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Abstract  :  Non Insul in  Dependent  Diabetes  Mel l i tus  i s  respons ib le  for
60% cases  of  re t inopa thy  in  the  popula t ion  and  i s  one  of  the  common
cause  o f  b l indness .  Oxida t ive  s t r e s s  a s  measured  by  the  l eve l s  o f
malond ia ldehyde ,  superox ide  d i smutase  (SOD) ,  g lu ta th ione  pe rox idase
(GPx)  and vi tamin C was measured in  50 normal  controls ,  40 diabet ics
wi thou t  compl ica t ions ,  22  d iabe t i c s  wi th  p ro l i f e ra t ive  and  20  wi th
nonprol i ferat ive re t inopathy respect ively.  Our f inding suggests  that  l ipid
peroxidation increases (P<0.001) with the increase in severity and duration
of diabetes. Antioxidants SOD and vitamin C decrease with the progression
of  the  d isease ,  however  GPx tends  to  increase  in  the  la te r  par t  o f  the
d i sease .
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I N T R O D U C T I O N

The relationship of diabetes and diabetic
retinopathy is assuming clinical significance
in  the  wor ld  scenar io .  Globa l  l i t e ra tu re
survey  f rom deve loped  and  deve lop ing
countr ies  highlights  an intr icate correlat ion
between the  type  and dura t ion  of  d iabetes
and  occur rence  of  re t inopa thy .  I t  i s  seen
tha t  d iabe t ic  re t inopa thy  s t i l l  r emains  a
major  cause  of  b l indness  desp i te  the
increased understanding of this  disease and
implementa t ion  of  success fu l  t rea tment
modalities (1). The best predictor of diabetic
re t inopathy i s  the  dura t ion  of  the  d isease .
The  dura t ion  of  d iabe t ics  have  a  s t rong
correlat ion to the incidence and occurrence

of  d iabet ic  re t inopathy.  A good control  of
the  leve l s  o f  b lood  sugar  may  de lay  the
deve lopment  o f  compl ica t ions  (2 ) .  I t  i s
known tha t  20–50% of  long  dura t ion
diabe t ics  show pro l i fe ra t ive  d iabe t ic
re t inopa thy  (PDR) .  The  inc idence  of
deve lopment  o f  p ro l i fe ra t ive  d iabe tes
mel l i tus  i s  h igher  in  females  as  compared
to  males  (3 :2) ,  though  the  ra te  o f
development  does not  differ .

Studies  on pat ients  wi th  long term and
poorly controlled diabetes suggest  that  free
radicals are responsible for the development
of  d iabe t ic  macroangiopa thy  as  wel l  as
microangiopa thy  (3) .  Oxygen  f ree  rad ica l s
l iberated by metabol ic  processes  can cause
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t i s sue  damage .  Endogenous  ox ida t ive
damage  to  p ro te ins ,  l ip ids  and  DNA is
thought  to  be important  e t iologic  factor  in
the pathophysiology of the complications of
diabetes mellitus. This is likely to occur only
af te r  the  p roduc t ion  of  reac t ive  oxygen
spec ies  has  exceeded  the  body’s  o r  ce l l ’ s
capac i ty  to  p ro tec t  i t se l f  and  e f fec t ive ly
repair oxidative damage. Normally the body
has  an  abundant  supply  of  an t iox idan ts ,
such  as  superoxide  d i smutase  (SOD) ,
g lu ta th ione  perox idase  (GPx) ,  ca ta lase ,
v i tamin  A,  v i tamin  C e tc .  which  a re
na tura l ly  occur r ing  subs tances  tha t  de lay
or  inh ib i t  ox ida t ion  and  neu t ra l i ze  the
oxygen  f ree  rad ica l s .  F ree  rad ica l s  in
diabetes  mel l i tus  and increas ing over  t ime
may p lay  a  ro le  in  the  deve lopment  o f
diabet ic  re t inopathy which is  an  important
compl ica t ion  of  the  d i sease  (4 ) .  L i t t l e  i s
known about  the  re la t ionsh ip  in  be tween
oxidative stress and diabetic  ret inopathy in
Cent ra l  Ind ia .

Hence  the  s tudy  was  under taken  to
evaluate the role of oxidativc stress and its
correlation with hyperglycemia and duration
in  pa t ien t s  o f  Non insu l in  dependent
diabetes mellitus (NIDDM) with and without
r e t i n o p a t h y .

MATERIALS AND METHODS

The cont ro l  g roup  compr ised  of  50
heal thy volunteers  (Group I ) .  The controls
were  examined and were  found to  be  f ree
f rom d isease .  40  cases  o f  NIDDM (Group
I I )  wi thout  any  micro  vascu la r  o r
macrovascu la r  compl ica t ions  a t t end ing  the
Diabe t ic  Cl in ic  o f  Ind i ra  Gandhi  Medica l
Col lege ,  Nagpur  were  inc luded  in  the

s tudy .  The  c r i t e r ia  fo r  the  d iagnos i s  o f
NIDDM was done by the National Diabetes
Data  Group  of  the  Nat iona l  Ins t i tu te  o f
Health.  22 patients of diabetic proliferative
re t inopa thy  (Group  I I I )  and  20  pa t ien t s
of  d iabe t ic  non  pro l i fe ra te  re t inopa thy
(Group  IV)  as  d iagnosed  by  d i rec t
ophthalmoscopy were included in the study
g r o u p .

The groups as  a  whole  were  s imilar  in
age and sex distr ibution.  Subjects suffering
from renal,  cardiac disease and any chronic
or  acu te  in f lammatory  i l lnesses  were
excluded f rom the  s tudy.  Al l  the  diabet ics
were  on  hypoglycemic  drugs  and  none  of
the  s tudy  sub jec t s  were  on  an t iox idan t
supplementa t ion  or  l ip id  lower ing  drugs .
Haemolysed samples were excluded from the
s tudy .  The  s tudy  was  approved  by  the
ethical committee of the college. The fasting
blood samples were col lected in an EDTA/
heparin/plain bulb vial  for  est imation from
all  the s tudy subjects .  Plasma glucose was
measured  us ing  enzymat ic  k i t  method .
Glycosy la ted  Haemoglobin  (HbA 1c)  was
measured  by  ion  exchange  res in  method .
Malondialdehyde (MDA),  a  marker  of  l ipid
peroxidation was estimated on the fact  that
l ip id  perox ides  condense  wi th  1  methy l  2
phenyl  indo le  under  ac id ic  condi t ions
resulting in the formation of a chromophore
(Randox  Labora tor ies ,  UK) .  Superoxide
d ismutase  (SOD)  es t imat ion  was  based  on
the  reac t ion  be tween  superox ide  rad ica l s
and 2-4 iodophenyl-3-4 nitrophenol-5-phenyl
tetrazolium chloride (5).  Ascorbic acid was
measured  us ing  phosphotungs t ic  ac id  as
colouring agent  (6) .  Glutathione peroxidase
(GPx) was measured by the method of Paglia
and Valent ine  (7) .
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Stat is t ical  s ignif icance was analysed by
s tudents  t  t e s t  and  cor re la t ion  be tween
var iab les  were  s tud ied  by  us ing  Pearson’s
correla t ion coeff ic ient  tes t .

R E S U L T S

As in  Table  I ,  a l l  the  diabet ic  pat ients
(Group  I I ,  I I I  and  IV)  had  s ign i f ican t ly
higher  (P<0.001)  leve ls  of  p lasma g lucose
and HbA1c than in controls, indicating a poor
control  of  diabetes.

As seen in Table II,  the levels of MDA
were significantly increased (P<0.001) where
as levels of SOD, GPx and vitamin C were
s ign i f ican t ly  decreased  (P<0 .001)  in

diabet ics  wi thout  compl ica t ions  (Group I I )
when compared  wi th  the  cont ro ls .

The  leve ls  o f  MDA [P<0.001;  P<0.05]
and  GPx [P<0.001;  P<0.001]  were
s ign i f ican t ly  increased  where  as  l eve l s  o f
SOD [P<0.001;  P<0.05]  and  v i tamin  C
[P<0.001;  P<0 .001]  were  s ign i f ican t ly
decreased  in  d iabe t ics  wi th  p ro l i fe ra t ive
retinopathy (Group III) when compared with
the  con t ro l  and  d iabe t ic  g roup  wi thout
compl ica t ions .

The levels of MDA [P<0.001; P<0.01] and
GPx [P<0.01 ;  P<0 .001]  were  s ign i f ican t ly
increased where as levels of SOD [P<0.001;
P<0.05]  and vi tamin C [P<0.001;  P<0.001]
were  s ign i f ican t ly  decreased  in  d iabe t ics

TABLE I : General  data  of  controls  and diabet ics  wi th  and wi thout  re t inopathy.

Group I Group II Group II I Group IV
(n = 50) (n = 40) (n = 22) (n = 20)

Age in years 46± 8 0± 6 46± 5 47± 6
Sex (M/F) 30/20 27/13 10/12 09/11
Weight in kg 58± 7 57± 10 58± 10 58± 12
Body mass index (kg/m2) 23± 3.9 26± 4.2 25± 3.8 26± 4.1
Plasma glucose (mg/%) 79.89± 12.30 173.22± 37.86* 231.58± 46.31* 226.7± 44.7*
HbA1c (%) 7.18± 0.87 9.28± 1.88* 12.28± 1.21* 12.21± 1.41*
Durat ion of  diabetes  in  years 6.36± 2.33 11.88± 2.1 11.21± 1.88

*P<0.001 when Group I compared with Group II ,  III  and IV.

TABLE II : Prooxidant  and ant ioxidant  s ta tus  in  d iabet ics  wi thout  compl ica t ions  and wi th  re t inopathy.

Group I Group II Group II I Group IV
(n = 50) (n = 40) (n = 22) (n = 20)

MDA (nmol/ml) 0.92± 0.24 1.72± 0.27 a 1.93± 0.25af 1 .98± 0.2 a e

SOD (U/gmHb) 6.83± 0.7 5.35± 0.36 a 5.13± 0.27af 5 .14± 0.1af

GPx (U/gmHb) 14.64± 1.43 13.37± 0.33 a 16.17± 0.86 ad 15.94± 1.0bd

Vit C (mg%) 1.13± 0.33 0.71± 0.22 a 0.36± 0.2 a d 0.31± 0.17ad

P<0.001 = a, P<0.01 = b, P<0.05 = c;  when group I compared with group II, III and group IV.
P<0.001 = d, P<0.01 = e, P<0.05 = f;  when group II compared with group III and group IV.
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wi th  non-pro l i fe ra t ive  re t inopa thy  (Group
IV)  when  compared  wi th  the  con t ro l  and
diabet ic  group wi thout  compl ica t ions .

Also ,  cor re la t ion  ana lys i s  revea led  a
signif icant  posi t ive correlat ion when levels
of MDA were compared with plasma glucose
[0.73,  P<0.001; 0.84 P<0.001],  HbA1c [0.87
P<0.001;  0 .87 P<0.001]  and durat ion [0.67
P<0.001; 0.71 P<0.001] of proliferative and
non  pro l i fe ra t ive  d iabe t ic  re t inopa thy
respec t ive ly .

However  a  s ign i f ican t  nega t ive
correlation was found when the antioxidants
SOD [–0 .84 ,  P<0.001–0 .7 ,  P<0.001]  and
Vitamin C [–0.7  P<0.001;  –0.64,  P<0.001]
were  compared  wi th  MDA in  d iabe t ics
wi th  p ro l i fe ra t ive  and  non-pro l i fe ra t ive
re t inopa thy .  A s ign i f ican t  pos i t ive
correlat ion was found when the antioxidant
GPx [0 .79 ,  P<0.001;  0 .63  P<0.001]
were  compared  wi th  MDA in  d iabe t ics
wi th  p ro l i fe ra t ive  and  non-pro l i fe ra t ive
r e t i n o p a t h y .

A s ign i f ican t  nega t ive  cor re la t ion  was
found  when  the  an t i -ox idan t  SOD
[–0 .77 ,  P<0.001]  was  compared  wi th
p lasma g lucose  leve l s  in  d iabe t ic
pro l i fe ra t ive  re t inopa thy .  A s ign i f ican t
pos i t ive  cor re la t ion  was  found  when
the  an t i -ox idan t  GPx [0 .55 ,  P<0 .01 ;
0 .567  P<0.05]  was  compared  wi th
p lasma g lucose  leve l s  in  d iabe t ic
pro l i fe ra t ive  and  non  pro l i fe ra t ive
retinopathy respectively. No correlation was
found  when  v i tamin  C [–0 .26 ,  NS;  –0 .28 ,
NS]  was  compared  wi th  p lasma g lucose
leve l s  in  d iabe t ic  proliferative and non-
proliferative re t inopa thy .

D I S C U S S I O N

Reac t ive  oxygen  spec ies  in te rmedia tes
include free radicals and singlet oxygen and
they  a re  o f ten  the  by  produc ts  o f  oxygen
metabol i sm.  The  re t ina  i s  par t i cu la r ly
susceptible to oxidative stress because of its
h igh  consumpt ion  of  oxygen ,  i t s  h igh
propor t ion  of  po lyunsa tura ted  fa t ty  ac ids
and  i t s  exposure  to  v i s ib le  l igh t  In  v i t ro
s tud ies  have  cons i s ten t ly  shown tha t
photochemical  re t inal  in jury is  a t t r ibutable
to oxidative stress and that  the antioxidant
v i tamins  A,  E  and  C pro tec t  aga ins t
th i s  type  of  in ju ry .  Fur thermore  there
i s  s t rong  ev idence  tha t  l ipofusch in  i s
der ived  a t  l eas t  in  par t ,  f rom oxida t ive ly
damaged  photorecep tor  ou te r  segments
and  tha t  i t  i t se l f  i s  a  pho toreac t ive
subs tance  (8) .

Oxida t ive  s t ress  in  hyperg lycemia  i s
amplified by metabolic stress. In our study,
the  p roduc t ion  of  oxygen  f ree  rad ica l s  i s
d i rec t ly  re la ted  to  hyperg lycemia  and
dura t ion  of  d iabe tes .  The  longer  the
durat ion of  d isease  the  h igher  i s  the  l ip id
perox ide  leve l .  Th is  i s  in  agreement  wi th
that  of  Gur ler  B (4)  and Kesavulu  M (9) ,
however Turk et  al  (10) reported that  l ipid
peroxides  were  non-s igni f ican t ly  increased
in  d iabe t ics  when  compared  wi th  pa t ien t s
of  d iabet ic  re t inopathy.

Decrease in the activit ies of antioxidant
enzyme systems in diabetes is linked to the
progressive glycation of enzymatic proteins.
Numerous reports  indicate variat ions in the
leve l s  o f  an t iox idan ts  in  d iabe t ic  pa t ien t s
(4, 11, 12). In our study the levels of SOD,
an  enzyme respons ib le  fo r  the  scavenging
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of  ox idan t  s t ress  fac tors  in  the  body  i s
significantly decreased in diabetics with and
wi thout  re t inopa thy .  Superox ide  an ion ,
which is believed to be one of the initiators
of  f ree  radical  react ion plays an important
ro le  in  the  de te rmina t ion  of  the  l eve l s  o f
an t iox idan t  enzyme SOD.  Produc ts  o f
membrane  l ip id  perox ida t ion  and  o ther
ox idan ts  l ike  H2O 2 may  reac t  wi th  SOD
resul t ing in  oxidat ive  modif ica t ion thereby
causing loss of enzyme activity (13).  Also,
d iabe t ic  hyperg lycemia  leads  to  g lyca t ion
and inactivation of SOD thus attr ibuting to
i t s  decrease .

At  phys io log ica l  ra tes  o f  hydrogen
peroxide generat ion,  the glutathione system
is more important in catabolising H2O2. GPx
is  a  se len ium (Se)  dependent  enzyme and
any  a l t e ra t ions  in  the  t i s sue  leve l s  o f  Se
would alter GPx activity. Insulin deficiency
promotes  β  ox ida t ion  of  fa t ty  ac ids  wi th
resul t ing  increase  in  H2O2 format ion.  Thus
wi th  increase  in  the  l ip id  peroxide  levels ,
the paradoxical increase in the levels of GPx
is  an  in te res t ing  f ind ing  in  re t inopa thy
and  could  be  a  compensa tory  mechanism
by the body to prevent  t issue damage.  Our
f indings regarding ant ioxidant  enzymes are
in  accordance  wi th  tha t  o f  Kesavulu  MM
(9) who reported a decrease in the levels of
GPx and SOD, however other  authors have
demonstrated ei ther  an increase (10)  or  no
change (4)  in  the values  of  ant ioxidants .

Vi tamin  E  and  C a re  impor tan t
components of cell defense against oxidative
s t ress  (14) .  These  l eve l s  a re  s ign i f ican t ly
decreased  in  d iabe t ics  and  more  so  in
d iabe t ic  re t inopa thy  (15) .  Our  s tudy  a l so
sugges t s  s imi la r  f ind ings .  The  up take  of

ascorbic  ac id  in to  the  ce l l  i s  media ted  by
processes  re la ted  to  g lucose  t ranspor t  and
i t  has  been  shown tha t  the  h igh  ex t ra
ce l lu la r  g lucose  concent ra t ion  in  d iabe t ics
may fur ther  impai r  ce l lu la r  up take  and
accentuate the problems associated with i ts
def ic iency (16) .  Also,  therapeut ic  doses  of
v i tamin  C a re  assoc ia ted  wi th  reversa l  o f
early signs of retinopathy in diabetics (17),
confirming its protective role in the damage
of blood vessels.

Thus the  increase  in  l ip id  peroxides  in
blood coupled with weakness of the defense
an t iox idan t  sys tem in  d iabe t ics  wi thout
compl ica t ions ,  p robably  se rves  as  a
background  for  the  pa thogenes i s  o f
endothe l ia l  dys func t ion  assoc ia ted  wi th
d i abe t e s .

In our study, correlation analysis reveals
tha t  the  ex ten t  o f  ox ida t ive  s t ress  i e  an
imbalance  in  the  l eve l s  o f  ox idan ts  and
antioxidants,  is  thus related to the severi ty
and duration of diabetes which justifies the
aim of our study. In conclusion, free radical
formation along with antioxidant deficiency
in  d iabe tes  mel l i tus  increases  over  t ime
and  may p lay  an  impor tan t  ro le  in  the
development  of  diabet ic  ret inopathy,  which
is an important complication of the disease.
The levels of antioxidants with the exception
of  GPx a re  s ign i f ican t ly  decreased  in
d iabe t ics ,  pa r t i cu la r ly  in  those  wi th
r e t i n o p a t h y .

Fur ther  work  i s  needed  to  conf i rm
whether  the i r  ex i s t s  an  assoc ia t ion  in
between antioxidant  nutrient   intake   and
reduc t ion  in  the  deve lopment  o f  d iabe t ic
compl ica t ions  par t i cu la r ly  re t inopa thy .
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