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Introduction

Hepatocellular carcinoma (HCC) incidence and 
mortality have globally increased over the last four 
decades (Abdelaziz et al., 2014; Zekri et al., 2015). Liver 
cancer is the fifth most common cancer in males, and the 
seventh most commonly diagnosed cancer in females (Gao 
et al., 2012; Zhong et al., 2014).

In fact, HCC has a remarkable increased predominance 
in males, with a male to female ratios averaging between 
2:1 and 4:1 in most published series (Nordenstedt et al., 
2010; Zekri et al., 2015). Not only males develop HCC 
more often than females, but once they develop it, they 
also die easier than females. In general, the prognosis for 
the disease is more benign in females than in males and 
women have a better survival and a reduced recurrence 
of the disease after the treatment (El-Serag et al., 2001). 
From all these evidences, the interest of some researchers 
has been focused since the 80’s on the possible importance 
of sex hormones in determining such preference for the 
male gender (Maria et al., 2002). 

The expression and functional status of the androgen 
receptor (AR) and the estrogen receptor (ER) appear to 
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Abstract

 The present study was planned to investigate the role of sex hormone receptor gene expression in the 
pathogenesis of hepatocellular carcinoma (HCC). Adult male Wistar rats were divided into seven groups. Group 
(1) was negative control. Groups (2), (5), (6), and (7) were orally administered with N-nitrosodiethylamine for 
the induction of HCC, then group (2) was left untreated, group (5) was orally treated with curcumin, group 
(6) was orally treated with carvacrol, and group (7) was intraperitoneally injected with doxorubicin, whereas 
groups (3) and (4) were orally administered only curcumin and carvacrol, respectively. The HCC group showed 
significant upregulation in the androgen receptor (AR) and the estrogen receptor-alpha (ERα) gene expression 
levels in the liver tissue. On the contrary, HCC groups treated with either curcumin or carvacrol showed 
significant downregulation in AR and ERα gene expression levels in the liver tissue. In conclusion, the obtained 
data highlight that both AR and ERα but not estrogen receptor-beta (ERβ) gene expression may contribute to 
the male prevalence of HCC induced in male rats. Interestingly, both curcumin and carvacrol were found to 
have a promising potency in alleviating the male predominating HCC. 
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play a significant role in the carcinogenesis of all hormones 
sensitive organs. The expression and activation of these 
receptors were also reported to be greatly increased in the 
liver tissues of male and female rodents during chemically 
induced liver carcinogenesis (Maria et al., 2002).

Curcumin, a natural polyphenol found in the dietary 
spice turmeric used traditionally in medicine in India 
and other Asian countries, has been demonstrated to 
have anticancer activity, including prevention of tumor 
initiation, promotion, metastasis, and angiogenesis in 
experimental animal models, against a wide range of 
tumor cells without promoting the development of side 
effects (Yallapu et al., 2013).

Carvacrol is a monoterpenic phenol found in the 
essential oils extracted from aromatic plants such as, 
thyme and oregano (Esiyok et al., 2004). Carvacrol is 
widely used as a food flavoring agent, a food preservative 
agent and a cosmetic ingredient. Recently, many studies 
have shown that carvacrol possess a variety of biological 
and pharmacological properties including antioxidant, 
antibacterial, antifungal, anticancer, anti-inflammatory 
and hepatoprotective activities (Suntres et al., 2015).

Our previous studies have documented the antitumor 
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efficacy of curcumin and carvacrol against HCC induced 
chemically in rats. The effect of these natural products 
was achieved via hindering the tumor cells proliferation, 
promoting apoptosis and inhibiting the angiogenesis 
(Ahmed et al., 2013; Ahmed et al., 2015).

The current study was constructed to evaluate the role 
of sex hormone receptors (AR and ER) gene expression 
in the pathogenesis of chemically induced hepatocellular 
carcinoma in male rats and shed light on the potential 
significance of curcumin and carvacrol in mitigating the 
male predominant HCC with special concern on their 
possible mechanisms of action.

Materials and Methods

Chemicals and reagents
N-nitrosodiethylamine (NDEA) (CAS no. 55-18-5), 

Curcumin (Cat# C1386), and carvacrol (Cat# 282197) 
were purchased from Sigma-Aldrich Chemicals Co. (St 
Louis, MO, USA). Doxorubicin was purchased from 
Pharmacia Italia S.P.A, Milan, Italy. All other chemicals 
used in the experiment were locally purchased (Egypt) 
and were of high analytical grade.

Animals and experimental design
This study was conducted on fifty six adult male Wistar 

rats weighing 180-200 g purchased from the animal house 
colony of the National Research Centre, Cairo, Egypt. 
The rats were kept under strict hygienic conditions and 
allowed to feed on a standard rodent chow and water. Rats 
were adapted to these conditions for two weeks before 
beginning the experiment. The animal experimental 
protocol was approved by the Ethical Committee for 
Medical Research, National Research Centre, Egypt (No. 
12110). 

After the acclimation period, the animals were 
randomly divided into seven groups with eight rats per 
group as follows: (1) Healthy rats served as a negative 
control group and were orally received 1-ml vehicle 
solution (Tween-80 (1%) in 0.9% normal saline) /rat, 
five times a week during the whole experimental period 
(21 weeks); (2) HCC group, in which rats were orally 
administered NDEA with a dose of 20 mg/kg b.wt. , five 
times a week for six weeks, according to the modified 
method of Darwish and El-Boghdady (2011); (3) 
Curcumin control group, in which rats were orally treated 
with curcumin only (dissolved in Tween-80 (1%) in 0.9% 
normal saline) with a dose of 100 mg/kg b.wt. (five days a 
week) for 15 weeks, as previously reported by Sreepriya 
and Bali (2005); (4) Carvacrol control group, in which 
rats were orally treated with carvacrol only (dissolved in 
Tween-80 (1%) in saline) with a dose of 15 mg/kg b.wt. 
(five days a week) for 15 weeks, as previously reported 
by Jayakumar et al. (2012); (5) Curcumin-treated group, 
in which rats were orally treated with curcumin with a 
dose of 100 mg/kg b.wt. , five times a week for 15 weeks, 
following the administration of NDEA for six weeks, as 
previously reported by Sreepriya and Bali (2005); (6) 
Carvacrol-treated group, in which rats were orally treated 
with carvacrol with a dose of 15 mg/kg b.wt. , five times a 
week for 15 weeks, following the administration of NDEA 

for six weeks, as previously reported by Jayakumar et 
al. (2012); and (7) Doxorubicin-treated group, in which 
rats were intraperitoneally injected with doxorubicin as 
a reference drug with a dose of 0.72 mg/rat, which is 
equivalent to the human dose of 40 mg/m2, according 
to equation of Barnes and Paget (1965) once a week for 
15 weeks, following the administration of NDEA for six 
weeks.

After the experimental period, rats were fasted 
overnight and sacrificed by cervical displacement under 
diethyl ether anesthesia, then the liver was dissected and 
snap-frozen immediately in the liquid nitrogen and stored 
at -80°C for the gene expression analysis.

Gene expression method
RT-PCR analysis: The total RNA was extracted 

from the liver tissue of rats in each group using 
TRIzol reagent (Bioshop Canada Inc.). Isolated RNA 
was reverse transcribed into complementary DNA 
(cDNA) using Revert Aid first strand cDNA synthesis 
kit (Fermentas Co., USA). The subsequent PCR was 
performed using 5 µg of cDNA in a final volume of 20 
μl containing 10x PCR buffer, 10mM dNTPs, 5U/μl of 
Taq DNA polymerase (Fermentas, USA), and 10µM 
of each specific primer. Glyceraldehyde 3 phosphate 
dehydrogenase (GAPDH) (Metabion-Germany) was 
used as internal control with primer sequences: forward, 
5`CAAGGTCATCCATGACAACTTTG3`, and reverse, 
5`GTCCACCACCCTGTTGCTGTAG3. Primer sequences 
for androgen receptor (AR) (Metabion-Germany) 
were forward, 5`GTGTCGTCTCCGGAAATGTT3`, 
and reverse, 5`GGAATCAGGCTGGTTGTTGT3` 
according to Staub et al. (2005) published sequence, 
while primer sequences for ERα (Metabion-Germany) 
were forward, 5`AGTGAAGCCTCAATGATGGG 
3`and, reverse, 5`CAAAGATCTCCACCATGCCT3` 
according to Staub et al. (2005) published sequence 
and those for ERβ (Metabion-Germany) were forward, 
5`CTACTGAACGCGGTGACAGA3`, and reverse, 
5`CGTGTGAGCATTCAGCATCT3` according to Staub 
et al. (2005) published sequence. The PCR cycling was 
performed using a gradient thermal cycler (BioRad, USA) 
as follows: initial denaturation at 94ºC for 5 minutes, 
followed by denaturation at 94ºC for 30 seconds was 
done. Amplification was carried out using 35 cycles with 
an annealing temperature at 58ºC for AR and GAPDH 
and at 55ºC for ERα and ERβ for 30 seconds, followed 
by extension at 72ºC for 1 minute and a final extension at 
72ºC for 8 minutes. The PCR products were separated on 
2% agarose gel and visualized by the gel documentation 
system. The amplified products’ size was determined by 
comparison to a DNA ladder (100 bp) (Fermentas, USA). 
All gene expression levels were semiquantified using 
LabImage analysis (LabImage2.7.0, Kapelan GmbH) 
software and were normalized against GAPDH gene 
expression.

Statistical analysis 
All results were represented as the mean + SE of the 

mean. Data were analyzed by one-way analysis of variance 
(ANOVA) using the SPSS software program (version 
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14.0; SPSS Inc., Chicago, IL, USA) followed by the least 
significant difference (LSD) to compare the significance 
between the groups. P-values<0.05 were considered 
statistically significant.

Results 

Gene expression results
AR gene expression: As shown in Figure 1 and 

Table 1, the results showed that there was a significant 
overexpression of the AR gene (p<0.05) in the liver tissue 
of the HCC group (lane 2) compared with that in the 
negative control group (lane 1). The AR gene showed low 
expression levels in the liver tissue of rats in the curcumin 
control group (lane 6) and the carvacrol control group 
(lane 7). There was an insignificant change (p>0.05) in 
the AR gene expression level in the liver tissue of rats in 
curcumin or carvacrol control group compared with that 
in the negative control group. The AR gene expression 
level was shown to be significantly downregulated 
(p<0.05) in the liver tissue obtained from rats in the 
curcumin-treated group (lane 4) and in the liver tissue of 
rats in the carvacrol-treated group (lane 5) as compared to 
that in the untreated HCC group. Similarly, it was found 
to be significantly downregulated (p<0.05) in the liver 
tissue of rats in the doxorubicin-treated group(lane 3) as 
compared to that in the liver tissue of rats in the untreated 
HCC group. 

ERα gene expression
As indicated in Figure 2 and Table 1, the results 

revealed that there was a significant upregulation in the 
ERα gene expression (p<0.05) in the liver tissue of the 
HCC group (lane 2) compared with that in the liver tissue 
of the negative control group (lane 1). The ERα gene was 
not expressed in the liver tissue of rats in the curcumin 
control group (lane 6) and the carvacrol control group 
(lane 7). The ERα gene expression level was shown to 
be decreased to an undetectable level in the liver tissue 
obtained from rats in the curcumin-treated group (lane 4) 
and in the liver tissue of rats in the carvacrol-treated group 
(lane 5). Likewise, ERα gene expression was found to be 
decreased to undetectable level in the liver tissue of rats 
in the doxorubicin-treated group (lane 3).

ERβ gene expression
As illustrated in Figure 3, the results showed that 

ERβ gene was not expressed in the liver tissue of rats 
in the negative control group (lane 1) as well as in that 
of the HCC group (lane 2). Similarly, there was no ERβ 
expression in the liver tissue of rats in the curcumin control 
group (lane 6) and the carvacrol control group (lane 7). 
ERβ expression was shown to be absent in the liver tissue 
obtained from rats in the curcumin-treated group (lane 4) 
and in the liver tissue of rats in the carvacrol-treated group 
(lane 5). Similarly, ERβ gene was not expressed in the liver 
tissue of rats in the doxorubicin-treated group (lane 3).

Discussion

Hepatocellular carcinoma was found to show 

Figure 1. Agarose Gel Electrophoresis Shows AR 
mRNA Expression in the Liver Tissue by RT-PCR 
Analysis. GAPDH expression with 496 bp, AR expression 
with 266 bp. Negative control group (Lane 1), HCC group (Lane 
2), doxorubicin-treated group (Lane 3), curcumin-treated group 
(Lane 4), carvacrol-treated group (Lane 5), curcumin control 
group (Lane 6), carvacrol control group (Lane 7). DNA ladder 
(100 bp) (Lane M)

Table 1. The Gene Expression Level of AR and ERα in 
the Liver Tissue of Rats in the Different Groups
Groups AR expression ERα expression

Negative control group 0.4830±0.003 0.1308±0.09506
HCC group 0.9745±0.03907a 0.5320±0.01504a

Doxorubicin-treated group 0.6498±0.02064b No expression
Curcumin-treated group 0.2303±0.00862b No expression
Carvacrol-treated group 0.4110±0.00881b No expression
Curcumin control group 0.2325±0.02346 No expression
Carvacrol control group 0.3473±0.02315 No expression

Values are expressed as the mean ± standard error (SE) of mean for four 
samples/ group; a: Significant change at p<0.05 in comparison with the 
negative control group; b: Significant change at p<0.05 in comparison 
with the HCC group; HCC hepatocellular carcinoma

Figure 2. Agarose Gel Electrophoresis Shows ERα 
mRNA Expression in the Liver Tissue by RT-PCR 
Analysis. GAPDH expression with 496 bp, ERα expression 
with 281 bp. Negative control group (Lane 1), HCC group (Lane 
2), doxorubicin-treated group (Lane 3), curcumin-treated group 
(Lane 4), carvacrol-treated group (Lane 5), curcumin control 
group (Lane 6), carvacrol control group (Lane 7).DNA ladder 
(100 bp) (Lane M)

Figure 3. Agarose Gel Electrophoresis Shows ERβ 
mRNA Expression in the Liver Tissue by RT-PCR 
Analysis. GAPDH expression with 496 bp, ERβ expression 
with 255 bp. Negative control group (Lane 1), HCC group (Lane 
2), doxorubicin-treated group (Lane 3), curcumin-treated group 
(Lane 4), carvacrol-treated group (Lane 5), curcumin control 
group (Lane 6), carvacrol control group (Lane 7). DNA ladder 
(100 bp) (Lane M)
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significantly higher prevalence in males, an effect related 
to sex hormones (Li et al., 2012). Liver is a hormone-
sensitive organ that was found to express estrogen 
receptors (ER) as well as androgen receptors (AR) in both 
male and female patients (Villa et al., 2002).

Androgen receptor (AR) is critical for the development 
and maintenance of the male sexual phenotype. It is a type 
of nuclear receptor that regulates the gene transcription 
when activated by the androgens (Heinlein and Chang, 
2002). 

The current study reveals a significant AR 
overexpression in the liver tissue of the HCC group. 
Indeed, these results are in line with those published by 
Eagon et al. (1996) who reported that the expression and 
activation of AR are greatly increased in the liver tissue 
of male and female rodents during the chemical induction 
of the liver carcinogenesis. Ma et al. (2008) reported that 
the AR expression is elevated in the liver of the male 
patients with HCC as compared to the healthy subjects. 
Also, this study shows that the loss of hepatic AR in mice 
bearing HCC resulted in the reduction of HCC incidence. 
Moreover, this study suggested that the AR signaling 
promotes hepatocarcinogenesis via the enhancement of 
the cellular oxidative stress and DNA damage as well 
as suppression of p53-mediated DNA damage/repairing 
system and cell apoptosis.

AR was shown to regulate the expression of 
transforming growth factor-beta 1 (TGF-β1) through 
binding to the androgen response element on the TGF-β1 
gene promoter, suggesting that such activation might 
regulate the progression of HCC in both human and animal 
models (Villa ,2009).

Recently, Awuah and Monga (2012) have elegantly 
unveiled one of the mechanisms of sex-related disparity 
of HCC depending on the existing finding that AR and 
testosterone contribute to the HCC predominance in 
males. It was found that the presence of androgens in 
males engages AR to stimulate the cell cycle-related kinase 
(CCRK) expression. Then CCRK activates β-catenin 
signaling which in turn stimulates the expression of 
the epidermal growth factor receptor and cyclin-D1 
thus promoting the cell proliferation. These authors 
also suggested a mechanism by which Wnt/β-catenin 
signaling may cause tumor progression in males. β-catenin 
activation in males with HCC leads to high expression 
and activation of AR which in turn results in high CCRK 
expression that stimulates a vicious cycle of cell growth 
and proliferation.

The suggested mechanism for overexpression of AR 
in the HCC group in the present study is related to the 
inflammatory signaling associated with the chemical 
induction of HCC by NDEA. Naugler et al. (2007) stated 
that NDEA administration causes a greater increase in the 
serum interleukin-6 (IL-6) concentration in male mice. 
IL-6 has been found to induce the AR gene expression 
level and activity via mitogen activated protein kinase 
(MAPK) pathway in prostate cancer cells (Lin et al., 
2001).

The present results show that curcumin treatment 
in HCC group significantly downregulated the AR 
gene expression level in the liver tissue. This result is 

in accordance with that of Nakamura et al. (2002) who 
reported that curcumin downregulates AR gene expression 
and activation in the prostate cancer cell lines. Curcumin 
was shown to inhibit the IL-6 production in human 
multiple myeloma cells (Bharti et al., 2003). Hence, the 
current study suggests that the downregulation of the AR 
gene expression level due to the treatment of the HCC 
group with curcumin may be attributed to the ability of 
curcumin to reduce IL-6 production. 

The results of the current study have shown that 
carvacrol administration in the HCC group significantly 
downregulates the AR gene expression level in the liver 
tissue. This finding is in accordance with that of Alexander 
and Ekunwe (2012) who demonstrated that the treatment 
of the human prostate cancer cell (PC-3) with the aqueous 
extract of Ocimum gratissimum leaf decreases the AR 
gene expression level. 

The suggested mechanism underlying the reduction of 
the AR gene expression level by carvacrol could be due 
to the significant reduction of IL-6 levels by carvacrol. 
Such effect might be occurred through the attenuation of 
the NF-κB pathway by carvacrol (Aristatile et al., 2013) 
which in turn results in a reduction of IL-6.

The current results show that doxorubicin significantly 
downregulated the AR expression in the liver tissue of rats 
in the HCC group. This finding is in an agreement with 
that of Rokhlin et al. (2006) who stated that doxorubicin 
suppresses the AR gene expression in the prostate cancer 
cell line. The underlying mechanism for this action of 
doxorubicin is not known.

Two subtypes of estrogen receptor (ER), ERα and 
ERβ, have been identified in the human liver tissue 
(Moggs and Orphanides, 2001).

The present study demonstrates that the ERα was 
significantly overexpressed in the liver tissue of rats in 
the HCC group, and expressed at a low level in that of the 
negative control group, whereas no expression of ERβ has 
been found in the liver tissue from the normal or the HCC 
group at all. These results are in an agreement with the 
previous results reported by Alvaro et al. (2000).

The roles of the ERs have been widely investigated 
in other cancers than hepatocellular carcinoma. For 
example, the mutated ERα expression is involved in 
the breast carcinogenesis (Hayashi and Yoshida, 2000), 
while the ERβ expression suppresses the breast cancer 
cell proliferation and tumor formation (Paruthiyil et 
al., 2004). Although the precise role of ERα in HCC is 
unknown (Huang et al., 2006), previous study of Waalkes 
et al. (2004) suggested that the underlying basis of ERα 
overexpression in the liver tissue of HCC-induced mice 
may be related to the hypomethylation of the ERα 
promoter which have been associated with the ERα 
activation. 

The role of ERα in the regulation of MAPK cascade 
has been further studied in cell lines expressing ERα. It 
was found that estrogen-bound ERα can rapidly activate 
the ERK and AKT signal transduction pathways leading 
to the cell cycle progression and inhibition of apoptosis 
(Acconcia et al., 2005). 

P53 gene mutations occur in the late stages of 
hepatocarcinogenesis and have been found to be 
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associated with the prognosis and survival of HCC 
patients (Malaguarnera et al., 2010). Several lines of 
evidence have suggested that p53 regulates the ERα 
expression (Angeloni et al., 2004) and downregulates 
ERα-responsive genes by interfering with the binding 
of ERα to its response element (Jin et al., 2008). So, the 
mutation of p53 gene could result in overexpression of 
the ERα gene in HCC.

The current study shows that ERα gene expression 
was decreased to undetectable level in the liver tissue 
of the HCC group treated with curcumin. This result 
is supported by a previous study conducted by Shao et 
al. (2002) which revealed that curcumin decreases the 
expression of the ER transcript in ER-positive (MCF-7) 
human breast cancer cell line. Such effect may be as the 
result of the upregulation of wild-type of the p53 gene 
by curcumin, which is thought to downregulate ERα 
expression. Also, the study of Liontas and Yeger (2004) 
demonstrated that curcumin is found to upregulate the p53 
gene expression level and induce its nuclear translocation 
in neuroblastoma. 

The present study shows that carvacrol administration 
decreased the ERα gene expression to undetectable level 
in the liver tissue of HCC group. This inhibitory effect 
could be attributed to the induction of the p53 gene that 
is responsible for the reduction in the gene expression 
level of ERα. Al-Dhaheri et al. (2013) found that the 
treatment of the breast cancer cell line (MDA-MB-231) 
with the Origanum majorana extract, known to contain 
carvacrol, results in downregulation of mutant p53 gene 
with consequent upregulation of the wild-type p53.

The present work demonstrates that the ERα gene 
expression was absent in the liver tissue of rats in the 
HCC group administered doxorubicin. This result is 
in accordance with that of Rusetskaya et al. (2009) 
which showed that upon culturing of MCF-7 cells with 
doxorubicin, a significant downregulation in the ER gene 
expression level is observed. 

The observed inhibition of the ERα gene expression 
by doxorubicin may be due to activation of the p53 gene, 
which is known to downregulate ERα. Liu et al. (2008) 
reported that doxorubicin produces a cytotoxic effect in 
H9c2 cells and neonatal rat cultured cardiomyocytes, 
which is associated with the increased activation and 
nuclear translocation of p53. 

However, further studies are needed to address the exact 
molecular mechanism underlying the downregulation of 
sex hormone receptors expression level by these natural 
products.

In conclusion, the current study emphasizes the 
principal role of both AR and ERα but not estrogen 
receptor-beta (ERβ) gene expression in the male 
predominance of HCC in male rats. Interestingly, both 
curcumin and carvacrol showed a great efficacy against 
HCC.
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