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Introduction
 Benzimidazole being an isostere of purine based nucleic acid 

and an important scaffold in various biologically active molecules 
is widely explored for development of anticancer agents [1]. The 
versatility of new generation benzimidazole would represent a 
fruitful pharmacophore for further development of better medicinal 
agents [2]. Thus, benzimidazole-derived moieties’ introduction to 
the drug design may enhance the biological activities. As, triazoles 
are safe for most patients; their use in medically complex cases can be 
complicated further by dose-limiting toxicities and pharmacokinetic 
drug-drug interactions Cancer is a severe metabolic syndrome and 
is one of the leading causes of death regardless of developments in 
the tools of disease diagnosis, treatment and prevention measures 
[3,4]. Cancer development and progression, programmed cell death  

 
(apoptosis) and the genes regulating this process involved in tissue  
and organ homeostasis and loss of the apoptotic process is often 
associated with tumour expansion, Alterations in the expression 
of proteins involved in intracellular apoptotic pathways are a 
potential cause of neoplastic expansion, so the earliest and most 
specific tumour markers are usually detectable at the intracellular 
level [5]. When exposure the cells to the external damage stimuli, 
they activate the regulation of expression of P53 and Bcl-2 genes. 
P53 tumor suppressor protein acts as a protector of genomic 
activity by inducing either cell cycle arrest (at G1 and/or G2 phase) 
or apoptosis. Bc1-2 gene is an anti-apoptotic protein, participate 
in the p53 apoptotic pathway and the equilibrium between those 
positively and negatively regula-tory proteins is essential for the 
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Abstracts 

Purpose: The main objective of the present work was to investigate, for the first time, the antitumor effect, lipid peroxidation, nitrosative stress 
and antioxidant status of organic heterocyclic Triazole derivatives.

Method: The antitumor activity of Triazole derivatives was evaluated against Ehrlich ascites carcinoma (EAC) bearing mice as a model for the 
cancer at doses of 10 and 15 mg/kg body weight, while acute toxicity studies were performed to determine the safety of the compound. Briefly, A 
total of 105 female Swiss albino mice were divided into 7 groups (n=15), the EAC cells were injected (i.p.) into sixty female mice (in 4 equal groups), 
and after a one day incubation period, Azole injected with in a dose (10 and 15 mg / kg body wt. day after day). After 10 days, ten animals in each 
group were sacrificed for observation of antitumor activity and the remaining animals were observed to determine host the life span. Antitumor 
effect was determined by evaluation of tumor volume, viable tumor cell count of the host, determination of apoptosis-related proteins P53 and Bcl2 
levels, Malondialdehyde (MDA), Nitric oxide (NO) and reduced glutathione (GSH) in Liver tissue. The standard antitumor used was cisplatin.

Results: Administration of Azole in a dose of 10, 15 mg significantly decreased EAC cells volume and count in a dose-dependent manner. 
Furthermore, Significant (p < 0.001) decrease in MDA and NO levels Meanwhile GSH was significantly (p < 0.001) increased. P53 highly significantly 
(p < 0.001) increased while Bcl2 level highly significant (p < 0.001) decreased after treatment with Azole 10, 15 mg. Moreover, injection with Azole 
10 and 15 mg highly significantly (p < 0.001) increased AST, ALT and ALP activity.  

Conclusion: The results suggest that Azole exhibit significant antitumor activity in Ehrlich ascites carcinoma (EAC) bearing mice that is 
comparable to that of the reference standard, cisplatin. But, has a hepatorenal toxic effect.
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susceptibility to apoptosis. A high level of Bcl-2 expression prevents 
cells from apoptosis caused by cytotoxic factors or cellular stress 
[6]. Ehrlich ascites carcinoma (EAC) considered as an experimental 
tumor modeling. EAC  is referred to as an undifferentiayrd 
carcinoma and is originally hyper diploid, has high transplantable 
capability, no-regresion, rapid proliferation, shorter life span, 
100% malignanc, and resembles human tumors which are the most 
sensitive to chemotherapy due to they are undifferentiated and 
have a rapid growth rate [7] Development  and identification of 
compounds capable of killing transformed or cancer cells, without 
being toxic, is of utmost importance, and has gained the increasing 
interest of scientists worldwide [8]. The major side effect associated 
with various anticancer or anti-proliferative agents is cytotoxicity 
towards normal cells due to lack of selectivity for the abnormal 
cells. Therefore, search on anticancer agent has been in continuum 
since many years [9]. Cisplatin is one of the most compelling 
chemotherapy drugs that are widely used for cancer. It was the first 
FDA-approved platinum compound for cancer treatment in 1978 
[10]. Common side effects for using Cisplatin include bone marrow 
suppression, hearing problems, kidney problems, and vomiting. 
Other serious side effects include numbness, trouble walking, 

allergic reactions, electrolyte problems, and heart disease. Use 
during pregnancy is known to harm the baby [11]. However, the 
severe side effects and resistance by the cancer cells confine their 
clinical application widely. To curb increasing resistance and the 
unbearable cost of treatment, it is a necessity to design potential 
alternatives [12]. Benzimidazole derivatives have demonstrated as 
potential new therapeutics for the treatment of cancer in vitro and 
in vivo [13].  The present study was carried out to investigate the 
anti-tumor activity of newly synthesised azoles in comparison with 
cisplatin against Ehrlich ascites carcinoma in Swiss albino mice.

Materials and Methods

Experimental animals

Studies were carried out using a total of 75 male Swiss albino 
mice weighting 22- 25 g obtained from Animal House of National 
Research Center, Giza, Egypt. The experimental animals were 
housed 15 per cage in a room with 65% humidity, 12:12 h light: 
dark cycle at ambient temperature of 20 ± 1 _C. Standard diet, 
commercial feed pellets and tap water were freely available (Figure 
1).

Figure 1: Effect of different treatments on count x 106 of EAC cells. ***: p > 0.0001comperd with Earlich group

Tumor cells

Ehrlich ascites carcinoma (EAC) cells were obtained from 
Cancer Biology Section, National Cancer Institute, Cairo, Egypt. The 
Ehrlich tumor line was maintained, till the time of the experiment 
in female Swiss albino mice by serial intraperitoneal passage of 
2.5×106 cells/mouse at 7-10 days intervals (Figure 2).

Standard anticancer drug

Cisplatin (CDDP) is a Platinum compound (cis-
Diamminedichloroplatinum), [14]. it was used as a standard 
anticancer drug. Cisplatin (MYLAN 10 mg), 10ml (1mg/ml)) was 
injected intraperitoneally to mice at a dose of 10 mg/kg body 
weight [15] (Figure 3).

Experimental design

A total of 105 female Swiss albino mice were divided into 7 
groups (n=15) with an average weight 22-25 gm each as follows:

• G1: (negative control): injected intraperitoneally (I.P) 
with sterile saline (0.2 ml /mouse day after day for 10 days). 

• G2 (Damson control): injected (I.P) with sterile Damson 
(0.2 ml /mouse day after day for 10 days). 

• G3 (Positive control): was inoculated (I.P) with EAC cell 
line (2.5×106 cells/mouse, 0.2 ml /mouse). 

• G4 (Azole control): injected with Azole alone in a dose (10 
mg / kg body wt., 0.2 ml /mouse day after day for 10 days). 
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• G5 (EAC + cisplatin): were inoculated (I.P) with (EAC) like 
the EAC control group, then injected with cisplatin in a dose (10 
mg / kg body wt. , 0.2 ml /mouse day after day day for 10 days) as 
standard anticancer drug for 10 days. 

• G6 (EAC + Azole 10 mg): injected with Azole in a dose (10 
mg / kg body wt., 0.2 ml /mouse day after day for 10 days) after 
inoculation (I.P) with (EAC).  

Figure 2: Effect of different treatments on Histological picture of rat liver. (A) Negative control saline. (B) Damson like negative control saline. 
(C) Earlish with cisplatin: Showing restoration of hepatic architecture with focal hemorrhage. (D) Earlish Positive control. The degenerative 
and proliferative lesions and showed some histologic lesions such as individual hepatocellular necrosis, cellular vacuolation, and spongiosis 
hepatitis changes. (E) Earlis with 10 mg Azole: revealed dilatations in sinusoids and cystic degeneration (characterized by large empty spaces 
in the parenchyma) secondary to hepatocellular dropout. (F) Earlish with 15 mg Azole showing centrilobular hemorrhage with focal necrosis 
and complete distortion of architecture. (G) Partial restoration of architecture with inflammatory cells infiltrates.

Figure 4: Effect of different treatments on Bcl-2. Flow cytometric figures for DNA cycle analysis staining with propiduim iodide showing the 
three phases (G0/1,S phase and G2/M ) for Bcl-2.These figures showed no different between the phases of cell cycle, while the apoptosis 
% showed highly significant percent of cells referring to the other cell cycle phases which showed low % of cell in G0/1 than apoptosis and S 
Phase % also showed highly % of cells than the first four samples. (M1= apoptosis %, M2 = G0/1, M3 = S% and M4 = G2/M).
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• G7 (EAC + Azole 15 mg): injected with Azole in a dose (15 
mg / kg body wt., 0.2 ml /mouse day after day for 10 days) after 
inoculation (I.P) with (EAC). After 10 days mice were euthanized to 
measure tumor cell count and other parameters (Figure 4).

Antitumor evaluation

Anti-tumor potential was evaluated by measuring tumor cell 
count and inhibition of EAC growth. Ascetic fluid of EAC tumor 
bearing mice was collected in a Wintrobe’s tube. The total volume 
of fluid was measured and the total number of tumour cells was 
counted by the Trypan blue exclusion assay [16]. The total number 
of EAC cells was calculated by using the formula:

Total EAC count = Mean number of unstained cells × volume of 
count samples × dilution × 104/ml

Cell viability and Counting of EAC cells

The viability of EAC cells was determined by the Trypan Blue 
Exclusion Method [17], where the total and viable cells (non-
stained) were counted at magnification x40; as the number of cells/
ml was determined in studed groups.

Body weight

Body weights of the experimental mice were recorded both in 
the treated and control group at the beginning of the experiment 
(day 0) and sequentially on the 3rd, 6th and 9th day during the 
treatment period. 

Biochemical analysis: Blood samples were collected after 
overnight fasting for biochemical Analysis. Sera were separated by 
centrifugation at 3000 x g for 10 min at room temperature and kept 
frozen (-25 °C) until analysis.  Serums aspartate aminotrasferase 
(AST), alanine aminotransferase (ALT) [18], Creatinine [19] and 
urea [20] were determined. 

Determination of Malondialdehyde (MDA), Nitric oxide 
(NO) and reduced glutathione (GSH)

Liver MDA concentration was estimated in cell homogenate 
spectrophotometrically according to [21]. Cellular levels of NO 
were determined in liver cells homogenate spectrophotometrically 
according to [22] and GSH activity was determined also in liver cells 
homogenate spectrophotometrically according to [23].

Determination of molecular markers

Determination of apoptosis-related proteins P53 and Bcl2 levels 
in Liver tissue as a prognostic indicator for cancer was performed 
using Flow cytometry (FCM) technique [24]. Flow cytometric 

approach has allowed sensitive and specific intracellular antigen 
quantification at the single cell level. Detection of intracellular 
molecules is particularly relevant in diagnosis of neoplastic 
malignancies and in predictive medicine [5].

Histopathology evaluation

The remaining portion of the same liver tissue was dissected 
and fixed in 10% formal saline embedded in paraffin, sectioned and 
stained with Hematoxylin and Eosin (H&E)

Statistical Analysis

All statistical analyses were done by a statistical for social 
science package “SPSS” 22.0 for Microsoft Windows, SPSS Inc. 
and considered statistically significant at a two-sided P < 0.05. 
Numerical data were expressed as mean ± SEM. The levels of 
markers were analyzed by ANOVA.

Results

Determination of LD50

Preliminary experiments were carried out on 6 main groups 
(10 mice/each dose/each group). Azole wase injected in different 
doses to find out the range of doses which cause zero and 100 % 
mortality of animals. The groups of 10 animals each, compound 
was given i.p. in doses of 5, 10, 15, 20, 25 and 30 mg/100g b.w for 
determination of LD50. The LD50 was evaluated by Spearman and 
Karber method [25] on groups of mice, each of 10 animals. The test 
compounds were administrated i.p. at different doses. The number 
of animals which died within 24 h was recorded.

The LD50 was then calculated by the application of the 
following formula:

Dm = the dose by which killed all the mice in the group.

Z = Half the sum of the dead rats from 2 successive groups.

d = the difference between 2 successive doses.

n = number of animals in each group.

Dose-response (most effective dose) on EAC Count

It was cleared that the most effective doses were finding to be 
10 and 15 mg/kg for azole and 10 mg/kg for cisplatin as this dose 
reduced the number of EAC cells in treated mice group up to 75.0% 
of EAC cells compared to positive control group.

Viability, Counting of EAC cells and body weight
Table 1: Effect of Cisplatin and Azole on tumor cell count, tumor volume and Body weights.

Parameter Saline Damson Earlich Cisplatin
EAC EAC

Azol 10 mg
10 mg Azol+ 15mg Azol+

Tumor cell count (x106 cells/L) 0 0 203.3±16.3 20.0±6.3 49.2±7.5 35.0±7.7 0

tumor cell volume (ml) 0 0 4.8±0.8 2.1±0.7 3.0±0.7 2.3±0.8 0
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Zero day (gm) 18.9±0.8 20.2±0.2 21.9±.8 21.8±0.4 22.8±0.8 22.3±0.7 22.1±0.4

3th day (gm) 20.25±1.1 21.4±0.46 25.5±0.4 24.6±0.7 25.1±0.4 24.6±0.5 23.1±0.2

6th day (gm) 22.7±1.0 23.9±0.4 27.5±0.5 27.4±0.5 26.8±0.7 25.6±0.5 23.9±0.6

9th day (gm) 24.4±0.5 25.3±0.3 29.5±0.5 25.2±0.5 25.5±0.7 24.4±0.9 25.0±0.5

Data represented as mean ± standard division

Table 1 summarized effect of Azol 10, 15 and cisplatin on EAC cells volume and count. The mean volume of EAC in positive control 
group was found to be 4.8±0.8 (ml) as reported by [26].  This value was significantly decreased by 37.5%, 52.08% and 56.25% in Azol 
10, 15 mg/kg and cisplatin treated groups; respectively. Also the mean count of EAC cells in the positive control group was found to be 
203.3±16.3(x106 cells/L), which significantly decreased by 75.79%, 82.78% and 90.16% in Azol 10, 15 mg/kg and cisplatin treated groups; 
respectively, compared to positive control group. The mean body weight value in the positive control group was found to be increased 
29.5±0.5 (gm) involving the the tumour volume compared to negative control group 24.4±0.5 (gm) while Azol 10, 15 mg/kg and cisplatin 
downregulated it near or as in the negative control group and Damson control group, 25.5±0.7,  24.4±0.9 and 25.2±0.5 respectively. It 
can be hypothesized that increased body weight in the positive control group was attributed to increased tumor growth volume but 
downregulated near or as in negative control group in treated groups due to tumor growth inhibiting property of Azol (Table 2).

Table 2: Biochemical study. 

 Saline Damson EAC 10 mg Azole EAC+Cisplatin EAC+ 10 mg 
Azole

EAC + 15 mg 
Azole

AST (U/L) 42.32 ± 0.28 43.03 ± 0.57### 68.33 ± 0.46*** 78.0±1.78***,## 47.02±0.66*,### 82.50±0.84***,### 91.83±0.83***,###

ALT (U/L 49.55 ± 0.75 53.22 ± 1.20### 88.78 ± 0.78*** 84.87 ± 1.08*** 62.87 ± 0.78*,## 108.0 ± 0.85***,### 115.2 ± 2.46***,###

ALP (U/L) 68.17 ± 0.94 72.35 ± 0.70### 269.0 ± 2.85*** 133.0±3.24***,### 77.83 ± 2.15*,## 155.5 ± 1.78***,### 164.5 ± 3.54***,###

Createnine(mg/dL) 0.61 ± 0.02 0.78 ± 0.01### 2.59 ± 0.07*** 1.15 ± 0.04***,### 1.31 ± 0.03***,### 1.60 ± 0.02***,### 2.31 ± 0.05***,##

Urea (mg/dL) 45.78 ± 0.36 47.23 ± 0.29 ### 69.05 ± 0.39*** 51.88 ± 
0.47***,### 50.40 ± 0.89*,## 61.22 ± 0.44***,### 64.28 ± 0.21***,###

MDA (U/L) 0.16 ± 0.01 0.17 ± 0.01### 0.51 ± 0.02*** 0.34 ± 
0.05***,###

0.17 ± 
0.01*,###

0.33 ± 
0.01***,###

0.29 ± 
0.01***,###

GSH (U/L) 0.38 ± 0.02 0.37 ± 0.01### 0.10 ± 0.01*** 0.28 ± 
0.03***,###

0.30 ± 
0.02**,###

0.29 ± 
0.02***,###

0.22 ± 
0.01***,###

NO (U/L) 0.29 ± 0.02 0.27 ± 0.01### 0.54 ± 0.02*** 0.25 ± 0.02***,### 0.30 ± 0.02**,### 0.39 ± 0.02***,### 0.31 ± 0.02***,###

P53 (mg/dL) 23.18±0.59 21.68 ± 0.79### 13.81 ± 0.39*** 39.78±0.87***,### 19.30 ± 0.56**,## 36.53±0.52***,### 42.47±0.63***,###

Bcl-2 (ng/mL) 42.90±1.19 38.63±0.66*,### 69.75±1.47*** 38.07 ± 0.95*,### 36.60 ± 1.41*,### 28.48±1.85***,### 25.50 ± 1.34***,###

Data presented as (Mean ± SEM).*, **, *** Significant at p < 0.05, p < 0.01 and p < 0.001, respectively compared to normal control group. #, ##, ### 
Significant at p < 0.05, p < 0.01 and p < 0.001, respectively compared to EAC control group.

Life span prolongation: The mean life span prolongation in the 
positive control group was found yo be 16 days. Azole 10 and 15 
mg treated groups showed unchanged and decreased the life span 
prolongation to 16 and 15 days respectively by 6.25%  in a dose of 
15 mg (T/C ratio=0.93% T = number of days the treated animals 
survived, C = number of days the control animals survived). As 
apparent from our data this unchanged or decreased life span was 
attributed to the hepatorenal toxic effect of the drug.

Liver function tests: AST, ALT and ALP activity in positive 
control group was significantly (p < 0.001) increased, compared 
to negative control group, while treatment with Azole 10 and 15 
mg highly significantly (p < 0.001) increased them compared 
to negative and positive control groups, but cisplatin treatment 
slightly (p < 0.05) increases them compared to negative control 
group while significantly (p < 0.001) decreases them for AST and 
((p < 0.01) for ALT and ALP compared to positive control group.  

Moreover, injection with Azole 10 mg only significantly (p < 0.001) 
increases them compared to negative and positive control groups, 
but there was no significant difference in ALT activity compared 
to positive control group. Also there was no significant effect of 
Damson vehicle on liver function tests.

Serum kidney functions: Serum creatinine and urea levels were 
significantly (p < 0.001) increased in Azole 10, 15 mg and cisplatin 
treated groups in addition to Azole 10 mg only injected group, but 
cisplatin slightly (p < 0.05) increases urea compared to negative 
control group. Meanwhile, treatment with Azole 10 and 15 mg and 
cisplatin significantly (p < 0.001) decreases them although Azole 15 
mg (p < 0.01) decrease creatinine and cisplatin decrease urea (p < 
0.01), compared to positive control group. Moreover, injection with 
Azole 10 mg only significantly (p < 0.001) increases them compared 
to negative and positive control groups. But Damson vehicle had no 
significant effect of on kidney functions.
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MDA, NO and GSH levels: Positive control group showing 
significant increase of MDA and NOD levels (p < 0.001) while GSH 
significantly (p < 0.001) decreased compared to negative control 
group. Treatment with Azole 10, 15 mg and cisplatin significantly 
(p < 0.001) decreased MDA and NOD levels Meanwhile GSH was 
significantly (p < 0.001) increased Compared to positive control 
group. Compared to negative control MDA and NOD levels still 
significantly increased in Azole 10, 15 mg groups and significantly 
decreased GSH (p < 0.001). But in case of cisplatin MDA and NOD 
levels decrease, and GSH increased near as to the negative control 
group levels. Moreover, injection with Azole 10 mg only significantly 
(p < 0.001) increase of MDA and NOD levels while GSH showing 
significant (p < 0.001) decreases compared to negative control 
group. Moreover, MDA, NO and GSH levels not affected significantly 
by Damson vehicle only.

P53 and Bcl2 levels: P53 significantly (p < 0.001) decreased 
while Bcl2 significantly (p < 0.001) increased in Positive control 
group. Treatment with Azole 10 and 15 mg highly significantly (p 
< 0.001) increased P53 compared to Positive and negative control 
groups, meanwhile cisplatin significantly (p < 0.01) increased 
compared to Positive and decreased compared to negative control 
groups. Bcl2 level highly significant (p < 0.001) decreased after 
treatment with Azole 10, 15 mg and cisplatin compared to Positive 
and negative control groups but in case of cisplatin decreased (p < 
0.05) compared to negative control group. Furthermore, Damson 
vehicle had no significant effect on P53 but slight significant 
decreased (p < 0.05) Bcl2 level compared to negative control 
groups.

Histopathology of liver tissue: showed dilatations in sinusoids 
and cystic degeneration with secondary necrosis of endothelial and 
biliary epithelial cells in some of these areas after treatment with 
Azole 10. Azole15 mg treatment showed centrilobular hemorrhage 
with focal necrosis and complete distortion of architecture. Also 
cisplatin Showed restoration of hepatic architecture with focal 
hemorrhage. These were compared to positive control group which 
revealed some histological lesions such as individual hepatocellular 
necrosis, cellular vacuolation, spongiosis and hepatitis. In addition, 
Damson vehicle was like negative control saline.

Discussion

In the present investigation, the antitumor activity of the 
cisplatin and Novel Azoles were tested in vitro and in vivo against 
murine Ehrlich ascites carcinoma (EAC). In vivo cisplatin and 
Azoles were found to decrease the viability and count of viable 
cells of Ehrlich Ascites Carcinoma bearing mice when injected 
intraperitoneal in EAC bearing mice. Cisplatin mode of action has 
been linked to its ability to crosslink with the purine bases on 
the DNA; interfering with DNA repair mechanisms, causing DNA 
damage, and subsequently inducing apoptosis in cancer cells [27]. 
Imidazole as antimetabolites can be used in cancer treatment, as 
they interfere with DNA production and therefore cell division and 

the growth of tumors. These are the chemicals which become the 
building blocks.  It was considered as Azole derivatives act as free 
radical scavengers and antioxidants, inhibiting lipid peroxidation 
and oxidative DNA damage, the phenolic (-OH) plays a major role 
in the activity of Azole derivatives of DNA. They prevent these 
substances becoming incorporated in to DNA during the S phase 
of the cell cycle, stopping normal development and division 
[28] Various anticancer agents (also referred as antitumor, anti-
proliferative and antineoplastic) reported for treatment of varied 
kinds of cancers act through different mechanisms [29]. Anticancer 
drugs designed to block chromosome functioning may work much 
more effectively than targeted anticancer medicines that block 
the cytoplasmically located signaling pathways toward protein 
synthesis (cell growth). Imidazoles come under the category of 
antimetabolite which has specific mechanism of action in cancer. 
Antimetabolite is a type of chemical that inhibits the use of a 
metabolite. That’s why these compounds are used as chemotherapy 
for cancer [30].

The aim of this study is to evaluate the antitumor activity of 
Novel Azoles in EAC tumor bearing mice. In EAC tumor, a regular 
rapid increase in ascitic tumor volume was observed. Ascitic fluid 
is the direct nutritional source for tumor cells and a rapid increase 
in ascitic fluid with tumor growth would be a means to meet the 
nutritional requirement of tumor cells [31]. The present study 
found that treatment with Azol 10 and 15 mg/kg significantly 
inhibite the tumor volume, viable tumor cell count and increased 
the life span of the tumor bearing mice to near normal levels in 
Azol treated animals. It may be concluded that Azol treatemt by 
decreasing the nutritional fluid volume and arresting the tumor 
growth has antitumor activity against EAC bearing mice.

Liver enzymes such as alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alkaline phosphatase (ALP) 
are commonly used markers of hepatocellular injuries. They 
are capable of inducing alterations in membrane permeability 
properties of the liver. Serum elevation of ALP could occur due to 
blockage of bile ducts or impairment of bile production in the liver 
[32]. It is involved in transport of metabolites across cell membrane, 
protein synthesis, secretory activities and glycogen metabolism. It 
is a membrane bound enzyme and its alteration is likely to affect 
the membrane permeability and produce derangement in the 
transport of metabolites [33].

Current results revealed that the remarkable abundance of 
transaminases enzymes (AST and ALT) and ALP activities after 
treatment with Azole 10 and 15 mg compared to negative and 
positive control groups, while cisplatin treatment decreased 
them near to the to negative control group. Accordingly, injection 
with Azole 10 mg only significantly increases them compared to 
negative and positive control groups. In conclusion, the present 
study demonstrates that the Azole administration has a hepatotoxic 
effect of. Our biochemical findings were further supported by 
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histopathological examination of liver sectioned which revealed 
degeneration, centrilobular hemorrhage with focal necrosis and 
complete distortion of architecture.

[34] Where found that Albendazole, Mebendazole or 
benzimidazole chemotherapy elevated liver transaminases in 
patients with echinococcosis. Moreover [12] found that, a new 
benzimidazole-derivatives complexes significantly elevated AST 
and ALT, GGT (Gamma-Glutamyl Transferase), ALP (Alkaline 
Phosphatase) and bilirubin in female animals. Cisplatin 
hepatotoxicity was recorded by increased serum ALT and AST 
activities. The present findings revealed that Azole treatment in 
a dose level of 10 and 15 mg and cisplatin treatment reduced the 
elevated levels of serum creatinine and urea compared to positive 
control group, but cannot downregulate them compared to negative 
control group, these was attributed to be due to deterioration 
in renal function. As apparent from our data the Azole showed 
a nephrotoxic effect in a dose level of 15 more than 10 mg and 
cisplatin Similar observation which supports this was reported by 
Zahran F. et al., [35] who also demonstrated that thiazole derivatives 
not recommended to be used in patients with renal impairment.

Cell damage caused by free radicals appears to be a major 
contributor to aging and to degenerative diseases of aging as cancer 
[36].  Oxidative stress is the set of intracellular and extracellular 
conditions that lead to chemical or metabolic generation of 
reactive species. The overall balance between factoes that exert 
oxidative stress and those that exhibit antioxidant capability [37]. 
An antioxidant may affect biological system by suppressing the 
formation of reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), Thereby affecting other endogenous antioxidants, by 
preserving nitrous oxide (NO) activity or by sequestering transition 
metal ions [38]. Lipid peroxide formed in the primary site would 
be transferred through the circulation and provoke damage by 
propagating the process of lipid peroxidation [39].

As apparent from our data the treatment with Azol at a dose 
level of 10 and 15 mg/kg produced a simultaneous significant 
decrease in cellular MDA level along side a significant decrease of 
NO levels and increase of GSH activities in tumor target tissue. This 
could be explained in view of the work of [40] who demonstrated 
that positive correlation between erythrocyte MDA level with 
erythrocyte NO levels in patients with early stage non-small 
cell lung cancer. MDA which is a short-chain aldehyde and the 
free radical scavenging enzyme GSH used as biomarker of lipid 
oxidation and oxidative stress. MDA when present in excess due 
to its oxidative damage of cell membrane, lipoproteins and other 
lipid containing structures [41]. Increased lipid peroxidation in 
abnormally proliferating cells leads to an increase in serum MDA 
of patients with cancer [42]. Furthermore, Kaynar et al., [43] 
indicated that MDA was increased in carcinomatous tissue than 
in non disease organs. During cancer growth, GSH was decresd by 
oxidative stress which changes glutathione redox state of different 
tissues thereby increasing GSSG efflux from cells, this increase may 

be caused by an increase in peroxide production by tumor cells that 
can lead to oxidation of GSH within RBCs and different tissues [44].

Current results revealed that, treatment with Azol at a dose 
level of 10 and 15 mg/kg significantly (p < 0.001) reduce cellular 
lipid peroxide MDA level and significant (p < 0.001) increase 
in liver level of GSH compared to their negative control group. 
Also, treatment with cisplatin reduced MDA and elevated GSH 
levels near to the negative control group. The decrease in MDA 
and increase in GSH levels in tumor target cells along with the 
significant decrease in tumor volume and mean count of EAC 
cells in same groups, emphasizes the reduction in free radical 
yield and the subsequent decrease lipid peroxidation that leads to 
damage of the cell membrane. This explained by the work of [45] 
which revealed marked antioxidant activities of benzimidazole 
derivatives containing triazole, thiadiazole, morpholine ring, and 
carbothioamide moiety. Also, the increase in lipid peroxidation in 
cancer was attributed to be due to poor antioxidant system [46], 
also MDA acts as a tumor promoter and co-carcinogenic agent 
because of its high cytotoxicity and inhibitory action on protective 
enzymes [47,48]. This would explain our present findings and is 
also in agreement with it.

NO is produced from the amino acid L-Arginin in a reaction 
catalyzed by enzymes NOS., NO is a free radical having a short 
half-life and can react with superoxide anion O2−• producing 
peroxynitrite (ONOO-) anion, which can decompose to generate 
a strong oxidant such as the hydroxyl radical and can also induce 
sulphydryl oxidation and lipid peroxidation [49]. Peroxynitrite is 
cytotoxic and much more reactive than NO and O2−• and causing 
different chemical reactions in biological system including nitration 
of tyrosine residues of proteins producing lipid peroxidation, 
which inhibits the mitochondrial electron transport, and oxidation 
of biological thiol compounds [50,51]. NO may play a dual role in 
tumor progression, as it can act as promoter or antitumor promoter, 
depending upon its concentration as reported by Eijan et al., [52]. 
Taysi et al., [53] showed that the concentration of NO, under non 
pathological conditions was found to be in the nanomolar range, 
but under conditions of oxidant injury it was found to be in the 
micromolar range. That is why we studied the changes of NO levels 
in tumor target cells after treatment using Azol at a dose level of 
10 and 15 mg/kg in EAC-bearing mice. It was reported that EAC 
inoculation induced significant increase in the serum NO and 
MDA levels compared to that of the normal control group [50]. In 
the present study administration of Azol at a dose level of 10 mg/
kg produced significant depletion of NO level compared to that of 
EAC control group, while at dose and 15 mg/kg exhibited a highly 
significant decreased level of NO. This means that it acts in a dose 
dependent manner. This significant decrease in NO level, along 
with the observed decrease in tumor volume by treatment with 
Azol at different doses, suggests a positive association between the 
antitumor activity of Azol and NO levels or significantly inhibits the 
tumor growth.
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Our results are in agreement with [54] who reported that NO 
levels were significantly increased in tumor tissues of patients with 
colon cancer; others showed also that erythrocytes NO levels were 
significantly higher in patients with lung cancer than in controls 
[55]. This could be explained in view of the work provided by 
others [56], who indicated that elevated level of lipid peroxidation 
and its product MDA can stimulate host cells, mainly monocytes/
macrophages, to produce and release NO by the induction of 
inducible nitric oxide synthetase (iNOS) activity resulting in tissue 
as well as DNA damage. Similar observation which supports this 
was reported by [57], who found that NO concentration plays a role 
in tumor biology, and treatment with silymarin was suppress iNOS 
gene expression. This supports our postulation that Azol reduces 
NO production mainly via inhibition of iNOS activity and partly via 
increasing NO clearance.

Apoptosis (programmed cells death) is controlled by survival 
(some members of Bcl-2 family) and death (TNF and TNF receptor 
family members) factors, and can be induced following exposure 
to DNA damaging agents via p53 protein up-regulation [5]. Bcl-2 
and p53 are two of the most important onco-related proteins. The 
Bcl-2 (B-cell CLL/lymphoma 2) protein is localised in the nuclear 
envelope, endoplasmatic reticulum and outer mitochondrial 
membrane [58] and its activity is regulated by phosphorylation 
through tyrosine kinases [59]. The Bcl-2 protein has been found 
to inhibit apoptosis by releasing of cytochrome-c from the 
mitochondria to the cytoplasm [60]. The Tumor protein p53 (TP53) 
up-regulates (i.e., increases) the expression of the two death genes, 
p21 and bax, whose encoded products are able to regulate growth 
arrest and apoptosis. It is a tumor suppressor protein and its 
functional inactivation is frequently observed in a wide range of 
human malignancies [61]. Functional p53 protein is also required 
for the efficient activation of apoptosis following irradiation or 
treatment with chemotherapeutic compounds [5]. Thus, the lack of 
p53 function leads to a dramatic increase in cellular resistance to 
these agents.

[62] repoted that Bcl-2 and p53 proteins involved in tumour 
progression, so these markers may had a prognostic utility; 
therefore it is preferabl to evaluate their expression at the cell 
level, [63], who indicated that, expression of Bcl-2 in some myeloid 
leukaemias, had a prognostic value related to the responsiveness 
to chemotherapy. P53 protein increased in several neoplastic 
malignancies for induction of apoptosis in DNA-damaged cells, 
and after radio- or chemo-therapy of tumour cells [5]. An inverse 
correlation was found between Bcl-2 and p53 proteins in our 
results, where treatment with Azol at a dose level of 10 and 15 
mg/kg exhibited more dramatic increase in the apoptotic protein 
p53 and a significant decrease in the anti-apoptotic protein Bc1-2 
by more than two folds compared to negative and positive control 
groups but in a dose dependent manner and more significant than 
cisplatin treatment. We show herein, for the first time, that Azol 
at a dose level of 10 and 15 mg/kg injected to EAC bearing mice 

which received 2.5 millions of cells for tumor induction, showed a 
significant decrease in tumor volume and consequently significant 
antitumor activity. This reduction is also dose-dependent compared 
to their control group at the same experimental conditions. It 
could be deduced from the present prelimi¬nary findings that 
Azol has a potent antitumor activity. Tousson E. et al., [6] showed 
that Bc1-2 gene is an anti-apoptotic protein, participate in the p53 
apoptotic pathway and the equilibrium between those positively 
and negatively regulatory proteins is essential for the susceptibility 
to apoptosis. A high level of Bcl-2 expression prevents cells from 
apoptosis caused by cytotoxic factors or cellular stress [64]. This 
would explain our present findings and is also in agreement with 
it. Accordingly the balance between cell proliferation and cell 
death develops cancer when it disrupted, and the ensuing aberrant 
proliferation leads to tumor growth. Furthermore, p21, found to   be   
induced   by   p53 following stress and induction of p21 may cause 
cell cycle arrest. So p21 as a proliferation inhibitor is poised to play 
an important role in preventing and treating tumor development 
[65].

Conclusion

Using a novel Azol compounds have antitumor effect against 
EAC-cells induced by inhibiting EAC growth and induction of 
apoptosis in EAC bearing mice model and showed antioxidant 
activity. But, has a hepatorenal toxic effect. and as apparent Damson 
vehicle had no hepatorenal effect However, these treatment 
modalities deserve more investigations in the future.
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