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1. Introduction
 
  Bladder cancer is the second most common urologic 
malignancy and accounts for approximately 90% of cancer 
of the urinary Tract which is the fourth most incident cancer 
in male and ninth in females[1]. In industrialized countries, 
more than 90% of cases are originating in the urothelial 
epithelial cells, (called urothelial cell carcinoma)[2]. The 
carcinogens of bladder tissue damage are aromatic amines, 
typified by benzidine[3]. In bladder cancer, as in most types 
of cancer, the transformation of a normal into a malignant 
cell involves a multistep mechanism. Sequentially, the 
expression of various classes of genes, like oncogenes, 
tumor-suppressor genes and DNA-repair genes are altered. 
These alterations involve mutations or chromosomal 
aberrations such as translations, insertion, amplification 
and deletion[4]. Use of natural biopolymers for diversified 
applications in life sciences has several advantages, 
such as availability from replenishable agricultural or 
marine food resources, biocompatibility, biodegradability, 
therefore leading to ecological safety and the possibility of 

preparing a variety of chemically modified derivatives for 
specific end uses. Polysaccharides, as a class of natural 
macromolecules, have the tendency to be extremely 
bioactive and are generally derived from agricultural 
feedstock or crustacean shell wastes. Cellulose, Starch, 
Pectin etc. are the biopolymers derived from the former 
while chitin and chitosan are obtained from the latter. In 
terms of availability, chitin is next to cellulose, available 
to the extent of over 10 giga tons annually. The application 
potential of chitosan is multidimensional, such as in food 
and nutrition, biotechnology, material science, drugs and 
pharmaceuticals[5].
   Chitosan, composed of 毬-(1 - 4)-linked N-acetyl-D-
glucosamine (GlcNAc unit) and deacetylated glucosamine 
(GlcNH2 unit) are obtained
   by deacetylation of chitin, a major component of 
exoskeleton in crustaceans and also a cell wall component 
of fungi. Chitosan have various biological activities 
including antimicrobial activity[6,7,8], antioxidant activity 
[9,10], immuno-enhancing effects[11]and antitumor activity 
[12]. This activity was suggested mainly due to its cationic 
property exerted by amino groups and later it was accepted 
that the molecular weight also plays a major role for the 
antitumor activity[14]. Recently, it was proved that strong 
electronic charge is an important factor for anti-cancer 
activity of chitosan[15].
   In addition, immune stimulation property of chitosan is 
also thought to be responsible for antitumor activity[16]. 
Chitosan used as drug carriers as reported in cytotoxicity 
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studies[17]. Furthermore, some researchers found that 
antitumor effects of chitosan were due to increased activity 
of natural killer lymphocytes as observed in Sarcoma 180-
BearingMice and hepatoma H22 in mice.[18, 19]. Cell death 
mechanisms could be distinguished by morphological 
criteria under microscope[20]. 
   Chitosan, the deacetylated derivative of chitin, is one 
of the abundant, renewable, nontoxic and biodegradable 
carbohydrate polymers. Chitosan has been applied broadly 
as a functional biopolymer in food and pharmaceutics. 
Chitosan is known to have various biological activities 
including antitumor activities, immuno enhancing effects, 
antifungal and antimicrobial activities.[21]. Though the 
antitumor activity of chitosan has been studied in vivo and 
in vitro, the molecular mechanisms of the antitumor are still 
unclear. The present study has investigated the activity of 
chitosan against the bladder carcinoma cells (T24 cells). 

2. Materials and Methods 

2.1. Drugs and chemicals

   Chitosan was obtained as a gift from M/s. apex laboratories, 
Chennai, benzidine and all of the other chemicals and 
reagents were obtained from Sigma Aldrich, Mumbai. MEM 
was purchased from Hi medic laboratories, Fetal bovine 
serum (FBS) was purchased from cistron laboratories, 
Trypsin, methyl thiazolyl diphenyl-tetrazolium bromide 
(MTT) and Dimethyl sulfoxdie (DMSO) were purchased from 
(Sisco research laboratory chemicals, Mumbai).

2.2. Cell culture conditions

   T24 Human bladder Cancer cell line was obtained from 
National centre for cell sciences Pune (NCCS), India. 
The cells were maintained in minimal essential media 
supplemented with 10% FBS, penicillin (100 U/ml) and 
streptomycin (100毺g/ml) in a humidified atmosphere of 50 毺
g/ml CO2 at 37°C.

2.3. Animals

   Healthy male Swiss albino mice (6-8 weeks old) were used 
throughout the study.

3. Experimental Protocol

   The animals were divided into five groups and each groups 
consisted of six animals. 
Group I served as control animals and was given corn oil 
(vehicle) (50 ml kg-1 body weight) orally for 16 weeks. 
Group II animals were treated with benzidine (50 mg kg-1 
body weight) dissolved in corn oil orally twice weekly for 4 
successive weeks to induce bladder cancer. 
Group III animals pretreated with chitosan (100 mg kg-1 
body weight) orally for 4 successive alternative days. 
Group IV animals were post treated with chitosan for 4 
successive alternative days. 
Group V control animals treated with chitosan alone as 
above.
   At the end of the experimental period, the animals were 
fasted overnight and killed by cervical decapitation. Bladder 
tissues were removed from all animals and washed with 

ice cold saline and used for analysis. Total protein was 
estimated by the method of Lowry  et.,al[22], the level of lipid 
peroxides (LPO) was measured according to Ohkawa et.,al 
[23], Superoxide dismutase (SOD) was determined by Misra 
and Fridovich[24] , Catalase activity (CAT) was estimated by 
Sinha[25], Glutathione peroxidase (GPx) was estimated by 
Rotruck et.,al[26]. Reduced glutathione (GSH) levels were 
measured by according to Moron et al[27], Vitamin C levels 
were determined by  Omaye et al[28]and Vitamin E levels 
were determined by Desai[29].

4. In vitro assay for cytotoxicity activity

   The cytotoxicity of samples on T24 cells was determined 
by the MTT assay according to Mosman[30]. The effect of the 
chitosan on the proliferation of T24 was expressed as the % 
cell viability, using the following formula: 
% cell viability = A570 of treated cells / A570 of control cells 
× 100%.

5. Statistical analysis

   Statistical analysis was calculated by using statistical 
package for the social sciences package (SPSS). Values 
are mean依SD for six specimens in each group and the 
significance of difference between mean values were 
determined by Duncan multiple comparison tests. The level 
of significance (p value) was calculated based on 1% level.

6. RESULTS

6.1. Enzymic and nonenzymic antioxidant activity

   The mice were observed for 1 h continuously and 
intermittently for 4 h and further for 72 h 
   any mortality. None of the mice showed changes and 
there was no mortality up to 72 h period of observation and 
even up to a dose of 100 mg of the chitosan. The safety of 
the drug was evaluated and it was found that 100 mg kg-1 
body weight. was found to be optimal dosage. The increased 
levels of enzymic and non enzymic antioxidants in Group III 
and Group IV animals when compared to Group II animals 
might be due to the cationic and antioxidant property of 
chitosan. The most significant with measured values were 
already indicated in the table 1.  It represents the changes 
in the levels of enzymic and non enzymic antioxidants 
in bladder tissues of experimental animals. The enzymic 
antioxidants such as Superoxide dismutase, Catalase, 
Glutathione peroxidase, Glutathione reductase and non 
enzymic antioxidants such as glutathione, Vitamin E and 
Vitamin C were found to be significantly reduced in group 
2 animals (p‹0.01). In treated animals (group 3 and group 4) 
the antioxidant enzymes levels were significantly increased 
to near normal levels when compared to group 2 animals 
(p<0.01). No adverse effect was observed in group 5 animals. 
   Reduced glutathione, chemically  - glutamyl cysteinyl 
glycine is a predominant non-protein thiol present in 
virtually all cell types. Glutathione is ubiquitous in animals 
[31].
   Glutathione often attains millimolar levels inside cells, 
which makes it one of the most highly concentrated 
intracellular antioxidants. It fulfills a wide variety of 
important functions such as detoxification of electrophiles, 
serves as a transfer vehicle for cystenine and renders
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 protection against ROS conjugation. The reduced 
glutathione in tissues keeps up the cellular level of vitamin 
C  and vitamin E in active forms. These vitamins also exist 
in inter convertible form and participate in neutralizing free 
radicals. When there is reduction in the level of GSH, the 
cellular levels of vitamin C and vitamin E are also lowered. 
Intracellular GSH status appears to be sensitized indicator 
of the cell’s overall health and of its ability to resist toxic 
challenge. Experimental GSH depletion can trigger suicide 
of the cell by a 
process known as apoptosis[32].
   The ascorbate molecules are involved in the feed back 
inhibition of the lysosomal glycosidases responsible for 
the malignant invasiveness[33]. Vitamin C protects cell 
membrane and lipoprotein particles from oxidative damage 
by regenerating the antioxidant from vitamin E[34]. Thus 
vitamin C and vitamin E act synergistically in scavenging 
wide variety of ROS.
   Vitamin E is the major lipid soluble peroxy radical 
scavenger, which can limit LPO, terminating chain reactions 
initiated in the membrane lipids[35]. Decreased vitamin E 
content in bladder cancer bearing animals might be due 
to excessive utilization of this antioxidant for quenching 
enormous free radicals produced in these conditions. 
Vitamin E acts a chain breaking antioxidant by donating 
its labile hydrogen atom from phenolic -OH group to 
prorogating lipid peroxyl and alkoxyl radicals intermediates 
of LPO, thus terminating the chain in reactions[36]. The 
supplementation of chitosan to the experimental animals 
would have improved various cellular antioxidants and 
thiol content in tissues, which in turn reduces free radical 
formation during bladder carcinogenesis induced by 
benzidine. 
   Antioxidant enzymes are the main scavengers of free 
radicals and function as the inhibitors at both initiation and 
promotion or transformation stages of carcinogenesis[37]. The 
antioxidant enzymes SOD, CAT and GPx play an important 
role as protective enzymes against reactive oxygen species 
in tissues and also comprise the cellular antioxidant defense 
system[38].
   The levels of lipid peroxidation in bladder mitochondria of 
control and experimental animals are shown in Fig. 1. There 
found to be an increase in LPO in group II (p<0.01) cancer 
bearing mice when compared with control animals (p<0.01).
Chitosan treatment resulted in significant decrease in the 
activities of these enzymes in group III (p<0.01) and group 
IV (p<0.01) animals where the effect in group III is much 
more pronounced than group IV. However the Chitosan 
alone treated group V animals did not show any significant 
differences when compared to group I animals in the LPO 

levels. The significant increase in the levels of LPO was 
observed in animals bearing bladder cancer.

5
4.5

4
3.5

3
2.5

2
1.5

1
0.5

0

n m
ole

s o
f M

DA
 m

g-
1 p

ro
tei

n

       Group1                Group2             Group3               Group4             Group5

Figure 1. Levels of lipid peroxidation in bladder tissues of normal 
and Experimental groups of mice

6.2. Inhibitory effect on proliferation of T24 cells
Table 2
Anticancer effect of Chitosan on T-24 cell line
Concentration (µg/ml) Dilutions Absorbance (O.D) Cell viability(%)

1000 Neat 0.02 3.9
500 1:1 0.10 19.6
250 1:2 0.19 37.2
125 1:4 0.23 45.0
62.5 1:8 0.27 52.9
31.2 1:16 0.34 66.6
15.6 1:32 0.39 76.4
7.8 1:64 042 82.3
Cell control - 0.51 100

Each value is expressed as mean 依SD for six mice in each group. 
Since p value is less than 0.01, there is a significant difference 
between groups with regard to lipid peroxidation. 

   The effect of chitosan on the cells viability was measured 
by the MTT assay, which reflects the cellular reducing 
activity. MTT assay as shown in Table -2 indicated 
that Chitosan inhibited the T-24 cells proliferation in a 
concentration and dose dependent manner. The median 
lethal concentration of chitosan was 62.5 毺g/ml for T24 at 
48h. 

7. Discussion

7.1. Enzymic and nonenzymic antioxidant activity

Table 1
Effect of Chitosan on enzymic and nonenzymic antioxidants in benzidine induced bladder cancer in albino mice
Parameters GROUP I GROUP II GROUP III GROUP IV GROUP V
Total protein 72.3依0.35 43.8依0.63 63.2依0.19 60.1依0.28 70.3依0.52
Super oxide dismutase 1.1依0.05 0.6依0.04 0.9依0.04 0.7依0.03 1.03依0.02
Catalase 1.7依0.13 1.1依0.15 1.4依0.11 1.2依0.09 1.58依0.06
Glutathione peroxidase 3.3依0.08 2.34依0.07 2.9依0.06 2.4依0.15 2.9依0.19
Reduced glutathione 10.4依0.27 5.44依0.15 7.25依0.11 7.01依0.07 8.2依0.19
Vitamin C 1.1依0.02 0.7依0.04 1.03依0.02 0.81依0.02 0.9依0.09
Vitamin E 1.6依0.13 0.66依0.13 1.1依0.07 0.91依0.01 1.26依0.01

Each value is expressed as mean 依 SD for six mice in each group. Since p value is less than 0.01, there is a significant difference between 
groups with regard to antioxidant enzymes. Based on Duncan multiple range test, the group 2 is significant with group 3, 4 and group 1. Group 
3 is significant to Group 4. Group 1 and Group 5 are not significant.
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   In present study shows a reduction in the activities of 
SOD, CAT and GPx in bladder cancer bearing animals. 
All chitosan can absorb free electrons also known as free 
radicals and hold them. This stops further free radical 
damage to cells. Chitosan have shown potential as 
scavenging agents, due to their ability to abstract hydrogen 
atoms free radicals[39,40]. This ability has been reported as 
directly correlated with their structural properties namely 
that amino and hydroxyl group can react with unstable 
free radicals to form stable macromolecules radicals.[41.42]. 
Furthermore, their ready uptake by cells and the intestine, 
In addition with their claimed low toxicity, make chitosan 
very promising compounds for use as natural antioxidants 
[43,44]. 
Chakraborty et al 2011[45]demonstrated that modified 
chitosan had the antioxidant enymic activity. Ji Young kim 
et al 2009[46]showed the free radical scavenging activity of 
chitosan oligosaccharides at different concentrations.
   Siripatrawan et al 2010[47]study indicated that chitosan 
as   a natural antioxidant incorporated with green tea 
extract. Elise Portes et al 2009[48]had showed the antioxidant 
activity in food packaging. O I Shevtsova, 2000[49]has 
shown that application of chitosan had a positive effect 
on the lipid peroxidation in mice liver intoxicated by tetra 
chloromethane. Yang Yan  et., al[50]has studied the treatment 
with chitosan, GlcNH2, and GlcNAc significantly decrease 
serum creatinine and uric acid levels and inhibit lipid 
peroxidation in kidney homogenate.
   In present study the chitosan altered these macromolecular 
damage mediated through free radicals thereby displaying 
the protective role of chitosan inhibiting free radical 
mediated cellular damages. The suppressive action of 
chitosan on bladder lipid peroxidation observed in vivo 
systems suggests that the drug may have a direct effect on 
the membranes and these may decrease the susceptibility 
of the membranes to lipid peroxides. The present study 
indicates that oral administration of chitosan significantly 
suppresses the LPO formation in bladder tissues of animals 
bearing cancer.
   Chitosan has the ability to suppress the malignancy by 
modulating cell transformation, decreasing the degree of 
bladder cancer growth and controlling cell proliferation. 

7.2. Inhibitory effect on proliferation of T24 cells

   In recent years, naturally occurring compounds have 
grabbed increased attention for the prevention and or 
intervention of early stages of carcinogenesis and neoplastic 
progression before the occurrence of invasive malignant 
diseases, such as many are regarded as chemo preventive 
agents[51, 52,53]. The antitumor activities of chitosan in mice 
have been already reported[54,]. Kun Te Shenet et al., 2009 
[55]demonstrated the protective effect of Chitosan on the 
proliferation of HepG2 cells and suppress tumor growth in 
HepG2-bearing SCID mice.
   Chakraborty et al 2012[56]demonstrated that modified 
chitosan had in vitro cytotoxicity against HeLa cell lines in 
Swiss mice. Hosseinzadeh et al 2012[57]proved that chitosan 
nanoparticls had inhibition cell viability on HT-29 colon 
carcinoma cell line. In present study indicated that chitosan 
inhibited the T-24 cells proliferation in a concentration and 
dose dependent manner.

Conclusion

   The present study reveals protective effect of Chitosan 
in T24 bladder cancer cell line. It also demonstrates the 
antioxidant and antitumor property of chitosan against 
benzidine induced bladder cancer. Hence, Chitosan may be 
considered as a promising agent for the treatment of bladder 
cancer.
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