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Abstract :  Free radicals and associated oxidative stress induced by alloxan
are  impl ica ted  in  e l i c i t ing  pa tho log ica l  changes  in  d iabe tes  mel l i tus .
Terminal ia  arjuna bark,  an indigenous plant  used in  ayurvedic  medicine
in  Ind ia ,  p r imar i ly  a s  a  ca rd io ton ic  i s  a l so  used  in  t r ea t ing  d iabe tes ,
anemia,  tumors and hypertension.  The present  s tudy examined the effect
of ethanolic extract (250 and 500 mg/kg body weight) of Terminalia arjuna
s t em bark  in  a l loxan  induced  d iabe t i c  r a t s  and  i t s  l ip id  pe rox ida t ion ,
enzymat ic  and  nonenzymat ic  ac t iv i ty  was  inves t iga ted  in  the  l ive r  and
k idney  t i s sues .  The  ex t rac t  p roduced  s ign i f i can t  (P<0 .05)  r educ t ion  in
lipid peroxidation (LPO). The effect of oral T. arjuna at the dose of 500
mg/kg body weight was more than the 250 mg/kg body weight. The extract
a l so  causes  a  s ign i f i can t  (P<0 .05)  inc rease  in  superox ide  d i smutase ,
ca ta lase ,  g lu ta th ione  pe rox idase ,  g lu ta th ione-s - t r ans fe rase  g lu ta th ione
reduc tase  and  g lucose -6-phospha te  dehydrogenase ,  r educed  g lu ta th ione ,
vi tamin A, vi tamin C, vi tamin E,  total  sulfhydryl  groups (TSH) and non
protein sulfhydryl groups (NPSH) in l iver and kidney of al loxan induced
diabetic  rats ,  which clearly shows,  the antioxidant  property of  T. arjuna
bark.  The result  indicates that the extract exhibit  the antioxidant activity
through correction of oxidative stress and validates the traditional use of
th i s  p lan t  in  d iabe t ic  an imals .
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INTRODUCTION

Hyperphys io log ica l  burden  of  f ree
rad ica l s  causes  imbalance  in  homeos ta t ic
phenomena  be tween  ox idan ts  and
ant iox idan ts  in  the  body .  This  imbalance
leads  to  ox ida t ive  s t ress  tha t  i s  be ing
suggested as  the  root  cause  of  ageing and
various human diseases l ike atherosclerosis,
stroke, diabetes, cancer and neurodegenerative

diseases, such as Alzheimer’s and Parkinsonism
(1).  Alloxan,  which is  a  chemical  used for
the  induc t ion  of  d iabe tes  in  an imals ,  has
been shown to damage pancreatic β-cell  by
the  l ibe ra t ion  of  oxygen  rad ica l s ,  wi th  a
reduc t ion  in  the  an t iox idan t  s ta tus  (2 ) .
Insul in  def ic iency promotes  β-oxidat ion of
fa t ty  ac ids ,  which  resu l t  in  the  increased
format ion  of  hydrogen  perox ide  (3) .  The
harmful  in f luence  of  d iabe tes  mel l i tus  on
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metabol i sm of  t i s sues  o f  var ious  organ  i s
wel l  known.  Glucose  con t ro l  p lays  an
impor tan t  ro le  in  the  p ro-ox idan t /
antioxidant balance (4).  Antioxidants, which
can scavenge  f ree  radica ls  agains t  damage
and  decay ,  have  an  impor tan t  ro le  in
biological system and may be helpful in the
prevention of cancer,  heart  diseases,  ageing
and d iabe tes  mel l i tus .

The medicinal  plants  Terminal ia arjuna
(Roxb, Wight Arn) is a large evergreen tree
wi th  bu t te ressed  t runk .  I t  be longs  to
Combre taceae  fami ly ,  i s  an  impor tan t
cardiotonic plant described in the Ayurveda
(5). Recently the antioxidant activity of the
chloroform extract  of  T. arjuna in diabetic
ra t s  have  been  repor ted  (6) .  In  th i s  s tudy
we have  inves t iga ted  the  an t iox idan t
potent ia l  (enzymat ic  and nonenzymat ic)  of
e thanol ic  ex t rac t  (50%) of  T.  ar juna  s tem
bark on liver and kidney of alloxan induced
diabet ic  and control  ra ts .

M E T H O D S

Plant  mater ia l  and  preparat ion  o f  50% ethanol i c
e x t r a c t

The  wet  Terminal ia  ar juna  bark  were
collected from Siruvani coastel  of  Agali  in
Kera la  dur ing  September  2003  and  were
care fu l ly  iden t i f i ed  and  cer t i f i ed  by
Botanical Survey of India (BSI), Coimbatore.
E thanol ic  (50%)  ex t rac t  was  p repared
accord ing  to  the  t rad i t iona l  sys tem of
medic ine .  The  shade  dr ied  and  coarse ly
powdered  s tem bark  (1  kg)  was  ex t rac ted
with 50% ethanol (1.5 I) in the cold for 72
hours. The extract was filtered and distilled
on water bath, a reddish brown syrupy mass
was obtained and it was finally dried at low

tempera ture  under  reduced  pressure  in  a
rotary evaporator (microwave oven). A crude
residue (75 g) was obtained giving a yield of
7.5%. When needed,  the  crude extract  was
suspended in distilled water and used in the
s t u d y .

A n i m a l s

Male  a lb ino  ra t s  o f  Wis ta r  s t ra in
weighing about 150–200 g obtained from the
Medica l  Col lege  of  Tr ichur  (Kera la )  were
used for the study. They were fed a standard
rat pellet  diet  (Sai Durga feeds, Bangalore)
and water  ad-l ibi tum  and maintained under
s tandard laboratory  condi t ion (Temperature
24–28°C, relative humidity 60–70%). Animal
descr ibed  as  fas ted  were  depr ived  of  food
for 16 h but had free access to water. Ethical
c learance for  the  handl ing of  exper imental
an imals  was  ob ta ined  f rom the  commit tee
cons t i tu ted  for  the  purpose .  (CPCSEANO:
659/02/a).

C h e m i c a l s

All  pur i f ied  enzymes ,  coenzymes ,
subs t ra tes  and  s tandards  were  purchased
from Sigma Chemicals  Company USA.  Al l
o ther  chemica l s  used  were  o f  ana ly t ica l
grade ,  and  purchased  f rom SD Fine ,
Qual igens  and Himedia ,  India .

Al loxan  induced  d iabetes

Diabe tes  was  induced  by  a  s ing le  ip
in jec t ion  of  120  mg/kg  of  a l loxan
monohydrate,  in steri le saline (7).  After 72
hours of alloxan injection, the diabetic rats
(glucose level > 250 mg/dl) were used for the
study (8).
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Exper imenta l  se t  up

The animals were divided in to 6 groups
of 6 each. Group I served as normal healthy
cont ro l .  Group  I I  (un t rea ted  d iabe t ic
cont ro l ) .  Group  I I I  d iabe t ic  ra t s  g iven
T.  ar juna  bark  ex t rac t  (250  mg/kg  PO) .
Group IV diabetic rats given T. arjuna bark
extract (500 mg/kg PO). Group V control rat
given T. arjuna bark extract (250 mg/kg PO)
Group VI control rats given T. arjuna bark
ex t rac t  (500  mg/kg  PO) .  The  ex t rac t  was
administered for the period of 30 days.

Col lec t ion  o f  b lood ,  l iver  and  k idney

After  the  exper imenta l  reg imen,  the
an imals  were  sacr i f i ced  by  cerv ica l
d i s loca t ion  under  mi ld  ch loroform
anes thes ia .  B lood  was  co l lec ted  on
decap i ta t ion  and  se rum was  separa ted  by
centrifugation (for 20 min at 2000 rpm). The
l iver  and kidney were excised immediate ly
and thoroughly washed in ice - cold saline.
The serum and t issues  col lected were used
for  biochemical  est imation.

Est imat ion  o f  b iochemica l  parameters

Serum g lucose  was  measured  by  GOD/
POD method  (9) ,  the  con ten t  o f  l ip id
peroxidation (LPO) (10),  Enzymatic
an t iox idan ts  such  as  superox ide  d i smutase
(SOD) (11), catalase (CAT) (12), glutathione
peroxidase (GPx) (13) glutathione reductase
(GR)  (13) ,  g lu ta th ione-s - t ransfe rase  (GST)
(14) and glucose-6-phosphate dehydrogenase
(G6PD) (15) and non enzymatic antioxidants,
glutathione (GSH) (16),  β-carotene (Vit  A)
(17) ascorbic acid (Vit C) (18), α -tocopherol
(Vit  E) (19),  thiol  such as total  sulfhydryl

groups (TSH) (20) and non protein sulfhydryl
groups (NPSH) (20) were estimated in liver
and  k idney  of  exper imenta l  g roups ,  t i s sue
protein content was estimated by the method
of Lowry et al (21).

Stat i s t i ca l  eva luat ion

Sta t i s t i ca l  eva lua t ion  was  done  us ing
one-way  ana lys i s  o f  var iance  (ANOVA)
fol lowed by Duncan’s  Mult iple  Range Test
(DMRT).  Stat is t ical  s ignif icance was set  at
(P<0.05).

R E S U L T S

Serum g lucose

The levels of glucose in serum of alloxan
induced  d iabe t ic  ra t s  were  s ign i f ican t ly
(P<0.05) elevated as compared with control
rats .  Oral  administrat ion of  T. arjuna (250
and 500 mg/kg body weight) to diabetic rats
for  30 days caused signif icant  reduction in
serum glucose level/values.  (Table I) .

Lipid  perox ide  concentrat ion

In  l ive r  and  k idney  l ip id  perox ida t ion
(LPO)  leve l  were  e leva ted  s ign i f ican t ly
(P<0.05)  in  d iabe t ic  ra t s  as  compared  to
normal  ra t s .  Adminis t ra t ion  of  T.  ar juna
bark extract for 30 days lowered the elevated
values to near  normal (Table II) .

Act iv i ty  o f  ant i -ox idant  enzymes

The activi t ies of  enzymatic antioxidants
such as SOD, CAT, GPx, GST, GR and G6PD
in  l iver  and  k idney  of  d iabe t ic  ra t s  were
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TABLE I : Effec t  of  Terminal ia  ar juna  s tem bark  on  serum glucose ,  of  cont ro l  and  exper imenta l  ra t s .

Group I Group II Group III Group IV Group V Group VI
Parameters (Control) (Diabetic) (Diabetic+TA (Diabetic+TA (Control+TA (Control+TA

250 mg/kg 500 mg/kg 250 mg/kg 500 mg/kg

S e r u m
Glucose (mg/dl) 98.33±02.66 302.97±22.35a* 125.60±24.73b* 82.50±04.72cf* 106.67±0.625dns 113.17±14.25ens

Values are expressed as Mean±SD (n=6)

Statistical comparison :
a : Group I and Group II b : Group II and Group III c : Group II and Group IV
d : Group I and Group V e : Group I and Group VI f : Group III and Group IV
*P<0.05 ns- non significant.

TABLE II : Effect of Terminalia arjuna on LPO level in the liver and kidney of control and experimental rats.

Group I Group II Group III Group IV Group V Group VI
Parameters (Control) (Diabetic) (Diabetic+TA (Diabetic+TA (Control+TA (Control+TA

250 mg/kg 500 mg/kg 250 mg/kg 500 mg/kg

Liver
# LPO 0.20±0.02 1.87±0.14a* 0.12±0.02b* 0.21±0.05cf* 0.14±0.02dns 0.25±0.01ens

K i d n e y
# LPO 0.42±0.01 1.58±0.04a* 0.26±0.01* 0.34±0.01cf* 0.24±0.01dns 0.38±0.07ens

Values are expressed as Mean±SD (n=6)

Statistical comparison :
a : Group I and Group II b : Group II and Group III c : Group II and Group IV
d : Group I and Group V e : Group I and Group VI f : Group III and Group IV

*P<0.05 ns- non significant.
Units :
# : nM of MDA formed/100 g tissue

s ignif icant ly (P<0.05)  reduced as  compared
to  con t ro l  ra t s .  Ora l  admin is t ra t ion  of
T. arjuna (250 and 500 mg/kg body weight)
for 30 days nearly normalized the activities
of these enzymes (Table III  and IV).

The  content  o f  non-enzymat ic  ant i -ox idants

The levels of non-enzymatic antioxidants
viz.,  glutathione (GSH), β-carotene (Vit A),
α - tocopherol (Vit E), ascorbic acid (Vit C)
and  th io l  g roups  such  as  to ta l  su l fhydry l
groups  (TSH)  and  non-pro te in  su l f -hydry l

groups  (NPSH)  in  l iver  and  k idney  of
diabet ic  ra ts  were  s igni f icant ly  reduced in
d iabe t ic  ra t s ,  when compared  wi th  cont ro l
rats .  Oral  administrat ion of  T. arjuna (250
and 500 mg/kg body weight) to diabetic rats
for  30 days signif icantly (P<0.05) reversed
their values to normal (Table V and VI).

The control  ra ts  t reated with  T.  arjuna
(250 and 500 mg/kg body weight)  d id  not
produce any signif icant  al terat ion in serum
and t i s sue  parameter  when  compared  wi th
cont ro l  an imals .
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TABLE III : Effect of Terminalia arjuna on enzymatic antioxidants in the liver of control and experimental rats.

Group I Group II Group III Group IV Group V Group VI
Parameters (Control) (Diabetic) (Diabetic+TA (Diabetic+TA (Control+TA (Control+TA

250 mg/kg 500 mg/kg 250 mg/kg 500 mg/kg

(1)
 SOD 11.99± 0.64 7.16± 0.23* 10.47±0.58b* 11.76± 0.54cf* 11.12± 0.84dns 11.12± 0.64ens

(2)
 CAT 6.11± 0.67 2.56± 0.29a* 4.35± 1.31b* 5.30± 0.52cf* 5.78± 0.55dns 5.55± 0.24ens

(3)
 GPX 5.98± 0.07 3.82± 0.39a* 5.50± 0.16b* 6.22± 0.14cf* 5.83± 0.10dns 6.40± 0.08ens

(4)
 GST 8.42± 0.28 4.14± 0.16a* 7.03± 0.08b* 6.32± 0.08cf* 8.98± 0.92dns 8.69± 0.29ens

(5)
 GR 14.33± 0.76 5.52± 0.35a* 12.77±0.44b* 13.91± 0.77cf* 14.05± 0.09dns 14.18± 1.33ens

(6)
 G6PD 3.67± 0.26 1.88± 0.18a* 4.31± 0.16b* 3.84± 0.25cf* 3.48± 0.09dns 3.50± 0.41ens

Values are expressed as Mean±SD (n=6)

Statistical comparison :
a : Group I and Group II b : Group II and Group III c : Group II and Group IV
d : Group I and Group V e : Group I and Group VI f : Group III and Group IV

*P<0.05 ns- non significant.

Units :
(1) : 50% inhibition of nitrite/min/mg protein
(2) : nmoles of H2O2 decomposed/min/mg protein
(3) : µg of GSH consumed/min/mg protein
(4) : µmoles of CDNB-GSH conjugate formed/min/mg protein
(5) : µmoles of GSH utilised/min/mg protein
(6) : 0.010D/min/mg protein

TABLE IV : Effect of Terminalia arjuna on enzymatic antioxidants in the kidney of control and experimental rats.

Group I Group II Group III Group IV Group V Group VI
Parameters (Control) (Diabetic) (Diabetic+TA (Diabetic+TA (Control+TA (Control+TA

250 mg/kg 500 mg/kg 250 mg/kg 500 mg/kg

(1)
 SOD 7.08± 0.50 3.84± 0.07a* 5.80± 0.89b* 7.37± 0.36cf* 6.39± 0.50dns 6.46± 0.634ens

(2)
 CAT 4.75± 0.45 2.26± 0.12a* 3.96± 0.16b* 4.88± 0.08cf* 4.48± 0.50dns 4.41± 0.44ens

(3)
 GPX 5.91± 0.36 2.34± 0.37a* 3.68± 0.53b* 4.80± 0.06cf* 5.65± 0.61dns 5.36± 0.65ens

(4)
 GST 6.21± 0.02 1.65± 0.19a* 5.87± 0.42b* 6.39± 0.40cf* 6.30± 0.09dns 6.18± 0.01ens

(5)
 GR 14.03± 0.32 8.33± 0.07a* 13.46±0.51b* 14.19± 0.89cf* 14.02± 0.74dns 13.98± 0.40ens

(6)
 G6PD 2.91± 0.37 1.11± 0.09a* 3.17± 0.30b* 2.68± 0.12cf* 2.49± 0.24dns 2.69± 0.24ens

Values are expressed as Mean±SD (n=6)

Statistical comparison :
a : Group I and Group II b : Group II and Group III c : Group II and Group IV
d : Group I and Group V e : Group I and Group VI f : Group III and Group IV

*P<0.05 ns- non significant.
Units :
(1) : 50% inhibition of nitrite/min/mg protein
(2) : nmoles of H2O2 decomposed/min/mg protein
(3) : µg of GSH consumed/min/mg protein
(4) : µmoles of CDNB-GSH conjugate formed/min/mg protein
(5) : µmoles of GSH utilised/min/mg protein
(6) : 0.010D/min/mg protein
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TABLE V : Effects of Terminalia arjuna on nonenzymatic antioxidants in the liver of control and experimental rats.

Group I Group II Group III Group IV Group V Group VI
Parameters (Control) (Diabetic) (Diabetic+TA (Diabetic+TA (Control+TA (Control+TA

250 mg/kg 500 mg/kg 250 mg/kg 500 mg/kg

(1)
 Vit A 15.30± 1.75 9.69± 0.38a* 17.03± 1.53b* 15.02± 1.12cf* 16.57± 1.07dns 15.22± 0.67ens

(2)
 Vit C 0.89± 0.03 0.25± 0.01a* 0.49± 0.03b* 0.89± 0.04cf* 0.75± 0.06dns 0.91± 0.07ens

(3)
 Vit E 6.18± 0.40 3.43± 0.25a* 6.67± 0.48b* 7.93± 0.46cf* 6.34± 0.43dns 6.41± 0.33ens

(4)
 GSH 6.12± 0.15 2.96± 0.12a* 6.35± 0.24b* 6.78± 0.15cf* 6.17± 0.21dns 6.13± 0.29ens

(5)
 TSH 6.18± 0.41 3.78± 0.22a* 6.98± 0.14b* 7.48± 0.21cf* 6.21± 0.22dns 6.50± 0.36ens

(6)
 NPSH 1.05± 0.08 0.69± 0.03a* 0.98± 0.05b* 1.07± 0.05cf* 1.08± 0.03dns 1.08± 0.04ens

Values are expressed as Mean±SD (n=6)

Statistical comparison :
a : Group I and Group II b : Group II and Group III c : Group II and Group IV
d : Group I and Group V e : Group I and Group VI f : Group III and Group IV

*P<0.05 ns- non significant.
Units :
(1) : µg/mg protein
(2) : µg/mg protein
(3) : µg/mg protein
(4) : µg/mg protein
(5) : µg/mg protein
(6) : µg/mg protein

TABLE VI : Effect of Terminalia arjuna on nonenzymatic antioxidants in the kidney of control and experimental rats.

Group I Group II Group III Group IV Group V Group VI
Parameters (Control) (Diabetic) (Diabetic+TA (Diabetic+TA (Control+TA (Control+TA

250 mg/kg 500 mg/kg 250 mg/kg 500 mg/kg

(1)
 Vit A 10.82± 0.50 4.61± 0.62a* 8.79± 0.30b* 9.66± 0.35cf* 10.74± 0.63dns 10.39± 0.34ens

(2)
 Vit C 1.28± 0.06 0.17± 0.01a* 0.43± 0.10b* 1.16± 0.01cf* 1.24± 0.04dns 1.33± 0.02ens

(3)
 Vit E 4.49± 0.44 2.27± 0.31a* 7.22± 0.49b* 5.35± 0.35cf* 4.51± 0.44dns 4.90± 0.13ens

(4)
 GSH 4.43± 0.19 2.07± 0.09a* 4.07± 0.16b* 5.15± 0.39cf* 4.40± 0.74dns 4.33± 0.27ens

(5)
 TSH 4.61± 0.24 2.52± 0.31a* 3.95± 0.06b* 4.54± 0.31cf* 4.57± 0.54dns 4.57± 0.43ens

(6)
 NPSH 1.65± 0.07 0.92± 0.06a* 1.43± 0.10b* 1.57± 0.09cf* 1.73± 0.54dns 1.62± 0.16ens

Values are expressed as Mean±SD (n=6)

Statistical comparison :
a : Group I and Group II b : Group II and Group III c : Group II and Group IV
d : Group I and Group V e : Group I and Group VI f : Group III and Group IV

*P<0.05 ns- non significant.
Units :
(1) : µg/mg protein
(2) : µg/mg protein
(3) : µg/mg protein
(4) : µg/mg protein
(5) : µg/mg protein
(6) : µg/mg protein
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D I S C U S S I O N

Our f indings  reveal  that  the  s ignif icant
decrease  of  serum glucose  level  in  extract
t rea ted  d iabe t ic  ra t s .  L ip id  perox ida t ion
(LPO)  i s  the  p rocess  whereby  oxygen
interacts  polyunsaturated fat ty  acids .  When
this process occurs in biological membrane,
gross alteration of structural,  organizational
and  enzyme func t ion  may resu l t .  Fur ther
more ,  l ip id  peroxide  media ted  damage has
been observed in the development of type 1
and type 2 diabetes mell i tus (22).

In the present  s tudy,  we have observed
an increased level of LPO in liver and kidney
of  a l loxan  induced  d iabe t ic  ra t s .  The
reduction of two electrons from alloxan gives
dialuricacid,  which undergoes oxidation and
leads  to  generat ion of  O 2

•–,  H2O2 and OH •.
Dialuric acid has been observed to stimulate
lipid peroxidation in vitro (4). In this context
a  marked  increase  in  LPO in  l iver  and
kidney  of  d iabe t ic  an imals ,  were  repor ted
by Annamali  (23),  and Venkataswaran (24).
Our  resu l t s  show tha t ,  o ra l  admin is t ra t ion
Terminal ia  arjuna bark extract  (a t  a  doses
of  250  and  500  mg/kg  body  weight )
significantly (P<0.05) decreased the level of
LPO.  This  ind ica tes  tha t  T.  ar juna  bark
ex t rac t  may  scavenge  or  inh ib i t  the  f ree
radical formation and effectively prevent the
l iver  and kidney damage.

Reduced act ivi t ies  of  SOD and CAT in
liver and kidney tissues have been observed
in diabetes rats, and this activity may result
in  a  number  o f  de le te r ious  e f fec t s  due  to
accumula t ion  of  superox ide  rad ica l s  (O 2

•–)
and  hydrogen  perox ide  (H 2O 2)  (4 ) .
Adminis t ra t ion  of  T.  ar juna  bark  ex t rac t
increases the activities of SOD and CAT in

diabetic rats. The result of the SOD and CAT
act iv i ty  c lea r ly  shows  tha t  T.  ar juna
contains a  free radical  scavenging act ivi ty,
which could exert a beneficial action against
pa tho log ica l  a l t e ra t ion  caused  by  the
presence of O2

• and OH•.  This action could
involve  mechanism re la ted  to  scavenging
ac t iv i ty .

The  decrease  in  the  ac t iv i t ies  of  these
(GPx,  GST,  GR)  enzymes  resu l t  in  the
involvement of deleterious oxidative changes
and also insufficient availability of GSH. The
present  s tudy observed the  deple ted  levels
of  GPx,  GST and  GR in  a l loxan  induced
diabetic rats and elevation of GPx, GST and
GR af ter  t reatment  wi th  Terminal ia  ar juna
bark  ex t rac t .  Our  s tudy  cor robora tes  the
s tudy  of  Manonmani  e t  a l . ,  (6 )  who have
indicated the protective effect  of  T. arjuna
and i ts  potent ia l  to  e levate  the ant ioxidant
s ta tus  o f  ch loroform ex t rac t  in  hear t  and
liver of al loxan rats.

G6PD (glucose-6-phosphate dehydrogenase),
a  pen tose  phospha te  pa thway enzyme,  i s
cons idered  as  a  suppor te r  o f  p r imary
ant ioxidant  enzymes through product ion of
ce l lu la r  NADPH,  decrease  in  ac t iv i ty  o f
G6PD in l iver  and kidney of  diabet ic  rats ,
may be due to inhibition of protein synthesis
and  acce le ra ted  pro teo lys i s  and  s t ruc tura l
disintegration (25). However, the activity of
G6PD was s ignif icant ly  (P<0.05)  increased
by Terminalia arjuna bark extract treatment
ind ica t ing  improvement  in  g lucose
ut i l iza t ion  by  pentose  phosphate  pa thway.

Hyperg lycemia  can  increase  ox ida t ive
s t ress  and  change  the  redox  po ten t ia l  o f
glutathione (26). Decreased level of GSH in
l iver  and  k idney  of  d iabe t ic  ra t s  may
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inc rease  the i r  suscep t ib i l i ty  to  ox ida t ive
injury (27) .  Reduct ion of  oxidised form of
glutathione requires  NADPH, as  a  cofactor
and  enzyme g lu ta th ione  reduc tase .  The
reduced availability of NADPH, which could
be  e i ther  due  to  reduced  syn thes i s  o r
increased metabolization of NADPH through
some o ther  pa thway,  cou ld  be  a l so
respons ib le  fo r  low leve l s  o f  reduced
glu ta th ione  in  a l loxan  d iabe t ic  ra t s  as
compared to control rats (28). Other workers
have also reported, decreased level of l iver
and kidney GSH in alloxan induced diabetic
rats  (29,  30).  Administrat ion of  Terminalia
ar juna  bark  ex t rac t  (250  and  500  mg/kg)
increases  the  content  of  GSH in  l iver  and
kidney of diabetic rats,  may be due to less
production of ROS.

Vitamin A acts as a powerful, free radical
scavenger  (S ing le t  oxygen)  and  cha in
breaking ant ioxidant  (31) .  The funct ion  of
vit A as radical scavenging antioxidants, can
protect the cells from oxidative damage (32).
It probably assists vit E in inhibition of lipid
perox ida t ion  by  recyc l ing  the  v i t  E  (33) .
Decreased level of vit A in liver and kidney
of diabetic rats may be due to more of oxygen
rad ica l s  in  t i s sues  in  a l loxan  d iabe t ic
an imals .  Adminis t ra t ion  of  T.  ar juna  bark
ex t rac t  (250  and  500  mg/kg  body  weigh t )
brought back the decreased level  to normal
level. This might have been possible due to
regeneration of vit  A from its radical.

Vi tamin  C i s  an  exce l len t  hydrophi l l i c
an t iox idant ,  i t  r ead i ly  scavenges  ROS and
peroxyl radical  (34,  35).  Also act  as a co-
antioxidant by regenerating the vit A, E and
GSH from radicals (36). We have observed a
decreased level of vit C in liver and kidney
of diabetic rats. This decrease level could be

due to the increased uti l izat ion of vi t-C in
deactivation of the increased level of reactive
oxygen species  or  to  decrease  in  the  GSH
leve l .  S ince ,  the  GSH i s  requ i red  for  the
recycling of vit C (37, 38). Administration of
T. arjuna bark extract improve the level of
vi t -C in  l iver  and k idney of  d iabet ic  ra ts ,
may be expected to enhance the GSH level
or st imulation of the system to recycle the
dehydro ascorbic acid back to ascorbic acid.

The decreased level of vit E found in liver
and kidney of diabetic rats as compared with
control  ra ts  could  be  due  to  the  increased
oxida t ive  s t ress ,  which  accompanies  the
decrease in the level of antioxidant and may
be  re la ted  to  the  casua t ion  of  d iabe tes
mellitus (23). Low level of vit E observed in
a l loxan  d iabe t ic  ra t s  compared  to  normal
controls  suggests  decreased regenerat ion of
vit E from its radical. Regeneration of vit E
requi res  ascorb ic  ac id ,  an  aqueous  phase
antioixdant, which requires GSH (28). Since
v i t  C  and  E  a re  synerg i s t i c  an t iox idan ts
adminis t ra t ion  of  T.  ar juna  bark  ex t rac t
improve the vit  E level in liver and kidney
of diabetic  rats .

Tota l  su l fhydry l  (TSH)  and  nonpro te in
sulfhydryl (NPSH) group level  decreases in
the liver and kidney of diabetic rats. This is
presumed to be due to oxidation of essential
thiols (39). The nonprotein sulfhydryl group
is predominantly contributed by cysteine in
g lu ta th ione  and  some minor  th io l s .  L iver
plays a major role in glutathione homeostasis
and is the main export organ for glutathione
(40) .  Adminis t ra t ion  of  T.  ar juna  bark
extract  res tore  the  decreased level  of  TSH
and NPSH in  l iver  and  k idney of  d iabet ic
rats, is possibly due to increased glutathione
export  from muscles into circulat ion.
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I t  has  been  wel l  documented  tha t  T.
arjuna bark extract  conta ins  acids  (ar junic
ac id ,  t e rmin ic  ac id ,  g lycos ides ,  t ann ins ,
saponins ,  f l avones  e tc . , )  may  prov ide
an t iox idan t  ac t iv i ty ,  which  may  be
a t t r ibuted  to  i t s  pro tec t ive  ac t ion  on  l ip id
peroxidation and to the enhancing effect on
cellular antioxidant defense. In conclusions,
the glucose lowering activity observed in the

diabetic animals may be due to the stimulation
of  the β- cel ls  of  the  pancreat ic  i s le ts ,  we
strongly report  the ant ioxidant  effect  of  T.
arjuna in normal and alloxan treated animals.
It has been found that only 500 mg/kg of T.
arjuna extract (ethanolic) exhibited significant
ant ioxidant  e f fec t  hence  thereby T.  ar juna
may a l te r  the  renal  and hepat ic  protec t ion
against  oxidat ive  damage by diabetes .
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