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Abstract

To explore the underlying mechanisms for the protective effects of garlic oil (GO) against ni-
trosodiethylamine (NDEA)-induced hepatocarcinoma, 60 male Wistar rats were randomized into
4 groups (n=15): control group, NDEA group, and two GO plus NDEA groups. The rats in GO
plus NDEA groups were pretreated with GO (20 or 40 mg/kg) for 7 days. Then, all rats except
those in control group were gavaged with NDEA for 20 weeks, and the rats in GO plus NDEA
groups were continuously administered with GO. The results showed that GO co-treatment
significantly suppressed the NDEA-induced increases of alpha fetal protein (AFP) level in serum,
nuclear atypia in H&E staining, sirius red-positive areas and proliferating cell nuclear antigen
(PCNA) expression. The molecular mechanisms exploration revealed that the protein levels of
phosphatidylinositol 3 kinase (PI3K)-p85, PI3K-p110, total AKT, p-AKT (Ser473) and p-AKT
(Thr308) in the liver of NDEA group rats were higher than those in control group rats. In addition,
NDEA treatment induced IKB degradation and NF-kB p65 phosphorylation, and up-regulated the
protein levels of downstream pro-inflammatory mediators. GO co-treatment significantly re-
versed all the above adverse effects induced by NDEA. These results suggested that the protective
effects of GO against NDEA-induced hepatocarcinoma might be associated with the suppression
of PI3K- AKT-NF-kB pathway.
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Introduction

Hepatocellular carcinoma (HCC) is a complex
disease affecting thousands of people. The number of
new cases of HCC is reported to be > 700,000 per year,
and more than 80% of them are detected in develop-
ing countries [1]. In China, the primary HCC is the
second most common malignancy, which could result
in 360,000 new cases and 350,000 deaths a year [2]. A
worse scenario is that the occurrence of HCC
is tended to be younger in recent decades [3]. Unfor-
tunately, the available treatment for HCC is still dis-
appointing [4, 5]. Therefore, the prevention of HCC is
of great importance.

N-nitrosodiethylamine (NDEA) is one of the
most important environmental carcinogens, usually
existing in cheese, soybean, processed meats, alco-
holic beverages, tobacco products, cosmetics and ag-
ricultural chemicals [6-8]. NDEA can induce carci-
noma in all animal species, as well as in humans [9].
The carcinogenic effect of NDEA is particularly asso-
ciated with the overproduction of reactive oxygen
species (ROS) which could damage biomolecules such
as DNA, lipids, and proteins [10, 11]. NDEA could
cause the formation of large amounts of
8-hydroxy-2-deoxyguanosine (8-OHdG) in rat liver
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even at very low dose level, which could then initate
carcinogenesis [12]. Importantly, hepatocarcinogene-
sis induced by NDEA is an ideal animal model to in-
vestigate liver tumor formation, as it proceeds in
stages similar to that of human liver cancer. Thus,
NDEA-induced hepatocarcinoma animal model has
been used to evaluate the chemoprotective effects of
many natural compounds in a variety of studies.

The medicinal use of garlic dates back to thou-
sands of years, and it is still one of the most popular
herbal remedies in the world [13]. The mostly studied
benefical effect of garlic is the anticarcinogenic activ-
ity, which has been demonstrated by a variety of ep-
idemiological and experimental studies. However, the
underlying mechanisms for the anticancer effects of
garlic have not fully understood even several action
modes have been proposed [14]. Garlic oil (GO),
produced by steam-distillation, is a commercially
available garlic product which contains several or-
ganosulfur compounds [15]. Three compounds, i.e.
diallyl sulfide (DAS), diallyl disulfide (DADS), and
diallyl trisulfide (DATS), are believed to be the major
bioactive components of GO [13]. It has been reported
that GO only accounts for about 0.1% of garlic cloves
but contains the major biological components of gar-
lic, and thus has gained great interest in recent stud-
ies. In our previous study, we have demonstrated that
GO could effectively inhibit NDEA-induced hepato-
carcinogenesis in male Wistar rats [16]. However, the
detailed mechanism remains to be elucidated.

The phosphatidylinositol 3 kinase (PI3K)-AKT
pathway is known to play important roles in numer-
ous cellular functions such as cell growth, prolifera-
tion, differentiation, motility, survival and intracellu-
lar trafficking [17]. PI3K-AKT pathway has been re-
ported to play critical roles in the development of a
variety of tumors [18, 19], and also in the tumor’s po-
tential response to treatments [20]. At present, it re-
mains unclear whether PI3K-AKT pathway plays an
important role in NDEA-induced HCC. The
PIBK-AKT signal pathway regulates a cascade of
changes through broad target proteins including
NF-xB, which has been demonstrated to be a central
link between hepatic injury, fibrosis and hepatocellu-
lar carcinoma [21-23]. It has been suggested that in-
creased reactive oxygen species (ROS) might contrib-
ute to tumorigenesis by activating NF-xB signal
pathway [24]. However, it was still unclear whether
the protective effects of GO against NDEA-induced
hepatocarcinogenesis was associated with the sup-
pression of NF-kB pathway, although our previous
study has detected ROS overexpression in
NDEA-induced hepatocarcinogenesis [25].

The current study was designed to evaluate the
hepatoprotective effects of GO against

NDEA-induced HCC and to explore the underlying
mechanisms. Male Wistar rats were pretreated with
different doses of GO and then exposed to a low doses
of NDEA for 20 weeks as we previously reported. We
focused on PI3K-AKT-NF-xB pathway and the
changes of the following pro-inflammatory factors.
GO was found to almost completely suppress
NDEA-activated PI3BK-AKT-NF-xB pathway, which
added a novel mechanism for the anticancer effects of
GO.

Materials and Methods

Materials

GO was purchased from Xuchang Yuanhua Bi-
otechnology, Inc. (Xuchang, China). The contents of
DADS, DATS and DAS in GO were 31.3%, 29.3%,
8.15%, respectively. NDEA and the antibody against
B-actin were obtained from Sigma-Aldrich Co. (St.
Louis, MO, USA). Primary antibodies against
PI3K-p85, PI3K-p110, total AKT, p-AKT (Ser473),
p-AKT (Thr308), IxBa, p-IxBa (Ser32), NF-xB p65,
p-NF-xB (Ser536) and proliferating cell nuclear anti-
gen (PCNA) were obtained from Cell Signaling
Technology (Beverly, MA, USA). The antibodies
against cyclooxygenase 2 (COX-2), inducible nitric
oxide synthase (iNOS) and vascular endothelial
growth factor (VEGF) were supplied by Abcam
(Cambridge, UK). Antibody against p-AKT (Tyr450),
western blot detecting reagent (enhanced chemilu-
minescence, ECL) and polyvinylidenefluoride mem-
brane were provided by Millipore (Bedford, MA,
USA). BCA™ protein assay kits were purchased from
Pierce Biotechnology (Rockford, IL, USA). Rat alpha
fetal protein (AFP) ELISA kit was purchased from
BlueGene Biotech (Shanghai, China).

Animals and treatments

Specific pathogen-free male Wistar rats (120-140
g) were purchased from Laboratory Animal Center of
Shandong University. Rats were housed individually
at 22+2°C with 50+10% relative humidity and a 12-h
light: 12-h dark cycle. They had free access to stand-
ard chow and tap water. After 1 week of acclimation,
the rats were randomized into 4 groups (n=15), i.e.
control group, NDEA group, and two GO plus NDEA
groups. The rats in GO plus NDEA groups were ga-
vaged with different doses of GO (20 or 40 mg/kg,
dissolved in corn oil) for 7 days, while animals in
other groups were treated with equal volume of corn
oil. After that, all rats except those in control group
orally treated with NDEA (10 mg/kg, 5 time/week)
for 20 weeks, and the rats in GO plus NDEA groups
were continuously administered with GO (4 hours
ahead of NDEA treatment) until the end of the ex-
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periment. All animals were sacrificed following over-
night fast at the scheduled time. The liver tissue was
dissected quickly and divided into two parts. A small
portion of the tissue was fixed in 4% paraformalde-
hyde solution, and the remaining tissue was frozen in
liquid nitrogen and then stored at -80°C until analysis.
All procedures were approved by the Ethical Com-
mittee of School of Public Health, Shandong Univer-
sity, China.

Serum AFP detection by ELISA kit

The blood samples were centrifuged at 1500 g for
20 minutes at 4 °C to obtain serum. The serum AFP
level was assayed by using a rat AFP ELISA kit. The
procedure was completed strictly according to the
manufacturer’s instructions.

Histological examination

Paraformaldehyde-fixed liver samples were
paraffin-embedded, cut into 4 pm sections and
stained in hematoxylin and eosin (H&E) solutions to
examine morphological changes as previously re-
ported [16]. Sirius red staining techniques were used
to assess the fibrosis of the liver using Picro Sirius Red
Kit (Abcam, UK).

Immunohistochemistry assay

To detect the expression of PCNA in rat livers,
the paraffin sections (4 pm) were subjected to antigen
retrieval and blocking of endogenous peroxidase ac-
tivity, followed by incubation with PCNA monoclonal
antibody (diluted at 1:200) overnight at 4°C. After that,
the sections were incubated with biotinylated an-
ti-mouse IgG for 2 hours at room temperature. The
sections in negative control group were only incu-
bated with biotinylated anti-mouse IgG. Signal detec-
tion was conducted using 3-amino-9-ethylcarbazole
(AEC) chromogen (Sigma, USA). Proliferating cells
were quantified by counting PCNA-positive cells and
total number of cells at five arbitrarily selected fields
from each tumor at 400x magnification. Proliferation
index was determined as the number of
PCNA-positive cells x100 / total number of cells [26].

Western blot analysis

The lysates of liver tissue were prepared in
ice-cold RIPA buffer (50mM Tris-HCl, 150mM NaCl,
1% Triton X-100, 1% sodium deoxycholate, 0.1% so-
dium dodecyl sulfate [SDS], 1mM phenylmethyl-
sulfonyl fluoride [PMSF] and 1% cocktail protein in-
hibitors). Western blot analysis was performed as we
previously reported [25]. In brief, protein samples
were separated by electrophoresis in 10% or 12% de-
natured polyacrylamide gel, transferred to a polyvi-
nylidenefluoride membrane. The membrane was
blocked with 5% nonfat milk solution, and then in-

cubated with the primary antibody against PI3K-p85,
PI3K-p110, total AKT, p-AKT (Ser473), p-AKT
(Thr308), p-AKT (Tyr450), IxBa, p-IxBa (Ser32),
NF-xB p65, p-NF-kB p65 (Ser536), COX-2, iNOS, or
VEGF overnight at 4 °C followed by horseradish pe-
roxidase (HRP)-conjugated anti-rabbit or anti-mouse
IgG for 1 hour at room temperature. The proteins
were visualized using an ECL detection reagent. To
ensure equal loading, the results were normalized by
B-actin.

Statistical analysis

All data were expressed as mean * standard de-
viation and analyzed by SPSS13.0. The comparison
among experimental groups was conducted with
one-way ANOVA, while the multiple comparisons by
LSD method. P<0.05 or P<0.01 was considered statis-
tically significant.

Results

GO suppressed NDEA-induced increase of the
serum AFP levels

Alpha fetal protein (AFP) is a protein produced
by the liver and yolk sac of a developing baby during
pregnancy. The content of AFP declines soon after
birth, and increased AFP level is accepted as a bi-
omarker for HCC [27]. NDEA administration led to
significant increase of the serum AFP level, which was
obviously attenuated by GO co-treatment. Compared
with the control group, the serum AFP level in NDEA
group rats was increased by 65.2% (P<0.01). Com-
pared with the NDEA group rats, the serum AFP lev-
els were decreased by 15.8% and 26.3% in 20mg/kg
GO plus NDEA group and 40mg/kg GO plus NDEA
group, respectively (P<0.01) (Figure 1). The protec-
tive effect of higher dose of GO was superior to that of
lower dose of GO (P<0.05).
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Figure 1. The levels of serum AFP (ng/ml) in rats. The serum was obtained
from the blood samples by centrifugation at 1500 g X20min for the measure-
ment of the AFP levels with an ELISA kits. * compared with control group;
#P<0.01, compared with NDEA group; &, P<0.05.
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Effects of GO and NDEA on the morphological
changes in rat liver

As shown in Figure 2A, NDEA treatment led to
significant loss of the hepatic architecture and the
obvious nuclear atypia such as the increase of nucle-
us/cytoplasm ratio, disappearance of nuclear mem-
brane, the increase of pathological karyomitosis (H&E
staining). The number of pathological karyomitosis
was more than 10/10 HPF (High power field) in
NDEA group. In addition, NDEA treatment resulted
in the hepatocyte plate thickening and the cytoplas-
mic basophilia increase. GO co-treatment obviously
improved hepatocyte plate arrangement and de-
creased the nuclear atypia. The number of pathologi-
cal karyomitosis was about 5/10 HPF and less than
2/10 HPF in 20mg/kg GO plus NDEA group and
40mg/kg GO plus NDEA group, respectively. The
morphological changes of hepatocyte in GO plus
NDEA groups were mainly inflammatory cell infil-
tration and hepatocyte edema.

The sirius red staining was used to assess the fi-
brosis of liver because hepatic fibrosis is
a manifestation of hepatic precancerous lesion. As
shown in Figure 2B, the sirius red-positive areas were
markedly increased in the NDEA-treated rats, which
indicating significant liver fibrosis. Interestingly, the
liver sections of rats in GO plus NDEA groups
showed less sirius red-positive areas.

GO inhibited the increase of PCNA expression
induced by NDEA in rat liver

As shown in Figure 3A, the positive staining of
PCNA occasionally appeared in the rat sections of the
control group, while presented dramatical increase in
NDEA group. However, GO co-treatment signifi-
cantly decreased the number of PCNA positive nuclei
as compared with NDEA group (Figure 3A and 3B).
Furthermore, the intervention effect of 40 mg/kg GO
was better than that of 20 mg/kg GO (P<0.01).

Figure 2. Effect of GO and NDEA on the morphological changes in rat livers. The histological examinations were performed followed with standard protocols. A:
H&E staining (x400). Bar: 50um. ())NDEA group: Black arrow points to nuclear atypia. Blue arrow points to nucleus/cytoplasm ratio increase. Red arrow points to
hepatocyte plate thickening. (2) GO low dose treatment group: Black arrow points to nuclear atypia. (3) GO high dose treatment group: Black arrow points to
nucleolus increase. Blue arrow points to inflammatory cell infiltration. Red arrow points to hepatocytes edema. B: Sirius red staining (X400). The sirius red-positive

areas indicated significant liver fibrosis.
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Figure 3. Effect of GO and NDEA on the PCNA expression in rat livers. A: Imnmunohistochemical examination of the PCNA levels (X400); B: Quantification of
immunohistochemical sections of PCNA. **P<0.01, compared with control group; #P<0.01, compared with NDEA group; &&, P<0.01.
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Figure 4. Effect of GO and NDEA on PI3K-p85 and PI3K-p110 protein con-
tents. A: A representative immunoblot. B: Data presented the expression of p85
and p110 as percentage of control group (mean * SD) in triplicate. The protein
levels were quantified with B-actin as an internal control. *P<0.05, **P<0.01,
compared with control group; #P<0.05, ##P<0.01, compared with NDEA group;
&&, P<0.01.

GO abolished NDEA-induced activation of
PI3K-AKT pathway

To investigate whether PI3K-AKT pathway was
activated by NDEA exposure and whether GO sup-
pressed the activation of PI3K and AKT, we firstly
detected the protein levels of the catalytic subunit of

PI3K (PI3K-p110) and the regulatory subunit of PI3K
(PI3K-p85) by western blot. As shown in Figure 4, the
protein levels of PI3K-p85 and PI3K-p110 in NDEA
group rat liver were significantly increased (about
1.8-fold and 2.5-fold) compared with the control
group rats (P<0.01), which were significantly inhibit-
ed by GO co-treatment.

To investigate whether AKT was activated by
NDEA, the protein levels of total AKT and phos-
phorylated AKT at three amino acid residues (Thr308,
Ser473 and Tyr450) were detected. As shown in Figure
5, the protein levels of total AKT, p-AKT (Ser473) and
p-AKT (Thr308) in rat liver of NDEA group were sig-
nificantly increased compared to those of control
group, while the protein level of p-AKT (Tyr450) did
not significantly differ among 4 groups. Compared
with those of NDEA group rats, the protein levels of
total AKT, p-AKT (Ser473) and p-AKT (Thr308) in GO
plus NDEA groups were significantly decreased
(P<0.05).

GO suppressed NDEA-induced IKB degrada-
tion and NF-kB p65 phosphorylation

NDEA treatment resulted in the significant de-
crease of IkBa protein level, while the phosphorylated
IxBa (Ser32) was markedly increased (Figure 6). The
protein level of phosphorylated IxBa (Ser32) in NDEA
group is about 1.5 times higher than that of control
group (P<0.01). In addition, NDEA exposure led to a
slight increase of total NF-xB p65 protein level, as well
as a dramatic increase of the protein level of phos-
phorylated NF-xB p65 (about 28-fold, compared to
that of control group). These changes were simulta-
neously suppressed by GO co-treatment (Figure 6,
P<0.01, respectively).
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Figure 5. Effect of GO and NDEA on total AKT, p-AKT (Thr308), p-AKT
(Ser473) and p-AKT (Tyr450) protein contents. A: A representative im-
munoblot. B: Data presented the expressions of total AKT, p-AKT (Thr 308),
p-AKT (Ser473) and p-AKT (Tyr450) as percentage of control group (mean *
SD) in triplicate. The protein levels were quantified with B-actin as an internal
control. *P<0.05, **P<0.01, compared with control group; #P<0.05, ##P<0.01,
compared with NDEA group; &, P<0.05, &&, P<0.01.
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GO prevented the increase of COX-2, iNOS
and VEGEF protein levels in rat liver induced by
NDEA

As shown in Figure 7, the protein levels of
COX-2, iNOS and VEGF were markedly increased
(P<0.01) in the liver of NDEA group rats compared to
those of the control group rats. However, GO
co-treatment led to dose-dependent decreases of
COX-2,iNOS and VEGF protein levels (P<0.05).

Discussion

The anti-cancer effects of garlic have been pro-
posed since ancient times. Our previous studies have
demonstrated that GO could significantly block
NDEA-induced hepatocarcinogenesis, while the un-
derlying mechanisms remain to be elucidated.
PI3K-AKT-NF-xB pathway is believed to play im-
portant roles in the development of many tumors. In
this study, we tested the changes of several important
molecules in this pathway trying to elucidate the po-
tential roles of PI3K-AKT-NF-xB pathway and the
protective effects of GO against NDEA-induced
hepatocarcinoma. As we previously reported, GO

significantly inhibited the carcinogenic effects of
NDEA in liver, evidenced by the decreased genera-
tion of AFP, the improvement of the morphological
changes, the decrease of PCNA expression, and the
molecular mechanisms exploration revealed that
NDEA exposure led to the activation of the
PI3K-AKT-NF-xB pathway, which were completely
suppressed by GO co-treatment. Considering the key
roles of PI3K-AKT-NF-xB pathway in the develop-
ment of a variety of tumors, we speculated that the
anticarcinogenic effects of GO against NDEA might
be at least partially related to the suppression of the
activation of PI3K-AKT-NF-«B pathway.

PI3Ks are a family of enzymes involved in cel-
lular functions such as cell growth, proliferation, dif-
ferentiation, motility, survival and intracellular traf-
ficking, which in turn are involved in cancer. The
PI3K family is divided into three different classes:
Class I, Class II, and Class III, based on primary
structure, regulation, and in vitro lipid substrate spec-
ificity[28]. The Class I PI3Ks are responsible for the
production of PIPs, which could bind to the pleckstrin
homology domain of AKT and phosphoinosi-
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tide-dependent protein kinase 1 (PDKI1), leading to
the phosphorylation and activation of AKT [29-31]. In
the current study, NDEA treatment significantly in-
creased the protein levels of the catalytic subunit
(PI3K-p110) and the regulatory subunit (PI3K-p85) of
PI3K. Then the high expressions of PI3K-p110 and
PI3K-p85 catalyzed the production of PIP; and re-
sulted in the phosphorylation and activation of AKT,
which could be evidenced by the increases of the total
AKT, p-AKT (Serd473) and p-AKT (Thr308) protein
levels. However, the expression of p-AKT (Tyr450) in
NDEA group remained unchanged when compared
with corresponding control value. These results
strongly demonstrated PI3K-AKT pathway had been
activated in the rats treated with NDEA. As expected,
GO co-treatment inhibited the increases of PI3K-p85,
PI3K-p110, total AKT, p-AKT (Ser473) and p-AKT
(Thr308) induced by NDEA. It has been reported that
the expression of phospho-AKT was correlated with a
series of clinico-pathologically relevant parameters of
hepatocarcinoma patients by immunohistochemical
technique [32]. The activation of AKT promotes the
invasion and metastasis of cancer cells. The activated
AKT will further recruit and phosphorylate intracel-
lular signaling adaptor proteins and trigger a number
of signaling pathways that regulate cancer cell inva-
sion and metastasis [33]. Thus, the inhibition of AKT
phosphorylation and activation might be the critical
procedures in the preventive effects of GO on
NDEA-induced hepatocarcinoma.

NF-xB, an important downstream signal mole-
cule of PI3K-AKT pathway, is a heterodimer of tran-
scription factor p65 and transcription factor p50 [34,
35]. NF-xB has been demonstrated to be a key in-
flammatory factor in tumorigenesis [36] and has been
shown to be up-regulated in human hepatocarcinoma
[37]. In unstimulated cells, NF-xB binds to IkB, the
NF-xB inhibitor. After IxB undergoes phosphoryla-
tion and degradation, NF-kB is released and activated
[23, 38]. One study showed that the inhibition of
NF-kB activity significantly reduced the proliferation
and invasion of Hep3B cell line, which demonstrated
that the inhibition of NF-xB may be a potential ther-
apeutic target for HCC [39]. Besides, it has been re-
ported that the increase of total IxBa but the decrease
of IxBa phosphorylation is an important intervention
target inhibiting tumor cells metastasis [40]. In this
study, we examined the protein levels of IxBa and
phosphorylated IxBa, and found that NDEA exposure
led to the phosphorylation of IkBa increase, which
was consistent with the increase of p-NF-xB p65 pro-
tein level (active form of NF-xB). Interestingly, GO
co-treatment significantly suppressed the above ef-
fects of NDEA. Therefore, it could be speculated that
GO inhibited the degradation of IxBa induced by

NDEA, and promoted NF-xBin theresting state,
which might contribute to its protective effects against
NDEA-induced hepatocarcinogenesis.
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Figure 7. Effect of GO and NDEA on the protein expressions of COX-2, iNOS
and VEGF. A: A representative immunoblot. B: Data presented the expressions
of COX-2, iNOS and VEGF as percentage of control group (mean + SD) in
triplicate. The protein levels were quantified with B-actin as an internal control.
*P<0.05, **P<0.01, compared with control group; #P<0.05, #P<0.01, compared
with NDEA group; &&, P<0.01.

In the nucleus, NF-xB dimers bind to target DNA
elements and activate the transcriptions of
pro-inflammatory mediators, including COX-2, iNOS,
VEGF and TNF-q, resulting in inflammation and tu-
morigenesis [41]. The expression of COX-2 in HCC
was found to be correlated with the levels of several
key molecules implicated in carcinogenesis such as
iNOS and VEGF [42-44]. COX-2 is the key enzyme
required for the conversion of arachidonic acid to
prostaglandins. Increased expression of COX-2 has
been associated with inflammatory processes and
tumorigenesis, e.g., in gastrointestinal tumors, lung
cancers, and gliomas [45]. Recent evidences indicated
that overexpression of COX-2 and iNOS might con-
tribute to VEGF-induced angiogenesis [43, 46]. In our
study, NDEA exposure was found to lead to dramatic
up-regulation of COX-2, iNOS and VEGF protein lev-
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els, which were significantly attenuated by GO
co-treatment. Cherng et al. proposed that the topical
application of DAS before ultraviolet B irradiation
(180 mJ/cm?) caused a delay in skin tumor formation
in SKH-1 hairless mice by inhibiting NF-xB, COX-2,
prostaglandin E2 (PGE2), and nitric oxide (NO) levels
[47]. Shrotriya et al. showed that the inhibitory effects
of DATS on 12-Otetradecanoylphorbol-13-acetate
(TPA)-induced COX-2 expression by AKT inhibition
may partly explain its antitumor effect on mouse skin
carcinogenesis [48]. Therefore, we inferred that the
inhibitory effect of GO on NDEA-induced hepatocar-
cinoma also involved pro-inflammatory mediators,
including COX-2, iNOS and VEGF.

Some evidence indicated that ROS was an im-
portant activator for the PI3K-AKT-NF-xB pathway.
For example, N-acetyl-L-cysteine (NAC), a classical
antioxidant, strongly restrained the lipopolysaccha-
ride (LPS)-induced PI3K/AKT phosphorylation and
the downstream IxB kinase/ IkB activation by reduc-
ing the ROS accumulation [49]. In addition, Pelicci et
al. demonstrated that increased ROS contributed to
tumorigenesis by activating NF-xB signal pathway in
colorectal cancer [24]. In our previous study, we have
indicated that GO counteracted NDEA-induced oxi-
dative stress in rats [16]. In the current study, the in-
creases of IkB degradation and NF-«xB p65 phosphor-
ylation induced by NDEA were significantly inhibited
by GO co-treatment. Therefore, it could be speculated
that the suppression of GO against NF-xB signal
pathway might be related to decreased ROS.

In summary, the current study demonstrated
that GO co-treatment could effectively block
NDEA-induced hepatocarcinoma evidenced by the
inhibition of the increases of serum AFP level, the
PCNA expression, and the improvement of the he-
patic histology examination. GO significantly attenu-
ated the increases of PI3K-p110 and PI3K-p85, and
AKT phosphorylation induced by NDEA. Accord-
ingly, IxBa degradation, NF-xB p65 phosphorylation
and upregulated expressions of COX-2, iNOS and
VEGF were also inhibited by GO co-treatment. These
results suggested that the protective effects of GO
against NDEA-induced hepatocarcinoma might be
associated with the suppression of PI3K-AKT-NF-xB
pathway.
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