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Abstract

Combination therapy has been the trendy of care, particularly in cancer remedy, since it is a rational approach to
increase response and tolerability and to diminish resistance. Hence, there is a growing interest in combining anticancer
drugs to maximizing efficacy with minimum systemic toxicity through the delivery of lower drug doses. Therefore, in
the present study, the value of combination between benzethonium chloride (benzo) and endoxan (endo) as anti-tumor
drug sensitization of hepatocellular carcinoma HCC treatment were detected both in vitro and in vivo. Crystal violet
test was performed to detect the proliferation of HepG2 cells treated with benzo or/and endo. In addition, the HCC
rat model was established by diethylnitrosamine (DEN) administration. The antitumor effect was enhanced with the
combined treatment of the two drugs, particularly in the group with benzo and endo. The results confirmed that the
HCC condition was developed in response to lower expressions of caspase 3 and P53 which, in turn, was due to the
overexpression of Bcl-2, and downregulation of cytochrome C. The treatment with benzo combined with endo caused
significant activation of caspase-3 mediated apoptotic signals that could be responsible for its anti-HCC potential.
Meantime, benzo combined with endo treatments could reduce the hepatocellular carcinogenesis by reducing the
expression of MMP-9. Therefore, benzo and endo treatments may be a hopeful therapeutic drug for HCC. Also, more

studies are recommended to feat the idea of this research for medical use.
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Introduction

Hepatocellular carcinoma (HCC) is primary cancer
represents more than 90% of liver cancers, being a
hostile tumor with anticipated cruel survival between 6
and 20 months (Byam et al., 2013). It was reported that
HCC is the fifth most frequently diagnosed malignancy
and the second major common cause of cancer mortality
worldwide (Siegel et al., 2015). Among males, HCC is
more predominant than females (Ferlay et al., 2015). In
the past 10 years, HCC is believed to be a major health
problem with a continuous rise in its incidence rate
particularly in Egypt (Abdel Wahab et al., 2017). Chronic
hepatitis C virus infection is the major risk factor for HCC
with the rising rate in Egypt.

In spite of great progress in antineoplastic drugs,
their constrained curative efficacy still remains a clinical
obstacle, which is generally ascribed to multi-drug
resistance (MDR), induced by conventional drugs
and new “targeted” drugs. Other situation also MDR

is occurred such as the hypoxic condition inside the
solid tumor, making exploring of MDR mode of action
is highly required. Several studies have revealed that
MDR is associated with overexpression of certain drug
efflux pumps, epithelial- mesenchymal transition, the
hypoxia-inducible factorl-a signaling pathway, DNA
damage repair, autophagy induction and epigenetic
regulation (Wen et al., 2016).

Benzethonium chloride (benzo) is an artificial
ammonium salt that is used broadly (Figure 1). Because
of their antimicrobial and cationic surfactant properties,
benzo is presented widespread in the environment. It
has been widely used as preservative agent in vaccines
and drugs, phase transfer catalyzers in industry and
disinfectants in hospital (Nomura et al., 2010). Also,
benzo is present in the baby bath, eye makeup, contact
lens, personal hygiene, fragrance, hair, shaving, and skin
and suntan preparations as well as in fabric softening,
ore flotation, corrosion inhibition and paper processing.
Moreover, benzo is found in several grape fruit seed
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extract preparations and can be used as a preservative
(Takeoka et al., 2001), such as in the anesthetic Ketamines
(Coates and Flood, 2001). In addition to its environmental
uses, benzo was identified as a novel specific anti-cancer
agent by using a cell-based small molecule screen (Yip
et al., 2006).

Cyclophosphamide or endoxan (endo) is a synthetic
anticancer drug that belongs to the nitrogen mustard
group of alkylating agents. It acts by attaching an alkyl
group to the guanine base of DNA causing irreversible
cross-linkages in the DNA strands that lead to cell death
or cell-cycle arrest in G2- and S-phases (Poblador et al.,
1989). Cyclophosphamide is used extensively in a variety
of carcinomas singly or in combination with other drugs to
treat a variety of carcinomas due to its cytotoxic property.
Cyclophosphamide is a prodrug that gets activated
to alkylating phosphoramide mustard in the liver and
excreted primarily (70%) in urine in forms of metabolites
(Khorwal et al., 2017; Wu et al., 2009).

Hence, the present study was conducted to evaluate
the efficiency of the benzethonium chloride combined
with endoxan to reduce the incidence of hepatocellular
carcinoma. The work comprises both in vitro and in vivo
studies. The in vitro cytotoxic effects of this compound
were investigated using human hepatocellular carcinoma
(HepG-2) cell line. The compounds were further promoted
into in vivo studies, using liver-induced tumors in a
male animal model, to validate the combination between
benzethonium chloride and endoxan could be used as a
promising strategy for liver cancer therapy.

Chemicals

Diethylnitrosamine (DEN) and benzethonium chloride
(Benzo) were obtained from Sigma Aldrich Chemical Co.,
St. Louis, Mo. USA. Endoxan (Endo) was obtained from
a commercial pharmacy. However, the other chemicals
and reagents were used of analytical grade.

Animals

In this study, male Wister rats were obtained from the
Nile Pharmaceutical Co., Cairo, Egypt weighing 100120
g. They were housed at the animal facility at the National
Center for Radiation Research and Technology. Before
starting the experiment, the animals were allowed to
acclimatize for one week and were kept under standard
laboratory conditions of light/dark cycle (12/12 h), a
temperature of 25 + 2°C and humidity of 60 = 5%. The
rats were housed in cages with free access to food and
drinking water ad libitum. The rats were provided with
a standard laboratory (pellet) diet. Meanwhile, the study
was conducted in accordance with international guidelines
for animal experiments and approved by the Ethical
Committee at the National Center for Radiation Research
and Technology (NCRRT), Atomic Energy Authority,
Cairo, Egypt.

In vivo study
Chemical induction of hepatocellular carcinoma:
Animals were orally administered DEN (dissolved in
0.9% normal saline), in a dose of 20 mg/kg b.w. five times
a week for eight weeks according to the modified method
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of Darwish and El-Boghdady (2011).

Experimental Design

Eighty Wister rats weighing 100-120 g were divided
into eight groups (10 rats of each one) and classified as
follow:

Group I (Control): Untreated control group.

Group II (Benzo.): Rats received 5 mg/ kg body weight
of benzethonium chloride interaperitonealy for 4 weeks
(Yip et al., 2006).

Group III (Endo): Rats received 100 mg/ kg body
weight of endoxan intraperitoneally for 4 weeks (Wu et
al., 2009).

Group IV (DEN): Rats administered 20 mg/kg b.w.
of DEN orally (five times per week for 8 weeks) and left
alive for 4 weeks.

Group V (DEN+ Benzo.): Rats administered DEN as
in-group IV then injected with benzethonium chloride as
in-group II.

Group VI (DEN+ Endo): Rats administered DEN as
in-group IV then injected with endoxan as in-group III.

Group VII (DEN+ Benz+ Endo): Rats administered
DEN as in-group IV then injected with benzethonium
chloride as in-group II and received endoxan as in-group
1.

At the end of the experiment, under light anesthesia
by diethyl ether, blood samples were withdrawn from
the heart of each animal. Then, blood was allowed to
coagulate and was centrifuged at 3,000 rpm for 15 min.
After blood sampling, animals were sacrificed by cervical
dislocation immediately. Part of the liver was promptly
removed, washed in ice-cold saline, plotted to dry and
weighed for biochemical studies and kept at -80°C until
the investigations. The other part of the liver tissue of
experimental animals was kept in 10% formalin for
histopathological studies.

Biochemical studies
In vitro Cytotoxicity study

The half -maximal inhibitory concentration (IC50)
of benzethonium chloride, endoxan and combination of
them were investigated on the viability of the human liver
cancer cell line (HepG-2) using cell viability assay by
crystal violet staining method.

Cell line

Human hepatocellular carcinoma (HepG-2) cell line
was used for in vitro investigation of the cytotoxicity of
the tested compounds. HepG-2 cell line was obtained from
the American Type Culture Collection (ATCC, Rockville,
MD cells) and were grown in RPMI-1640 medium
supplemented with 10% inactivated fetal calf serum
and 50pg/ml gentamycin. The cells were maintained at
37°C in a humidified atmosphere with 5% CO, and were
sub-cultured two to three times a week.

Cell viability assay

The antitumor activity was evaluated on carcinoma
cell lines at the center for Mycology and Biotechnology,
Al-Azhar University, and Cairo, Egypt. In the growth
medium, cell lines were grown as monolayers of 10.000



cells. The monolayers are adhered to the bottoms of the
wells in a 96-well microtiter plate (falcon, NJ, USA)
incubated for 24 h at 37°C a humidified incubator with
5% CO.,. Sterile phosphate-buffered saline (0.01 M pH
7.2) was used to wash the monolayers and simultaneously
the cells were treated with 100 pl from different dilutions
of the tested compound in fresh maintenance medium
and incubated at 37°C. The untreated control cells were
made in the absence of the tested compound. For each
concentration of the test sample, three wells were used.
Every 24 h the observation under the inverted microscope
was made. By staining the cells with crystal violet stain,
the number of the surviving cells was determined. The
cells followed by cell lysing using 33% of glacial acetic
acid for the complete cell lysis. The absorbance values
were read and the absorbance of untreated cells was
considered as 100% proliferation.

Calculation
Cytotoxicity (%) = [1 - (OD,/OD_)] X 100
Where; OD,= mean optical density of tested sample.
OD_= optical density of cell control.

In vivo studies
Determination of liver function in serum

Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
total protein, total bilirubin and albumin were determined
using commercially available kits (Spinreact, Santa
Coloma, Spain).

Determination of Alpha-fetoprotein (AFP) concentration
in serum

Serum alpha-fetoprotein was estimated by enzyme
linked immunosorbent assay (ELISA) using a
rat alpha- fetoprotein (AFP) ELISA kit purchased from
Glory Science Co., Ltd (USA).

Determination of caspase -3 in liver tissue homogenate
Liver caspase -3 was estimated by a rat ELISA kit
purchased from Biomatik, Ontario, Canada.

Determination of Bcl-2 in liver tissue homogenate
Liver Bcl-2 was estimated by rat ELISA kit purchased
from Biomatik, Ontario, Canada.

Determination of P53 gene in liver tissue homogenate
Liver P53 gene was estimated by rat ELISA kit
provided by MyBiosource, San Diego, California, USA.

Determination of cytochrome c level in liver tissue
Liver cytochrome ¢ was estimated by rat ELISA kit
provided by MyBiosource, San Diego, California, USA.

Western blotting of Matrix Metalloproteinase-9 (MMP-
9) protein

Liver tissue proteins were extracted using TRIzol
reagent (Invitrogen), and protein concentration was
measured according to Bradford (1976). 20 pg of proteins
per lane were separated with 10% SDS-PAGE and
transferred onto PVDF membranes. In blocking solution
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(5% non-fat dried milk in 10 mM Tris—Cl, pH 7.5, 100 mM
NaCl, and 0.1% Tween 20), the membranes were incubated
at room temperature for 2 h and then incubated overnight
at 4°C with rabbit [gG MMP-9 antibody (Cell Signaling
Technologies, USA) and B-actin antibody (Proteintech,
USA) as loading control. After washing three times in
10 mM Tris—Cl, pH 7.5, 100 mM NaCl, and 0.1% Tween
20, the membranes were incubated with HRP-conjugated
goat anti-rabbit IgG (Cell Signaling Technologies, USA)
at room temperature for 2 h, and then the membranes were
washed four times with the washing buffer. According to
the manufacturer’s protocols, Amersham detection kit was
used to detect the developed membranes and visualized
through chemiluminescence. The membranes were
exposed to X-ray film. MMP-9 protein was quantified
using a scanning laser densitometer analysis (Biomed
Instrument Inc., USA).

Histopathological Study

Liver tissues from all groups were examined from
all groups were examined, washed and dehydrated in
ascending concentrations of ethyl alcohol. Then the
liver tissues were cleared in xylene and embedded in
paraffin wax. Liver tissues were cut out in sections with
thickness of 5-6 um, then deparaffinized and stained with
Hematoxylin and Eosin (H and E). Under light microscope
stained slides were examined (Banchroft et al., 1996).

Statistical Analyses

Data were analyzed using the SPSS (version 20) with
one-way analysis of variance (ANOVA) followed by a post
hoc test (LSD) for multiple comparisons. Also, data were
expressed as mean =+ standard error (SE). P values < 0.05
were considered statistically significant.

Results

The cytotoxic activity was expressed as the reduction
of cell viability relative to control. As shown in Table
(1), the combination between benzethonium chloride and
endoxan exhibited the strongest in vitro anticancer activity
against HepG-2, where, it recorded the lowest IC, value

Table 1. Antitumor Cytotoxic Effects of Different
Concentrations of Tested Compounds on Hepatocellular
Carcinoma Human Cell Line (HepG-2)

Drug Viability % of Drugs Viability % of
concentration  benzethonium concentration  benzethonium chloride
(pg/ml) chloride (pg/ml) combined with endoxan
500 3.48 500 4.01
250 6.31 250 7.83
125 11.94 125 13.45
62.5 23.18 62.5 18.7
31.25 32.65 31.25 25.34
15.6 40.92 15.6 34.57
7.8 48.76 7.8 40.92
3.9 61.39 39 46.38
0 100 2 61.79
1 73.82
0 100
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Table 2. Effect of Endo and/or Benzo on Liver Function Test on Rats

ALT AST ALP Total protein Albumin Total bilirubin

(U/L) (U/L) (U/L) (mg/dl) (mg/dl) (mg/dl)
Control 14+1.0 9.5+0.5 114.9+1.3 7.1+0.20 5.05+0.15 0.99+0.03
Endo 15+£1.0° 11+1.0° 123.9+4.6 7.50+0.30° 5.23+0.17° 0.95+0.02°
Benzo 16+2.0° 10£1.0° 118.9+2.4 6.50+0.1%® 5.454+0.15° 0.93+0.02°
DEN 67.5+5.5° 40.5+1.5° 250.5432.7 4.02+0.01° 3.65+0.15° 2.6+0.30°
Endo+DEN 39.5+1.5% 2342.0% 178.3£3.1* 6.98+0.08° 4.13+0.07% 1.354+0.05°
benzo+DEN 40.5+1.5%® 24.5+2.5%  163.3+10.4® 7.06+0.04° 4.60+0.10® 1.60+0.10%
Endo tbenzeotDEN  27.5+2.5%® 19£1.0® 141.5+1.3 7.40+0.1° 4.80+0.10® 1.07+0.10°

Results are mean + SE of 8 rats. a and b denote significant change at p<0.05 versus control and DEN groups, respectively. Control, normal control
rat; Benzo, Rats received benzethonium chloride interaperitonealy; Endo, Rats received endoxan intraperitoneally; DEN, Rats administered of
DEN orally; DEN+ Benzo: Rats administered DEN then injected with benzethonium chloride. DEN+ Endo: Rats administered DEN then injected
with endoxan

(3.53pg/ml) comparable to that of benzethonium chloride

/@M (7.42pg/ml).
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Figure 2. Western Immune Blotting Analysis of MMP9 Protein Expressions in Different Groups

Table 3. Effect of Endo and/or Benzo on Tumor Marker and Apoptotic Biomarkers on Rats

AFP Caspase-3 Bcl-2 P53 Cytochrome C

(ng/ml) (ng/mg) (ng/mg) (ng/ml) (ng/mg)
Control 0.96+0.0.06 2.36+0.35 20.6+0.75 45.843.2 31.446.8
Endo 0.85+0.04° 2.18+0.12 35.4+8.2% 43.943.45° 29.8+7.7
Benzo 0.83+0..05° 2.25+0.15 27.45+2.35% 42.4+1.2° 28.1£1.3
DEN 2.55+0.05* 1.05a+0.02 76.5+£2.7° 18.3+4.35* 11.65a+1.45
Endo+DEN 1.24+0.10% 5.554+0.75%* 35.45+3.15% 42.0+3.75° 84.15+8.95%®
benzo+DEN 1.15+0.05% 4.7+0.2%® 37.55+1.65% 37.7+4.1° 82.543.9%
Endo +benzeo+DEN 0.96+0.03 6.9+0.6" 23.35+1.45° 44.941.3° 103.7546.45%

Results are mean = SE of 8 rats. a and b denote significant change at p<0.05 versus control and DEN groups, respectively. Control, normal control
rat; Benzo, Rats received benzethonium chloride interaperitonealy; Endo, Rats received endoxan intraperitoneally; DEN, Rats administered of DEN
orally; DEN+ Benzo, Rats administered DEN then injected with benzethonium chloride; DEN+ Endo, Rats administered DEN then injected with
endoxan
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Figure 3. Light Microscopy of Liver Sections Showing:
(A) Control group; A normal rat liver tissue), (B) DEN-
treated group; A liver of rat receiving DEN showing
hepatocellular carcinoma (note the cellular and nuclear
pleomorphism, irregular nuclear membranes, coarse
chromatin and nuclear inclusions) (H&E x400). (C)
Endo-treated group; A liver of rat receiving endoxan
showing area of fatty degeneration, dilated congested
central veins and periportal inflammatory infiltrate
(H&E x100) (D) Benzo-treated group: A liver of rat
receiving benzethonium chloride showing dilated
congested central vein and sinusoids (H&E x100) (E)
DEN+Endo treated group; A liver of rat treated with
endoxan after receiving DEN showing hepatocellular
carcinoma with dilated vascular channels associated
with degenerative changes and chronic inflammatory
infiltrate (H&E x200). (F) DEN+ Benzo-treated group;
A liver of rat treated with benzethonium chloride after
receiving DEN showing hepatocellular carcinoma
with degenerative changes, congested portal blood
vessels and inflammatory infiltrate (H&E x400). (G)
(DEN+Endo+Benzo) An improvement in the tissue liver
shape after the synergy between the two treatments ( A
synergestic effect was obtained )

liver enzymes (ALT, AST and ALP) and total bilirubin,
which amounted to 382%, 326.32%, and 118.02% and
162.63% respectively, compared with controls. These
increase in hepatic enzymes was accompanied with a
significant depletion in total protein and albumin (-43.38%
and -27.72%, respectively) compared with control. On
the other hand, injection of Endo, benzo cither alone
or administrated together significantly modulated the
alteration in the liver markers compared with DEN group.
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Results are mean + SE of 8§ rats. a and b denote
significant change at p<0.05 versus control and DEN
groups, respectively. Control: normal control rat, Benzo:
Rats received benzethonium chloride interaperitonealy
Endo: Rats received endoxan intraperitoneally DEN:
Rats administered of DEN orally, DEN+ Benzo: Rats
administered DEN then injected with benzethonium
chloride. DEN+ Endo: Rats administered DEN then
injected with endoxan.

Effects of Endo and/or benzo on tumor marker and
apoptotic biomarkers

As shown in Table 3, levels of hepatic caspase-3,
P53 and cytochrome ¢ with percent change is -55.51%,
-56.80% and -62.90% respectively, showed a significant
decrease in DEN group compared to the control group.
While the levels of AFP and Bcl2 were significantly
elevated (165.6%, 271.36%). Treatment with Endo and
benzo either alone or together significantly improved the
level of AFP and apoptotic biomarkers (Bcl-2, caspase-3,
P53 and cytochrome ¢) compared to DEN treated rats

Results are mean + SE of 8§ rats. a and b denote
significant change at p<0.05 versus control and DEN
groups, respectively. Control: normal control rat, Benzo:
Rats received benzethonium chloride interaperitonealy
Endo: Rats received endoxan intraperitoneally DEN:
Rats administered of DEN orally, DEN+ Benzo: Rats
administered DEN then injected with benzethonium
chloride. DEN+ Endo: Rats administered DEN then
injected with endoxan

The results in Figure 1 demonstrated that the protein
expression of MMP-9 was significantly up-regulated
with percent change 276.22% in DEN-exposed rats, as
compared to the corresponding normal control ratios
(Figure 2). However, the data recognized ameliorations of
MMP-9 in the liver of the DEN-treated animals combined
with Endo and benzo either alone or together.

The combination between anticancer drugs is a
growing interest that aiming to maximize the efficacy with
lower systemic toxicity through the delivery of lower drug
doses (Mayer and Janoff, 2007). To our knowledge, the
current study is considered the first report showing the
anticancer effect of benzo combined with endo against
hepatocellular carcinoma. In the current investigation,
the results of cytotoxicity revealed that the combination
of benzo with endo showed more cytotoxicity against
HepG?2 cells than benzo when used alone. Furthermore,
evaluation of inhibitory percent of cell growth value
at 50% (IC,;=3.53ug/ml) for combination, showed
synergism in the inhibition of HepG2 cell proliferation.

Regarding the in vivo study, rats exposed to benzo
either alone or in combination with endo reverse the
activity of the hepatic enzymes (AST, ALT and ALP),
which have been altered by DEN. Since the liver contains
an abundance of transaminase groups of enzymes,
the activities of both AST and ALT are quite high in
hepatocytes. The release of these enzymes in blood takes
place from tissues once they get damaged or injured
(Saleem et al., 2018).

Alpha-fetoprotein (AFP) is a potential screening tool
that is widely used for the early diagnosis of tumors. It
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was markedly enhanced in DEN-treated rats compared
with normal animals (Chou et al., 2018). In the present
study, the obtained results revealed a significant increase
in serum AFP levels in DEN-group compared to normal
control. Several studies used DEN for HCC induction
in albino rats’ revealed similar serum AFP elevation
(Metwally et al., 2011; Rajasekaran et al., 2011; Chen et
al., 2012). In the current work, injection of benzo and endo
attenuated DEN induced hepatocarcinogenesis, as shown
by the reverted the activities of liver enzymes and level of
AFP when compared to DEN group. This depletion of liver
enzymes and the level of AFP might be attributed to the
antitumor activity of benzethonium chloride and Endoxan.

The development and regeneration of liver is regulated
by the physiological process called apoptosis (Guicciardi
and Gores, 2005). However, its dysregulation is an essential
reason for HCC progression (Fabregat, 2009). Apoptosis
is managed by numerous signaling pathways along with
caspases protease (Yuan et al., 2018). downregulation
or loss of caspase-3 expression is in cancerous cell is
mostly accompanied by resistance to apoptosis as well as
chemotherapy in several kinds of tumors (Kolenko et al.,
1999). It was found that the activity of anticancer drugs
has been mediated by the induction of apoptosis in target
cells (Hickman, 1992: Slee et al., 1999). Also, anticancer
drugs activated signaling pathways which ultimately result
in activation of caspases (Slee et al., 1999).

In the current study found a significant elevation in
caspase-3 activity in benzo and endo treatments alone or in
combination groups compared to HCC and control group.
These results might be suggested that benzo and endo
treatments induce apoptosis. On the other hand, benzo
and endo treatments stimulated the intrinsic pathway,
caspase-3, was showed from histological result in DEN+
benzo and endo group compared to DEN group.

Yip et al., (2006) reported that benzo might induce
the chain of events: First, benzo dysregulates the
mitochondria or rough endoplasmic reticulum, which
activated caspase within 12 hours. The nucleus begins
to condense; rough endoplasmic reticulum swelling
continues, and this structure is visibly ““ballooned.”” The
depolarized mitochondria are no longer functional, hence
autophagy commences. Finally, at 48 hours, membrane
blebbing occurs.

The negative outcomes of cancer therapy could
be attributed to the resistance to chemotherapy which
is linked to the induction of apoptosis (Hector and
Prehn , 2009). Mitochondria has mediated the activation
of caspases upon apoptotic stimuli, triggers apoptosis in
mammalian cells engage the cell death (Hensley et al.,
2013; Hassan et al., 2014). Especially, cytochrome c is
released from mitochondria into the cytosol, where it
directly activates caspase-3 (Yamamoto et al., 2012). In
this study, we observed that benzo and endo treatments
alone or in combination enhanced the release of
cytochrome ¢ from the mitochondria to the cytoplasm, and
increased the expression of cleaved caspase-3 inducing
apoptotic cell death.

The obtained results showed that the cellular
oxidative damage induced by DEN on rats resulted in
a downregulation of p53 and an upregulation pattern
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for Bcl-2. Reactive oxygen species cause activation and
direct mutations in p53, which acts as a tumor suppressor
protein (Simabuco et al., 2018). Several types of cancers
had lost the function of P53 either gene or protein (Leroy
et al., 2013). It plays a pivotal role in removing nuclear
and mitochondrial DNA oxidative damage, preventing
mutations and genetic instability by mediating DNA
repair, cell cycle arrest, senescence and cell death
(Danilova et al., 2008).

Meanwhile, during the survival signal or DNA repair,
P53 suppresses the activity of Bcl-2 then extrinsic and/
or intrinsic apoptosis initiated (Miyashita et al., 1994).
It has been reported that p53 is a potent pro-apoptotic
protein, that interacting with Bax protein to induce
mitochondrial outer membrane permeabilization (Um,
2016). In the current study, the p53 protein expression was
significantly increased accompanied with downregulation
of Bcl-2 in benzo and endo treatment groups compared
to the DEN-induced HCC group. This indicates that the
upregulation of P53 and downregulation of Bcl-2 may
have an important role in the regulation of benzo and
benzo treatments-induced cell apoptosis.

The ability of the tumor to invade and migrate
regulated the progress of tumor metastasis which is
principal characteristics of malignant tumor with poor
clinical outcomes. The proteolytic enzymes; matrix
metalloproteinase (MMP)-2 and -9 are highly expressed
in hepatocellular carcinoma (Helfman et al., 2005), which
play important roles in HCC invasion by degrading the
environmental extracellular matrix and the basement
membrane (Terada et al., 1996).

MMP-9 have been established as participants in liver
tumor progression. Once the MMP-9 has been disrupted,
the mitochondrial permeability will be changed. Also, the
pro-apoptotic signals lead to the release of Cyt ¢ from the
mitochondria into the cytosol. Cyt ¢ subsequently activates
caspase-9, which successively results in the activation of
caspase-3 via cleavage induction (Liu et al., 2018). In the
present experiment, the levels of MMP-9 were detected
in the hepatic tissue of the examined groups. The results
showed that benzo+endo treatments significantly reduced
the expressions of MMP-9 compared with DEN-treated
group, indicating that benzo+endo treatments could
suppress the metastasis of liver tumors.

The decrease of MMP-9 after benzo+endo treatments
might disrupts the outer mitochondrial membrane, and
therefore leads to cytochrome c release from mitochondria
and induces apoptosis (Liu et al., 2018). The reduction
of MMP-9 causes the nonspecific pores located in the
mitochondrial inner membrane to open; the permeability
of the matrix then expands and mitochondrial-associated
proteins such as cytochrome C (Cyt C) are released
(Burlaka et al., 2016). In this work, it was demonstrated
that the administration of DEN enhance the up-regulation
of MMP-9 while benzo, endo and benzo+endo treatments
down-regulate the expression of MMP-9.

In a nutshell, co-administration of benzo and endo has
more anticancer activity than using benzo alone against
HepG-2 cells. Additionally, benzo might acts synergistically
with endo to repress the hepatocarcinogenesis in rat’s
model by activating p53 which provoke the apoptosis



pathway. Also, benzo and endo treatments could reduce the
hepatocarcinogensis by reducing the expression of MMP-
9. Nevertheless, further studies are needed to exploit the
idea of this research for medical use.

Acknowledgments

We wish to acknowledge the contribution of Dr.
Osama Mostafa Mostafa, lecturer of Pathology, Faculty of
Medicine, AL-Azher University, for assistance in setting
up histopathological study.

Conflict of Interest
The authors declare no conflict of interest.

References

Abdel Wahab AHA, El-Halawany MS, Emam, Elfiky A, et
al (2017) Identification of circulating protein biomarkers
in patients with hepatocellular carcinoma concomitantly
infected with chronic hepatitis C virus. Biomarkers, 22,
621-8.

Banchroft JD, Stevens A, Turner DR (1996) Theory and practice
of histological techniques. 4th ed. London: Churchil
Livingstone, pp 125.

Bradford MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem, 72,248-54.

Burlaka AP, Ganusevich I, Gafurov MR, et al (2016) Stomach
Cancer: Interconnection between the Redox State, Activity
of MMP-2, MMP-9 and Stage of Tumor Growth. EPICancer
Microenviron, 9, 27-32.

Byam J, Renz J, Millis JM (2013) Liver transplantation for
hepatocellular carcinoma. Hepatobiliary Surg Nutr,2,22-30.

Chen G, Dai ZK, Liang RG, et al (2012) Characterization of
diethylnitrosamine-induced liver carcinogenesis in Syrian
golden hamsters. Exp Ther Med, 3, 285-92.

Chou WC, Lee CL, Yang TS, et al (2018) Changes in serum
a-fetoprotein level predicts treatment response and
survival in hepatocellular carcinoma patients and literature
review. J Formos Med Assoc, 117, 153-63.

Coates KM, Flood P. (2001) Ketamine and its preservative,
benzethonium chloride, both inhibit human recombinant
alpha7 and alpha4beta2 neuronal nicotinic acetylcholine
receptors in Xenopus oocytes. BrJ Pharmacol, 134, 871-9.

Danilova N, Sakamoto KM, Lin S (2008) p53 family in
development. Mech Dev, 125, 919-31.

Darwish HA, El-Boghdady NA (2011) possible involvement
of oxidative stress in diethylnitrosamine induced
hepatocarcinogenesis: chemopreventive effect of curcumin.
Food Biochem, 37, 353-61.

Fabregat I (2009). Dysregulation of apoptosis in hepatocellular
carcinoma cells. World J Gastroenterol, 15, 513-20.

Ferlay J, Soerjomataram I, Dikshit R, et al (2015) Cancer
incidence and mortality worl dwide: sources, methods and
major patterns in GLOBOCAN 2012. Int J Cancer, 136,
359-86.

Guicciardi ME, Gores GJ (2005) Apoptosis: a mechanism of
acute and chronic liver injury. Gut, 54, 1024-33.

Hassan M, Watari H, AbuAlmaaty A, et al (2014) Apoptosis
and molecular targeting therapy in cancer. Biomed Res Int,
2014, 150845.

Hector S, Prehn JH (2009) Apoptosis signaling proteins as
prognostic biomarkers in colorectal cancer: a review.
Biochim Biophys Acta, 1795, 117-29.

DOI:10.31557/APJCP.2020.21.6.1709
Synergistic Effect of Benzethonium Chloride Combined

Helfman DM, Kim EJ, Lukanidin E, et al (2005) The metastasis
associated protein SI00A4: role in tumor progression and
metastasis. BrJ Cancer, 92,1955-8.

Hensley P, Mishra M, Kyprianou N (2013) Targeting caspases
in cancer therapeutics. Biol Chem, 394, 831-43.

Hickman JA (1992) Apoptosis induced by anticancer drugs.
Cancer Metastasis Rev, 11, 121-39.

Khorwal G, Chauhan R, Nagar M (2017) Effect of
cyclophosphamide on liver in albino rats: A comparative
dose dependent histomorphological study. Int J Biomed
Adv Res, 8, 102-7.

Kolenko V, Uzzo RG, Bukowski R, et al (1999) Dead or dying:
necrosis versus apoptosis in caspase- deficient human renal
cell carcinoma. Cancer Res, 59, 2838-42.

Leroy B, Fournier JL, Ishioka C, et al (2013) The TP53 website:
an integrative resource center for the TP53 mutation database
and TP53 mutant analysis. Nucleic Acids Res, 41, 962-9.

Liu L, Huang Z, Chen J, et al (2018) Protein phosphatase
2A activation mechanism contributes to JS-K
induced caspase-dependent apoptosis in human hepatocellular
carcinoma cells. J Exp Clin Cancer Res, 37, 142.

Mayer LD, Janoff AS (2007) Optimizing combination
chemotherapy by controlling drug ratios. Mol Interv, 7,
216-23.

Metwally NS, Kholeif TE, Ghanem KZ, et al (2011) The
protective effects of fish oil and artichoke on hepatocellular
carcinoma in rats. Eur Rev Med Pharmacol Sci, 15, 1429-44.

Miyashita T, Krajewski S, Krajewska M, et al (1994) Tumor
suppressor p53 is a regulator of bcl-2 and bax gene
expression in vitro and in vivo. Oncogene, 9, 1799-805.

Nomura Y, Bhawal UK, Nishikiori R, et al (2010) Effects of
high-dose major components in oral disinfectants on the cell
cycle and apoptosis in primary human gingival fibroblasts
in vitro. Dent Mater J, 29, 75-83.

Poblador MS, Rojas C, Raya A, et al (1989) the effects of
cyclophosphamide on the prolactin cells of the normal rat.
Histol Histopathol, 4, 27-30.

Rajasekaran D, Elavarasan J, Sivalingam M, et al (2011)
Resveratrol interferes with N-nitrosodiethylamine-induced
hepatocellular carcinoma at early and advanced stages in
male Wistar rats. Mol Med Rep, 4, 1211-7.

Saleem S, Khan R, Afza M, et al (2018) Oxyphenbutazone
promotes cytotoxicity in rats and Hep3B cells via
suppression of PGE2 and deactivation of Wnt/B-catenin
signaling pathway. Mol Cell Biochem, 444, 187-96.

Siegel RL, Miller KD, Jemal A (2015) Cancer statistics. C4
Cancer J Clin, 65, 5-29.

Simabuco FM, Morale MG, Pavan ICB, et al (2018) p53 and
metabolism: from mechanism to therapeutics. Oncotarget,
9,23780-823.

Slee EA, Adrain C, Martin SJ (1999) Serial killers: ordering
caspase activation events in apoptosis. Cell Death Differ,
6, 1067-74.

Takeoka G, Dao L, Wong RY, et al (2001) Identification of
benzethonium chloride in commercial grapefruit seed
extracts. J Agric Food Chem, 49, 3316-20.

Terada T, Okada Y, Nakanuma Y (1996) Expression of
immunoreactive matrix metalloproteinases and tissue
inhibitors of matrix metalloproteinases in human normal
livers and primary liver tumors. Hepatology, 23, 1341-4.

Um HD (2016) Bcl-2 family proteins as regulators of cancer cell
invasion and metastasis: a review focusing on mitochondrial
respiration and reactive oxygen species. Oncotarget, 7,
5193-203.

Wen L, Liang C, Chen E, et al (2016) Regulation of Multi- drug
Resistance in hepatocellular carcinoma cells is TRPC6/
Calcium Dependent Sci Rep, 6, 23269.

Asian Pacific Journal of Cancer Prevention, Vol 21 1715



Omayma A R Abozaid et al

WuYJ, Muldoon LL, Dickey DT, et al (2009) Cyclophosphamide
enhances human tumor growth in nude rat xenografted tumor
models. Neoplasia, 11, 187-95.

Yamamoto T, Yamada A, Yoshimura Y, et al (2012) The
mechanisms of the release of cytochrome C from
mitochondria revealed by proteomics analysis. Yakugaku
Zasshi, 132, 1099-104.

Yip KW, Mao X, Au PY, et al (2006). Benzethonium chloride:
a novel anticancer agent identified by using a cell-based
small-molecule screen. Clin Cancer Res, 12, 5557-69.

Yuan I, Horng CT, Chen VC, et al (2018) Escitalopram oxalate
inhibits proliferation and migration and induces apoptosis
in non-small cell lung cancer cells. Oncol Lett, 15, 3376-82.

Glolol

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

1716 Asian Pacific Journal of Cancer Prevention, Vol 21



