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Abstract : Alcohol consumption induces oxidative stress, and leads to lipid
peroxidation. These effects have been linked to alcohol-related toxicity and
diseases are considered relevant to alcohol-atherosclerosis interrelationship.
Def ic iency  o f  many  an t iox idan t s  and  t r ace  e lements  may  impa i r  the
an t iox idan t  defense  l ead ing  to  e thanol  induced  ox ida t ive  s t ress .  In  the
present study, our aim was to investigate the lipid peroxidation, lipid profile,
an t iox idan t  enzymes  and  t r ace  e lements  in  pa t i en t s  wi th  and  wi thou t
alcoholic  coronary ar tery disease (CAD).  Our s tudy included 61 pat ients
suffering from CAD, 124 patients suffering from alcoholic CAD with high
to  moderate  a lcohol  in take ,  75 controls  were  randomly se lected for  our
study.  Increased serum lipid peroxidation,  total  cholesterol ,  t r iglycerides,
LDL cho les te ro l  and  copper  l eve l s  were  h igh  whi le  l eve l s  o f  HDL
cholesterol ,  g lutathione peroxdiase,  superoxide dismutase,  t race elements
like Selenium and Zinc were low in high alcoholic CAD patients compared
with moderate and non alcoholic CAD patients.  The results obtained from
present  s tudy indica te  tha t  h igh a lcohol  in take  predic ts  low ant ioxidant
enzyme and that trace element may contribute to the increased susceptibility
for the development of CAD.
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INTRODUCTION

Coronary Artery Disease (CAD) is a rising
problem in developing countries l ike India.

Epidemiological  surveys indicate  that  there
could be 15–20 million cases of CAD in India.
The incidence is higher in urban than rural
population (1).
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Dispar i ty  in  the  re la t ion  of  a lcohol
consumpt ion  to  var ious  ca rd iovascu la r
condi t ions  has  become ev iden t .  Heavie r
dr inking is  re la ted to  higher  prevalence of
card iomyopathy ,  hyper tens ion  (HTN) ,
hemorrhagic stroke, and cardiac arrhythmias.
Modera te  d r ink ing  i s  re la ted  to  lower
preva lence  of  CAD,  i schemic  s t roke ,  and
sudden  card iac  dea th  (2 ) .  Fur thermore ,
ingested alcohol produces striking metabolic
imbalances  in  the  l ive r  and  leads  to  the
format ion  of  reac t ive  oxygen  spec ies  (3 ) .
Lipid peroxidat ion is  a  free radical  related
process, which is potentially harmful because
i t  i s  uncont ro l led ,  se l f  enhanc ing  process
causes disruption of  membranes,  l ipids and
other cell  components.  A lot of oxygenated
compounds ,  par t i cu la r ly  a ldehyde  such  as
malondialdehyde (MDA) are produced during
the  a t t ack  of  f ree  rad ica l s  to  membranes
lipoproteins and polyunsaturated fat ty acids
(4).

A good  an t iox idan t  s ta tus  may  be
impor tant  for  human heal th  and especia l ly
for the prevention of chronic diseases such
as  cancer  and CAD. Low plasma levels  of
antioxidant as well as low intake of dietary
ant iox idants  have  been  assoc ia ted  wi th  an
increased  r i sk  o f  a therosc le ro t ic  hear t
d i sease  (5 ) .  Trace  e lements  a re  be ing
increas ing ly  recognized  as  essen t ia l
mediators for the development and progression
of  hear t  d i seases .  I t  i s  we l l  known tha t
Selenium (Se), Zinc (Zn) and Copper (Cu) in
serum can affect certain heart diseases such
as  keshan  d i sease  ( i . e .  where  so i l  Se
deficiency is very low and it is although often
assoc ia ted  wi th  a  ca rd iomyopathy  i t  i s
demons t ra ted  in  China)  hear t  fa i lu re ,
ca rd iomyopathy  and  a therosc le ros i s .
Therefore ,  t race  e lements  may  p lay  an

impor tan t  ro le  in  the  e t iopa thogenes i s  o f
the  d i seases  (6 ) .  Trace  e lements  may
a lso  p lay  an  impor tan t  ro le  in  a l l ev ia t ing
t i s sue  damage  due  to  fo rmat ion  of  f ree
radicals .  Thus  i t  i s  poss ible  that  a lcohol ic
CAD which is  very common in  low socio-
economic  s t ra ta  due  to  heavy  dr ink ing
habi t s  i s  assoc ia ted  wi th  changes  in  l i fe
s ty le  and  assoc ia ted  mul t inu t r i t iona l
deficiencies.

Hence  a  sys temic  approach  has  been
made in  the  present  s tudy to  focus  on the
cardiovascular disease. Oxidative stress was
measured  by  the  se rum leve ls  o f  MDA,
enzymic  g lu ta th ione  perox idase  (GPx) ,
superoxide dismutase (SOD) and trace elements
l ike  Se ,  Zn ,  and  Cu in  ang iographica l ly
proven alcoholic with CAD and non alcoholic
CAD patients along with normal subjects and
compared .

MATERIALS AND METHODS

The study was case-controlled in design.
We have selected the  pat ient  as  they have
presented. The study was only male oriented
because, the incidence of female alcoholism
is very low in local  populat ion,  and hence
the female subjects have been excluded from
the s tudy.  Pat ients  included in  the  present
s tudy  were  a l l  admi t ted  to  the  In tens ive
Coronary Care Unit (ICCU) or attending the
out  pa t ien t  depar tment  o f  medic ine  of
Maharaja  Yashvantrao Hospi ta l  a t tached to
Mahatma Gandhi Memorial  Medical College
Indore (M.P)

The study group consisted of 185 patients
wi th  CAD and  they  were  undergoing
admission to hospital and they were between
40–65  years .  They  were  fu r ther  c lass i f i ed
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measured  by  the  method  of  Pag l ia  and
Valentine (9). SOD estimation was based on
the reaction between superoxide radicals and
2–4  iodophenyl  3–4  n i t rophenol  5 -phenyl
te t razol ium chlor ide  (10) .  Serum leve ls  of
Se  were  de te rmined  by  Zeeman graphi te
furnace  a tomic  absorp t ion  ana lys i s  wi th
nickel nitrate or reduced palladium as matrix
modi f ie r  i s  the  recommended  ana lys i s
method (11). Serum Zn and Cu measurement
was performed by f lame a tomic  absorpt ion
spec t rophotometery  wi th  deu te r ium
background correct ion (Perkin-Elmer model
5000) (12).

Stat i s t i ca l  ana lys i s

All  va lues  are  presented  as  means±SD.
Sta t i s t i ca l  s ign i f icance  was  ana lysed  by
Student  t - t es t  and  cor re la t ion  be tween
var iab les  were  s tud ied  by  us ing  Pearson’s
cor re la t ion  coef f ic ien t  t es t .  The  leve l  o f
significance was set  at  P<0.05.

RESULTS

The  c l in ica l  charac te r i s t i cs  o f  th ree
groups of CAD patients and control subjects
a re  p resen ted  in  Table  I .  In  our  s tudy ,
number  o f  smokers  and  hyper tens ives  a re
more in alcoholic CAD patients compared to
non-alcoholics and controls .

Serum leve l s  o f  to ta l  cho les te ro l ,
triglycerides, LDL-C and MDA increased in
alcoholic CAD and non alcoholic CAD patients
as compared to controls (P<0.001),  whereas
decreased  HDL-C (P<0.001)  l eve l s  in
alcoholic CAD and non alcoholic CAD patients
as  compared  to  con t ro l s  (Table  I I ) .
Ant iox idan t  enzyme ac t iv i t i es  o f  GPx and

into three groups. 59 patients were moderate
alcoholic, 65 patients were high alcoholic and
61 pat ients  were nonalcoholic .  The cr i ter ia
for the diagnosis of CAD was made on the
basis of clinical history, history of myocardial
infraction, 12 leads electrocardiogram (ECG)
and  coronary  ang iography  f ind ings .  The
pat ien ts  in  h igh  a lcohol ic  CAD group had
been drinking more than 80 gm alcohol per
day  a t  l eas t  fo r  one  year  and  modera te
alcoholic CAD group had been drinking less
than 80 gm alcohol per day based on CAGE
ques t ionna i re  and  in te rv iew.  Al l  pa t ien t s
were having CAD but  non-cirrhot ics .  None
of the patient was on any antioxidant therapy
or  l ip id  lower ing  drugs .  Cont ro l s  had  75
healthy age matched,  non smoking and non
alcoholic healthy individuals. All participants
gave  wr i t t en  in formed consen t  and  th i s
pro toco l  was  approved  by  the  e th ica l  and
research  commit tee  o f  Mahatma Gandhi .
Memoria l  Medical  Col lege,  Indore .  Table-I
g ives  the  de ta i l s  o f  the  p rof i l es  o f  the
subjec ts .

Venous  b lood  samples  were  co l lec ted
from all the study subjects after an overnight
fas t .  The  concent ra t ions  o f  se rum to ta l
cho les t re ro l ,  t r ig lycer ides ,  h igh  dens i ty
choles tero l  (HDL-C)  levels  were  es t imated
by Human Diagnostics Reagent (Max-Planck-
Ring  21  D-65205  Wiesbaden  Germany)
adapted  to  550  expressp lus  au to  ana lyzer
(c iba  corn ing  d iagnos t ics  corpora t ion ,  63
north street, Medfield, MA 02052-9990, USA).
Low dens i ty  cho les te ro l  (LDL-C)  was
measured by enzymat ic  method (7) .  Serum
levels of MDA, a marker of lipid peroxidation
were measured by thiobarbutric acid (TBA)
method (8).  The haemolysate prepared from
the red cells was used for the estimation of
an t iox idan t  enzyme ac t iv i t i es .  GPx was
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SOD were significantly decreased (P<0.001)
in non alcoholic CAD and further decreased
in high alcoholic CAD patients as compared
to  con t ro l s  (P<0 .001) .  However  in  non
a lcohol ic  CAD pa t ien t s  as  compared  to
modera te  a lcohol ic  CAD,  there  i s  no
s ign i f ican t  d i f fe rence  in  GPx and  SOD

TABLE I :  Basel ine  character is t ics  of  s tudy subjects .

N o n - Moderate- High-
Controls alcoholic alcoholic alcoholic

(n=75) C A D C A D C A D
Mean±SD patients patients patients

(n=61) (n=59) (n=65)
Mean±SD Mean±SD Mean±SD

Age (yrs) 47.9±8.1 50.9±19.8 52.9±11.2 56.2±12.4*
BMI (kg/m2) 22.8±8.1 24.8±3.8 25.7±3.9 28.7±4.1*
HTN (%) 8 58 60 70
Smokers (%) 10 41 55 74

*High ly  s ign i f i can t  (P<0 .001)  vs  con t ro l s .
HTN=Hyper tens ion ,  BMI=Body  Mass  Index ,
CAD=Coronary  Ar te ry  Disease

TABLE I I : L ip id  p ro f i l e  and  malond ia ldehyde
concen t ra t ions  in  s tudy  sub jec t s .

N o n - Moderate- High-
Controls alcoholic alcoholic alcoholic

(n=75) C A D C A D C A D
Mean±SD patients patients patients

(n=61) (n=59) (n=65)
Mean±SD Mean±SD Mean±SD

T. Chole- 148.2 ± 17.7 227.2 ±16.1* 235.0 ± 14.2* 288.1 ± 26.1*
sterol
(mg/dl)

Trigly- 119.1 ± 16.2 197.2 ±17.4* 210.0 ± 16.8* 239.1 ± 19.8*
cerides
(mg/dl)

HDL-C 49.2 ± 4.8 38.5 ±4.5* 37.1 ± 5.2* 34.2 ± 5.5*
(mg/dl)

LDL-C 70.8 ± 20.1 145.0 ±18.1* 159.0 ± 14.3* 190.0 ± 27.2*
(mg/dl)

MDA 3.5 ± 0.69 6.4 ±0.51* 6.8 ± 0.40* 8.4 ± 1.6*
(nmoles/ml)

GPx=Glu ta th ione  pe rox idase ,  SOD=Superox ide
Dismutase ,  Se=Se len ium,  Zn=Zinc ,  Cu=Copper .
*High ly  s ign i f i can t  (P<0 .001)  ve r sus  con t ro l s .

TABLE I I I : Ac t iv i t i e s  o f  e ry th rocy te  an t iox idan t
enzymes  and  se rum t race  e lements .

N o n - Moderate- High-
Controls alcoholic alcoholic alcoholic

(n=75) C A D C A D C A D
Mean±SD patients patients patients

(n=61) (n=59) (n=65)
Mean±SD Mean±SD Mean±SD

G P x 32.2± 11.2 24.8± 3.5* 22.0± 5.5* 15.6± 2.4*
(U/gmHb)
S O D 8.81± 1.6 7.2± 0.91* 7.0± 1.3* 5.8± 0.40*
(U/gmHb)
S e 98.5± 11.3 78.2± 8.5* 76.1± 9.1* 62.2± 10.1*
(µg/dl)
Z n 89.2± 7.7 72.2± 5.7* 70.0± 5.9* 61.8± 7.6*
(µg/dl)
C u 104.2± 9.4 124.1± 11.9* 129.2± 11.6* 136.1± 10.1*
(µg/dl)

GPx=Glu ta th ione  pe rox idase ,  SOD=Superox ide
Dismutase ,  Se=Se len ium,  Zn=Zinc ,  Cu=Copper .
*High ly  s ign i f i can t  (P<0 .001)  ve r sus  con t ro l s .

(P<0 .21) .  However ,  se rum leve l s  o f  t race
elements l ike Se and Zn were signif icantly
lower  (P<0 .001)  in  h igh  a lcohol ic  CAD
subjects as compared to non alcoholic CAD
pat ien t s ,  bu t  the re  was  no  s ign i f ican t
d i f fe rence  observed  be tween  modera te
a lcohol ic  and non a lcohol ic  CAD pat ients .
However, serum Cu levels were significantly
increased (P<0.001) in high alcoholic  CAD
subjects as compared to non alcoholic CAD

TABLE IV : Corre la t ion  ana lys is  of  Malondia ldehyde
leve l s  be tween  non-a lcoho l i c  and  h igh
a lcoho l i c  CAD pa t i en t s .

Non-alcoholic High-alcoholic
CAD patients CAD patients

‘r’ ‘r’

MDA/Se –0.52* –0.58*
MDA/Zn –0.62* –0.65*
MDA/Cu 0.48* 0.53*

*Sign i f i can t  (P<0 .05) .
r=cor re la t ion  coef f i c i en t .
CAD=Coronary  Ar tery  Disease ,  MDA=Malondia l -
dehyde ,  Se=Se len ium,  Zn=Zinc ,  Cu=Copper .
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pa t ien t s  and  hea l thy  con t ro l s  (Tab le  I I I ) .
As  indicated in Table IV,  a  s ign i f i can t ly
negative correlation was found between MDA
against Se and Zn levels. However, positive
cor re la t ion  occurs  be tween  MDA and  Cu
levels in non alcoholic CAD patients and high
alcohol ic  CAD pat ients ,  i .e .  as  the  Se,  Zn
leve l s  decreases  and  e leva ted  Cu  leve l s
shows increasing trend of MDA levels.

DISCUSSION

Atherosc le ros i s  i s  a  p rocess  fo r  which
there  i s  subs tant ia l  ev idence  of  a  ro le  for
oxida t ive  s t ress .  Hypercholes te ro lemia  and
tr ig lycer idemia  are  independent  r i sk  fac tor
tha t  a lone  or  toge ther  can  acce le ra te  the
deve lopment  o f  CAD and  progress ion  of
a therosc le ro t ic  l es ions .  HDL may be
protective by reversing cholesterol transport,
inh ib i t ing  the  ox ida t ion  of  LDL and  by
neut ra l i z ing  the  a therogenic  e f fec t s  o f
oxidized LDL. A greater increase of LDL may
also  cause  a  g rea te r  decrease  o f  HDL as
there is reciprocal relation ship between the
concentrations of LDL and HDL (13).

Lipid peroxidat ion of  cel lular  s t ructure,
a free radical-induced activity, is thought to
p lay  an  impor tan t  ro le  in  age ing ,
a therosc le ros i s  and  la te  compl ica t ions  o f
d iabe tes  mel l i tus  (14) .  Few au thors  have
repor ted  increased levels  of  MDA in  CAD
patients (14, 15). In our study also, increased
levels of MDA in high alcoholic CAD patients
as  compared  to  non  a lcohol ic  CAD and
healthy controls, because alcoholics seem to
have still  greater degree of oxidative stress.
The es t imat ion of  l ip id  peroxidat ion a long
with lipid profile in the CAD patients is very
useful  as  i t  may serve as a  useful  monitor
to judge the prognosis of the patient .

Se is  a  part  of  GPx in the cytosol  and

mitochondria ,  which protects  biomembranes
aga ins t  des t ruc t ion .  Se len ium i s  a l so  a
central  enzyme for  el iminating oxygen free
rad ica l s  and  perox idase .  In  con t ras t ,  the
trace elements deficiency causes cardiomyopathy
as  a  resu l t  o f  the  dep le t ion  of  essen t ia l
enzymes, which protect cell  membrane from
damage  by  f ree  rad ica l  due  to  the  t race
e lements  have  a  key  ro le  in  essen t ia l
enzymes  such  as  GPx and  SOD.  I t  i s
there fore  no t  surpr i s ing  tha t  one  of  the
important  b iological  funct ions  of  the  t race
e lements  i s  an t iox ida t ion .  GPx and  SOD
reduce the production of hydrogen peroxide
and  superox ide ,  the re fore  d imin ish ing  the
propagation of free radicals (16, 6).

In the present study we found decreased
levels  of  Se ,  Zn and decreased act iv i ty  of
GPx and SOD in non alcoholic CAD patients.
Previous studies also showed same findings
(6 ,  14 ,  15) .  In  add i t ion  we  a l so  observed
further decreased levels of above parameters
in  h igh  a lcohol ic  CAD as  compared  to
moderate alcoholic CAD patients. These data
showed that Se deficiency not only increases
the risk of CAD, but also increases the risk
of acute events of myocardial  infraction.

The  t rans i t ion  meta l  copper  has  been
shown to  promote  the  oxidat ion of  LDL-C
and inversely associated with r isk of CAD.
Most  o f  the  case-cont ro l led  s tud ies  have
shown high Cu levels in patients with CAD
and Myocard ia l  in f rac t ion  compared  to
healthy controls (17).  In our study also we
found significantly increased Cu levels in non
alcoholic ,  moderate alcoholic  CAD patients
and further increased in high alcoholic CAD
patients  as  compared to controls ,  However,
Mehdi Hassanzadeh et al have been reported
that there is no significant difference in Cu
levels among CAD patients (18). We suggested



146 Sarkar  et   al Indian J Physiol  Pharmacol 2007; 51(2)

that there are so many risk factors in CAD
but among all those alcohol is the main risk
fac tor ,  so  pa t ients  who are  suf fer ing  f rom
alcoholic CAD are becoming more r isky as
compared to only CAD patients. In constract,
men  who dr ink  should  be  warned  of  the
increased risk of CAD associated with heavy
alcohol  consumption.

In  conc lus ion ,  h igh  a lcohol  in take
predicts  low antioxidant and trace elements

levels in the body and they may contribute
to  the  increased  suscep t ib i l i ty  fo r  the
development of CAD. So reduced consumption
of alcohol, animal saturated fat and increased
consumpt ion  of  n -3  fa t ty  ac ids ,  na tura l
antioxidants, fresh fruits, vegetables and tree
nuts ,  main tenance  of  body  weigh t  and
secondary prevent ive measures  l ike  control
of  hyperglycemia  may be  suggested  to  the
alcoholic CAD patients to protect them from
fur ther   cardiovascular  detor ia t ion.
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