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ARTICLE INFO ABSTRACT 

Keywords   Doxorubicin is a broad-spectrum antitumor antibiotic. Newcastle disease virus (NDV) is one 

such virus with an inherent oncolytic property. This study was done to investigate the 
antitumor effects of Doxorubicin and NDV on Diethylnitrosamine (DEN) induced 

Hepatocellular carcinoma in rats. Seventy-five male albino rats were divided into five groups. 

Group (1): rats administered distilled water only. Group (2): rats received diethylnitrosoamine 
(200 mg/kg b. wt./ i. p), three times at an interval of 15 day at experimental weeks 2, 4 and 6. 

Group (3): rats received DEN then treated with Doxorubicin at experimental week 10 at a dose 

level (2 mg/kg b. wt./ i. p). Group (4): rats received DEN then treated with Hitchiner B1 at 
experimental week 10 at a dose levels (10^7 PFU/rat/ i.p). Group (5): rats received DEN then 

treated with Doxorubicin at experimental week 10 at a dose level (2 mg/kg b. wt /i. p) and with 

Hitchiner B1 at experimental week 10 at a dose levels (10^7 PFU/rat/ i.p). All animals were 

sacrificed after the end of experiment. DEN induced HCC showed elevation in serum AFP, 

LDH, Creatinine and Urea compared with control group. Treatment with doxorubicin or/ and 
NDV showed that a significant reduction in serum AFP, LDH, Creatinine and Urea compared 

with DEN non-treated group. The obtained results confirmed doxorubicin and NDV can 

inhibit the proliferation of HCC cells through improving hepatocytes. 
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1. INTRODUCTION 

 
Hepatocellular carcinoma (HCC) is the fifth most common 

cancer worldwide and the most common type of liver cancer 

that representing 83% of all cases; it represents the third 

cause of cancer related death and the first cause of death 

amongst cirrhotic patients. Hepatitis viral infection, food 

additives, alcohol, fungal toxins (aflatoxins), toxic industrial 

chemicals, air and water pollutants are the major risk factors 

of liver cancer (Farazi and DePinho, 2006).   

Diethylnitrosamine (DEN) is a potent hepatocarcinogenic 

nitrosamine, present in cheddar cheese, cured and fried 

meals, alcoholic beverages, cosmetics, agricultural 

chemicals and pharmaceutical agents, ground water having 

high level of nitrate (Mahmoud and Abdul-Hamid, 2012). 

DEN causes a wide range of tumors in all animal species 

and considered to be one of compounds which are 

hazardous to human health (Balamurugan and Karthikeyan, 

2012). 

Doxorubicin acts on cancer cells through intercalation into 

DNA resulting in the inhibition of DNA synthesis and 

function. It inhibits transcription through inhibition of 

DNA-dependent RNA polymerase (Panno, 2005). 

Doxorubicin is a DNA topoisomerase II inhibitor, DNA 

intercalator leading to DNA strand breaks and formation of 

Reactive Oxygen Species (ROS) in cells (Yurtcu et al., 

2015). 

Newcastle disease virus (NDV) is one such virus with an 

inherent oncolytic property (Omar et al., 2003). The cells of 

various human tumors, such as liver cancer, have been 

shown to be sensitive to NDV (An et al., 2016). The 

oncolytic mechanism of NDV mainly include the following 

aspects. First, the virus selectively infects and replicates in 

tumor cells. Second, indirect effects of the innate and 

adaptive immune responses of the host immune system act 

against the virus, involving natural killer (NK) cells and 

cytotoxic T lymphocytes targeting the antigen. Third, the 

envelope protein also participates in the oncolytic effect. 

Fourth, the apoptotic pathway promotes the oncolytic 

effect. Fifth, the virus induces immunogenic death, 

necrosis, and autophagy (Chaurasiya et al., 2018; Ricca et 

al., 2018) 

In this study, the curative and treatment effects of Newcastle 

disease virus (NDV) were studied during and after hepatic 

carcinoma induction by DEN. 

 

2. MATERIAL AND METHODS 

 
2.1. Experimental animals: 

Seventy-five albino rats, 5-6 weeks old and average body 

weight 80-120 g were used in the experimental 

investigation of this study. Rats were obtained from the 

production center for natural toxins and raw plasma at the 

Helwan farm of the Egyptian Company for vaccines, 

vaccines and Medicines. Animals were housed in separate 

metal cages. Pure drinking water was supplied ad-libitum 

through specific nipple. Rats were kept at constant 

environmental and nutritional conditions throughout the 
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period of experiment. The animals were left 7 days before 

the beginning of the experiment for acclimatization. 

 

Ration and additives: 

The animals were fed on constant ration through the course 

of the experiment in the form of concentrated diet 

composed of concentrated mixture 10%, yellow corn 60.91 

%, soya bean meal   22.3 %, fat 4.74 %, di calcium 

phosphate 0.83 %, ground limestone 0.67 %, methionine 

supplement 0.05 %, mineral and vitamin mixture 0.5%. 

Concentrate mixture composed of corn gluten meal 60 %, 

sunflower meal 44%, fish meal 45%, meat and bone meal 

50%, di calcium phosphate, common salt limestone, 

vitamin and mineral, premix, L. lysine and methionine 

according to (NRC, 1995). 

 

2.2. Chemicals: 

The chemicals and natural agents used in the present study 

were: 

Diethylnitrosoamine (DEN): 

Common name: N-Nitrosodiethylamine ISOPAC® 

Synonym: DEN; DENA; Diethylnitrosamine, N-Nitroso-N, 

N diethyleamine;    NDEA. 

Chemical structure 

 
 

Induction of Hepatocarcinogenesis: 

HCC was induced in rats by I.P injection of DEN in normal 

saline (200 mg/kg b. wt.), three times at an interval of 15 

days (Khan et al., 2011). 

Doxorubicin: 

Chemical anti-cancer drug, It is used at a dose level (2 

mg/kg b. wt./ i. p.) (Karuppayil et al., 2018). 

Chemical structure   

 
 

Hitchiner B1: 

Purchased from Egypt Masters Co. for veterinary products. 

Live Newcastle vaccine (Hitchiner B1), It is used at a dose 

level (10^7 PFU/mouse/i.p.) (Sharma et al., 2017). 

  

2. 3. Experimental design: 

Rats were divided into five main equal groups each one 

contains 15 rats as follow: 

Group 1: Control Normal group: 

Consisted of 15 male rats, rats fed with ordinary diet only 

without any treatment during the entire experimental period 

(13 weeks). 

Group 2:  DEN- induced hepatocarcinogenesis group: Rats 

considered as the carcinogen control injected with DEN at 

a dose of (200 mg/kg body weight i. p.) three times at an 

interval of 15 day at experimental weeks 2, 4 and 6. 

Group 3: DEN- induced hepatocarcinogenesis+ 

Doxorubicin treated group: Rats considered as the 

carcinogen control injected with DEN at a dose of (200 

mg/kg body weight i. p.) three times at an interval of 15 

day at experimental weeks 2, 4 and 6 then treated with 

Doxorubicin at experimental week 10 at a dose level (2 

mg/kg b. wt./ i. p.) until the end of experiment. 

Group 4: DEN- induced hepatocarcinogenesis + Hitchiner 

B1 treated group: Rats considered as the carcinogen control 

injected with DEN at a dose of (200 mg/kg body weight i. 

p.) three times at an interval of 15 day at experimental 

weeks 2, 4 and 6 then treated with Hitchiner B1 at 

experimental week 10 at a dose levels (10^7 PFU/rat/i. p.) 

until the end of experiment. 

Group 5:  DEN- induced hepatocarcinogenesis + 

Doxorubicin + Hitchiner B1 treated group: Rats considered 

as the carcinogen control injected with DEN at a dose of 

(200 mg/kg body weight i. p.) three times at an interval of 

15 day at experimental weeks 2, 4 and 6 then treated with 

Doxorubicin at experimental week 10 at a dose level (2 

mg/kg b. wt./i. p.) and with Hitchiner B1 at experimental 

week 10 at a dose levels (10^7 PFU/rat/ i. p.) until the end 

of experiment. 

 

2.4. Sampling: 

2.4.1. Blood samples: 

Blood samples were collected by ocular vein puncture from 

all animal groups after overnight fasting in dry, clean tubes 

and allowed to clot for 30 minutes and serum was separated 

by centrifugation at 3000 rpm for 15 minutes. The serum 

was taken by automatic pipette and received in dry sterile 

tubes, then kept in deep freeze at -20 °C until use for 

subsequent biochemical analysis. All sera were analyzed 

for determination of the following parameters: (AFP 

(Engall, 1980), LDH (Dito, 1979), Creatinine (Henry, 

1974), Blood Urea (Tietz, 1990) 

 

2.5. Statistical analysis: 

The results were expressed as mean ± SE using SPSS 

software program version 16 (SPSS Inc., USA). The 

data were analyzed using one-way ANOVA to determine 

the statistical significance of differences among groups. 

Duncan's test was used for making a multiple comparison 

among the groups for testing the inter-grouping 

homogeneity. Values were considered statistically 

significant when p<0.05. 

 

3. RESULTS 

 
The obtained results presented in Table (1) revealed that, 

DEN induced HCC (group2) showed elevation in serum 

AFP, LDH, creatinine and urea compared with control 

group. Treatment with doxorubicin or/ and NDV (group 3,4 

and 5) showed that a significant reduction in serum AFP, 

LDH, creatinine and urea when compared with DEN group.    
 

Table 1 Effect of Newcastle disease virus on serum AFP, LDH, Creatinine and Urea of DEN induced HCC in rats. 
Exp. Groups AFP (ng/ml) LDH(U/L). Creatinine (mg/dl) Urea (mg/dl) 

Group 1 0.36 ± 0.04 c 178.80 ± 8.62 c 0.69 ± 0.02 c 47.60 ± 1.07 b 

Group 2 5.02 ± 0.40 a 350.10 ± 19.83 a 1.04 ± 0.04 a 90.33 ± 6.74 a 

Group 3 1.08 ± 0.10 b 224.67 ± 12.17 b 0.78 ± 0.02 b 49.50 ± 1.70 b 

Group 4: 0.66 ± 0.13 b,c 182.43 ± 5.05 c 0.78 ± 0.02 b 47.67 ± 2.72 b 

Group 5 0.90 ± 0.06 b,c 208.97 ± 10.66 b,c 0.77 ± 0.02 b 47.40 ± 1.80 b 

Data are presented as (Mean ± S.E).  Mean values with different superscript letters in the same column are significantly different at (P<0.05). 
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4. DISCUSSION 

 
Hepatocellular carcinoma (HCC) is a primary malignancy 

of the liver and occurs predominantly in patients with 

underlying chronic liver disease and cirrhosis (Alison, 

2005). N-Nitrosodiethylamine (DEN) is a potent hepatic 

carcinogen agent (Mahmoud and Abdul-Hamid, 2012). The 

putative mechanism of DEN-DNA adduct formation. The 

first bioactivation step is P450- mediated α-hydroxylation, 

producing an α-hydroxylnitrosamine. Diethylnitrosoamine 

is hydroxylated principally by the ethanol inducible 

CYP2El in liver, but other P450 isozymes have been found 

to be bioactivating as well. DNA-adduct formation 

proceeds through an ethyldiazonium ion intermediate and 

evolution of N2. Since this is a 

relatively simple and rapid alkylation mechanism, DEN 

may produce DNA adducts in any tissue with appropriate 

activating P450 isozymes. Nitrosamine alkylation in each 

organ reflects the local level of bioactivation capacity, 

since the diazonium ion is too reactive to be transported to 

other organs in significant amounts. Additionally, P450 

isozymes are responsible for detoxification of NDEA, 

thereby adding to the complexity of the biotransformation. 

There is a great deal of information concerning the roles of 

P450 isozymes in the bioactivation of various nitrosamines 

which is similar to DEN in structure and reactivity, are 

evaluated together (Talib, 2012). 

The obtained results revealed significant elevation in serum 

AFP, LDH, creatinine and urea with DEN injection to rats. 

These results came in accordance with the recorded data of 

(Borai et al., 2017; Salama et al., 2017) who recognized 

that, AFP concentration was significantly higher in the 

DEN-treated group as compared to control group. 

Moreover, (Zaazaa et al., 2018) observed that, increase in 

serum AFP in DEN-induced HCC in rats compared to 

control group. Additionally, Alpha fetoprotein (AFP) is the 

most commonly used tumor markers for the diagnosis of 

hepatocellular carcinoma (HCC) which is a unique 

immunomodulatory glycoprotein, which is normally made 

by the immature hepatocytes in the fetus(oncofetal) 

(Saffroy et al.,2007). Detection of AFP during monitoring 

of liver cancer treatment is well accepted in patients with 

increased AFP levels before therapy. It has been recognized 

that exposure of animals with DEN increases the 

circulating AFP concentration (Sadik et al., 2008). 

In many tumor types, serum LDH levels are indirect 

marker of tumor hypoxia, neo-angiogenesis, and worse 

prognosis (Scartozzi et al., 2012). Lactic dehydrogenase, 

which is a glycolytic enzyme, and exists in various types of 

human tissue and neoplasms, has also been reported to 

demonstrate a high level in the serum HCC patients. Serum 

LDH level of patients with HCC is more closely correlated 

with the clinical course than the AFP level. The levels of 

the serum LDH and AFP one week after the right hepatic 

lobectomy both decreased. Also, HCC with a high serum 

level of LDH appears to show both a rapid growth and 

highly malignant tumors (Fujiwara et al., 1997). From 

another hand, LDH seemed able to predict clinical outcome 

for HCC patients undergoing trans-arterial 

chemoembolization (TACE). With respect to the 

correlation between LDH levels and tumor angiogenesis, it 

can speculate that patients with high LDH pretreatment 

levels may be optimal candidates for clinical trial exploring 

a multimodality treatment approach with TACE in order to 

improve the overall survival (Scartozzi et al., 2012). 

Similar results were obtained by (Jagan et al., 2008; 

Jayakumar et al., 2012) who reported that, DEN 

administration resulted in a significant increase in serum 

Lactate dehydrogenase activities in male wistar albino rats.  

Serum urea levels were elevated in HCC compared with 

other chronic liver disease (Badr et al., 2014). The liver is 

the largest complex organ in the abdominal cavity. 

Parenchymal cells or hepatocytes comprise the bulk of the 

organ and carry out complex metabolic processes. 

Hepatocytes are responsible for the liver’s central role in 

metabolism. These cells are responsible for the many 

functions such as formation and excretion of bile; 

regulation of carbohydrate homeostasis; lipid synthesis and 

secretion of plasma lipoproteins; control of cholesterol 

metabolism; and formation of urea (Larson and Hauswald, 

2014). Thus, liver cell impairment may increase the 

circulating level of urea. 

Similar elevation of serum circulating urea level were 

obtained after rats’ treatment with DEN by (Althaf and 

Sudaroli, 2012). 

Treatment with doxorubicin or Newcastle disease virus 

(NDV) to DEN induced HCC in rats caused a significant 

decrease in serum AFP, LDH, creatinine and urea when 

compared with DEN non-treated group. 

Solomon et al. (1999) concluded that, among 13 evaluable 

patients with initially elevated AFP level, 70% had a partial 

biologic response and survival after hepatic 

chemoembolization with cisplatin, doxorubicin, 

mitomycin-C, Ethiodol, and polyvinyl alcohol in a U.S. 

population of patients with hepatocellular carcinoma, 

(>50% decrease in AFP), 15% had a minor response (25-

50% decrease), and the remaining 15% remained stable. 

Among 25 patients evaluable for morphologic response, 

36% had a partial response, 32% had a minor response, and 

32% remained stable. No patients had progression of 

disease while receiving therapy. The cumulative survival 

was 60% at 1 year, 41% at 2 years, and 16% at 3 years. 

Two patients developed progressive hepatic failure. Thirty-

day mortality was 3% (one patient). Also, Pritchard et al. 

(2000) reported that, one hundred fifty-four patients were 

registered in the study, and 138 received preoperative 

chemotherapy. One hundred thirteen (82%) showed a 

partial response with tumor shrinkage and serial decrease 

of serum alpha-fetoprotein levels. 

Zhao et al. (2015) concluded that, DOX/Cur-NPs and 

observed their enhanced anti-tumor activity in DNE-

induced HCC in mice, which might be regulated through 

increased apoptosis, and inhibited proliferation and 

angiogenesis. Cell analysis indicates that modulation on 

MDR- and hypoxia-related proteins may contribute 

together to the enhanced activity of DOX/Cur-NPs. 

Furthermore, In DEN-induced HCC in mice treated with 

DOX-NPs and DOX/ Cur-NPs, (Zhao et al., 2015) 

observed that, decrease in liver damage, which is in line 

with the reported increase in DOX sensitivity loaded in 

nano-particle- cells for HCC (Barraud et al., 2005). 

Abdullahi et al. (2018) concluded that, although lactate 

dehydrogenase (LDH) assays seemed to demonstrate a 

slightly reduced level of cytotoxicity at early time points 

after infection with rVSV-NDV compared to the parental 

viruses, we believe this to be an artifact of the assay, rather 

than a reflection of a delayed response to the virus. 

Cytotoxicity data, as determined by LDH assay, similarly 

revealed that rVSV-F caused slightly faster and more 

potent tumor cell killing than rVSV, although these results 

were not statistically significant. Furthermore, Keshavarz et 

al. (2019) investigated that, Antitumor activities of 

oncolytic NDV were assessed by cell proliferation (MTT) 

and lactate dehydrogenase (LDH) release analysis. In 

addition, molecular changes of early stage of apoptosis and 
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the role of reactive oxygen species (ROS) were analyzed by 

flow cytometry and Western Blot in NDV-treated TC-1 

cells. Chan et al. (1996) Concluded that administration of 

carotenoids (CARs) following DOX treatment decreased 

levels of LDH in a dose dependent manner. Furthermore, 

An et al. (2016) investigated that, in order to assess 

potential toxicities associated with recombinant virus in 

vivo, a toxicity study was performed. AST and ALT are the 

important indexes in evaluating liver function, the blood 

urea nitrogen and creatinine are the important indexes in 

evaluating renal function. We have detected the BUN, 

creatinine, AST, and ALT. Results showed that these 

parameters were in the normal range, indicating that rNDV-

P53 is relatively safe for cancer therapy. Also, Shinozaki et 

al. (2004) reported that, there were also no elevations of 

blood urea nitrogen (BUN) or creatinine at all time points, 

indicating a lack of nephrotoxicity at day 1 after hepatic 

arterial administration of (vesicular stomatitis virus (VSV)) 

rVSV-h-gal, although the levels rapidly returned to 

baseline at day 3).   

 

5. CONCULOSIONS 
 
The present findings showed that doxorubicin or 

Newcastle virus improve liver cells damage and can inhibit 

the proliferation of HCC cells which decreased the serum 

AFP, LDH, Creatinine and urea concentrations that 

increased by DEN induction. It could be concluded that, 

the chemo preventive effect of doxorubicin or Newcastle 

as powerful agents may be useful in hepatocellular 

carcinoma treatment. 
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