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Abstract. Hepatic fibrosis (HF) is a process that occurs 
during the progression of several chronic liver diseases, for 
which there is a lack of effective treatment options. Carthamus 
tinctorius L. (CTL) is often used in Chinese or Mongolian 
medicine to treat liver diseases. However, its mechanism of 
action remains unclear. In the present study, CTL was used 
to treat rats with CCl4‑induced HF. The histopathological, 
biochemical and HF markers of the livers of the rats were 
analyzed, and CTL‑infused serum was used to treat hepatic 
stellate cells (HSCs) in order to detect the relevant markers 
of HSC activation. Protein expression pathways were detected 
both in vitro and in vivo. Histopathological results showed 
that CTL significantly improved CCl4‑induced liver injury, 
reduced aspartate aminotransferase and alanine aminotrans‑
ferase levels, promoted E‑cadherin expression, and decreased 
α‑smooth muscle actin (SMA), SOX9, collagen I and 
hydroxyproline expression. Moreover, CTL‑infused serum 
was found to decrease α‑SMA and collagen I expression in 
HSCs. Further studies showed that CTL inhibited the activity 
of the PI3K/Akt/mTOR pathway in the rat livers. Following 
the administration of the PI3K agonist 740Y‑P to HSCs, the 
inhibitory effect of CTL on the PI3K/Akt//mTOR pathway was 

blocked. These results suggested that CTL can inhibit HF and 
HSC activation by inhibiting the PI3K/Akt/mTOR pathway.

Introduction

Hepatic fibrosis (HF) is a pathological process in which the 
liver performs damage repair responses to various chronic 
stimuli such as chronic viral infection, alcohol consumption, 
parasitic disease, genetic abnormalities and toxic damage (1,2). 
Extracellular matrix (ECM) components, mainly collagen, 
deposited in the liver cause contracted scarring and increased 
organ stiffness  (3). Hepatic stellate cells (HSCs) represent 
the most important inducers of fibrosis following liver injury. 
Under the action of various cytokines such as tumor necrosis 
factor α, interleukin‑1β, interleukin‑6 and transforming 
growth factor‑β1 (TGF‑β1), HSCs are continuously converted 
into fibroblasts, producing large amounts of ECM components 
that eventually cause HF (4,5). HSC proliferation, cell pheno‑
type transformation, and increased synthesis of ECM and 
deposition, combined with neovascularization and inflamma‑
tion, represent the most prominent pathological features in the 
repair and reconstruction of progressive HF (6,7).

A significant body of evidence has shown that signaling 
pathways play an important role in HF, particularly the 
PI3K/Akt/mTOR pathway, which is particularly important 
during inflammation and apoptosis  (8,9). Previous studies 
have found that in carbon tetrachloride (CCl4)‑induced animal 
models of HF and HSC activation, the PI3K/Akt/mTOR 
pathway is activated and that inhibition of this activation 
could reduce the production of ECM, thereby inhibiting 
HF and HSC activation (10‑13). Wang et al (14) found that 
salvianolic acid A attenuates CCl4‑induced HF by regulating 
the PI3K/AKT/mTOR signaling pathways. Similarly, inter‑
leukin‑22 has been found to alleviate alcohol‑associated HF 
by inhibiting the PI3K/AKT/mTOR pathway (12). Germacrone 
also improves HF by regulating the PI3K/AKT/mTOR 
signaling pathway  (15). Therefore, the PI3K/AKT/mTOR 
pathway is particularly important for HF.

Carthamus tinctorius L. (CTL) is a cash crop with multiple 
functions. The flowers and seeds of CTL are traditional herbs 
that have a range of applications in China, Korea, Japan, and 
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other Asian countries (16,17). CTL has been used to treat gyne‑
cological, cardiovascular, and cerebrovascular diseases (18,19). 
Numerous substances, including flavonoids and alkaloids, have 
been isolated and identified from CTL (20). Water‑based CTL 
extracts, such as hydroxysafflor yellow A, have been developed 
as injections to treat cardiovascular disease in China (21), and 
extracts of CTL seeds have been used to treat osteoporosis in 
Korea (16). Numerous clinical and experimental studies have 
focused on the therapeutic effects of CTL, with some results 
indicating that CTL has potential clinical value  (22‑24). 
However, research into the mechanisms of CTL action is scarce. 
By reviewing several studies, it was found that numerous tradi‑
tional Chinese and Mongolian remedies that are used to treat 
liver disease contain CTL as the main active ingredient (25‑28). 
However, its mechanism of action remains unclear.

In the present study, to clarify the mechanism of action of 
CTL for the treatment of HF, CTL was used as an interven‑
tion in a rat model of HF and pathological liver changes and 
ECM liver tissue contents were assessed. Serum infused with 
CTL was also used to treat activated HSC cells to detect the 
biomarkers present in the activated cells and characterize the 
activity of the PI3K/AKT/mTOR signaling pathway in both 
the animals and cells. The results of the present study suggest 
that CTL has the potential to inhibit PI3K and has the potential 
to be further developed as a therapeutic drug for HF.

Materials and methods

Animals and treatments. A total of 40 male Sprague‑Dawley rats 
(age, 6‑weeks‑old; weight, ~200 g) were purchased from Inner 
Mongolia Medical University. All experiments were conducted 
according to The Guidelines for the Use and Maintenance of 
Experimental Animals in China and were approved by The 
Ethics Committee of Inner Mongolia Medical University 
(Hohhot, China; approval no. YKD202201124). The animals 
were acclimatized for one week, with conditions at a controlled 
temperature of 22±2˚C and a humidity level of 50±10% in the 
designated facility, allowed unrestricted access to food and 
water, and acclimated to alternating 12‑h light and dark cycles. 
Animals were subsequently divided into five groups (n=8/group). 
The HF model rats were given intraperitoneal injections of 50% 
CCl4 in olive oil twice per week for 8 consecutive weeks, while 
the control rats were given the same dose of pure olive oil over 
the same period. To prepare the drug, ultrafine powder was 
used for the extraction of CTL. A total of three methods for the 
extraction of herbal compounds were compared: i) Ultrasonic 
extraction, in which CTL ultrafine powder was dissolved in 5% 
sodium carboxymethylcellulose and extracted by ultrasonic 
treatment at 60˚C for 1 h; ii) ethanol extraction, in which CTL 
ultrafine powder was dissolved in 75% ethanol and extracted 
for 24 h; and iii) heat reflux extraction, in which CTL ultrafine 
powder was refluxed in boiling water and extracted for 2 h (a 
traditional herbal extraction method). Using mass spectrometry 
methods were used for detection. Briefly, mass spectrometry 
analysis was performed using a Thermo Orbitrap Exploris 120 
mass spectrometer (Thermo Fisher Scientific, Inc.) equipped 
with an electrospray ionization source operating in positive 
and negative ionization modes. The following parameters were 
utilized: Positive ion spray voltage at 3.50 kV; negative ion spray 
voltage at ‑2.50 kV; sheath gas flow rate at 11 l/min with 350˚C; 

drying gas flow rate at 8 l/min with 320˚C; nebulizer pressure at 
40 psi; full scan mass spectrometry analysis was conducted at a 
resolution of 60,000 FWHM (full width at half maximum) over 
the m/z range of 100‑1,000. The three methods yielded almost 
the same extracts. However, in terms of extraction efficiency, 
ultrasonic extraction at 60˚C was similar to ethanol extraction, 
but both these methods had greater efficiency than boiling water 
extraction (data not shown). Finally, the ultrasonic extraction 
method was selected for the subsequent experiments.

After 4 weeks of CCl4 treatment, three groups were selected 
and treated with CTL. For dosage selection, the dosages used 
in another study were referred to (29), and preliminary studies 
with CTL dosages of 0.1, 0.5, 1.5, 4.5, 7.5 and 15 g/kg gavage 
were performed. A dose of 0.1 g/kg exhibited minimal phar‑
macological activity, whereas comparison doses of 7.5‑4.5 g/kg 
did not indicate enhanced pharmacological efficacy (data not 
shown). Ultimately, to demonstrate the dose‑dependent effect 
of CTL, three CTL dosages, 0.5, 1.5 and 4.5 g/kg, were selected 
and administered for 4 weeks. Accordingly, the five experi‑
mental groups were as follows: i) Control group; ii) Model 
group; iii) CTL low‑dose group (CTL‑L; 0.5 g/kg); iv) CTL 
medium‑dose group (CTL‑M; 1.5 g/kg); and v) CTL high‑dose 
group (CTL‑H; 4.5 g/kg). The rats were euthanized by placing 
them in a sealed container filled with CO2 (volume displacement 
rate, 70% vol/min). Blood was collected from the abdominal 
aorta, and centrifuged at 3,000 x g and 4˚C for 15 min to collect 
serum using a gel/coagulant tube, and finally stored at ‑80˚C. 
The right lobe of the liver was then excised, fixed in a 4% para‑
formaldehyde solution at room temperature for 24 h, while the 
remaining liver tissue was preserved in liquid nitrogen.

HSC culture and treatment. Primary HSCs were isolated 
from the livers of the rats according to a previously described 
protocol (10). Rat HSC‑T6 cells (Pricella; cat. no. CL‑0116) 
were thawed and revived according to the manufacturer's 
instructions. All cells were cultured in a 5% CO2 atmosphere 
at 37˚C in Dulbecco modified Eagle medium (DMEM) 
(Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin and 100 U/ml streptomycin (Thermo Fisher 
Scientific, Inc.). Primary HSCs were activated by culturing 
on plastic cell culture flasks at 37˚C for 7 days. The HSC‑T6 
cells were then treated with 10 ng/ml TGF‑β1 (Sigma‑Aldrich; 
Merck KGaA) at 37˚C for 24 h to activate them.

For preparing CTL‑infused serum, the rats were administered 
CTL at doses of 0.5 g/kg (CTL‑L), 1.5 g/kg (CTL‑M) and 4.5 g/kg 
(CTL‑H) for 5 days. The rats were fasted on the final day, and 
blood samples were collected using the abdominal aorta method 
in a separation gel/coagulant tube 3 h after the last gavage (30). 
The sample was centrifuged at 3,000 x g at 4˚C for 15 min to 
separate the serum, followed by sterilization with a microporous 
filtration membrane. To investigate the effects of CTL on the 
activation of primary HSCs, CTL‑infused serum samples from 
the three groups (CTL‑L, CTL‑M and CTL‑H) at a concentra‑
tion of 10% of the culture medium were collected on the second 
day of culturing. Activated HSCs were used as the experimental 
model, and serum without CTL was used as the blank control 
to compare the effects of serum components on HSCs. The fluid 
was changed every other day, cells were harvested on day 7 and 
total proteins or RNA was extracted for subsequent analysis of 
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Collagen I (Colla1) and α‑smooth muscle actin (SMA) expres‑
sion. To investigate the effects of CTL on the PI3K/Akt/mTOR 
pathway, activated HSC‑T6 cells were treated at 4˚C for 2 h with 
50 µg/ml 740Y‑P, a PI3K agonist (Sigma‑Aldrich; Merck KGaA), 
before CTL‑infused serum treatment. Inactivated cells served as 
the controls; the cells were kept in a 5% CO2 atmosphere at 37˚C 
in DMEM supplemented with 10% FBS. The fluid was changed 
every other day, cells were harvested on day 7, and total proteins 
or RNA was extracted for subsequent analysis of p‑PI3K, PI3K, 
p‑Akt, Akt, p‑mTOR, mTOR, Collagen I and α‑SMA expression, 
with 8 replicates per group (n=8).

Histopathological assay. Rat liver tissue specimens (1 cm3) 
were fixed with 4% formaldehyde at room temperature for 
24 h, embedded in paraffin, sliced into sections of 4 µm thick‑
ness, stained with hematoxylin (HE; 10 min) and eosin (1 min) 
(HE) and Masson stain (10 min) at room temperature, and 
observed under a light microscope.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from rat liver tissues or HSCs with a mount 
of 1x105 colony forming unit (cfu) using TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). Following this, cDNA was 
synthesized from total RNA samples using the PrimeScript 
RT reagent Kit (Takara Bio, Inc.) for 15 min at 37˚C followed 
by 5 sec at 85˚C. qPCR was performed using SYBR Premix Ex 
Taq II (Takara Bio, Inc.) with an initial denaturation for 30 sec 
at 95˚C, followed by 40 cycles of amplification (95˚C for 5 sec 
and 60˚C for 34 sec), according to the manufacturer's protocol. 
The expression level of the target gene was normalized to that 
of β‑actin and all RT‑qPCR data were quantified using the 
2−∆∆Cq method (31) with the SLAN automated PCR Analysis 
System (8.2.2; Shanghai Hongshi Medical Technology Co., 
Ltd.), with the primer sequences listed in Table I.

Western blotting. A T‑PER (for tissue) or M‑PER (for cell) lysis 
buffer (Thermo Fisher Scientific, Inc.) containing a protease 
inhibitor mixture (Thermo Fisher Scientific, Inc.) was used 
to extract total proteins from liver tissues and cultured HSCs 
(1x106 cfu). The protein concentration was determined using 
a bicinchoninic acid‑based protein assay kit (Thermo Fisher 
Scientific, Inc.). Each sample, containing 100 µg protein, was 
separated using 10% SDS‑PAGE and transferred to a poly‑
vinylidene fluoride membrane. The membrane was blocked 
with 5% skim milk for 1 h at room temperature under 50 x g 
centrifugation and incubated at 4˚C with primary antibodies 
overnight. Following incubation with secondary antibodies 
for 1 h at room temperature under 50 x g centrifugation, the 
membrane was observed with SuperSignal West Pico PLUS 
(Pierce; Thermo Fisher Scientific, Inc.) using enhanced 

chemiluminescence (TANON automated Chemiluminescence 
Imaging System 5200; Shanghai Tianneng Life Sciences Co., 
Ltd.; http://www.biotanon.com/). The detected protein levels 
were normalized to β‑actin expression levels. The primary 
antibodies used were as follows: Anti‑E‑cadherin antibody 
(1:1,000; cat. no. ab231303; Abcam), anti‑ α‑SMA antibody 
(1:1,000; cat. no. ab5694; Abcam), anti‑SOX9 antibody (1:1,000; 
cat. no. ab185966; Abcam), anti‑Collagen I antibody (1:1,000; 
cat. no. ab34710; Abcam), anti‑phosphorylated (p‑) Y607‑PI3K 
antibody (1:1,000; cat. no. ab182651; Abcam), anti‑p‑T308 
AKT (1:1,000; cat. no. ab38449; Abcam) and anti‑p‑S2491 
mTOR (1:1,000; cat. no. ab137133; Abcam), anti‑PI3K anti‑
body (1:1,000; cat. no. ab191606; Abcam), anti‑AKT antibody 
(1:2,000; cat. no. ab185633; Abcam), anti‑mTOR antibody 
(1:10,000; cat. no. ab134903; Abcam) and anti‑β‑actin antibody 
(1:1,000; cat. no. ab8227; Abcam). The secondary antibodies 
used were as follows: Goat anti‑mouse IgG HRP (1:5,000; cat. 
no. ab6789; Abcam) and goat anti‑rabbit IgG HRP (1:5,000; 
cat. no. ab205718; Abcam).

ELISA. For aspartate transaminase (AST) and alanine 
transaminase (ALT) assays, using the Rat AST ELISA Kit 
(cat. no. ab263883; Abcam) and Rat ALT ELISA Kit (cat. 
no. ab234579; Abcam), were used according to the manufac‑
turers' instructions. For the hydroxyproline assay, 100 mg liver 
tissue was homogenized at 4˚C for 1 min and treated with 1 ml 
10N NaOH, and heated at 120˚C hermetically for 1 h. After 
which, 1 ml 10N HCl was added to neutralize NaOH, and the 
solution was centrifuged at 10,000 x g at 4˚C for 5 min. The 
supernatant was collected for measurement of hydroxyproline 
with a Hydroxyproline Assay kit (cat. no. ab222941; Abcam), 
according to the manufacturer's instructions. Total protein was 
used as an internal reference.

Statistical analysis. Data are presented as the mean ± SD 
and all experiments were repeated at least three times. The 
data were evaluated using one‑way ANOVA, and statistical 
significance was determined using the Tukey's test. P<0.05 
was considered to indicate a statistically significant difference. 
All statistical analyses were performed with GraphPad Prism 
(9.5; Dotmatics).

Results

CTL inhibits HF in vivo. To assess the effect of CTL in terms of 
inhibiting HF in rats, HE staining, Masson staining, biochemical 
tests and the detection of HF biomarkers were performed 
to determine the degree of HF. According to the HE staining 
results, hepatocytes in the control group were arranged neatly 
and exhibited normal morphology, and appeared to be radiating 

Table I. Primer sequences used for reverse transcription‑quantitative PCR.

Gene	 Forward primer sequence (5'→3')	 Reverse primer sequence (5'→3')

Colla1	 CTGCCGATGTCGCTATCC	 CCACAAGCGTGCTGTAGGT
α‑SMA 	 TCCTGACCCTGAAGTATCCG	 TCTCCAGAGTCCAGCACAAT
β‑actin 	 CGTTGACATCCGTAAAGACC	 GCTAGGAGCCAGGGCAGTA
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from the central vein. No necrosis or inflammatory cell infil‑
tration was observed. By contrast, the model group exhibited 
disordered hepatocyte alignment, extensive inflammatory cell 
infiltration (red arrows), and substantial fibrous tissue prolifera‑
tion and bridging fibrosis around the veins. Compared with the 
model group, the CTL‑treated groups showed varying degrees 
of improvement in the liver tissue structure and inflammatory 
response, with the CTL‑H group demonstrating significant 
improvement (Fig. 1A). Masson staining revealed that the hepatic 
lobules in the control group were intact, with only a small amount 
of collagen fiber staining observed around the hepatic vein walls, 
indicative of the absence of collagen fiber proliferation. In the 
model group, the hepatic lobule structure was disrupted, and 
extensive and dense collagen fiber deposition (black arrows) that 
extended to form fibrous septa (yellow arrows) was observed 
around the hepatic veins and portal tracts. In comparison, the 
CTL‑L and CTL‑M groups showed thinning of the fibrous 
septa and reduced collagen fiber expression, while the CTL‑H 
group exhibited complete regression of the fibrous septa and a 
reduction in collagen fibers (Fig. 1B). The results of both HE and 
Masson staining suggest that CTL can ameliorate CCl4‑induced 
liver injury and collagen deposition. In addition, AST and ALT 
levels were increased in the model group compared with the 
control group, whereas this increase was partially reduced on 
CTL administration (Fig. 1C and D). Moreover, the western 
blotting results showed that compared with the control group, 
the levels of the epithelial marker E‑cadherin was significantly 
decreased in the model group, and the levels of the HF markers 
α‑SMA and SOX9 were significantly increased. Following the 
administration of different concentrations of CTL, E‑cadherin 
expression was found to be significantly increased, and α‑SMA 
and SOX9 expression levels were significantly decreased, all 
of which occurred in a dose‑dependent manner (Fig. 1E). The 
RT‑qPCR and ELISA results showed that CTL could attenuate 
the increased expression levels of Colla1, α‑SMA or hydroxypro‑
line content induced by CCl4 (Fig. 1F‑H). The results indicated 
that CTL could inhibit HF in vivo.

CTL‑infused serum inhibits activation of primary HSCs. To 
determine whether CTL‑infused serum could inhibit HSC 
activation, primary HSCs were used. Observed under a light 
microscope, freshly isolated primary HSCs adhered to plastic 
cell culture flasks completely within 24 h, and after seven days 
of culture, they underwent a morphological change from a 
quiescent phenotype to an activated phenotype. The cells in 
model and blank serum group extended pseudopodia that fused 
and interconnected with each other and adopted a star‑shaped 
morphology, with some cells already exhibiting fibroblast‑like 
growth. By contrast, the CTL‑infused serum was found to 
reduce the degree of fibrosis and alleviate the morphological 
changes in HSCs (Fig.  2A). The western blotting results 
showed that CTL significantly inhibited the expression of 
collagen I and α‑SMA in activated HSCs in a dose‑dependent 
manner (Fig. 2B). The RT‑qPCR results concerning Colla1 
and α‑SMA levels were consistent with the western blotting 
results (Fig. 2C and D). The results indicated that CTL could 
attenuate HSC activation.

Effect of CTL on the PI3K/Akt/mTOR pathways in rats with HF. 
The protein expression levels of p‑PI3K, p‑Akt and p‑mTOR in 

the liver tissues of rats with HF were measured using western 
blot analysis. Compared with the control group, the expres‑
sion levels of p‑PI3K, p‑Akt and p‑mTOR were found to be 
significantly increased in the model group, which corroborated 
previous findings (32,33). CTL downregulated the expression 
levels of p‑PI3K, p‑Akt and p‑mTOR in the control group in 
a dose‑dependent manner (Fig. 3). These results suggest that 
CTL can inhibit the PI3K/Akt/mTOR pathway.

Effect of CTL‑infused serum on the PI3K/Akt/mTOR path‑
ways in HSC‑T6 cells. To determine whether CTL‑infused 
serum could inhibit PI3K/Akt/mTOR pathways in HSCs, 
the HSC‑T6 cell line was used. In preliminary experiments, 
primary HSCs were found to be insensitive to the PI3K agonist 
740Y‑P. HSC‑T6 cells were cultured in vitro, activated using 
TGF‑β1 and CTL‑infused serum was added to detect its 
inhibitory effect on the PI3K/Akt/mTOR pathway, using blank 
serum as a control. The results showed that TGF‑β1 signifi‑
cantly increased the expression levels of p‑PI3K, p‑Akt and 
p‑mTOR compared with the control. It was also observed that 
CTL‑infused serum significantly decreased the expression 
levels of p‑PI3K, p‑Akt and p‑mTOR. When the PI3K agonist 
740Y‑P was used to counteract the effect of CTL, the results 
showed that 740Y‑P alone did not affect the PI3K/Akt/mTOR 
pathway but was able to block the effect of CTL in reducing 
p‑PI3K, p‑Akt and p‑mTOR expression (Fig.  4A). It also 
blocked the expression‑lowering effect of CTL on Colla1 
and α‑SMA (Fig. 4B and C). These results indicate that CTL 
may directly act on PI3K and inhibit its phosphorylation, thus 
inhibiting the activation of HSCs.

Discussion

Stimulated by continuous pathogenic factors, HF can progress 
into hepatic cirrhosis or even hepatic carcinoma, both of which 
currently lack effective therapies (34). Numerous studies have 
explored various natural compounds such as Acanthus ilicifo‑
lius alkaloid A, berberine, caffeine, capsaicin, conophylline, 
evodiamine and ligustrazine in an attempt to find novel 
drugs to treat HF (35,36). Traditional Chinese or Mongolian 
medicine is a discipline based on practice and exploration. 
In general, the therapies used in these disciplines consist of 
combinations of various herbs (37). CTL is a common herb 
used in these medicinal paradigms to treat liver diseases, with 
a curative effect that has been well documented (38). In the 
present study, an animal model of HF was constructed through 
intraperitoneal injection of CCl4 in rats, after which CTL was 
administered as an intervention. Through histopathological 
staining, Masson staining and the detection of HF markers, 
it was found that CTL could significantly relieve HF in a 
dose‑dependent manner. In addition, CTL‑infused serum 
was able to inhibit the activation of primary HSCs, and it was 
also demonstrated that CTL could inhibit the activation of 
the PI3K/Akt/mTOR pathway in both rats and HSC‑T6, most 
likely by inhibiting the phosphorylation of PI3K.

The activation of HSCs is the initial and key step that induces 
HF (39). Upon liver injury or inflammation, quiescent HSCs 
undergo a phenotypic transformation termed activation (39). This 
process involves a complex interplay of various signaling path‑
ways and molecular mechanisms (40). Initially, HSCs lose their 
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Figure 1. Inhibition of hepatic fibrosis by CTL under in vivo conditions. CCl4‑induced rat hepatic fibrosis models were treated with different concentrations 
of CTL (0.5, 1.0 and 1.5 g/kg/day). (A) Hematoxylin and eosin staining and (B) Masson staining showing that CTL can ameliorate CCl4‑induced liver histo-
pathological injury. Red arrows represent extensive inflammatory cell infiltration, black arrows represent dense collagen fiber deposition and yellow arrows 
represent fibrous septa (magnification, x200; scale bar, 50 µm). (C) AST and (D) ALT levels measured by ELISA. (E) Protein expression levels of E‑cadherin, 
α‑SMA, and SOX‑9, as measured using western blot analysis. (F) Colla1 and (G) α‑SMA mRNA levels as measured using reverse transcription‑quantitative 
PCR. (H) Hydroxyproline level measured using ELISA. Results are presented as the mean ± SD (n=8), using one‑way ANOVA. *P<0.05, **P<0.01 and 
***P<0.001. ns, not significant; CTL, Carthamus tinctorius L.; HE, hematoxylin and eosin; AST, aspartate transaminase; ALT, alanine transaminase; α‑SMA, 
α‑smooth muscle actin; Colla1, collagen I, CTL‑L, CTL low‑dose group; CTL‑M, CTL medium‑dose group; CTL‑H, CTL high‑dose group.
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Figure 2. Inhibition of activation of primary HSCs by CTL‑infused serum. Primary HSCs were treated with different concentrations of CTL‑infused serum 
(0.5, 1.0 and 1.5 g/kg/day). (A) Morphological changes in primary HSCs (magnification, x400; scale bar, 50 µm). (B) Protein expression levels of collagen I 
and α‑SMA, as measured using western blot analysis. (C) Colla1 and (D) α‑SMA mRNA levels as measured using reverse transcription‑quantitative PCR. 
Results are presented as the mean ± SD (n=8), using one‑way ANOVA. **P<0.01 and ***P<0.001. ns, not significant; CTL, Carthamus tinctorius L.; α‑SMA, 
α‑smooth muscle actin; HSCs, hepatic stellate cells; Colla1, collagen I, CTL‑L, CTL low‑dose group; CTL‑M, CTL medium‑dose group; CTL‑H, CTL 
high‑dose group.

Figure 3. Effect of CTL on the PI3K/Akt/mTOR pathway in rats with hepatic fibrosis. CCl4‑induced rat hepatic fibrosis models were treated with different 
concentrations of CTL (0.5, 1.0 and 1.5 g/kg/day). Protein expression levels of p‑PI3K, PI3K, p‑Akt, Akt, p‑mTOR and mTOR were measured using western 
blot analysis. Results are presented as the mean ± SD (n=8), using one‑way ANOVA. *P<0.05, **P<0.01 and ***P<0.001. CTL, Carthamus tinctorius L; 
p‑, phosphorylated.
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Figure 4. Effect of CTL on the PI3K/Akt/mTOR pathways in HSC‑T6 cells. (A) Protein expression levels of p‑PI3K, PI3K, p‑Akt, Akt, p‑mTOR and mTOR, 
as measured using western blot analysis. (B) Colla1 and (C) α‑SMA mRNA levels measured using reverse transcription‑quantitative PCR Results are 
presented as the mean ± SD (n=8), using one‑way ANOVA. ***P<0.001. ns, not significant; CTL, Carthamus tinctorius L.; p‑, phosphorylated.
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characteristic lipid droplets and transition into an activated state 
characterized by increased proliferation, contractility and synthesis 
of ECM components (41). Activation of HSCs is orchestrated by a 
multitude of factors including cytokines, growth factors and oxida‑
tive stress, ultimately leading to the deposition of excessive ECM 
proteins (42). As a major component of the ECM, collagen I is 
significantly upregulated during HF and serves as a key marker of 
fibrogenesis (43). Accumulation of collagen I disrupts the normal 
liver architecture and contributes to the formation of fibrotic scar 
tissue (44). Moreover, collagen I promotes HSC activation by 
inducing profibrogenic signaling pathways such as TGF‑β/Smad 
and PI3K/Akt  (45). Expression of α‑SMA is a hallmark of 
activated HSCs and is closely associated with their contractile 
phenotype (46). α‑SMA‑positive myofibroblasts are responsible 
for the increased contractility observed in fibrotic liver tissue (47). 
Activation of HSCs leads to the upregulation of α‑SMA expres‑
sion, facilitating their contractile function and promoting ECM 
remodeling (48). Hydroxyproline is a non‑proteinogenic amino 
acid predominantly found in collagen proteins Elevated levels of 
hydroxyproline serve as a reliable biomarker for increased collagen 
turnover and fibrogenesis in the liver. During HSC activation, 
there is a notable increase in hydroxyproline content, reflecting 
enhanced collagen synthesis and deposition. Measurement of 
hydroxyproline levels provides valuable insights into the extent of 
liver fibrosis and the efficacy of antifibrotic therapies (49).

The results of the present study showed that CTL can down‑
regulate the expression of collagen I and α‑SMA and reduce 
the production of hydroxyproline. Moreover, CTL also inhib‑
ited morphological changes in primary HSCs, implying that the 
inhibitory effect of CTL on HF may be related to its inhibition 
of HSC activation. Activated HSCs lead to over‑deposition of 
ECM components, as well as the release of significant amounts 
of cytokines and inflammatory factors that eventually cause 
HF (50). Collagen I is the main component of the ECM, while 
hydroxyproline is an important element of collagen, and 
α‑SMA is an important biomarker of HSC activation (7).

The PI3K/Akt pathway is the key mechanism affecting HF, 
and the inhibition of PI3K/Akt is considered to be an impor‑
tant target for HF intervention (51). Researchers have found 
that exosomes, miRNA, lncRNA, and natural drugs such as 
isovitexin, salvianolic acid A, germacrone and leonurine can 
inhibit HF by inhibiting the PI3K/Akt pathway (14,15,52,53). 
A previous study found that lncRNA GAS5 or LOC102551149 
could act as molecular sponges to absorb miR‑23a and inhibit 
the activation of PI3K/Akt/mTOR (32). Studies have shown 
that monomeric compounds from natural plants can inhibit 
the activation of the PI3K/Akt pathway in activated HSCs or 
animals with HF. For example, one study showed that forsythi‑
aside A could downregulate the NOX4‑ROS signaling pathway 
in HSCs, improve oxidation imbalance, inhibit the PI3K/Akt 
pathway and inhibit HSC activation (54). In addition, Galangin 
has been shown to promote apoptosis of HSCs by inhibiting 
the PI3K/Akt and Wnt/β‑catenin pathways and increasing the 
Bax/Bcl‑2 ratio (55). Furthermore, Inonotsuoxide B can inhibit 
HSC activation and proliferation by inhibiting both PI3K/Akt 
and ERK1/2 (56). However, these studies are still in the early 
stages, so few drugs have been developed based on these 
findings that are currently available for clinical use.

In the present study, CTL was found to effectively inhibit the 
activation of the PI3K/Akt pathway, and this effect was blocked 

using the PI3K activator 740Y‑P. CTL is a natural plant‑based 
medicine that contains a variety of biologically active ingredi‑
ents. For example, carthamin yellow can reduce ROS release 
and inflammation to protect the heart against ischemia and 
reperfusion (57). In addition, Hydroxysafflor yellow A can regu‑
late inflammation via the inhibition of PI3K in macrophages 
to reduce atherosclerosis (58). Quercetin can reduce p‑PI3K 
levels to alleviate chronic renal failure (59). Anhydrosafflor 
yellow B protects against injuries caused by cerebral ischemia 
and reperfusion by attenuating oxidative stress and apoptosis 
via the silent information regulator 1 signaling pathway (60). 
Apigenin can inhibit the PI3K/Akt/mTOR pathway to induce 
apoptosis and autophagy in hepatocellular carcinoma cells (61). 
Furthermore, scutellarein can downregulate PI3K/Akt/NF‑κB 
signaling to inhibit HepG2 cell proliferation and metastasis (62).

In the in vivo cellular experiments in the present study, 
cells were treated with CTL‑infused serum. In general, it 
is hypothesized that if the components in the plants are not 
absorbed into the blood, it is difficult for them to reach the 
liver and exert their effects. The components of CTL extracts, 
CTL‑infused serum and blank serum were tested, and 207 
components in the extract of CTL and 220 components in the 
CTL‑infuse were identified. Subsequently, components that 
were also detected in the blank serum were excluded, and 75 
components remained in the CTL‑infused serum. Of the 75 
components identified in the CTL‑infused serum, 20 were 
shared with the CTL extracts. The remaining 55 components 
may be produced by the metabolism of CTL, but they may 
also originate from the serum components of different animals 
(data not shown). However, the active ingredients from the 
75 components detected was not identified. The present 
study results revealed that blank serum had no effect on the 
expression of collagen I and α‑SMA, whereas CTL‑infused 
serum could downregulate the expression of collagen I and 
α‑SMA. These results are largely consistent with the results 
of the present study. Additionally, the present study aimed to 
ensure the reliability of the results through multiple repetitions 
of experiments (n=8). Therefore, the limitation of the present 
study is that monomeric compounds with anti‑HF activity 
have not yet been confirmed. Despite this, further experiments 
using monomeric compounds are required to validate their 
anti‑HF effect.

CTL at present is regarded as a herbal medicine with a high 
safety profile and is therefore, not highly regulated (63). The 
present study preliminarily demonstrated the anti‑HF effect of 
CTL and provided a theoretical basis for the development of 
CTL as a therapy for HF treatment.
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