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ABSTRACT 
 
This study aims to investigate the therapeutic effects of chitooligosaccharides (COS) on alloxan-
induced type II insulin dependent, diabetes mellitus in mice. The effect of aqueous solution of 
chitooligosaccharides at the dose of 10 mg/kg body weight was found to be a potent antidiabetic 
agent that reduces blood glucose significantly in diabetic mice. Serum lipids (triglycerides, total 
cholesterol, Low density lipoprptein and Very Low density lipoprptein cholesterol), urea, 
creatinine and various enzymes of glucose metabolism (Serum glutamate oxaloacetate 
transaminase and glutamate pyruvate transaminase and alkaline phosphatases) showed 
significant decrease in the diabetic group treated with aqueous solution of COS when compared 
with the diabetic group. The study reveals that COS has significant antidiabetic activity and 
hypolipidemic activity in alloxan induced and normal mice. The COS solution seems promising 
for the development of a medicine for diabetes mellitus. 
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INTRODUCTION 
 
Diabetes mellitus (DM) is a chronic disease with 
complex underlying etiologies. The incidence of 
diabetes mellitus is on the rise world wise. Based 
on the World Health Organization (WHO) report, 
the number of diabetic patients is expected to 
increase from 171 million in year 2000 to 366 
million or more by the year 20301. As a 
devastating disease, diabetes is affecting 
approximately 3% of the population worldwide2. 
Increasing evidences from both experimental 
and clinical studies suggest that oxidative stress 
plays a major role in the pathogenesis of DM. 
Free radicals are formed disproportionately in 
diabetes by glucose oxidation, non enzymatic 
glycation of proteins and the subsequent 
oxidative degradation of glycated proteins3. 
Abnormally high level of free radicals and the 
simultaneous decline in antioxidant defense 
mechanisms may lead to the damage of cellular 
organelles and enzymes, increased lipid 
peroxidation and development of insulin 
resistance4. Current drugs used for the treatment 
of diabetes are associated with several side 
effects and hence there is need for effective, 
safe and better oral hypoglycemic agents5. In the 
indigenous, system of medicine many 
compounds isolated from these plants is used in 
combinational therapy for diabetes 6 but only a 
few have been scientifically evaluated and their 
active principles have been isolated 7.  
Chitosan is a polycationic copolymer consisting 
of β-1, 4-linked 2-acetamido- D-glucose and β-1, 
4-linked 2-amino-D-glucose units. Which is 
prepared from one of the most widespread 
natural biopolymers, chitin, is increasingly widely 
used in many fields owing to its valuable 
properties. Crab and shrimp shell wastes are 
currently utilized as the major industrial source of 
biomass for large-scale production of chitosan. 

Chitosan which is biodegradable, non-toxic and 
biocompatible has been shown to be 
particularly useful in many fields8, including 
food, cosmetics, biomedicine, agriculture and 
environmental protection. Furthermore, it can 
be used as a bioactive material due to its 
biodegradable, non-toxic and non-allergenic 
natures. However, chitosan shows its biological 
activity only in acidic medium because of its 
poor solubility at pH above 6.5 and low 
absorbability of non-digestible and high 
molecular polysaccharides. Therefore, recent 
studies on chitosan have attracted interest in 
converting it to chitooligosaccharides (COS), 
because COS not only are water-soluble but 
also possess versatile functional properties 
such as antitumor enhancing properties, 
immunostimulating effects9, antimicrobial 
activity10, free radical scavenging activity 11,12, 
arthritis controlling activity 13. However, little 
attention has been paid to its activity in 
diabetes mellitus and related mode of action. In 
the present study, soluble 
chitooligosaccharides with low molecular 
weight were used to see the effect on diabetic 
mice.  
The purpose of this study was to examine the 
effect of chitooligosaccharides on 
hyperglycemia and hyperlipidemia. 
 

MATERIALS AND METHODS 
  
i) Drugs and reagents 
 
Alloxan was purchased SD Fine chemicals 
(Mumbai, India). Glucose Analyzer and strips 
were purchased from Roche Diagnostics 
GmbH, Germany. All other chemicals used for 
this study were of analytical grade and 
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obtained from HIMEDIA (India), SRL (India), 
CDH (India) and Qualigens (India/ Germany). 
Kits for the estimation of total cholesterol, 
triglyceride and HDL-cholesterol were purchased 
from by Span Diagnostic Ltd.; Surat; India 
 
ii) COS preparation 
Chitooligosaccharides was used in this study 
obtained from the chitosan isolated from 
microalgae Diatoms. The 1% chitosan solution 
was prepared in acetate buffer. In the present 
study, water soluble chitooligosaccharides with 
low molecular weight were prepared by 
enzymatic hydrolysis of chitosan with immobilsed 
in chitin papain as previously described 14.  
 
(iii)Animal care and monitoring: 
 Healthy male Swiss albino mice (Mus 
musculus) (4-5 months old, weighing 20-30 g) 
were procured from Banaras Hindu University, 
Varanasi. They were housed in polypropylene 
cages, under standard laboratory conditions of 
light (12:12 h L: D cycle), temperature (23 ± 2°C) 
and relative humidity (55 ± 5%). The animals 
were provided standard mice pellet feed and tap 
water ad libitum. Maintenance and treatment of 
all the animals was done in accordance with the 
principles of Institutional Animal Ethics 
Committee constituted as per the directions of 
the Committee for the Purpose of Control and 
Supervision of Experiments on Animals. 
 
(iv) Induction of diabetes mellitus in mice 
 The mice were made diabetic by a single 
intra-peritoneal injection of alloxan monohydrate, 
150 mg/kg body wt, freshly dissolved in cold 
sterile normal saline 15.  The mice were then kept 
for the next 24 hrs on 5% glucose solution 
bottles in their cages to prevent hypoglycemia. 
After a fortnight, mice with moderate diabetes 
having glycosuria (indicated by Benedict’s test 
for urine) and hyperglycemia with blood glucose 
range of 250 – 300 mg/dl were used for the 
experiment. Blood was collected from the tail 
vein puncture for the estimation of the blood 
glucose. 

 
 
 (v) Experimental design and treatment 
 In the experiment a total number of 36 mice 
(18 diabetic induced mice and 18 normal mice) 
were used. Diabetes was induced in mice two 
weeks before starting the treatment. The mice 
were divided into six groups as follows after the 
induction of alloxan diabetes and each group 
comprised of six mice.  
 Group1: Normal control mice received only 
distilled water during the experimental period. 
  Group 2: Diabetic control- freshly prepared 
alloxan in normal saline was administered in a 
single dose of 150 mg/kg bw through intra-
peritoneal to overnight fasted mice and the 
animals were allowed to develop diabetes for 
two weeks.  
 Group 3: Diabetic mice were daily 
administered with COS (LD) at a dose of 5 
mg/kg body weight (125µg/25 µl) inta-
peritonially for 21st days 
 Group 4: Diabetic mice were daily 
administered with COS (HD) at a dose of 10 
mg/kg body weight (250µg/25 µl) 
intaperitonially for 21st days 
 Group 5: Normal mice were daily 
administered with COS (LD) at a dose of 5 
mg/kg body weight intaperitonially for 21st days 
 Group 6: Normal mice were daily 
administered with COS (HD) at a dose of 10 
mg/kg body weight (250µg/25 µl) 
intaperitonially for 21st days 
 
(vi)Fasting Blood Glucose Level and Weight 
of Animals 
 The fasting glucose level was monitored 
periodically during the treatment with the tail 
vein prick method using Accucheck Active 
Glucometer (Roche Diagnostics GmbH, 
Germany) and compatible blood glucose strips. 
The blood glucose level was measured in 
milligram per deciliter. The weights of the 
animals were checked before and after 
treatment. 
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(vii) Quantification of glycogen 
 
 Hepatic glycogen content was measured 
according to the anthrone-H2SO4 method, with 
glucose as standard 16. 
 
(viii) Estimation of serum triglyceride (TG): 
Serum level of triglyceride was measured by 
standard protocol of cholesterol oxidase / 
peroxidase (CHOD/POD)-phosphotungstate 
method (Kit supplied by Span Diagnostic Ltd.; 
Surat; India). The absorbance was noted at 520 
nm and the TG level in serum was expressed in 
mg/dl 17. 
 
(ix) Estimation of serum total cholesterol 
(TC): Serum TC was quantified by 
spectrophotometer method 18 by the addition of 
enzyme present in the reagent kit. The 
absorbance of red quinoneimine complex was 
determined at 505 nm. The value of TC present 
in serum was expressed in mg/dl. 
 
(x) Estimation of serum lipoprotein 
cholesterol:  
 
Serum low density lipoprotein cholesterol (LDLc) 
and very low density lipoprotein cholesterol 
(VLDLc) were measured according to a standard 
protocol 19.VLDL-cholesterol = Serum triglyceride 
/5; High density lipoprotein cholesterol (HDLc) 
was measured biochemically 20. LDL-cholesterol 
= Serum total-cholesterol –VLDL-cholesterol –
HDL-cholesterol. Results were expressed in 
mg/dl. 
 

(xi) Biochemical assay of GOT, GPT 
activities from serum: 
 
 Specific kits were used (Span Diagnostic 
Ltd.; Surat; India) for this purpose. The 
activities of these enzymes were expressed as 
relative units 21. 
 
(xii) Statistical Analysis 
     
 All the grouped data were statistically 
evaluated with SPSS/13.00 software. 
Hypothesis testing methods included one-way 
Analysis of Variance (ANOVA) followed by 
Tukey’s test. P<0.05 was considered to 
indicate statistical significance. All the results 
were expressed as mean ± SE for six mice in 
each group. 
    

RESULTS 

 
Effect of COS on body weight 
 
The alloxan-induced diabetic mice exhibited 
loss of body weight. Before embarking on the 
experiment, all the groups had no significant 
difference in body weight (P >0.05). A 
significant (P < 0.05) decrease in body weight 
was detected in the Diabetic, D+COS (LD), 
D+COS (HD) groups as compared to the 
normal control group from 7 days after alloxan 
injection. However, the body weights in the 
D+COS (HD) and  D+COS (LD) groups were 
significantly (P < 0.05) and dose-dependently 
increased as compared to those of the diabetic 
control from 21 days after administration, which 
is comparable to that of the diabetic group. The 
results were shown in Table1. 
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   Alloxan (150 mg/kg b.w.) was injected to the group II, III and IV for induction of diabetes. 
COS 5 mg/kg b.w.(LD) and 10 mg/kg b.w.(HD) were administered to the diabetic and normal mice (Group 
III to VI). Data are expressed as mean ± S.E of 6 mice in each group; 

a 
alloxan induced diabetic group vs 

control; 
b
D+COS (LD) and D+COS (HD) group vs alloxan induced diabetic group; 

c
COS (LD) and COS 

(HD) vs control group. In column figures bearing * is significantly different at p<0.05 between the groups.

  
Effect of COS on Serum glucose and Glycogen levels 
 
Glucose levels on day zero showed no 
significant intra-group variation. Seventy-two 
hours after administration of alloxan, they 
increased approximately fourfold (p<0.05) while 
remaining unchanged in control non-diabetic  
(Table2). The extract administration decreased 
plasma glucose levels by 54.1% on day 21st of 

the experiment (p<0.05). Hepatic glycogen 
content decreased significantly by 80.0 % in 
diabetic controls as compared to non-diabetic 
animals.COS (HD) significantly increased 
glycogen content by 78.3 % as compared to 
diabetic group (Table 2). But this was not 
restored up to normal level
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                           Alloxan (150 mg/kg b.w.) was injected to the group II, III and IV for induction of diabetes. 

COS 5 mg/kg b.w.(LD) and 10 mg/kg b.w.(HD) were administered to the diabetic and normal mice (Group 
III to VI). Data are expressed as mean ± S.E of 6 mice in each group; 

a 
alloxan induced diabetic group vs 

control; 
b
D+COS (LD) and D+COS (HD) group vs alloxan induced diabetic group; 

c
COS (LD) and COS 

(HD) vs control group. In column figures bearing * is significantly different at p<0.05 between the groups.  
  
Activity of Serum GOT and GPT 
 
Serum glutamate oxaloacetate transaminase 
(GOT) and glutamate pyruvate transaminase 
(GPT) activity were increased significantly in 
alloxan-induced diabetic mice in respect to 
control group. These two parameters in serum 
were come towards control level after treatment 
this solution in separate manner. COS (HD) 
treatment resulted, an in significant variation in 
the level of these parameters when compared 
to control (Table 3). 
Effect of COS on Serum lipids levels 

Diabetes mellitus is usually complicated with 
hyperlipoproteinemia. The present results 
showed that the TC and TG levels were 
significantly elevated in the diabetic control 
group as compared to the normal control group 
(P< 0.05). After administration with COS, the 
alteration in lipid metabolism was partially 
attenuated as evidenced by decreased serum 
TG and TC levels and same time increase in 
HDL-c in diabetic mice. The response was 
better in D+ COS (HD) group compared to the 
others group. The results were shown in Table 
4.
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VI). Data are expressed as mean ± S.E of 6 mice in each group; 
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alloxan induced diabetic group vs control; 

b
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control group. In column figures bearing * is significantly different at p<0.05 between the groups.
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alloxan induced diabetic group vs control; 
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control group. In column figures bearing * is significantly different at p<0.05 between the groups.
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DISCUSSION 

 
The currently available drug regimens for 
management of diabetes mellitus have certain 
drawbacks and therefore, there is a need to find 
safer and more effective antidiabetic drugs 22. 
Diabetes mellitus of long duration is associated 
with several complications such as 
atherosclerosis, myocardial infarction, 
nephropathy etc.These complications have long 
been assumed to be related to chronically 
elevated glucose level in blood 23. Alloxan has 
been observed to cause a massive reduction of 
the β-cells of the islets of Langerhans and induce 
hyperglycemic24. The increased blood glucose in 
diabetic mice (group II) as compare to control 
(group I) might be use to glycogenolysis and / or 
glyconeogenesis. Body weight, which is another 
important parameter in diabetes, also increased 
with the treatment of COS. There was a gradual 
increase in the body weight of controls and treated 
mice while the diabetic mice continued to lose 
weight. 
Diabetes is also associated with hyperlipidemia 
25.The levels of TC, TG LDL and VLDL have been 
decreased and HDL increased significantly in 
diabetic mice after the COS treatments. 
In the present study the activities of SGOT, SGPT 
and ALP in serum were altered in DM. In diabetic 
animals, the changes in the levels of SGOT, 
SGPT and ALP are directly related to changes in 
metabolism in which the enzymes are involved. 
The increased activities of transaminases, which 
are active in the absence of insulin due to the 
availability of amino acids in the blood of DM and 
are also responsible for the increased 
gluconeogenesis and ketogenesis. The restoration 
of SGOT and ALT to their respective normal level 
was observed in the COS treated groups. This is 
consistent with our previous report of the extracts 
of Chinese juniper berries 26. SGOT and SGPT 
levels also act as an indicator of liver function 
hence restoration of normal level of these 
enzymes indicates that the normal functioning of 
liver. Increased activities of serum ALP have been 

observed in alloxan diabetic mice. Alloxan 
treated diabetes caused lipid peroxide 
mediated tissue damage in the pancreas, liver, 
kidney, and heart 27. The increase in the levels 
of these enzymes in diabetes may be as a 
result of the leaking out from the tissues and 
then migrating into the blood stream 28 and 
hyperlipidaemia also cause cell damage by 
altering the cell membrane architecture, which 
results in enhanced activities of ALP in diabetic 
mice. In COS treated groups, the cell damage 
might be reverted and which may leads to the 
decreased activities of ALP. Therefore, the 
present study clearly indicates that COS 
possess hypoglycemic and hypolipidaemic 
activities in alloxan induced DM mice. 
 

CONCLUSION 

 
In conclusion, COS possess various biological 
activities and can be used in the treatment of 
diabetes mellitus. COS can increase insulin 
secretion of pancreatic cells and improve the 
overgrowth of β cells and therefore have 
beneficial effects in diabetes mellitus that holds 
the hope of new generation of antidiabetic 
drugs.  
 

ACKNOWLEDGEMENTS 

 
Authors wish to thank Indian council of 
Agricultural Research (ICAR, Government of 
India) New Delhi for financial support in form of 
Senior Research Fellowship. The authors 
acknowledge the members of Pineal Research 
Laboratory, B.H.U for their valuable support 
and Department of Zoology, Banaras Hindu 
University, Varanasi for providing animal house 
facilities. We are thankful to the Vice 
Chancellor, Sam Higginbottom Institute of 
Agriculture, Technology & Sciences, Allahabad 
for providing necessities of this work. 
 
 
 



 

 

 

This article can be downloaded from www.ijpbs.net 

B -  415 

REFERENCES 

 
1. Wild S, Roglic G, Green A, Sicree R, King 

H, Global prevalence of diabetes, Diabet 
Care, 27: 1047-1053, (2004). 

 2.  Skyler JS, Diabetes mellitus: pathogenesis 
and treatment strategies, Chemistry, 47: 
4113-4117, (2004). 

3.  Maritim AC, Sanders RA, Watkins JB III 
Diabetes, oxidative stress and antioxidants: 
a review. J Biochem Mol Toxicol; 17: 24-38, 
(2003). 

4.  El Naggar EMB, Bartosikova L, Zemlicka M, 
Svajdlenka E, Rabiskova M, Strnadova V, 
Antidiabetic effect of Cleome droserifolia 
aerial parts: Lipid peroxidation-induced 
oxidative stress in diabetic rats, Acta Vet 
Brno; 74: 347-52, (2005). 

5.  Murthy PS, Medicinal plants in diabetes 
treatment, Ind J Clin Biochem, 10: 52–3, 
(1995). 

6.  Samane S, Noel J, Charrouf Z, Amarouch 
A, Haddad PS, Insulin sensitizing and anti-
proliferative effects of Argania spinosa 
seeds extracts. Evid Based Complement 
Alternat Med, 3:317–27, (2006). 

7.  Ivorra MD, Paya M, Villar AA, review of 
natural products and plants as potential 
antidiabetic drugs, J Ethnopharmacol, 27: 
243-75, (1989). 

8.  Felt O, Buri P, Gurny R, Chitosan: a unique 
polysaccharide for drug delivery, Drug Dev 
Ind Pharm, 24: 979-993, (1998). 

9.  Suzuki K, Mikami T, Okawa Y, Tokoro A, 
Suzuki S, Suzuki M, Antitumor effect of 
hexa-N-acetylchitohexaose and 
chitohexaose. Carbohydr Res; 151: 403-
408.(1986) 

10.  Hadwiger LA, Beckman JM, Chitosan as a 
Component of Pea- Fusarium solani 
Interactions, Plant Physiol,66: 205-211, 
(1980). 

11. Chiang MT, Yao HT, Chen HC, Effect of 
dietary chitosans with different viscosity on 
plasma lipids and lipid peroxidation in rats 

fed on a diet enriched with cholesterol, 
Biosci Biotechnol Biochem, 64: 965-971, 
(2000). 

12. Je JY, Park PJ, Kim SK, Free radical 
scavenging properties of hetero 
chitooligosaccharides using an ESR 
spectroscopy, Food Chem Toxicol,  42: 
381-387, (2004). 

13.  Tokoro A, Kobayashi M, Tatewaki N, 
Suzuki K, Okawa Y, Mikami T, Suzuki S, 
Suzuki M, Protective effect of N-acetyl 
chitohexaose on Listeria monocytogenes 
infection in mice, Microbiol Immunol, 33: 
357-367, (1989). 

14.  Lin H, Wang H, Xue C, Ye M, preparation of 
chitosan oligomers by immobilized papain, 
Enzyme and Microbial Technology 31 588-
592,(2002). 

15.  Aruna RV, Ramesh B, Kartha VN. Effect of 
beta-carotene on protein glycosylation in 
alloxan induced diabetic rats, Ind J Exp 
Biol, 37: 399-401,(1999). 

16.  Jayaraman J, Laboratory Manual in 
Biochemistry. New Age International, New 
Delhi: pp53, 154-55, (1981). 

17.  Desai SA, Mani UV, Lyer UM, Serum lipids, 
apolipoproteins and total antioxidant activity 
levels of obese, diabetic and hypertensive 
subjects in an industrial set up in Baroda, 
Gujarat, India, Int J Diab Dev Countries 22: 
91-99, (2002). 

18.  Allain CC, Poon LS, Chan CSG,  Enzymatic 
determination of total serum cholesterol, 
Clin Chem 20: 470-475, (1974). 

19.  Friedewald WT, Levy KJ, Frederickson DS,  
Estimation of concentration of LDL in 
plasma without of preparative 
ultracentrifuge, Clin Chem,  18:499-502, 
(1972). 

20.  Waenic RG, Albers JJ, A comprehensive 
evaluation of the heparin manganese 
precipitation procedure for estimating high 



 

 

 

This article can be downloaded from www.ijpbs.net 

B -  416 

density lipoprotein cholesterol,  J Lipid Res, 
19: 65-76, (1978). 

21.  Henry RJ, Chiamori M, Gonub OJ, 
Berkman S, Revised spectrophotometric 
methods for the determination of glutamate 
oxaloacetic transaminase, glutamic 
pyruvate transaminase and lactic acid 
dehydrogenase, Am J Clin Pathol 34: 381–
398, (1960). 

22. Grover JK, Yadav S, Vats V Medicinal Plants 
of India with antidiabetic potential. J. 
Ethnopharmacol, 81: 81-100, (2002). 

23.  Alarcon-Aguilara FJ, Jimenez-Estrada M, 
Reyes-Chilpa R, Roman- Ramos R, 
Hypoglycemic effects of extracts and 
fractions from Psacalium decompositum in 
healthy and alloxan diabetic mice, J. 
Ethnopharmacol, 72: 21-27, (2000). 

24.  Sharma SB, Nasir A, Prabhu KM, Murthy 
PS, Dev G, Hypoglycaemic and 
hypolipidemic effect of ethanolic extract of 
seeds Eugenia jambolana in alloxan-
induced diabetic rats, J. Ethnopharmaco, 
85, 201-206,( 2003). 

25. De Sereday M, Gonzalez C, Giorgini D, 
DeLoredo BJ, Cobenas C, Tebone C, 
Libman C,Diabetes Metab. Prevalence of 
diabetes, obesity, hypertension and 
hyperlipidemia in the central area of 
Argentina. Diabetes Metab, 30: 335–339, 
(2004). 

26. Ju JB, Kim JS, Choi CW,  Lee  HK, Oh TK,  
Kim SC, Comparison between ethanolic 
and aqueous extracts from Chinese juniper 
berries for hypoglycaemic and 
hypolipidemic effects in alloxan-induced 
diabetic rats,  J. Ethnopharmacol, 115, 110-
115,(2008).   

27.  Prince PSM, Menon VP, Pari L, Effect of 
Syzigium cumini extracts on hepatic 
hexokinase and glucose-6-phosphatase in 
experimental diabetes, Phytother. Re,. 11, 
529-531, (1997). 

28.  Prince, P.S.M.; Menon, V.P. 
Hypoglycaemic and other related actions of 
Tinospora cardifolia roots in alloxan – 
induced diabetic rats, J. Ethnopharmacol, 
70, 9-15,(2000). 

 
 
 
. 
 
 


