way analysis 
of variance (ANOVA) followed by student’s t-test. A 
value of p<0.05 was considered statistically significant. 

RESULTS AND DISCUSSION

Liver fibrosis and treatment regimen remains a 
major challenge and health problem because of its 
complex pathogenesis causing significant morbidity 
and mortality. Although research to understanding 
the molecular consequences of liver fibrosis and its 
pathogenesis has been steadily growing over the last 
2 decades, potential treatment for liver fibrosis is still 
in its infancy[31]. Traditional herbs and nutrient therapy 
in the management of liver diseases including fibrosis 
is the central component of medical practice in many 
parts of Asia[32]. In this study, ATE exhibited potential 
therapeutic benefits in ameliorating hepatofibrosis in 
experimental cellular and animal model.

Initially to determine the optimal concentration of 
ATE for in vitro evaluations, various concentrations of 
ATE (0.1, 0.25, 0.5, 1.0 mg/ml) were added to Chang 
cells and HSC-T6 cells and cell viability was assessed 
using the MTT assay. ATE treatment up to 0.5 mg/ml or 
DMSO (0.1 %) did not exhibit any signs of cytotoxicity 
or altered the overall cell viability in both HSC-T6 
and Chang cells (fig. 1A). Therefore, further in vitro 

studies were carried out using either 0.1 mg/ml and/or  
0.5 mg/ml as these concentrations were considered 
non-toxic and pharmacologically effective.

It is well documented that deposition and qualitative 
changes in ECM in the liver by activated HSCs is 
a crucial event during liver fibrogenesis[33]. HSCs 
under activated state exhibit enhanced proliferation 
rate, contractility and collagen scar around cells 
with increased accumulation of ECM proteins. Thus, 
suppressing the effects observed in activated HSCs 
morphology, proliferation and collagen scar indicates 
attenuation of liver fibrosis[33]. In this study, the altered 
morphology in activated HSCs (day 7, fig.1B) was 
restored with ATE (0.5 mg/ml) treatment for 24 h  
(day 8) with cell degradation and decreased collagen 
fiber morphology (fig. 1C). 

Earlier reports revealed that inhibition of HSC 
proliferation by blocking the cell cycle transition from 
G1 to S phase might aid in HSC inactivation and can 
prevent the progression of hepatic fibrosis[34,35]. In 
the activated HSC proliferation process, apoptosis is 
responsible for mediating HSC loss during recovery 
from the fibrosis and therefore, induction of HSC 
apoptosis might has an antifibrotic effect[36,37]. In this 
study, the cell cycle distribution showed marked effects 
in silymarin and ATE 0.5 mg/ml treated groups (fig. 
2A). The percentage of cell cycle distribution revealed 
that treatment with 0.1 mg/ml of ATE alone did not 

 

Fig. 1: Effect of ATE in cell viability assay on Chang liver/
HSC-T6 cells and morphological changes in primary HSCs 
(A) Chang liver (□) and HSC-T6 cells (■) were incubated with 
ATE at indicated concentrations for 24 h and cell viability was 
determined by MTT assay. (B) Primary HSCs were cultivated 
for 1 w and exposed to the ATE (0.5 mg/ml) for 24 h (C). Pictures 
were taken after 24 h treatment with ATE. Magnification 
was 100X. Arrows indicate HSCs. The data are expressed 
as means±SEM (n=10), using one-way analysis of variance 
(ANOVA) followed by Student’s t-test. *P<0.05 compared to the 
control group, NS-not significant compared to the control group
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exhibit any alterations and was similar to untreated 
control group (1.08 % for control and 1.24 % for ATE 
0.1 mg/ml). However, ATE treatment at 0.5 mg/ml 
showed 2.58 % of cells in the sub-G1 phase compared 
to the untreated control group. The positive control 
silymarin showed 3.93 % of cells in the sub-G1 phase 
compared to the untreated group (fig. 2B).

Further, annexin V and PI double staining was 
performed to confirm the ability of ATE in inducing 
apoptosis. In Annexin V-FITC/PI assay, ATE (0.5 mg/
ml) and silymarin significantly (p<0.05) increased 
apoptosis in HSC-T6 cells when compared with the 

control group (fig. 3A-3D). In agreement with the 
cell cycle distribution data, ATE 0.1 mg/ml did not 
exhibit marked effects in inducing apoptosis. The 
percent of cells undergoing apoptotic cell death in 
control group was 12.09±2.54, which was markedly 
increased to 42.12±2.74 in the silymarin group, while 
it was 26.71±3.89 in the 0.5 mg/ml ATE-treated group 
and 11.72±3.09 in the 0.1 mg/ml ATE-treated group at  
24 h. When compared to the Annexin V positive cells 
in the control group, ATE (0.5 mg/ml) and silymarin  
(0.05 mg/ml) induced more than two-fold increase 
in Annexin V positive cells (fig. 3E). These results 

 
Fig. 2: Effect of ATE on the cell cycle in HSC-T6 cells 
DNA content in different phases of cell cycle was measured using flow cytometry with propidium iodide. The cell cycle distribution 
for each treatment group and % cell cycle distribution represented as A. graphs and B. histograms, respectively, (■) G2, (■) S, (□) 
G1 (■) G0

 
Fig. 3: Effect of ATE on apoptosis in activated HSC-T6 cells
(A) Control cells. Flow cytometry data indicate apoptosis in HSC-T6 cells after incubation with ATE (0.5 mg/ml) and silymarin 0.05 
mg/ml (B and D) for 24 h. No effect was observed with ATE treatment at 0.1 mg/ml (C). Data showed the apoptotic (Annexin V+ and 
PI-) and late apoptotic (Annexin V+ and PI+) cells (E), and represented as mean±SEM (n=10) using one-way analysis of variance 
(ANOVA) followed by Student’s t-test. *P<0.05 compared with control group



www.ijpsonline.com

January-February 2020Indian Journal of Pharmaceutical Sciences109

suggested that ATE at 0.5 mg/ml significantly (p<0.05) 
induced cell death and apoptosis in HSC-T6 cells and 
also reversed the altered morphology of HSCs. 

It is well known that TAA induced marked 
hepatotoxicity and is predominantly used to develop 
hepatofibrosis in several experimental studies[10,11]. In 
agreement with the reported data, TAA (200 mg/kg, 
ip) produced hepatic damage and elevated levels of 
ALT and AST in serum. AS shown in figs. 4A and B, 
TAA-induced group significantly (p<0.05) increased 
the serum levels (ALT and AST) and ATE treatment at 
both concentrations restored these levels significantly 
(p<0.05). Interestingly, ATE 500 group decreased the 
tested serum levels to about half compared to TAA-
treated group. Silymarin-treated group also showed 
a significant (p<0.05) positive trend. Further, TAA is 
known to produce marked hepatotoxicity in exposed 
animals producing excessive reactive oxygen species 
(ROS). The antioxidant enzyme GSH, plays an important 
role in protecting the cell from oxidant damage and 
is considered as useful marker for detection of liver 
function when undergoing fibrosis[38,39]. Therefore, 
the levels of total GSH content were examined in 
the serum of TAA-treated rats. As shown in fig. 4C, 
a significant (p<0.05) decrease in GSH content was 

observed in TAA-treated liver tissues compared 
to those from the control group. However, ATE  
500 mg/k-treated group restored the total GSH contents 
to near normal levels and exhibited superior effect than 
positive control treated group. These data suggest that 
the altered antioxidant enzyme status caused by TAA 
was significantly ameliorated by ATE treatment. 

Hydroxyproline, a major constituent of collagen is 
well studied as a suitable marker to correlate with 
ECM accumulation causing HSC proliferation and 
liver fibrosis[40-43]. Therefore, we evaluated the serum 
levels of hydroxyproline to confirm whether ATE could 
positively influence hydroxyproline levels in TAA-
induced rats. Results indicated that the hydroxyproline 
levels in TAA group significantly (p<0.05) increased 
compared to control group (fig. 4D) and ATE treatment 
(100 and 500 mg/kg) significantly (p<0.05) attenuated 
this increase when compared to TAA group. Importantly, 
ATE 500 mg/kg and silymarin treated groupsexhibited 
similar effects in decreasing the hydroxyproline levels.

It is well documented that TAA treatment causes a 
significant change in morphological features including 
tissue deposition with solidified, shrunken, abnormally 
patterned necrosis and fibrotic scar tissues in liver[39]. HE 

 
Fig. 4: Effect of ATE on serum ALT, AST, total glutathione (GSH) and hydroxyproline levels in TAA-induced rats 
Serum levels of (A) ALT and (B) AST, (C) total GSH and (D) hydroxyproline were measured using respective commercial kits as 
detailed in methods section and spectrophotometry. TAA: Thioacetamide-induced rats (200 mg/kg), Silymarin: positive control (50 
mg/kg), ATE 100: ATE 100 mg/kg plus TAA-induced rats, ATE 500: ATE 500 mg/kg plus TAA-induced rats. The data are expressed 
as mean±SEM (n=10) using one-way analysis of variance (ANOVA) followed by Student’s t-test. #P<0.05 as compared with control 
group and *p<0.05 compared with TAA group
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It is well known that transforming growth factor- 
β (TGF-β)-1 is one of the main cytokines in the 
generation of ROS and ECM production, which can 
stimulate the activation and proliferation of HSC by 
activating its downstream Smad signaling pathway. 
Α-Smooth muscle actin (α-SMA) is a marker produced 
in liver fibrosis which regulates essential phenomena 
for tissue remodeling, such as cytokine synthesis and 
ECM component production. Therefore, the TGF-β-1/
Smad signaling pathway is considered a potential target 
for the prevention and treatment of hepatic fibrosis[46]. 
TGF-β produced by Kupffer cells and HSCs, also 
promotes the proliferation of HSCs and strongly 
up regulates the transcription of the collagen-1 and 
collagen-2 genes to produce a large amount of ECM, 
contributing to hepatocyte injury and promoting 
fibrosis[47,48]. In this study, TAA-treated liver showed 
an up-regulated TGF-β expression while ATE-treated 
group (500 mg/kg) significantly (p<0.05) down-
regulated the expression (fig. 7A). Further, upregulated 
α-SMA and collagen-1 alpha 1 (Col1α1) expression in 
TAA-induced groups were significantly decreased by 
ATE at both concentrations (p<0.05; figs. 7B-7C). The 
positive control silymarin also exhibited significant 
(p<0.05) effects in down regulating the expression 
of selected fibrosis-associated genes. Based on these 
results, it could be concluded that ATE could attenuate 
TAA-induced liver fibrosis and this effect might be 
partially mediated by regulation of the TGF-β1/Smad 
signaling pathways. 

and Massion’s trichrome are the most important staining 
techniques used in histopathology and histochemistry 
for demonstration of general tissues structure as well 
as several intra-cellular and extra-celluar substances 
necessary for diagnosis of disease condition in tissues 
and cells[44,45]. Therefore, whether ATE could recover 
the TAA-induced histomorphological changes in 
hepatic tissues were investigated. As shown in fig. 5A, 
normal morphology was observed in control rat liver 
tissues. However, shrunken and abnormal liver pattern 
with formation of regenerative nodules were observed 
in liver tissues from TAA-treated rats (fig. 5B). ATE 500 
treatment attenuated the altered histological changes 
with no marked differences observed when treated with 
lower concentrations (100 mg/kg) of ATE (figs. 5C and 
5D). To further confirm the effects of ATE on TAA-
induced histological changes, Massion’s trichrome 
staining was also performed. The normal histological 
pattern observed in control group (fig. 6A) was altered 
in TAA-induced liver tissues (fig. 6B) exhibiting 
excessive collagen accumulation (blue stained areas). In 
agreement with HE staining data, ATE 500 group alone 
markedly decreased the collagen accumulation in the 
liver section with no marked effects observed at ATE 
100 mg/kg dose (figs. 6C and D). Further, Silymarin-
treated group showed marked improvement when 
compared with TAA-induced group (fig. 6E). Percent 
area of fibrosis showed significant (p<0.05) damage in 
TAA-treated group compared to the control group (fig. 
6F), which was restored in ATE (100 mg/kg and 500 
mg/kg)-treated groups significantly (p<0.05).

 
Fig. 5: Effect of ATE on histomorphology using hematoxylin and eosin (HE) stain of TAA-induced rat liver tissues 
Liver tissue samples fixed in Bouin’s solution and sections were stained with HE and observed under light microscopy. (A) control 
rats, (B) TAA: TAA-induced (200 mg/kg) liver fibrosis rats, (C) ATE 500: ATE 500 mg/kg plus TAA-induced rats, (D) ATE 100: ATE 
100 mg/kg plus TAA-induced rats, (E) silymarin (50 mg/kg): positive control rats, scale bar = 200 µM
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Fig. 6: Effect of ATE on TAA-induced fibrosis by Masson’s trichrome stain of TAA-induced rat liver tissues 
This stain was performed similar to H&E stain. (A) control rats, (B) TAA: TAA-induced (200 mg/kg) liver fibrosis rats, (C) ATE 
500: ATE 500 mg/kg plus TAA-induced rats, (D) ATE 100: ATE 100 mg/kg plus TAA-induced rats, (E) Silymarin (50 mg/kg): 
positive control rats, (F) fibrosis area plot. Scale bar = 200 µM. Quantification was done using ImageJ. Values are represented as 
mean±SEM (n=10) using one-way analysis of variance (ANOVA) followed by Student’s t-test. #P<0.05 as compared with control 
group, *p<0.05 as compared with TAA group. TAA: Thioacetamide, silymarin: positive control rats, ATE 100: ATE 100 mg/kg plus 
TAA-treated rats, ATE 500: ATE 500mg/kg+TAA-treated rats

 
Fig. 7: Effect of ATE on TAA-induced fibrosis related gene expression in the liver tissues 
Fibrosis related gene expressions of liver tissue were determined by real-time-polymerase chain reaction (RT-PCR). A: TGF-β, 
B: α-SMA and C: Col1α1. The results are expressed as normalized fold values relative to the control. Values are represented 
as mean±SEM. (n=10) using one-way analysis of variance (ANOVA) followed by Student’s t-test. *P<0.05 compared to the TAA 
group. TAA, Thioacetamide; ATE, A. tataricus extract; α-SMA, alpha-smooth muscle actin; Col1α1, collagen type1 alpha 1; TGF-β, 
transforming growth factor-beta 
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Traditionally, A. tataricus is used for medicinal and 
several reports have indicated the presence of numerous 
bioactive constituents including dietary flavonoids, 
triterpenes, saponins and specific constituents such 
as epifriedelinol, caffeoylquinic acids, shionone and 
aster peptides shionone, epifriedelinol, quercetin, 
kaempferol, scopoletin, emodin, aurantiamide acetate 
and 1,7-dihydroxy-6-methyl-anthraquinone[49-52]. Some 
of these compounds, such as quercetin, saponins, 
kaempferol, epifriedelinol, caffeoylquinic acids 
possess strong antioxidant, antiinflammatory and 
hepatoprotective properties including antifibrotic 
effects[53-56]. The compounds present in the ATE 
might act in a synergistic way in promoting potent 
antihepatofibrosis effect. 

In conclusion, the present study provided scientific 
evidence for the traditional benefits of A. tataricus in 
the treatment of liver disorders. Further studies on the 
active constituents and exploring in-depth mechanism 
is quite necessary to develop A. tataricus as a potential 
nutrient and medicinal herb against liver fibrosis and 
related disorders.
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