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LETTER TO  THE  EDITOR

OXIDATIVE DAMAGE AND PLASMA ANTIOXIDANTS
IN CEREBROVASCULAR ACCIDENT

Sir,
((((( Rece ived  on  March  26 ,  2004Rece ived  on  March  26 ,  2004Rece ived  on  March  26 ,  2004Rece ived  on  March  26 ,  2004Rece ived  on  March  26 ,  2004 )))))

CVA pat ients,  p lasma ant ioxidants  v iz . ,
cer uloplasmin,  vi tamin A,  vi tamin E and
vi tamin C were  es t imated  a long  wi th
conjugated dienes as the lipid peroxidation
marker.

Random blood samples were col lected
from the stroke patients meeting following
cr i te r ia :  In t ra  cerebra l  haemorrhage  or
cerebra l  thrombos is  d iagnosed  by  bra in
CT;  No blood in  vent r icu lar  sys tem or
subarachnoid  space  on  bra in  CT; No
evidence of organic heart disease or other
poss ib le  cause  o f  cerebra l  embol i sm.
Cigare t te  smokers  and a lcohol ics  were
excluded. The study population consisted of
46 patients with CVA, and 50 age and sex
matched normal  sub jec t s.  46  pat ients
included 16 cases (males 10, females 6) of
intracerebral  hemorrhage and 30 cases of
cerebral thrombosis (males 21, females 9).
All these patients were in an acute phase
of  stroke. Thus, the study included 3 groups
hemor rhagic  s t roke,  thrombot ic  s t roke
( i schemic  s t roke)  and contro l  g roup.  12
i schemic  s t roke  pa t ients  who rece ived
aspirin (150 mg/day) or clopidogrel (75 mg/
day) or warfarin (5 mg/day) were considered
for follow up studies,  after one month of
t rea tment .

Random blood samples were collected in
EDTA bot t les  f rom normal  sub jec t s  and
s t roke  pat ients.  To es t imate  conjugated

Cerebrovascular  acc ident  (CVA)  i s  a
leading cause of morbidity and mortality in
major  indus t r ia l  countr ies.  Growing
evidence  indica te  that  reac t ive  oxygen
spec ies  contr ibute  s igni f icant ly  to  th i s
process,  pr inc ipa l ly  by  means  o f  l ip id
peroxidation (1). Oxidative stress is involved
in  the  neuropathology  of  severa l  o ther
d isorder s  l ike  e p i le psy,  meningi t i s  and
Park inson’s  d i sease  (2 ,  3 ) .  Free  radica l s
(v iz . ,  superoxide,  n i t r icoxide,  hydroxyl
radicals) and other reactive oxygen species
(v iz . ,  hydrogen peroxide,  peroxy n i t r i te,
hypochlorous acid) are produced in the body
primarily as a result of aerobic metabolism.
Ant ioxidants  (g lu ta th ione,  se lenium,
zinc,  v i tamins  A,  E,  C)  and ant ioxidant
enzymes  ( superoxide  d ismutase,  cata lase,
ceruloplasmin,  g luta thione  reductase  and
peroxidase)  exer t  synerg i s t ic  ac t ions  in
scavenging  f ree  radica l s.  Recent  s tudies,
primarily in animals,  l ink oxidative stress
to  impaired  endothe l ia l  funct ion  and
vascular  in jur y  in  a therosc leros i s,  acute
hypertension, fluid percussion brain injury
and ischemia (4) .  During ischemia, when
oxygen supply is limited, calcium influx may
act ivate  phosphol ipase  C that  resu l t s  in
breakdown of  membrane phospholipids, or
may conver t  xanthine  dehydrogenase  to
xanthine  oxidase  in  the  cerebra l  b lood
vesse l s  l eading  to  the  format ion of
superoxide radicals and hydrogen peroxide.
To evaluate the free radical metabolism in
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TABLE I : Comparison of  parameters in patients with CVA and controls (Mean±SEM).

Parameter s
Normal Ischemic stroke Hemorrhagic stroke
(n = 50) (n = 30) (n = 16)

Conjugated dienes 10.26±1.42 11.58±1.2 11.2±1.38
(µ mol/dl)

Ceruloplasmin 17.47±0.86 29.98±2.53a 31.88±2.42a

(mg/dl)

Vitamin A 70.14±6.3 62.56±10.08 68.63±13.91
(µg/dl)

Vitamin E 10.56±0.69 7.59±0.78b 7.38±0.75c

(mg/dl)

Vitamin C 28.02±2.12 22.13±4.12 19.53±1.7b

(µ mol/L)

aP<0.0001, bP<0.02, cP<0.05 significantly different from normal.

dienes,  l ipids were extracted from plasma
with 2 : 1 chloroform methanol mixture, the
extract was evaporated to dryness under a
s t ream of  oxygen- f ree  n i t rogen.  The
chloroform-free l ipid was then redissolved
in cyclohexane and absorbance at 234 nm
was  recorded agains t  cyc lohexane  b lank.
Plasma ceruloplasmin was determined by its
p-phenylene diamine (PPD) oxidase activity.
Plasma α - tocopherol  was  measured us ing
Emmorie Engel reaction which is based on
the reduct ion by tocopherols  of  ferr ic  to
ferrous ions which then forms a red complex
with  α –α  d ipyr idy l .  Vi tamin A has  an
absorption maximum in the UV region of
327 mµ and can be determined by reading
the extinction at this wavelength before and
after exposure to UV light, to destroy the
vitamin A present. Ascorbic acid is oxidised
by copper  to  form dehydroascorb ic  ac id
which then reacts with acidic 2, 4 dinitro
phenyl hydrazine to form red bishydrazone.
The intensity of red colour is measured at
520 nm. Data were analyzed statistically by
Mann-Whitney U test  and Wilcoxon rank
sum tes t .  The di f fe rence of  P<0.05 were
cons idered  s igni f icant .  Mean p lasma
conjuga ted  d ienes  was  s l ight ly  h igher

in  case  o f  i schemic  s t roke  pat ients  as
compared to the normal subjects (Table I).
However normal value was obtained in these
patients after treatment (Table II). Plasma
cer uloplasmin level  was signif icantly high
both  in  pre t rea tment  and pos t - t rea tment
cases  o f  i schemic  s t roke  compared  to
controls. Vitamin E was significantly low in
i schemic  s t roke  pat ients  compared  to
normal. Though the vitamin A and C levels
decreased  in  i schemic  s t roke  pat ients
compared  to  contr o l s,  the  decrease  was
stat is t ical ly  insignif icant  (Table  I ) .  There

TABLE II : Compar i son  o f  parameter s  in  pa t i en t s
with ischemic stroke before treatment and
after treatment (Mean±SEM).

Par ameter s
Pretreatment Posttreatment

(n = 12) (n = 12)

Conjugated dienes 11.54±1.96 10.36±1.11
(µ mol/dl)

Ceruloplasmin 27.71±3.06 26.53±2.63a

(mg/dl)

Vitamin A 60.25±9.85 65.33±5.78
(µg/dl)

Vitamin E 8.63±1.19 10.93±0.94
(mg/dl)

Vitamin C 21.03±4.16 22.96±2.76
(µ mol/L)

aP<0.01 significantly different from normal.
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was  an  apparent  increase  in  conjugated
dienes  in  hemorrhagic  s t roke  pat ients
compared  to  nor mal  sub jec t s.  Fur ther,
ceru loplasmin increased  s igni f icant ly  in
these patients. No significant difference was
obser ved  in  v i tamin A leve l s,  however
v i tamin E and C leve l s  decreased
significantly in these patients as compared
to controls (Table I).

Exper imenta l  s tudies  on  animals
indicated  that  there  i s  a  re la t ionship
between f ree  radica l  product ion  and
increased l ip id  peroxidat ion in  the  brain
dur ing  CNS i schemia  or  t rauma (1) .
Oxidative stress has been associated with
the development of blood brain disruption
and cellular injury after ischemia in mice
(4) .  Mean conjugated  d ienes,  the  in i t ia l
product of  l ipid peroxidation was high in
CVA pa t ients  as  compared  to  normal
indiv iduals  in  the  present  s tudy.  This
fac t  i s  suppor ted  by  ear l ie r  repor t s
which  indicate  s igni f icant ly  h igh  ser um
malondialdehyde, the end product of  lipid
peroxidation, in ischemic stroke (5).  High
lipoperoxides in erythrocytes is the potential
risk factor for cerebral hemorrhagic stroke
in humans (6). These findings are in keeping
wi th  poss ib le  ev idence  o f  f ree  radica l
product ion and damage in  CVA.  In both
ischemic  s t roke  and hemor rhagic  s t roke,
ceru loplasmin ac t iv i ty  in  p lasma i s
s igni f icant ly  h igh  compared  to  hea l thy
subjec ts.  Cer uloplasmin,  through i t s
fe r roxidase  ac t iv i ty,  may decrease  the
availability of  Fe+2 and Cu+1 for Haber-weiss
and Fenton react ion  that  generate  f ree
radicals and thus protect the patients from
aggravating free radical injury. Vitamin A
leve l s  in  s t roke  pat ients  remained low
compared to controls in the present study.

One of  the  ear l ie r  repor ts  a l so  indicates
s igni f icant ly  low p lasma carotenoids
in  acute  i schemic  s t roke  (7 ) .  In  the
present  s tudy,  vi tamin E concentrat ion is
significantly reduced in both ischemic stroke
and hemorrhagic stroke. Ryglewicz et al (8)
observed  that  a  low concentra t ion  of
antioxidants such as alpha tocopherol may
inf luence the development  of  post  s t roke
dementia. Likewise, deficiency of  vitamin C
causes insufficiently hydroxylated collagen
giv ing  r i se  to  poor  wound hea l ing  and
fragility of  blood vessels. Ascorbic acid is
an impor tant antioxidant which may help
to reduce free radical damage and atheroma
formation in blood vessels. Serum ascorbate
level and total antioxidant capacity of stroke
pat ients  decreased  a f te r  the  onse t  o f
i schemia (9) .  A s imi lar  f inding has  been
obser ved in  the  present  s tudy a l so.  Low
plasma v i tamin C was  assoc iated  wi th
increased risk of  stroke, especially among
hyper tens ive  and over -weight  men (10) .
Ascorb ic  ac id  and α - tocopherol  have
antioxidant propert ies  that  could improve
redox sensitive vascular changes associated
wi th  hyper tens ion in  s t roke  prone
spontaneously hypertensive rats (11). It  is
a well known fact that “sparing action” of
ascorbic acid on vitamin E is linked to its
ab i l i ty  to  reduce  tocopheroxyl  radica l s
formed by scavenging of  other free radicals.
This explains the cause for the decrease in
plasma vitamin E in the present study.

Measurements  o f  var ious  parameters
were made in 12 ischemic stroke patients
who were treated with aspirin and mannitol
and who showed symptomat ic  r ecover y.
Manni to l ,  a  water  so lub le  ant ioxidant
i s  supposed  to  prevent  ascorbate  auto-
oxidation and ascorbate dependent hydroxyl
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ion formation (12). In the present study, the
drugs given to the ischemic stroke patients
probably reacted with the free radicals, as
indicated by decreased conjugated dienes
with concomitant  increase  in  ant ioxidant
vi tamins.

On the whole, it can be concluded that
the plasma antioxidant defense capacity was
low in acute phase of  stroke, perhaps as a
result  of  increased oxidative damage, and
the condit ion tends  to  reverse  to  normal
af ter  t reatment .
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