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INTRODUCTION

Early treatment by thrombolytic therapy
is essential for the survival of the ischaemic
myocardium to improve venticular function,

CHANGES IN VITAMIN C AND VITAMIN E DURING OXIDATIVE
STRESS IN MYOCARDIAL REPERFUSION

REEMA SOOD*, A. P.  S.  NARANG*, REBECCA ABRAHAM**,
UMA ARORA**, RAJNEESH CALTON*** AND NITIN SOOD****

Department  of  *Biochemistry ,
Dayanand Medical College & Hospital, Ludhiana – 141 001
Departments of  **Biochemistry and ***Cardiology,
Christian Medical College & Hospital,
Ludhiana – 141 008

and
Department of  ****Medicine,
B.J.S.  Dental College, Hospital  and
Research Ins t i tu te ,  Ludhiana

( Rece ived  on  February  28 ,  2006 )

Abstract :  Injury to the myocardial tissue due to ischemia and reperfusion
occurs because of imbalance between the formation of oxidants and available
antioxidants in the heart.  Levels of vitamin C (ascorbic acid) and vitamin
E  (∝ - tocophero l )  were  eva lua ted  in  52  pa t i en t s  o f  acu te  myocard ia l
infarction (AMI) treated by streptokinase.  They were further divided into
reper fused  group  (39  pa t ien t s )  and  non- reper fused  group  (13  pa t ien t s ) .
Twenty normal healthy subjects served as controls. Vitamin C and vitamin
E were estimated in study group before and after thrombolytic therapy and
in controls. Vitamin C levels were low in AMI cases as compared to controls
(8.74 ± 1.87 and 10.63 ± 3.26 mg/L, respectively, P<0.001). Trend of fall in
vitamin C levels in the two study groups was not statistically significant.
Vitamin E levels declined from 12.19 ± 6.71 to 9.96 ± 6.50 mg/L by 4 hours
which was significant (P<0.01) in the reperfused group, but the change in
non-reperfused group (9 .28 ± 6.37 to  9 .35 ± 6.07 mg/dL by 4  hours)  was
non-significant. This is because of increased consumption of this antioxidant
in suppressing the oxidative stress which occurs with reperfusion. Vitamin
E can be proposed as a valid marker for reperfusion.
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reduce  myocard ia l  necros i s  and  mor ta l i ty .
Paradoxically, restoration of blood flow may
by itself increase the severity of tissue injury
termed as reperfusion injury (1,  2).  Several
s tud ies  have  shown tha t  reac t ive  oxygen
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spec ies  (ROS)  p lay  a  c ruc ia l  ro le  in  i t s
pathogenesis (3, 4, 5) leading to deleterious
phys io log ica l  consequences  o f  ven t icu la r
a r ry thmias ,  depressed  con t rac t i l e  func t ion
and lethal myocyte injury (6).

The damage caused by ROS is generally
contained by a synergistic, multilevel defence
ant ioxidant  sys tem (7) - the  enzymat ic  par t
and non-enzymatic part .  The lat ter  includes
a  la rge  number  o f  na tura l  o r  syn the t ic
ant ioxidant  compounds (eg.  Vi tamin E and
vitamin C) which have the ability to inhibit
the  ox ida t ive  damage  by  scavenging  the
highly  dest ruct ive  f ree  radical  species  (8) .
They may be overwhelmed under pathological
condi t ions .  In  recen t  t imes ,  a t t en t ion  has
been  g iven  to  the  concept  o f  reduc ing
myocardial injury at the time of reperfusion
by pretreatment with free radical  scavenger
v i tamins  (9 ,  10) .  In  eva lua t ing  such
t rea tment ,  the re  i s  a  need  to  moni to r  the
actual levels of vitamins to assess the status
of  these avai lable ant ioxidants .

Vi tamin  E  i s  the  major  l ip id  so lub le
antioxidant present in blood, mainly in VLDL
and LDL f rac t ions ,  where  i t  p revents  f ree
radicals to oxidize these lipoproteins. When
incorpora ted  in to  membranes ,  i t  p ro tec t s
myocardial phospholipids (11). In addition to
th i s ,  Vi tamin  C ac t s  as  the  f i r s t  l ine  o f
defence  aga ins t  ox ida t ive  s t ress  dur ing
ischemia reperfusion cycle (12). It is the only
antioxidant in plasma capable of completely
inhibiting oxidative modification of LDL by
aqueous  peroxyl  rad ica l s  (13) .  Vi tamin  C
adminis t ra t ion  exer t s  a  p ro tec t ive  ro le
against peroxidative damage of lipids (14).

Direct  detect ion of  ROS is  complicated
by their highly reactive and transient nature.

Ind i rec t  ev idence  for  the  presence  of  f ree
rad ica l s  has  been  demons t ra ted  by  the
estimation of markers of oxidative stress like
antioxidant vitamins –E and C levels during
ischemia  and af ter  reperfus ion.

Our  a im was  to  assess  the  changes  in
plasma concent ra t ions  of  v i tamin  E and C
levels  af ter  AMI and thrombolyt ic  therapy
and to evaluate the diagnostic utility of these
parameters  as  ea r ly  non- invas ive  markers
of oxidative stress.

METHODS

Fifty-two patients clinically diagnosed of
myocardial  infarct ion present ing within s ix
hours of onset  of symptoms consti tuted the
study group. All of them received 1.5 million
units of streptokinase intravenously over 60
minutes  as  per  es tab l i shed  pro toco ls .  A
detailed clinical history was sought from each
patient  including consumption of drugs and
exogenous  v i tamins .  Pa t ien t s  who had  a
history of prior vitamin intake were excluded
from the  s tudy.  They were  fur ther  d ivided
into  2  groups  –  reperfused (39 cases)  and
non-reperfused (13 cases) depending upon the
clinical criteria of reperfusion which include :
(i) Relief of chest pain (ii) Reversion of ECG
changes and reperfusion arrythmias (if  any)
( i i i )  CPK r i se  ( iv )  In fa rc t  re la ted  a r te ry
pa tency  (wherever  de layed  angiogram was
done).  Twenty heal thy adults  with matched
age  and  sex  hav ing  no  h i s to ry  or  c l in ica l
evidence of acute or chronic stress, who were
non-smokers, non alcoholics and not on any
medica t ions  inc luding  v i tamins  cons t i tu ted
the control  group.

Venous blood was drawn from controls
and patients at three different time intervals
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leve l s  in  the  reper fused  group  was
sta t is t ica l ly  s ignif icant  as  compared to  the
decrease  in  non-reperfused group which  i s
non-significant (Table III).

0 hour – baseline i.e. before thrombolysis, 2
hours  and  4  hours  a f te r  th romboly t ic
therapy .  Vi tamin  E  and  C were  es t imated
in  pa t ien t s  and  cont ro l s .  Vi tamin  E
was  es t imated  by  a  spec t rophotomet r ic
method  (15) .  Vi tamin  C was  es t imated  in
p lasma by  t i t ra t ion  method  us ing  2 ,6-
dichlorophenolindophenol (16).

Statistical Analysis was performed using
two sample  t  t e s t  o r  Mann Whi tney  U-
s ta t i s t i cs .  The  pa t ien t  subgroups  were
compared by employing Repeated Measured
Analys i s  o f  Var iance  to  t es t  the  t ime
hypothesis/trend. All analysis was performed
using PC 90 (Dixon Brown, 1990) BMDP and
SAS (SAS Inc, Gary, North Carolina) U.S.A.
Sof tware  Librar ies .

RESULTS

Levels of  Vitamin C and vitamin E are
represented in Table I. Levels of Vitamin C
were significantly lower in AMI patients as
compared to controls (P<0.05) while those of
Vi tamin  E  were  non-s ign i f ican t  (P>0 .05) .
Comparing the two study groups, vitamin C
levels at all time intervals of the study were
lower in the reperfused group (P<0.05) but
were not  different  f rom the non-reperfused
group (Table II). The decrease in vitamin E

TABLE I : Mean±S.D.  l eve l s  o f  s tudy  pa ramete r s  o f
acu te  myocard ia l  in fa rc t ion  pa t i en t s
be fo re  th romboly t i c  the rapy  compared  to
hea l thy  con t ro l s .

P a r a m e t e r A M I C o n t r o l s P  va lue
(n=52) (n=20)

Vitamin  C 8 . 7 4 ± 1 . 8 7 10 .63±3 .26 0 .05*
( m g / L )
Vi tamin  E 1 1 . 4 5 ± 6 . 6 9 10 .25±4 .06 0 . 5 2
( m g / L )

TABLE I I : Vitamin C levels (mg/L) at  different t ime
in te rva l s  be fo re  and  a f t e r  th romboly t i c
the rapy  in  acu te  myocard ia l  in fa rc t ion .

Group 0 hours 2 hours 4 hours

R e p e r f u s e d 8.6±1.95 8.23±1.76 7.93±1.91
( n = 3 9 )
Non-reperfused 9.13±1.62 8.80±1.61 8.26±1.44
( n = 1 3 )

TABLE III : Vitamin E levels (mg/L) at  different t ime
in te rva l s  be fo re  and  a f t e r  th romboly t i c
the rapy  in  acu te  myocard ia l  in fa rc t ion .

Group 0 hours 2 hours 4 hours

Reperfused 12.19±6.71 11.46±6.71 9.96±6.50
(n=39)
Non-reperfused 9.23±6.37 9.76±6.49 9.35±6.07
(n=13)

DISCUSSION

This  s tudy  documented  s ign i f ican t ly
lower levels of vitamin C in AMI cases as
compared  to  the  con t ro l  g roups  which  i s
comparable to other studies (17, 18, 19).  It
has  been recent ly demonstrated that  during
reperfus ion of  the  i schemic  hear t ,  there  i s
increased generation of oxygen free radicals
(4 ,  20)  and  dep le t ion  of  endogenous
antioxidants (19). Significantly lowered levels
of vitamin C compared to healthy individuals
can be due to its enhanced consumption due
to  increased  oxidant  s t ress  caused  by  f ree
radica ls .  Evidence  of  pro tec t ive  e f fec ts  of
v i tamin  C in  reper fus ion  in jury  has  been
provided  by  many  inves t iga tors  (21 ,  22) .
These provide indirect  evidence of  reduced
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on  the  bas i s  o f  consumpt ion  of  the
membrane free radical scavenger in presence
of excess oxygen free radicals formed during
reper fus ion .

Other  inves t iga tors  have  prov ided
indirect evidence of reduced vitamin E levels
a f te r  reper fus ion  by  h igh l igh t ing  the
beneficial effects of supplementation of this
membrane s tabi l izer  in  both animal  models
and  human s tud ies  (25 ,  26 ,  27) .  There  i s
however  no  prev ious  repor t s  on  e leva ted
leve ls  o f  Vi tamin  E  before  and  a f te r
reper fus ion .  An in te res t ing  observa t ion  in
the current study is the significant difference
be tween  the  reper fused  and  the  non-
reperfused groups with regard to the decline
of vitamin E levels. This confirmed the fact
that increased free radical generation which
fo l lows  resumed b lood  f low resu l t s  in
increased  consumpt ion  of  v i tamin  E  and
hence lower levels in reperfused patients as
compared  to  those  non-reperfused .  Thus  i t
can be considered as a suitable, valid early
non- invasive  marker  for  reperfus ion.

Vi tamin  C leve l s  a f te r  myocard ia l
reper fus ion .

No change  in  v i tamin  C leve l s  t i l l  24
hours  a f te r  reper fus ion  was  repor ted  by
Young et al (4). They suggested that Vitamin
C release accompanies catecholamine release
f rom adrena l  medul la  (where  bo th  a re
stored). This counteracts the fall in Vitamin
C owing to oxidative stress, thus preserving
plasma Vitamin C levels. Dusinovic 1998 (23)
no ted  decrease  a t  d i f fe ren t  t ime  in te rva l s
a f te r  th romboly t ic  therapy  which  was  no t
signif icant  s tat is t ical ly.

Al though the  leve ls  of  v i tamin  E were
higher  in  pa t ien ts  of  AMI as  compared  to
controls,  the difference was not statistically
s ign i f ican t .  The  presen t  s tudy  has
highl ighted  a  s igni f icant  fa l l  in  v i tamin E
levels  in  both the  reperfused and the non-
reperfused groups at  0,  2 and 4 hours post
th romboly t ic  therapy .  These  observa t ions
are in agreement with earlier studies (4, 23,
24). The decreased levels have been explained
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