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Curcumin ameliorate DENA-induced HCC via modulating
TGF-β, AKT, and caspase-3 expression in experimental rat model
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Abstract Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. In laboratory animal
models, diethylnitrosamine (DENA) is a well-known agent
that has a potent hepatocarcinogenic effect that is used to
induce HCC. As curcumin has a potent anti-inflammatory
effect with strong therapeutic potential against a variety of
cancers, our present study aims to investigate its curative
effects and the possible mechanisms of action against
DENA-induced HCC in male rats. Investigation of biochem-
ical and molecular parameters of HCC animal model liver
showed an overexpression of TGF-β and Akt proteins accom-
panied with a significant reduction of the proapoptotic marker
caspase-3. DENA-induced hepatic cellular injury resulted also

in a significant increase in liver function marker enzymes
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and lipid peroxides in this group. Curcumin treatment
partially reversed DENA-induced damage as it reduced the
overexpression of the angiogenic and anti-apoptotic factors
TGF-β and Akt and improved caspase-3 expression. Also, it
could partially normalize the serum values of liver marker
enzymes and lipid peroxidation and improve liver architec-
ture. Curcumin shows a unique chemotherapeutic effect in
reversing DENA-induced HCC in rat model. This effect is
possibly mediated through its proapoptotic, antioxidant, anti-
angiogenic, as well as antimitotic effects. It interferes and
modulates cell signaling pathways and hence turns death
signals and apoptosis on within tumor cells.
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ROS Reactive oxygen species
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide and accounts for about 80–90 % of
all liver cancers. It is the fourth most common cause of cancer
mortality [41]. Major risk factors for HCC include hepatitis
viral infection, food additives, alcohol administration, afla-
toxins, environmental and industrial toxic chemicals, and air
and water pollutants [26].

Animal models of chemically induced liver cancer
(hepatocarcinogenesis) have been widely used for investigat-
ing therapeutic strategies against HCC in vivo. To induce
HCC in experimental animal models, a well-known potent
hepatocarcinogenic agent (diethylnitrosamine, DENA) is fre-
quently used. DENA can induce damage in DNA repair
machinery, hepatocellular necrosis, and hence HCC without
cirrhosis [3].

The cellular mechanisms contributing to HCC involve a
multistep process that includes inactivation of tumor suppres-
sor genes and dysregulation of several oncogenic pathways
including Wnt/β-catenin, VEGF, FGF, MAPK, and
PI3K/AKT/mTOR pathways [14]. AKT, also known as pro-
tein kinase B or PKB, comprises three closely and evolution-
ary related isoforms, AKT 1, 2, and 3 or PKBα/β/γ [22].
AKT appears to play an important role in keeping normal
mammalian signaling; however, it becomes overexpressed in
many inflammatory as well as cancer diseases [12]. Lately,
AKT pathway has emerged as one of the key oncogenic
pathways in breast cancer, providing the potential for thera-
peutic intervention [33].

The standard protocol for treating early stage HCC in-
cludes surgical resection, liver transplantation, radiofrequency
ablation (RFA), and transcatheter arterial chemoembolization
(TACE). However these interventions provide a cure for a
limited population of patients, but unfortunately, these cura-
tive treatments are often not so successful because of the
frequent recurrence of hepatic carcinoma [39]. This can be
explained by the ability of the remaining liver to maintain the
potential for carcinogenesis [31]. Despite being of limited
value, using chemotherapeutic agents is still the strategy of
choice in case of patients with unresectable HCC. However,
conventional chemotherapy with cytotoxic agents is not ef-
fective enough to modulate the process of tumor progression,
resulting in a relatively high mortality rate in patients diag-
nosed with HCC at an advanced stage [5, 56]. These facts
emphasize the importance and necessity to discover new
effective and well-tolerated therapeutic agents for HCC.

Curcumin, also known as 1,7-bis (4-hydroxy-3-
methoxyphenol)-1,6-heptadiene-3,5-dione is the principal
curcuminoid in the Asian spice turmeric (Curcuma longa). It
has been shown to exert a potent anti-angiogenic, anti-inflam-
matory, antioxidant, and antitumor effects [34, 52, 60].
Curcumin was proven to exert a potent antitumor effects in

hepatic carcinoma [13] as it inhibits the proliferation and
survival of almost all types of tumor cells.

Curcumin has been shown to have a chemopreventive as
well as a chemotherapeutic effect in several types of cancer
and also to suppress angiogenesis and metastasis in a variety
of animal tumor models. Several previous studies had linked
the inhibitory effects of curcumin on cancer cells to its ability
to induce apoptosis or inhibit growth/proliferation pathways
[1, 2, 11, 29, 43]. This apoptosis-inducing effect of curcumin
is activated through the inhibition of multiple pathways in-
cluding AKT pathway. The role of AKT in angiogenesis was
demonstrated by Jiang and co-workers [27], who demonstrat-
ed the angiogenesis-inducing effect of AKT in chick embryos.
In 2003, Morin and his work team identified the intracellular
superoxide generating capacity of curcumin to be responsible
for its cytotoxic effect on tumor cells [36].

Though several theories could interpret the mechanism(s)
of the cytotoxic/apoptotic effects of curcumin, the role of
AKT in controlling both the angiogenic and apoptotic path-
ways of curcumin chemoprevention in HCC is still poorly
understood and needs further investigation.

Progression of human HCC was shown to be associated
with angiogenesis which plays a significant role in aggres-
siveness of HCC [40, 47]. Angiogenesis is induced when
hepatic stellate cells and tumor inflammatory cells start to
release factors like vascular endothelial growth factor
(VEGF) and transforming growth factor β (TGF- β) among
others, which promote sprouting of new vessels from nearby
normal existing ones [21, 28]. Using an anti-angiogenic agent
for cancer treatment theoretically provides several advantages
over cytotoxic chemotherapeutic approaches. These advan-
tages include the ease of delivery of the anti-angiogenic agent
to the targeted region as the agent is circulating with the blood
and taken up by the vascular endothelial cells. Additionally,
anti-angiogenic agents that affect cancer cells are much less
toxic than the regular chemotherapeutic agents. This can be
attributed to their ability to target the immature tumor vascu-
lature which differ both structurally and functionally from the
normal tissue quiescent vasculature [40]. These agents show
such an anti-angiogenic effect on tumors by disrupting various
signaling pathways involved in the process of tumor angio-
genesis. Recently, curcumin was shown to exert its tumor
suppressing effect via an anti-angiogenic effect [20, 58].

Accordingly, the objective of this research was to assess the
chemotherapeutic effect of curcumin in DENA-induced HCC
model and present a better understanding of the molecular
mechanisms and effector molecules behind this effect. This
will include its modulating effect on some angiogenic, apo-
ptotic, anti-apoptotic, and/or fibrogenic cytokines like TGF-β,
caspase-3, and AKT. In addition, the study will shed light on
curcumin ability to modulate the oxidative stress state induced
by the formation of reactive oxygen species (ROS) in the rat
hepatocytes.
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Materials and methods

Chemicals

RNA extraction kit from BioFlux, Bioer Technology Co.,
Ltd.; Reverse transcription using RevertAid™ First strand
cDNA synthesis kit from Fermentas, Thermo Scientific, Ger-
many; PCR using Tag master/high yield from Jena Biosci-
ence, Germany; DNA ladder using low range DNA ladder 50-
1000bp linear scale from Jena Bioscience, Germany; Protein
marker using Page Ruler™ prestained protein ladder from
Fermentas, Thermo Scientific, Germany; and PVDF mem-
brane from Amersham Hybond™-P, GE Healthcare were
used. All the other chemicals and solvents used in the study
were of analytical grade and were obtained either from Sigma
Company or commercial suppliers, unless otherwise
mentioned.

Animals and maintenance

Experiments were conducted in accordance with the interna-
tional ethical guidelines for animal care of the United States
Naval Medical Research Centre, Unit No. 3, Abbaseya, Cairo,
Egypt, accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care international
(AAALAC international). The adopted guidelines are in ac-
cordance with “Principles of Laboratory Animals Care” (NIH
Publication No. 85–23, revised 1985). The study protocol was
approved by members of “The Research Ethics Committee”
and by the Pharmacology and Toxicology Department, Fac-
ulty of Pharmacy, Minia University, Egypt.

Thirty male albino male rats with average body weight
(250±25 g) were obtained from Animal House of Assiut
University. All animals received professional humane care in
compliance with the guidelines of the ethical committee.

Treatment protocols

The animals were randomly divided into three groups, each
containing ten rats as the following:

I- DENA group (n=10): Each animal of the carcinogenic
group received a single dose of diethylnitrosamine
(DENA) 200 mg/kg body weight [15, 51] intraperitoneal
and left for 3 months followed by daily administration of
0.5 ml saline for 2 weeks.

II- Curcumin-treated group (n=10): Each animal of the
curcumin group received a single dose of 200 mg/kg
body weight DENA intraperitoneal. after 3 months, rats
were treated orally for 15 successive days with curcumin
100 mg/kg body weight in volume of 0.5 ml saline [51].

III- Control group (n=10): Each animal of the control
group received a single dose of 0.5 ml saline, after

3 months, animals received 0.5 ml saline orally for
2 weeks. at the end of the experiment rats were
sacrificed

Sample collection

Blood samples were collected for biochemical analysis
and liver tissues were excised rapidly and used for
histological investigation and RNA preparation. For pro-
tein analysis, tissue samples were homogenized in
20 mM Tris, 100 mM NaCl, 1 mM EDTA, and 0.5 %
Triton X-100 buffer. Protein content of liver homoge-
nate was determined using Biuret reagent and bovine
serum albumin as standard. The protease inhibitors mix
was added, divided in aliquot, and stored at −70 °C
until assay.

Molecular analysis

1- Detection of TGF-β and Akt by Western blotting
Fifty micrograms from each protein homogenate were

denatured by boiling for 5 min in 2 % SDS and 5 % 2-
mercaptoethanol and loaded in each lane [32]. Sodium
dodecyl sulfate–poly acrylamide gel electrophoresis
(SDS–PAGE) was done at 100 V for 2 h using 12 % gels.
The electro-transfer was done using T-77 ECL semidry
transfer unit (Amersham Biosciences) for 2 h. The mem-
brane was blocked in TBS buffer that contains 0.05%
Tween and 5 % non-fat milk for 1 h. The primary anti-
bodies used were rabbit polyclonal anti-rat TGF-β
(Abcam) or rabbit polyclonal anti-rat Akt, code number
(#9272). Polyclonal goat anti-rabbit or anti-mouse immu-
noglobulin conjugated to alkaline phosphatase (Sigma-
Aldrich, Schelldorf, Germany) diluted 1:5000 in the 10×
diluted blocking buffer served as secondary antibody.
Detection of protein bands was done by adding alkaline
phosphatase buffer (100 mM tris; pH 9.5; 100 mMNaCl;
5 mM MgCl2) containing substrate, 6.6 μl NBT/ml, and
3.3 μl BCIP/ml (from stock of 50 mg/mL nitroblue tetra-
zolium (NTB) and 50 mg/ml 5-bromo-4-chloro-3-indolyl
phosphate (BCIP) in 70 % formamide). Color reactions
were stopped by rinsing with stop buffer (10 mMTris–Cl,
pH 6.0, 5 mM EDTA).

2- RNA extraction and reverse transcriptase chain reaction
(RT-PCR) of caspase-3

RNA was prepared using total RNA Kit (BioFlux,
Bioer Technology Co., Ltd) to provide a rapid method
for the isolation of total RNA according to manual in-
structions. RNAwas quantified by measuring absorbance
at 260 nm. RT-PCR assay was performed using Tag
master/high yield (Jena Bioscience) according to manual
instructions. Synthetic oligonucleotides used for
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amplifications, NCBI reference sequence, were used to
design primers for rat caspase-3 and β-actin, respec-
tively. The primer sets are the following: caspase-3
sense: 5′-GAC CAT GGA GAA CAA CAA AAC-3′,
caspas-3 antisense: 5′-GGC AGG CCT GAA TGA
TGA AG-3′, β-actin sense: 5′-CAT GGA TGA CGA
TAT CGC TG-3′, and β-actin antisense: 5′-CAT AGA
TGG GCA CAG TGT GG-3’, where β-actin served as
a control. A total 20 μl of reaction mixture contained
2 μl RT product, 2.5 U Taq DNA polymerase, 20 μmol/
L dNTP, 0.1 μmol/L primer, and 1× Taq DNA poly-
merase buffer (Fermentas/Thermo Scientific/Germa-
ny). The amplification was carried out using Biometra
cycler (Germany), programmed to predenature at 94 °C
for 4 min, denature at 94 °C for 30 s, anneal at 55 °C for
30 s, and extend at 72 °C for 1 min for 30 cycles. The
last cycle was followed by incubation at 72 °C for
4 min and cooling to 4 °C. The PCR products were
analyzed on 1.5 % (v/v) agarose gels.

Biochemical analysis

Assessment of serum liver function tests, lipid peroxides,
and glutathione S-transferase

Blood samples were collected by cardiac puncturing meth-
od, centrifuged, and sera were isolated for estimation of
serum alanine aminotransferases (ALT) and aspartate ami-
notransferase (AST) [44]. Liver homogenate were used for
lipid peroxides [38] and glutathione S-transferase estima-
tion [54]. All assessments were done using commercially
available kits according to the manufacturer’s instructions
(Biodiagnostic, Egypt).

Histopathology

Formalin-fixed liver specimens were transferred to 70 % eth-
anol and embedded in paraffin. Tissue sections (5 μm) were
stained with hematoxylin and eosin (HE). At least three slides
were prepared from each specimen and examined under
Optica B-82 microscope for detection of pathological
changes.

Statistical analysis

Statistical analysis was achieved using Graph Pad InStat.
Software Inc, Program, version 4.0, Philadelphia. Data
were presented as mean±standard deviation (SD), and
the levels of significance were accepted with P<0.05
Multiple comparisons were done using one way
ANOVA test.

Results

1- Investigation of TGF-β expression level in liver tissue
Liver tissue samples of different test groups homoge-

nized as mentioned in “Materials and methods”were used
for this experiment. After loading equal amounts of total
protein on SDS–gel, the expression of TGF-β was esti-
mated by Western blot analysis using specific antibodies.
The results exhibited an overexpression of TGF-β protein
in liver cells of DENA-treated group (Fig. 1 lane 2) when
compared to healthy control (Fig. 1 lane 1). Interestingly,
curcumin treatment resulted in a strong reduction in the
expression level of the protein when compared to the
DENA group that did not receive any curcumin (Fig. 1
lane 3).

2- Investigation of AKT expression level in liver tissue
Asmentioned before, AKTover expression was linked

to an angiogenic and anti-apoptotic effect in cancer tis-
sues. To elucidate the possible changes in AKT expres-
sion level, homogenized liver tissues from the different
test groups were used. Equal amounts of total protein
were loaded onto SDS–gel and analyzed by Western blot
analysis where bound antibodies were visualized using
alkaline phosphatase system. Comparing the observed
bands shows an overexpression of AKT protein in liver
homogenates of DENA-treated group in comparison to
healthy control group (Fig. 2 lanes 1 and 2). However, its
expression is still higher than control group; curcumin
treatment of HCC animals resulted in a partial reduction
of AKT expression level when compared to DENA-
treated group (Fig. 2 lane 3).

3- Detection of changes in caspase-3 messenger RNA
(mRNA) expression by RT-PCR

In this experiment, reverse transcriptase PCR tech-
nique as described in “Materials and methods” was

Fig. 1 Analysis of TGF-β protein expression level determined by West-
ern blot of rat hepatocellular carcinoma homogenate from control,
DENA- and DENA/curcumin-treated groups. Upper panel: DENA-
treated group shows an increase in TGF-β expression (lane 2) compared
to healthy control group (lane 1). Curcumin treatment resulted in down-
regulation of TGF-β expression (lane 3). Lower panel: β-actin reprobed
on the same immunoblot to correct for loading errors (n=10 for each
group)
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utilized for detecting any possible changes in caspase-3
mRNA levels in liver homogenate prepared from the
different test groups. As expected from a carcinogen,
DENA caused the mRNA expression level of the apopto-
tic marker caspase-3 to be reduced (Fig. 3, lane 2). Inter-
estingly, curcumin administration after HCC establish-
ment strongly induced the overexpression of caspase-3
mRNA as can be seen in lane 3 of Fig. 3 when compared
to its expression in healthy control as well as DENA-
treated group (Fig. 3, lanes 1 and 2).

4- Serum levels of aminotransferases
Serum levels of alanine aminotransferase and aspartate

aminotransferase (ALT and AST) are usually used as
indicators of hepatocellular damage. In this study, the
changes in their serum level in the different test groups
were measured to assess the effect of DENA alone and
DENA followed by curcumin on liver integrity. Due to
the hepatocellular damaging effect of DENA, significant
increase in rat serum ALT and AST levels was detectable
in serum isolated from DENA-treated group (P<0.001)
compared to the healthy control group (Table 1). On the
other hand, curcumin treatment of animals that adminis-
tered DENA previously resulted in a significant reduction
of the DENA-induced elevation of ALT/AST serum

levels. However, curcumin treatment as described before
was yet not able to normalize ALT and AST values as
their levels were still significantly higher than these of the
healthy control group (P<0.05) as shown in Table 1.

5- Serum levels of lipid peroxide and glutathione S-transferase
DENA treatment resulted in a significant reduction in

GST (glutathione S-transferase) activity in comparison to
control-untreated group. In addition, DENA treatment sig-
nificantly increased serum levels of lipid peroxide as shown
in Fig. 4 (P<0.001) in comparison to control-treated ani-
mals. Interestingly, curcumin treatment was able to reverse
the cellular damage as it resulted in a significant reduction
in lipid peroxides level. In the same time, it reversed par-
tially, yet significantly, DENA’s effect on GST activity,
raising its level to be closer to normal values Fig. 5.

6- Histopathological study
To assess the changes in parenchymal cells of the liver

after DENA administration and curcumin treatment, par-
affin section prepared after the course of 14 weeks of a
single dose of DENA administration was stained with
hematoxylin/eosin and examined, as shown in Fig. 6.
Administration of DENA induced morphological defor-
mations in the liver pronounced with degeneration of
hepatocytes and liver neoplastic cellular alteration. After
curcumain administration, the diseased liver had some
improvements in its histological structure as the epitheli-
um of central vein became more intact; architecture of
hepatocyte arrangement became normal in some parts of
the diseased area and hydropic degeneration decreased.

Discussion

HCC is the main form of liver cancer and is classified as the
fourth leading cause in cancer-related death due to its bad
prognosis [6]. HCC in rat model is best studied using DENA,
which is known to be metabolized to its active ethyl radical
metabolite. This reactive metabolite causes perturbations in
the nuclear enzymes involved in DNA repair/replication lead-
ing to carcinogenesis, and it is normally used as a liver cancer-
inducing agent in animal models [10].

Fig. 3 Analysis of expression of caspase-3 mRNA (upper figure) in the
different experimental groups (control, DENA, and curcumin group) by
RT-PCR. Caspase-3 expression is decreased in DENA group in compar-
ison to control. Curcumin-treated group shows an increased level of the
apoptotic marker caspase-3 over DENA-treated group. Lower panel
shows the RT-PCR product of B-actin which is used as internal control
for RNA integrity

Table 1 Mean serum levels of AST and ALT (U/L) and their ratio in
control, DENA, and curcumin treated groups

AST (U/L) ALT (U/L)

Controls (n=10) 19±1.3 18±1.4

DENA (n=10) 144.1±14.7** 96±6.5**

Curcumin (n=10) 29.1±2.9* 28.3±2.03*

Values are means±SD

*P<0.05; **P<0.01; ***P<0.001 (vs control)

Fig. 2 Analysis of AKT protein expression level determined by Western
blot analysis in liver homogenates of control, DENA-treated, and
DENA/curcumin-treated groups. AKT expression was induced as a result
of DENA treatment (lane 2) when compared to control group (lane 1).
Curcumin treatment resulted in a partial reduction in its expression (lane 3).
β-actin reprobed on the same immunoblot was used to correct for loading
errors (n=10 for each group)
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In the current study, we focused on the possible chemo-
therapeutic effects of curcumin that could be mediated by
modulating the expression of AKT, TGF-β, and caspase-3 in
HCC animal model in addition to its effect on the oxidative
stress condition of the liver. Curcumin is a polyphenolic
compound derived from turmeric rhizome (C. longa). It has
been used for thousands of years in the orient as a healing
agent for a wide variety of ailments including neoplastic and
neurodegenerative diseases. Research over the last few de-
cades has shown that curcumin’s therapeutic potential against
the diverse types of cancers is mediated by suppressing the
activation of several transcriptional factors that are implicated
in carcinogenesis [2, 46].

Xu and co-workers stated that all AKT isoforms have the
ability to be overexpressed in 40 % of hepatocellular carcino-
ma cases. This can be explained by an overexpression or
activating mutations of tyrosine kinase receptors and their
ligands, all of which may lead to the activation of AKT and
its overexpression [22, 57]. As a downstream effector of PI3K
signaling pathway activation, AKT promotes survival of mu-
tated and damaged cells which would normally be eliminated
by apoptosis. Based on these findings, many studies postulat-
ed that AKT plays an important role in the process of carci-
nogenesis as it protects cancer cells form apoptosis. As

apoptosis helps to establish a natural balance between cell
death and cell renewal in mature animals by destroying ex-
cess, damaged, or abnormal cells, so that any disturbance in
this sharp balance would direct the cells to carcinogenesis [1].

In this study, one can observe that induction of carcinogen-
esis by DENA administration was accompanied by a strong
upregulation of AKTexpression which can be explained by its
anti-apoptotic role that is essential for tumor development.
Interestingly, curcumin administration to HCC rats caused a
reduction in AKT expression level, which agrees with its
previously shown properties as an antineoplastic, apoptosis-
inducing agent [48, 59]. Upon receiving a signal of apoptosis,
a variety of proteases including the group of proteases called
caspases (cysteinyl aspartate-specific proteases) become acti-
vated within the cells planned for this pathway [17]. Caspases
are constitutively expressed as carcinoma cases. This gener-
ally require proteolytic processing for their activation and are
capable of self-activation as well as activating each other in a
cascade-like process [24]. In order to survive, tumors always
try to escape apoptosis by several mechanisms including
downregulation or complete loss of caspase-3 expression.
This disruption in caspase-3 expression is usually associated
with resistance to apoptosis as well as chemotherapy in dif-
ferent kinds of tumors [30]. Some research groups have al-
ready shown that the anti-apoptotic effect of curcumin can be
linked to activation of both procaspases-3 and -8, decreased
expression of anti-apoptotic members of the Bcl-2 family, and
elevated expression of p53, Bax, and caspases-3 [7, 46].
Curcumin was also shown to suppress constitutively activated
targets of AKT in T cells, leading to the inhibition of prolifer-
ation and induction of caspase-dependent apoptosis [23].

In the current study, hepatic cell homogenate of HCC rats
showed lower expression of mRNA of caspase-3 as one of the
apoptotic markers when compared to the healthy control
group, but after curcumin administration, its level increased
significantly supporting the apoptosis-inducing effect of
curcumin. Also, rat hepatic cell homogenates of HCC model
showed an increased expression level of transforming growth
factor TGF-β. The increase in TGF-β expression and its
release in the sera of HCC rats are not unexpected due to the
known role of this factor as an initiator of a signaling cascade
that is closely linked to liver fibrosis, cirrhosis, and subsequent
progression to HCC. The indicated pro-fibrogenic role for
TGF-β together with its newly elucidated role as an anti-
apoptotic factor provide a reasonable explanation for results
observed in our study [8]. The strong reduction in TGF-β
expression which resulted after curcumin treatment can be
correlated to the previously indicated antifibrogenic and apo-
ptotic effects of curcumin on tumor cells [37, 45].

For most solid tumors, angiogenesis is essential for tumor
growth and metastasis as blood vessels that penetrate into the
cancerous growth, supply nutrients and oxygen and remove
waste products [18]. TGF-β plays another unique role in the

0

100

200

300

400

500
Control
DENA
Curcumin***

**

Control DENA Curcumin

G
ST

 (U
/L

)

Fig. 5 Mean levels of serum GST in rat groups (control, DENA and
curcumin) as compared to control group.P values are shown as *P<0.05;
**P<0.01; ***P<0.001

0

10

20

30

40

50
Control
DENA
Curcumin

***

***

S
e

ru
m

 L
ip

id
P

e
ro

xi
d

e
(n

 m
o

l/m
l)

Fig. 4 Mean levels of serum lipid peroxide in the different animal groups
(control, DENA, and curcumin). DENA group shows a highly significant
increase in lipid peroxide level compared to control. Curcumin treatment
resulted in a significant reduction of peroxide level compared to DENA;
however, it still significantly higher than control (n=10). P values are
shown as *P<0.05; **P<0.01; ***P<0.001

1768 Tumor Biol. (2015) 36:1763–1771



pathogenesis of HCC by promoting angiogenesis at least in
part via the autocrine secretion of TGF-α, which activates
PI3K/AKT pathway in addition to its role in promoting cell
growth, migration, invasion, and metastasis of colon cancer
[42]. This role of TGF-β might explain its upregulation in
most of the HCC patients and goes in accordance with its
overexpression observed in our current study on HCC animal
model [25, 55]. The blockage of the angiogenic effect of
TGF-β by the anti-angiogenic agent curcumin could provide
a possible mechanism for the tumor suppressive effect of
curcumin observed in our study in a similar way as stated
previously by Mohan and co-workers [19, 35]. This anti-
angiogenic effect of curcumin might be mediated by its inhib-
itory effect on the expression of genes involved in angiogen-
esis and metastasis like VEGF and MMP-9 [20, 50, 58].

Several studies demonstrated the role of oxidative stress in
liver pathogenesis and proved the role of natural antioxidants in
its amelioration [16]. To assess such stress, some biochemical
parameters are being evaluated like aminotransferases (ALT
and AST) which give an indication about liver cell damage. In
addition, the estimation of lipid peroxidation and glutathione S-
transferase activity in serum reflect the antioxidative capacity
and hence the oxidative stress condition within the liver [9, 53].

Glutathione S-transferase is a supporting antioxidant en-
zyme, converting H2O2 into water and so protecting cells from
reactive oxygen species. Reduction in GST activity following
DENA administration could result from the increased free
radical production upon DENA metabolism. The data

represented here shows also that HCC was accompanied by
an increased serum level of lipid peroxides, indicating oxida-
tive stress. The DENA-induced increase in lipid peroxidation
reflects cell membrane damage which results in the release of
ALT and AST from the cytoplasmic compartment to blood
stream together with the increased oxidative stress [49].

Interestingly, curcumin significantly reduced both amino-
transferases level as well as lipid peroxidation in sera of
treated groups and partially regained the depleted GST activ-
ity, indicating its ability to reduce the extent of cellular damage
and oxidative stress caused by DENA. This observed effect of
curcumin can be related to its reported ability to improve the
enzymatic antioxidant activity by increasing cellular levels of
the enzymes catalase, glutathione S-transferase, glutathione
peroxidase, and superoxide dismutase and their mRNAs, in
addition to its antioxidant, free radical scavenging effect that
inhibits lipid peroxidation [4, 55].

Conclusion

Our investigation on both the molecular and biochemical
changes associated with the administration of curcumin con-
firmed its anti-carcinogenic effect in DENA-induced HCC
model. This effect is mediated through several mechanisms
including regulation of the angiogenic, apoptotic, and anti-
apoptotic factors TGF-β, caspase-3, and AKT, respectively.
Also, it could function by improving the oxidative stress state

Fig. 6 Light photomicrograph of
rat liver from the control group a
showing normal histology of liver
having polygonal hepatocytes
radiating from the central vein
(arrow head) with prominent
nucleus, eosinophilic cytoplasm,
and maintained sinusoidal space.
b DENA group showing
degenerative changes of some
hepatocytes in the form of
swelling of the cells, vacuolated
cytoplasm, and shrunken nucleus
(arrow head). c DENA group
liver neoplastic cellular alteration
is apparent. Hepatic cell
enlargement and pleomorphism
were found. The hepatic nuclei
were enlarged with prominent
nuclei. d Curcumin-treated group
showed improvement in the
hepatocytes which appeared
similar to the normal, radiating
from the central vein (arrow
head) (H&E, ×400)
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and architecture of cancerous liver. These findings highlight
the possible therapeutic applications of curcumin as a prom-
ising natural chemotherapeutic agent in treating HCC. How-
ever, further investigations are required to discover the opti-
mal therapeutic strategy and possible further mechanisms.
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