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INTRODUCTION 

Hepatocellular carcinoma (HCC) is the most common 

type of primary liver cancer. It develops most often in 

people with chronic liver diseases, such as cirrhosis 

caused by hepatitis B or hepatitis C infection.
[1]

 Recently, 

there was a progressive increase in the rate of occurrence 

of HCC among chronic liver disease patients in Egypt.
[2] 

The HCC is an extremely vascularized tumor, in which 

angiogenesis has a critical role in the progression, 

metastasis, and recurrence.
[3]

 Most of HCCs are 

associated with liver fibrosis developed from chronic 

liver injuries. The immune system of the liver contributes 

to the severity of the necrotic-inflammatory tissue 

damage, the establishment of fibrosis and cirrhosis, and 

the disease progression towards HCC.
[4]

  

 

Administration of DEN to animals has been shown to 

cause cancer in liver and, at lower incidences, in other 

organs as well.
[5]

 N-nitroso compounds can act as 

alkylating agents, either directly or after metabolic 
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ABSTRACT 

Objective: Benzyl isothiocyanate (BITC) or low dose of radiation are considered as cancer therapeutic agents. 

The aim of this study was to evaluate the anticancer activity and the antioxidant capacity of Benzyl 

isothiocyanates combined with the low dose of γ-irradiation against liver hepatotoxicity and hepatocellular 

carcinoma induced in rats by Diethylnitrosamine (DEN). Also, to evaluate apoptosis by estimation of protein 

expression of caspase-3, Bax and Bcl-2 in hepatocellular carcinoma. Methods: Fifty male Wistar rats were 

divided into five groups. Group (1): Negative control group (C), Group (2) DEN group: rats were intraperitoneally 

injected with a single dose of Diethylnitrosamine (200 mg/kg) Group (3) DEN+ BITC: rats were injected 

intraperitonealy with a single dose of DEN 200 mg/kg and orally administrated with BITC at a dose of 10 mg/kg 

three times per week for ten weeks. Group(4) DEN+R: rats were injected intraperitonealy with a single dose of 

DEN 200 mg/kg and irradiated with low dose of γ-irradiation (0.25gy) applied on the 1
st
 and the 35

th 
day. 

Group(5) DEN+ BITC+ R: rats were injected intraperitonealy with a single dose of DEN 200 mg/kg, orally 

administrated with BITC at a dose of 10 mg/kg three times per week for ten weeks and irradiated with low dose of 

γ-irradiation (0.25gy) applied on the 1
st
 and the 35

th 
day. Results: Histopathological study illustrated 

Hepatocellular carcinoma (HCC) features induced by DEN seen as an aggregation of tumor cell nodules 

surrounded by fibrotic tissue; formation of new blood vessels between tumor cells “angiogenesis”; loss of hepatic 

architecture forming nests of pleomorphic tumor hepatocytes; hydropic degeneration of hepatocytes with necrotic 

hepatocytes, and also dilatation in blood sinusoids. In addition, abundant collagen fiber deposition around central 

veins and portal tracts in HCC with Masson's trichrome staining were also noticed. Treatment with Benzyl 

isothiocyanates and/or low dose of radiation showed high amelioration in cancer cells progression and limitation 

of angiogenesis and marked recovery in hepatic architecture. Also, marked attenuation in collagen fiber deposition 

around central veins and portal tracts in treated groups were seen. Immunohistochemical expression in rats treated 

with Benzyl isothiocyanates and/or low dose of radiation showed regulation in the antiapoptotic protein Bcl2 and 

in the two proapoptotic proteins Bax and Caspase-3. Conclusion: Results indicated that treatment with Benzyl 

isothiocyanate combined with low dose of γ-irradiation has an effective therapeutic anticancer agent by inducing 

anti-angiogenesis and apoptosis in hepatocellular carcinoma. This effect is, in part, mediated through the 

mitochondrial pathway, which involves upregulation of the Bax/Bcl-2 ratio and activation of caspase-3 leading to 

marked apoptosis. 

 

KEYWORDS: Diethylnitrosamine, Benzyl isothiocyanate, Hepatocellular carcinoma, Apoptosis. 
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activation by cytochrome P450 enzymes which are the 

key enzymes in tumorgenesis.
[6]

 Increased generation of 

reactive oxygen species (ROS) and decreased antioxidant 

enzymes in liver tissue has been reported in many 

models of diethylnitrosamine–induced HCC.
[7]

 ROS play 

a major role in tumor promotion through interaction with 

critical macromolecules including lipids, DNA, DNA 

repair system and other enzymes.
[8]

 Hepatocellular 

carcinoma induced by DEN is an animal model to 

investigate liver tumor growth; it precedes formation of 

Hepatocellular carcinoma nodules.
[9]

 The induction 

period of HCC is from 9 to 12 weeks as described by 

Huang et al.
[10]

  

 

Angiogenesis is the formation of new blood vessels 

involving the growth, migration, and differentiation of 

endothelial cells, which line the inside wall of blood 

vessels, this process plays an essential role in the growth 

of cancer because tumor cells need blood supply to grow 

in size.
[11] 

Vascular endothelial growth factor (VEGF), 

one of the best characterized proangiogenic factors, also 

plays a critical role during angiogenesis which is 

essential for tumor growth.
[12]  

 

Apoptosis is linked to the elimination of potentially 

malignant cells, hyperplasia and tumor progression.
[13]

 

Bcl-2 family has been discovered to play a key role in 

promoting or inhibiting intrinsic apoptotic pathway 

triggered by mitochondrial dysfunction. Bcl-2 is an anti-

apoptotic protein which prevents apoptosis. In contrast, 

pro-apoptotic proteins, such as Bax trigger the release of 

caspases leading to apoptosis.
[14] 

Active caspase-3 

immunostaining controls DNA fragmentation and 

morphological changes of apoptosis.
[15] 

 

Benzyl isothiocyanate (BITC) is an organosulfur 

compound enriched in cruciferous vegetables, that has 

anti-inflammatory, antioxidant, and antitumor 

activities.
[16] 

The cruciferous vegetables, such as 

broccoli, cabbage and cauliflower have been suggested 

to have protective effects against different types of 

cancers such as lung, esophagus ,stomach, colon, liver, 

bladder, and mammary glands tumors.
[17] 

This 

anticarcinogenic efficacy has been attributed to a group 

of biologically active compounds called 

isothiocyanate
[18]

, which is a member of the 

isothiocyanate compounds formed in cruciferous 

vegetables.
[19] 

The ability of Benzyl-isothiocyanate to 

trigger apoptosis in cancer cells is by activating pro-

apoptotic protein such as bax and caspases and by 

inhibiting the activity of anti-apoptotic proteins like Bcl2 

inhibitor of apoptosis.
[19]

 Benzyl isothiocyanate reduced 

also angiogenesis in cancer cells by suppressing the 

expression of VEGF.
[20]

  

 

On the other hand, it has been shown that inhabitants of 

areas with high background levels of radiation in China 

or with natural high levels of radioactive Radon in Japan 

have significantly lower cancer mortality rates than those 

in control.
[21]

 This phenomenon is interesting to study the 

use of low dose radiation in cancer therapy. Low dose of 

radiation (LDR) enhances immunity, induces antioxidant 

protective effect in liver tissue by increasing antioxidant 

enzymes
[22]

 and also has an anti-inflammatory effect by 

reducing various inflammatory cytokines such as IL-2.
[23]

 

Moreover, (LDR) induced significant reduction in VEGF 

level, caused marked suppression of tumor growth
[24]

 and 

stimulated apoptosis by enhancing cytochrome C, 

caspase-9, and caspase-3 in tumor cells.
[25]

 The objective 

of this study is to assess the inhibitory effect and 

apoptotic activity of the combined therapy of benzyl 

isothiocynate (BITC) and low dose of gamma radiation 

on hepatocellular carcinoma proliferation induced by 

Diethylnitrosamine (DEN). 

 

MATERIAL AND METHODS 

Chemicals 

Diethylnitrosamine (DEN) and benzyl isothiocynate 

(BITC) were purchased from Sigma-Aldrich (St. Louis, 

MO). 

 

Irradiation procedures 

The irradiation of whole-body gamma radiation was 

performed at the Radiation Research and Technology 

NCRRT (Cairo, Egypt) using Canadian gamma cell-40 

(
137

Cesium). Rats were exposed to 0.25 Gy whole body 

γ-irradiation applied on the 1
st
 and the 35

th 
day. The dose 

rate was 0.46 Gy/min. 

 

Animals 

Fifty male Wistar rats, weighing (120-150 gm) were 

obtained from breeding unit of the Egyptian 

Organization for Biological Products and Vaccines 

(Cairo). The animals were housed in cages and were kept 

in a room maintained with a 12h light/ dark cycle. They 

were allowed to acclimatize for one week before the 

experiment and were given free access to standard food 

pellets containing all nutritive elements and liberal water 

ad libitum was available. Animal procedures were 

performed in accordance with the principals and 

guidelines for the care and use of experimental animals 

of the National Institutes of Health (NIH) protocol.  

 

This work was achieved in the Biology laboratory of 

Zoology Department-Faculty of Women for Arts, 

Science and Education, Ain Shams University, Egypt.  

 

Experimental design  
A total of fifty male Wistar rats were divided into 5 equal 

groups each of 10 rats as follows: 

 Group (1): Negative control group (C). 

 Group (2): DEN group, (positive control group) 

Diethylnitrosamine (DEN) dissolved in saline 

(0.9%NaCl) was intraperitoneally injected with a 

single dose of 200 mg /kg.
[26]

 

 Group (3) DEN+ BITC: rats were injected 

intraperitonealy with a single dose of DEN 200 mg/ 

kg and orally administrated by BITC at a dose of 

10 mg/kg
[27]

 three times per week for 10 weeks. 

https://www.cell.com/molecular-therapy-family/molecular-therapy/fulltext/S1525-0016%2816%2932071-8
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046445&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044203&version=Patient&language=English
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cruciferous-vegetables
https://www.sciencedirect.com/topics/medicine-and-dentistry/broccoli
https://www.sciencedirect.com/topics/medicine-and-dentistry/cauliflower
https://www.sciencedirect.com/topics/medicine-and-dentistry/isothiocyanic-acid-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/isothiocyanic-acid-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/diethylnitrosamine
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 Group (4) DEN+R: rats were injected 

intraperitonealy with a single dose of DEN 200 mg 

/kg and irradiated with low dose of γ-irradiation 

(0.25gy) applied on the 1
st
 and the 35

th 
day of 

experiment. 

 Group (5) DEN+ BITC + R: rats were injected 

intraperitonealy with a single dose of DEN 200 mg/ 

kg, orally administrated with BITC at a dose of 

10 mg/kg three times per week for 10 weeks and 

irradiated with low dose of γ-irradiation (0.25gy) 

applied on the 1
st
 and the 35

th 
day of experiment. 

 

Histopathological Investigation 

Hematoxylin and Eosin Stain (H&E) 

For histological examination, a portion of liver was fixed 

in 10% neutral buffered formalin embedded in paraffin, 

sectioned at a thickness of 4 μm and stained with 

haematoxylin and eosin.
[28] 

 

Masson’s Trichrome Stain 

Liver sections (4 μm) fixed in 10% buffered neutral 

formalin were processed for collagen fiber staining using 

Masson’s trichrome stain.
[29] 

 

Immunohistochemical Investigations  
Immunohistochemical staining were performed in liver 

tissue with 4μm-thick sections that were deparaffinized 

and incubated with fresh 0.3% hydrogen peroxide in 

methanol for 30 min at room temperature. Briefly, 

deparaffinized tissue slides were incubated with the 

antibodies against caspase-3 (diluted at 1:200), Bcl-2 

(diluted at 1:200) and Bax (dilution 1:200). The antibody 

binding sites were visualized with 3, 3′diaminobenzidine. 

The sections were then counterstained with hematoxylin, 

dehydrated using graded alcohols and xylene, and 

mounted. The immunostaining intensity and cellular 

localization of caspase-3, Bax and Bcl-2 were analyzed 

by light microscopy.
[30]

 For immunohistochemistry 

quantification, the positive area percentage (%) of 

positive brown stained cells was estimated. 

 

Statistical analysis 

Statistical analysis and tests of significance was 

performed using the statistical package SPSS (Statistical 

Program for Social Science) version 15.0 by applying a 

1-way ANOVA test followed by a post hoc test (LSD) 

for multiple comparisons. All data are expressed as a 

mean of 6 values; SE and difference between means 

were considered significant at P<0.05. 

 

RESULTS 

Histopathological investigation 

Hematoxylin and Eosin Stain (H&E) 

Liver section of normal rats showed regular structure, in 

which hepatocytes have regular borders and typical 

hepatic lobular configuration (Fig.1A). In rats receiving 

DEN, Hepatocellular carcinoma was illustrated by its 

significant features i.e. presence of fibrotic hepatic 

multinodules (Fig.1B), loss of hepatic architecture 

forming nests of pleomorphic hepatocytes with cellular 

and nuclear variation in shape and size (Fig.1C). The 

DEN-induced liver cancer group also showed hydropic 

degeneration in hepatocytes (Fig.1C). In addition, they 

manifested formation of new blood vessels between 

tumor cells “angiogenesis” (Fig.1D). Also this group 

showed necrotic hepatocytes, dilatation in blood 

sinusoids (Fig.1E). When DEN-induced group was 

exposed to either γ-irradiation or treated with Benzyl 

isothiocyanate, certain levels of improvement were 

induced when compared to the DEN injected rats; this 

amelioration was characterized by restricted presence of 

blood vessels in between the fewer tumor cells and 

limited recovery of hydropic regeneration in hepatocytes 

(Fig.2A and B). γ-irradiated rats administrated with 

DEN and treated with Benzyl isothiocyanate, showed 

higher ameliorative profiles when compared to the DEN-

induced rats exposed to either γ-irradiation or treated 

with Benzyl isothiocyanate. This was characterized by 

the high restriction of blood vessels in between tumor 

cells present in angiogenesis cases with high regression 

of tumor cells (Fig.2C). Apoptotic changes in tumor 

cells were frequently encountered (Fig.2D) and also 

some hepatocytes showed regenerative mitotic division 

(Fig.2D) and marked improvement in hepatic 

architecture (Fig.2E). 
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Figure (1): Photomicrograph of liver tissue section (A): Control liver section. (B): Group DEN rat hepatic 

sections showed aggregation of tumor cell nodules surrounded by fibrotic tissue (arrow) (H-E X100). (C): Group 

DEN sections showed hydropic degeneration (arrow) and polymorphic tumor cells (star) characterized by 

hyperchromatic nuclei with limited cytoplasm (H-E X400). (D): Group DEN sections showed formation of new 

blood vessels between tumor cells “angiogenesis” (arrow) (H-E X400). Group DEN sections showed dilated 

blood sinusoids (arrow) and necrotic cells (N) (H-E X400). 
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Figure (2): Photomicrograph of liver tissue section (A): Group DEN+ BITC sections showed restricted blood 

vessels (black arrow) in between few tumor cells (star) and limited recovery of hydropic degeneration in 

hepatocytes (curved arrow) (H-E X400). (B): Group DEN + R sections showed attenuation in blood vessels 

(black arrow) in between few tumor cells (star) and partial improvement of hydropic regeneration in 

hepatocytes (curved arrow) (H-E X400). (C): Group DEN+ BITC+ R sections showed high restriction of blood 

vessels (black arrow) in between few tumor cells (star); limited recovery of hydropic degenerative changes in 

some hepatocytes (curved arrow) while others still had hydropic degenerative features (white arrow) (H-E 

X400). (D): Group DEN+ BITC+ R sections showed apoptotic changes in some tumor cells (black arrow) and the 

presence of regenerative mitotic division in others (white arrow) (H-E X400). (E): Group DEN+ BITC+ R 

sections showing marked improvement in hepatic architecture (H-E X400). 

 

Masson’s trichrome stain 

Normal liver sections stained with Masson Trichrome 

showed a thin rim of collagen fibers around central veins 

(Fig.3A), portal tracts and sinusoids (Fig.3B). After 

DEN injection hepatic sections revealed an abundant 

increase in collagen fibers deposition especially around 

the central veins (Fig.3C) and portal tracts (Fig.3D). 

Rats injected with DEN and receiving Benzyl 

isothiocyanate revealed mild decrease in collagen fibers 

accumulation around the central veins (Fig.4A) 

Nevertheless, rats exposed to low dose of γ-radiation 

injected with DEN showed moderate collagen fibers 

deposition around portal tracts (Fig. 4B). Nevertheless, 

γ-irradiated rats receiving Benzyl isothiocyanate and 

DEN revealed a noticeable decrease in collagen fibers 

accumulation around the central veins (Fig. 4C) and 

portal tracts (Fig. 4D). 
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Figure (3): Photomicrograph of a liver tissue section (A): Control liver section showing normal distribution of 

collagen fibers around central vein and blood sinusoids. (B): Control liver section showing normal distribution 

of collagen fibers around portal tract. (C): Group DEN sections showing marked increase in deposition of 

collagen fibers around dilated central vein. (D): Group DEN sections showing abundant increase in deposition of 

collagen fibers around portal tract and blood sinusoids (Masson Trichrome X 200). 

 

 
Figure (4): Photomicrograph of liver tissue section (A): Group DEN+ BITC sections showing low collagen fibers 

deposition around central vein. (B): Group DEN + R sections showing low collagen fibers deposition around 

portal tract. (C): Group DEN+ BITC+ R sections showing slight deposition of collagen fibers around central 

vein. (D): Group DEN+ BITC+ R low deposition of collagen fibers around portal tract. (Masson Trichrome X 

200). 



Iman.                                                                               European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 8, Issue 3, 2021.           │          ISO 9001:2015 Certified Journal         │ 

 

228 

Immunohistochemiscal investigations 

Apoptotic Caspase-3, Bax and antiapoptotic Bcl2 are 

protein tumor markers that are investigated in rats 

injected with DEN receiving Benzyl isothiocyanate 

(BITC) and/or low dose of radiation and compared with 

the positive control DEN group. 

 

Caspase-3 protein expression 

In this study, DEN-induced group exposed to either γ-

irradiation or treated with Benzyl isothiocyanate showed 

elevation of caspase-3 immunoreactivity in the 

cytoplasm of tumor tissue. Brown color indicated 

caspase-3 positivity stained (Fig.5B and 5C) compared 

to the DEN group (Fig.5A). When DEN-induced group 

was exposed to γ-irradiation and treated with Benzyl 

isothiocyanate, high elevation of caspase-3 expression 

was detected (Fig.5D) compared to the DEN group 

(Fig.5A). These results are also confirmed by 

immunohistochmical quantitative percentage in figure 

(8) and table (1). 

 

Bax protein 

Presently, DEN-induced group exposed to either γ-

irradiation or treated with Benzyl isothiocyanate revealed 

overexpression in Bax protein (Fig6B and 6C) compared 

to the DEN group (Fig.6A). As, DEN-induced group was 

exposed to γ-irradiation and treated with Benzyl 

isothiocyanate high elevation of Bax protein expression 

was noticed (Fig.6D) compared to the DEN group 

(Fig.6A), These results are also confirmed with 

immunohistochmical quantitative percentage in figure 

(8) and table (1). 

 

Bcl2 protein 

In this study, DEN-induced group exposed to either γ-

irradiation or treated with Benzyl isothiocyanate showed 

low expression in Bcl2 protein (Fig.7B and 7C) 

compared to the DEN group (Fig.7A). Nevertheless as 

DEN-induced group was exposed to γ-irradiation and 

treated with Benzyl isothiocyanate high reduction of 

Bcl2 protein expression was noticed (Fig.7D) compared 

to the DEN group (Fig.7A), these results are also 

confirmed with immunohistochmical quantitative 

percentage in figure (8) and table(1). 

 

 

 

 

 
Figure 5: Immunohistochemistry of Caspase-3 expression (A): Group DEN the positive control group. (B): 

Group DEN+ BITC sections showed slight increase in Caspase-3 expression. (C): Group DEN + R sections 

showed mild increase in Caspase-3 expression. (D): Group DEN+ BITC+ R sections showed a detectable 

augmentation in Caspase-3 expression. (immunostain X 400).  
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Figure (6): Immunohistochemistry of Bax expression (A): Group DEN the positive control group. (B): Group 

DEN+ BITC sections showed slight increase in Bax expression. (C): Group DEN + R sections showed mild 

increase in Bax expression. (D): Group DEN+ BITC+ R sections showed a detectable accumulation in Bax 

expression. (immunostain X 400).  

 

 
Figure 7: Immunohistochemistry of Bcl2 expression (A): Group DEN the positive control group. (B): Group 

DEN+ BITC sections showed slight decrease in Bcl2 expression. (C): Group DEN + R sections showed mild 

decrease in Bax expression. (D): Group DEN+ BITC+ R sections showed a detectable reduction in Bcl2 

expression. (immunostain X 400). 
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Figure 8: Immunohistochmical quantitative percentage of Caspase-3, Bax and Bcl2 proteins in liver tissue. 

 

Table (1): Immunohistochmical quantitative percentage of Caspase-3, Bax and Bcl2 proteins in liver tissue.  

 
 

DISCUSSION 

Diethylnitrosamine (DEN) is a potent hepatocarcinogen 

that induces free radical generation causing 

hepatocellular carcinoma (HCC).
[31] 

Number of 

investigations is being carried out to discover natural 

products that can interrupt the carcinogenesis process.
[32] 

 

Benzyl isothiocyanates (BITC), one of the 

isothiocyanates, is present in cruciferous plants; it acts 

against carcinogenesis
[33] 

and induces cell death through 

the induction of apoptosis and cell cycle arrest in various 

human cancer cells.
[34]

 Anti-angiogenesis is one of the 

most hopeful therapy principles which have recently 

gained strong motivation from successful clinical studies 

with an anti-vascular endothelial growth factor (VEGF) 

antibody.
[35]

 It has been suggested in experimental and 

clinical studies that angiogenesis inhibitors may be 

favorably combined with either chemotherapy
[36]

 or 

radiotherapy in dual combinations.
[37] 

 

Radiotherapy is one of the most important modalities for 

tumor regression. Exposure to ionizing radiation 

increases the formation of reactive oxygen species (ROS) 

in high quantity, which is harmful to normal organs, 
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while exposure to low doses of ionizing radiation is a 

normal phenomenon and is found to have some 

beneficial effects. Low doses of gamma radiation (0.02–

0.25 Gy) have been reported to have antitumor effects 

and induce tumor growth delay and anti-metastatic 

effects.
[38] 

 

The present histopathological findings showed that the 

induction of DEN revealed marked alterations in the 

hepatic architecture such as dilatation of central veins, 

congestion of blood sinusoids and higher tumor changes, 

hydropic degeneration of hepatocytes associated with 

collagen fibers deposition around central veins and in 

portal triads. These results agree with.
[39] 

DEN caused 

many deteriorations which manifested the characteristic 

of malignancy, in the form of severe destruction of 

hepatic architecture, massive, severe hepatocytic 

degeneration
[40]

, and thick collagen fibers deposition.
[41] 

Encell et al.
[42]

 reported that Dimethylnitrosamine (DEN) 

is a carcinogenic agent which causes liver injury by 

covalent binding and methylation of nucleic acids and 

proteins in hepatocytes. The generation of ROS by 

hepatotoxic agent, can be implicated as a cause of 

hepatic fibrosis.
[43]

 
 

In this study, marked ameliorations in tumor changes and 

restoration of hepatic architectures with decreasing of 

collagen fibers deposition around central veins and in 

portal triads were illustrated with treatment with Benzyl 

isothiocyanates and/or low doses of radiation. These 

results are in current with  Kim et al.
[44]

 who showed the 

suppression of hepatic injury and hepatic fibrosis by 

isothiocyanates. El Morsy et al.
[45]

 demonstrated that 

isothiocyanates could protect the histological structure 

and function of the liver against the effects of 

paracetamol. This hepatoprotective effect is due to 

inhibition of lipid peroxidation and enhancement of 

antioxidant enzymes. It was suggested that the 

(isothiocyanates) afforded the hepatoprotection through 

decreased production of free radicals.
[46]

 Recently, Li et 

al.
[47] 

showed that isothiocyanates ameliorates liver 

damage via NF-κB signaling pathways.  

 

The present study is also in accordance with Fahmy and 

Gharib
[22]

 showing that low dose of radiation (0.5 Gy) 

caused a significant increase in liver Glutathione content 

in injured cells ameliorating the harmful effects in liver 

damage. Low dose of radiation induces radio-protective 

response repairing cellular damage
[48]

, as well as 

activation of immune function
[49]

 and also as an 

antioxidant and antitumor agents.
[22] 

Low dose of 

radiation (0.5 Gy) showed a significant increase in GSH 

content in liver tissue, which may explain its antioxidant 

effects which did not interfere with chemotherapeutic 

effects.
[50] 

 

Presently, DEN group manifested the formation of new 

blood vessels between tumor cells “angiogenesis”, these 

results are also shown by Rafii et al.
[51]

 who proved that 

Vascular endothelial growth factor (VEGF) the signaling 

protein that promotes the growth of new blood vessels, 

promotes tumor angiogenesis by enhancing endothelial 

cell proliferation and survival; increasing migration and 

invasion of endothelial cells; increasing permeability of 

existing vessels. Overexpression of VEGF by tumor cells 

promotes angiogenesis and the formation of large dilated 

tumor vessels.
[52]  

 

In this work, treatment with Benzyl isothiocyanates 

and/or low of radiation is realized by the limitation of 

blood vessels in between tumor cells (angiogenesis) with 

certain regression of these tumor cells. Same results were 

explained by Zakaria et al.
[53]

 who demonstrated the 

potential role of Benzyl isothiocyanates (BITC) in 

inhibiting VEGF in cancer cells. Benzyl isothiocyanates 

can reduce the amount of VEGF by means of inhibitory 

pathways in the transcription of hypoxia inducible factor 

(HIF).
[54] 

Aras et al.
[55] 

reported that isothiocyanates has 

anti-angiogenic effects in a chemically induced breast 

cancer animal model, representing a potentially 

significant mechanism contributing to its 

chemopreventive activity. This suggests that the 

protective effect of chronic administration of 

isothiocyanates may be related to the upregulation of 

pro-apoptotic genes and/or the down-regulation of genes 

promoting proliferation, and anti-angiogenesis Boreddy 

et al.
[20]

 suggested that isothiocyanate extract has anti-

angiogenic effects, suppresses pancreatic tumor growth 

by inhibiting tumor angiogenesis through signal 

transducer and activator of transcription-3 (STAT-3)-

dependant pathway.  

 

The present results are in accordance with El-Sonbaty 

and Hassan
[56]

 who demonstrated the potency of low 

dose of γ-radiation (0.5Gy) reducing angiogenesis and 

inducing apoptosis in hepatocellular carcinoma.  

 

Presently, rats receiving DEN and administrated with 

Benzyl isothiocyanates and/or low dose of radiation 

showed elevation of caspase-3 and Bax proteins, 

accompanied by suppression in Bcl-2 expression leading 

to apoptosis. These results are in current with Lee et 

al.
[57]

 who demonstrated that isothiocyanates extract 

induced mitochondrial damage by the releasing of 

cytochrome-c increased Bax abundance and down-

regulation of antiapoptotic Bcl-2, leading to the 

activation of caspase-9 and caspase-3 stimulating DNA 

fragmentation and apoptosis.  

 

Benzyl isothiocyanates induced inhibition of cancer cell 

growth, cell cycle arrest, DNA damage, fragmentation 

assays and morphological assessment of nuclear change, 

reactive oxygen species (ROS), mitochondrial membrane 

potential disruption and also it promoted Bax expression 

and inhibited Bcl2 expression associated with the 

disintegration of the outer mitochondrial membrane 

causing cytochrome c release, and activation of caspase-

9 and -3 cascades leading to apoptosis.
[58] 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=KIM%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29669958
https://www.sciencedirect.com/topics/medicine-and-dentistry/cancer-cell-line
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Low ionizing radiation has been reported to increase the 

activity of pro-apoptotic Bax and to decrease the anti-

apoptotic Bcl-2 family.
[59]

 Also, Meselhy et al.
[24] 

is in 

agreement with the present results showing that low dose 

of γ-irradiation is effectively promoting apoptosis 

causing tumor cell death by the up-regulation of the Bax, 

and activation of caspase-3, with significant suppression 

of anti-apoptotic genes which enhances apoptosis 

pathway and decreases tumor volume. Treatments with 

natural plant and radiotherapy are potential tumor 

therapies.
[9] 

 

CONCLUSION 

Thus, treatment with Benzyl isothiocyanates extract 

combined with low dose of γ-radiation ameliorates liver 

damage, suppresses fibrosis and promotes apoptosis of 

tumor cells induced by Diethylnitrosamine. The present 

study showed that these ameliorations are through the 

anti-angiogenec effect, the upregulation of the activity of 

apoptotic proteins such as Caspase-3 and Bax and with 

the downregulation of anti-apoptotic Bcl-2 protein in rat 

hepatocellular carcinoma. 
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