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1 Introduction
Hepatocellular carcinoma (HCC) is one of the most common 

malignant tumors. It has the characteristics of occult onset, rapid 
progress, high malignancy, short survival, difficult treatment and 
poor prognosis (Tangkijvanich et al., 2000). Chemotherapy is 
one of the main methods for the treatment of HCC. However, 
the traditional chemotherapy drugs can kill the cancer cells, 
and also damage the normal cells in different degrees, which 
seriously affects the patients’ compliance and treatment effect. 
HCC is generally resistant and insensitive to chemotherapy 
drugs (Thomas, 2009). With the progress of molecular biology 
and chemical separation technology, the experimental study of 
natural drugs in the treatment of HCC has become a research 
hotspot of tumor therapy (Wu & Xie, 2008; Rawat et al., 2018).

Studies have found that many plants contain the ingredients 
which have good activities in antioxidant, anti-inflammatory, 
anti-tumor and other aspects (Costa et al., 2020; Huang et al., 
2020; Santos et al., 2021). Curcumol is a sesquiterpene compound 
isolated from the zedoary turmeric oil which has long been used 
as a folk medicine in China for many years (You et al., 2005). 
Its molecular formula is C15H24O2, with molecular weight of 
236.35. The pharmacological studies show that curcumol has 
the anti-inflammatory, anti-oxidation and anti-tumor effects 
(Tsai et al., 2011; Chen et al., 2014; Wang et al., 2015). Curcumol 

plays an anti-tumor role by inhibiting tumor cell proliferation, 
promoting tumor cell apoptosis and inhibiting the angiogenesis 
(Liu et al., 2019). At present, most of the studies on the antitumor 
effect of curcumol are focused on the in vitro experiments, and 
the results of animal experiments are few (Tang et al., 2015). 
It is found that curcumol can inhibit the proliferation of HCC 
HepG2 cells (Huang et al., 2013). In this study, curcumol was 
isolated from from zedoary turmeric oil, and the inhibitory 
effect and mechanism of curcumol on growth of human HCC 
HepG2 xenografts in nude mice were investigated. The objective 
was to provide an experimental basis for the clinical application 
of curcumol to cancer therapy.

2 Materials and methods
2.1 Isolation of curcumol from zedoary turmeric oil

A 50 ml of zedoary turmeric oil was placed in a round bottom 
flask, followed by vacuum distillation in oil bath. The 208-216 °C 
fractions were collect. The fractions were washed with petroleum 
ether for several times. After drying, the recrystallization with 
absolute ethanol was performed. Finally, the white crystals 
were obtained, which were the curcumol product. The purity 
of curcumol was 89.03%.
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Abstract
This study investigated the inhibitory effect and mechanism of curcumol on growth of human hepatocellular carcinoma (HCC) 
HepG2 xenografts in nude mice. Curcumol was isolated from from zedoary turmeric oil. The HepG2 xenograft model in nude 
mice was established. Forty modeled nude mice were divided into model, cisplatin, curcumol and cisplatin+curcumol groups. 
The latter three groups were treated with 2 mg/kg cisplatin, 100 mg/kg curcumol and 2 mg/kg cisplatin combined with 100 
mg/kg curcumol, respectively, once every two days, for total seven times. After treatment, compared with cisplatin group, in 
cisplatin+curcumol group the tumor weight and tumor inhibition rate were obviously increased, the apoptosis rate of HepG2 
cells was obviously increased, the expression levels of Caspase-3 and B-cell lymphoma-2 associated X proteins in xenograft tumor 
were significantly increased, and the expression level of B-cell lymphoma-2 protein was significantly decreased. In addition, the 
thymus index and spleen index of animal had no significant difference between cisplatin group and cisplatin+curcumol group. 
In conclusion, the additional use of curcumol can obviously increase the inhibitory effect of cisplatin on growth of HCC HepG2 
xenografts in nude mice. The mechanism may be related to the enhanced promotion of apoptosis of tumor.
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Practical Application: This study has provided an experimental basis for the clinical application of curcumol to cancer therapy.
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2.2 Culture of HepG2 cells

HepG2 cells (Cell Bank of the Chinese Academy of Sciences, 
Shanghai, China) were cultured with RPMI 1640 medium 
containing 10% calf serum, 100 U/ml penicillin and 100 U/ml 
streptomycin at 37 oC and with 5% CO2. The cells were digested 
and passaged using 0.25% trypsin, and the medium was changed 
once every three days.

2.3 Establishment of HepG2 xenograft model in nude mice

The HepG2 cells in logarithmic growth phase were taken, 
and the concentration of cells was adjusted to 5 ×106 cells/ml. 
A 0.5 mL of cell fluid was taken, and injected subcutaneously 
into the right lower limb of nude mice (BALB/c; male; 4-6 weeks 
old; 18-22 g). About one week later, the appearance of xenograft 
tumor with diameter more than 4 mm presented the successful 
establishment of HepG2 xenograft model.

2.4 Treatment methods

As show in Figure 1, forty successfully modeled nude mice 
were divided into the model group, cisplatin group, curcumol 
group and cisplatin+curcumol group, 10 nude mice in each 
group. The nude mice in model group were intraperitoneally 
injected with 0.2 mL of normal saline. The cisplatin group was 
intraperitoneally injected with 2 mg/kg cisplatin. The curcumol 
group was intraperitoneally injected with 100 mg/kg curcumol. 
The cisplatin+curcumol group was intraperitoneally injected 
with 2 mg/kg cisplatin combined with 100 mg/kg curcumol. 
The injection was performed once every two days, for total seven 
times. During the treatment, the survival state of nude mice and 
the xenograft tumor growth were observed.

2.5 Measurement of tumor inhibition rate and organ indexes

On the next day after the last administration, the nude mice 
in each group were weighed, and then were sacrificed by taking 
the eyeball blood. The xenograft tumor, thymus and spleen were 
taken, and were weighed respectively. The tumor inhibition rate, 
thymus index and spleen index were calculated as follows: tumor 
inhibition rate (%) = (1 - tumor weight in treatment group / 
tumor weight in model group) × 100%; thymus index (mg/g) 
= thymus weight / body weight; spleen index (mg/g) = spleen 
weight / body weight.

2.6 Detection of HepG2 cell apoptosis

Partial xenograft tumor tissues were taken, and ground 
slightly. A small amount of PBS was added to the tissues, followed 
by slightly shaking. The mixture was filtered using the 200-mesh 
sieve. After centrifuging at 2000 rpm for 10 min, the supernatant 
was discarded. The precipitated cells were re-suspended in 300 μl 
of binding buffer. A 5 μL of Annexin VFITC was added to the 
cells. After mixing well, the mixture was incubated at room 
temperature (keeping away from light) for 15 min. Then, 5 μL 
of propidium iodide staining solution and 200 μL of binding 
buffer were added. After mixing well, the mixture was incubated 
at room temperature for 5 min. Finally, the mixture was loaded 
on the flow cytometer to detect the apoptosis of HepG2 cells. 
The apoptosis rate was calculated.

2.7 Determination of apoptosis-related protein expressions

The expressions of apoptosis-related proteins including B-cell 
lymphoma-2 (Bcl-2), B-cell lymphoma-2 associated X (Bax) and 
Caspase-3 in xenograft tumor were determined by western blot 
analysis. Partial xenograft tumor tissues were taken. The total 
protein samples were prepared using RIPA buffer according 
to the manufacturer’s instructions. The protein concentration 
was quantified using the BCA method. A 40 μg of total protein 
samples were taken for SDS-PAGE. The separated proteins were 
transferred to the PVDF membranes, followed by blocking 
with 5% skimmed milk powder at room temperature for 2 h. 
After washing with TBST for 3 times, each time for 5 min, the 
membranes were incubated with the primary antibody against 
Bcl-2, Bax and Caspase-3 overnight at 4 oC, respectively. After 
washing with TBST for 3 times, each time for 5 min, the membranes 
were incubated with the horseradish peroxidase-conjugated 
secondary antibody for 2 h at room temperature. After washing 
with TBST for 3 times, each time for 10 min, the gray value of 
protein bands was analyzed by fluorescence scanning imaging 
system. β-actin was used as the internal parameter. The ratio 
of gray value of target protein band to that of β-actin band was 
used as the relative expression level of the target protein.

2.8 Statistical analysis

Results were expressed as mean ± SEM. For comparisons 
among the different groups, one-way analysis of variance 
(ANOVA) was used, followed by the Tukey post hoc test. Values 
of P < 0.05 were considered statistically significant.

Figure 1. Flow chart of the randomization and treatment of animals 
(n, number).RETR
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3 Results

3.1 Nude mice survival state and xenograft tumor growth

At the initial stage of treatment, the food intake, water 
drinking, behavior and mental state of the nude mice had no 
obvious difference among four groups. With the extension of 
treatment time, the nude mice in model group gradually showed 
the slow response, reduced food intake and water drinking, 
emaciation and rough hair; the xenograft tumor grew rapidly. 
Compared with the model group, the symptoms of nude mice 
in cisplatin, curcumol and cisplatin+curcumol groups were 
significantly mitigated, and the growth of xenograft tumor 
was slowed. The improvement of nude mice survival state and 
xenograft tumor growth in cisplatin+curcumol group was the 
most obvious.

3.2 Comparison of tumor weight and tumor inhibition rate 
among four groups

At the end of treatment, compared with model group, the 
tumor weight in cisplatin, curcumol and cisplatin+curcumol 
groups was significantly decreased, respectively (P < 0.05). 
In addition, there was significant difference of tumor weight 
among cisplatin, curcumol and cisplatin+curcumol groups 
(P < 0.05). The tumor inhibition rate in cisplatin, curcumol and 
cisplatin+curcumol groups was 35.34%, 25.05% and 46.29%, 
respectively. The tumor inhibition rate in cisplatin+curcumol 
group was the highest (Table 1).

3.3 Comparison of thymus index and spleen index among 
four groups.

Table 2 showed that, after treatment, the thymus index and 
spleen index of nude mice in cisplatin group and cisplatin+curcumol 
group were significantly lower than those in model group, 
respectively (P < 0.05). There was no significant difference of each 
index between model group and curcumol group and between 
cisplatin group and cisplatin+curcumol group, respectively.

3.4 Comparison of HepG2 cell apoptosis rate among four 
groups

At the end of treatment, the apoptosis rate of HepG2 cells in 
model, cisplatin, curcumol and cisplatin+curcumol groups was 
(3.16 ± 0.45)%, (32.84 ± 3.29)%, (13.14 ± 2.56)% and (42.04 ± 
4.11)%, respectively. The apoptosis rate in cisplatin, curcumol 
and cisplatin+curcumol groups was significantly higher than 
that in model group, respectively (P < 0.05). The apoptosis rate 
in curcumol group was significantly lower than that in cisplatin 
group (P < 0.05), but the apoptosis index in cisplatin+curcumol 
group was significantly higher than that in cisplatin group (P 
< 0.05) (Figure 2).

Figure 2. Comparison of HepG2 cell apoptosis rate among four groups 
(n = 10). aP < 0.05 compared with model group; bP < 0.05 compared 
with cisplatin group; cP < 0.05 compared with curcumol group.

Table 1. Comparison of tumor weight and tumor inhibition rate among four groups.

Group Number Tumor weight (g) Tumor inhibition rate (%)
Model 10 1.77 ± 0.17 -

Cisplatin 10 1.15 ± 0.23a 35.34
Curcumol 10 1.33 ± 0.12ab 25.05

Cisplatin+curcumol 10 0.94 ± 0.14abc 46.29
aP < 0.05 compared with model group; bP < 0.05 compared with cisplatin group; cP < 0.05 compared with curcumol group.

Table 2. Comparison of thymus index and spleen index among four groups.

Group Number Thymus index (mg/g) Spleen index (mg/g)
Model 10 2.16 ± 0.50 7.56 ± 1.46

Cisplatin 10 1.77 ± 0.26a 3.11 ± 0.45a

Curcumol 10 2.14 ± 0.35b 7.03 ± 1.12b

Cisplatin+curcumol 10 1.72 ± 0.19ac 3.04 ± 0.67ac

aP < 0.05 compared with model group; bP < 0.05 compared with cisplatin group; cP < 0.05 compared with curcumol group.RETR
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3.5 Comparison of Caspase-3 protein expression in 
xenograft tumor among four groups

As shown in Figure  3, the relative expression levels of 
Caspase-3 protein in xenograft tumor in model, cisplatin, curcumol 
and cisplatin+curcumol groups were 0.05 ± 0.01, 0.16 ± 0.02, 
0.15 ± 0.02 and 0.21 ± 0.01, respectively. The Caspase-3 protein 
level in cisplatin, curcumol and cisplatin+curcumol groups was 
significantly higher than that in model group, respectively (P < 
0.05), and that in cisplatin+curcumol group was significantly 
higher than that in cisplatin and curcumol groups, respectively 
(P < 0.05).

3.6 Comparison of Bcl-2 and Bax protein expressions in 
xenograft tumor among four groups

Table  3 showed that, the relative expression level of 
Bcl-2 protein in cisplatin, curcumol and cisplatin+curcumol 
groups was significantly lower than that in model group, 
respectively (P < 0.05), and the relative expression level of Bax 
protein in cisplatin, curcumol and cisplatin+curcumol groups 
was significantly higher than that in model group, respectively 
(P < 0.05). Compared with cisplatin and curcumol groups, in 

cisplatin+curcumol group the Bcl-2 protein level was significantly 
decreased, respectively (P < 0.05), and the Bax protein level was 
significantly increased, respectively (P < 0.05)

4 Discussion
HCC is a kind of cancer with strong ability of metastasis and 

invasion of other organs and tissues. Because the onset of HCC 
is relatively hidden, most patients have missed the opportunity 
of surgery when they are diagnosed. The 5-year recurrence 
rate of HCC is very high (Kaido et al., 2005). Therefore, it is an 
urgent medical problem to delay the development of HCC and 
prolong the survival period of patients.

Curcumol is a monomeric compound isolated from zedoary 
turmeric oil. The in vitro and animal experiments have shown 
that curcumol can inhibit the proliferation and growth of 
lung cancer, gastric cancer, colorectal cancer, breast cancer, 
nasopharyngeal cancer, and other tumor cells. The action 
mechanism involves the direct killing of tumor cells, inhibition 
of nucleic acid metabolism, inhibition of tumor angiogenesis, 
induction of cell apoptosis, promotion of cell differentiation 
and many other aspects (Cai et al., 2017; Huang et al., 2017; 
Zang et al., 2017; Li et al., 2018). In this study, curcumol was 
isolated from from zedoary turmeric oil, and the inhibitory 
effect of curcumol on growth of human HCC HepG2 xenografts 
in nude mice was investigated. Results showed that, after two 
weeks of treatment, the tumor weight and tumor inhibition rate 
in cisplatin+curcumol group was obviously lower than that in 
cisplatin group, respectively. This indicates that, curcumol can 
obviously increase the inhibitory effect of cisplatin on growth 
of HCC HepG2 xenografts in nude mice. In addition, there 
was no significant difference of thymus index or spleen index 
between cisplatin group and cisplatin+curcumol group. This 
suggests that, the use of curcumol cannot increase the toxic 
and side effects of drugs on the thymus and spleen of animals.

Apoptosis plays an important role in tumor inhibition. Caspase 
and Bcl-2 gene families play an important role in the process of 
apoptosis (Monney et al., 1998). Caspase-3 is the key protease 
to activate the apoptotic protease activating factor-1 (Apaf-1). 
It is involved in the initiation of apoptosis and the regulation 
of the whole process of apoptosis (Zou et al., 1997). Bcl-2 can 
inhibit the rupture of mitochondrion, and directly combine with 
Apaf-1 to inhibit the activation of Caspase-3 (Marsden et al., 
2002). In addition, Bcl-2 can inhibit the cytotoxicity of Bax, 
regulate the intracellular calcium concentration, thus inhibiting 
the apoptosis (Wang et al., 2014). Bax is a member of Bcl-2 gene 
family. It can induce the change of mitochondrial permeability, 

Table 3. Comparison of Bcl-2 and Bax protein expressions in xenograft tumor among four groups.

Group Number Bcl-2/β-actin Bax/β-actin
Model 10 0.63 ± 0.08 0.28 ± 0.42

Cisplatin 10 0.33 ± 0.04a 0.83 ± 0.23a

Curcumol 10 0.45 ± 0.02ab 0.56 ± 0.12ab

Cisplatin+curcumol 10 0.21 ± 0.03abc 1.12 ± 0.17abc

aP < 0.05 compared with model group; bP < 0.05 compared with cisplatin group; cP < 0.05 compared with curcumol group. Bcl-2, B-cell lymphoma-2; Bax, B-cell lymphoma-2 associated X.

Figure 3. Comparison of Caspase-3 protein expression in xenograft 
tumor among four groups (n = 10). aP < 0.05 compared with model 
group; bP < 0.05 compared with cisplatin group; cP < 0.05 compared 
with curcumol group.
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release cytochrome C, activate Caspase-9, and promote the 
apoptosis (Jürgensmeier  et  al., 1998; Sodhi & Sethi, 2004). 
In addition, Bax can polymerize with Bcl-2 to form dimer, thus 
inhibiting the activity of Bcl-2 and promoting the apoptosis 
(Salakou et al., 2007). In our study, after treatment, compared 
with model group, in cisplatin+curcumol group the apoptosis 
rate of HepG2 cells was significantly increased, the expression 
levels of Caspase-3 and Bax proteins in xenograft tumor were 
significantly increased, and the expression level of Bcl-2 protein 
was significantly decreased. This indicates that, the combined use 
of cisplatin and curcumol can further promote the apoptosis of 
tumor by up-regulating the Caspase-3 and Bax expressions and 
down-regulate the Bcl-2 expression in tumor tissues.

5 Conclusion
In summary, curcumol can obviously increase the inhibitory 

effect of cisplatin on growth of HCC HepG2 xenografts in nude 
mice. The mechanism may be related to the enhanced promotion 
of apoptosis of tumor by up-regulating the Caspase-3 and Bax 
expressions and down-regulate the Bcl-2 expression in tumor 
tissues. In addition, the additional use of curcumol cannot 
increase the toxic and side effects on thymus and spleen of 
animals. This study has provided an experimental basis for the 
clinical application of curcumol to cancer therapy. However, the 
other action mechanisms of curcumol on the tumor growth still 
need to be further explored.
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