
Abstract. Background/Aim: Hepatocellular carcinoma
(HCC) is the most common type of liver cancer and the fifth
most common primary malignancy with worldwide
increasing incidence. The current study aimed to investigate
the anticancer activities of novel isosteviol derivatives
towards human HepG2 hepatocellular cancer cells and in an
animal model of hepatocellular carcinoma. Materials and
Methods: Twelve isosteviol derivatives were screened for
their anti-proliferative activities against HepG2 and IC50
was calculated for all designed derivatives. The impact of
the potent isosteviol derivative 10C on HepG2 cells was
further studied by MTT assay, Annexin V/PI staining, flow
cytometry and western blotting. In vivo studies were
performed to assess the anticancer effect of isosteviol
derivative 10C on Diethyl Nitrosamine-induced liver cancer
in female rats by evaluating the physiological processes.
Results: isosteviol derivative 10C induced growth inhibition
with IC50 of 2 μM mainly through induction of apoptosis in
HepG2 cells. Additionally, isosteviol derivative 10C induced
G1 phase arrest, which was further confirmed by increased
expression of cyclin dependent kinase inhibitor 1A
(CDKN1A, p21). It also increased BAX, BID and PARP-1
and while it reduced pro-CASPASE-3 expression and
phosphorylation levels of AKT in HepG2 cells. Furthermore,
western blotting data showed that E-cadherin, β-catenin,
VEGF and COX-2 expressions were suppressed by isosteviol
derivative 10C in HepG2 cells. The in vivo study
demonstrated that dose-dependent treatment of isosteviol
derivative 10C led to significant reduction in tumor size
compared to the untreated group after the fourth injection

with no significant effects on major physiological processes.
Conclusion: Taken together, in vitro and in vivo studies
revealed that isosteviol derivative 10C induced apoptosis in
HepG2 cells, blocked angiogenic signaling and it did not
induce any apparent toxicity towards the treated hosts which
merits further investigation at clinical level.

Hepatocellular carcinoma (HCC) is the third leading cause of
cancer deaths worldwide, with its incidence recorded the
highest in Asia and Africa. Despite significant advances in
surgery and chemotherapy, most patients with hepatocellular
carcinoma die between 6 months to 1 year after diagnosis (1-
4). Even though HCC patients’ short-term prognosis has
improved recently, the long-term prognosis remains
considerably low, as indicated by the overall survival of 22-
35% at 10 years after treatment (5, 6). At present, surgery and
chemotherapy are the main treatments for HCC (7, 8) with
doxorubicin representing the main chemotherapeutic agent
against liver cancer either as single drug or in combination
with other chemotherapeutics like cisplatin. However, the
current drugs’ severe toxicity on healthy hepatocytes make
the outcomes to be considerably low (9, 10). Therefore,
searching for highly efficient anticancer drugs with low
toxicity towards healthy cells remains an active area of
research. Most cancer chemotherapeutic and chemopreventive
drugs act by triggering either apoptosis or transition of the
cell cycle, and accordingly, we can measure the tumor cell
apoptosis induction as a predictive tool for measuring the
efficacy of the chemotherapeutic treatment (11). 

Previous studies have reported that Ent-beyeran
diterpenoid isosteviol possesses anti-proliferation activities,
(12) and prevents growth of cancer cells (13, 14). Here we
investigated the effects of a series of novel derivatives of
isosteviol on proliferation and apoptosis of liver cancer cells
(HepG2) as well as N-nitrosodiethylamine-induced liver
cancer rats. Apoptosis is a programmed cell death and it
plays a great role in balancing cellular replication and death.
An increasing amount of evidence suggests that alterations
of the normal apoptotic pathways results in neoplastic
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transformation, progression and metastasis (15, 16).
Signaling pathways of apoptosis can proceed through two
pathways, via death receptors expressed on the plasma
membranes of cells and via mitochondria, which contain
several proteins that regulate apoptosis (17-20). Through the
normal eukaryotic cell cycle, cyclin-dependent kinases
(CDKs) regulate the successful completion of one cell cycle
event before succession to the next cell cycle event. These
regulatory pathways are commonly called cell-cycle
checkpoints (21). Progression of mammalian cell cycle is
regulated by CDKs and regulatory subunits cyclins. Cyclin
dependent kinase inhibitor 1A (CDKN1A, p21) is a well-
known inhibitor of cell cycle and can arrest the cell cycle
progression in G1/S and G2/M transitions by inhibiting
CDK4, 6/Cyclin D and CDK2/Cyclin E, respectively. It is
believed that the regulation of cell growth by p21 is
mediated by control of E2F activity (22, 23). The
progression of the cell cycle is triggered by partial
phosphorylation of Rb by CDK-Cyclin, and CDKN1A
disrupts these interactions and inhibit cell cycle progression
(24). CASPASE-3 is considered an important effector
protease that is cleaved and activated during apoptosis (25).
CASPASE-3 cleaves a variety of cellular substrates, most
notably Poly(ADP-ribose) polymerase (PARP) which acts to
help repair single-strand DNA nicks and cleaved PARP is a
useful marker of apoptosiss (26). High level of PARP can
activate the release of apoptosis-inducing factor (AIF). AIF
is transferred from the cytoplasm to the nucleus and can
promote DNA fragmentation and chromatin aggregation in
the nucleus, resulting in apoptosis (27-33).

Cyclooxygenase (COX), which plays a major role in
physiological and pathological regulation (34, 35) consists
of two subunits: cyclooxygenase-1 (COX-1) and
cyclooxygenase-2 (COX-2) with the later not expressed in
the physiological condition, but rather its expression is
induced by pathological stimuli, such as cancer and
hormones. It is well documented that COX-2 accelerates
cancer invasion and metastasis through inhibiting cancer cell
apoptosis and promoting tumor angiogenesis (36-40). High
expression of COX-2 is closely correlated with poor
prognosis for various types of cancers (41-43). Moreover, the
enzyme can stimulate proliferation, inhibit apoptosis,
increase invasiveness and induce angiogenesis through
inducing the expression of some angiogenic factors as
vascular endothelial growth factor (VEGF) (44, 45).

Angiogenesis is considered a key process in tumor
invasiveness and metastasis. It has been implicated in poor
prognosis and relapse of the vast majority of malignancies,
including gastrointestinal neoplasms. VEGF is the most
known and efficient angiogenic growth factor. It is known to
accelerate endothelial cellular proliferation and migration,
vascular permeability, and inhibit apoptosis whereas its
inhibition results in suppression of tumour growth (46).

In this study, we investigated the impact of the isosteviol
derivative 10C on liver cancer cells (HepG2) by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay, Annexin V/PI staining, flow cytometry,
western blotting analysis. We also investigated the protective
effect of isosteviol derivative 10 on DEN-induced liver
cancer in female rats.

Materials and Methods 
Cell culture and drug treatment. The human liver cancer cell line
HepG 2 was obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). HepG 2 cells were cultured in
DMEM growth medium (GIBCO, New York, NY, USA)
supplemented with 10% heat-inactivated fetal bovine serum, 1%
penicillin/streptomycin and 2% L-glutamine. Cells were maintained
in monolayer in T75 flasks and incubated at 37˚C in an atmosphere
of 95% air and 5% CO2. Isosteviol derivative was at 2 μM
concentration and dissolved in suitable media.

MTT assay. Cell viability was measured by MTT bromide
mitochondrial activity assay. Briefly, 4-5 x103 cells /well in 100 μl
of medium were seeded in a 96-well plate for 24 h prior to drug
treatment. The medium was then changed to medium with different
concentrations of isosetviol deivatives. After 24 h, 10 μl of 5 mg/
ml MTT reagent was added to each well and cells were incubated
for 4 h. After incubation, 100 μl of detergent reagent was added to
each well to dissolve the formazan crystals. The absorbance was
determined at 570 nm. Cells without analogs were used as controls.
Each assay was performed in triplicate and standard deviation was
determined.

Annexin V/PI staining. Detection of apoptosis was conducted using
the annexin V-FITC/PI apoptosis detection kit according to
manufacturer’s protocol. Briefly, the treated and untreated cells,
were harvested after 24h and washed twice with cold PBS. The cell
pellets were re-suspended in 500 μl of 1x binding buffer at a
concentration of 1×106 cells/ml. 5 μl of annexin V-FITC and 5 μl
of PI were added into the cell suspension, followed by gentle
vortexing. The staining samples were incubated for 10 min at room
temperature in darkness. Samples were analyzed by a FACS caliber
flow cytometer (BD Biosciences, San Jose, CA, USA) using the
software supplied in the instrument.

Flow cytometric analysis. Cells were seeded at a density of 3-5 x 105
per 10 cm plate and incubated for 24 h before treatment. Media were
changed to media containing 2 μM Isosteviol derivative 2; 
24 h after treatment, cells were harvested by trypsinization. The cells
were washed with PBS and fixed with ice cold 70% ethanol while
vortexing. Finally, the cells were washed and re-suspended in PBS
containing 5 μg/mL RNase A (Sigma, St. Louis, MO, USA) and 50
μg/ml propidium iodide (Sigma) for analysis. Cell-cycle analysis
was performed using FACScan Flow Cytometer (Becton Dickson)
according to the manufacturer’s protocol. Windows multiple
document interfaces (WinMD) software was used to calculate the
cell-cycle phase distribution from the resultant DNA histogram, and
data were expressed as a percentage of cells in the G0/G1 and G2/M
phases. The apoptotic cells were determined on the DNA histogram
as a subdiploid peak.
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Western blotting. Total cell lysates from HepG2 were extracted
using lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1%
Triton X-100, 0.1% sodium dodecyl sulfate (SDS), 1 mM ethylene
diamine tetra acetic acid (EDTA), 1 mM Na3VO4, 1 mM NaF,
protease inhibitor cocktail). The proteins were separated on 4-12%
Bis-Tris gels and electro-transferred onto a Hybond ECL transfer
Membrane (GE Healthcare Bio-Science, Piscataway, NJ, USA). The
membranes were blocked with 5% nonfat dry milk and
immunoblotted with antibodies for E-cadherin, beta catenin,
CDKN1A (p21), proCASPASE-3, PARP-1, AKT, BAX, pAKT,
COX-2 and VEGF (Cell signaling, Beverly, MA, USA). Horseradish
peroxidase-conjugated secondary anti-mouse or rabbit antibodies
(AbD serotec, Kidlington, UK) were incubated. The protein
expression was visualized by enhanced chemiluminescence (ECL)
systems (Amersham Pharmacia, Piscataway, NJ, USA).

Animal treatment and in vivo chemotherapy. Virgin female Wistar
Albino rats (animal house, Faculty of Medicine, Egypt) were
obtained at 60 days of age, weighing ~120 g. The animals were
housed in plastic cages (five rats/cage) in a controlled environment
with temperature maintained at 25-27˚C and a 12 h light/dark cycle.
They were acclimatized for seven days before the start of the
experiment, with food and water provided ad libitum. Rats were
housed four per cage in conditioned rooms at 20±2˚C, kept under
an automatic 12 hours of light/12 hours of darkness schedule, and
given pellets and tap water ad libitum. All animal studies were
conducted in accordance with the NIH Guide for the Care and the
Use of Laboratory Animal. DEN (Sigma) was dissolved in 0.85%
NaCl solution and acidified (acetic acid) to pH 5.0. The
concentration was then adjusted to 200 mg/kg body weight/rat.
Heparin-treated blood (0.2 ml) was obtained by cardiac puncture
from rats lightly anesthetized with ether. Animals were palpated for
detection of liver tumors after injection and the animals were
examined by palpation for tumor masses thrice weekly post
administration of carcinogen. Tumor sizes were measured with a
caliper and their growth and histological parameters were recorded.

Animal experimental design. At 65 days of age, the female rats were
divided into the following groups. I-Healthy Controls (n=10)
without DEN induction; II-DEN controls (n=20) received weekly
an injection of DEN (200 mg/kg body weight/rat) and thrice per
week intragastric injections of CCl4 (0.5 mg/Kg body weight)
dissolved in sunflower oil and 0.05% PB replaced tab water daily
for 24 weeks; III-DEN and treated with isosteviol 10C (n=20)
received weekly an injection of DEN 200 mg/kg body weight/rat)
and thrice per week intragastric injections of CCl4 (0.5 mg/Kg body
weight) dissolved in sunflower oil and 0.05% PB replaced tab water
daily for 24 weeks and observed for tumor development, at which
isosteviol 10C was injected at different time intervals for 60 days.

Histopathological examination and biochemical analysis of serum.
The organs were prepared as paraffin-embedded tissue glass slides
stained with hematoxylin and eosin and evaluated according to the
National Toxicology Program standards. A complete cross-section
of each liver and kidney, when possible, was evaluated. For liver,
two cross-sections, one of each of the two largest liver lobes were
examined. For kidneys, an entire cross-section (left longitudinal,
right transverse) was evaluated. The entire sections on the slides (all
fields) were evaluated under blinded conditions for lesions and
scored (graded) on a subjective basis compared to control animals.

The grades were as follows: 1=minimal, 2=mild, 3=moderate,
4=marked, and –=no pathological changes. Serum biochemistry
parameters analyzed included blood urea nitrogen (BUN), aspartate
amino transferase (AST), amino alanine transferase (ALT), creatine
kinase (CK) and alkaline phosphatase (AP). Blood was collected
from the posterior vena cava of control rats that were either treated
with water and treated rats administered 90 mg/kg isosteviol
derivative 10C after 60 days of treatment.

Statistical analyses. All the assays described above were repeated
more than once. The quantification assays were performed in
triplicate and data were calculated and are presented as
means±standard deviation. Data was either analyzed by unpaired
Student t-test or one-way ANOVA with Tukey’s post-hoc test,
depending on the nature of the assays. Significance was set at
p<0.05. 

Results
Isosteviol derivative 10C reduces proliferation and induces
apoptosis of HepG2 cells. The effect of the synthesized
compounds on the growth of HepG2 cell line was shown in
Table I, the IC50 was calculated for all tested isosteviol
derivatives. Based on the results in Τable Ι, isosteviol
derivative 10C was the most potent with IC50 of 2 μM in
reduction of HepG2 proliferations, the chemical structure of
the designed isosteviol derivative is shown in (Figure 1A).
Microscopic examination was performed in order to ascertain
induction of apoptosis by 2 μM of isosteviol derivative 10C.
In HepG2 cells, the assay revealed the characteristic features
of apoptosis, such as blebbing, cell shrinkage and nuclear
fragmentation (Figure 1B). Additionally, morphological
changes of cell apoptosis such as condensation of chromatin
and nuclear fragmentation were clearly observed by DAPI
staining after 24h of isosteviol derivative 10C treatment
(Figure 1C). The apoptotic effect of compounds 10C was
confirmed by Annexin-V FITC/PI (AV/PI) dual staining
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Table I. IC50 of the synthesized isosteviol derivatives.

Derivatives                    R (any group)               Inhibitor concentration 
                                                                                       IC50 (μM)

7                                                                                            18
8a                                            Ph                                          30
8b                                           CH3                                        28
8c                                        n-C7H15                                     44
8d                                           i-Pr                                         20
8e                                       CH2OPh                                    19
9a                                            Ph                                          15
9b                               4-(MeC(O))-C6H4                             25
9c                                        n-C3H7                                     40
9d                              4-(MeO)-C6H4CH2                            33
9e                                         CH2Ph                                      40
10C                                     n-C7H15                                      2



assay. In this assay, HepG2 cells were treated with 2 μM 10C
for 24 h. Data in Figure 1D revealed that HepG2 cells treated
with 10C increased the percent of apoptotic cells by 7-fold
compared to the untreated control cells.

Isosteviol derivative arrests HepG2 cells in G1 phase.
Apoptosis is frequently associated with proliferating cells,
implying the existence of molecules in late G1 and S phase
whose activities facilitate execution of the apoptotic process.
Flow cytometry was used to examine the effects of isosteviol
derivative on cell-cycle checkpoints, as well as cell
proliferation and apoptosis. The percentage of cells in G1, S,
G2, and apoptosis were determined after treating HepG2 cells
with 2 μM of isosteviol derivative (Figure 2A). Isosteviol
derivative induced apoptosis by arresting cells in the G1
phase (55%) compared with the untreated group (30%). The

arrest in the G1 phase was consistent with increased
expression of CDKN1A (p21) (6-fold increase) in HepG2
cells treated with 2 μM of Isosteviol derivative compared to
the untreated group (Figure 2B). Cell death was also assessed
with flow cytometry after double staining with annexin V and
PI. The results showed that about 51.7% of the total
population were viable cells, 48.3% represents cells in early
apoptosis, late apoptosis and dead cells. Consistent with the
progression of apoptosis, late apoptotic cells become
dominant at 24 h (Figure 2C). These findings confirmed that
isosteviol derivative 10C induced apoptosis of HepG2 cells.

Isosteviol derivative 10C alters apoptotic proteins and
reduced pro-CASPASE-3 activity in HepG2 cells. We
investigated the effect of Isosteviol derivatives 10C on
proapoptotic proteins BAX and BID. Our data revealed that
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Figure 1. Impact of isosteviol derivative on apoptosis. Structure of isosteviol derivative (A). HepG2 cells were treated with 2 μM of derivative and
morphological appearance of apoptosis was examined (B). Nuclear alterations were observed by DAPI staining and fluorescence microscopy (×100)
(C). Percentage of apoptosis in HepG2 cells was determined after treating HepG2 with 2 μM isosteviol derivative for 24 h . (D). Each data point
is the mean±SD of three independent experiments.



10C increased expression level of BAX and Bis by 4- and
2-fold, respectively. To examine the possible involvement
of the PI3K/AKT pathway in 10C isosteviol-induced
apoptosis, we assessed phosphorylated AKT levels during
Diterpene-induced apoptosis in HepG2 cells (Figure 3A).
Western blotting analysis showed that AKT was
constitutively active in the HepG2 cells and that
phosphorylated AKT levels were significantly decreased in
response to 10C treatment. However, there were no effects
on steady-state levels of total AKT protein in the HepG2
cells treated with isosteviol derivatives 10C. Hallmarks of
the apoptotic process include the activation of cysteine

proteases, which represent both initiators and executors of
cell death. Isosteviol derivative 10C. CASPASE-3 is a
known effector caspase that is activated by caspase-9
thereby functioning in apoptosis by cleaving DNA
fragmentation factor 45 (DFF45). Furthermore, pro-
CASPASE-3 enzyme activity was significantly reduced by
4-fold at 24 h in HepG2 cells treated with isosteviol
derivative 10C compared to the untreated control. These
data were further confirmed by increased PARP1 cleavage
up on treatment of HepG2 cells with isosteviol derivatives
10C by approximately three fold respectively compared to
untreated group (Figure 3B).
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Figure 2. Impact of isosteviol derivative 10C on cell cycle in HepG2 cells. The percentage of cells in each cell cycle phase was determined in
HepG2 cells after treatment with 2 μM isosteviol derivative 10C for 24 h (A). Each data point is the mean±SD of three independent experiments.
p21 protein expression level was determined after treating HepG2 with 2 μM of isosteviol for 24 h (B). HepG2 cells were treated with isosteviol
derivative 2 μM for 24 h, lower right quadrant, early apoptosis cells, that is, Annexin V-FITC-positive/ PI-negative cells; upper right quadrant,
necrosis or late-apoptotic cells, that is, Annexin V-FITC-positive/PI-positive cells (C).



Isosteviol derivative attenuates the expression of E-
cadherin and beta catenin in HepG2 cells. There are
evidences for the role of E-cadherin in apoptosis in cancer
cells. In this regards, we examined the role of E-cadherin in
isosteviol-induced apoptosis in HepG2 cells. As shown in
Figure 4A, isosteviol derivative attenuated the expression of
E-cadherin and β-catenin by western blotting analysis. We
also confirmed that red color expression for E-cadherin
around cell membrane or β-catenin was effectively
attenuated in isosteviol derivative treated-HepG2 cells
compared to untreated control by immunofluorescence assay
(Figure 4A). Additionally, expression of COX-2 and VEGF
proteins was reduced upon treatment of HepG2 cells with
10C for 24 hours compared to control cells (Figure 4B). 

In vivo study. To assess the preventive effect of isosteviol
derivative on development and progression of liver cancer,
isosteviol derivative was examined for toxic effects.
Investigation of the acute toxicity by LD50 determination, is
considered the first step in the toxicological investigation of
an unknown substance. LD50 was determined by arithmetic
method of Karbar. After fourteen days of oral dose treatment

with isosteviol derivative, there were no deaths recorded in
100 mg/kg doses. During the observation period, animals did
not exhibit any variations in general appearance and motor
activity, and there was no death in rats tested during the
period of observation. Oral administration of isosteviol
derivative higher than 100 mg/kg doses caused death in the
tested groups during the first 24 h of observation (data not
shown). The median lethal dose LD50 of 50 was calculated
using the following equation: LD50=Least lethal dose -Σ
(a.b)/N, where N is the number of animals in each group, a
is the dose difference and b the mean mortality. The
histopathological evaluation of liver and kidney showed no
fatty liver changes at sublethal dose and moderate changes
at lethal dose of isosetviol derivative 10C and there are mild
liver atrophy at sublethal dose. Histopathological
observations of kidney showed no changes between control
and treated groups for both doses (data not shown).

Impact of isosteviol derivative on liver function markers. The
activities of serum AST, ALT, ALP and GGT were found to
be significantly higher in DEN-treated rats when compared
to control animals. Elevated activities of serum AST, ALT,
ALP and GGT observed in DEN-treated rats may be due to
DEN-induced hepatic damage and the subsequent leakage of
these enzymes into the circulation. Data in Table II show that
rats with liver cancer and untreated (group II) had a
significant (p<0.01) increase in serum levels of AST, ALT
and ALP compared to normal rats in group I (Table II).
Isosteviol derivative administration to group IV caused
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Figure 3. Isosteviol derivative 10C induced apoptosis via AKT signaling
and activation of caspases 9 and 3. HepG2 cells treated with isosteviol
derivative 10C for 24 h and cells were harvested to investigate expression
of BAX, BID, AKT and pAKT by Western blotting analysis (A). 10C
reduced pro-CASPASE-3 activity and induced Parp-1 cleavage. Proteins
were extracted 24 h from HepG2 cells and were immunoblotted for Pro-
CASPASE-3 using appropriate antibodies, cleaved (80KD) PARP-1
fragment were immunoblotted at 24 h. β-actin is used as control (B).

Figure 4. Isosteviol derivative 10C attenuated the expression of
metastatic proteins. HepG2 cells treated with isosteviol derivative 10C
24 h and cells were harvested to investigate expression of E-cadherin,
beta-catenin (A), COX-2 and VEGF (B). β-actin is used as control.



significant reduction (p<0.05) in serum level of AST, ALT
and ALP as compared to the positive control group (group
II). Results in Table II showed that rats with hepatocellular
carcinoma (group II) had significant decrease (p<0.001) in
serum level of total protein and albumin compared to normal
rats (group I). Isosteviol derivative administration caused
significant (p<0.05) increase in serum level of total protein
and albumin in group III as compared to the untreated group
(group II) (Table III). DEN administration significantly
(p<0.001) increased total bilirubin in group II, compared to
their control counterparts. Isosteviol derivative significantly
reduced total bilirubin, (p<0.05) when compared to the
DEN-treated group (Table III). Significant increase
(p<0.001) was observed in serum levels of the tumor marker
protein AFP and GGT in group (II) as compared to control
group (group I). Isosteviol derivative supplementation for 4
weeks resulted in significant decrease of AFP and GGT
levels (p<0.05) (Table III).

Isosteviol derivative reduces tumorigenicity in DEN-treated
rats. Isosteviol derivative 10C was evaluated at the
maximum tolerated dose and administration was scheduled
for four injections from day one of maximum tumor size
until the fourth week. Tumor volume (V) was recorded and
determined by the equation (LXW2)/2 in which L is the
length and W is the width of the tumor. Data in Table IV
demonstrates the effectiveness of the Isosteviol derivative
10C injection on liver cancer rat model as the tumor volumes

of the treated group were significantly decreased after
several injections. After the first week injection the tumor
volume is reduced 44.4 % and tumor volume gradually
decreased to 83% after fourth week injection.

Discussion

HCC is a cancer originating in liver cells and considered as
one of the most common types of tumour (47). Globally,
HCC is the fifth most common cause of cancer in men and
the eighth common cause of cancer in women and it
accounts for 5.4% of all cancers approximately (47,48).
Unfortunately, conventional systemic therapies as cytotoxic
agents or hormonal compounds have not shown any
promising survival results in advanced HCC (49). Therefore,
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Table II. Effect of Isosteviol derivative 10C on serum activities of liver marker enzymes in experimental groups of rats. Data are presented as
mean±S.E.M (N=10).

Group                                            Treatment                                               ALT(U/L)                  AST(U/L)                 ALP(U/L)                  GGT(U/L)

I                                                       Control                                                  25±0.316                    35±0.324                  150±0.435                  25±0.999
II                    DEN (200 mg/kg+ PB 0.05%+ CCl4 (0.5 ml/kg)              90±0.416**               110±0.446**             420±0.394**            200±0.630***
III                 Isosteviol derivative (2 μM/kg)+ DEN+ PB+CCl4              40±0.398*                  40±0.448*                220±0.392*               100±0.472*

ALT, Alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidas; DEN, N-
nitrosodiethylamine; Group II, represent cancer control group. *p<0.05 compared to group II (DEN-treated), **p<0.01 compared to group I (control),
***p<0.001 as compared to group I (control).

Table III. Effect of Isosteviol derivative 10C on serum levels of total protein, albumin, total bilirubin and (AFP) in experimental groups of rats.
Data are presented as mean±S.E.M (n=10).

Group                                            Treatment                                        Total protein (g/dl)     Albumin (g/dl)     Total Bilirubin (mg/dl)      AFP (ng/ml)

I                                                       Control                                                   8±0.322                    4±0.222                      1±0.251                      5±0.504
II                    DEN (200 mg/kg0+ PB 0.05%+ CCl4 (0.5ml/kg)             6±0.313***             2±0.195***                3±0.222***              110±0.612***
III             Isosteviol derivative 10C (2 μM/kg)+ DEN+ PB+CCl4           7±0.390*                  4±0.190*                   1.1±0.242*                  6±0.549*

*p<0.05 compared to group II (DEN-treated), **p<0.01 as compared to group I (control), ***p<0.001 as compared to group I (control).

Table IV. Comparison of tumor volumes for untreated and isosteviol
derivative 10C treated groups.

Tumor volume (cm3)               Untreated             Treated          p-Value

1st week      Mean±SD              4.5±0.9              2.5±0.2          0.012*
2nd week     Mean±SD             5.5±1.07             1.8±0.4          0.016*
3rd week     Mean±SD              7.4±1.3             1.6±0.03         0.013*
4th week      Mean±SD              7.9±1.3             1.3±0.04         0.010*

* Statistically significant at p≤0.05.



finding a new medical compounds and antitumor agents and
studying their therapeutic values has become an important
matter of great significance. In the present study, we
examined the effect of twelve isosteviol derivatives on
proliferation of HepG2 cell lines. Our data showed that
treatment with 2 μM isosteviol derivative 10C for 24 h
suppressed viability of cultured HepG2 cells.

Apoptosis is an important mechanism to kill tumor cells
(50). The increase in mitochondrial calcium induce apoptosis
that results in loss of membrane potential expansion of the
matrix and rupture of the outer mitochondrial membrane
(51). Isosteviol derivative induced apoptosis of HepG2 cells
as shown by the Annexin V/PI assay.cyclin dependent kinase
inhibitor 1A (p21), a CDK inhibitor, is a p53-inducible
protein that blocks the cell-cycle progression in the G1/S
phase (52). Thus, the isosteviol derivative 10C induced up-
regulation of p21 might have resulted in activation of
downstream effectors of p53-dependent G1/S arrest. As a
result, repression of cell proliferative genes resulted from the
complex between the hypo-phosphorylated form of
retinoblastoma protein (pRb) with E2F transcription factor
(53). Based on our data, the arrest in G1 phase was
confirmed by increased expression of cyclin-dependent
kinase inhibitor 1A (p21) (by four-fold). Two isoforms of
COXs have been identified, COX-1 and COX-2, both
catalyzing the same enzymatic reaction. Both are regulated
and function differently, despite their structural similarity
(54). Inflammatory and mitogenic stimuli induce the
expression of COX-2 resulting in increased prostaglandin
synthesis (PG) in inflamed and neoplastic tissues. COX is
the key enzyme in the conversion process of arachidonic acid
to prostaglandins, which in turn plays a central role in
inflammation. COX-2 upregulation has been detected in
HCC (55-57) and it have carcinogenic effects (58, 59)
achieved either by producing mediators that regulate cellular
growth or directly. It can also induced induce angiogenesis
via VEGF and PG production (55- 61) and inhibit apoptosis
by inducing the antiapoptotic factor Bcl-2 as well as
activating antiapoptotic signaling through AKT/PKB. In the
present study, the expression of COX-2 and VEGF were
reduced up on treatment of HepG2 cells by isosteviol
analogue10C for 24 h compared to control.

Therefore, our data imply that reduced COX-2 expression
can contribute to HCC development and progression
inhibition either through induction of apoptosis or inhibition
of angiogenesis. Furthermore, COX-2 may be a therapeutic
target for HCC because of the high expression rate of COX-
2 in HCC lesions.

We further investigate the effect of isosteviol derivative
10C on caspase 3 and PARP1 expression levels as a possible
mechanism of HepG-2 induced apoptosis. PARP is a zinc-
finger DNA-binding protein which catalyzes the synthesis of
poly (ADP-ribose) from its substrate-NAD+. It is implicated

in the maintenance of genomic stability and DNA damage-
triggered signaling cascade. It can be selectively cleaved by
caspase during apoptosis and become incapable of
responding to DNA damage. Generally, it was believed that
PARP cleavage was catalyzed by CASPASE-3 (62, 63), but
PARP cleavage by caspase-7 has also been reported (64).
The PARP cleavage has been regarded as an evidence of
caspase activation and has been widely used as a hallmark
of cell apoptosis as it is one of the potential target molecules
of effector caspases. Our data showed that upon 24 hrs
treatment with isosteviol 10C in HepG2 cells, the activation
of CASPASE-3 enzyme increased and the level of the
inactive cleaved 86 KD fragment of PARP-1 increased.
These results indicated that isosteviol derivative 10C induce
caspase 3 dependent apoptosis as a possible apoptotic
mechanism in HepG2.

β-Catenin is a structure protein in the cadherin mediated
cell-cell adhesive system as a regulator (65), and plays an
important role in the generation/differentiation of tissues as
well as in the repair of normal tissues. It is also known to act
as a mediator in the Wingless/Wnt signal transduction pathway
(66). In HCC, accumulation of β-catenin was present in the
early stage of HCC (67). Our data clearly showed that
Isosteviol derivative 10C treatment attenuated the expression
of β-catenin and E-cadherin in the nucleus and led to strong
staining in the cell membrane and cellular junctions compared
to untreated groups. The previous studies investigated the
correlation between β-catenin expression and the differentiation
grades of HCC, and prognostic roles of β-catenin expression
in HCC (68-70). After evaluating the effects of our derivative
on proliferation, apoptosis, and cell-cycle progression and
apoptotic proteins, we chose to study the impact of the
isosteviol derivative 10C on DEN-induced hepatic tumors in
the Wistar albino model because the histological structure of
liver tumors in this animal closely resembles that of human
liver tumors. Induction of hepatocellular carcinomas by DEN
in female rats is one of the most frequently used animal models
for the investigation of liver carcinogenesis and hepatocellular
tumor treatment (71). Liver damage caused by DEN generally
reflects instability of liver cell metabolism, which leads to
distinctive changes in serum enzyme activities. The biomarkers
used in this study provide the measures of carcinogen exposure
in rats as an area of high risk for development of hepatocellular
carcinoma. Serum AST, ALT, ALP and GGT are sensitive
indicators of hepatic injury. Results of this study showed that
DEN-treated rats (group II) presented significant increase in
serum levels of AST, ALT, ALP, as well as GGT with respect
to their control counterparts. The increase in these parameters
in rats can be attributed to injury to the structural integrity of
the liver and the subsequent leakage of these enzymes into the
circulation after cellular damage induced by DEN. In the
present investigation, treatment with isosteviol derivative 10C
significantly lowered the activities of these enzymes to near
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normal values suggesting that it may eliminate the
hepatotoxic effect of the DEN. Biochemical and
histopathological analyses revealed that our Isosteviol
derivative 10C was non-toxic in animals bearing liver cancer.
In conclusion, our studies revealed that isosteviol derivative
induced its cytotoxic effects through increases cyclin
dependent kinase inhibitor 1A (p21) protein levels,
CASPASE-3 levels and PARP 1 protein levels which suggest
apoptosis pathway. Furthermore, it induces inhibition of
angiogenesis through decreased expression of COX2 and
VEGF protein levels as a possible pathway of its cytotoxic
effect. In addition, it does not induce any apparent toxicity in
treated animals and seems to be promising in the management
of liver cancer under the present experimental set up.
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