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Abstract :  Glycated protein est imation is  a diagnostic tool,  used for the
long term and shor t  term moni tor ing of  the  g lycemic  s ta tus  of  d iabet ic
patients.  The present study is designed to compare and correlate modified
NBT reduc t ion  method  fo r  the  es t ima t ion  o f  Glyca ted  p ro te in  ( se rum
fruc tosamine)  wi th  HbA1c  es t imated  on  DCA+2000  Analyzer .  Glyca ted
protein (serum fructosamine) reduces Nitro Blue Tetrazolium (NBT) reagent
in  a lka l ine  medium to  te t raz ino ly l  rad ica l  NBT+ which  forms  a  h igh ly
co lo red  monoformazen  compound ,  absorbance  o f  which  i s  d i rec t ly
proportional to the concentration of glycated protein (serum fructosamine)
present in the sample and is recorded as ∆A/min. The results of modified
NBT were then compared with HbA1c est imated by immunoagglut inat ion
inh ib i t ion  method .  Cor re la t ion  coef f i c i en t  be tween  HbA1c  wi th  se rum
fruc tosamine  was  found  to  be  r = 0 .739  us ing  Sch imadzu  CL-750
spectrophotometer  and r = 0.731 using color imeter .  Resul ts  of  th is  s tudy
were found to be statistically significant P<0.001. Hence this method could
be used for  rout ine  moni tor ing of  blood glucose control  in  diabet ics  as
HbA1c est imation.
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INTRODUCTION

Glyca ted  pro te ins  a re  recognized  as  a
biochemical  marker for the complication of
diabetes (1, 2). Glycated hemoglobin HbA1c
is widely accepted as a single most reliable
ind ica tor  o f  metabol ic  con t ro l  in  d iabe tes
mel l i tus .  But  the  specif ic  method used for
i t s  de te rmina t ion  i s  too  cos t ly ,  r equ i r ing
expens ive  reagen ts  and  sophis t i ca ted

dedica ted  ins t rumenta t ion .  Glyca t ion  of
pro te ins  can  occur  as  a  non-enzymat ic
pos t t rans la t iona l  modi f ica t ion  (3) ,  which
di rec t ly  depends  upon  preva i l ing  g lucose
concent ra t ions  (4) .  Diabe t ics  t end  to  have
elevated concentrat ion of glycated proteins,
there fore  the  degree  of  g lyca t ion  of
hemoglobin  and  se rum pro te in  has  been
correlated with indices of glycation (5, 6, 7,
and  8) .  Glyca ted  pro te in  concen t ra t ion
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ref lec ts  an  average  of  b lood glucose  level
over  a  per iod  t ime;  the i r  de te rmina t ion
provides  a  re l i ab le  means  of  moni to r ing
diabe t ic  con t ro l  (9 ,  10) .  Glyca ted  pro te in
Serum f ruc tosamine  be ing  one  of  them,
can  be  used  as  a  b iochemica l  marker .
Inves t iga tors  conducted  s tudies  to  develop
routine assays for determination of glycated
pro te ins  bu t  method  used  by  them i s
cumbersome,  t ime consuming and  d i f f icu l t
to  fo l low.  So  there  i s  need  to  f ind  ou t  a
feasible, viable and cost effective method to
be used in a developing country like India.
In  th i s  d i rec t ion ,  B .L .  Somani  e t  a l  (11)
deve loped  and  modi f ied  NBT reduc t ion
method  which  requi res  s imple  equipments
and chemicals and has significant advantage
over a sophisticated clinical laboratory. The
presen t  s tudy  i s  conduc ted  to  assess  the
spec i f ic i ty  o f  NBT reduc t ion  method  by
compar ing  and  cor re la t ing  i t  wi th  HbA1c
estimated on DCA+2000 Analyzer which has
been regarded as a gold standard (12, 13).

MATERIAL AND METHODS

The present study was conducted in the
Department  of  Biochemistry,  Armed Forces
Medical College, Pune. 35 Diabetic patients
re fe r red  for  g lyca ted  hemoglobin  tes t ing
from Diabetic Clinic of Medicine OPD were
selected for  the study.

Fas t ing  p lasma g lucose ,  pos tprandia l
p lasma g lucose ,  Serum f ruc tosamine ,
Glyca ted  HbA1c was  es t imated .  Blood
samples were collected in potassium EDTA
vial for Glycated HbA1c, in fluoride oxalate
vial for FPG, PPG and in plain sterile vial
for  f ruc tosamine  tes t  (Blood samples  were
kept  a t  room tempera ture ;  cent r i fuged  and
serum was  separa ted) .

Plasma glucose was estimated by glucose
oxidase method (Trinder 1969) using Reagent
Kit supplied by Qualigens Diagnostics [Sigma
Diagnostic (India) Pvt.  Ltd. Baroda].

Serum f ruc tosamine  was  es t imated  by
NBT reduction method (B.L.  Somani et  al)
(12) using Schimadzu CL-750 Spectrophotometer
and Colorimeter. Fresh 0.2 ml of serum was
taken in 1 ml of 9 gm/1 sodium chloride and
incubated at 37°C for 5 to 10 min. 1.0 ml of
pre -warmed NBT reagent  was  added  and
absorbance  was  measured  a t  530  nm a t
interval of 5 min (Al) and 10 min (A2) using
Schimadzu  CL-750   Spec t rophotometer .
The  ∆A (A 2-A 1)  was  ca lcu la ted  and  the
resu l t s  were  expressed  as  ∆A/min .  The
same procedure  was  fo l lowed for  se rum
fructosamine es t imat ion us ing Color imeter .

RESULTS

Pat ien t s  were  d iv ided  in to  two groups
according to the standardized protocol (13).

Diabet ic  pat ients  having fas t ing plasma
glucose ≤126 mg/dl and Postprandial plasma
glucose ≤140 mg/dl were grouped as Group-1
(n=9).

Diabet ic  pat ients  having fas t ing plasma
glucose ≥126 mg/dl and Postprandial plasma
glucose ≥140 mg/dl was grouped as Group-2
(n=26).

TABLE I : The  mean  va lue  ±SD of  f a s t ing  p lasma
glucose ,  pos tp rand ia l  p lasma  g lucose ,
HbAlc ,  se rum f ruc tosamine  (n=35) .

Parameters Va lue

Fasting plasma glucose(mg/dl) 131.91± 56.90
Postprandial plasma glucose(mg/dl) 183.62± 63.00
HbA1c (%) 7.54± 1.93
Serum fructosamine using Colorimeter 0.0188± 0.004
Serum fructosamine using CL-750 (∆A/min) 0.0210± 0.005
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Fig .  1 : HbA1c  =  Glyca ted  hemoglob in  A1c
Ser f ruco l  =  Serum f ruc tosamine  us ing
C o l o r i m e t e r .
Cor re la t ion  be tween  HbA1c  and  Serum
fruc tosamine  on  Color imete r  i s  r = 0 .74 .

TABLE I I : Cor re la t ion  be tween  HbA1c  and  Serum
fruc tosamine  us ing  two  d i f fe ren t
i n s t r u m e n t s .

Parameters HbA1c (%) P value

Serum fructosamine using
colorimeter (∆A/min) (Fig. 1) r=0.731 P<0.01

Serum fructosamine using
CL-750 (∆A/min) (Fig. 2) r=0.739 P<0.01

Correlation, r between serum fructosamine using
Colorimeter and CL-750 is 0.816 (P<0.01) (Fig. 3).

TABLE I I I : Mean  va lue±SD of  HbA1c  and  Serum
fruc tosamine  us ing  Color imeter  and  CL-
750  fo r  two  g roups  (n=35) .

Group-1 Group-2

Fasting plasma glucose 89± 17.34 164.10± 56.55
Post prandial glucose 126.13± 29.25 226.75± 43.64
HbA1c 6.10± 1.39 8.61± 1.55
Serum fructosamine using
Colorimeter (∆A/min) 0.015± 0.003 0.031± 0.046
Serum fructosamine using
CL-750 (∆A/min) 0.018± 0.004 0.023± 0.004

On perusal of the above data, it is observed that group-
2 shows distinctly higher values than group-1 for HbA1c
and Serum fructosamine. Based on above analysis it is
inferred that all parameters are significantly higher
(P<0.001) in Group-2 than Group-1.

On  perusa l  o f  the  above  da ta ,  i t  i s
observed that group-2 shows distinctly higher
values  than group-1 for  HbA1c and Serum
fructosamine. Based on above analysis i t  is
inferred that all parameters are significantly
higher (P<0.001) in Group-2 than Group-1.

Fig .  2 : HbA1c  =  Glyca ted  hemoglob in  A1c
Ser f ruco l  =  Serum f ruc tosamine  us ing
CL 750  Spec t ropho tomete r .
Cor re la t ion  be tween  HbA1c  and  Serum
fruc tosamine  on  CL 750  Spec t ropho tomete r
i s  r = 0 .74 .

Fig .  3 : SerFruCol = Serum Fructosamine Colorimeter
SerFruCol = Serum Fruc tosamine  us ing
CL 750  Spec t romete r .
Cor re la t ion  be tween  se rum f ruc tosamine  on
Color imete r  and  CL 750  Spec t ropho tomete r
i s  r = 0 .81 .

DISCUSSION

DCA 2000+Analyzer  based  on
immunoaglu t ina t ion  inh ib i t ion  assay  i s  a
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sensi t ive,  specif ic  and reproducible  method
in  de te rmina t ion  of  g lyca ted  hemoglobin
(HbA1c) .  The  use  of  immunoaglu t ina t ion
inhibi t ion assay is  recommended due to i ts
h igh  ana ly t ica l  sens i t iv i ty  and  spec i f ic i ty
(14). Therefore it is used as a gold standard
but this method is very costly, not available
in  a l l  l abora tor ies  due  to  h igh  equ ipment
and  reagents  cos t .  The  NBT method
does not require any sample preparation and
not  a f fec ted  by  any  chemica l  in te r fe rence
(15) .  The  resu l t  o f  p resen t  s tudy  shows
s ign i f ican t  cor re la t ion  (P<0 .001)  be tween
HbA1c on  DCA+2000 Analyzer  and  serum
fruc tosamine  (NBT)  by  us ing  Color imete r
and  Spec t rophotometer .  The  modi f ied
NBT method shows s ta t is t ical ly  s ignif icant
cor re la t ion  ( r = 0 .816)  be tween  se rum
fruc tosamine  us ing  Color imete r  and
CL750 Spec t rophotometer .  Th is  shows  i t s
feasibility to replace a costly and complicated
t e s t .

Other  analyt ica l  methods  avai lable  l ike
phenol  su lphur ic  ac id  (16 ,  17)  and  (Thio
barbituric  acid)  TBA (18) were studied for
glycated protein estimation. In TBA there is
lack  of  abso lu te  p ropor t iona l i ty  be tween
carbohydra te  re lease  (and  es t imat ion)  and
haemoglobin  concent ra t ion  and  there fore ,
there  i s  non  l inear  re la t ion  be tween
haemoglobin  concent ra t ion  and  amount  o f
sugar  re leased .  In  phenol - su lphur ic  ac id
method there is higher value for sugar bound
hemoglobin than TBA, as well as interference
of  heme.  Both  methods  requi re  use  o f
corrosive reagent   and  long  cumbersome
hydro lys i s   p rocess   fo r   sample   and
chemica l  p repara t ion  bu t  modi f ied  NBT

method used for the present study does not
have such l imi ta t ions .

Results of our study suggest that modified
NBT reduc t ion  method  i s  re l i ab le  and
su i tab le  fo r  rou t ine  use .  S ta t i s t i ca l ly
significant correlation of HbA1c with serum
fructosamine suggests  that  this  method can
be  used  for  assessment  o f  shor t  and  long
te rm b lood  g lucose  con t ro l  on  s imple
colorimetric equipments.  Hence, i t  could be
an alternative method for est imation of gly
Hb less correlation coefficient found was due
to serum fructosamine having short half life
of (15–20 days) and is a short term glycemic
cont ro l  ind ica tor .  S ta t i s t i ca l ly  s ign i f ican t
(P<0.001) correlat ion (r = 0.816) was found
between two instruments with same method
and procedure. Therefore simple colorimetric
ins t ruments  can  be  used  for  es t imat ion  of
GHb in place of sophisticated and high cost
ins t ruments  and  methods .  Hence ,  NBT
reduc t ion  method  can  be  used  wide ly  and
extensively for  rout ine monitor ing of  short
and  long  te rm b lood  g lucose  con t ro l  in
diabetics. However, the method needs further
independent  eva lua t ion .
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