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Abstract 

The present work was to evaluate the antiprolifera-

tive activity of a novel benzimidazole derivative, 

[N-[3-chloro-2-oxo-4-(2-hydroxyphenyl)-4-

oxoazetidin-1yl]-2-(2-methyl-1H-benzimidazol-1-

yl)acetamide] against tumour induced in female 

Swiss albino mice. The effective dose of the test 

compound was determined as 10 mg/kg body 

weight. Two doses of the test compound were used 

for the evaluation. 5- Fluorouracil at a dose of 20 

mg/kg body weight was used as the standard. De-

rived, haemotological and biochemical parameters 

were evaluated. RBC, Hb level, platelet count and 

packed cell volume that reduced significantly in 

cancer control group became normal after treat-

ment with test drug. WBC count that increased 

significantly in DAL control group became normal 

by treatment with test drug. The results strongly 

support the antiproliferative activity of novel ben-

zimidazole derivative [N-[3-chloro-2-oxo-4-(2-

hydroxyphenyl)-4-oxoazetidin-1yl]-2-(2-methyl-

1H-benzimidazol-1-yl)acetamide] against cancer 

induced female Swiss albino mice. 

Keywords: Antiproliferative activity, Benzimida-

zole, DAL, Haematological parameters. 

Introduction 

Benzimidazole is a heterocyclic aromatic com-

pound. It is bicyclic in nature and consists of the 

fusion of benzene and imidazole (1). Compounds 

that contain Benzimidazole nucleus possess a lot of 

medical and biological activities, such as antitu-

mour (2,3), antibacterial (4-7), antiviral (8-12), antifungal 
(13), anti- inflammatory (14), analgesic (15) and anti-

convulsant properties (16). 

Cancer, the deadliest and complex genetic disease 

that is characterized by uncontrolled proliferation 

and spread of abnormal cells (17). Cancer causes 

myelosuppression and anaemia, because of the 

reduction of RBC content and haemoglobin level 
(18). Cancer also affects liver functions. Elevated 

level of total cholesterol, triglycerides, AST, ALT 

and ALP in serum indicates liver damage. Based 

on the above reports various Benzimidazole deriv-

atives were designed and screened for the physico-

chemical parameters with the aid of bio-

informatics tools like ACD Lab Chemsketch, Mo-

linspiration, PASS, Schrodinger Glide XP etc. With 

the help of these parameters, compound (N-[3-

chloro-2-oxo-4-(2-hydroxyphenyl)-4-oxoazetidin-

1yl]-2-(2-methyl-1H-benzimidazole-1-

yl)acetamide) was selected. This compound proved 

to possess significant antiproliferative property 

against MCF 7 and Hep2 cell lines. In the present 

work, compound (N-[3-chloro-2-oxo-4-(2-

hydroxyphenyl) -4-oxoazetidin-1yl]-2-(2-methyl-

1H-benzimidazol-1-yl)acetamide) was selected to 

study the in vivo anticancer activity in cancer in-

duced female Swiss albino mice. Derived, bio-

chemical and haematological parameters were eva-

luated to ascertain the antiproliferative activity of 

the test drug. 
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Materials and Methods 

Acute Toxicity Study 

Animals  

Wistar Albino rats of either sex, having 150-200g 

were acquired from the animal house. They were 

maintained by feeding with standard pellet diet 

and were given water ad libitum. The animals were 

maintained in polycarbonate cages, within a prop-

erly ventilated animal house in a 12 h light-12 h 

dark cycle. The animals were kept overnight fast-

ing for experimental purpose. But water was given 

ad libitum. The whole experiments were done ac-

cording to the guidelines of Animals (CPCSEA) 

New Delhi, India. The approval for the entire 

study was issued by the Institutional Animal Ethics 

Committee. (IAEC) (IAEC/KMCP/210/2015-2016) 

Acute toxicity class method (19) 

As per the Organization of Economics Co-

operation and Development (OECD) the acute tox-

icity study was performed. OECD 423 is a step-

wise procedure in which three animals of single 

sex were used in each step. On an overage, 2-4 

steps may be necessary for the proper judgement 

of test substance and it depends on the mortality 

and morbidity. In this method, different defined 

doses (5, 50, 300 and 2000 mg/kg body weight) 

were used and from the results, the substance can 

be ranked and classified according to the “Globally 

Harmonized System’’ (GHS). 

For the study, three healthy Wistar Albino rats hav-

ing body weight of 150-200 g were chosen. They 

were subjected to overnight fasting but allowed 

free access to water. Then, the animals were sub-

jected to treatment with test drug having dose of 

50 mg/kg body weight, orally. For accessing the 

mortality and autonomic or behavioural responses, 

they were monitored for 24 h on an hourly basis. 

This was done regularly for 14 days to access the 

mortality or toxic symptoms. No death was ob-

served. So the result was confirmed by repeating 

the same dose. 

Antiproliferative activity 

Animals  

For this study, female Swiss Albino mice (20-25 g) 

were used. They were kept in micro nylon boxes at 

a temperature of 25±2°C and 12 h dark/light cycle. 

The animals were supplied with standard labora-

tory diet and water was given ad libitum. The ap-

proval for the study was obtained from Institution-

al Animal Ethics Committee 

(IAEC/KMCP/210/2015-2016). The segregation was 

based on the gender and a quarantine of 15 days 

was done before the experiment. 

Cancer induction by DAL cells (20) 

Dalton’s Lymphoma ascites (DAL) cells was used 

for the evaluation of antiproliferative activity. The 

DAL cells were obtained from Amala Cancer Re-

search Centre, Trissur, Kerala, India. Intraperito-

neally, the cells were maintained in vivo in the ex-

perimental Swiss Albino mice. Thus the tumor cells 

were transformed. Then the transformed cells were 

isolated by aspiration from peritoneal cavity using 

saline. The cell count was done and further diluted 

to 1x106cells/ml. Thus solution was given by i.p. 

allowed it to grow for 7 days before the treatments. 

Experimental Design (21, 22) 

30 Swiss Albino mice were divided into 5 groups 

each containing 6 animals: 

G1:Normal control  

G2:Tumor Control      

G3:Positive  Control (5-Fluorouracil (5-FU) 20  

  mg/kg body weight i.p) 

G4:Low dose treatment control (5 mg/kg, n=6) 

G5:High dose treatment control (10mg/kg, n=6) 

The treatment was started after 24 h of the last 

dose. It was given once daily for 14 days. After 24 h 

of the 14th day, all animals were sacrificed and the 

blood was withdrawn by retro orbital plexus me-

thod and various parameters were evaluated.  The 

derived parameters include body weight, life span 

(1%) and cancer cell count. The body weight was 

assessed by weighing the animals on initial and 14 
th, 15th day of the study. And then the average in-

crease in body weight was determined. Percentage 

increase in life span (23) of treated group animals 

were calculated by the formula: 

 % ILS =    
��������	
�	������
	��
��	

��������	
�	�
���
�	��
��
  - 1 x 100 

Cancer cell count was assessed by taking 0.1 ml of 

fluid from the peritoneal cavity of each mouse and 

then diluting with 0.8 ml of ice cold normal saline 

Receives normal diet and water 
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or sterile phosphate buffer solution and 0.1 ml of 

tryphan blue (0.1 mg/ml). The total numbers of the 

living cells were counted using heamocytometer. 

Mary et al, (1994) 

Cell	Count =
Number	of	cells	 × Dilution

Area	 × Thickness	of	liquid	+ilm
 

The hematological parameters include WBC, RBC, 

Hb, Platelet count and PCV (24). The serum enzyme 

and lipid profile (25) was evaluated by evaluating 

total cholesterol, triglycerides, AST, ALT (26) and 

ALP (27).  

COBAS MIRA PLUS–S Auto analyzer from Roche 

Switzerland was used for all biochemical investiga-

tions. COBAS MICROS OT 18 from Roche was 

used for hematological tests. Biochemical investi-

gations in blood sample were done by Hi-Tech in-

struments MAX MAT. 

Results and Discussion 

Acute toxicity study of the test compound was 

done as per OECD guidelines 423. After oral ad-

ministration of 50 mg/kg body weight of test drug, 

the mortality and changes in autonomic or beha-

vioural response were accessed by observing the 

rats every hour for 24 h. This was continued for 14 

days. No death was observed. Thus the Maximum 

tolerated dose (MTD) was found to be up to 50 

mg/kg body weight, as per OECD guidelines 423. 

From the 1/10th and 1/5th of MTD was selected and 

thus the effective doses were found to be 5 and 10 

mg/kg. 

 

Table. 1: Effect of test drug on Derived Parameters 

      

Treatment 

 

% ILS 

 Life 

 span 

Increase in 

 Body weight 

 grams 

Cancer cell 

 count  

mlx106 

Cells/ml 

 

PCV % 

 

G 1 >30 days 1.88±0.47 - 14.30±2.41 

G 2 47% 6.26±1.80a** 2.25±0.52a** 31.53±4.48 a** 

G 3 89% 2.52±0.36 b** 1.30±0.38 b** 19.76±2.57 b** 

G 4 69% 5.29±1.86 b* 1.70±0.44 b* 25.88±3.16 b* 

G 5 77% 6.13±0.69 b** 1.24±0.21 b** 21.73±2.18 b** 

G1=Normal control; G2=Tumor control; G3=Positive control; G4=Low dose treatment control; G5=High dose treatment 

control. All values are expressed as mean ± SEM for 6 animals in each group. **a – Values are significantly different from 

control (G1) at p < 0.001 *b – Values are significantly different from cancer control (G2) at p < 0.01 **b – Values are signifi-

cantly different from cancer control (G2) at p < 0.001 

 

The average life span of animals was calculated as 

47% in DAL tumor control group. In 5 and 10 

mg/kg of test drug groups the increase in lifespan 

was found to be 69% and 77% respectively. These 

obtained values were found to be significant 

(P<0.001) when compared to cancer control group. 

In case of 5-FU treated group, the average life span 

was found to be 89%. Thus it is a potent antiproli-

ferative agent. The test drug was also found to be 

antiproliferative, by the significant (P < 0.01, P < 

0.001) reduction of increase in body weight in ani-

mal with test drug dose of 5 and 10mg/kg body 

weight. Also a significant (P < 0.001) reduction of 

packed cell volume and viable tumor cell count 

were also found at the same dose. The results are 

given in table 1. 

RBC, Hb level, Platelet count and packed cell vo-

lume were found to be reduced significantly (P < 

0.001) in cancer control group and became normal 

after treatment with test drug of dose 5 and 10 

mg/kg body weight. In contrast, the WBC count 

increased significantly (P < 0.001) in DAL control 

group and became normal by treatment with test 

drug at dose 5 and 10mg/kg body weight. 5-FU at 

the dose of 20 mg/kg body weight which is used as 

the standard produced good results in all the 

above mentioned hematological parameters. The 

results are given in table 2. 

Biochemical Parameters such as Total cholesterol, 
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triglycerides, Aspartate Amino Transferase, Ala-

nine Amino Transferase and Alkaline Phosphatase 

were found to be significantly (P<0.001) increased 

in DAL control group. Test drug at doses 5 and 10 

mg/kg body weight reversed these changes. Stan-

dard 5-FU treatment also produced similar results. 

The results are given in table 3. 

 

 

 

Table. 2: Effect of test drug on Hematological parameters 

Treatment  Total WBC 

cells/mlx103 

RBC Count  

Mill/cumm 

Hb 

gm/dl 

Platelets 

Lakhs/cu.mm 

G 1 9.73  ± 0.85 3.15 ±1.15 12.45 ± 2.36 3.35 ±0.73 

G 2  13.87 ±1.72 a** 1.65 ±0.95a** 7.65 ± 1.63a** 1.86±0.57 a** 

G 3 10.13 ±1.43 b**  2.27 ±1.30 b**   11.6 ±1.52 b**   2.46 ±0.71 b** 

G 4  12.60 ± 1.68 b* 2.18 ± 0.68 b*  9.45 ±1.64 b* 1.83 ±0.38 b* 

G 5  11.30 ±2.05 b** 2.74 ± 0.40 b** 10.80 ±1.47 b** 2.45 ±0.49 b** 

G1=Normal control; G2=Tumor control; G3=Positive control; G4=Low dose treatment control; G5=High dose treatment 

control. All values are expressed as mean ± SEM for 6 animals in each group. **a – Values are significantly different from 

control (G1) at p < 0.001; *b – Values are significantly different from cancer control (G2) at p < 0.01; **b – Values are sig-

nificantly different from cancer control (G2) at p < 0.001 

 

Table. 3: Effect of test drug on biochemical parameters 

G1=Normal control; G2=Tumor control; G3=Positive control; G4=Low dose treatment control; G5=High dose treatment 

control. All values are expressed as mean ± SEM for 6 animals in each group. **a – Values are significantly different from 

control (G1) at p < 0.001; *b – Values are significantly different from cancer control (G2) at p < 0.01; **b – Values are sig-

nificantly different from cancer control (G2) at p < 0.001 

 

The tumor cells can utilize the ascitic fluid and 

thus the ascitic fluid will increase to meet the nutri-

tional requirement of tumor cells (28). The tumor 

bearing group showed a rapid increase in ascitic 

fluid volume. The test groups treated with 5 and 10 

mg/kg body weight inhibited the tumor volume 

and viable tumor cell count. Also, the test drug 

treated group showed significant increase in lifes-

pan which also shows value of anticancer drugs (29). 

Myelosuppression and anemia occurs usually on 

association with cancer chemotherapy (30). De-

creased RBC or Hb level is the main cause for 

anemia. But this can occur due to iron deficiency or 

hemolytic or myelopathic conditions (31). In test 

treated group, Hb level, RBC and WBC count were 

brought back to normal levels. This indicates that 

the test drug-have protective action on haemato-

poietic system. 

A tumor in human body or animal can affect the 

liver functions. So elevated level of total cholester-

ol, triglyceride, AST, ALT and ALP in serum indi-

cates the liver damage. In this study, the test drug 

treated group showed a significant reversal of 

these changes and these parameters became nor-

mal. This also indicates the antiproliferative nature 

Treatment 

 

Cholesterol    

(mg/dl) 

TG 

(mg/dl) 

AST (U/L) ALT (U/L) 

 

ALP (U/L) 

G 1 101.40±2.5 126.67±4.8 39.50±1.7 39.60±1.5 129.56±2.8 

G 2 143.51±3.2 a** 209.46±5.1a** 89.6±2.3a** 62.68±2.6a** 241.65±3.7a** 

G 3 111.82±3.7 b**  158.23±3.6 b**   57.70±1.1 b**   42.69±1.3b** 166.74±2.7b** 

G 4 128.18±2.7 b* 189.94±2.1 b*  79.45±2.6b* 57.18±2.7 b* 203.05±3.6 b* 

G 5 122.30±3.2 b** 171.35±2.7 b** 72.48±1.4 b** 44.22±1.5b** 191.53±2.4 b** 
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of the test compound [N-[3-chloro-2-oxo-4-(2-

hydroxyphenyl)-4-oxoazetidin-1yl]-2-(2-methyl-

1H-benzimidazol-1-yl)acetamide]. The tumor in-

duced animal group exhibited the toxic effects of 

tumor. Evaluation of biochemical parameters re-

vealed that these toxic effects became normal in the 

serum of the test drug treated group. This clearly 

shows the antiproliferative effect of the test com-

pound [N-[3-chloro-2-oxo-4-(2-hydroxyphenyl)-4-

oxoazetidin-1yl]-2-(2-methyl-1H-benzimidazol-1-

yl)acetamide]. 

Conclusion 

In conclusion, the test compound [N-[3-chloro-2-

oxo-4-(2-hydroxyphenyl)-4-oxoazetidin-1yl]-2-(2-

methyl-1H-benzimidazol-1-yl)acetamide] exhibited 

potent antiproliferative activity against Dalton’s 

Lymphoma Ascitic in female Swiss albino mice. 

Derived, biochemical and haematological parame-

ters were evaluated. All the results strongly sup-

port the antiproliferative activity of the test com-

pound. 
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