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INTRODUCTION

The nonenzymat ic  reac t ion  of  g lucose
with proteins is widely recognized and it  is
thought  to  be  an  impor tan t  component  in
the aetiology of the long-term complications
of many pathological conditions like diabetes
and chronic renal failure (CRF) (1). This non

enzymatic modification of proteins alters not
only  the  s t ruc ture ,  bu t  a l so  the  b io logica l
proper t i es  o f  p ro te in .  Glyca t ion  has  been
repor ted  to  a l t e r  the  func t iona l  p roper t i es
of  several  important  matr ix  molecules  l ike
collagen IV and laminin (2). It is shown that
glycat ion st imulates  matr ix production,  and
the glycated glomerular basement membrane
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i s  more  res i s tan t  to  d iges t ion  by  pro tease
(3). Glycation of proteins, a factor possibly
contr ibut ing  to  t i ssue  damage in  nephrot ic
syndrome, has been extensively modeled by
the exposure of proteins to glucose in vitro
(4).

Glyca ted  hemoglobin  (HbA
1C

)  i s  be ing
used wi th  increas ing  f requency to  moni tor
long-term blood glucose control  in diabetes
mel l i tus  and  i t s  es t imat ion  prov ides  an
accurate index of the mean concentration of
blood glucose dur ing the  preceding two to
three  months  (1) .  Fur thermore,  hemoglobin
has been considered as  a  model  which has
prov ided  ins igh ts  in to  the  non-enzymat ic
g lyca t ion  of  o ther  t i s sue  pro te ins  (5 ) .
Other  fac tors  which  in f luence  the  ra te  o f
glycation of proteins include the prevail ing
concentrations of glucose and the half-life of
the protein (1). However, evidences indicate
tha t  g lyca t ion  reac t ion  apar t  f rom these
c lass ica l  fac tors  can  be  modula ted  by
the  leve l s  o f  reduced  g lu ta th ione  and
malondialdehyde (MDA) (6, 7).

Lower  concent ra t ions  of  g lu ta th ione  in
the  e ry throcy tes  o f  nephro t ic  syndrome
pat ien t s  has  been  repor ted  (8 ) .  In
addi t ion ,  an  increase  in  malondia ldehyde
concent ra t ion  has  a l so  been  repor ted  in
patients  with nephrotic syndrome (9) .  Even
though much effort has been spent studying
the  ox ida t ive  s t ress  s ta tus  in  nephro t ic
syndrome,  ye t  to  our  knowledge ,  the
re la t ionsh ip  of  g lyca ted  haemoglobin  wi th
MDA and  g lu ta th ione  i s  no t  repor ted .  As
glycation can cause deleterious physiological
effect on the function of renal tissue, it was
of interest  to investigate the association of
g lyca ted  haemoglobin  wi th  MDA and
glutathione in nephrot ic  syndrome pat ients ,

and to study the in vitro effect of glutathione
on the glycation of hemoglobin.

MATERIALS AND METHODS

Eighteen children between the ages of 5
and  13  years  wi th  re lapse  in  nephro t ic
syndrome f rom the  ou tpa t ien t  c l in ics  o f
Pedia t r i cs  Depar tment  o f  Jawahar la l
Insti tute of Postgraduate Medical  Education
and  Research ,  Pondicher ry  were  rec ru i ted
for this study. Part icipants were considered
to  be  nephro t ic  based  on  the  c l in ica l
symptom (edema) and associated proteinuria
(>40  mg/m2/h) .  The  b lood  sample  f rom
nephro t ic  syndrome pa t ien ts  was  co l lec ted
before  the  in i t i a t ion  of  s te ro id  therapy
when  there  was  s ign i f ican t  p ro te inur ia
and edema. The control group consisting of
15 healthy age and sex matched volunteers
were  enro l led  fo r  the  s tudy .  Wri t t en
informed consen t  was  ob ta ined  f rom the
paren ts  o r  guard ians  o f  the  par t i c ipa t ing
subjects.  The protocol was approved by the
Human Eth ics  Review Commit tee  of  the
I n s t i t u t e .

Blood samples (5 ml) from the subjects
were  co l lec ted  a f te r  overn igh t  fas t ing  in
EDTA tubes. An aliquot of 1.0 ml was used
to determine the HbA

1C
, whole blood reduced

glutathione and hemoglobin levels.  The rest
of  the  sample  was  cent r i fuged  a t  2500 × g
for 5 minutes, and the plasma obtained was
used  for  the  assay  of  g lucose  and  l ip id
peroxides .

Measurement  o f  g lyca ted  hemoglob in
(HbA

1C
) :  Glycated hemoglobin concentration

was determined by us ing Haemoglobin A
1C

micro columns (Bio-Rad, Hercules, CA) and
expressed as the percent of total hemoglobin.
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the supernatant  plasma including the buffy
coat  was discarded.  The cel ls  were washed
wi th  co ld  phys io log ica l  sa l ine  and  were
suspended in phosphate-buffered saline (PBS
conta in ing  0 .016  M Na 2HPO 4,  0 .001  M
NaH2PO4 and 0.14 M NaCl,  pH 7.4) in the
ra t io  o f  15 :85  v /v .  GSH deple t ion  of
e ry throcy tes  were  ca r r ied  ou t  by  t rea t ing
ery throcy te  suspens ion  wi th  1  mM of  1 -
chloro-2,4-dinitrobenezene (CDNB) for 1 hour
a t  37°C.  At  the  end  of  incuba t ion  the
ery throcy tes  were  washed  wi th  PBS and
treated with ei ther  5 or  50 mM of glucose
for 24 hours.  At the end of  the incubation
glycated hemoglobin was est imated.

Sta t i s t i ca l  ana lys i s  :  Al l  r esu l t s  a re
shown as  mean ± S.D.  The  s ta t i s t i ca l
significance of difference between groups was
evaluated using Student’s t- test .  Correlation
was  assesed  by  the  par t i a l  cor re la t ion
ana lys i s .  The  p  va lue  of  0 .05  leve l s  was
selected as  the point  of  minimal  s tat is t ical
signif icance.

RESULTS

Al l  the  parameters  t es ted  in  bo th
the  g roups  a re  repor ted  in  Table  I .  The
HbA

1C 
l eve l s  were  s ign i f ican t ly  h igher

Assay of  reduced glutathione :  Reduced
glu ta th ione  was  de te rmined  spec t rophoto-
metr ical ly using the Ellman’s reagent  (10) .
GSH estimation is based on the development
of  a  ye l low co lor  when  5 ,5’  d i th io  (2 -
n i t robenzoic  ac id)  (DTNB)  i s  added  to
compounds containing sulfhydryl  groups.

Hemoglobin determination :  Hemoglobin
was assayed in whole blood by its oxidation
to methemoglobin with alkaline ferricyanide
reagent (Drabkin’s reagent) giving intensely
co lored  cynmethemoglobin ,  which  i s
measured  a t  540  nm (11) .  The  resu l t s  a re
expressed as g/dl .

Determinat ion  o f  malondia ldehyde
(MDA) :  Malondia ldehyde  was  measured
us ing  the  es tab l i shed  th iobarb i tu r ic  ac id
(TBARS) method (12) .  This  assay is  based
on  the  fo rmat ion  of  red  adduc t  in  ac id ic
medium be tween  th iobarb i tu r ic  ac id  and
malondialdehyde, a colorless product of lipid
peroxidation, measured at 532 nm. The MDA
values were calculated using the ext inct ion
coef f ic ien t  o f  MDA-th iobarb i tu r ic  ac id
complex (1.56 × 105 l × mol–1 × cm–1) at 532 nm
and expressed as  nmol/ml .

Est imat ion  o f  p lasma g lucose  :  P lasma
glucose  was  es t imated  by  g lucose  ox idase
method using the commercially available kits
(Dr .  Reddy’s  l abora tor ies ,  Diagnos t ic
divis ion,  Hyderabad,  India)  adapted to  550
express  p lus  au to-ana lyzer  (Ciba  Corn ing
Diagnostics,  Oberlin,  Ohio,  Canada).

In vitro incubation  protocol : Blood was
co l lec ted  f rom normal  hea l thy  vo lun teers
into tubes containing EDTA as approved by
the  Ins t i tu t iona l  Human Eth ics  Review
Commit tee .  The blood was centr i fuged and

TABLE I : Mean ± S.D of age, biochemical parameters
in  con t ro l s  (n = 15)  and  nephro t i c
syndrome pa t i en t s  (n = 18) .

Cont ro l Cases

Age (years) 8.21± 2.89 8.39± 2.57
Sex (M/F) 8/7 10/8
Fasting glucose (mg/dl) 75.07± 6.42 79.06± 7.80
HbA1C (%) 5.12± 0.54 7.04± 1.02*
MDA (nmol/ml) 0.87± 0.33 3.04± 0.52*
Reduced GSH (mg/g Hb) 2.78± 0.69 1.05± 0.38*

*P<0 .01  as  compared  to  con t ro l  sub jec t s .
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the possible role of GSH in modulating the
glycation of hemoglobin. Table II shows the
effect CDNB on the glycation of hemoglobin.
A significant increase in HbA

1C 
levels were

found in the erythrocytes pretreated with 1
mM of  CDNB than  when  compared  wi th
erythrocytes incubated with 50 mM glucose
alone.  No significant effect  of pretreatment
wi th  CDNB was  found  in  e ry throcy tes
incubated with 5 mM glucose.

Fig .  1 : Re la t ionsh ip  be tween  MDA and  g lyca ted
hemoglob in  in  nephro t i c  syndrome pa t i en t s .
A  s ign i f i can t  pos i t ive  re l a t ionsh ip  be tween
MDA and g lyca ted  hemoglobin  was  observed
( r = 0 .54 ,  P<0 .03) .  The  regress ion  equa t ion
i s  y = 2 .99 + 0 .68 x .
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Fig .  2 : L inea r  r eg ress ion  ana lys i s  o f  r educed
g lu ta th ione  and  g lyca ted  hemoglob in  in
nephro t i c  syndrome pa t i en t s .  A  s ign i f i can t
nega t ive  r e l a t ionsh ip  be tween  reduced
g lu ta th ione  and  g lyca ted  hemoglob in  was
obse rved  ( r = –0 .49 ,  P<0 .05) .  The  regress ion
equa t ion  i s  y = 8 .71 – 0 .56 x .

TABLE I I : Ef fec t  o f  GSH deple t ion  on  g lyca t ion  of
hemoglob in  in  e ry th rocy tes  t r ea ted  wi th
glucose (5 or 50 mM). Values are mean±S.D
from four  exper iments .

T r e a t m e n t HbA1C values (%)

Glucose 5 mM 5.47±0.48
Glucose 5 mM + 1 mM CDNB 5.53±0.47
Glucose 50 mM 6.26±0.22
Glucose 50 mM + 1 mM CDNB 6.99±0.32*

*P<0 .05  when  compared  wi th  HbA 1C va lues  o f
e ry th rocy tes  t r ea ted  wi th  50  mM g lucose  a lone .
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(P<0.01)  among nephro t ic  syndrome
patients as compared to controls.  Levels of
malondialdehyde were significantly increased
in nephrotic syndrome group when compared
to controls (P<0.01). The reduced GSH levels
were  found  to  be  s ign i f ican t ly  low in  the
nephrot ic  group when compared to  heal thy
cont ro l  (P<0 .01) .  A s ign i f ican t  pos i t ive
corre la t ion  ( r = 0.54,  P<0.03)  was  obta ined
be tween  HbA

1C
 and  MDA us ing  par t i a l

cor re la t ion  ana lys i s  con t ro l l ing  fas t ing
glucose  and  reduced  GSH.  The  l inear
regress ion analysis  of  glycated hemoglobin
and MDA is depicted in (Fig. 1). Similarly a
s ign i f ican t  nega t ive  cor re la t ion  ( r = –0 .49 ,
P<0.05)  was  ob ta ined  be tween  GSH and
HbA

1C 
even  a f te r  the  e f fec t  o f  MDA and

glucose on glycation was refuted by partial
correlation analysis.  The regression analysis
of GSH and HbA

1C
 is shown in Fig. 2.

Blood samples from 4 healthy volunteers
were used for the in vitro  study to explore
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DISCUSSION

Free  rad ica l  ox ida t ive  s t ress  has  been
implicated in the pathogenesis  of  a  variety
of diseases, and natural antioxidant defenses
have  been  found  to  be  defec t ive  in  many
diseases  (13) .  In  the  p resen t  s tudy ,  MDA
levels were found to be significantly higher
in  nephro t ic  syndrome pa t ien t s  when
compared  wi th  cont ro l s .  We a l so  found  a
significant decrease in GSH levels in the test
g roup  when  compared  wi th  con t ro l s .  In
nephro t ic  syndrome pa t ien t s ,  the  average
glycated hemoglobin was 7.28% and among
the controls it  was 5.8%. The magnitude of
th i s  d i f fe rence  in  HbA

1C
 va lues  be tween

nephro t ic  syndrome pa t ien t s  and  con t ro l s
cannot be attributed to blood glucose as there
was no significant difference in the glucose
leve l s  be tween  the  two groups .  Increased
HbA

1C
 levels have been previously reported

in  nephro t ic  syndrome pa t ien t s  (14) .  The
e leva ted  leve l  o f  HbA

1C
 has  a l so  been

repor ted  in  severa l  non-d iabe t ic  c l in ica l
condi t ions  l ike  rena l  fa i lu re ,  myocard ia l
in fa rc t ion ,  hyper thyro id i sm,  non  d iabe t ic
smokers  and in  e lder ly  people  (15–19) .  In
v i t ro  s tud ies  have  demons t ra ted  tha t
malondia ldehyde  per  se  can  promote  the
glycation of hemoglobin (7, 20). The reduced
glu ta th ione  have  inh ib i to ry  e f fec t  on  the
process of non-enzymatic glycation (6). Thus,
ox ida t ive  s t ress  has  been  repor ted  to  be
involved in the glycation of hemoglobin.

Severa l  s tud ies  have  shown increased
l ip id  perox ida t ion  in  nephro t ic  syndrome
(8 ,  9 ) .  However ,  the re  a re  no  s tud ies
demons t ra t ing  a  cor re la t ion  be tween  MDA
and g lyca ted  haemoglob in .  In  th i s  a r t i c le ,
we address an important potential hypothesis
in which glycation of hemoglobin may have

a link with the increased levels of MDA and
reduced  leve l  o f  GSH in  ch i ld ren  wi th
nephro t ic  syndrome.

The mechanisms for  increased HbA1C in
nephrot ic  syndrome pa t ien ts  a re  not  c lear .
The  presen t  s tudy  found  a  s ign i f ican t
relationship between HbA1C and MDA levels
in  nephro t ic  syndrome pa t ien ts  even  when
the effects of glucose and GSH were refuted
by partial correlation analysis. The mechanism
by which  MDA enhances  the  g lyca t ion
process has not been clearly elucidated. MDA
has been thought to enhance the process of
pro te in  g lyca t ion  by  ac t ing  as  an  anchor
between sugar and hemoglobin moieties (22).
I t  has  a l so  been  sugges ted  tha t  ox ida t ive
s t ress  can  fac i l i t a te  the  au tox ida t ion  of
glucose to dicarbonyl intermediates, an early
step in the Maillard reaction (7).

Apar t  f rom MDA,  GSH was  a l so  a
significant factor that influences the glycation
of  hemoglobin  in  nephro t ic  syndrome
pat ien t s .  An  inverse  assoc ia t ion  be tween
GSH and  HbA 1C was  seen ,  even  a f te r
adjusting the effects of MDA and glucose by
par t i a l  cor re la t ion  ana lys i s .  To  fu r ther
examine the association between HbA1C with
GSH, we carr ied  in  v i t ro  s tudy to  explore
the role GSH on the glycation of hemoglobin.
A s ignif icant  increase  in  HbA 1C levels  was
found in erythrocytes pretreated with 1 mM
of CDNB when compared with erythrocytes
incubated with 50 mM glucose alone. Similar
findings have been reported by Jain et al in
healthy controls and in glucose-6-phosphate
dehydrogenase  (G-6-PD)  def ic ien t  pa t ien t s
(6) .  Fur ther ,  rep len ishment  o f  GSH wi th
either DTT or DTE in erythrocytes from G-
6-PD pa t ien t s  decreases  the  g lyca t ion  of
hemoglob in  (6 ) .  In  accordance  wi th  the i r
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hypothesis Jain et al have shown a significant
correlation between reduced glutathione and
glycated hemoglobin in diabetic patients (23).
This indicates that GSH per se can modulate
the  g lyca t ion  reac t ion .  The  mechanism by
which GSH affects  glycation is  diff icult  to
expla in  f rom the  presen t  s tudy .  One
explanation for this finding is that GSH can
prevent  the  tau tomer i sm of  sugar  f rom
enedio l  fo rm to  d icarbonyl  in te rmedia tes
which is  thought  to play an important  role
in  the  p rocess  o f  g lyca t ion  (6 ) .  These
observa t ions  suppor t  the  no t ion  tha t
alteration in the levels of MDA and GSH in
nephro t ic  syndrome pa t ien t s ,  may  be  the
basis for enhanced levels of HbA1C.

In  conclus ion,  present  s tudy documents
increased  g lyca ted  haemoglob in  leve l s  in
nephrotic syndrome patients when compared
wi th  con t ro l s .  Addi t iona l ly ,  th i s  s tudy
shows  h igh  MDA and  low GSH leve ls  as
de te rminants  o f  enhanced  g lyca t ion  in
nephro t ic  syndrome.
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