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Abstract
Background and objectives
Hepatocellular carcinoma (HCC) is a highly aggressive malignant tumor with a poor prognosis. It is currently
the second most common cause of cancer-related mortality. Arctiin, a compound found in plants commonly
used as a vegetable in Asian countries and as an ingredient in traditional European dishes, possesses various
properties, including anti-proliferative, anti-senescence, anti-oxidative, anti-tumor, toxic, anti-adipogenic,
and anti-bacterial effects. Our study aims to investigate the potential antitumor activity of arctiin against
HCC in rats by inhibiting cell fibrosis and apoptosis.

Methods
Rats were induced with HCC by administering thioacetamide. Arctiin was orally administered to some rats
twice a week for 16 weeks at a dose of 30 mg/kg. The liver impairment was evaluated by measuring serum α-
fetoprotein (AFP) and examining liver sections stained with Masson trichrome or anti-hypoxia-induced
factor-1α (HIF-1α) antibodies. The hepatic expression of messenger RNA and protein levels of HIF-1α,
protein kinase C (PKC), extracellular signal-regulated kinase (ERK), β-catenin, and mothers against
decapentaplegic homolog 4 (SMAD4) were analyzed.

Results
Our study demonstrated that arctiin can potentially increase the survival rate of rats. This is achieved
through a reduction in serum AFP levels and hepatic nodules. We also observed that arctiin has the ability to
inhibit the formation of fibrotic tissues and necrotic nodules in HCC rats. Additionally, arctiin can
significantly decrease the expression of HIF-1α, PKC, ERK, β-catenin, and SMAD4.

Conclusion
Arctiin has demonstrated potential anti-tumor properties that could ameliorate HCC. Studies have shown
that it may increase survival rates and reduce the number of tumors and AFP levels. Arctiin works by
inhibiting HCC-induced hypoxia, thus blocking the expression of HIF-1α. It also helps to slow down tumor
fibrosis by decreasing the expression of β-catenin and SMAD4. Furthermore, arctiin has been found to
downregulate PKC and ERK, reducing hepatic tissue apoptosis.

Categories: Oncology
Keywords: protein kinase c (pkc), mothers against decapentaplegic homolog 4 (smad4), hypoxia-induced factor-1α
(hif-1α), hepatocellular carcinoma (hcc), extracellular signal-regulated kinase (erk), β-catenin

Introduction
Hepatocellular carcinoma (HCC) is a highly aggressive type of liver cancer and is currently the sixth most
common cancer worldwide, causing approximately 600,000 deaths and 1,000,000 new cases each year.
Unfortunately, HCC has limited treatment options and a high mortality rate of less than 12% [1]. Despite
numerous efforts to prevent, detect, diagnose, and treat HCC, the death rate continues to rise. HCC is known
to spread to other parts of the body and has a high chance of recurrence even after treatment. Moreover, the
lack of targeted molecular therapies available for HCC results in poor prognoses, making it a fatal disorder
[2].

When liver cancer is not treatable through surgery or has spread to other organs, initial treatment involves
prescribing kinase inhibitors such as sorafenib or lenvatinib. In cases of advanced liver cancer, regorafenib
and cabozantinib are used. Currently, hepatic resection or transplantation is considered the only curative
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therapy for HCC [3]. However, even with surgery, around 30% of HCC patients undergo hepatectomy as they
receive a diagnosis at an advanced tumor stage [4]. Radiofrequency ablation is a treatment used for patients
diagnosed with early stage HCC [5]. Unfortunately, several factors such as a history of cirrhosis, poverty, and
limited medical resources lead to a poor prognosis for patients with HCC [6]. Moreover, it has a high
angioinvasive capacity due to portal vein obstruction. Therefore, there is an urgent need to identify,
develop, and improve the overall novel therapeutic drugs for the treatment of HCC [7].

Lignans are a group of natural chemical compounds that are abundantly present in various seeds, beans,
fruits, and vegetables. They are formed by binding phenylpropane structures together and are known to play
a crucial role in many biological processes, including hormone metabolism, cell differentiation,
transformation, and proliferation [8]. Arctiin is one of the well-known lignans that can be found in the
Arctium lappa L plant, which is a common ingredient in traditional European dishes and is used as a
vegetable in Asian countries [9]. Numerous scientific studies have demonstrated that arctiin possesses a
range of health benefits, including anti-proliferative, anti-senescence, anti-oxidative, anti-tumor, toxic,
anti-adipogenic, and anti-bacterial properties [10].

Given these promising properties, researchers are currently investigating the potential of arctiin as a
treatment for cancer. Specifically, the aim of the study is to examine the in vivo anti-cancer effects of arctiin
in rats with HCC. Additionally, the study aims to investigate the potential antitumor activity of arctiin
against HCC in rats by investigating its effects on the expression of β-catenin, extracellular signal-regulated
kinase (ERK), hypoxia-induced factor-1α (HIF-1α), mothers against decapentaplegic homolog 4 (SMAD4),
and protein kinase C (PKC).

Materials And Methods
Animals
All animal experiments were conducted following the appropriate guidelines and were approved by the
Faculty of Pharmacy, Delta University for Science and Technology Research Ethics Committee (number
FPDU8/2023), Gamasa, Egypt. Forty male Sprague Dawley rats, aged 8-10 weeks and weighing 150-200 g,
were used for the study. The rats were housed in stainless-steel cages under standard conditions, with a
temperature of 25±1°C and a 12-hour light and dark cycle. The rats were divided into the following four
groups, with 10 rats in each group:

1. Control group: rats were injected with normal saline for 16 weeks daily.

2. Arctiin-treated control group: rats were given 30 mg/kg arctiin (Sigma Aldrich Chemicals Co, St. Louis, MO)
via oral gavage daily for 16 weeks.

3. HCC group: rats were given 200 mg/kg of thioacetamide in normal saline via intraperitoneal injection
twice weekly for 16 weeks.

4. Arctiin-treated HCC group: rats were given 200 mg/kg thioacetamide in normal saline intraperitoneally
twice weekly and 30 mg/kg arctiin orally daily for 16 weeks.

Sample collection
Rats were anesthetized with intraperitoneal thiopental sodium (40 mg/kg). Blood samples were collected
from the retro-orbital plexus and then centrifuged at 3000 rpm for 5 minutes. The serum samples were
stored at -80°C. To investigate its morphological features, a portion of the hepatic loop was separated,
sliced, and kept in a 10% buffered formalin solution. Another part of the hepatic loop was homogenized in a
10-fold volume of phosphate buffer at pH 7.4 and stored at -80°C.

Histopathological examination
Hepatic slices, which were kept in 10% formalin, were embedded in paraffin blocks and then cut into 5-μm-
thickness sections. These sections were stained with Masson trichrome to investigate the structure of
hepatic tissues. To ensure impartial examination, the sections were coded anonymously and examined in a
masked manner. For immunohistochemistry, the sections were incubated with monoclonal anti-HIF-1α
(Sigma-Aldrich) at 4°C. After that, the sections were incubated with horseradish peroxidase-conjugated
antibody. Then, 2% of 3,3′-diaminobenzidine in tris-buffer was used as a chromogen. Finally, hematoxylin
was applied as a counterstain [11-13].

Enzyme-linked immunosorbent assays (ELISA) determination
Commercially available enzyme-linked immunosorbent assays (ELISA) kits were used for the assessment of
α-fetoprotein (AFP), HIF-1α, β-catenin, SMAD4, ERK, and PKC (MyBioSource, Inc., San Diego, CA, USA)
according to the instructions of the manufacturer.
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Quantitative real-time polymerase chain reaction
The levels of messenger RNA for HIF-1α, β-catenin, SMAD4, ERK, and PKC were measured in rat hepatic
lysate using methods previously described by our group [14-16]. GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) was used as a reference control. The specific polymerase chain reaction (PCR) primers used
for each gene are summarized in Table 1.

Name Sequence Reference sequence

GAPDH
Forward 5`-CCATCAACGACCCCTTCATT-3`

NM_017008.4
Reverse 5`-CACGACATACTCAGCACCAGC-3`

HIF-1α
Forward 5`-GCAACTAGGAACCCGAACCA-3`

NM_024359.2
Reverse 5`-TCGACGTTCGGAACTCATCC-3`

β-catenin
Forward 5`-TCCGTCGCCGGTCCACACCC-3`

NM_031144.3
Reverse 5`-TCACCAACTGGGACGATATG-3`

SMAD4
Forward 5`-GGATGAAGTCCTGCACACCA-3`

NM_019275.3
Reverse 5`-GTTGAAGCACTGCCACCTTG-3`

ERK
Forward 5`-CCCCTTCGAGCATCAAACCT-3`

M38194.1
Reverse 5`-TTCTCATGGCGGAATCCGAG-3`

PKC
Forward 5`-GTAACTTGAACCCTCATCTCCT-3`

X04439.1
Reverse 5`-CAAGTGTTCTTAGCCGCACG-3`

TABLE 1: Primer sets used to detect gene expression in rats.
ERK, extracellular signal-regulated kinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HIF-1α, hypoxia-induced factor-1α; PKC, protein
kinase C; SMAD4, mothers against decapentaplegic homolog 4

Statistical analysis
The study presented its results as mean ± SEM. The distribution of samples in the study was checked for
normality using the Kolmogorov-Smirnov test. The survival rate of rats was checked using the Kaplan-Meier
procedure. The study used one-way analysis of variance (ANOVA) followed by the Bonferroni post hoc test
to determine significant differences among groups. The statistical analysis was conducted using SPSS
Version 20 (IBM Corp., Armonk, NY, USA). A p-value of less than 0.05 indicated a statistically significant
difference.

Results
Antitumor activity of arctiin
In a study conducted on rats with HCC, the treatment with arctiin resulted in a significant increase in the
survival rate. Around 80% of the rats survived, compared to only 20% in the HCC group that did not receive
treatment. Moreover, the arctiin-treated group showed a significant reduction in the average number of
nodules in the liver. The study also revealed a decrease in serum AFP levels compared to those in the HCC
group (Figure 1).
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FIGURE 1: Effect of HCC and 30 mg/kg arctiin on rats’ survival (a), the
average number of nodules (b), and serum AFP (c).
*Significant difference as compared with the control group at p<0.05. #Significant difference as compared with the
HCC group at p<0.05.

AFP, alpha-fetoprotein; C, control; HCC, hepatocellular carcinoma

Effect of arctiin and HCC on the structure of hepatic tissue
In the control group, the microsection stained with Masson trichrome showed normal tissues with no
significant changes or abnormalities. However, in the HCC group, an increased area of fibrosis was observed.
Conversely, when sections from HCC rats treated with arctiin were examined, there was a marked
improvement in hepatic tissue, with a reduction in the fibrosis area. These improvements may include
reduced cellular abnormalities or a decrease in the size of cancerous tissues, as shown in Figure 2.
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FIGURE 2: Hepatic sections stained with Masson trichrome in the
control group (a), control group treated with arctiin (b), hepatocellular
carcinoma group (c), and hepatocellular carcinoma group treated with
arctiin (d).
Yellow arrows indicated areas of fibrosis.

Scale bar represents 100 μm.

Effect of arctiin and HCC on the expression of HIF-1α
In experiments conducted on rats with HCC, it was found that the gene expression of HIF-1α increased
significantly by 3.98-fold, along with a 4.18-fold increase in the levels of HIF-1α protein in the liver. The
liver sections that were stained with anti-HIF-1α antibodies also showed a considerable increase in the
stained areas. However, when treated with arctiin, the effects were reversed in the HCC group without
affecting the control groups, as shown in Figure 3.
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FIGURE 3: Effect of HCC and 30 mg/kg arctiin on hepatic gene
expression of HIF-1α (a) and its hepatic protein level (b). Hepatic
sections stained with anti-HIF-1α antibodies in the control group (c),
control group treated with arctiin (d), HCC group (e), and HCC group
treated with arctiin (f).
*Significant difference as compared with the control group at p<0.05. #Significant difference as compared with the
HCC group at p<0.05.

Scale bar 50 μm.

C, control; HCC, hepatocellular carcinoma; HIF-1α, hypoxia induced factor-1α

Effect of arctiin and HCC on the expression of β-catenin and SMAD4
During the examination of liver tissues from rats with HCC, it was found that there was a significant increase
in the gene expression of β-catenin and SMAD4 by 3.71- and 3.52-fold, respectively. Moreover, the hepatic
tissue levels of catenin and SMAD4 were also elevated by 3.74- and 3.07-fold, respectively, as compared to
the control group. However, the administration of arctiin was able to reverse all of these effects in HCC rats
without affecting the control rats (Figure 4).
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FIGURE 4: Effect of HCC and 30 mg/kg arctiin on hepatic gene
expression of β-catenin (a) and SMAD4 (c), as well as protein
expression of β-catenin (b) and SMAD4 (d).
*Significant difference as compared with the control group at p<0.05. #Significant difference as compared with the
HCC group at p<0.05.

C, control; HCC, hepatocellular carcinoma; SMAD4, mothers against decapentaplegic homolog 4

Effect of arctiin and HCC on the expression of PKC and ERK
After studying hepatic tissues from rats with HCC, it was discovered that the gene expression of PKC and
ERK increased by 3.33 and 3.67 times, respectively. This increase led to a rise in hepatic tissue levels of PKC
and ERK by 3.63 and 4.01 times, respectively, as compared to the control group. However, arctiin was found
to reverse all these effects in HCC rats while having no effect on the control rats (Figure 5).
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FIGURE 5: Effect of HCC and 30 mg/kg arctiin on hepatic gene
expression of PKC (a) and ERK (c), as well as protein expression of
PKC (b) and ERK (d).
*Significant difference as compared with the control group at p<0.05. #Significant difference as compared with the
HCC group at p<0.05

C, control; ERK, Extracellular signal-regulated kinase; HCC, hepatocellular carcinoma; PKC, protein kinase C

Discussion
Even though chemotherapy can be effective in treating HCC, it can also lead to severe side effects and is
costly. In order to assess potential anti-tumor compounds, we instigated HCC in rats using thioacetamide.
The findings indicated a significant reduction in the survival rate, with only 20% of the rats surviving.
Moreover, there was an increase in the average number of nodules in the liver and serum AFP levels.
Additionally, microsections stained with Masson trichrome from the HCC group demonstrated an enlarged
area of fibrosis.

Arctiin is a naturally occurring active constituent that has been found to possess several important
pharmacological activities. Extensive research has indicated that arctiin has the potential to alleviate
inflammation, chronic pain, and swelling in patients with osteoporosis [10]. Our study has focused on the
effects of arctiin on HCC in rats. The results of our study have been remarkable, as we observed a significant
increase in the survival rate of HCC rats treated with arctiin. Additionally, there was a significant reduction
in the number of nodules and serum AFP levels in these rats. Furthermore, our observations of micro-
sections from HCC rats treated with arctiin and stained with Masson's trichrome revealed a marked
improvement in hepatic tissue, as well as a reduction in the fibrosis area. These findings suggest that arctiin
may have a therapeutic potential in the treatment of HCC, and further studies are warranted to explore the
mechanism of its antitumor activity.

HIF-1α is a protein that plays a crucial role in regulating gene expression in response to low oxygen levels.
This protein has a short half-life and acts as the primary marker of hypoxia, which is a condition
characterized by reduced oxygen supply to tissues. HIF-1 is composed of two subunits, HIF-1α and HIF-1β,
which are present in almost all mammalian cells. However, only HIF-1α is strictly regulated by hypoxia and
activated during hypoxic conditions [17]. When hypoxia occurs, the HIF-1α protein is stabilized and moves
into the nucleus, where it binds to specific DNA sequences called hypoxia-responsive elements (HREs). This
binding activates the transcription of genes that help cells adapt to low oxygen conditions, including those
involved in angiogenesis, glucose metabolism, and apoptosis. In addition to its role in hypoxia, HIF-1α also
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plays a critical role in cancer progression by promoting tumorigenicity and angiogenesis [18]. Interestingly,
HIF-1α protein is almost undetectable in normal cells under normoxic conditions, whereas it is highly
activated in many tumors. This aberrant activation of HIF-1α in cancer cells is due to genetic mutations or
epigenetic alterations that disrupt its normal regulation. As such, targeting HIF-1α signaling has emerged as
a promising strategy for cancer therapy [19]. We found a significant increase in the gene expression and
protein levels of HIF-1α in HCC rats associated with elevation in the area immuno-stained with anti-HIF-
1α. All these effects were reversed by treating HCC rats with arctiin without affecting the control rats.
However, no previous study illustrated the ability of arctiin to reduce the expression of HIF-1α in any
disease.

The β-catenin protein is a complex molecule that plays a critical role in the development, growth,
regeneration, and invasion of tumors. It facilitates cell-to-cell adhesion and activates extracellular matrix
components, leading to the overexpression of downstream target genes and ultimately resulting in
carcinogenesis [20]. One of the downstream proteins of β-catenin is SMAD4, which is overexpressed in
various types of cancer. Interestingly, deleting the SMAD4 gene has been found to have protective effects
against pancreatic cancer [21]. We found a significant elevation in the expression of both β-catenin and
SMAD4 in HCC rats, which was reduced by treating HCC rats with arctiin without affecting the control rats.
Arctiin was reported previously to downregulate β-catenin, leading to inhibition of the growth of colon
cancer cells. The activity depends on the 4-O-glucoside moiety [22]. We did not find any previous study that
illustrates the ability of arctiin to inhibit SMAD4 in any disease model. In addition, this is the first study that
describes the ability of arctiin to inhibit the β-catenin/SMAD4 pathway in HCC.

PKC enzymes are involved in numerous cellular processes, including cell growth, differentiation, and
apoptosis. They are crucial for the regulation of signaling pathways that control cell proliferation, migration,
invasion, tumorigenesis, and metastasis. PKC enzymes have been the subject of intense research in the field
of cancer therapeutics due to their involvement in cancer progression [23]. For example, PKC stimulates the
Ras/Raf/MEK/ERK signaling pathway, which plays a crucial role in cancer cell survival and proliferation. This
pathway is frequently dysregulated in cancer cells, and PKC inhibitors have been shown to reduce tumor
growth in preclinical studies [24]. Therefore, PKC enzymes and their downstream signaling pathways are
attractive targets for the development of novel cancer therapeutics. Recent studies have provided
compelling evidence suggesting a crucial role of the ERK pathway in the process of epithelial-mesenchymal
transition (EMT) in HCC. EMT is a biological phenomenon characterized by the change of epithelial cells
into mesenchymal cells, which plays a vital role in HCC invasion and metastasis [25]. An active ERK pathway
has been found to promote the aggressiveness of HCC by facilitating EMT, while inhibiting the ERK pathway
can effectively suppress HCC aggressiveness [26]. These findings have significant implications for HCC
treatment as they provide a potential therapeutic target for controlling the progression of this deadly
disease. However, we found a significant elevation in the expression of PKC and ERK in HCC rats, which was
reduced by treating HCC rats with arctiin without affecting the control rats. No previous study illustrated the
ability of arctiin to reduce the expression of PKC and ERK in animal models.

Limitations of the study
A summary of the antitumor effects of arctiin against HCC is provided in Figure 6. However, there are some
limitations to the research due to the use of rats as a model organism. Rats have different metabolic
pathways and drug metabolites than humans, which can lead to different dosing and various ways of the
body dealing with the drugs. Therefore, the results obtained from this study should be interpreted with
caution when extrapolating to humans. In addition to that, it is important to note that there are many
methods for tumor induction in rats, but for this study, only the chemical induction of HCC in rats using
thioacetamide was used. This means that the results may not be generalizable to other types of HCC
induction methods. Despite these limitations, the study provides valuable insight into the potential
antitumor effects of arctiin and could serve as a basis for future investigations in humans.
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FIGURE 6: Schematic presentation of the protective effects of arctiin in
HCC.
ERK, extracellular signal-regulated kinase; HCC, hepatocellular carcinoma; HIF-1α, hypoxia-induced factor-1α;
SMAD4, mothers against decapentaplegic homolog 4; PKC, protein kinase C

The image was created by the authors of this study.

Conclusions
Arctiin is a natural substance that has been found to possess anti-tumor properties that can increase
survival rates, reduce the number of tumors, and decrease AFP levels in the serum. These benefits are
attributed to its ability to block the expression of HIF-1α, a protein that plays a role in developing HCC-
induced hypoxia. In addition, arctiin has been shown to slow down tumor fibrosis by decreasing the
expression of two proteins, β-catenin and SMAD4. By doing so, the compound can help improve liver
function and reduce the risk of liver failure. Moreover, arctiin has been found to reduce hepatic tissue
apoptosis by downregulating two enzymes, PKC and ERK. This effect can help preserve liver health and
prevent liver disease progression.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Mohammed M. Al-Gayyar, Shahad A. Alshehri, Wasayf A. Almarwani, Ajwan Z.
Albalawi, Shekha M. Al-atwi, Khulud K. Aljohani, Amjad A. Alanazi

Acquisition, analysis, or interpretation of data:  Mohammed M. Al-Gayyar, Mohamed A. Ebrahim, Hanan
M. Hassan

Drafting of the manuscript:  Mohammed M. Al-Gayyar, Shahad A. Alshehri, Wasayf A. Almarwani, Ajwan

2024 Alshehri et al. Cureus 16(1): e51997. DOI 10.7759/cureus.51997 10 of 12

https://assets.cureus.com/uploads/figure/file/874302/lightbox_58b9db00aa6811eea6c3a9829fd4d1de-Figure-6.png


Z. Albalawi, Shekha M. Al-atwi, Khulud K. Aljohani, Amjad A. Alanazi

Critical review of the manuscript for important intellectual content:  Mohammed M. Al-Gayyar,
Mohamed A. Ebrahim, Hanan M. Hassan

Supervision:  Mohammed M. Al-Gayyar

Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: Faculty of Pharmacy, Delta University for Science and Technology Research Ethics
Committee Issued protocol number FPDU8/2023. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Chidambaranathan-Reghupaty S, Fisher PB, Sarkar D: Hepatocellular carcinoma (HCC): epidemiology,

etiology and molecular classification. Adv Cancer Res. 2021, 149:1-61. 10.1016/bs.acr.2020.10.001
2. Llovet JM, Kelley RK, Villanueva A, et al.: Hepatocellular carcinoma. Nat Rev Dis Primers. 2021, 7:6.

10.1038/s41572-020-00240-3
3. Leowattana W, Leowattana T, Leowattana P: Systemic treatment for unresectable hepatocellular carcinoma .

World J Gastroenterol. 2023, 29:1551-68. 10.3748/wjg.v29.i10.1551
4. Jarnagin W, Chapman WC, Curley S, D'Angelica M, Rosen C, Dixon E, Nagorney D: Surgical treatment of

hepatocellular carcinoma: expert consensus statement. HPB (Oxford). 2010, 12:302-10. 10.1111/j.1477-
2574.2010.00182.x

5. Deng Q, He M, Fu C, Feng K, Ma K, Zhang L: Radiofrequency ablation in the treatment of hepatocellular
carcinoma. Int J Hyperthermia. 2022, 39:1052-63. 10.1080/02656736.2022.2059581

6. Tarao K, Nozaki A, Ikeda T, et al.: Real impact of liver cirrhosis on the development of hepatocellular
carcinoma in various liver diseases—meta‐analytic assessment. Cancer Med. 2019, 8:1054-65.
10.1002/cam4.1998

7. Asemota J, Saleh M, Igbinovia O, Burns D: A concise review on current trends in imaging and surgical
management of hepatocellular carcinoma. Cureus. 2020, 12:e9191. 10.7759/cureus.9191

8. Durazzo A, Lucarini M, Camilli E, et al.: Dietary lignans: definition, description and research trends in
databases development. Molecules. 2018, 23:3251. 10.3390/molecules23123251

9. Rodríguez-García C, Sánchez-Quesada C, Toledo E, Delgado-Rodríguez M, Gaforio JJ: Naturally lignan-rich
foods: a dietary tool for health promotion?. Molecules. 2019, 24:917. 10.3390/molecules24050917

10. Alfair BM, Jabarti AA, Albalawi SS, Khodir AE, Al-Gayyar MM: Arctiin inhibits inflammation, fibrosis, and
tumor cell migration in rats with ehrlich solid carcinoma. Cureus. 2023, 15:e44987. 10.7759/cureus.44987

11. Bayomi HS, Elsherbiny NM, El-Gayar AM, Al-Gayyar MM: Evaluation of renal protective effects of inhibiting
TGF-β type I receptor in a cisplatin-induced nephrotoxicity model. Eur Cytokine Netw. 2013, 24:139-47.
10.1684/ecn.2014.0344

12. Alshehri AF, Khodier AE, Al-Gayyar MM: Antitumor activity of ligustilide against ehrlich solid carcinoma in
rats via inhibition of proliferation and activation of autophagy. Cureus. 2023, 15:e40499.
10.7759/cureus.40499

13. Alatawi YF, Alhablani MA, Al-Rashidi FA, Khubrani WS, Alqaisi SA, Hassan HM, Al-Gayyar MM: Garcinol-
attenuated gastric ulcer (GU) experimentally induced in rats via affecting inflammation, cell proliferation,
and DNA polymerization. Cureus. 2023, 15:e43317. 10.7759/cureus.43317

14. Al-Gayyar MM, Abbas A, Hamdan AM: Chemopreventive and hepatoprotective roles of adiponectin (SULF2
inhibitor) in hepatocelluar carcinoma. Biol Chem. 2016, 397:257-67. 10.1515/hsz-2015-0265

15. Hassan HM, Alatawi NM, Bagalagel A, et al.: Genistein ameliorated experimentally induced gastric ulcer in
rats via inhibiting gastric tissues fibrosis by modulating Wnt/β-catenin/TGF-β/PKB pathway. Redox Rep.
2023, 28:2218679. 10.1080/13510002.2023.2218679

16. Alharbi TS, Alshammari ZS, Alanzi ZN, Althobaiti F, Elewa MA, Hashem KS, Al-Gayyar MM: Therapeutic
effects of genistein in experimentally induced ulcerative colitis in rats via affecting mitochondrial
biogenesis [Online ahead of print]. Mol Cell Biochem. 2023, 10.1007/s11010-023-04746-8

17. Alghamdi MA, Khalifah TA, Alhawati HS, Ruzayq M, Alrakaf A, Khodier A, Al-Gayyar MM: Antitumor activity
of ferulic acid against Ehrlich solid carcinoma in rats via affecting hypoxia, oxidative stress and cell
proliferation. Cureus. 2023, 15:e41985. 10.7759/cureus.41985

18. Butta S, Gupta MK: HIF 1 α - a promising target for the treatment of meningiomas . Med Pharm Rep. 2023,
96:170-4. 10.15386/mpr-2059

19. Alshehri A, Albuhayri A, Alanazi M, et al.: Effects of echinacoside on Ehrlich carcinoma in rats by targeting
proliferation, hypoxia and inflammation. Cureus. 2023, 15:e46800. 10.7759/cureus.46800

20. Aljohani H, Khodier AE, Al-Gayyar MM: Antitumor activity of luteolin against Ehrlich solid carcinoma in
rats via blocking Wnt/β-catenin/SMAD4 pathway. Cureus. 2023, 15:e39789. 10.7759/cureus.39789

21. Zhao M, Mishra L, Deng CX: The role of TGF-β/SMAD4 signaling in cancer . Int J Biol Sci. 2018, 14:111-23.
10.7150/ijbs.23230

22. Yoo JH, Lee HJ, Kang K, et al.: Lignans inhibit cell growth via regulation of Wnt/beta-catenin signaling . Food
Chem Toxicol. 2010, 48:2247-52. 10.1016/j.fct.2010.05.056

2024 Alshehri et al. Cureus 16(1): e51997. DOI 10.7759/cureus.51997 11 of 12

https://dx.doi.org/10.1016/bs.acr.2020.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/bs.acr.2020.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41572-020-00240-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41572-020-00240-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v29.i10.1551?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v29.i10.1551?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1477-2574.2010.00182.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1477-2574.2010.00182.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/02656736.2022.2059581?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/02656736.2022.2059581?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/cam4.1998?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/cam4.1998?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.9191?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.9191?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules23123251?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules23123251?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules24050917?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules24050917?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.44987?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.44987?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1684/ecn.2014.0344?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1684/ecn.2014.0344?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.40499?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.40499?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.43317?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.43317?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1515/hsz-2015-0265?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1515/hsz-2015-0265?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13510002.2023.2218679?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13510002.2023.2218679?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11010-023-04746-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11010-023-04746-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.41985?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.41985?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15386/mpr-2059?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15386/mpr-2059?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.46800?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.46800?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.39789?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.39789?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7150/ijbs.23230?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7150/ijbs.23230?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.fct.2010.05.056?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.fct.2010.05.056?utm_medium=email&utm_source=transaction


23. He S, Li Q, Huang Q, Cheng J: Targeting protein kinase C for cancer therapy . Cancers (Basel). 2022, 14:1104.
10.3390/cancers14051104

24. Bahar ME, Kim HJ, Kim DR: Targeting the RAS/RAF/MAPK pathway for cancer therapy: from mechanism to
clinical studies. Signal Transduct Target Ther. 2023, 8:455. 10.1038/s41392-023-01705-z

25. Liu X, Gao J, Sun Y, Zhang F, Guo W, Zhang S: Clotrimazole inhibits HCC migration and invasion by
modulating the ERK-p65 signaling pathway. Drug Des Devel Ther. 2022, 16:863-71. 10.2147/DDDT.S354205

26. Moon H, Ro SW: MAPK/ERK signaling pathway in hepatocellular carcinoma . Cancers (Basel). 2021, 13:3026.
10.3390/cancers13123026

2024 Alshehri et al. Cureus 16(1): e51997. DOI 10.7759/cureus.51997 12 of 12

https://dx.doi.org/10.3390/cancers14051104?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cancers14051104?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41392-023-01705-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41392-023-01705-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DDDT.S354205?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DDDT.S354205?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cancers13123026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cancers13123026?utm_medium=email&utm_source=transaction

	Role of Arctiin in Fibrosis and Apoptosis in Experimentally Induced Hepatocellular Carcinoma in Rats
	Abstract
	Background and objectives
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Animals
	Sample collection
	Histopathological examination
	Enzyme-linked immunosorbent assays (ELISA) determination
	Quantitative real-time polymerase chain reaction
	TABLE 1: Primer sets used to detect gene expression in rats.

	Statistical analysis

	Results
	Antitumor activity of arctiin
	FIGURE 1: Effect of HCC and 30 mg/kg arctiin on rats’ survival (a), the average number of nodules (b), and serum AFP (c).

	Effect of arctiin and HCC on the structure of hepatic tissue
	FIGURE 2: Hepatic sections stained with Masson trichrome in the control group (a), control group treated with arctiin (b), hepatocellular carcinoma group (c), and hepatocellular carcinoma group treated with arctiin (d).

	Effect of arctiin and HCC on the expression of HIF-1α
	FIGURE 3: Effect of HCC and 30 mg/kg arctiin on hepatic gene expression of HIF-1α (a) and its hepatic protein level (b). Hepatic sections stained with anti-HIF-1α antibodies in the control group (c), control group treated with arctiin (d), HCC group (e), and HCC group treated with arctiin (f).

	Effect of arctiin and HCC on the expression of β-catenin and SMAD4
	FIGURE 4: Effect of HCC and 30 mg/kg arctiin on hepatic gene expression of β-catenin (a) and SMAD4 (c), as well as protein expression of β-catenin (b) and SMAD4 (d).

	Effect of arctiin and HCC on the expression of PKC and ERK
	FIGURE 5: Effect of HCC and 30 mg/kg arctiin on hepatic gene expression of PKC (a) and ERK (c), as well as protein expression of PKC (b) and ERK (d).


	Discussion
	Limitations of the study
	FIGURE 6: Schematic presentation of the protective effects of arctiin in HCC.


	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


