Biochemistry Letters, 12( 13 ) 2017, pages 147-171

Biochemistry Letters

@‘-..

(Zeas, o s

Journal home page: H

Anti-tumor activity of phloretin in treatment of induced hepatocellular carcinoma in
rats.

Mohamed H. Sherif!, Al-Shimaa M. Abas® and Dalia S. Abdrabouh?

'Chemistry Department, Faculty of Science, Zagazig University, Egypt

“Biochemistry Division, Chemistry Department, Faculty of Science, Zagazig University, Egypt

ARTICLE INFO ABSTRACT

Keywords:
Hepatocellular carcinoma — DENA -
phloretin — Apoptosis.

Background: Hepatocellular carcinoma (HCC) is a major health
problem, classified among the higheast five most widespread
malignancies. Objectives: this experimental study aims to assess the
anti-tumor activity of phloretin in treatment of induced HCC in rats.
Methods: fifty adult male albino rats were classified into 5 groups
(n=10, each). Group | (control group), Group Il (DMSO group).
Group I (preventive) (pre-treated with phloretin for 14 day before
HCC induction and continued during induction period) .Group 1V
was HCC — Induced (DENA) group. Group V (therapeutic group)
(treated with phloretin after HCC induction peroid). At the end of the
experiment blood serum samples and liver tissues were collected.
Results: the results showed that DENA caused liver damage as
proved by significant high increase in (ALT), (AST), (ALP) (GGT)
activities and marked significant decrease in aloumin content. Also,
induced oxidative stress as pointed out an increase in (MDA) and
(NO) level and decrease in (GSH), (GST) and (CAT) activity
compared with the control values. Also, it decreased apoptotic
pathway by decrease in Caspase-3 and Caspase-8 concentration.
Treatment with phloretin significantly reduced the elevation in liver
enzymes and oxidative stress; it also induced apoptosis by significant
increase in Caspase-3 and Caspase-8 concentration compared to HCC
group. Conclusions: this study suggests that phloretin plays an
important role in protection against DENA induced HCC.

Abbreviations
HCC , hepatocellular carcinoma
DENA , Diethylnitrosamine

The mean causes of hepatocellular
carcinoma (HCC) in human cases are
hepatitis B and C viruses [4].

Introduction:
Hepatocellular ~ carcinoma  (HCC)
represents one of the most commonly

tumors causing mortalities between
populations all over the world, ranking
the fifth of the most prevalent
malignancies [1]. Universally, it is
recorded the fifth most common cancer
and the second cause of cancer-related
death [2]. The occurance rates of HCC
are two to three fold higher than in
developed countries [3].

Moreover, other risk factors such as air
pollution [5], alcoholism [6], as well as
several ingested carcinogens, such as
aflatoxins [7] and nitrosamines [8] also
included.

Diethylnitrosamine(DENA) is a
powerful hepatocarcinogenic
nitrosamine, that is found in cheese,
cured and oil cooked meals, alcoholic
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beverages, cosmetics, agricultural
chemicals and pharmaceutical agents,
also present in ground water having
high level of nitrate [9].Nitrate and
nitrite that are additionally added to
meat and fish for the purpose of
preservation, as color fixatives and as
flavouring [10].

DENA is known to cause a wide
numbers of tumors in all animal
species [11] and cause oxidative stress
during the metabolism that lead to cy-
totoxicity, carcenogenicity and
carcinogenicity [12,13]. DENA is
known to cause destruction in many
enzymes responsible for DNA repair
and is normally used to induce liver
cancer in experimental animal models
[14]. DENA has been metabolized to
its active ethyl radical metabolite that
interacts with DNA causing mutation,
which would lead to carcinogenesis
[15, 16]. DENA produces the
promutagenic adducts, O6-ethyl deoxy
guanosine and O4- and O6-ethyl deoxy
thymidine that causes DNA-chain
damage and miscode gene sequences,
paving the way to initiation of liver
carcinogenesis[17 , 18].

Unfortunately, the available treatment
for HCC is still disappointing [19, 20].
So, the prevention of HCC is of great
importance.

Flavonoids are polyphenolic
compounds and represent one of the
most wide great ingredients in fruits,
vegetables, nuts, tea and coffee [21], as
well as in herbs[22]. Flavonoids are
involved flavones, flavonols,
flavanones, chalcones, anthocyanins,
and isoflavones. Flavonoids are well
known for their importance as an anti-
inflammatory and antioxidant agents
and shown to have health encouraging,
chemopreventive, and disease-
preventing properties [23, 24].

Phloretin, is a natural active compound
which included in flavonoids, exists in

sap of apple, pear, strawberries, other
fruits and vegetables [25, 26, and 27].
Phloretin is established for its
pharmacological and biological
properties such as antioxidative [28,
29], antimicrobial [30] anticancer [31,
32] and anti-inflammatory activity [33,
34].Also, it has different biological
finctions, including decreased human
platelets activity, competitive
inhibition of sodium-glucose
cotransporters  (SGLTs),  reduced
cardiovascular disease and
anticarcinogenic activity [35, 36].
Phloretin has been known to inhibit
cancer of liver [37], breast cancer [38]
and colon cancer [39]. It can serve the
functions of anti-oxidation, antitumor,
anti-diabetes, antibiosis and para-
hormone under physiological context
[37, 40 and 41].

OH
HO OH

HO 0O

The molecular structure of phloretin
(chemical formula: C15H14 O5,
molecular weight: 274.27).

Materials and Methods:
Animal management

Adult male albino rats, weighing 80 -
120 g, were obtained from the
Experimental Animal Care Center and
were keeped in metabolic cages at the
experimental animal house of the
faculty of Science, Zagazig University
under regulated environmental
conditions (25°C and a 12 h
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light/dark cycle) 7 days before starting
the experiment. The animals were
nourished on a standard diet and tap
water.

Hepatocarcinogenesis model

The hepatocarcinogenesis was induced
by DENA which was purchased from
Sigma Chemical Co. (St. Louis, MO,
USA).

Phloretin dose  selection and

treatment

Phloretin was bought from Sigma
Chemical Co (St. Louis, MO, USA).
The animals intraperitoneally injected
with Phloretin 10 mg/kg three times
per week [37, 42].

Experimental design

To accomplish the ultimate goal of this
study, after the acclimatization period
of 7 days with standard basal diet, a
total of 50 adult male albino rats were
classified into five groups with 10
animals in each group.

Group | (Negative control): Animals
were given an intraperitoneal injection
with 1 ml saline single dose.

Group Il (DMSO): Animals were
given an injected intraperitoneal (i.p.)
with 1 ml of 0.2% DMSO for the all
experimental period of 6 weeks.

Group Il (Preventive): Animals
were pre-treated with phloretin (10
mg/kg three times per a week [37] in 1
ml PBS by intraperitoneal injection for
2 weeks) before they HCC induction
and also co-administered  with
phloretin during induction period (6
weeks).

Group 1V (HCC — Induced) (Positive
control): Animals were induced for
HCC by intraperitoneal (i.p.) injection
with 75 mg/Kg b.w of diethyl
nitrosamine (DEN) once / week for 3

weeks, then 100 mg/Kg b.w for
another successive 3 weeks [43].

Group V (Therapeutic): Animals
were induced for HCC (as group 4).
After the induction of HCC by DENA
(after 6 weeks), animals were post
treated with phloretin (10 mg/kg three
times a week [37] in 1 ml PBS by
intraperitoneal injection for 6 weeks).

Collection and sampling of blood

At the final of experimental period,
the animals were fasted for 12 hours,
anesthetized with ether, then they were
killed by cervical decapitation and
blood samples were gathered in
centrifuge tubes for separating the
serum. The serum was prepared by
collection of blood in anticoagulant —
free tube, then left for 10 minutes in
water bath at 37 °C until clot, then
centrifuged at 2000 rpm for 10 minutes
for setting apart of serum which was
transferred into Eppendorff tubes and
stored frozen at -20 °C until analysis.

Liver Tissue Sampling

After blood collection, liver tissues
were quickly excised from the animals,
rinsed with ice-cold phosphate-
buffered saline (pH 7.4) to flush out
any blood, hepatic tissue samples were
used for homogenate preparation, for
estimation levels of NO, MDA and
GSH and also, activities of CAT and
GST .Also used for estimation of
caspase -3 concentration by ELIZA.

Histophathological analysis

Autopsy samples were gatherd from
the liver tissues of rats in different
studied groups and fixed in 10%
neutral buffered formalin solution
(PH=7.4) for 24 hours, washed with
tap water then serial alcohols (methyl,
ethyl and absolute ethyl) were used for
dehydration . Tissue samples were
cleared in xylene and embedded in
paraffin at 56 degree in hot air oven for
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24 hours. Paraffin bees wax tissue
blocks were sectioned at 4 microns
thickness by slidge microtome. The
tissue sections were deparaffinized
then stained with hematoxylin and
eosin (HE) dyes then examinedthrough
light electric microscope [44].

Biochemical analysis

Estimation of biochemical

parameters

Estimation of serum albumin was
performed according to modified
bromocresol green binding assay
colorimetric method (BCG) Doumas
et al., [45]. The serum activities of
ALT and AST were determined by
colorimetric method of Reitman and
Frankle [46] using assay colorimetric
kit, while the activity of ALP was
performed according to the method of
Belfield and Goldberg [47].Also, the
activity of GGT was measured in the
serum of rats following the method
described by Persijn and Vander Slik
[48].

The Level of hepatic MDA was
estimated by the method of Ohkawa et
al., [49] using colorimetric kit. The
level of NO was analyzed using
colorimetric kit according to the
procedure of Montgomery and
Dymock [50].The liver content of
GSH was evaluated by using
colorimetric kit according to the
method of Beutler et al., [51].The
activity of GST was determined by UV
method according to Habig et al.,
[52]. Also activity of Catalase was
determined by colorimetric method
according to Aebi [53] and Fossati et
al., [54].Kits of MDA, NO, GSH, GST
and CAT were purchased from
Biodiagnostic Company
(Biodiagnostic, Egypt).

Estimation of caspase -3

caspase -3 was determined by
Rat/Mouse caspase -3  Immunoassay
Kit, (Catalog Number 201-12-0970) by
enzyme — linked immunosorbant assay
(ELISA) ,SunRed Biotechnology
Company.

Flow cytometry analysis of cell cycle
and apoptosis (hepatic caspase -8)

Hepatic content of caspase-8 was
investigated by flow cytometric
technique[55].The cells of controls and
experimental samples were prepared
sutabily and then the antibody was
added to the suspensions separately,
keep warm at room temperature for 30.
After incubation, the cells were
washed with cold PBS centrifuge at
1500 rpm for 5 minutes and throw out
the resulting supernatant, re-suspended
into PBS then data obtained by flow
cytometry [55].

Statistical analysis

All results were analyzed by SPSS
software (SPSS, ver.16.00, USA). Data
were expressed as mean + SD.
Comparison of mean values of studied
variables among different groups was
done using ANOVA test. P<0.05 was
considered to be significant [56].

Results:

Effect of Phloretin on liver function
tests

Biochemical studies of liver enzymes
activities in serum for different groups
was shown in table.1l. DENA treated
group showed high elevation in the
serum activities of ALT, AST and
GGT(p < 0.0001) and showed increase
in ALP activity which was statistically
non- significant (p>0.05) when
compared to control group.
Meanwhile, decreased serum
concentrations  of albumin  was
observed (p<0.05) when compared to
control group.
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On the other hand, treatment of HCC
induced rats with phloretin in
preventive and therapeutic group
significantly decreased the elevated
serum activities of ALT, AST (p <
0.0001) , GGT (p < 0.01).However,
ALP (p>0.05) was also reduced, but
this was statistically non- significant
relative to DENA group. While it
significantlly raised the lowered serum
contents of albumin (p<0.05) in
preventive but showed non- significant
elevation in albumin content (p>0.05)
in therapeutic group in comparison
with HCC induced group.

Effect of Phloretin on antioxidant
levels

Our results presented in table 2 show
that DENA treated group produced
significant increase in the levels of
hepatic MDA (p < 0.0001) and NO (p
< 0.01) the parameters of oxidative
stress, accompanied with marked
decrease in the activity of antioxidants
including GST, CAT (p < 0.01) and
also, significant decrease in the content
of GSH (p < 0.0001) in the liver, when
compared to the control group.
Meanwhile, treatment of HCC induced
rats with phloretin in preventive group
caused significant decrease in the
hepatic contents of both MDA (p <
0.01) and NO (p<0.05), but the
induced concequences were less potent
in therapeutic group which caused
decrease in MDA and NO levels which
was non-significant  (p>0.05) when
compared to HCC group. Moreover,
preventive and therapeutic group
caused significant increase in the
activity of GST (p<0.05) (p < 0.01),
CAT (p < 0.0001) (p<0.05)
respectively, accompanied by major
increase in hepatic GSH content (p <
0.0001) (p<0.05) respectively in
comparison with HCC induced group.

Effect of Phloretin on apoptotic
markers (caspase-3 and caspase -8)

Our  results presented in table 3
demonstrated that treatment of rats
with DENA in  HCC induced rats
significantly decreased hepatic
concentrations of caspase-3 and
percentage of caspase -8(p < 0.0001)
when compared to control group.
However, treatment of HCC rats with
phloretin  in  preventive  group
significantly increased hepatic
concentrations of caspase-3 and
percentage of caspase -8(p < 0.0001)
when compared to HCC group, but the
induced effects were less potent in
therapeutic group that caused slight
increase  but  statistically  non-
significant in caspase-3 concentration
(p>0.05) but in therapeutic caused
statistically significant increase in
percentage of caspase-8 (p < 0.01).

Phloretin induces cell cycle arrest

Our data of cell cycle analysis
presented in table (4) , showed that
treatment of rats with DENA in DENA
treated group produced a slight
significant increase in Sub G
apoptosis(p< 0.0001) and major
significant increase in S Phase and
G2/M  (p< 0.0001) which was
accompanied by significant decrease in
GO/G1 (p< 0.0001) when compared to
control group. On the other hand
treatment with Phloretin in preventive
and therapeutic  group  showed
significant increase in Sub G apoptosis
and GO/G1 (p< 0.0001) which was
accompanied by significant decrease in
S Phase and G2/M (p< 0.0001) in
comparison with HCC- induced group.
These results indicate that phloretin
could cause cell cycle arrest at GO/G1
phase.

Histopathological examination of the
liver tissue
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Histopathological examination of liver
sections of normal control and DMSO
groups showed that there was no
histopathological alteration and the
normal histological structure of the
central vein and  surrounding
hepatocytes in the hepatic parenchyma
was recorded in respectively. In
preventive group sever dilation was
noticed in the central vein associated
with degeneration in the surrounding
adjacent hepatocytes as well as
appearance of other altered foci of
degenerated hepatocytes in. However,
in HCC- induced group fibroblastic
cells proliferation was dividing the
hepatic parenchyma into nodules of
degenerated and necrotic hepatocytes
as well as altered foci of dysplastic
degenerated one in. In therapeutic
group mild fibrosis was dividing the
degenerated hepatocytes into nodules
as well as formation of altered
dysplastic foci and congestion in the
portal veins in figure (3).

Discussion:

Hepatocellular carcinoma (HCC) is
considered one of the famous health
problems; the fifth widely spread
cancer in the world [57]. HCC
incidence and  mortality  have
worledwide elevation over the last four
decades [58, 59]. DENA is a genotoxic
compound which forms alkyl DNA
adducts and initiates several nuclear
aberrations in the rat liver that finally
lead to the development of HCC [60].

The present work investigate the role
of phloretin in treatment of hepatic cell
carcinoma (HCC) induced by DENA
in rats.

It is established that the ALT, AST,
ALP, GGT serum activities are
indicative for hepatic function, their
increase is correlated with the hepatic
injury [61]. DENA hepatic injury is
related to the disturbance in
hepatocytes membrane instability and

metabolism resulting in alterations of
the serum levels of these enzymes.

Our data illustrated that the mean level
of ALT, AST, ALP and GGT activities
showed to be slightly increased but
statistically non-significant (P > 0.05)
in DMSO group when compared to
normal control indicating that DMSO
is safe and relatively nontoxic in
agreement with Jamalzadeh et al.,
[62] who said that DMSO at
concentrations of 0.1% and 0.5% had
little or no toxicity (table 1).

In DENA treated group the mean level
of ALT, AST and GGT activities
showed significant increase(P < 0.001)
and ALP activity showed increase but
statistically non-significant (p>0.05)
along with significant decrease in
serum content of albumin (p<0.05)
when compared to normal control
group which indicates hepatocellular
damage and impairment of liver
function ( table 1). These elevations
were also evident by several research
groups Roy and Gadad [63], Glory
and Thiruvengadam [64],
Dhanasekaran et al., [65], Tanabe et
al., [66], Rasha and Fares[67] and
Amal et al., [68].

Kumar et al., [69] found that DENA
treatment caused significant elevation
of liver serum markers ALT, AST,
ALP and y-GTP. Previous studies
showed disturbances in the serum
activities of transaminases in many
models of DENA-induced HCC [70,
71].Also our results are in line with
Ramakrishnan et al., [72] who
ascribed the elevation in serum
aminotransferase enzyme activities to
their intracellular location in the
cytosol, so toxicity affecting the liver
with  subsequent  breakdown in
membrane architecture of the cells
leads to their spillage into serum where
their concentration rises. Moreover,
our results agreed with who reported
that the increase of ALT and AST
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serum levels are specific to
hepatocellular disturbance Al- Rejaie
et al., [73]. In addition, Abdel-Hamid
et al., [74] reported that DENA
significantly increased serum of ALT,
AST and gamma-glutamyl transferase
activities in rats.

Another hepatic marker is ALP
enzyme which is related to the
membrane lipid in canalicular ducts.
Increased activity of ALP in serum
reflects the biliary flow disturbance.
So, the extra or intra-hepatic
interference with the bile flow leads to
elevation of ALP serum levels [61].
Also, GGT is a membrane-bound
enzyme that is present mainly in the
canalicular ducts. Zhao et al., [61]
reported that the increase of serum
GGT level in DENA group may be
attributed to its liberation from the
cellular ~ membrane into  blood
indicating cellular membrane damage
as a result of carcinogenesis.

As concerning to level of albumin our
results agreed with Metwally et al.,
[75] who showed a marked depletion
in albumin level in DENA treated
group as compared to healthy control
group.

Phloretin treatment in preventive and
therapeutic group significantly
decreased the elevated serum activities
of liver enzymes and raised albumin
content when compared to HCC group
suggesting that phloretin may have a
potential protective effect against
DENA induced liver damage. These
results agreed with Zuo et al., [76]
who revealed that phloretin
significantly reduced (p < 0.05) the
elevated activities of serum liver
enzymes (ALT, AST, GGT and ALP).

Liver is the main site of DENA
metabolism. DENA induces hepatic
injury through the induction of
disturbances in antioxidant defense
systems, increases the reactive oxygen
species (ROS) and membrane lipid

peroxidation and therefore vital bio-
membranes damage [77,78].ROS can
negativelly affect various cellular
biomolecules as protein, RNA and
DNA causing sincere damage to
tissues and organs resulting in chronic
disease such as cancer, heart disease,
diabetes  mellitus, arthritis and
neurodegenerative disease [79] and
peroxidation of lipids [80], so to
prevent cellular damage induced by
ROS, the organism has a lot of
antoxidative defense system, including
the non-enzymatic (mainly GSH) and
enzymatic antioxidant defenses such as
(GST, CAT, SOD, GR, and GPx)
which consider the key enzymes in
elimination of free radicals.

Our data showed that there was no
significant change in the mean values
of NO, MDA, GSH and GST, CAT
activity concentration in DMSO group
compared to control group (p>0.05 )
which indicate that DMSO is safe at
0.2% [62] (table 2).

Our present study approved hepatic
oxidative stress as indicated by
increased production of hepatic MDA
and NO, accompanying with decreased
hepatic activities of antioxidants
including GST, CAT and GSH level in
rats treated with DENA compared to
control group which indicates liver
damage (table 2). Our data are in
agreement with previous findings
Rajeshkumar and  Kuttan[81],
Ghosh et al., [82] and Bendong et al.,
[83]. Also, Pradeep et al., [13]
demonstrated that such subsequent
decrease in the antioxidant defense is a
result of the decreased expression of
these antioxidants during
hepatocellular damage.

As concerning to liver NO level, our
results revealed a highly significant
increase in DENA-treated rats as
compared to the normal group. Our
result is in line with Metwally et al.,
[75] who observed a highly significant
increase in NO level in DENA treated
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group and Afifi et al., [84] who
showed significant increase in nitric
oxide (NO) in rats induced with
DENA.

In our study, MDA level was found to
be significantly elevated by DENA. In
agreement with our finding Ahmedy et
al., [85] and Kumar et al., [69] who
found that administration of DENA led
to increase in the levels of lipid
peroxidation. Also, Jayaprakash et
al., [86] reported that animals treated
with DENA showed increased lipid
peroxide formation and cell membrane
damage and decreased levels of
antiperoxidative enzymes. This is also
in harmony with Ramakrishnan et al.,
[87] and Pradeep et al., [13] who
noticed that administration of DENA
increases the level of lipid peroxides in
rat liver.

Sivaramakrishnan et al., [88]
revealed a reduction in (GST) enzyme
activity in rat liver after induction with
DENA which may be due to the
excessive utilization of this enzyme in
scavenging free radicals in the body.
Also, Kumar et al., [69] found that
DENA administration led to decrease
in (GST) enzyme activity in the liver
homogenate.

GSH plays an important role in
maintaining the normal reduced state
of cells and counteracting the harmful
effects of oxidative stress [87]. Andre
and Felley- Bosco [89] found that
GSH conjugates with nitric oxide (NO)
to form s-nitroso glutathione adduct,
which is cleaved by the thioredoxin
system to release GSH and NO. An
increase in NO production by
cytotoxicity caused an inhibition of
glutamyl cysteine synthetase, a
cytosolic enzyme help in GSH
synthesis, leading to GSH depletion. In
addition, Ahmedy et al., [85] observed
a marked depletion of GSH level in
DENA-induced HCC group.

Catalase acts as supporting antioxidant
enzymes by transforming H202 to

H20, thereby providing protection
against ROS [87]. Ahmedy et al., [85]
found a significant decrease in the
activity of catalase enzyme. Also,
Kumar et al., [69] found that DENA
administration led to decrease in
catalase  activity in  the liver
homogenate.

The depletion of GSH content and the
reduction in the activity of catalase
enzyme may be a result of excessive
MDA production during DENA
metabolism.

On the other hand, Phloretin treatment
in preventive and therapeutic group
decreased the elevation in oxidative
stress markers (NO and MDA)

and increased the activity of
antioxidants including GST, CAT and
GSH content when compared to HCC-
induced group. These results agreed
with Zuo et al., [76] who approved
that phloretin significantly inhibited
lipid  peroxidation at  suitable
concentrations. Moreover, Xiao-yu et
al., [90] reported that NO production
of macrophages was significantly
inhibited by phloretin. Moreover, it
was observed that phloretin
significantly decreased levels of NO
[33]. In addition, Phloretin treatment
significantly (p <0.05) restored the
GSH level [91]. It was illustrated that
Phloretin is an important antioxidant
for inhibiting the peroxidation of
nitroso anions and lipids, and it has
antitumor functions [38]. Also, it was
illustrated that phloretin  protect
hepatocytes against oxidative stress
[29].

Upon receiving a signal of apoptosis, a
different of proteases including the
group of proteases called caspases will
be activated within the cells planned
for this pathway [92]. Caspases are
integrally expressed as carcinoma
cases. These generally need proteolytic
processing for their activation and are
capable of self-activation as well as
activating each other in a cascade-like
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process [93]. In order to continuous a
live, tumors always try to inhibit
apoptosis by several mechanisms
including downregulation or complete
loss of caspase-3 expression. This
disruption in caspase-3 expression is
usually related to resistance to
apoptosis as well as chemotherapy in
different kinds of tumors [94].

Our data showed that there was a slight
decrease which was statistically non-
significant in the mean values of
Caspase-3 concentration and
Caspase-8 percentage in DMSO
group compared to control group
(p>0.05 ) (table 3).

Our investigation approved that
apoptotic markers including caspase-3
and  caspase-8  proteins  were
significantly decreased in the rat liver
of DENA group (HCC induced- rats)
in comparison to control group and
these findings were in agreement with
those obtained by Mahfouz et al., [95]
and Abouzied et al., [96].

On the other hand, treatment with
phloretin in preventive and therapeutic
group elevated the apoptotic markers
(caspase-3 and Caspase-8) when
compared to HCC induced group.
These results are in line with Yang et
al., [42] who found the activation of
caspases 3, 8, and 9 and his
observations indicates that caspase
activation is involved in drug-induced
apoptosis of human liver cancer cells
and his results were in accordance with
another study that detected that caspase
activation, DNA fragmentation, and
cleavage of poly(ADP ribose)
polymerase in Phloretin-induced colon
cancer cells (HT 29) [39].Also, our
results agreed with Liu et al., [97]
who observed that after treatment with
phloretin, a significant increase in the
expression of the pro-apoptotic factors
Bax and Bak and a decrease in the
anti-apoptotic factor Bcl-2, suggesting
that changes in the ratio of pro-
apoptotic and antiapoptotic Bcl-2

family proteins might contribute to
phloretin- induced apoptosis.
Moreover, these changes coincide with
the degradation of poly-ADP-ribose
polymerase (PARP), a substrate of
caspase-3, and the activation of
caspase-9.

Currently considered, cell cycle arrest
would induce apoptosis, and influence
proliferation. A number of apoptotic
signals have an effect on apoptotic
machineries as well as cell cycle
progression at the same time.
Therefore cell cycle analysis is one of
the most important evaluations in
apoptotic  research.  Furthermore,
blocking cell cycle to induce apoptosis
now serves as a new target for
anticancer drugs.

Our data showed that there was a slight
decrease which was statistically non-
significant in the mean values of sub G
apoptosis, GO/G1, S phase& G2/M in
DMSO group compared to control
group (p>0.05 ) (table4).

Treatment of rats with DENA in
DENA treated group produced a slight
significant increase in Sub G
apoptosis(p< 0.0001) and major
significant increase in S Phase and
G2/M (p< 0.0001) which was
accompanied by significant decrease in
GO0/G1 (p< 0.0001) when compared to
control group.

Roy and Gadad [63] reported that
DENA -treated group showed
significant (P < 0.001) increase in
DNA and RNA when compared to
normal group that was in harmony
with previous studies which revealed
that DNA and RNA levels are elevated
in DENA-treated animals [88] .

On the other hand, treatment with
Phloretin in preventive and therapeutic
group showed major significant
increase in Sub G apoptosis and
G0/G1 (p< 0.0001) and showed
marked significant decrease in S Phase
and G2/M (p< 0.0001) compared to
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HCC- induced group ,so these results
indicated that phloretin could induce
cell cycle arrest at GO/G1 phase .
These results are in line with Xiao-yu
et al., [90] who demonstrated that
exposure of T lymphocytes to phloretin
caused the enrichment of GO/G1 phase,
which then cause a decrease in S and
G2/M phase so phloretin could induce
cell cycle arrest at GO/G1 phase in T
lymphocytes. Also, Wu et al., [37]
showed that treatment of HepG2 cells
with 200 pM phloretin for 24 h
significantly induced HepG2 cell
death, evidenced by an increase in the
sub-G1 population. By cell cycle
analysis after Phloretin treatment,
Wang et al., [98] found that the cells
were arrested in G1 phase (G1 phase
increased) with decreased proportion
of S and G2 phases, causing a
reduction in M phase and inhibited cell
division .With elevated phloretin
concentration, the proportion of cells
in G1 phase, hypodiploid DNA (sub-
G1 population) increased and that of
cells in S phase decreased. Therefore,
Wang et al., [98] speculate that with
the aromatic ring structure phloretin
can insert into the DNA double helix,
thereby preventing DNA synthesis,
affecting cell cycle progression and
leading to apoptosis.

REFERENCES:

1. Jamilah, M.H. (2015):
Protective Effect of Curcumin
on Hepatocarcinoma induced
byN-Nitrosodiethylamine  in
Male Rats. Nat Sci., 13(3):117-
126.

2. Zhang, X.L., Yu, H., Xiong,
Y.Y., Ma, S.T., Zhao, L. and
She, S.F., (2013): Resveratrol
downregulates myosin light
chain kinase, induces apoptosis
and inhibits diethylnitrosamine-
induced liver tumorigenesis in

rats. Int J Mol Sci., 14, 1940-
1951.

Harring, T.R., Kuten, D.A,,
Nguyen, N.T., Goss, J.A. and
O’Mahony, C.A., (2011):
Orthotopic liver transplantation
in  patients  with  mixed
hepatocellular carcinoma-
cholangiocarcinoma. J
Transplant Technol Res., 1,
104.

. Schutte, K., Bornschein, J.

and Malfertheiner, P. (2009):
Hepatocellular carcinoma
epidemiological trends and risk
factors. Dig. Dis., 27:80-92.

Kim, J. W., Surim, P., Chae,

. W. L., Kyuhong, L., and

Bumseok, K. (2014): The Role
of Air Pollutants in Initiating
Liver Disease. Toxicol Res.,
30(2): 65-70.

. Sidharthan, S. and Kottilil, S.

(2014): Mechanisms of
alcohol-induced hepatocellular
carcinoma. Hepatol Int.,
8(2):452-457.

Hamid, A. S., lsaias, G,
Myucheng, Z. and Zhen, G.
(2013): Aflatoxin Bl-induced
hepatocellular  carcinoma in
developing countries:
Geographical distribution,
mechanism of action and
prevention. Oncol Lett.,.5(4):
1087-1092.

Kowsalya, R., Kaliaperumal,

J.,  Vaishnavi, M. and

Namasivayam, E. (2015):
Anticancer activity of Cynodon
dactylon L. root extract against
diethyl nitrosamine induced
hepatic carcinoma. South Asian
Cancer J., 4(2):83-87.

Mahmoud, M.S. and Abdul-
Hamid, M. (2012): Green tea
extract ameliorates Liver and
pituitary gland toxicity induced
by diethylnitrosamine in male



157

Sherif et al.,2017

10.

11.

12.

13.

14.

15.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

rats. Journal of American
Science, 8(3): 58-71.

Sadik, N., EL-Maraghy, S.
and Ismail, F.M. (2009):
Diethylnitrosamine induced

hepatocarcinogenesis in rats:
possible chemoprevention by
blueberries. African Journal of
Biochemistry  Research, 2

(3):81-87.
Balamurugan, K. and
Karthikeyan, J.  (2012):

Evaluation of Luteolin in the
Prevention of N-
nitrosodiethylamine  induced
Hepatocellular
Carcinoma.Using animal model
system. Ind J ClinBiochem.,
27(2):157-163.

Farombi, E.O., Shrotriya, S.
and Surh, Y.J. (2009):
Kolaviron inhibits dimethyl ni-
trosamine-induced liver injury
by suppressing COX-2 and
INOS expression via NF-
kappaB and AP-1. Life Sci.;
84(5-6):149-55.

Pradeep, K., Mohan, C.V.,
Gobianand, K. and
Karthikeyan, S.  (2007):
Silymarin modulates  the
oxidant-antioxidant imbalance
during diethylnitrosamine
induced oxidative stress in rats.
Eur J Pharmacol.; 560(2-
3):110-6.

Bhosale, P., Motiwale, L.,
Ingle, A.D., Gadre, R.B., and
Rao, K.V.K. (2002): Protective
effect of Rhodotorula glutinis
NCIM3353 on the development

of hepatic preneoplastic
lesions. Curr Sci., 83, 303-308.
Anis, K.V., RajeshKumar,

N.V. and Kuttan, R. (2001):
Inhibition of chemical
carcinogenesis by biberine in
rats and mice. J. Pharm.
Pharmacol., 53: 763-768.

16.

17.

18.

19.

20.

21.

22.

Chakraborty, T., Chatterjee,
A, Rana, A,
Dhachinamoorthi, D.,
Kumar, P.A. and Chatterjee,
M. (2007): Carcinogen-induced
early molecular events and its
implication in the initiation of
chemical hepatocarcinogenesis
in rats: chemopreventive role of
vanadium on this process.
Biochim.  Biophys.  Acta.,,
1772(1):48-59.

Verna, L., Whysner, J. and
Williams, G.M. (1996): N-
nitrosodiethylamine
mechanistic data and risk
assessment: bioactivation,
DNA-adduct formation,
mutagenicity, and  tumor
initiation. Pharmacol Ther., 71:
57-81.

Dagli, M.L.Z. (2002): Agentes

antineoplasicos. In:
Farmacologia  Aplicada &
Medicina  Veterinaria.  3rd

edition. Spinosa HS, Gorniak
SL and Bernardi MM (eds.).
Editora  Guanabara-Koogan,
Sé&o Paulo, Brasil, pp577-608.
Cheng, J., Huang, T., Li, Y.,
et al., (2014): AMP-Activated
Protein Kinase Suppresses the
In Vitro and In Vivo
Proliferation of Hepatocellular
Carcinoma. PLoS One, 9.

Gao, Q., Chen, X,, Duan, H.,
et al. (2014): FXYD6: a novel
therapeutic ~ target  toward
hepatocellular carcinoma.
Protein Cell; 10:10.

Hollman, P. and Katan, M.
(1997): Absorption,
metabolism and health effects
of dietary flavonoids in man.
Biomed Pharmacother.,
51(8):305-10.

Moon, Y.J.,, Wang, X. and
Morris, M.E. (2006): Dietary
flavonoids: effects on
xenobiotic and  carcinogen



158

Sherif et al.,2017

23.

24,

25.

26.

217.

28.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

metabolism. Toxicol in Vitro,
20(2):187-210.

Nijveldt, R.J., Van Nood, E.,
Van Hoorn, D.E., Boelens,
P.G., Van Norren, K. and
Van Leeuwen, P.A. (2001):
Flavonoids: a review of
probable mechanisms of action
and potential applications. Am
J Clin Nut., 74(4):418-25.

Sabzevari, O., Galati, G,
Moridani, M.Y., Siraki, A.
and O’Brien PJ. (2004):
Molecular cytotoxic

mechanisms  of  anticancer
hydroxychalcones. Chem Biol
Intract., 148(1): 57-67.

Lee, KW., Kim, Y.J.,, Kim,
D.O,, Lee, HJ. and Lee, C.Y.
(2003):  Major phenolics in
apple and their contribution to
the total antioxidant capacity. J
Agric Food Chem; 51(22):
6516-6520.

Hilt, P., Schieber, A.,
Yildirim, C., Arnold, G,
Klaiber, 1., Conrad, J.,
Beifuss, U. and Carle R.

(2003): Detection of phloridzin
in strawberries (Fragaria X
ananassa Duch.) by
HPLCPDA- MS/MS and NMR
spectroscopy. J Agric Food
Chem; 51(10): 2896-2899.

Xu, K., La, H., Qu, B., Shan,
H. and Song, J. (2010): High-
speed countercurrent
chromatography  preparative
separation andpurification of
phloretin from Apple tree bark.
Sep Purif Technol; 72(3): 406-
4009.

Nakamura, Y., Watanabe, S.,
Miyake, N.,Kohno, H.and
Osawa, T.( 2003):
Dihydrochalcones: Evaluation
as novel radical scavenging
antioxidants. J. Agric. Food
Chem. 51, 3309-3312.

29.

30.

31.

32.

33.

34.

Yang, Y.C., Li, C.K, Lin,
AH., Yeh, YW, Yao, HT,,
Li, C.C., Liu, K.L. and Chen,
H.W. (2011): Induction of
glutathione synthesis and heme
oxygenase 1 by the flavonoids
butein and  phloretin s
mediated through the
ERK/Nrf2 pathway and
protects  against  oxidative
stress. Free Radic. Biol. Med.,
51(11), 2073-2081.

Barreca, D., Bellocco, E.,
Lagana, G., Ginestra, G. and
Bisignano, C. (2014):
Biochemical and antimicrobial
activity of phloretin and its
glycosylated derivatives
present in apple and kumquat.
Food Chem., 160, 292—-297.
Kundu, J., Chun, K.S., Chae,
I.G. and Kundu. J.K. (2014):
Phloretin: An apple polyphenol
with cancer chemopreventive

potential. Arch. Bas. App.
Med., 2, 17-23.
Szliszka, E., Czuba, Z.P.,

Mazur, B., Paradysz, A. and
Krol, W. (2010): Chalcones
and dihydrochalcones augment
TRAIL-mediated apoptosis in
prostate cancer cell. Molecules,
15, 5336-5353.

Chang, W.T., Huang, W.C.

and Liou, C.J. (2012):
Evaluation of the anti-
inflammatory effects of

phloretin and phlorizin in
lipopolysaccharide-stimulated
mouse  macrophages. Food
Chem., 134(2): 972-979.

Shin, JW., Kundu, J.K. and
Surh, Y.J. (2012): Phloretin
inhibits phorbol ester-induced
tumor promotion and
expression of cyclooxygenase-
2 in mouse skin: Extracellular
signal- regulated kinase and
nuclear  factor-kappaB  as



159

Sherif et al.,2017

35.

36.

37.

38.

39.

40.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

potential targets. J. Med. Food,
15, 253-257.

Raja, M.M., Tyagi, N.K. and
Kinne, R.K. (2003): Phlorizin
recognition in a C-terminal
fragment of SGLT1 studied by
tryptophan  scanning  and
affinity labeling. J Biol Chem.,
278(49): 49154-49163.

Stangl, V., Lorenz, M,
Ludwig, A., Grimbo, N,
Guether, C., Sanad, W.,
Ziemer, S., Martus, P.,
Baumann, G. and Stangl, K.
(2005): The  flavonoid

phloretin suppresses stimulated
expression  of  endothelial
adhesion molecules and
reduces activation of human
platelets. J Nutr., 135(2): 172-
178.

Wu, C-H., Ho, Y-S., Tsa, C-
Y., Wang, Y-J.,, Tseng, H.,
Wei, P-L., Lee, C-H., Liu, R-
S. and Lin, S-Y. (2009): In
vitro and in vivo study of
phloretin-induced apoptosis in
human liver cancer cells
involving inhibition of type II
glucose transporter. Int. J.
Cancer, 124(9): 2210-22109.
Kim, M.S., Kwon, J.Y., Kang,
N.J., Lee, KW. and Lee, H.J.
(2009):  Phloretin  induces
apoptosis in H-Ras MCF10A
human breast tumor cells
through the activation of p53
via JNK and p38 mitogen-
activated protein Kinase
signaling. Ann NY Acad Sci.,
1171(1): 479-483.

Park, S.Y., Kim, E.J., Shin,
H.K., Kwon, D.Y., Kim, M.S.,
Surh, Y.J. and Park, J.H.
(2007): Induction of apoptosis
in HT-29 colon cancer cells by
phloretin. J Med Food, 10(4):
581-586.

He, X. and Liu, R.H. (2007):
Triterpenoids isolated from

41.

42.

43.

44,

45.

46.

47.

apple peels have potent
antiproliferative activity and
may be partially responsible for
apple's anticancer activity. J.
Agric. Food Chem., 55: 4366-
4370.

Yoon, H. and Liu, R.H.
(2007): Effect of selected
phytochemicals and apple
extracts on NF-kappaB

activation in human breast
cancer MCF-7 cells. J. Agric.
Food Chem., 55: 3167-3173.
Yang, K-C., Tsai, C-Y,
Wang, Y-J. , Wei, P-L., Lee,
C-H., Chen, J-H., Wu, C-H.
and Ho, Y-S. (2009): Apple
Polyphenol Phloretin
Potentiates the  Anticancer
Actions of Paclitaxel Through
Induction of Apoptosis in
Human Hep G2 Cells.
Molecular Carcinogenesis,
48:420-431.

Oshi, S., Ken, H., Masato, I.,
Yasushi, T., Michiko, O.,
Shunsuke, K., Hisao, I. and
Hironaka, K. (1999):
Inhibition of hepatocellular
carcinoma by glycyrrhizin in
diethylnitrosamine-treated
mice.Carcinogenesis, 20: 59-
63.

Bancroft, J. and Gamble, M.
(2008): Theory and Practice of
Histological Technique 4th Ed.,
Churchill ~ Livingston, New
York, London, San Francisco,
and Tokyo.

Doumas, B.T., Watson, W.A.
and Biggs, H.C. (1971):
Albumin standard and the
management of serum albumin
with bromocresol green. Chin.
Chim.Acta., 31:87-96.
Reitman, S. and Frankle, S.
(1957): Amer L Clin Path.,
28:504-5009.

Belfield, A. and Goldberg, D.
(1971): Colorimetric



160

Sherif et al.,2017

48.

49,

50.

Y

52.

53.

54.

55.

56.

S7.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

determination  of  alkaline
phosphatase activity. Enzym.,
12: 561-566.

Persjn, J.P. and van der slike,
W. (1976): A new method for
the determination of g-glutamyl
transferase in serum. J Clin
Chem Clin Biochem.; 14421-
427.

Ohkawa, H., Ohishi, N. and
Yagi, K. (1979): Anal
Biochem., 95,351.

Montgomery, H.A.C. and
Dymock, J.F. (1961): The
determination of nitrite in

water. Analyst.86:414-416.
Beutler, E., Duron, O. and
Kelly, M.B. (1963): Improved
method for the determination of
blood glutathione. J. Lab. Clin.
Med., 61:882-890.

Habig, W. H., Pabst, M. J.,
and Jakoby, W. B. (1974):
Glutathione S-transferases: The
first  enzymatic step in
mercapturic acid formation. J.
Biol. Chem., 249: 7130-7139.
Aebi, H., (1984): Methods
Enzymol., 105, 121-126.
Fossati, P., et al., (1980): Clin.
Chem.26, 227-231.

Dean, P.N. and Jett J.H.
(1974): Mathematical analysis
of DNA distribution derived
from flow microfluorometry. J.
Cell. Biol., 60(2): 523-527.
SPSS.  (2008):  Statistical
package for social science,
computer software, Ver. 16.
London, UK: SPSS Company.
Abeer, H.A., Amal, AF,
Mamdouh, M.A. and Saeed,
M.S. (2015):  Anticancer
properties of resveratrol on
chemically induced
hepatocellular carcinoma in
rats: Inhibition of metastasis
and angiogenesis J Chem
Pharm Res ., 7(4):913-921.

58.

59.

60.

61.

62.

63.

Abdelaziz, A.O., Elbaz, T.M.,
Shousha, H.l., et al (2014):
Survival and prognostic factors
for hepatocellular carcinoma:
an egyptian multidisciplinary
clinic experience. Asian Pac J
Cancer Prev., 15, 3915-20.
Zekri, A., Youssef, A.S,
Bakr, Y.M., et al (2015):
Serum biomarkers for early
detection of hepatocellular
carcinoma  associated  with
HCV infection in egyptian
patients. Asian Pac J Cancer
Prev., 16, 1281-7.

Jagadeesh, M.C., Sreepriya,

M., Bali, G. and
Manjulakumari, D. (2009):
Biochemical studies on the

effect of curcumin and embelin
during  Nnitrosodiethylamine/
Phenobarbital-induced
hepatocarcinogenesis in wistar
rats.  African Journal  of
Biotechnology; 8 Suppl 18:
4618-4622.

Zhao, J., Peng, L., Geng, C.,
et al (2014): Preventive effect
of  hydrazinocurcumin  on
carcinogenesis of
diethylnitrosamine-induced
hepatocarcinoma in male SD
Rats. Asian Pac J Cancer Prev,
15, 2115-21.

Jamalzadeh, L., Ghafoori, H.,
Sariri, R., Rabuti, H,,
Nasirzade, J., Hasani, H. and
Aghamaali, M. R. (2016):
Cytotoxic Effects of Some
Common Organic Solvents on
MCF-7, RAW-264.7 and
Human Umbilical Vein
Endothelial Cells .Avicenna J
Med Biochem., 4(1):e33453.
Roy, S.R. and Gadad, P.C.
(2016): Effect of B-asarone on
diethylnitrosamine-induced
hepatocellular carcinoma in



161

Sherif et al.,2017

64.

65.

66.

67.

68.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

rats. Indian Journal of Health
Sciences, 9:82-8.

Glory, D.M. and
Thiruvengadam, D. (2012):
Potential chemopreventive role
chrysin against n-
nitrosdiethylamine — induced
hepatocellular carcinoma in
rats. Biomed Prev Nutr.,, 2:
106-12.

Dhanasekaran, M., Baskar,
AA, Ignacimuthu, S.,
Agastian, P., Duraipandiyan,

V. (2009): Chemopreventive
potential of Epoxy clerodane
diterpene  from  Tinospora
cordifolia against

diethylnitrosamine-induced

hepatocellular carcinoma.
Invest New Drugs; 27: 347-55.
Tanabe, K.K., Lemoine, A.,
Finkelstein, D.M., Kawasaki,
H., Fujii, T., Chung, R.T,

Lauwers, G.Y. Kulu, Y.,
Muzikansky, A., Kuruppu,
D., Lanuti, M., Goodwin,

J.M., Azoulay, D. and Fuchs,
B.C. (2008): Epidermal growth
factor gene functional
polymorphism and the risk of
hepatocellular carcinoma in
patients with cirrhosis.
JAMA,299: 53.

Rasha, H.H. and Fares, K.K.
(2014): The protective role of
ellagitannins flavonoids
pretreatment against N-
nitrosodiethylamine  induced-
hepatocellular carcinoma.
Saudi J Biol Sci., 21(6): 589—
596.

Amal, H.H., Hanaa, M.A,
Rasha, H.M., Wagdy, K.B.K.

and Hanaa, H.A. (2015):
Current concepts in
pathophysiology and

management of hepatocellular
carcinoma. Acta Biochimica
Polonica, 62(3):573-580.

69.

70.

71.

72.

73.

74.

Kumar, R.S., Kumar, S.V.,,
Rajkapoor, B., Pravin, N. and
Mahendiran, D., (2016):
Chemopreventive effect of
Indigofera  linnaei  extract
against diethylnitrosamine
induced hepatocarcinogenesis
in rats. Journal of Applied
Pharmaceutical Science ,Vol. 6
(11), 199-2009.

Kartik, R., Rao, Ch.\V,
Trivedi, S.P., Pushpangadan,
P. and Reddy, G.D. (2010):
Amelioration effects against N-
nitrosodiethylamine and CCl4-
induced hepatocarcinogenesis
in Swiss albino rats by whole
plant extract of Achyranthes
aspera. Indian J. Pharmacol.,
42(6): 370-375.

Mohammed, F.Z., Sultan,
A.S. and Abas, A.M. (2014):
Chemopreventive and

therapeutic effect of capsaicin
against diethylnitrosamine
induced liver injury and
hepatocellular  carcinoma in
rats. IJBPR, 5(8): 630-642.
Ramakrishnan, G.,
Augustine, T.A., Jagan, S,
Vinodhkumar, R. and
Devaki, T. (2007): Effect of
silymarin on N-
nitrosodiethylamine  induced
hepatocarcinogenesis in rats.
Experimental Eoncology, 29:
39-44.

Al-Rejaie, S.S., Aleisa, A.M.,
Al-Yahya, A.A., et al (2009):
Progression of
diethylnitrosamine-induced
hepatic ~ carcinogenesis  in
carnitine-depleted rats. World J
Gastroenterol., 15, 1373-80.
Abdel-Hamid, N.M., Nazmy,
M.H. and Nazmy, W.H.
(2011): Vitamin C and diallyl
sulfide as chemosensitizers to
cisplatin in treating



162

Sherif et al.,2017

75.

76.

77,

78.

79.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

hepatocellular carcinoma. J.
Solid Tumors, 1 (3): 90-102.

Metwally, N.S., Kholeif, T.E.,
Ghanem, K.Z., Farrag,
A.RH.,, Ammar, N.M. and
Abdel-Hamid, A.H.Z. (2011):
The protective effects of fish

oil and artichoke on
hepatocellular carcinoma in
rats. European Review for

Medical and Pharmacological
Sciences, 15: 1429-1444,

Zuo, A-R., Yu, Y-Y., Shu, Q-
L., Zheng, L-X., Wang, X-M.,
Peng, S-H., Xie, Y-F. and
Cauo, S-W. (2014):
Hepatoprotective effects and
antioxidant, antityrosinase
activities of phloretin and
phloretin isonicotinyl
hydrazone .Journal of the
Chinese Medical Association
.77 :290-301.

Mohamed, A., Metwally, N.,
Mohamed, S. and Hassan, E.
(2010): Protective capacity of
butanolic extract of myoporum
laetum against oxidative stress
and immune disorder induced
tissue damage in profenofos

intoxicated rats. Int J Acad
Res., 2, 157-164.
Ismail, M., Igbal, Z,

Khattak, M., Javaid, A. and
Khan, T. (2011): Prevalence,
types and predictors  of
potential drug-drug interactions
in pulmonology ward of a
tertiary care hospital. Afr J
Pharm Pharmacol., 5, 1303-9.
Singh, S., Mehta, A. and
Athirwal, L., et al. (2014)
:Combinatorial Effect  of
Cajanus  Cajan,  Silybum
marianum and Andrographis
Paniculata on in  Vivo
Antioxidant and
Hepatoprotective Activities of
Carbon Tetrachloride
Intoxicated Albino rats. Annual

80.

81.

82.

83.

84.

85.

Research and Review in
Biology, 4, 665-674.

Revathi, R. and Manju, V.
(2013):  The  effects of
Umbelliferone on lipid
peroxidation and antioxidant
status in diethylnitrosamine
induced hepatocellular
carcinoma. Journal of Acute
Medicine, 3: 73-82.
Rajeshkumar, N.V. and
Kuttan, R. (2000): Inhibition
of N-nitrosodiethylamine
induced hepatocarcinogenesis
by Picroliv. J ExpClin Cancer
Res., 19 Suppl 4: 459-465.
Ghosh, D., Choudhury, S.T.,

Ghosh, S., Mandal, AK.,
Sarkar, S. and Ghosh, A.
(2012): Nano  capsulated
curcumin: Oral
chemopreventive  formulation
against diethylnitrosamine
induced hepatocellular

carcinoma in rat. Chem Biol
Interact., 195 Suppl 3: 206-
214.

Bendong, C., Mingliang, N.
and Guangshun, Y. (2012):

Effect of  paeonol on
antioxidant  and immune
regulatory activity in HCC

Rats. Molecules, 17, 4672-83.

Afifi, N., Ramadan, A.,
Yassin, N.Z., Fayed, H.M.
and Abdel Rahman, R.F.
(2015): molecular mechanisms
underlying hepatoprotective
effect of artichoke extract
modulates  :TNF-  induced
activation of nuclear

transcription factor (NF-Kappa
B) and  oxidative  burst
inhibition . World Journal of
Pharmacy and Pharmaceutical
Sciences, Volume 4, Issue 01,
1546-1562.

Ahmedy, O.A.M., El-sayed,
M.E., Shoka, A.A., Abd ElI-
Latif, H.A., Bahgat, A. K,



163

Sherif et al.,2017

86.

87.

88.

89.

90.

91.

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

Mansour S.Z. and Hassan, A.
(2016): chemotherapeutic
effect of celery seed oil against
hepatocellular carcinoma
induced by diethylnitrosamine
in rats. International Journal of
Development Research,Vol. 06,
Issue, 05,7732-7740.
Jayaprakash, R., Ramesh, V.,
Sridhar, M. P. and Sasikala,
C. (2015): Antioxidant activity
of ethanolic  extract of
Tinospora cordifolia on N-
nitrosodiethylamine
(diethylnitrosamine)  induced
liver cancer in male Wister
albino rats. J Pharm. Bioallied.
Sci., 7 (Suppl 1), S40-S45.
Ramakrishnan, G.,
Raghavendran, H. R.,
Vinodhkumar, R. and
Devaki, T. (2006): Suppression
of Nnitrosodiethylamine
induced hepatocarcinogenesis
by silymarin in rats. Chem.
Biol. Interact.,161 (2), pp. 104-
114.

Sivaramakrishnan, V.,
Shilpa, P.N.M., Kumar,
V.R.P. and Devaraj, S.N.
(2008):  Attenuation of N-
nitrosodiethylamine-induced
hepatocellular carcinoma by a
novel flavonol-Morin. Chem
Biol Interact., 171: 79-88.
Andre, M. and Felley-Bosco,
E. (2003): Heme oxygenase-1-
induction by endogenous nitric
oxide: influence of intracellular
glutathione. FEBS Lett., 546:
223-221.

Xiao-yu, L., Yao-ying, Z.,
Yan-xia, Y., Yu-ying, Z.,
Jing-jing, M. and Xiao-hui, Z.
(2009):Anti-inflammatory and
immunosuppressive effect of
phloretin .Acta Pharmaceutica
Sinica, 44 (5): 480-485.
Aliomrani, M., Sepand, M.
R., Mirzaei, H. R., kazemi, A.

92.

93.

94,

95.

96.

R.,  Nekonam, S. and
Sabzevari, O. (2016) : Effects
of phloretin on oxidative and
inflammatory reaction in rat
model of cecal ligation and

puncture  induced  sepsis.
DARU Journal of
Pharmaceutical Sciences.
24:15.

Fabregat, 1., Roncero, C. and
Fernandez, M. (2007):
Survival and apoptosis: a

dysregulated balance in liver
cancer. Liver Int.;27:155-62.

Hyman, B.T. and Yuan, J.
(2012): Apoptotic and non-
apoptotic roles of caspases in

neuronal  physiology and
pathophysiology. Nat Rev
Neurosci., 13:395-406.

Kolenko, V., Uzzo, R.G,

Bukowski, R., Bander, N.H.,
Novick, A.C., His, E.D., et al.
(1999): Dead or dying: necrosis
versus apoptosis in caspase-

deficient human renal cell
carcinoma. Cancer Res.;
59:2838-42.

Mahfouz, M.K., Hassan, H.A,
Ali, H.A., EI-Senosi, Y.A. and

Abdelaziz, M.A. (2013):
Molecular and Biochemical
Changes of Mice Hepatic
Cancer Induced by
Diethylnitrosamine and Treated
with Curcumin. Benha
Veterinary Medical Journal,

Vol. 25, NO. 1:228-238.
Abouzied, M.M. M., Eltahir,
H.M., Abdel Aziz, M.A,
Nagwa S. Ahmed, N.S., Abd
El-Ghany, A.A., Abd El-Aziz,
E.A. and Abd El-Aziz, H.O.
(2015):Curcumin  ameliorate
DENA-induced HCC via
modulating TGF-B, AKT, and
caspase-3 expression in
experimental rat model .Tumor
Biol., 36:1763-1771.



164 Sherif et al.,2017

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

97. Liu,Y., Fan, C.,, Pu, L., Wei,
C., Jin, H., Teng, Y. Zhao,
M., Hoi Yu, A-C., Jiang, F.,
Shu, J.,, Li, F., Peng, Q.
Kong, J., Pan, B., Zheng,
L.and Huang, Y. ( 2016):
Phloretin induces cell cycle
arrest and apoptosis of human
glioblastoma cells through the
generation of reactive oxygen
species. J Neurooncol.,
128:217-223.

98. Wang, H., Wang, D., Pu, Y.,
Pan D., Guan, W. and Ma, Y.
(2012):  Phloretin  induced
apoptosis of human hepatoma
cells SMMC-7721 and its

correlative biological
mechanisms. African Journal of
Pharmacy and

Pharmacology,Vol. 6(9), pp.
648-659, 8.



165 Sherif et al.,2017
Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

Table (1): The effect of phloretin on liver function tests in different studied groups.

Negative |Meant | 438+ | o .o, | 169.8% | 2046+ | 183+
control SD 1.97 43.2 58.6 6.6
Mean = 1827+ | 2086+ | 18.7+
oy | 461310524226 | ¢ o2 e
DMSO %> 41 157 76 20 22
px 0814 0.170 0.455 0886 | 0.902
Mean + 198.4 + 213.7 £ 189 +
oy | 41£08 1200207 | 0 o 3 P
0> 71 41.9 168 44 33
Preventive 455 0.658 0.004 0.103 0782 | 0.9
O** 55.9 593 529 177 2499

p** 0.012 <0.0001 <0.0001 0.433 0.001

Mean = 420.8 + 259.7 £ 37.7
sD 26+14 | 316.9+555 65.2 160.7 74
DENA %* -40.4 248.6 147.8 26.9 106.0

p* 0.032 <0.0001 <0.0001 0.322 | <0.0001

Mean * 257.3 2272+ | 200+
sD 3.8+15 | 1819359 66.8 204 126
%* -13.2 100.1 51.5 11.0 9.3

0.710

Therapeutic | o, 0472 | <0.0001 | 0.003 0.445

%** 45.7 -42.6 -38.9 -12.5 -46.9

p** 0.080 <0.0001 <0.0001 0.565 0.001

P* & P** in compared to negative control and HCC-induced group respectively, value
considered significant at p<0.05. Also, %* & %** percent change in compared to negative
control and HCC-induced group respectively.



166

Sherif et al.,2017

Biochemistry letters, 12 (13 ) 2017, Pages: 147-171

Table (2): Effect of phloretin on hepatic oxidative and anti-oxidative parameters in
different studied groups.

Mean + 23.7 % 89+
Normal oD 3154172 | 4 oos | 6619 | 2408
Mgag * | 306+18.8 2‘;'_221 9.0+08 | 62+14 | 20+04
DMSO 0™ 255 22 01 6.3 145
p* 0.332 0817 | 0974 | 0580 0.255
Mean + 314 + 1.7 +
op | 453%308 | 77 | 80%26 (59420
0%* 136 32.6 105 111 7300
Preventive p* 0234 0014 | 0295 0.404 0.013
0" 484 541 82.7 1174 325
prx 0.022 0002 | 0014 | <0.0001 | <0.0001
Mean = 68.4 +
oy | 877438 | "7 | 44%33 | 2712 | 1302
DENA 0%* 1781 1889 | -51.0 59.1 472
<
*
p 0.001 o000y | 0001 | <00001 | 0.001
Mean = 50.3
op | 520%411| 2% | 7713 | 44419 | 14202
0% 65.0 1122 | -138 343 420
Therapeutic p* 0.163 0005 | 0.025 0.017 0.001
0" 407 265 761 608 98
prx 0.077 0181 | 0.008 0.038 0.208

P* & P** in compared to negative control and HCC-induced group respectively, value
considered significant at p<0.05. Also, %* & %** percent change in compared to negative
control and HCC-induced group respectively.
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Table (3): Effect of phloretin on apoptotic markers in all studied groups.

Group
Caspase-3(ng/ml) | Caspase-8(%o of count)
Normal Mean + SD 142 +0.6 75.1+8.91
Mean + SD 13.4+0.8 63.6 +7.99
DMSO %* -5.0 -15.4
p* 0.2955 0.06
Mean + SD 13.8+0.6 479 +7.99
%* -2.6 -36.2
Preventive p* 0.779 < 0.0001
%** 26.4 55.7
p** <0.0001 <0.0001
Mean + SD 109+1.3 30.8+7.99
DENA %* -22.9 -59.0
p* < 0.0001 <0.0001
Mean + SD 118+15 38.2+7.99
%* -16.3 -49.2
Therapeutic p* 0.002 <0.0001
%** 8.6 24.0
px* 0.825 <0.0001

P* & P** in compared to negative control and HCC-induced group respectively, value
considered significant at p<0.05. Also, %* & %** percent change in compared to negative
control and HCC-induced group respectively.
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Table (4): Effect of phloretin on cell cycle in different studied groups.

Group sub G G0/G1 S phase G2/M
(% of (% of (% of count) | (% of
count) count) count)

Normal Mean + 11.4+05 73.7+1.4 7.8+0.9 4019

SD
DMSO Mean + 11.1+0.3 69.5+3.9 6.7 + 0.66 2.2+0.64
SD
%* -2.6 -5.8 -14.5 -45.1
p* 0.6 0.08 0.062 0.132
Preventive Mean * 248+34 70.7%+5.2 5.6+0.5 2.8+0.6
SD
%* 116.9 -4.1 -28.6 -30.1
p* <0.0001 0.464 <0.0001 0.6
%** 75.5 54.8 -83.9 -79.1
p** <0.0001 <0.0001 <0.0001 <0.0001
DENA Mean + 141+04 45.7+0.4 346+05 135104
SD
%* 23.6 -38.1 344.7 234.2
pP* <0.0001 < 0.0001 <0.0001 < 0.0001
Therapeutic | Mean # 243120 65.1+3.2 122+1.3 0.6+0.2
SD
%* 112.7 -11.7 57.4 -86.1
pP* <0.0001 < 0.0001 <0.0001 0.003
%** 72.1 42.5 -64.6 -95.8
p** <0.0001 < 0.0001 <0.0001 < 0.0001

P* & P** in compared to negative control and HCC-induced group respectively, value
considered significant at p<0.05. Also, %* & %** percent change in compared to negative
control and HCC-induced group respectively.
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Table (5): The severity of histopathological alteration in hepatic tissue of different
studied groups.

Histopathological Negative | DMSO | Preventive | DENA Therapeutic.
Alteration control
Fibroblastic cell + +++ +

proliferation with
nodule formation

Foci  of  altered + +++ +
dysplastic
hepatocytes.
(precancerous)

Where +++ — Sever, ++ —Moderate, + — Mild, - — Nil
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Figure 1: Flow cytometry histogram presented % of gated no. of +ve caspase 8 in
different groups according to the FL1-detector of FITC caspase 8 flourochrome. FITC
= Fluorescence Iso Thio Cyanate label.
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Figure 2: FACS analysis of cell cycle distribution histograms in all studied groups. A:

negative control, B: DMSO, C: preventive, D: DENA (HCC-induced) and E:
therapeutic.
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Figure 3: Histological architecture of rat liver tissue (A) normal control showing normal
histology, (B) DMSO treated group showed apparently normal hepatocytes, (C)
Preventive group showed the foci of altered hepatocytes (D) HCC-induced showing
Showing the altered foci of hepatocytes (E) Therapeutic group showed that hepatocytes
returned to nearly normal arrangement with less vacuolation and sinusoids with less
dilatation.



