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Abstract: The present study was designed to evaluate the effecta of
pretreatment with antioxidants on free radical mediated reprefusion injury.
Five dogs were fed with a-tocopherol (1000 IUlkg, bw) for ten days prior
to 90 min of left anterior descending coronary artery occlusion followed by
4 hours of reperfusion. Infarct size, serum and myocardial lipid peroxidation
were meaaured in pretreated and in untreated animsls. Infarct size, as
percentage of myocardial tissue at risk in a-tocopherol pretreated animals
was 5.86 :I: 0.83 and was 39.35 ± 7.58 in the untreated animals. Following
rep refusion in untreated group, the values of serum and myocardial tissue
lipid peroxidation were significantly higher than observed values in a
tocopherol treated animals. a-tocopherol pretreatment significantly reduced
the myocardial infarct size and percent necrosis in the left ventricular
mass in comparison to the untreated animals. These results suggest that
a-tocopherol pretreatment possibly helps in reducing infarct size.
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INTRODUCTION

The univalent reduction of molecular
oxygen forms reactive oxygen intermediates
known as oxygen free radicals (1, 2). The
toxic oxygen free radicals can alter cellular
function by oxidation of cellular lipids,
proteins and nucleic acids (1, 2). It has been
suggested that ischemia followed by
reoxygenation or reperfusion increases
formation of oxygen free radical species.
Oxygen free radical burst peaks at 2 min
after renow and its production continues
upto 3 hrs following reperfusion in dogs
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subjected to 15 min of coronary artery
ligation (3). The consequences of reperfusion
include the conversion of reversibly injured
myocyte to irreversible injured cell known
as reperfusion injury (4). Protective enzymes
like superoxide dismutase, catalase and
glutathione present in myocardial tissue
prevent damage caused by free radicals (5).
Ischemia depletes antioxidant enzyme
system and as a result myocardial tissue is
exposed to risk at the time of reperfusion
(5). Treatment with superoxide dismutase
and catalase have shown variable results
in canine model of reperfusion (6,7). Alpha
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tocopherol is fat soluble naturally occuring
antioxidant present in the cell membrane.
It acts as free radical scavenger by breaking
peroxylradical chain reaction of membrane
lipids (8). Free radicals peroxidise
polyunsaturated membrane lipids and
damage their structure and function (9).
Malondialdehyde is one of many products
of lipid peroxidation (10). Cardioprotectivc
effect of antioxidant vitamin E (0.

tocopherol) has been examined by several
investigators 01·13) while others questioned
its effect (14,15).

Therefore, in the present study free
radical activity was estimated by measuring
indirectly the lipid peroxidation in serum
and myocardial tissue in order to determine
whether pretreatment with a-tocopherol
could improve myocardial resistance to
ischemia and reperfusion in canines.

METHODS

Animals, surgical preparatiOltS and
instrumentation: In the present study, male
adult mongrel dogs weighing 10 to 15 kg
were used. Animals were anesthetised with
intravenous pentobarbital sodium (30 mgl
kg, bw) and were ventilated with room air
by using INCa positive pressure ventilator.
Ventilatory parameters were adjusted to
maintain normal pH and satisfactory
oxygenation. The chest was opened through
fourth intercostal space and the heart was
suspended in temporary pericardial cradle.
A polythene catheter 0.5 mm inner
diameter) was placed in the left ventricle
through apex to record ventricular pressure
changes on Grass 16 Channel Polygraph
(Model 780) by using Gould P 231 Pressure
Transducer. Heart rate and ST segment
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changes were monitored in lead II on BPL
Electrocard iograph.

Coronary artery occlusion and reperfusion:
Left anterior descending coronary artery
was dissected free above the first diagonal
branch and below the origin of left
circumflex artery. Left anterior descending
coronary artery was occluded for ninety
minutes with a vessel occluder. One and half
hours following occlusion, occlude! was
removed to allow reperfusion of the
ventricle. No attempt was made to resusitate
the animals which developed ventricular
fibrillation during reperfusion.

E:cperim.ental groups and treatments: Group
I (Control, untreated animals) : 90 min of
coronary artery occlusion and 4 hrs. of
reperfusion.

Group 11 (a-tocopherol acetate pre·
treated animals): a-tocopherol acetate was
obtained from Fuka Lab., West Germany.
Animals were daily fed in the morning at 7
am with a-tocopherol acetate (10001 IUlkg,
bw) mixed in minced meat for ten days.

Following completion of feeding
schedule, the left anterior descending
coronary artery was occluded for 90 min.
At the end of 90 min, the occluder was
removed and reperfusion was terminated at
the end of 4 hrs.

Qualltification of infarct size: At the end
of 4 hrs of reperfusion, the left anterior
descending coronary artery was completely
re-occluded. 15 ml of 5% Evans blue dye
was infused via left atrium to stain the area
perfused by patent coronary arteries. The



Indian J PhYliol Pharmacol 1997; 4)(3)

myocardial tissue at risk was thus identified
by negative staining. Animals were killed
by injecting 2.56 M potassium chloride
directly into the left ventricle. Heart was
excised from thorax rapidly and
subsequently greater vessels above atrio
ventricular groove were removed. The heart
was washed by normal saline, blotted dry
and weighed. The heart was sliced parallel
to the atrioventricular groove to 1 cm thick
sections. The unstained portions of
myocardium (tissue at risk) was separated
from the rest of myocardium and weighed.
The separated portions of myocardium at
risk were once again sectioned to 1 rom
thickness and incubated in 1% solution of
triphenyl tetrazolium chloride (TTC)
prepared in phosphate buffer (pH 7.4) for
30 min at 38°C to demarcate the infarcted
portions of myocardium. In viable
myocardium TTC is convertd by
dehydrogenase to a red formazan pigment
that stains tissue dark red. The injured
(necrotic) tissue of myocardium at risk
which did not take TTC stain was separated
from ischemic portions of myocardium. The
separat.ed unstained tissue by TTC were
weighed. Thus, myocardial tissue unstained
by Evans blue represented the zone at risk
and unstained portions of myocardium by
TTC stain showed the infarcted zone.

Biochemical estimations: Lipid peroxidation
is infarcted and non-infarcated zones of
myocardial tissue was determined by
method of Kartha and Krishnamurthy (16).
2-thiobarbituric acid obtained from Loba
Chemicals, India was purified before assay.
TBA (2-thiobarbituric acid) solution (0.67%)
was mixed with 8 gm of neutral alumina
and was left overnight and was filtered by
using Whatman filter paper. Values of TBA
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reactive material were expressed in terms
of nrnol of malondialdehyde (MDA)/gm of
wet tissue after taking molar extinction
coefficient of MDA as 1.56 )C 105 (17). Serum
levels of MDA were measured by the method
of Satoh (18).

Data analysis: All values were presented
as mean :1: SEM. Statistical comparisons
were made by using 't' test. Statistical
significance was considered as P<0.05.

RESULTS

Table I shows that there was increase
in the incidence of ventricular fibrillation
after reperfusion in comparison to
pretreated group. LVEDP after 60 min of
ischemia in comparison to pre-CAO, 90 min
in comparison to 60 min and pre-CAO was
significantly higher in untreated control
animals (Table II>. Reperfusion had no effect
on LVEDP in untreated animals. Significant
decrease in LVEDP after reperfusion was
observed in a-tocopherol pretreated animals.
LVSP remained unchanged in the both
groups after 90 min of ischemia. Serum lipid
peroxidation after 90 minutes of ischemia
was significantly higher in untreated
animals in comparison to lipid peroxidation
before coronary artery occlusion (Table Ill).
Reperfusion resulted in increased formation
of MDA. In the pretreated group, the values
of lipid peroxidation before coronary artery
occlusion, following ischemia and
reperfusion were significantly lower
(Table III). Tissue lipid peroxidation
following ischemia and reperfusion has been
presented in Table IV. It is evident that
pretreatment markedly lowered the MDA
formation in the area of infarction compared
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with Gr.!. No significant difference in zone
at risk between pretreated and untreated
group was observed (Table V). In a
tocopherol pretreated animals the zone of
necrosis, percentage left ventricular
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necrosis was significantly lower in
comparison to untreated animals.
Myocardial preservation of ischemic zone
was 33% higher in a-tocopherol pretreated
group (Table V).

TABLE I; Effect of reperfusion on percent survival in experimental animals.

Experimental
groups

I
{Untreated cantrall

II
(a-tocopherol pretreated)

Number of animals
inclu.ded in the stu.dy

10

5

Animals died at the
time of perfusion

5·

o

Perecent
survival

50

~Animals died due to ventricular fibrillation, ·P<O.OOI versus Gr. I
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n "" 5 in ellch groUI). Data expressed as melln + SEM
Pre-CAO: Pre coronary artery occlusion, *P<O.OQI versus Pre-CAO Gr. I, "P<O.OOI versus Pre-CAO,
"*P<O.OO 1 versus 90 minutes of ischemia, NS-not significant versus Pre-GAO.

n",,5 in each groulJ. Data expressed liS mean :l: SEM
·P<O.OOl versus Gr.l, NS· Not significant vers\IS Gr. I

TABI.E IV: Tillllue lipid I'eroxi<lation (nmol MDAlgm
of wet tissue) in zone at risk and in
infracted zone of myocardium.

Lipid puo:cidatian

Zane at risk Infareled zane

DICUSSION

Naturally occuring antioxidants like 0.

tocopherol might be useful in oxidative
stress. The results presented in the study
show that oral supplementation with 0.

tocopherol in diet for ten days lowered the
incidence of ventricular fibrillation at the
time of reperfusion in the canine model. Left
ventricular end diastolic pressure which
represents preload, was maximum after 90
min of ischemia and remained unchanged

8.73:l: 1.23*

18.03 :l: 0.82

6.34 :l: O.13"~

8.46 :l: 0.95I
(Untreated
control)

"(a-tocoliheral
pretreated)

Bxpuimental

groups

TABLE V: Infarct size, % len ventriculHr necrosis, lInci % i1Schemic
prcservlllion following pretreatment with a-tocopherol.

myocar,lial

E:cperimelilal
grQlll's

% zOlle at % zane af % left lIentrieular
risk infarction necrosis

% illr/lcmic m:roeunlilll
flHSIUIlUlioll

30.16 :I; 3.26 39.35:1:. 7.58 12.80 :!: 2.08 fill.I;" :l: 7.12
(Unlrllatlld

Control)

"( -tocollherol
prctTl!ated)

32.01 :I:. 2.8:11"3 5.86:1:. 0.113* 1.82 :l:U.:1K*

n"" 5 in each grO\III. D.lt:!. llxlm"""e,1 a" Mean :I:. SEM.
*1'<U.tltll \,/)rstls l:r. I, NS - Not siJ:"lIific:lllt '"CrSllS <ir.
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throughout reperfusion in untreated
animals. Markedly improved ventricular end
diastolic pressure was observed in a
tocopherol pretreated animals. On the
contrary. left ventricular systolic pressure
in pretreated and untreated animals did no
show any significant change. It might be
due to localised cardiac muscle damage in
the set up of experimentally induced
myocardial infarction. Serum MDA levels,
tissue lipid peroxidation in infarcted zone
and infarct size were significantly lower in
tocopherol pretreated animals. These
observations suggest that a-tocopherol
pretreatment is helpful against oxidative
stress during ischemia and reperfusion.

a-tocopherol acts as free radical
scavenger by breaking peroxylradical chain
reactions of membrane lipids (8). An
hydroxyl group is attached to hydrophobic
structure of a-tocopherol whose hydrogen
atom can be removed. Therefore, when
peroxyl and alkoxyl radicals are generated
during lipid peroxidation, they combine with
a-tocopherol instead of fatty acids and
terminate the chain reaction. In this
reaction, tocopherol is converted into new
radical, tocopherol-O which is very poorly
reactive (19). MaCay suggested that the
tocopherol radical can migrate to the
membrane surface and get converted back'
to tocopherol by reaction with ascorbic acid
(20). Some of the previous studies have
examined the role of vitamin E on
l'eoxygenation and reperfusion 01,13).

Baracchi et al (21) showed that production
of free radicals during postischemic
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reoxygenation increased significantly in
vitamin E deficient rats.

In the present study, animals received
(l000 IUlkg, bw) a-tocopherol acetate orally
for ten days. None of the animals showed
any signs of intolerance during the course
of treatment. Reduction in infarct size
following combined treatment with
intravenous vitamin E and vitamin C in
porcine model has been demonstrated (22).
Gately and Wilson (23) showed that rabbits
fed with 800 IUlkg for ten days did not show
any signs of intolerance and toxicity (23).
The LD 50 of vitamin E in several species
has been determined to be 2000 IV/kg (23).
The dose of a-tocopherol used in our study
shows the effectiveness of the dose in
limiting reperfusion injury rather than
suggesting that 1000 IV/kg/day is an
optimal dose in canine model. It has been
shown that rats can tolerate 2000 IV/kg/
day for two years without any toxic effect
provided that vitamin K supplementation is
given in the diet (24). Vitamin E can prevent
thrombosis in ischemically injured vessel
and improve reperfusion (23). Further,
Vitamin E is an anti·inflammatory and
anti thrombotic agent (25·27).

In conclusion, the present study shows
that oral supplementation with a-tocopherol
had significant effect on infarct size and
lipid peroxidation after ischemia and
reperfusion in dogs. The observed
cardioprotection might have been due to
free radical scavenging actions of a
tocopherol.
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