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Abstract: The effect of a-tocopherol pretrcatment on lipid peroxidntion
nnd antioxidant status in isoproterenol induced myocardial infarction was
studied in rats. Isoproterenol administered rats showed a significant
increase in lipid peroxides in serum, heart and aorta. A si.gnificant increase
in serum iron level with a significant decrease in iron binding capacity
was also observed. The levels of antioxidants such as ceruloplasmin,
glutathione and the activities of antioxidant enzymes such as superoxide
dismutase, catalase, glutathione peroxidase, glutathione reductase and
glutathione-S-transferase decreased significantly ill isoproterenol
administered rats when compared to control. The activity of Na'K'ATPase
decreased significantly and the activity of Ca 2'ATPase increased
significantly in heart and aorta of isoproterenol administered rats.
a-tocopherol pretreated rats maintained the levels of antioxidants,
membrane bound enzymes and activities of antioxidnnt enzymes ncar
normal, Oil isoproterenol administration, thus establishing its effect as an
antioxidant.
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INTRODUCTION

Cardiovascular diseases including
atherosclerosis and cardiac tissue injury
after myocardial infarction have been shown
to result due to an over-production of free
radicals generated at the site of damage (1).

Lipid peroxidation is a free radical mediated
process and is a result of oxidative
deterioration of polyunsaturated lipids (2).

Isoproterenol
infarction serves

induced
as a well

myocardial
standardised

model to study the beneficial effects of many
drugs and cardiac function. Isoproterenol is
a p-adrenergic agonist and has been
reported to increase lipid peroxidation
through enhanced free radical formation (3).

a-Tocopherol is a potential free radical
scavenger and an effective inhibitor of the
autocatalytic process of lipid peroxidation
in membrane fatty acids (4). Data from
human studies suggest an inverse correlation
between plasma levels of vitamin E and
mortality from ischacmic heart disease (5, 6).

·Corresponding Author and llddress : 62. II Main Road, Gandhi Nagar, Adyar. Chennni - 600020



370 tthayarasi and Shyamala Devi

Since lipid peroxidation appears to be
the prime cause in the genesis of myocardial
necrosis, a-tocopherol, a proven antioxidant
against various free radical mediated
complications, has been chosen to study its
effect on lipid peroxidation and activities of
antioxidant enzymes during experimental
myocardial infarction in rats.

METHODS

a-Tocopherol, isoproterenol, epinephrine,
1, I', 3, 3' tetra methoxy propane, NADPH,
glutathione (reduced), para phenylene
diamine and bovine serum albumin were
purchased from Sigma Chemical Company
(St. Louis, MO; USA). All the other
chemicals used were of analytical grade.

Adult male albino rats of Wistar strain
weighing 100-120 g were used for the study.
The rats were fed with commercial pelleted
rat chow and given water ad libitum, and
were maintained in clean, sterile,
polypropylene cages. The rats were divided
into 4 groups of 6 animals each. Group i
served as control. Group II rats were
administered isoproterenol (20 mg/l00 g,
body wt., subcutaneously, twice at an
interval of 24 hrs) in sterile saline. Group
III rats were given a-tocopherol (6 109/I 00
g body wt, daily for a period of 90 days,
orally). Group IV rats were orally
administered a-tocopherol at the above
mentioned dosage for 90 days and were
given isoproterenol (20 mg/lOO g, body
weight, subcutaneously, twice at an interval
of 24 hrs) at the end of treatment period.

After the experimental period the rats
were killed by cervical decapitation. Blood
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was collected in two tubes with and without
anticoagulant, from which plasma and
serum was collected respectively. Heart and
aorta were dissected immediately washed in
ice-cold saline and homogenate was
prepared in 0.1 M Tris-HCI buffer (pH 7.4).
The homogenate was centrifuged and the
supernatant was used for the assay of
glutathione (GSH) (7), superoxide dismutase
(SOD) (8), catalase (CAT) (9), glutathione
peroxidase (GPX) (10), glutathione-S
transferase (GST) (11), glutathione
reductase (GRD) (12), Na'K'ATPase (3),

and Ca 2'ATPase (14). Estimation of iron
(is), plasma iron binding capacity (i6) and
ceruloplasmin activity (l7) were done by
standard methods. Lipid peroxide levels
were determined in serum, heart and aorta
in terms of "TBA reactants" using I, 1', 3,
3' tetramethoxy propane as the standard
(i8). Protein was determined by the method
of Lowry et at (i9).

Statistical analysis of the data was
performed by applying Students 't' test.

RESULTS

Table I represents the levels of iron and
ceruloplasmin in serum, plasma iron binding
capacity and glutathione levels in blood of
control and experimental animals.
Isoproterenol administered rats showed
significant increase (P < 0.001) in the levels
of serum iron with a significant decrease in
plasma iron binding capacity, ceruloplasmin
and blood glutathione. a-tocopherol
pretreatment maintained the levels of
ceruloplasmin, serum iron, plasma iron
binding capacity and blood glutathione at
near normal values in group IV rats.
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TABLE I; The levels of serum iron, plasma iron binding capacity, ceruloplasmin
activity and blood glutathione in control and experimental animals.

(Values are expressed as mean:!: SD for 6 animals in each group).

Control /soprotenmol a.Tocopherol a·Tocopherol +
Isoproterenol

Serum iron (meg/dO 42.470 :t 3.6 58.62 :t 5.4"· 41.320:1: 3.9NS 48.14 :t 4.66·

PIRsma iron binding 44.3 :t 2.13 31.3 :t 2.2"· 44.100 :t 3.2N8 40.3 :t 2.8·
capacity hncg/dt>

Glutathione (mg/dO 70.25 :t 5.86 5L36 :t 4.S5"· 71.25 :I: 6.SN' 63.14 :t 4.27·

Ceruloplnsmin (units/mil 0.960 :I: 0.OS2 0.615:1: 0.04··· 0.901 :I: O.OGNS 0.SS3 :t 0.06 S8

Statistically significant variations when compared with
... ·P<:O.OOI, "P<:O.Ol, ·P<:0.05, /is _ Nonsignificant.

The levels of lipid peroxides (as TBA
reactive substances) and the activities of
membrane bound Na'K'ATPase and
Cat'ATPase in heart and aorta are presented

control are expressed as

in Table II. Rats administered isoproterenol
alone, showed a significant increase (P <
0.001) in the levels of TBA reactive
substances in serum, heart and aorta.

TABLE II ; The levels of lipid peroxides and the llctivities of membrane bound enzymes such liS

Nn'K'ATPase and Ca"ATPase in heart and aorta of control and experimental animals.

(Values are expressed as mean :t SO for 6 animals in each group).

COIl/rol ISOIJroterenol a.Tocopherol a-Tocopherol +
Isopro/erenol

Lipid peroxides
Serum 2.1 , 0.14 4.36 , 0.32·" I.' , 0.13· 2.36 :t O.lS·
Heart 3.5 , 0.2S 6.27 , 0.48"· 2.96 :t 0.21· 4.12 , 0.36·
Aorta 3.7 , 0.27 4.31 , 0.3G"· 3.49 :t 0.23 N8 3.91 , 0.32/<8

Ns'K'ATPase
Heart 3.8 , 0.28 2.61 , O.IS·" 4.05 :t 0.351'18 3.38 ± 0.26·
Aorta 2.7 , 0.23 1.8 , 0.13·" 2.8 , 0.26"9 2.3 , 0.21·

Ca"ATPnse
Hearl 2.3 , 0.17 3.82 , 0.31"· 2.0S ± 0.16· 2.60 :t 0.18·
Aorta 2.24:t 0.18 3.48 , 0.31··· 2.0S :t 0.19'/8 2.65 :t 0.23"

The levels of lipid peroxid<!!J is serum is represented as n moles of TBA reactants/m!. The level of lipid peroxidu
in hearl and aorta are expressed as n moles of TBA reactants/mg protein. The activities of Na'K'ATPase and
Cal'ATPase arc expressed as JIM of phosphorus liberated/hour/mg proten.

Statistically significant variations when compared with control are expressed as "·P<O.OOl, ··P<O.Ol, ·P<:0.05,
.~s _ Nonsignificant.
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Isoproterenol administered rats showed a
significant decrease in the activity of
NaoKoATPase and a significant increase in
the activity of Ca 2 0ATPase in heart and
aorta. Group IV rats retained near normal
lipid peroxide levels and the activities of
membrane bound enzymes in heart and
aorta on isoproterenol administration. Rats
administered a-tocopherol alone showed a
significant decrease (P < 0.05) in the lipid
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peroxide levels in serum and heart when
compared to control.

Table III presents the activities of
antioxidant enzymes such as superoxide
dis mutase (SOD), catalase (CAT),
glutathione peroxidase (GPX), glutathione·
S-transferase (GST), glutathione reductase
(ORO) and glutathione in heart and aorta
of control and experimental animals. Group

TABLE Ill; The activities of superoxide dismutase. catalase, glutathione peroxidase, glutathione reductnse.
glutathione·S-transferase and the levels of glutathione in heart and aorts of control and experimental
animals.

(Values arc expressed as mean 1; SO for 6 animals in each group).

Superoxide dismulnse
Heart
Aorta

Cnlalase
Heart
Aorta

Glutalhione peroxidase
fleurt
Aorta

Glutalhione reductose
Heart
Aorla

Glutnthioue-S-transrerase
Heart
Aorta

Glulnlhione
Hearl
Aorla

Co/ltrol

3.84 :l: 0.23
2.95 :t 0.21

3.B1 1; 0.28
4.12:t 0.36

3.641;0.31
3.13 1; 0.28

5.40 1; 0.43
4.32 1; 0.38

872.01;15.2
749.0 :t 19.0

4.39 1; 0.36
4.211;0.38

Isoproterenol

1.791;0.14·"
1.39:l: 0.12···

2.78:l: 0.21·"
3..18 1; 0.29"

1.94 :l:" 0.08"·
2.69 :l:" 0.21*

3.70 :l:" 0.28·"
3.67 :l:" 0.31"

634.0 :l:" 21.5"·
587.01; 18.7"·

2.97 1; 0.18·"
3.43 1; 0.27"

a-Tocopherol

3.97 :l:" 0.28"'"
3.16:l:" 0.24"'"

3.91 :l:" 0.311<8
4.41 :l:" 0.34 NS

3.89 1; 0.22NS

3.49 :I: 0.34NS

5.6 :I: 0.48>;.'1

4.8 :l:" 0.41 NS

863.0:l:" 18.BNS

738.0 1; 18.}I"

4.56 :l:" 0.38"'"
4.42 :I: 0.39".'1

a-Tocopherol +
Isoproterenol

3.48 1; 0.23·
2.74 1; 0.22·~'"

3.62 :I: 0.29N8

3.87:1: 0.31*

3.12 :l:" 0.28
3.01 :l:" 0.25 NS

4:77:1: 0.41·
3.86 :I: 0.37NS

834.0 :I: 29.4·
729.0 1; 22.1·~'

3.88 :l:" 0.2"
3.96:1: 0.3I N.'!

Activity of superoxide dismutase is expressed as units/mg protein. Activity of catalase is expressed as n n moles
of H.O

I
decomp(jsed/min/mg protein. Activity of glutllthione peroxidase is expressed llS mcg of GSII utilised/minl

mg protein. Activity of glu~athione-S-transferaseis expressed as n moles or CONS conjugated/min/mS protein.
Activity uf Slu~athione redu("tase is expressed :IS mcg of GSSG utilised/min/mg protein. Level or glutathione is
expressed as n moles or GSII/g tissues.

Statistically sisnificant variations when compared whh control are expressed as "·1'<0.001, "P<O.Ol, ·P<0.05.
1<9 _ Nonsignificant



Indian J Physiol Pharmacol 1997; <l1(4)

II rats showed a significant decrease in the
activities of antioxidant enzymes when
compared to control. Group IV rats restored
the activities of antioxidant enzymes at ncar
normal values.

DISCUSSION

Mc Cord et al reported an over
production of reactive oxygen species
such as superoxide radicals, hydrogen
peroxide and hydroxyl radicals during
myocardial infarction (20). Isoproterenol
induced myocardial infarction in rats has
been shown to be accompanied by
alterations in membrane permeability and
myocardial integrity with increased
Ca 2 • overload and insufficient oxygen
utilisation (21).

The significant increase in the levels of
serum iron and a corresponding decrease in
iron binding capacity was observed during
isoproterenol treatment. During ischaemia,
the free iron released from heme dependent
proteins and a decreased iron binding
capacity has been reported to increase
prostaglandin metabolism and tn /Jivo lipid
peroxidation (22).

Increased mobilisation of iron from
ferritin in the ho:lart by xanthine oxidase
and over production of hydroxyl radicals and
superoxide radicals results in myocardial
damage (23). Group IV rats retained the
levels of serum iron and iron binding
capacity at near normal values. Ct

Tocopherol being an antioxidant has been
reported to prevent hemolysis (24), thereby
preventing increased free radical production
from the iron mobilised from ferritin.
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Serum ceruloplasmin activity decreased
significantly in isoproterenol administered
rats. Ceruloplasmin, a copper donor and
ferroxidase, donates copper ions to
superoxide dismutase and act as an inhibitor
of lipid peroxidation (25). a-Tocopherol
restored the ceruloplasmin activit.y to ncar
normal in Group IV rats thereby inhibiting
the increase in lipid peroxide levels of
serum.

Activated lipid peroxidation is an
important pathogenic clement in myocardial
infarction, with lipid peroxide levels
reflecting the major stages of disease and
its complications (26). The significant.
increase observed in the levels of lipid
peroxides in serum, heart and aorta of
isoproterenol administered rats compared to
control is in accordance with t.he observation
of Sushma Kumari et al (3). The increased
levels of TBA reactive substances indicate
the excessive formation of free radicals and
activation of lipid peroxidation system
resulting in the irreversible damage to the
heart and aorta, in animals subjected to
isoproterenol stress. Hamberg et al reported
an enhanced platelet aggregation following
increased lipid peroxides which arc usually
observed in myocardial infarction (27).

a-Tocopherol pretreated 4 isoproterenol
administered rats maintai.ned the levels of
TBA reactive substances to ncar normal in
serum, heart and aorta when compared to
control. Rats given a-tocopherol alone
showed significantly lower MDA levels when
compared to control. This is in accordance
with the observation of Kibata M et 0.1 and
Higuchi Y (28). a-Tocopherol, being a lipid
soluble chain breaking antioxidant reacts
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with superoxide and lipid peroxy radicals,
thereby inhibiting lipid peroxidation. a
Tocopherol being a potential anti-platelet
aggregating factor, reduces the synthesis of
thromboxane A2 which is a potent platelet
activating factor (29). It prevents free
radical formation by lipoxygenase pathway
metabolites through inhibition of
phospholipase A2 and Iipoxygenase (30).

Isoproterenol treated rats showed a
significant decrease in the glutathione levels
and activities of glutathione reductase,
glutathiune peroxidase and glutathione-S
transfernse in heart and aorta. The
glutathione levels and activities of
glutathione dependent enzymes were
restored at ncar normal levels in Group IV
rats, which were pretreated with (X
t.ocopherol. GSH together with GSH
dependent. systems GPX, GST, GRD and
CAT-SOD couple, efficiently scavenge toxic
free radicals (31). GRD and GPX arc
essential for maintaining a constant ratio
of reduced glutathione to oxidised
glutathione in the cell. Decreased
glutathione levels may be due to its
increased utilisation in protecting 'SH'
containing proteins from lipid peroxides.
The unavailability of glutathione reduces
the activity of glutathione peroxidase and
transferase and is the condition seen in
isoproterenol treated rats.

aSSG, the oxidised product of aSH has
been reported to accumulate due to the
inactivation of glutathione reductase. ossa
inactivates many enzymes containing the
'SH' group and inhibits protein synthesis
(33). a-Tocopherol pretreatment has been
reported to maintain the cellular thiol status
(34). Isoproterenol administered rats showed
a significant decrease in the activities of
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SOD and catalase in heart and aorta. Group
IV rats retained the activities of SOD and
CAT at near normal values on isoproterenol
administration.

The decreased activities of superoxide
dismutase and catalase during isoproterenol
administration is in accordance with the
observation of Manjula ot al (35). During
myocardial infarction, these enzymes are
structurally and functionally impaired by
free radicals resulting in myocardial damage
(36). In aroup IV rats the restoration of
the activities of the antioxidant enzymes
could be due to the capacity of a-tocopherol
to scavenge reactive oxygen species within
the lipid region of the membrane as
suggested by Mc Cay et al (37). (X·Tocopherol
has also been reported to interact with
selenium containing glutathione peroxidase
to prevent the oxidative damage of
membranes associated with hydro peroxides
of polyunsaturated fatty acids (38).

Evidence suggest that calcium overload
In the myocardial cell during ischaemia
activate the Ca2, dependent ATPase of the
membrane depleting cell of high energy
phosphate stores thereby indirectly
inhibiting Na' and K' transport and
inactivation of Na'K'ATPase (39).
Isoproterenol administered rats showed a
decreased activity of Na'J('ATPase and an
enhanced Ca2'ATPase activity in heart and
aorta when compared to control.
Inactivation of Na'J{'ATPase could be due
to enhanced lipid peroxidation by free
radicals on isoproterenol treatment since
Na'K'ATPase is a 'SH' group containing
enzyme and is lipid dependent (40).

Enhanced Ca2'ATPase activity in Group
II rats could be due to adenylate cyclase
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activation by isoproterenol. a-Tocopherol
pretreatment restored the activities of
Na'K'ATPase and Ca2<ATPase to near
normal on isoproterenol administration.
This could be due to the ability of
a-tocopherol to protect the 'SH' groups from
oxidative damage through inhibition of
peroxidation of membrane lipids (41). The
maintenance of Ca 2 'ATPase activity of
a-tocopherol pretreatment could be
mediated by a low membrane permeability
of Ca2' in the inward direction and by an
active efflux mechanism catalysed by the
active membrane-bound Na'K'ATPase.
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pretreatment offers protection to the
myocardium by preventing the inactivation
of antioxidant enzymes and membrane
bound enzymes thereby inhibiting
peroxidation of polyunsaturated fatty acids
resulting in the maintenance of the
myocardial membrane integrity and cellular
thiol status. All these processes will help
the myocardium to withstand the stress
generated by isoproterenol and thereby
prevent myocardial necrosis.
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