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Abstract : Glycation is known to play a key role in complications of many
pathophysiological processes.  The present study was carried out to assess
whether there are abnormali t ies of  nonenzymatic glycation of proteins in
smokers .  Four teen  cur ren t  smokers  and  10  hea l thy  nonsmokers  were
enrolled for the present study. Fasting plasma glucose, insulin, fructosamine
and total plasma glycated proteins were evaluated. A significant rise in the
mean levels of fructosamine and total plasma glycated proteins were found
in smokers when compared with controls.  Significant difference in insulin
values was observed between these two groups. When Pearson’s correlation
analysis was performed, no significant correlation was found between fasting
plasma glucose with ei ther  fructosamine or  total  plasma glycated protein
levels .  These data suggest  an increased glycat ion of  proteins in smokers
independent  of  glucose concentrat ion.
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INTRODUCTION

Nonenzymat ic  g lyca t ion  of  bo th
c i rcu la t ing  and  s t ruc tura l  p ro te ins  i s  a
process  o f  par t i cu la r  phys iopa tho log ica l
re levance  for  the  deve lopment  and
progression of many pathological conditions
l ike  d iabe tes ,  chron ic  rena l  fa i lu re  and
a therosc le ros i s  (1–3) .  Non-enzymat ic
g lyca t ion  i s  a  common pos t t rans la t iona l
modif icat ion of  proteins  in  which reducing
sugars  b ind  cova len t ly  to  the  f ree  amino
groups (4).

This  non  enzymat ic  modi f ica t ion  of
pro te ins  a l t e r s  no t  on ly  the  s t ruc ture ,  bu t
also the biological properties of protein. This
can lead on to a variety of chemical entities
and  induce  s t ruc tura l  changes  in  enzymes
s ta r t ing  f rom conformat iona l  a l t e ra t ions ,
progressing to thiol  oxidat ion,  aggregat ion,
format ion of  disulphide and other  covalent
cross-links,  and inactivation of enzymes (5,
6).

The estimation of fructosamine provides
an accurate index of the mean concentration
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of blood glucose during the preceding one to
three weeks, complimenting more traditional
measure  o f  g lucose  cont ro l  (7 ) .  The  two
classical factors known to incite the glycation
of proteins in vivo are glucose concentration
and half life of the protein (8). But evidences
have  accumula ted  ind ica t ing  the  ex i s tence
of other non-classical factors in non-diabetic
pathological conditions (9–12).

We have  prev ious ly  demons t ra ted  an
increased fructosamine levels in non-diabetic
rena l  fa i lu re ,  nephro t ic  syndrome,  as thma
and chronic  obs t ruc t ive  pulmonary  d isease
patients (13–16).  We have also reported an
e leva ted  leve l  o f  g lyca ted  hemoglobin  in
nondiabe t ic  as thma,  rena l  fa i lu re  and
hyperthyroid patients (15, 17, 18).

Recen t  repor t s  have  ind ica ted  tha t
tobacco smoke is a source of toxic reactive
glycation products (19–21). Nilsson et al have
repor ted  an  increased  leve l  o f  g lyca ted
hemoglobin in non-diabetic smokers (22), yet
to our knowledge no previous reports  exist
on  the  l eve l s  o f  g lyca ted  p lasma pro te in
levels in non-diabetic smokers. As glycation
can  cause  de le te r ious  e f fec t  on  b io log ica l
processes ,  i t  was  of  in teres t  to  invest igate
the  leve l s  o f  g lyca ted  p lasma pro te in  in
s m o k e r s .

METHODS AND MATERIALS

Four teen  men aged  be tween 30  and  45
(mean±SD : 37.7 ± 2.1) years without a history
of any disease or abnormal biochemical tests
were selected for this study. All this subjects
have smoked for  more than 10 years  (> 10
c igare t tes  smoked/day) .  The  cont ro l  g roup
consisting of 10 healthy age (38.9 ± 4.3 years)
and sex matched volunteers  comprising the

staff  of  our  inst i tute  were enrol led for  the
s tudy .  Wri t t en  in formed consen t  was
obtained from all  the participating subjects.

Blood sample  (10 ml)  was  col lected in
EDTA bott les  by venipuncture.  The sample
was centrifuged (2500 × g 10 minutes at 4°C).
The  p lasma ob ta ined  was  used  for  the
estimation of glucose,  insulin,  fructosamine
and to ta l  g lycated  prote in .  P lasma glucose
was estimated by glucose oxidase method in
550 express plus auto analyzer (Ciba Corning
Diagnos t ics ,  Ober l in ,  Ohio ,  Canada)  us ing
commerc ia l  k i t s  f rom Accurex  (Thane ,
Ind ia ) .  Fas t ing  p lasma insu l in  leve ls  were
de te rmined  by  rad io immunoassay  k i t s
f rom BARC (Mumbai ,  Ind ia ) .  The  to ta l
plasma glycated protein was estimated by a
method  based  upon  measurement  o f  5
hydroxymethyl fur fura l  (HMF)  re leased
dur ing  mi ld  ac id  hydro lys i s  o f  g lyca ted
pro te in  (23) .  P lasma f ruc tosamine  was
determined by p-indonitrotetrozolium violet
assay  wi th  RAICHEM ki t  (Hemagen
diagnostics,  San Diego, CA) adapted to the
550  Express  P lus  ana lyzer .  Homeos tas i s
model assessment (HOMA-IR) was calculated
using the formula: HOMA-IR = fasting insulin
(µU/ml) X fasting glucose (m mol/L)/22.5.

Stat i s t i ca l  ana lys i s

All variables are shown as mean ± SD. The
data  between control  and tes t  groups  were
compared using unpaired 2-tai led Student’s
t  t e s t .  Cor re la t ion  was  de te rmined  by
Pearson’s  correlat ion coeff icient .  The level
of significance used was p less than 0.05.

RESULTS

The  leve l s  o f  fas t ing  p lasma g lucose ,
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insu l in ,  f ruc tosamine  and  to ta l  p lasma
glyca ted  pro te in  o f  smokers  and  hea l thy
cont ro l  g roup  a re  shown in  Table  I .  The
resu l t s  showed a  mi ld ,  bu t  s ta t i s t i ca l ly
s ign i f ican t  inc rease  in  the  fas t ing  p lasma
glucose levels in smokers when compared to
cont ro l .  The  f ruc tosamine  leve l s  were
significantly higher in the smoker group as
compared to controls. Similarly the levels of
to ta l  p lasma g lyca ted  pro te in  were
significantly increased in the smokers when
compared with healthy controls .  Significant

difference in the level of fasting insulin was
obtained between smokers  and nonsmokers .
In  add i t ion ,  the re  was  a l so  a  s ign i f ican t
difference in insulin sensitivity between the
two groups  as  measured  by  HOMA-IR.
Univar ia te  ana lys i s  showed no  s ign i f ican t
corre la t ion between plasma fas t ing glucose
with ei ther  fructosamine (r = 0.51,  P = 0.06)
or  to ta l  p lasma g lyca ted  pro te in  ( r = 0 .54 ,
P = 0.05). Similarly, no significant correlation
was observed between HOMA-IR with either
f ruc tosamine  ( r = –0 .02 ,  P = 0 .95)  o r  to ta l

TABLE I : Leve l s  o f  f a s t ing  g lucose ,  insu l in  and  f ruc tosamine  l eve l s
in  hea l thy  smokers  (n=14)  and  nonsmokers  (n=10) .

Smokers Fasting plasma Fasting Insulin HOMA-IR Fructosamine TPGP 1

glucose (mg/dl) ( µ U / m l ) ( m m o l / l ) ( n m o l / m g / p r o t e i n )

1 9 8 10 .37 2 . 5 1 3 . 6 9 3 .2
2 1 0 2 20 .15 5 . 0 7 5 . 6 0 4 .2
3 9 8 89 .92 21 .74 3 . 5 4 3 .2
4 9 2 62 .74 14 .24 2 . 8 5 2 .2
5 9 5 52 .44 12 .29 2 . 2 6 3 .4
6 9 7 13 .24 3 . 1 7 4 . 3 4 3 .4
7 9 4 67 .97 15 .76 3 . 4 8 3 .2
8 9 3 27 .94 6 . 4 1 1 . 5 0 0 .9
9 9 4 33 .19 7 .7 2 . 4 9 2 .7

1 0 9 6 46 .52 11 .02 1 . 7 0 1 .8
1 1 9 8 11 .39 2 . 7 5 3 . 4 0 3 .2
1 2 9 3 18 .30 4 . 3 3 2 . 8 0 2 .9
1 3 8 9 10 .49 2 .3 1 . 7 5 2 .5
1 4 1 0 2 16 .49 4 . 1 5 1 . 7 7 2 .8

M e a n ± S D 9 6 . 0 ± 3 . 6 * 34 .4±25 .5* 8 .1±6 .0* 2 .9±1 .2* 2 .8±0 .8*

N o n s m o k e r s

1 8 7 25 .16 5 . 4 0 1 . 7 2 1 .2
2 9 1 12 .65 2 . 8 4 1 . 3 2 1 . 6 5
3 8 9 14 .31 3 . 1 4 1 . 5 4 1 . 5 8
4 8 1 20 .15 4 . 0 3 2 . 1 8 1 . 4 3
5 8 6 12 .94 2 . 7 5 2 . 8 5 1 . 2 4
6 9 5 21 .65 5 . 0 7 1 . 8 9 1 . 5 8
7 9 2 11 .60 2 . 6 3 2 . 2 5 1 . 6 5
8 8 8 21 .33 4 . 6 3 1 . 7 8 1 . 2 5
9 8 7 10 .08 2 . 1 6 1 . 9 3 1 . 2 5

1 0 8 0 20 .99 4 . 1 4 1 . 8 4 1 . 5 8
M e a n ± S D 87 .6±4 .6 17 .1±5 .3 3 . 7 ± 1 . 1 1 . 9 ± 0 . 4 1 . 4 ± 0 . 2

1TPGP = Tota l  p lasma  g lyca ted  p ro te in ;  *P<0 .05  compared  wi th  nonsmokers .
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p reva i l ing  g lucose  l eve l  dur ing  a  t ime
in te rva l  rang ing  f rom 7  to  21  days  (7 ) .
Glyca ted  a lbumin  i s  the  s ing le  major
contributor to the fructosamine concentration
(7). We have also found an increased glycated
p lasma pro te in  l eve l s  when  th iobarb i tu r ic
acid method was used.

In  the  p resen t  s tudy ,  even  though  the
level of fasting plasma glucose was elevated
in  smokers ,  the  l eve l s  were  wi th in  the
normal  fas t ing  g lucose  range .  The  p lasma
insu l in  was  found  to  be  h igher  among
smokers .  Among the  smokers  insu l in
sensitivity was found to be compromised as
de te rmined  by  HOMA-IR.  The  publ i shed
evidence of an association between smoking
and  insu l in  res i s tance  i s  incons i s ten t
(28–30). Wareham et al have found no causal
re la t ionsh ip  be tween  smoking  and  insu l in
resistance (28).  Evidence of a l ink between
cigarette smoking and insulin resistance has
also been reported (29, 30). Hyperinsulinemia
has  been  iden t i f i ed  as  a  r i sk  fac tor  fo r
hyper tens ion  and  obes i ty  as  wel l  as  l ip id
abnormal i t i es  in  adu l t s  (31) .  P rospec t ive
s tud ies  have  a l so  demons t ra ted  tha t  h igh
plasma concentrations of insulin predict the
deve lopment  o f  coronary  hear t  d i sease ,
independent of other risk factors (31). Insulin
res i s tance  syndrome may pu t  these
participants at  r isk for developing coronary
hear t  d i sease .

In  the  p resen t  s tudy  when  Pearson’s
correlation analysis was performed, we found
no s igni f icant  re la t ionship  be tween p lasma
fast ing glucose with ei ther  fructosamine or
with total glycaled plasma protein. Similarly
there  was  no  s ign i f ican t  re la t ionsh ip
between HOMA-IR with either fructosamine
or total glycated plasma protein. These data

plasma glycated protein (r = –0.04, P = 0.89).

DISCUSSION

The te rm nonenzymat ic  g lyca t ion  of
pro te ins  re fe rs  to  a  wide  var ie ty  o f
spontaneous  reac t ions  be tween  reduc ing
sugars  and  pro te in-bound  amines .  This
process, described by Maillard (24) in 1912
which was of  considerable  interest  to  food
chemis t  f i r s t ,  has  now a t ta ined  spec ia l
p rominence  b io log ica l ly .  The  Mai l l a rd
reac t ion  beg ins  wi th  the  reac t ion  of  the
carbonyl groups (aldehyde or ketone) of the
reducing sugar to form a reversible Schiff’s
base  wi th  amino  groups  of  b iomolecu les .
Schiff ’s  base  can undergo an intramolecular
rearrangement to form the Amadori products
(25) ;  th i s  can  undergo  a  se r ies  o f  fu r ther
rearrangements, dehydration and condensation
to form irreversible end products which may
be f luorescent  and ye l low brown in  color ,
some can  form s tab le  in te rmolecu la r  and
intramolecular cross – links (26, 27). There
is an increasing body of evidence indicating
that glycation products are major factors in
the development of complications entangled
wi th  d iabe tes ,  chron ic  rena l  fa i lu re  and
atherosclerosis  (1–3).

Even though, tobacco has been found to
be  a  source  o f  tox ic  reac t ive  g lyca t ion
products (21), to our knowledge, no study to
da te  has  a t t empted  to  c la r i fy  whether  the
levels of plasma glycated proteins are altered
in smokers .  In  our  s tudy,  the f ructosamine
levels  were found to  be higher  in  smokers
when compared to controls.  Fructosamine is
a  ke toamine  formed by  spontaneous
nonenzymat ic  condensa t ion  of  g lucose  and
pro te ins .  I t s  measurement  p rov ides  a
va luab le  re t rospec t ive  index  of  the  mean
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indicate  that  there is  an aberrant  glycat ion
of  p lasma pro te in  independent  o f  g lucose
homeostasis in smokers.  Increased glycation
of hemoglobin and plasma proteins have been
observed  in  few nondiabe t ic  c l in ica l
situations (32–34).

The  mechanism(s)  under ly ing  enhanced
glycated  prote in  in  smokers  i s  d i f f icul t  to
entangle  f rom the  present  s tudy.  Increased
HbA1C levels have been previously reported
in  nondiabe t ic  smokers  (22) .  A c lose
assoc ia t ion  be tween  ox ida t ive  s t ress  and
glycation has been reported previously (35).
We have also reported in our previous study
tha t  l ip id  perox ides  per  se  can  enhance
glyca t ion  of  p ro te ins  (36) .  So  i t  can  be
hypothes ized  tha t  the  ox ida t ive  mi l ieu
generally associated with smoking would be
a  reason  for  the  enhanced  g lyca t ion  of
pro te ins  in  smokers .

Evidence  has  a l so  been  publ i shed

demonstrating the in vitro ability of nicotine
to  promote  g lyca t ion  of  amyloid  P-prote in
(20) .  Consonant  with this  s tudy,  Dickerson
et al  has proposed that nicotine per  se can
increase glycation of bovine serum albumin
in  v i t ro .  Thus  i t  can  a l so  be  poss ib le
tha t  compounds  presen t  in  smoke  can
per se enhance the glycation of proteins in
s m o k e r s .

In  conc lus ion ,  the  resu l t s  f rom the
presen t  s tudy  prov ide  ev idence  of  an
increased glycated protein levels in smokers.
Given the  de t r imenta l  ro le  of  g lycat ion  in
pathologica l  condi t ions ,  s t ra tegies  to  aver t
glycation of protein in smokers would be of
grea t  he lp  in  con t ro l l ing  the  menace
associated with  smoking.
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