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Abstract : Stroke is the leading cause of mortality and long term disability
among adults in industrialized countries. Oxidative stress is an independent
risk actor by inducing production of oxygen free radicals in ischemic stroke.
Because a relationship may be associated between ox-ldl and paraoxanase,
the  a im of  th is  s tudy was  to  inves t igate  the  associa t ion between ox- ld l
and  pa raoxanase  in  i schemic  s t roke  pa t i en t s  by  de te rmin ing  whe the r
ox-ldl is a useful marker for monitoring oxidative stress in ischemic stroke
patients. Our study included 100 patients of ischemic stroke and 100 controls.
Compared with controls  ox-ldl  was significantly raised in stroke patients
and Paraoxanase  ac t iv i ty  was  low.  Our  f indings  sugges t  tha t  there  i s  a
significant association between raised plasma ox-ldl  and decrease activity
of Paraoxanase with age indicating that plasma ox-ldl may reflect oxidative
stress  in  ischemic s t roke pat ients .
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affect low density lipoproteins (ldl) and other
lipoproteins but also cellular lipids including
those in  the ar ter ia l  wal l  and macrophages
(1, 7, 15). An increase in oxidative products
can  con t r ibu te  to  a therosc le ros i s  and
vasomotor tone. The lack of direct evidence
on  the  ro le  o f  ox ida t ive ly  modi f ied  low
density lipoprotein in patients with ischemic
s t roke  par t ly  re f lec t s  l ack  of  sens i t ive
tools  wi th  which to  measure  ox- ldl  levels .
Human se rum paraoxanase  (Paraoxanase)
[(E.C 3.1.8.1)  aryldialkyl  phosphatase]  is  a
protein of 354 amino acids (molecular mass
43kDa) ,  syn thes ized  in  the  l ive r  and  has
antiatherogenic activity due to its protective

INTRODUCTION

Stroke is  the leading cause of mortali ty
and of long term disability among adults in
indus t r i a l i zed  count r ies  (10 ,  11) .  Ear ly
detection and control of risk factors such as
hypertension, smoking and diabetes melli tus
a re  thought  to  be  c ruc ia l  in  reduc ing  the
risk of stroke and providing effective care.
However  the  r i sk  of  s t roke  may d i f fe r
depending  on  the  e t io logy  of  s t roke .
Oxida t ive  s t ress  i s  a  charac te r i s t i c  o f
i schemic  s t roke .  The  even t  resu l t s  in
genera t ion  of  f ree  rad ica l s  l ead ing  to
promotion of lipid peroxidation. This not only
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func t ion  aga ins t  low deoxida t ion .
Paraoxanase prevents oxidative modification
of  low dens i ty  l ipopro te in  (9 ) .  Because  a
re la t ionsh ip  may  be  hypothes ized  be tween
Paraoxanase and ox-ldl the aim of this study
was to  inves t igate  the  associa t ion between
ox- ld l  and  Paraoxanase  in  i schemic  s t roke
pa t ien t s  by  de te rmin ing  whether  ox ida t ive
stress is an useful marker in ischemic stroke
pa t i en t s .

MATERIAL AND METHODS

The study was case controlled in design.
We have selected the patients as they have
presented.  Pat ients  included in  the  present
study were all admitted to the Intensive Care
Uni t  ( ICU)  or  a t t end ing  the  ou tpa t ien t
depar tment  o f  Medic ine  of  Mahara ja
Yashvantrao  Hospi ta l  a t tached to  Mahatma
Gandhi Memorial College, Indore (M.P). The
study group consis ted of  100 pat ients  with
ischemic stroke between 60–75 years of age
and  they  were  undergoing  admiss ion  to
hosp i ta l  and  100  age  and  sex  matched
controls  were taken with no family history
of stroke. Brief clinical history covering the
s igns  and  symptoms,  pas t ,  pe rsona l  and
family history of concerned risk factors were
taken. All participants gave written informed
consent  and this  protocol  was approved by
ethical  and research committee of Mahatma
Gandhi  Memoria l  Medical  Col lege ,  lndore .
Table-I  gives the detai ls  of  the profi les  of
the  subjec t s .

Inc lus ion  cr i ter ia

Obes i ty  pa t ien t s  were  cons idered  wi th
waist  circumference >102 cm (40 inch) for
men and >88 cm (35 cm) for women. Systemic
hyper tens ion  was  cons idered  to  be  present

if the blood pressure was recorded >140 mm
Hg as Systolic blood pressure or >90 mm Hg
as  d ias to l ic  b lood  pressure .  Venous  b lood
samples  were  co l lec ted  f rom a l l  the  s tudy
subjects after an overnight fast.  Plasma ox-
ldl  was determined by ELISA method.  The
ldl-c fraction was separated from blood plasma
by sequential ultracentrifugation. Diluted ldl-
c fractions were added to the microtitre wells
tha t  were  p recoa ted  wi th  an t i  ox- ld l
monoclonal antibody DLHS. After extensive
washing the  remaining ox- ldl  was detected
with a sheep antihuman apo B antibody and
an  a lka l ine  phospha tase  con juga ted  an t i
sheep IgG antibody.

In  each  ELISA p la te ,  va r ious
concent ra t ions  o f  s tandard  ox- ld l  which
was  prepared  by  incuba t ing  ld l -c  wi th
coppersulphate at 37°C for 3 hours were run
simultaneously to determine standard curve.
Serum Paraoxanase  ac t iv i ty  was  measured
by  us ing  5 .5  mM/L pni t rophenyl  ace ta te
(Sigma chemicals,  USA) as a substrate,  the
increase in the absorbance of p-nitrophenol
formed a t  412  nm was  measured  by  us ing
ELICO spectrophotometer  (3) .

The  ac t iv i ty  o f  Paraoxanase  was
measured in 20 mM/L Tris buffer at  pH8.0
and which contains 1 mM calcium chloride.
The generated product of p-nitrophenol was
ca lcu la ted  by  us ing  molar  ex t inc t ion
coefficient of 17000 per mole per cm at pH
8.0 .  Resu l t s  a re  expressed  as  U/ml .  (1U,
1 nmol p-ni t rophenol  formed per  minute) .

Stat i s t i ca l  ana lys i s

All  va lues  a re  p resen ted  as  mean±s .d .
S ta t i s t i ca l  s ign i f icance  was  ana lyzed  by
s tuden t  ‘ t ’  t e s t  and  cor re la t ion  be tween
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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  character is t ics  of  i schemic
s t roke  pa t ien t s  and  con t ro l  sub jec t s  a re
presented in  Table  I .  Among 100 ischemic
s t roke  pa t ien t s ,  70% were  males  and  30%
were females,  among 100 controls  64 were
males  and  36  were  females .  There  a re  52
pat ients  wi th  obesi ty  and only  19 subjects
among cont ro l s  were  obese  and  they  a re
s ta t i s t i ca l ly  s ign i f ican t  (P<0 .001) .  Among
100 i schemic  s t roke  pa t ien t s  58% had  the
history of hypertension and 26% in control
group  which  was  s ta t i ca l ly  s ign i f ican t
(P<0.001).

DISCUSSION

The s tudy  was  conduc ted  on  100
confirmed cases of ischemic stroke and 100
age  and  sex  matched  cont ro l s .  A  mur ine
monoclona l  an t ibody  has  been  es tab l i shed
(DLH3) ,  which  recognizes  ox ida t ive ly
modi f ied  l ipopro te ins  in  p lasma and  foam
cells  in  atherosclerot ic  lesions (5,  6) .  This
an t ibody  reac t s  wi th  severa l  ox id ized
products  of  phosphat idylchol ine  and i t  has
been  observed  increased  p lasma ox- ld l
concen t ra t ions  in  pa t ien t s  wi th  i schemic
stroke (2, 4, 18). It is speculated that plasma
ox-ldl level in patients with ischemic stroke
would  be  increased  and  cou ld  se rve  as  a
marker  o f  i schemic  s t roke .  Another
explanation for the elevation of plasma ox-
ldl  in  i schemic  s t roke pat ients  as  repor ted
in  our  s tudy  i s  because  tha t  l ipo lys i s  i s

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

P a r t i c u l a r s
P a t i e n t s C o n t r o l s
( n = 1 0 0 ) ( n = 1 0 0 )

Age  (yea r s ) 70 .0±7 .5 68 .2±4 .1
M a l e / F e m a l e 70/30 64/36
HTN (%) 58% 26%
O b e s i t y 5 2 1 9

H T N = H y p e r t e n s i o n

Table II  shows the plasma ox-ldl  levels
and Paraoxanase  act iv i ty  s ta tus  in  pat ients
as well as controls.  Plasma levels of ox-ldl
increased  in  s t roke  pa t ien t s  as  compared
to  con t ro l s  (P<0 .001)  and  se rum leve l s
of  Paraoxanase  ac t iv i ty  decreased  in
s t roke  pa t ien t s  as  compared  to  con t ro l s
(P<0.001).

As indicated in Table III ox-ldl showed a
positive correlation and paraoxanase showed
a negat ive correlat ion with age.

TABLE II :  Se rum ox- ld l  and  pa raoxanase
concentration in  s tudy  sub jec t s .

Patients Controls P-
Particulars (n=100) (n=100) va lue

Mean±SD Mean±SD

ox-ldl (mg/dl) 4.62± 0.36 2.56± 0.32 P<0.001*
Paraoxanase (U/ml) 443.3± 0.4 157.9± 4.8 P<0.001*

ox- ld l -ox id ized- ld l ,  Pa raoxanase -Paraoxanase
*High ly  S ign i f i can t  (P<0 .001)  v / s  con t ro l s .

TABLE II I : Cor re la t ion  coef f i c i en t s  o f  ox- ld l  and
Paraoxanase levels between 60–75 years
in ischemic stroke patients v/s controls.

V a r i a b l e P a r t i c u l a r s
P a t i e n t s C o n t r o l s
( n = 1 0 0 ) ( n = 1 0 0 )

A g e Ox-ldl  ( r ) 0 . 2 1 0 . 4 6
(60–75) Paraoxanase (r) –0 .97 –0 .68

r=cor re la t ion  coef f i c i en t ;  ox- ld l=ox id ized- ld l ;
P O N = P a r a o x a n a s e .
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activity has been reported with other states
assoc ia ted  wi th  increased  a therosc le ros i s
including ischemic stroke and renal diseases.
Therefore,  paraoxanase act ivi ty may ref lect
the antioxidant and antiatherogenic capacity
(8).

In  conclus ion we noted  e levated  ox- ld l
leve l s  and  lower  mean  se rum Paraoxanase
ac t iv i ty  in  i schemic  s t roke  pa t ien t s .  We
hypothesised that elevated ox-ldl levels and
lower  Paraoxanase  ac t iv i ty  may cont r ibu te
for the development of oxidative stress. The
f indings  sugges t  tha t  a  ra i sed  ox- ld l  leve l
ref lects  oxidat ive s t ress  in  ischemic s t roke
patients and is an useful independent marker
of  i schemic  s t roke  bu t  fu r ther  s tud ies  a re
required to resolve the associat ion between
reduced Paraoxanase activity and raised ox-
ld l  levels  in  i schemic  s t roke  pat ients  wi th
age.  The present  s tudy confi rms that  there
i s  an  e leva ted  ox- ld l  l eve l s  and  reduced
Paraoxanase  ac t iv i ty  in  i schemic  s t roke
pa t ien t s  wi th  age  and  emphas izes  the
impor tance  of  these  markers  fo r  ea r ly
diagnosis  and therapeut ic  in tervent ions .

increased  in  b ra in  reg ions  sub jec ted  to
ischemia and that lipid peroxidation products
are  increased in  plasma,  the  source of  ox-
ldl detected by DLH3, recognizing oxidized
phophatidylcholine, may in part therefore be
oxidized phosphol ipids  re leased from brain
t issues  into  the  c i rculat ion.  Similar  resul ts
have been reported by Polidori MC and Nishi
K et. al. (12, 13).

As  ind ica ted  in  Table - I I I  a  pos i t ive
correlation between ox-ldl and age indicates
tha t  o ld  people  o f ten  have  dysfunc t ion  in
the i r  endothe l ia l  ce l l s  and  a re  more
vulnerable to oxidative stress. Ldl oxidation,
which is  maintained by an internal  defence
sys tem aga ins t  ox ida t ive  s t ress ,  may
overcome the defences after ischemic stroke.
As a  resul t ,  uncontrol led oxidat ive damage
in  bra in  ce l l s  may  occur  a f te r  an  insu l t .
S imi lar  resul t s  have  been repor ted  by Sun
D et. al. (16). Rajagopalan S et. al. (14) and
Tadde i  S  e t .  a l .  (17) .  S ign i f ican t ly  lower
Paraoxanase  ac t iv i t i es  have  been  repor ted
af te r  i schemic  s t roke  when compared  wi th
age  and  gender  cont ro l s .  Decreased  se rum
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