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Hydroxysafflor yellow A protects against thioacetamide-induced liver fibrosis in rats 
via suppressing proinflammatory/fibrogenic mediators and promoting hepatic stellate 
cell senescence and apoptosis
Sayed H. Seif el-Din1, Olfat A. Hammam2, Shahira M. Ezzat3,4, Samira Saleh5, Marwa M. Safar5,6, Walaa H. El-
Maadawy1, Naglaa M. El-Lakkany1
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3Pharmacognosy Department, Faculty of Pharmacy, Cairo University, Cairo 11562, Egypt
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ABSTRACT

Objective: To evaluate the effect of hydroxysafflor yellow A (HSYA) 
on thioacetamide-induced liver fibrosis.
Methods: Thioacetamide was administered to rats intraperitoneally 
in doses of 200 mg/kg twice a week for 12 weeks. Thioacetamide-
intoxicated rats were given silymarin (50 mg/kg) or HSYA (5 mg/
kg) orally every day for 8 weeks. Liver enzymes, fibrosis markers, 
histological changes as well as immunohistochemistry of TNF-α, 
IL-6, p21, α-SMA, and caspase-3 were examined. The effect of 
HSYA on HSC-T6 activation/proliferation and apoptosis was also 
determined in vitro.
Results: HSYA decreased liver enzymes, TNF-α, IL-6, and p21 
expressions, hepatic PDGF-B, TIMP-1, TGF-β1, and hydroxyproline 
levels, as well as fibrosis score (S2 vs. S4) compared to the 
thioacetamide group. HSYA also downregulated α-SMA while 
increasing caspase-3 expression. Surprisingly, at 500 µg/mL, HSYA 
had only a slightly suppressive effect on HSC proliferation, with a 
9.5% reduction. However, it significantly reduced TGF-β1, inhibited 
α-SMA expression, induced caspase-3 expression, and promoted cell 
senescence.
Conclusions: HSYA may be a potential therapeutic agent for 
delaying and reversing the progression of liver fibrosis. More 
research on HSYA at higher doses and for a longer period is 
warranted. 

KEYWORDS: Hydroxysafflor yellow A; Thioacetamide; Hepatic 
stellate cells; Inflammatory markers; Liver fibrosis; p21; α-SMA; 
Apoptosis

1. Introduction

  Liver fibrosis is linked with the progression of chronic liver 
diseases regardless of etiology, including hepatitis infections 
caused by viruses, alcohol intake, and metabolic-associated fatty 
liver disease. It frequently causes liver damage, inflammation, and 
cell death[1]. Liver fibrosis is a common and widespread clinical 
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Significance

Liver fibrosis is a common clinical disease that can progress to 
liver cancer. Hydroxysafflor yellow A (HSYA) has a wide range 
of pharmacological activities. However, its antifibrotic effects 
on liver fibrosis are still completely unverified. Thus, this study 
sheds light on the protective mechanisms of HSYA against liver 
fibrosis. HSYA ameliorated hepatic fibrosis in rats by decreasing 
inflammatory and fibrosis markers, as well as inhibiting HSC 
activation. However, more studies on HSYA at higher doses and 
for a longer period are needed.
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condition that can develop into cirrhosis or liver cancer and kills 
over one million people each year, making it the 11th leading cause 
of death worldwide[2]. When the liver is injured, a wide spectrum 
of cells contribute to hepatic fibrogenesis, but activated hepatic 
stellate cells (HSCs) are the major effector cells that undergo trans-
differentiation, transforming them from a quiescent to a proliferative 
and contractile myofibroblast phenotype. Furthermore, in chronic 
injury settings, prolonged HSC activation disrupts the buildup and 
disintegration of the extracellular matrix (ECM), and promotes 
the secretion of inflammatory cytokines and growth factors such 
as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), 
and transforming growth factor-beta (TGF-β), all of which play 
a driving role in HSC activation, leading to further worsening of 
liver fibrosi[3]. The key strategies that may aid in the elimination 
of activated HSCs are the reversion to a quiescent phenotype, 
blocking ECM synthesis, as well as promoting ECM breakdown, 
apoptosis, and senescence[4-6]. In chronic liver disease, Aravinthan 
and Alexander[7] discovered a strong spatial connection between 
hepatocyte senescence and activation of HSCs. Cellular senescence 
is a physiological mechanism in which a growing cell gets a stable 
cell cycle arrest in response to damage or stress, limiting cell growth. 
It is regulated by p21, a universal cell cycle inhibitor[8]. 
  Despite significant advances in understanding the mechanisms 
underlying liver fibrosis pathogenesis during the last two decades, 
current therapeutic approaches remain relatively ineffectual, 
particularly in advanced liver fibrosis. Preclinical evidence suggests 
that the mechanism of liver scarring is malleable and reversible rather 
than unidirectional and permanent[9]. As a result, novel approaches 
to preventing, halting, or even reversing liver fibrosis or cirrhosis are 
urgently required. Natural compounds have emerged as one of the 
most important and major suppliers of anti-fibrosis drugs in recent 
years, owing to their low cost and ease of access[10]. Numerous 
investigations have found that naturally occurring substances such as 
terpenoids, phenols, alkaloids, and other phytochemicals, as well as 
raw extracts or isolated compounds from plants, can treat different 
fibrosis disorders in vitro and in vivo[10]. Hydroxysafflower yellow 
A (HSYA), a major natural component isolated from safflower 
(Carthamus tinctorius L.), has considerable pharmacological 
properties that include anti-inflammatory, antioxidant, anticoagulant, 
and anticancer effects[11]. Moreover, HSYA could protect against 
acute kidney injury[12] and lower the degree of oxidative stress in a 
rat model with renal ischemia-reperfusion injury[13]. To the best of the 
author’s knowledge, only a few studies have shown that HSYA could 
protect rat liver from CCl4-mediated fibrogenesis[14-16]. However, 
its mechanisms, which primarily focus on the inhibition of HSC 
function, have not been thoroughly investigated. Furthermore, the 
role of HSYA in modulating the p21, a hepatocyte senescence marker, 
has yet to be reported. In the present study, we evaluated the effects of 
HSYA on thioacetamide (TAA)-induced liver fibrosis. Furthermore, 
its underlying mechanisms were investigated in vitro, particularly in 
relation to HSC proliferation, activation, and apoptosis.

2. Materials and methods

2.1. Plant materials 

  Flowers of Carthamus tinctorius L. were collected from the 
Experimental Station of Medicinal, Aromatic, and Poisonous Plants, 
Pharmacognosy Department, Faculty of Pharmacy, Cairo University, 
Egypt. It was kindly authenticated in the herbarium of Faculty of 
Science, Cairo University, Egypt. The voucher sample (03-2014) 
was stored in the herbarium of the Pharmacognosy Department, 
Faculty of Pharmacy, Cairo University, Egypt.

2.2. Chromatographic analysis             

  Thin-layer chromatography (silica gel GF254 precoated plates- 
Fluka) was performed with the following solvent system: ethyl 
acetate-methanol-water-formic acid (10꞉1.6꞉1.2꞉1 v/v) on Diaion 
HP-20 AG and Sephadex LH-20 (Pharmacia Fine Chemicals AB, 
Uppsala, Sweden). Chromatograms were captured using UV light 
(at 254 and 366 nm) with or without exposure to ammonia vapor. 
13C-NMR (100 MHz) and 1H-NMR (400 MHz) were measured using 
Bruker NMR. The NMR spectra were detected in dimethyl sulfoxide 
and CD3OD. The chemical shifts are expressed in δ (ppm) compared 
to an internal standard TMS.

2.3. Isolation and extraction of HSYA

  Carthamus tinctorius L. air-dried flowers (2.5 kg) were powdered 
and extracted with distilled water (2 × 10 L) for 1 h at 60 曟. The 
extract was filtered, and the water was evaporated under low 
pressure to obtain 175 g of dried residue. The residue was dissolved 
in 1 L methanol, before being chromatographed on a diaion HP-20 
AG (500 g) column. Elution started with water, then methanol-water 
(50%), and lastly methanol (100%). A rotary evaporator was used in 
each case to evaporate the solvent, providing solid residues weighing 
100 g, 35 g, and 10 g, respectively. The water fraction (50 g) was 
chromatographed several times with ethanol-water (1꞉1 v/v) using 
Sephadex LH-20 (Pharmacia Fine Chemicals AB, Uppsala, Sweden) 
to produce orange needle-like crystals, Rf 0.35, and mp 184.2 曟 of 
HSYA (5 g).

2.4. Animals 

  Forty adult Sprague-Dawley male rats weighing 250-300 g were 
purchased from the Theodor Bilharz Research Institute animal house, 
Giza, Egypt, and accommodated in an ecologically maintained room 
(20-22 曟, 12 h light/dark cycles, and 50%-60% humidity) throughout 
the experimental periods, with free access to food and water. 
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2.5. Experimental groups and treatment

  After a week of acclimatization, rats were divided into four groups of 
ten rats each, as follows: Normal control group (Ⅰ); TAA-intoxicated 
group (Ⅱ); silymarin (Ⅲ), and HSYA (Ⅳ) treated groups. Except 
for the control group, all rats received TAA intraperitoneally (i.p.) in 
dosages of 200 mg/kg twice a week for 12 weeks[17]. Meanwhile, 
silymarin (50 mg/kg)[18] or HSYA (5 mg/kg)[14] were given orally every 
day for 8 weeks starting on the fifth week after TAA intoxication, where 
an evident stage of fibrosis (S2) was confirmed by histological analysis 
of hepatic tissues. All rats were euthanized by rapid decapitation 
under thiopental anesthesia (50 mg/kg, i.p.) 48 h following the end 
of treatment. Each rat’s blood was taken in a non-heparinized glass 
centrifuge tube and centrifuged at 1 800 ×g for 15 min to separate 
the serum. In addition, livers were removed, weighed, and separated 
into two sections, the first of which was immersed in formalin for 
histological and immunohistochemical analyses. The remaining 
portion was washed with 0.9% ice-cold saline and stored at −80 曟 
for determination of oxidative and fibrotic markers.

2.6. Assay of biochemical markers

  Spectrophotometric assessments of serum alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) (Spectrum, Egypt), as 
well as reduced glutathione (GSH) and lipid peroxidation (MDA) 
in liver homogenates (Biodiagnostic, Egypt), were performed using 
commercially available kits. 

2.7. Assay of fibrosis markers

  Tissue inhibitor of metalloprotease-1 (TIMP-1), transforming 
growth factor-β1 (TGF-β1), and platelet-derived growth factor-B 
(PDGF-B) levels were measured in liver tissue homogenates using 
commercial kits for ELISA (R & D system, MN, USA). In liver 
tissue samples, the level of hydroxyproline was assessed as an 
indirect and sensitive index of collagen concentration[19].

2.8. Histological and immunohistochemical analyses   

  Liver specimens were preserved in 10% buffered formalin for at 
least 24 h before being processed and inserted into paraffin blocks. 
Paraffin sections were stained with hematoxylin-eosin (H&E) 
(4 µm thickness) and Sirius red (20 µm thickness) for analysis 
of overall liver histology and collagen distribution, respectively. 
Imaging analysis software (Axiovision L.E. 4.8; Carl Zeiss 
MicroImaging, Jena, Germany) was used to quantify collagen. 
The red-stained area (mm2) was measured in five consecutive 
fields (×50), and the morphometric analysis of hepatic fibrosis 

score was calculated using a numerical rating technique[20]. 
Liver sections were immunohistochemically stained with anti-
rat TNF-α, IL-6, and p21 antibodies (Santa Cruz Biotechnology, 
CA, USA) at a working dilution of 1꞉100. In addition, using a 
horseradish-peroxidase complex kit (Abcam Inc, UK), liver slices 
were immunohistochemically stained for caspase-3 and α-smooth 
muscle actin (α-SMA). The percentage of positively stained brown 
cytoplasm (TNF-α, IL-6, α-SMA, and caspase-3) in hepatocytes was 
examined in 10 microscopic fields at ×200 for α-SMA and ×400 for 
the rest under Zeiss light microscope (Carl Zeiss Microscopy GmbH 
07745 Jena, Germany). The percentage of positively stained brown 
nuclei (p21) in 1 000 parenchymal and non-parenchymal liver cells 
was determined using Zeiss light microscopy at ×400 (Carl Zeiss 
Microscopy GmbH 07745 Jena, Germany).

2.9. Measurement of cytotoxicity of HSYA to HSCs

  To test the effect of HSYA on HSC proliferation, activation, and 
apoptosis, HSYA was dissolved in Dulbecco’s Modified Eagle 
Medium, and filtered through a 0.22-μm membrane and aliquots 
were kept at −20 曟 and protected from light. Micro cultures of 
5×103 HSC-T6, an immortalized rat hepatic stellate cell line (a 
gracious gift from Prof. Scott L. Friedman, Division of Liver 
Diseases, Icahn School of Medicine at Mount Sinai University, New 
York), were grown in 200 μL Dulbecco’s Modified Eagle Medium 
with 10% fetal bovine serum in 96-well tissue culture plates (Nunc, 
Roskilde, Denmark). After 24 h, cells were treated with various 
concentrations of HSYA (0-500 μg/mL) for 24 and 48 h, and cell 
survival ratios were compared to untreated cells. Each test was 
carried out in triplicate. The sulforhodamine B (SRB) assay was 
used to analyze the anti-proliferative effect of HSYA on HSCs, 
and the IC50 value was calculated. Moreover, the morphology of 
HSCs was examined using a phase-contrast microscope [EVOS® 

xl core cell culture microscope (Advanced Microscopy Group, 
USA)]. TGF-β1 concentrations in culture media (ELISA Kit) and 
immunocytostaining with α-SMA were used to measure HSC 
activation, whereas caspase-3 immunocytostaining was used to 
determine HSC apoptosis. 

2.10. Measurement of cytotoxicity of HSYA to hepatocytes 

  Primary hepatocytes were freshly extracted from rats using a two-
step portal collagenase perfusion of the liver[21], and their viability 
was evaluated by trypan blue dye exclusion. The cytotoxicity 
of HSYA on isolated rat hepatocytes was determined using the 
thiazolyl blue tetrazolium bromide (MTT) assay, in which primary 
hepatocytes (5×103) were grown in 96-well tissue culture plates and 
treated with HSYA at concentrations of 0-500 μg/mL for 24 and 48 
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h. MTT solution (20 µL of 0.5 mg/mL) was added to each well and 
incubated for another 4 h at 37 曟. The MTT-formazan produced by 
live cells was quantified at 570 nm using an ELISA reader. 

2.11. Statistical analysis

  The data are presented as mean±SEM. For statistical analysis, 
the one-way ANOVA test was employed, followed by Tukey’s post 
hoc test for multiple comparisons (GraphPad Software, San Diego, 
CA, USA, version 5.03). Differences were considered significant at 

P<0.05.

2.12. Ethical statement

  All animal procedures followed the National Institutes of 
Health’s Guide for the Care and Use of Laboratory Animals. The 
experimental procedures were authorized by the Research Ethics 
Committees of Theodor Bilharz Research Institute and the Faculty 
of Pharmacy at Cairo University (PT: 559). All attempts were made 
to manage the rats humanely, to follow ethical rules, and to use only 
the number of animals required to generate reliable scientific data.

3. Results

3.1. Spectroscopic data and identification of HSYA

  The structure was determined using nuclear magnetic resonance 
and mass spectrometry HR-ESI-MS (m/z): 611.145 (C27H31O16). The 
1H-NMR and 13C-NMR data (Table 1) were matched to published 
data[22], and the product was verified to be HSYA. Figure 1 displays 
the structure of the isolated and identified HSYA.

Figure 1. The structure of the isolated and identified hydroxysafflor yellow A 
(HSYA).

Table 1. 1H-NMR and 13C-NMR chemical shifts (δ ppm) of the isolated 
hydroxysafflower yellow A (HSYA) (DMSO-d6 for 1H 400 and 100 MHz for 
13C).
Position δH ppm (J Hz) δC ppm
1 - 189.2
2 - 105.2
3 - 195.0
4 -   85.9
5 - 180.1
6 -   99.6
7 - 180.2
8 7.45 d (15) 123.2
9 7.31 d (15) 135.9
10 - 127.5
11 7.40 d (9) 129.1
12 6.77 d (9) 115.1
13 - 158.6
14 6.83 d (9) 117.1
15 7.42 d (9) 130.1
1`    3.64 d (9.5)   85.6
2` 3.35 m   69.1
3` 3.11 m   78.1
4` 2.89 m   69.5
5` 2.96 m   80.7
6` 3.37 m   60.0
1`` 4.23 m   73.8
2`` 4.10 m   68.5
3`` 3.18 m   79.5
4`` 3.12 m   70.1
5`` 3.05 m   80.2
6`` 3.42 m   61.6

3.2. Effect of HSYA on biochemical markers

  In comparison to the TAA-intoxicated group, HSYA treatment 
reduced elevated ALT and AST levels to normal (P<0.05) (Figure 
2A). Moreover, HSYA significantly reduced liver MDA level and 
normalized GSH content (P<0.05) (Figure 2B-C). 

3.3. Effect of HSYA on fibrotic biomarkers

  TAA markedly increased the levels of PDGF-B, TGF-β1, TIMP-1, 
and hydroxyproline in rats (P<0.05). HSYA treatment resulted in a 
considerable reduction in hepatic levels of these fibrotic biomarkers 
(P<0.05) (Figure 3). 

3.4. Histological analysis 

  Histological examination of normal liver slices revealed a 
maintained hepatic architecture with discrete hepatic cells, sinusoidal 
gaps, and a central vein. Conversely, the TAA-intoxicated group 
displayed disturbed architecture with serious damages including 
sinusoidal dilatation and congestion, centrilobular necrosis, and 
deposition of collagen bundles surrounding the lobules, primarily 
in the periportal regions, resulting in thick fibrotic septae and 
an elevated fibrosis score of almost stage 4 (S4) (Figure 4). 
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Figure 2. Effect of HSYA on (A) alanine aminotransferase (ALT) and aspartate aminotransferase (AST), (B) reduced glutathione (GSH), and (C) 
malondialdehyde (MDA) in thioacetamide (TAA)-induced fibrotic rats. Data are presented as mean ± SEM (n=10) and analyzed by a one-way ANOVA test 
followed by Tukey's post hoc test. *, #, $Significantly different from the normal control, TAA-intoxicated, and silymarin-treated groups, respectively, at P<0.05. 
NC: normal control.
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Figure 3. Effect of HSYA on the levels of (A) platelet-derived growth factor-B (PDGF-B), (B) transforming growth factor-β1 (TGF-β1), (C) tissue inhibitor 
of metalloprotease-1 (TIMP-1), and (D) hydroxyproline in liver homogenates of TAA-induced fibrotic rats. Data are expressed as mean ± SEM (n=8) and 
analyzed by a one-way ANOVA test followed by Tukey's post hoc test. *, #, $Significantly different from the normal control, TAA-intoxicated and silymarin-
treated groups, respectively, at P<0.05.

Figure 4. Histopathological examinations of liver sections stained with H & E (×200) and Sirius red (×50). In H & E figures, TAA liver sections show 
disruptions in architecture of the hepatic tissue (S4 stage, hepatic cirrhosis) with formation of variable-sized regenerating nodules (black arrow), silymarin-
treated liver sections show an almost normal hepatic architectural pattern with mild dilation of sinusoids (black arrow) and lymphocyte infiltration (green 
arrow), and HSYA-treated liver sections show normal hepatic architecture. In Sirius red figures, TAA liver sections show micro and macro-cirrhotic nodules 
(black arrow), silymarin-treated liver sections have moderately thick fibrous bands (black arrow) and HSYA-treated liver sections have mild, thin fibrous bands 
(black arrow). 
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Administration of either silymarin or HSYA restored some of the 
injured hepatic tissues, as evidenced by lower levels of necrosis, 
fewer short collagen bundles, and S2 fibrosis scores (1.75±0.19 and 
1.50±0.22, respectively, vs. 3.63±0.21 for the TAA group).
 

3.5. Immunohistochemical examination for proinflammatory, 
fibrogenic, and apoptotic markers

  TNF-α and IL-6 expressions were negative in liver sections of 
normal rats (Figures 5A). However, TAA-intoxicated rats exhibited 
a significant rise in TNF-α and IL-6 (Figure 5A) expressions 
as evidenced by an increase in the number of positively stained 
brown cytoplasm of hepatic cells. TNF-α and IL-6 expressions 
were reduced by 69.77% (Figure 5B) and 73.08% (Figure 5C) in 
liver sections of rats treated with HSYA, respectively, as evidenced 
by a mild and moderate decrease in the number of positively 
stained brown cytoplasm of hepatic cells (Figure 5A). Notably, 
the extent of HSC activation in liver tissues was determined via 
immunohistochemical analysis for α-SMA. Normal liver expressed 
α-SMA in trace amounts and only in hepatic vascular smooth 
muscle cells of the blood vessels (Figure 6A). However, there was a 

significant increase in α-SMA protein expression in TAA-intoxicated 
hepatic tissues in areas of centrilobular and periportal fibrotic bands. 
In comparison to the TAA-intoxicated group, HSYA significantly 
lowered α-SMA protein expression by 73.63% (Figure 6B). 
  Hepatocyte p21 expression was negligible in normal liver tissue, 
but it was significantly higher (P<0.05) in rats with TAA-induced 
fibrosis (Figure 6A). HSYA treatment diminished  p21 expression by 
72.35% (Figure 6C). 
  In addition, the apoptosis of HSCs was investigated using caspase-3 
expression. The number of caspase-3 positive cells (apoptotic cells) 
observed in the control group was minimal, but it considerably 
increased in the TAA-intoxicated liver sections (Figure 6D). HSYA 
treatment enhanced caspase-3 positive cells in comparison to the 
TAA-intoxicated group (Figure 6D). Caspase-3 positive cells were 
seen in the portal and periportal regions, whereas activated HSCs 
deposited collagen rather than parenchymal cells (hepatocytes).

3.6. In vitro cytotoxicity results

  Treatment with HSYA at a concentration of 500 µg/mL had only 
a slightly suppressive effect on HSC proliferation at 48 h, which 
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Figure 5. Immunohistochemical examinations of (A and B) tumor necrosis factor-α (TNF-α; ×400) and (A and C) interleukin-6 (IL-6; ×400) in liver sections 
(n=10). The expressions of TNF-α and IL-6 were estimated as percentage of positively stained brown cytoplasm (arrow) of hepatic cells. (B) and (C) represent 
the percentage of TNF-α and IL-6 positively stained brown cytoplasm in hepatic cells (IHC, DAB, ×400). Data are expressed as mean ± SEM (n=10) and 
analyzed by a one-way ANOVA test followed by Tukey's post hoc test. *, #, $Significantly different from the normal control, TAA-intoxicated, and silymarin-
treated groups, respectively, at P<0.05. IHC: immunohistochemistry; DAB: 3,3`-diaminobenzidine.
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did not exceed a 9.5% reduction (Figure 7A). However, HSYA 
morphologically extended some of the activated HSCs into flattened 
enlarged cells with an amplified cytoplasm-to-nucleus ratio, 
indicating a non-proliferative state of cell senescence (Figure 7I). 
In addition, it exhibited a significant decrease in TGF-β1 level at 
500 µg/mL when compared to untreated activated HSCs (P<0.05) 
(Figure 7C). The inhibitory impact of HSYA on HSC activation 
was investigated via determination of α-SMA expression. HSYA 
treatment at 500 µg/mL reduced α-SMA expression (Figure 7E) 

when compared to untreated cells (Figure 7D). In addition, when 
HSCs were incubated with HSYA, caspase-3 expression increased 
(Figure 7G) as compared to untreated activated cells (Figure 
7F), indicating that HSYA-induced apoptosis in activated HSCs. 
Regarding the safety of HSYA on hepatocytes in primary culture, 
it showed no effect on the viability of hepatocytes at 24 and 48 
h, and the viability reached approximately 90.37% at the highest 
concentration (500 µg/mL), and even after prolonged exposure 
(Figure 7B).
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Figure 6. Immunohistochemical examinations of (A, B) α-smooth muscle actin (α-SMA), (A, C) cyclin-dependent kinase inhibitor (p21), and (A, D) caspase-3 
in liver sections (n=10). (B) represents the percentage of α-SMA positively stained brown cytoplasm (arrow) of hepatic stellate cells and fibroblasts in the 
wall of blood vessels (IHC, DAB, ×200). (C) represents the percentage of p21 positively stained brown nuclei (arrow) of hepatic cells (IHC, DAB, ×400). 
(D) represents the percentage of caspase-3 positively stained brown cytoplasm (arrow) of hepatic cells in portal tracts (IHC, DAB, ×400). Data are expressed 
as mean ± SEM (n=10) and analyzed by a one-way ANOVA test followed by Tukey's post hoc test. *, #, $ Significantly different from the normal control, TAA-
intoxicated and silymarin-treated groups, respectively, at P<0.05. 
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4. Discussion

  Liver fibrosis is a serious threat to public health that can lead to 
cirrhosis, cancer, and death. TAA is a thiono-sulfur substance that is 
commonly used to generate liver fibrosis in rats in order to examine 
the underlying mechanisms and therapeutic benefits of potential 
antifibrotic drugs[23]. It has been proven to induce reversible fibrosis 
in rodents comparable to that seen in humans[24], as well as various 
grades of liver damage in rodents including nodular cirrhosis, 
hepatic cell proliferation, and parenchymal cell necrosis[25]. In 
the current study, H & E histological analysis of chronic TAA 
intoxication revealed a disrupted architecture with severe damage 
manifested as micro and macro nodules, many fiber extensions, 
and collagen deposition (S4) surrounding the hepatic lobules, as 
well as a significant rise in hydroxyproline content. These results 
were supported by a noticeable rise in serum ALT and AST levels, 
which are deemed the most sensitive and dramatic indicators of 
hepatocyte injury, including cellular rupture and loss of functional 
cell integrity[26]. These findings suggest that rat hepatic fibrosis 

has been successfully established. Furthermore, these data are 
associated with increased oxidative stress, which is an important 
driver of liver disease, as evidenced by lipid peroxidation (higher 
MDA), which compromises membrane integrity and causes liver 
damage[27], and GSH depletion. This could directly stimulate and 
activate HSCs, causing them to secrete profibrogenic cytokines 
TGF-β1 and PDGF-B and release proinflammatory cytokines TNF-α 
and IL-6, promoting acute liver damage to further develop into 
liver fibrosis. Besides, a pathogenic process driven by inflammation 
in the liver activates quiescent HSCs, resulting in ECM buildup, 
including α-SMA as a hallmark of HSC activation, collagen, and 
TIMPs as shown herein and in other studies[17,25]. In the current 
study, HSYA increased hepatic GSH contents while dramatically 
decreasing hepatic MDA levels, as previously reported in CCl4 and 
alcohol-induced liver injury[28]. HSYA has been shown to boost 
endogenous antioxidant enzyme activity, thereby speeding up the 
healing mechanism of the injured cell membrane[29] as shown by 
the recovery of raised ALT and AST levels following treatment. 
This demonstrates HSYA’s ability to safeguard the liver from the 
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Figure 7. Effect of various concentrations of HSYA on (A) the proliferation and viability of hepatic stellate cells (HSCs), (B) hepatocyte viability and (C)  
TGF-β1 production in culture medium after 48 h. All values are represented as mean ± SEM (n = 3) and analyzed by a one-way ANOVA test followed by 
Tukey's post hoc test. * Significantly different from the untreated control at P<0.05. Immunohistochemical examinations of cytospin smears (×400) prepared 
from untreated control HSCs (D, F) and HSYA-treated cells (E, G) showing α-SMA and caspase 3 immunoreactivity (arrows), respectively. The expression 
of α-SMA and caspase 3 was estimated as the number of positively stained cells. Photomicrographs H and I illustrate the morphology of HSCs in untreated 
control cells (H; ×20) and HSYA-treated cells (I; ×40) under a phase-contrast microscope. 
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harmful effects of TAA by preserving the cell membrane integrity of 
liver cells. In this study, HSYA also had anti-inflammatory effects, 
as evidenced by lowered IL-6 and TNF-α expressions, as well as 
antifibrogenic effects, as confirmed by decreased α-SMA, TIMP-1, 
TGF-β1, and PDGF-B as well as collagen deposition. Such findings 
could be explained and reinforced by in vitro results in which HSYA 
reduced TGF-β1 concentrations in culture media as well as the 
number of activated HSCs, as demonstrated by a decrease in α-SMA 
expression. Aside from inhibiting HSC activation, HSYA reduced 
collagen deposition (S4 to S2) in the livers of TAA-intoxicated rats 
and thus could assist in the prevention of liver fibrosis progression. 
These findings supported the previous research[29], which found 
that HSYA administration significantly reduced TIMP-1 expression 
while increasing collagen lysis. Surprisingly, the in vitro proliferation 
results of HSYA on HSCs did not match the observed alterations 
in HSCs morphology or the reported reduction in HSC activation. 
The inability of HSYA to exert antiproliferative effects on HSCs 
in vitro has previously been reported[30], where treatment of HSCs 
with various concentrations of HSYA showed no significant changes 
in the percentages of activated HSCs in the S-phase of cell cycle 
progression. This could imply that exposing HSCs to greater HSYA 
concentrations for longer periods (72 or 96 h) may improve HSYA’s 
antiproliferative effects on HSCs. 
  Importantly, HSYA treatment not only inhibited HSC activation 
but also induced apoptosis in vitro and in animal hepatic tissues, as 
evidenced by greater expression of caspase-3 as compared to TAA-
intoxicated rats. Caspase-3 is assumed to be the principal executioner 
caspase during most apoptotic processes; with its activation required 
for both DNA fragmentation and plasma membrane blebbing[31]. 
The increased apoptosis may be linked to the reduced TIMP-1 
concentrations and collagen deposits found in the present work and 
other studies[32,33]. It was reported that HSYA inhibited the activation 
of the extracellular signal-regulated kinase1/2 (ERK1/2)[34], causing 
cytochrome c release into the cytosol from mitochondria, lowering 
the Bcl-2/Bax ratio, and increasing caspase-3 protease activity, 
providing a plausible mechanism for HSYA’s apoptotic-inducing 
effect on cultured activated HSCs[30]. Others speculated that the 
increase in caspase-3 expression was caused by the activation of 
the apoptotic intrinsic route in response to cell stress or damage, 
resulting in the leakage of cytochrome c into the cell cytoplasm and, 
eventually, the activation of caspase[35]. 
  p21, a powerful cell cycle inhibitor, and p53 transcriptional target 
is required for cellular senescence induction and maintenance[36]. 
In chronic liver disease, a close geographical correlation between 
hepatocyte senescence and HSC activation was found[7,37]. However, 
the mechanisms underlying the association between cellular 
senescence and the progression of liver disease are complicated and 
uncertain. Herein, in vitro treatment of activated HSCs with HSYA 
changed the morphology of some HSCs into a flattened form with 

enlarged cell size and an increased cytoplasm-to-nucleus ratio, which 
could be an indication of cell senescence. It has been reported that 
inducing HSC senescence could block its activation with regression 
of liver fibrosis, whereby senescent cells lack their role-specific to 
that cell type during senescence[38]. Senescence of hepatocytes, on 
the other hand, has been associated with fibrosis and deterioration in 
persistent liver disorders[37,39]. Despite the fact that hepatocytes are 
the most prevalent cell type in the liver, the existence of senescent 
cells within the fibrotic scar in the livers of both humans and mice 
suggested that these cells originated from activated HSCs, which 
proliferate immediately after liver damage and account for much 
of the ECM generated during fibrosis[40]. In this study, TAA-
intoxicated liver sections with increased HSC activation (increased 
α-SMA expression) were associated with higher hepatocyte p21 
expression; however, in the HSYA-treated groups, areas of the 
liver with fewer activated HSCs (lowered α-SMA expression) were 
associated with lower hepatocyte p21 expression. These data imply 
that hepatocyte senescence may be involved in the activation of 
stellate cells and the advancement of fibrosis. Thus, eliminating 
senescent hepatocytes should benefit in the therapy of senescence-
related diseases. Importantly, HSYA was found to be safe on primary 
isolated hepatocytes at concentrations up to 500 µg/mL and for a 
period of up to 48 h. These findings support previous researches 
that found polyphenolics preferentially trigger oxidative damage 
and cytotoxicity in activated HSCs while causing no cytotoxicity in 
hepatocytes[14,41]. 
  The anti-inflammatory and antifibrotic efficacy of HSYA in vivo was 
compared to that of silymarin, a polyphenolic flavonoid utilized as a 
standard drug in this study because it is a traditional liver-protecting 
drug with specific efficacy[42,43]. Silymarin protects against injury 
from various toxic chemicals such as TAA[44] or CCl4[30], by 
inhibiting the production of TNF-α, interferon-γ, IL-2, IL-4, and 
IL-6. Preclinical and clinical studies have revealed that silymarin 
and its flavonolignans significantly convey a broad spectrum of 
pharmacological activities such as antioxidant, anti-inflammatory, 
hepatoprotection, anti-diabetic, anti-cancer, cardioprotection, 
immunomodulation, and many others[45]. Notably, HSYA exceeded 
silymarin in terms of restoring GSH, normalizing TNF-α and IL-6 
levels, and significantly lowering TGF-β1 and p21. However, it had 
a similar effect to silymarin in terms of caspase-3 expression. 
  In conclusion, HSYA demonstrated promising anti-inflammatory 
and antifibrotic properties. The in vivo and in vitro findings suggested 
that HSYA could prevent hepatic fibrosis progression by modulating 
inflammatory cytokines, inhibiting HSC activation, and inducing 
apoptosis in activated HSCs, and these effects were supported by 
decreased p21 hepatocyte expression, a lower fibrosis score, and 
observed HSC morphological changes. However, this study has 
some limitations. The in vitro anti-proliferative effects of HSYA 
on HSCs after 48 h did not match the observed changes in HSC 
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morphology or the reported reduction in HSC activation in vitro and 
in vivo. Therefore, this effect must be studied over a longer period 
with higher concentrations of HSYA. Furthermore, more detailed 
parameters are necessary to evaluate the senescence of HSCs in 
vitro and in vivo. Overall, HSYA is a potential therapeutic option for 
treating liver inflammation and slowing/reversing hepatic fibrosis 
progression.
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