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ABSTRACT 
Aqueous  extract  of  Citrullus  colocynthis  was  screened  for  its  antioxidant  effect  in  alloxan  
induced diabetic rats. Preliminary phytochemical screening of the plant shows the presence of large 
amount of terpenoids, phenolics and flavanoids. The presence of phenolic compound prompted us to 
evaluate its antioxidant effect. An appreciable decrease in peroxidation products was observed in C.  
colocynthis (300 mg/kg body wt.) treated diabetic rats. The decreased activities of key antioxidant 
enzymes such as SOD, CAT, GSH and Gpx in diabetic rats were brought back to near normal range upon 
C. colocynths treatment.  
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Abbreviations:  SOD,  Superoxide  dismutase;  LPO,  lipid peroxidation;  CAT,  catalase; GSH,  
reduced  glutathione; GPx, glutathione  peroxidase;  OH,  hydroxyl  radical;  RO2,  peroxyl radical; 
MeOH, methanol; EtOH, ethanol. 
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INTRODUCTION  
Diabetes  is  a  serious metabolic  disorder with 
micro and macro  vascular  complications  that  
result  in a significant  morbidity  (or) mortality. 
The  increasing proportion  of  the  aging 
population, consumption of calorie rich diet, 
obesity  and  sedentary  life  style  have  led  to  a  
tremendous increase in the number of diabetes 
worldwide (vats et al.,  2004).  Diabetes is a 
disease of great concern to many all  over  the  
world  and  is  known  for  its  complications  that 
include:  diabetic  nephropathy,  neuropathy  and  
retino- pathy (Zimmet et al., 2001). Several 
antioxidants of plant materials are experimentally 
proved and widely used as more effective agents 
against oxidative stress (Manonmani et al., 2002). 
Normal cells have a number of endogenous 
antioxidants which eliminates toxic oxymeta-
bolites under normal conditions (Reilly et al., 
1991). The antioxidant might protect a target at 
many different stages in oxidative sequences such 
as  (1) Removing oxygen or decreasing  local  
oxygen  concentration,  (2)  removing catalytic  
metal  ions  and  (3)  scavenging  the  initiating 

radicals such as OH, RO and RO2. The Citrullus  
colocynthis  also  known  as  bitter  apple, bitter 
cucumber and vine of Sodom, is a viny plant 
native to the Mediterranean Basin and Asia. They 
contain active substances like saponins, alkaloids 
and glycosides (Abdel-hasan et al., 2000).  They  
also  have  antidiabetic, anti  hypersensitive  
(Ziyatt  et  al.,  1997)  and immunostimulant  
effect  (Bendjeddoo  et  al.,  2003).  The dried  
pulp  of  its  fruit  is  used  as  a  traditional  
medicine mostly  for constipation  (Arena and 
Drew, 1980).  In East Africa, the seed tar was 
used by nomads in traditional medications applied 
to the skin. Many workers suggested that the fruits 
of Colocynthis posses anti tumour activity (Faust 
et al., 1958).  
In United Arab Emirates, the seeds are used to 
treat diabetes.  However,  when  the  chloroform  
and  MeOH extracts of seeds, EtOH extracts of 
leaves and pulp of C. colocynthis  were  
investigated  in  normal  and  diabetic induced rats 
and isolated organs of rats and rabbits, seed 
extract had no effect on fasting glucose levels in 
diabetic rats and  they had no effect  in  the oral 
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glucose  tolerance test. This  study  is  aimed  at  
investigating  the  antioxidant effect of aqueous 
extract of the  seeds  of  C. colocynthis. 
 
MATERIALS AND METHODS  
Plant material  
The seeds of C. colocynthis were collected from 
Perambalur region. The plant was identified, 
authenticated by Botanist Dr.  V.Kumaresan, 
Department of Biotechnology, Thanthai Hans 
Roever College, Perambalur, Tamilnadu, India. 
The seeds were dried and powdered in grinding 
mill.  
Preparation of extracts  
The seeds were pulverized in grinding.  200g  of  
powdered  seeds was  dissolved  in  400  ml  of  
distilled  water  for  1h  at  room temperature  with  
continuous  shaking.  The mixture was filtered 
using sterile gauze.  A fresh filtrate was used for 
the treatment (Ghaithi et al., 2004).  
Animals  
 Male  albino  rats  weighing  about  150  -  200  g  
obtained  from  the Eaisma Institute, Karur, were 
used for the study. The rats were kept in  the 
animal house at a  room  temperature of 15  - 30° 
C  ,  fed with commercial  food  ad  libitum  and  
had  free  access  to  water.  The experiments were 
designed and conducted in accordance with the 
ethical norms approved by the government.   
Induction  
Alloxan monohydrate was used to induce diabetes 
mellitus in normoglycemic rats. Animals were 
allowed to fast for 16 h and were injected 
intraperitonially with freshly prepared alloxan 
monohydrate in normal saline in a dose of 120 
mg/kg body weight (Demerdash et al., 2005).  
Blood  and  urine  glucose  levels  of  these  rats  
were estimated  72  h  after  alloxan  
administration  and  the  rats  having 
hyperglycermia and glycosuria were selected for 
the experiment.   
 Experimental design  
 The animals were divided into five groups of six 
each.   
Group I: Normal control 
Group II: Normal control + plant treatment (300 
mg/kg body wt) 
Group III:  Diabetic control 
Group IV:  Diabetic control + plant treatment 
Group V: Diabetic control + glibenclamide 
treatment (0.5 mg/kg body wt).  
Biochemical analysis  
 Fasting blood glucose level was determined by 
the method of Sasaki et al.  (1972). The Hb level 

was measured by Drabkin and Austin (1932). 
HbA1C was estimated by the methods of Nayak 
and Pattabiram (1981). Plasma insulin was 
estimated by using ELISA kit by Linco Research 
Inc. The level of lipid peroxidation was assayed 
by the method of Ohkawa et al.  (1979).  The  
GSH  level  was determined  by  the  method  of  
Ellman  (1959).  The activity of glutathione 
peroxidase was assayed by the method of Rotruck 
et al. (1973). The superoxide dismutase was 
assayed by the method of Misra and Fridovich 
(1972). Catalase was assayed according to the 
method of Takahara et al. (1960). 
Statistical analysis  
 The values are expressed as mean ± standard 
deviation (S.D) for 6 rats in each group. All other 
data were analyzed with SPSS/16.0 student 
software.  Hypothesis  testing  method  included  
one  way analysis  of  variance  (ANOVA)  
followed  by  past  hoc  testing performed with 
least significant difference (LSD) test. The p value 
of less than 0.05 was considered to indicate 
statistical significance.  
 
RESULTS   
(Table 1) shows the qualitative analysis of 
phytochemicals in the aqueous extract of C.  
Colocynthis seeds.  From preliminary  
phytochemical  screening,  it  was  found  that the 
extract showed a positive  response  for  the 
presence of  flavanoids,  alkaloids,  glycosides,  
saponins,  phyto-sterols, steroids, proteins and 
triterpenoids.   
 
Table-1: List of phytochemicals in aqueous extract of 
Citrullus Colocynthis seeds.  

 
+ = Present; - = absent. 
Treatment with C. colocynthis aqueous extract and 
its effect on blood glucose level, insulin, Hb, and 
HbA1C are shown in (Table 2).  The diabetic 
control rats showed a significant increase in the 
blood glucose and HbA1C level. The 

Phytochemicals Influence 

Flavanoids 
Alkaloids 
Glycosides 
Saponins  
Steroids 
Triterpenoids 
Tannins 
Carbohydrate 
Protein 
Amino acids 
Anthroquinones 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
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administration of C. colocynthis and 
glibenclamide to diabetic rats restored the changes 
in glucose and HbA1C level. The insulin and Hb 
levels were reduced in diabetic control rats.  In 
diabetic treated groups IV and V, the insulin and 
Hb levels increased.   
(Table 3) and (Table 4) shows changes in the 
activities of LPO, SOD, CAT, Gpx  and GSH  in  

serum  and  liver  of  normal and  treated  rats.  
The  activities  of SOD, CAT, GSH  and Gpx  
levels  in  serum  and  liver  decreased  in  diabetic 
control  rats. After the treatment, the levels came 
back to near normal. In diabetic control rats, LPO 
level increased. In plant and drug treated rats, the 
levels reduced significantly.   

 
Table 2. Effect of C. colocynthis (CC.Aqt) on blood glucose, protein, insulin Hb and HbA1C levels. 

Groups Glucose (mg/dl) Insulin (mg/dl) Hb (g/dl) HbA1 Urine sugars C 
(mg/dl) Normal  

Normal + CC.Aqt 
Diabetic Control 
Diabetic + CC.Aqt 
Diabetic + 
Glibenclamide 

  89.33   ±  2.16 
  93.50   ±  5.57a 
268.60  ±  5.66b* 
109.17  ±  4.25cd* 
  72.60  ±  2.16c

92.16   ±   6.49 
87        ± 19.43 

* 

a 
48.18   ± 12.64b* 
83.56   ±   2.39cd* 
91.66   ±   6.25c

11.3  ±  0.96 
10.01 ± 0.48

* 
 

a 
  6.73  ± 0.57b* 
  9.8    ± 0.29cd* 
12.6    ± 1.65c

  4.15  ± 0.15 
  4.23  ± 0.20

* 
 

a 
10.23  ± 0.38b* 
  5.90  ± 0.88cd* 
  4.95  ± 0.15c

 + 
 + 
 +++ 
 + 
 + 
 

* 
 

 
Table 3. Effect of C. colocynthis extracts (CC.Aqt) on the levels of SOD, CAT, GSH, GPX and LPO in serum of alloxan diabetic rats. 
 

Group SOD (IU/L) CAT(IU/L) GSH (IU/L) GPX (IU/L) LPO (IU/L) 
 

Normal 198.17  ± 12.52 21.66  ± 4.50 107.50  ± 12.51 157  ± 10.71 92.41  ± 16.52 
Normal + CC.Aqt 201.60  ± 13.66 22.83  ± 4.79a 113  ± 17.64a 159.17  ± 10.85a 95.16  ± 18.14a 
Diabetic Control 

a 
153.50  ± 8.89 10.65  ± 2.49b* 165.67  ± 11.05b* 127.90  ± 9.59b* 158.13  ± 17.75b* 

Diabetic + 
CC.Aqt 

b* 
193.83  ± 11.63 22.80  ± 5.67cd* 107.50  ± 9.48cd* 152.33  ± 8.86cd* 102.83  ± 15.13cd* 

Diabetic + 
Glibenclamide 

cd* 

191.67  ± 11.41 22.31  ± 6.08c* 120.83  ± 7.60c* 160.17  ± 8.49c* 94.67  ± 14.20c* c* 

 
Table 4. Effect of C. colocynthis extracts (CC.Aqt) on the levels of SOD, CAT, GSH, GPX and LPO in liver of alloxan diabetic rats. 

Group SOD (IU/L) CAT(IU/L) GSH (IU/L) GPX (IU/L) LPO (IU/L) 

 Normal 197.1 ± 12.52 20.63 ± 4.15 104.67 ± 13.41 157.67 ± 10.32 95 ± 16.16 

Normal + CC.Aqt 201.06 ± 14.40 21.83 ± 4.97a 112.17 ± 17.50a 151.67 ± 10.42a 94.50 ± 18.06a 

Diabetic Control 

a 

124.3 ± 29.20 8.33 ± 2.94b* 208.17 ± 46.91b* 105 ± 13 b* 188.50 ± 66.34b* 

Diabetic + CC.Aqt 

b* 

198 ± 14.80 23.66 ± 6.62cd* 110.67 ± 15.35cd* 154.83 ± 13.93cd* 106.67 ± 29.70cd* 

Diabetic + 
 

cd* 

178.8 ± 37.12 20.16 ± 5.11c* 116.17 ± 10.79c* 158 ± 10.29c* 102.50 ± 15.08c* c* 
Values are given as mean ± SD of six rats from each group; Values are statistically significant at *P<0.05. 

DISCUSSION    
Diabetes mellitus arises from the  irreversible  
destruction of  the  pancreatic  beta  cells  causing  
degranulation  and reduction  of  insulin  secretion  
(Junod  et  al.,  1969).  The use of  traditional 
medicine and medicinal  plants  in mos 
developing  countries,  as  a  normative  basis  for  
the maintenance of good health, has been widely 
observed (Bhattaram et al., 2002)  
This  study  was  therefore  undertaken  to  assess  
the antioxidant  effect  of  C.  Colocynthis in 
alloxan induced rats. A variety of herbs and herbal 
extracts contain differ rent phytochemicals with 
biological activity that can have valuable 
therapeutic index. Most  of  the  protective  effect 
of  fruits  and  vegetables  has  been  attributed  to  
phytochemicals, which are non-nutrient plant 

compounds such as  carotenoids,  flavanoids,  
isoflavanoids  and  phenol acids.  Most  of  the  
phytochemicals  have  the  ability  to inhibit  lipid  
peroxidation  and  also  possess  hypoglycemic 
and hypolipidemic properties. (Johnson et al., 
1993)  
Flavanoids extend the activity of vitamin C and 
act an antioxidants that protects LDL cholesterol 
from oxidation inhibit platelet aggregation and act 
as antinflammatory agent. Rupasinghe et al. 
(2003) have reported that saponins possess 
hypocholestrolemic,  antidiabetic,  antitumour,  
antiviral,  antioxidative,  anticarcinogenic  and 
heaptoprotective  properties.  Phenolic compounds 
have cholesterol lowering effect (Leontowicz et 
al., 2002).  It has  also  been  found  that  plant  
alkaloids  have  the  tendency  to  release  insulin  
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from  pancreatic  beta  cells (Ignachimuthu  and 
Amalraj,  1998). The aqueous extract of C.  
colocynthis  produces  significant  blood  glucose 
lowering  effect  in  alloxan  induced  diabetic  
rats.  The possible mechanism includes the 
stimulation of beta cells and subsequent release of 
insulin and activation of insulin receptors.  A  
number  of  other  plants  have  also been  reported  
to  have  antidiabetic  and  insulin  release 
stimulatory  effect  (Prince  et  al.,  1998;  Pari  
and  Uma, 1999).  HbA1C  was  found  to  
increase  in  patients  with diabetes mellitus  to 
about 16%  (Koeing et al., 1976) and the  
increment  is directly proportional  to  the  fasting 
blood sugar level. The HbA1C level reduced after 
the treatment of plant extract and drug.   
The  involvement  of  free  radicals  in  diabetes  
and  the role  of  these  toxic  species  in  LPO  
and  the  antioxidant defense  system  have  been  
studied.  Hypoinsulinemia  in diabetes  increases  
the  activity  of  the  enzyme  fatty  acety CoA 
oxidase which  initiates beta oxidation of  fatty 
acids, resulting  in  lipid peroxidation  (Horie et 
al., 1981).  Increa-sed lipid peroxidation impairs 
membrane function by decreasing membrane 
fluidity and changing the activity of membrane 
bound enzyme and receptors (Acworth et al., 
1997). Our present study showed the significant 
elevation of LPO in diabetic rats.  The  increased  
LPO  content suggest  that  peroxidative  injury 
may  be  involved  in  the development of diabetic 
complications.     
Lipid  peroxide  mediated  tissue  damages  have  
been observed  in  the  development  of  Type  1  
and  2  diabetes mellitus  (Feillet-Coudray  et  al.,  
1999).  Previous  studies have  reported  that  
there was  an  increased  LPO  in  liver and  
kidney  of  diabetic  rats  (Latha  and  Pari  2002; 
Venkateswaran and Pari, 2002).  
SOD  and CAT  are  the  two  scavenging  
enzymes  that remove  the  toxic  free  radicals  
(Wohaieb  and  Godin, 1987). Previous studies 
have reported  that  the activity of SOD  is  low  in  
diabetes  mellitus  (Vucic  et  al.,  1997). Reduced  
activities  of SOD  and CAT  in  liver  and  kidney 
have been observed during diabetes, and this may 
result in  a  number  of  deleterious  effects  due  
to  the accumulation  of  oxygen  radicals  and  
hydrogen  peroxide (Searle  and  Wilson,  1980).  
Administration  of  C. colocynthis  increases  the  
activity  of  these  enzymes  and may help to 
control the free radical, as the plant is known to  
be  rich  in  flavanoids  and  triterpenoids,  well  

known antioxidants which scavenge  the  free  
radicals generated during diabetes.   
Reduced  glutathione  (GSH),  a  key  antioxidant,  
is  an important  constituent  of  intracellular  
protective mechanisms  against  oxidative  stress  
(Ross,  1998). We have  observed  a  significant  
decrease  in  GSH  levels  in liver  and  serum  
during  diabetes.  This represents increased 
utilization due to oxidative stress (Anuradha and 
Selvam, 1993).  The decreased GSH content 
contributes to the pathogenesis of complications 
associated with chronic diabetic state. Depression 
in GPx activity was also observed in liver and 
serum during diabetes.  GPx has been shown to be 
an important adoptive response to conditions of 
increased peroxidative stress (Matkovics et al., 
1982). 
The result of the SOD, CAT and GPx activity 
suggest that C.  colocynthis  contains  a  free  
radical  scavenging activity,  which  could  exert  
a  beneficial  action  against pathological 
alterations caused by  the presence of super oxide  
and  hydrogen  peroxide.  This action could 
involve mechanisms related to scavenging 
activity.    
In conclusion, the present investigation shows that 
aqueous extract of C. colocynthis possess an 
antidiabetic effect in addition to antioxidant 
activity.  
 
ACKNOWLEDGEMENT 
The Author thank Dr. K.VARADHARAAJEN, 
Chairman,  Shri.V.JOHN ASHOK, Vice-
Chairman, Roever Educational Institutions and 
Dr. JOSEPH, Principal, Thanthai Hans Roever 
College, Perambalur, Tamilnadu, India for their 
support.  
 
REFERENCES  
  

1. Al-Ghaithi F, EI-Ridi MR, Adeghate E, 
Amiri MH (2004).  Biochemical effects of 
Citrullus colocynthis in normal and 
diabetic rats. Mol. Cell. Biochem., 261:  
143-149.  

2. Abdel-Hassan IA, Abdel-Barry JA, 
Mohammeda ST (2000). The 
hypoglycaemic  and  antihyperglycaemic  
effect  of Citrullus colocynthis fruit  
aqueous  extract  in  normal  and  alloxan  
diabetic rabbits. J. Ethnopharmacol., 71: 
325-330.  

3. Acworth IN, Mc Cabe DR, Maber T 
(1997). The analysis of free radicals, their   

IJ
PB

A,
 M

ar
 - 

A
pr

, 2
01

1,
 V

ol
. 2

, I
ss

ue
, 2

 
 



K.A.Jeyanthi et al. / Antioxidant Effect Of Citrullus Colocynthis On Alloxan Induced Diabetic Rats 

700 
© 2010, IJPBA. All Rights Reserved.   

reaction   products  and  antioxidants  In;  
Baskin SI,  Salem H  (Eds), Oxidants, 
Antioxidants and  free  radicals. Taylor 
and Francis, Washington, DC, Chapter 2.   

4. Anuradha CV, Selvam R (1993). Effect of 
oral methione on tissue lipid peroxidation 
and antioxidants in alloxan induced 
diabetes rats.  J. Nutr. Biochem. 4: 212-
217.  

5. Arena JM, Drew RH (1980).  Poisoning.  
Toxicology Symptoms, Treatment 5th 
Edn. Thomas. Springfield II Bendjeddoo 
D, Lalui.K, Satla.D (2003).  
Immunostimulating activity of the water 
soluble polysaccharide extracts of 
Anacyclus pyrethrium, Alpina galangal 
and Citrullus colocynthis.  J.  
Ethnopharmacol.  88: 155-160.  

6. Bhattaram  VA,  Graefe  V,  Kohlert  C,  
Veit  M,  Derendof  H  (2002). 
Pharmacokinetics and bioavailability of 
Herbal Medicinal Products. PhytoMed., 9: 
1-36.  

7. Drabkin DL, Austin JM (1932). Spectro 
photometric method for common 
hemoglobin derivatives in human, dog and 
rabbit blood.  J.  Biol. Chem. 98: 719-733.  

8. El-Demerdash FM, Yousef MI, Abou E 1-
Nag NI (2005).  Biochemical Study  on  
the  hypoglycemic  effects  of  onion  and  
garlic  in  alloxan induced diabetic rats. 
Food Chem. Toxicol. 43: 57-63.  

9. Ellman GL (1959). Tissue Sulfhydryl 
groups. Arch. BioChem. BioPhys., 82:70-
77. 

10. Faust RE, Gwaline GE, Ramsted EJ, 
Whiting DA, Yousif N (1958). 
Cucurbitacin glycosides from Citrullus 
colocynthis Phytochemistry. Pharm. 
Assoc. 47(1): 1268-1271.  

11. Feillet –Coudray C, Rock E, Grezel 
Kowska K, Azais–Braesco V, Mazur A  
(1999). Lipid Peroxidation and 
Antioxidant Status in experimental 
Diabetes. Clin. Chem. Acta., 284: 31-43.  

12. Horie S, Ishii H, Suga T (1981).  Changes 
in Peroxisomal fatty acid Oxidation in 
Diabetic rat liver. J. BioChem. 90: 1691-
1696.  

13. Ignachimuthu (provide the initial), 
Amalraj (provide the initial) (1998). 
Screening of 34 Indian medicinal plants 
for antibacterial properties. J. 
Ethnopharmacol., 62: 173-182.   

14. Johnson MB, Heineke EW, Rhinehart BL, 
Shiet MJ, Bambart RL (1993). Antioxidant 
with marked lipid and glucose lowering 
activity in diabetic rats. 42: 1179-1186.  

15. Junod A, Lambert AE, Atanffacher W, 
Renold AE (1969). Diabetogenic action of 
STZ. Relationship of Dose to Metabolic 
response. J. Clin. Invest., 48: 2129-2139  

16. Koeing R, Peterson CM, Jones RL (1976).  
Correlation of glucose regulation and 
HbA1C in Diabetes Mellitus. N. Engl. J. 
Med., 295(8): 417-420.  

17. Leontowicz H, Gorinsteins Loje KA 
(2002).  Comparative content of some 
bioreactive compounds in apples, peaches 
and pears. J. Nutr. Biochem., 13: 603-610.  

18. Manonmani G, Anbarasi K, Balakrishna 
K, Veluchamy G, Shyamaladevi CS 
(2002).  Effect of Terminalia Arjuna on 
the antioxidant defense system in alloxan 
induced diabetic rats. Biomed. 22: 52-61.  

19. Matkovics B, Varga SI, Szabo L, Witas H 
(1982). The Effect of Diabetes on the 
activities of the peroxide metabolism 
enzymes. Horm. Metab. Res. 14:77-79. 

20. Misra HP, Fridovich I (1972). The role of 
super oxide anion in the auto oxidation of 
epinephrine and simple assay of super 
oxide dismutase. J. Biol. Chem. 247: 
3170-3175.  

21. Nayak  SS,  Pattabiraman  TN  (1981)  A  
new  colorimetric  method  for estimation 
of Glycosylated hemoglobin. Clin. Chem. 
Acta 109: 267-274.  

22. Ohkawa H, Ohishi, Yagi (1979) Assay for 
lipid peroxides in animal tissues by 
thiobarbituric acid reaction; Anal. 
Biochem. 95: 351-358.  

23. Pari L, Uma J (1999).  Hypoglycemic 
effect of Musa sapientum L., in alloxan 
induced diabetic rats.J.ethno Pharmacol. 
68(1): 321-325.  

24. Pari L, Latha M (2002). Antidiabetic effect 
of Cassia Auriculata flowers: Effect of 
Lipid Peroxidation in STZ Diabetic Rats. 
Pharm. Biol.  40: 351-357.  

25. Prince  PSM,  Menon  VP,  Pari  L  (1998),  
Hypoglycemic  activity  of syzigium  
cumini  seeds:  Effect  on  Lipid  
Peroxidation  in  alloxan diabetic rats. J. 
Ethnopharmacol., 61(1): 1-7.  

26. Reilly PM, Schiller HJ, Bulkey GB (1991). 
Pharmacologic approach to tissue injury 
mediated by free radicals and other ROS 

IJ
PB

A,
 M

ar
 - 

A
pr

, 2
01

1,
 V

ol
. 2

, I
ss

ue
, 2

 
 



K.A.Jeyanthi et al. / Antioxidant Effect Of Citrullus Colocynthis On Alloxan Induced Diabetic Rats 

701 
© 2010, IJPBA. All Rights Reserved.   

Metabolites. Am. J. Surg., 161(4): 488-
503. 

27. Ross D (1988).  Glutathione, Free radicals 
and chemotherapeutic agents. Mechanisms 
of free radical induced toxicity and 
Glutathione dependant protection. 
Pharmocol. Ther., 37: 231-249.  

28. Rotruck JT, Pope AL, Gasther HE, 
Hafeman DG, Hoekstra WG (1973). 
Selenium biochemical role as a component 
of glutathione peroxidase Sci., 179: 588-
590.  

29. Rupasinghe HP, Jackson CJ, Poysa VD, 
Beradoc, Bewley JD (2003). 
Soyasapogenol A & B distribution  in 
Soyabean  in reduction  to seed physiology  
genetic  variability  and  growing  location.  
J. Agric.  Food. Chem. 51(20): 5888-5894.  

30. Sasaki T, Matsy S, Sonal A  (1972). Effect 
of acetic acid concentration on the Color 
reaction in the O-Toluidine boric acid 
method for blood glucose estimation. 
Rinsh Kagaku. 1: 346-353.  

31. Searle AJ, Wilson R (1980). Glutathione 
Peroxide effect on superoxide, hydroxyl 
and bromine free radicals on enzyme 
activity. Int. J. Radiat. Biol., 37: 213-217.  

32. Takahara S, Hamilton BH, Nell JV, Kobra 
TY, Ogura Y, Nishimura ET (1960). 

Hypocatalesemia a new genetic carrier 
stare. J. Clin. Invest. 29: 610-619.  

33. Vats  V,  Yadav  SP,  Grover  JK  (2004),  
ethanolic  extract  of  Ocimum sanctum  
leaves  partially  attenuates  in  glycogen  
content  and carbohydrate metabolism in 
rats. J. Ethnopharmacol., 90: 155-160.  

34. Venkateswaran S, Pari L (2002).  
Antioxidant effect of phaseolus vulgaris in 
STZ induced diabetic rats.  Asia Pac.  J.  
Clin.  Nutr.  11: 206-209.  

35. Vucic  M,  Gavella  M,  Bozikov  V,  
Ashcroft  SJ,  Rocic  B  (1997). 
Superoxide Dismutase activity in 
Lymphocytes and polymorphonuclear cells 
of Diabetic patients. Eur. J. Clin. Chem. 
BioChem. 35: 517-521.  

36. Wohaieb SA, Godin DV (1987).  
Alterations in Free radical tissue defense 
mechanisms in STZ induced diabetic rats. 
Diab., 36:  169-173.  

37. Zimmet P, Alberti, Show J (2001). Global 
and Societal implications of the diabetes. 
Epidemic Nat., 414: 782-787.  

38. Ziyatt A, Legssyer A, Mekhfi H (1997).  
Phototherapy of hypertension and 
diabetics in oriental morocco. J. 
Ethnopharmacol., 58(1): 45-54.  

 

 

 

 

 

 

 

 

 

 

 

IJ
PB

A,
 M

ar
 - 

A
pr

, 2
01

1,
 V

ol
. 2

, I
ss

ue
, 2

 
 


