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BACKGROUND: Patients surviving myocardial infarction (MI)

are at a heightened risk for the development of congestive heart failure.

This clinical syndrome has been associated with an antioxidant

deficit and elevated oxidative stress in the myocardium. Effects of

dietary vitamin E, a lipid-soluble antioxidant, on myocardial anti-

oxidant enzyme activities, oxidative stress and hemodynamic func-

tion, were examined separately in the viable left ventricle (LV) and

right ventricle (RV) of rats at 16 weeks post-MI.

METHODS AND RESULTS: Animals were fed either a basal diet

or a diet enriched with 1500 U of vitamin E/kg beginning two weeks

before MI-inducing surgery and continued 16 weeks post-MI. In the

MI animals on the basal diet, LV systolic pressure (LVSP) and RVSP

were significantly depressed and LV end-diastolic pressure (LVEDP)

and RVEDP were significantly elevated. These hemodynamic

alterations were accompanied by clinical signs of heart failure

including dyspnea, lethargy and cyanotic limbs. Supplementation of

MI animals with dietary vitamin E resulted in complete normaliza-

tion of RVSP and RVEDP. An increase in LVSP and a decrease in

LVEDP was observed in the vitamin E-supplemented MI animals,

although mild residual LV dysfunction remained. The myocardial

enzymatic antioxidants catalase and glutathione peroxidase declined

substantially in each of the ventricles of unsupplemented MI ani-

mals. Myocardial levels of vitamin E were reduced by 33% in the LV

and no change was observed in the RV of the MI animals. Vitamin

E-supplemented control animals and MI animals showed a signifi-

cant increase in vitamin E levels in both ventricles. Myocardial

oxidative stress, as assessed by lipid peroxidation and the ratio of

reduced to oxidized glutathione, was significantly increased in each

of the respective ventricles of untreated MI animals. Supplementation

with dietary vitamin E resulted in a substantial increase in the

myocardial activities of catalase and glutathione peroxidase in both

the LV and RV. Furthermore, an increase in the ratio of reduced to

oxidized glutathione concomitant with significantly less lipid per-

oxidation was also observed in each of the respective ventricles of

MI animals supplemented with vitamin E. No overt clinical signs

of heart failure were evident in these vitamin E-supplemented

animals.

CONCLUSIONS: An improved myocardial redox state and

endogenous antioxidant reserve with vitamin E therapy, coupled with

the modulation of the development of heart failure, lend strong sup-

port in favour of a pathophysiological role for increased oxidative

stress in the pathogenesis of heart failure, at least in experimental

animals. Association between an increase in oxidative stress and car-

diac events in patients requires further examination.
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Chronic congestive heart failure (CHF) is a complex patho-
physiological process resulting from diverse etiologies.

However, ischemic heart disease and the sequelae of myocar-
dial infarction (MI) remain, by far, the most frequent initiating
cause of CHF (1). Between 15% and 25% of patients surviving
MI ultimately develop chronic overt CHF in the subsequent
five years (2), with New York Heart Association (NYHA)
class IV patients having a one-year survival rate of less than
50% (3). Thus, CHF remains a daunting therapeutic challenge
in view of continued mortality.

Experimental studies have demonstrated that a depressed
antioxidant status and concomitant increase in oxidative stress
may be intimately involved in mediating the pathogenesis of
heart failure resulting from a variety of causes (4-6). Heart failure
due to a variety of conditions has been shown to be accompa-
nied by elevated oxidative stress, as indicated by reductions in
the levels of both enzymatic and nonenzymatic antioxidants, a

depressed redox state (reduced to oxidized glutathione
[GSH:GSSG] ratio) and elevated lipid peroxidation (7-9).
Limited clinical studies have demonstrated significant increases
in oxidative stress in patients afflicted with coronary artery dis-
ease and resultant MI (10-12).

Antioxidant therapy involving vitamin E (alpha-tocopherol)
has been shown to reduce oxidative stress and improve prog-
nosis in surviving patients with MI (10,13). Furthermore,
administration of 400 U to 800 U of vitamin E daily in patients
with angiographically symptomatic coronary atherosclerosis
substantially reduced the rate of nonfatal MI (13). However,
assessment of the effects of vitamin E supplementation in high-
risk patients on other cardiovascular events and complications
did not yield any positive effects (14,15).

In a study (16) using the coronary artery ligation model of
MI in rats, we previously reported that CHF subsequent to MI
was associated with an antioxidant deficit and elevated oxidative
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stress, first in the left ventricle (LV) and then followed by the
right ventricle (RV) in the more chronic stages. However, a
cause and effect relationship between oxidative stress and CHF
has yet to be established. Thus, in the present study, we exam-
ined the effects of long-term antioxidant therapy with dietary
vitamin E on the development of CHF subsequent to MI.

METHODS
Experimental model
MI was induced as previously described in male Sprague-Dawley

rats weighing 150±10 g via occlusion of the left coronary artery

(17). Sham animals were treated in a similar fashion except that

the suture around the left coronary artery was not tied. No mor-

tality was observed in the sham control animals within 24 h of the

procedure. The mortality among the coronary artery-ligated ani-

mals was 35% within the first 24 h.

This surgical procedure produced an infarct size ranging on

average from 30% to 50% of the LV mass. Rats with infarcts

compromising less than 20% of the LV mass (n=3) were excluded

from further investigations. Following the surgeries, analgesia

(buprenorphine, 0.01 mg/kg body weight to 0.05 mg/kg body

weight) was administered subcutaneously every 12 h for up to 48 h

postoperatively. Animals had access to their assigned food and

water ad libitum.

Hemodynamic measurements
Animals were anesthetized 16 weeks post-MI with sodium pento-

barbital (50 mg/kg intraperitoneally) and hemodynamic parameters

(LV end-diastolic pressure [LVEDP] and LV systolic pressure [LVSP])

were measured as previously described (16). For recording of RV

pressures, a miniature pressure transducer (Miller Instruments,

USA) was inserted into the right jugular vein and then advanced

into the RV. After hemodynamic recordings, animals were sacrificed

and the heart and other organs were removed, frozen in liquid

nitrogen and stored at –70°C until analyzed.

Vitamin E supplementation
Animals in the control and infarcted group were further divided

into two subgroups. One subgroup received a basal commercial

diet (PMI Feeds, USA) while the other received the same diet

enriched with 1500 U of vitamin E/kg. Dietary supplementations

were initiated two weeks before the surgeries and were continued

until 16 weeks postsurgery.

Tissue weights
Wet to dry weight ratios were calculated for the lungs and liver as

previously described (16).

Biochemical assays
Viable portions of the LV with septum were separated from the RV

as previously described (16). The RV and LV were analyzed sepa-

rately for antioxidants and oxidative stress. Before homogeniza-

tion, hearts were placed in a Tris (0.2 mol/L)/KCl (0.16 mol/L)

buffer, pH 7.4. The hearts were allowed to beat in buffer for a short

period of time, allowing for perfusion of the myocardium and,

thereby, minimizing the extent of contamination by blood-derived

elements on antioxidant enzyme measurements.

Antioxidant studies
Glutathione peroxidase: Glutathione peroxidase (GSHPx) activity

was determined using a method previously described (18). Tissue

was homogenized (1:10) in 75 mmol/L phosphate buffer, pH 7.0.

Homogenate was centrifuged (Beckman J2-HS, Beckman, USA)

at 18,000 g for 45 min and the supernatant was aspirated and

assayed for total cytosolic GSHPx activity. GSHPx activity was

assayed in a 3 mL cuvette containing 2.0 mL of 75 mmol/L phos-

phate buffer, pH 7.0. The following solutions were then added:

50 µL of 60 mmol/L glutathione, 100 µL of glutathione reductase

solution (30 U/mL), 50 µL of 0.12 mol/L sodium azide, 100 µL of

15 mmol/L Na2 EDTA, 100 µL of 3.0 mmol/L NADPH and 100 µL

of cytosolic fraction. The reaction was started by the addition of

100 µL of 7.5 mmol/L hydrogen peroxide and the conversion of

NADPH to NADP was monitored by a continuous recording of

the change in absorbency (Spectronic 601, Milton Roy, USA) at

340 nm at 1 min intervals for 5 min. GSHPx activity was

expressed as nanomoles of NADPH oxidized to NADP per minute

per milligram protein, using a molar extinction coefficient of

6.22×106 for NADPH at 350 nm.

Catalase: Catalase activity was determined using a previously

described method (19). Tissue was homogenized (1:10) in 50 mmol/L

potassium phosphate buffer (pH 7.4) and the homogenate was

centrifuged at 18,000 g for 45 min. Supernatant (50 µL) was added

to a 3 mL cuvette which contained 2.95 mL of 19 mmol/L hydro-

gen peroxide in 50 mmol/L potassium phosphate buffer (pH 7.4).

Changes in absorbency at 240 nm were continuously followed for

5 min. Catalase activity was expressed as Units/milligram protein.

Vitamin E: Vitamin E (alpha-tocopherol) was measured in

myocardial tissue and in the food using a modification of the

extraction procedures and reverse-phase high-performance liquid

chromatography detection method of Palace et al (20). Total

run time was 30 min, with typical retention times of 10.7 min

and 12.5 min for the internal standards tocopherol and toco-

pherol acetate, respectively.

Oxidative stress changes: Oxidative stress changes evaluating

thiobarbituric acid reacting substances (TBARS) as well as assess-

ing glutathione (GSSG and GSH) in myocardium are described

previously (16).

Proteins and statistical analysis
Proteins were determined using the method by Lowry et al (21).

Data are expressed as the mean ± SEM. Group means were com-

pared by one-way ANOVA, and ANOVA followed by Bonferroni’s

test was used to identify differences between groups. Values of

P<0.05 were considered statstically significant. In cases where

Bonferroni’s test returned marginal significant differences (P<0.1)

and the power of the test was P<0.8, type II errors were minimized

by reanalyzing the groups using Student’s t test (P<0.05).

RESULTS
General observations
The rats were observed on a daily basis for their food intake,
general behaviour and presence of any clinical signs of heart
failure. No differences in food consumption were observed
in the coronary artery-ligated animals supplemented with
vitamin E compared with their respective sham controls.
However, a 7% reduction in food consumed was observed in
the untreated coronary artery-ligated animals compared with
both their respective sham controls and vitamin E-treated,
coronary artery-ligated animals. Unsupplemented, coronary
artery-ligated rats exhibited lethargy, dyspnea, abdominal
enlargement and cyanosis of peripheral extremities beginning
approximately 12 weeks after the surgery. At autopsy, con-
gested lungs and hepatomegaly were noted. In contrast,
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coronary artery-ligated animals supplemented with vitamin E
did not display any of the above mentioned clinical signs.
Sham animals receiving either diet also showed no clinical
signs of dysfunction.

Hemodynamic studies
Hemodynamic data at 16 weeks postsurgery are shown in
Figure 1. There was a significant elevation in the LVEDP and a
significant reduction in the LVSP in the untreated MI animals
relative to their sham controls (Figure 1A). RVEDP was signif-
icantly elevated and RVSP was significantly reduced in these
animals (Figure 1B). Vitamin E supplementation of MI ani-
mals resulted in the complete normalization of RVEDP and
RVSP while an improvement was observed in the LVEDP and
LVSP; however, LVEDP and LVSP in these animals still

remained significantly different from their respective control
values (Figure 1A).

Tissue weights
The ratios of wet to dry weight in both the lungs and liver were
significantly higher in the untreated MI animals compared with
their respective controls (Table 1). Vitamin E-supplemented
coronary artery-ligated animals showed no gain in the wet to
dry weight ratio for both the lungs and liver, such that these
values were not statistically different from their respective
controls (Table 1).

Myocardial antioxidant enzymes
Myocardial catalase and GSHPx activities were examined in
the viable LV and RV separately at 16 weeks post-MI in the
supplemented and unsupplemented infarcted animals and
compared with their respective controls. Catalase activity in
the viable LV (Figure 2A) of untreated infarcted animals was
depressed by 66% while in the viable RV (Figure 2B), catalase
activity was reduced by 42%. Supplementation with vitamin E
resulted in a significant increase in catalase activities in both
the viable LV and RV of infarcted animals. However, catalase
activity in the LV of these vitamin E-supplemented infarcted
animals remained significantly different from respective con-
trol values (Figure 2A). In contrast, no difference in catalase
activity was observed in the RV of vitamin E-supplemented
infarcted animals compared with respective controls (Figure 2B).
A similar pattern of changes was seen in the RV and LV of
treated and untreated infarcted animals with respect to
GSHPx activity (Figure 3).

Myocardial vitamin E content
Myocardial vitamin E content is shown in Table 2. Vitamin E
content declined by 33% in the viable LV of unsupplemented
infarcted animals relative to respective sham controls. In con-
trast, no change in vitamin E content was observed in the
viable RV of infarcted animals compared with respective con-
trols. Vitamin E supplementation resulted in a substantial
increase in vitamin E content in the LV and RV of both sham
controls and infarcted animals. The content of vitamin E in
both the LV and RV of vitamin E-supplemented infarcted ani-
mals was not statistically different from that of vitamin E-
supplemented sham controls.
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Figure 1) Effect of vitamin E supplementation on the (A) left ventric-
ular end-diastolic pressure (LVEDP) and systolic pressure (LVSP),
and (B) right ventricular end-diastolic pressure (RVEDP) and systolic
pressure (RVSP) at 16 weeks after surgery in control and myocardial
infarcted (MI) animals maintained on a basal or vitamin E (Vit E)-
supplemented diet. Data are expressed as mean ± SEM for five rats.
*Significantly different (P<0.05) from respective controls.
#Significantly different (P<0.05) from corresponding ventricular tissue
of unsupplemented MI hearts

TABLE 1
Lung and liver wet to dry weight ratio in rats at 16 weeks
postmyocardial infarction with and without vitamin E
supplementation

Animal group Lung Liver

Basal diet

Control 4.5±0.1 2.9±0.1

MI 7.1±0.8* 4.5±0.5*

Vitamin E-supplemented diet

Control 4.8±0.2 3.2±0.1

MI 5.1±0.3† 3.2±0.1†

*Significantly different (P<0.05) from respective control group using ANOVA
followed by Bonferroni’s test. †Significantly different (P<0.05) from unsupple-
mented myocardial infarction (MI) group using ANOVA followed by
Bonferrroni’s test. Values are expressed as mean ± SEM for five rats
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Oxidative stress studies
Lipid peroxidation data are shown in Figure 4. TBARS in the
LV (Figure 4A) of untreated infarcted animals were elevated
by 90% compared with their respective control values while,
in the RV (Figure 4B), an increase of 45% was observed.
Myocardial TBARS in the RV of vitamin E-supplemented MI
animals were no different from respective sham controls while,
in contrast, myocardial TBARS in the LV of this supplemented
group remained elevated compared with their respective sham
controls. However, the magnitude of TBARS elevation in the
LV was far less pronounced in the vitamin E-supplemented
group compared with the unsupplemented group.

GSH and GSSG levels are also shown in Table 3. GSH levels
in the LV of unsupplemented infarcted animals were reduced
by 47% while, in the RV, a 20% reduction in GSH levels was
observed. GSH levels in both the LV and RV in the vitamin E

Oxidative stress and heart failure
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Figure 2) Myocardial catalase activity at 16 weeks after surgery in the
viable (A) left ventricle and (B) right ventricle of control (CONT)
and myocardial infarction (MI) animals maintained on a basal or
vitamin E (VIT E)-supplemented diet. Data are expressed as mean ± SEM
for five rats. *Significantly different (P<0.05) from respective controls;
#Significantly different (P<0.05) from corresponding ventricular tissue
of unsupplemented MI hearts
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Figure 3) Myocardial glutathione peroxidase (GSHPx) activity at
16 weeks after surgery in the viable (A) left ventricle and (B) right
ventricle of control (CONT) and myocardial infarction (MI) animals
maintained on a basal or vitamin E (VIT E)-supplemented diet. Data
are expressed as mean ± SEM for five rats. *Significantly different
(P<0.05) from respective controls; #Significantly different (P<0.05)
from corresponding ventricular tissue of unsupplemented MI hearts

TABLE 2
Myocardial vitamin E levels at 16 weeks postmyocardial
infarction with and without vitamin E supplementation

Vitamin E levels (µg/g wet weight)

Animal group Left ventricle Right ventricle

Basal diet

Control 65.40±2.61 53.50±3.55

MI 41.77±7.4* 55.76±4.01

Vitamin E-supplemented diet

Control 109.40±8.60* 84.21±7.98*

MI 88.2±1.97† 81.9±3.54†

*Significantly different (P<0.05) from respective control group using ANOVA
followed by Bonferroni’s test; †Significantly different (P<0.05) from correspon-
ding ventricular tissue of unsupplemented myocardial infarction (MI) hearts
using ANOVA followed by Bonferroni’s test. Values are expressed as mean ±
SEM for five rats
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supplemented infarcted animals were near that of control values.
GSSG content was significantly elevated in both the LV and
RV of unsupplemented infarcted animals. Vitamin E supple-
mentation resulted in maintaining the GSSG levels near con-
trol values.

The ratio of GSH to GSSG was also analyzed and these
data are shown in Table 3. Baseline values for this ratio in the
LV and RV of controls were not different from each other. A
significant depression in the GSH:GSSG ratio was observed in
both the LV and RV of unsupplemented infarcted animals.
However, the severity of reduction in this ratio was lesser in
the RV. Supplementation with vitamin E maintained the

GSH:GSSG ratio in both the LV and RV near that of respec-
tive controls.

DISCUSSION
Vitamin E supplementation and attenuation of CHF
At 16 weeks post-MI, unsupplemented rats showed several
signs of CHF including elevated LVEDP and RVEDP and
depressed LVSP and RVSP. Pulmonary edema, hepatomegaly,
dyspnea, ascites, lethargy and cyanosis of peripheral limbs were
also observed. Supplementation with dietary vitamin E blunted
these LV and RV hemodynamic changes subsequent to coro-
nary artery ligation. The fact that lung and liver congestion
were absent in these animals indicated that the residual LV
functional abnormalities were not severe enough to exert any
influence on these tissues. In addition, no other clinical signs
of CHF were present in the supplemented animals.

Maintenance of normal RV function with vitamin E sup-
plementation in the presence of coronary artery ligation and
left ventricular MI. It has been reported that there is a high fre-
quency (40%) of RV dysfunction accompanying inferior left
ventricular MI (22). Some clinical studies have shown that
patients with acute inferior MI and RV involvement have a
poor short-term prognosis than patients in whom RV function
is unaffected (22-24). Poor outcome in this subset of patients is
related primarily to the development of low cardiac output
shock (25,26). Furthermore, the presence of postinfarction RV
dysfunction is associated with a higher incidence of major car-
diac complications (23).

Oxidative stress and cardiac dysfunction
Increased oxidative stress has been reported in a variety of
experimental models of CHF such as pressure overload in
guinea pigs (8), doxorubicin-induced cardiomyopathy in rats
(4) and cardiomyopathy in hamsters (9). Clinically, it has been
shown that patients with ischemic heart disease have elevated
levels of plasma lipid peroxides relative to controls (27), and an
increase in lipid peroxidation, as measured by breath pentane
content, has also been shown to occur in patients with acute
MI (28) and CHF (29). In patients suffering from CHF, there
is a progressive increase in plasma TBARS and worsening
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Figure 4) Lipid peroxidation as indicated by thiobarbituric acid reacting
substances (TBARS) at 16 weeks after surgery in the viable (A) left
ventricle and (B) right ventricle of control (CONT) and myocardial
infarction (MI) animals maintained on a basal or vitamin E (VIT E)-
supplemented diet. Data are expressed as mean ± SEM for five rats.
*Significantly different (P<0.05) from respective controls. #Significantly
different (P<0.05) from corresponding ventricular tissue of unsupple-
mented MI hearts

TABLE 3
Myocardial reduced glutathione (GSH) and oxidized
glutathione (GSSG) content in rat at 16 weeks
postmyocardial infarction with and without vitamin E
supplementation

GSH GSSG
(nmol/g tissue weight) (nmol/g tissue weight) GSH:GSSG

Animal group LV RV LV RV LV RV

Basal diet

Control 70.0±2.6 70.7±1.8 6.0±0.7 6.3±1.1 11.7 11.2

MI 37.4±3.4* 59.6±3.0† 30.5±2.2* 16.3±2.2* 1.2* 4.0*

Vitamin E-supplemented diet

Control 71.1±2.6 68.5±3.0 5.9±0.4 5.9±0.3 12.1 11.6

MI 65.3±5.0‡ 65.5±1.6 8.0±1.1‡ 5.9±0.7‡ 8.2‡ 11.1‡

*Significantly different (P<0.05) from respective control group using ANOVA
followed by Bonferroni’s test; †Significantly different (P<0.05) from respective
control group using Student’s t test; ‡Significantly different (P<0.05) from
unsupplemented myocardial infarction (MI) group using ANOVA followed by
Bonferroni’s test. Values are expressed as mean ± SEM for five rats. LV Left
ventricle; RV Right ventricle
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along with NYHA functional class (30). Although these studies
suggest that increased oxidative stress may contribute to the
development of CHF, these findings are largely correlative
and do not examine a cause and effect relationship. In our
model of CHF, poor cardiac function in each of the respective
ventricles was accompanied by significant depressions in cata-
lase and GSHPx activities along with a concomitant increase
in TBARS. The ratio of GSH:GSSG was also substantially
reduced and vitamin E content declined in the LV. However,
dietary supplementation of coronary artery-ligated animals
with vitamin E reduced oxidative stress as indicated by an
increase in the GSH:GSSG ratio and a decrease in TBARS.
An improved hemodynamic function in each of the ventricles
of the vitamin E supplemented animals may suggest a causal
role for oxidative stress in the pathogenesis of heart failure.

Therapeutic effects of vitamin E in patients
A recent surge in patient studies has provided evidence for and
against the clinical value of vitamin E supplementation in the
prevention of cardiovascular complications in patients who are
at an increased risk for such events.

Substantial decreases in plasma vitamin E levels with reper-
fusion after percutaneous transluminal coronary angioplasty in
patients with acute MI have also been reported (31). A similar
reduction in vitamin E levels after reperfusion during coronary
artery bypass graft surgery has also been shown to occur in the
plasma as well as the myocardium (32). In patients with angio-
graphically symptomatic coronary atherosclerosis, oral adminis-
tration of 400 U to 800 U of vitamin E daily resulted in a
substantial reduction in the rate of nonfatal MI (13), although
no effects on cardiovascular death were observed. Moreover,
preoperative oral administration of vitamin E, alone or in com-
bination with vitamin C, for five days before coronary bypass
prevented the reductions in blood vitamin E levels associated
with revascularization (33). Previous research has demonstrated
an inverse correlation between antioxidant vitamin intake and
incidence of acute MI. Daily administration of vitamin E in
combination with vitamins A, C and beta-carotene in patients
with suspected acute MI resulted in a significant decline in total
cardiac end points, including average infarct size, total cardiac
deaths and nonfatal acute MI (10).

Clinical studies examining the effects of vitamin E in
patients with CHF have been sparse. Plasma levels of malon-
dialdehyde have been shown to progressively increase with the
advancing severity of NYHA functional class (30,34), while
the levels of the plasma enzymatic antioxidants superoxide dis-
mutase, catalase and GSHPx have all been shown to progres-
sively decline (34). Daily vitamin E (400 mg) for four weeks
substantially reduced the plasma levels of malondialdehyde
and, in addition, produced a significant elevation in plasma
enzymatic antioxidants (34). Normalization of these oxidative
indexes was accompanied by a markedly improved response in
these vitamin E-supplemented patients. Epidemiological studies
have indicated that death from cardiovascular disease is inversely
proportional to the plasma levels of vitamin E (35). Furthermore,
evidence of an association between a high intake of vitamin E
and a subsequent lower risk of coronary artery disease has also
been reported in both men and women (36,37).

On the other hand, in the Heart Outcomes Prevention
Evaluation (HOPE) trial, vitamin E supplementation for 4.5 years
in high-risk patients showed no beneficial effects in terms of
decreasing the incidence of cardiovascular events (14). In the

HOPE-The Ongoing Outcomes (HOPE-TOO) trial, a further
follow-up for seven years did not reveal any positive effects of
vitamin E supplementation (15). Individual variations in
nutritional status as well as stages of the cardiovascular condi-
tion which may have not been controlled in a similar fashion
may explain the conflicting results between these two clinical
trials (14,15) and the other clinical studies (34,35). A positive
effect in an experimental study, such as ours, is most likely due
to vitamin E supplementation as a prophylactic treatment
(loading the animals with vitamin E before the coronary liga-
tion). In these two clinical studies (14,15) the supplementa-
tion was initiated after the clinical diagnosis. Although
vitamin E supplementation in the HOPE-TOO study
increased the plasma vitamin E levels by approximately 64%,
the oxidative stress levels were not analyzed. In this regard, an
increase in oxidative stress has been reported in doxorubicin-
induced cardiomyopathy despite a 100% increase in vitamin E
levels (38). Furthermore, antioxidant therapy with probucol
had a beneficial effect in this model (4).

Mechanism of protection afforded by vitamin E
Although the present study does not directly address the mech-
anism by which vitamin E modulates the development of CHF,
the fact that vitamin E-supplemented infarcted rats had reduced
oxidative stress and an improved antioxidant reserve concomi-
tant with enhanced hemodynamic functioning suggests that the
protection afforded by vitamin E may be attributable, in part, to
its antioxidant properties. Vitamin E is a lipid-soluble, naturally
occurring antioxidant and its presence in biological membranes
is thought to represent the major defense system against peroxi-
dation of lipid components. Vitamin E acts to stabilize biological
membranes by interrupting the chain of free radical reactions as
well as by reducing lipid peroxidation (39). A decline in
myocardial vitamin E levels, as observed in the present study,
may compromise antioxidant protection, leaving the myocardium
vulnerable to free radical injury. Because vitamin E supplemen-
tation produced an improvement in myocardial enzymatic
antioxidants in the present study, its beneficial effect may be due
to a combination of its direct antioxidant properties as well as
exerting a sparing effect on the remaining myocardial enzymatic
antioxidants.

A protective mechanism of vitamin E independent of its
direct free radical scavenging effect may also exist. Vitamin E
has been shown to decrease platelet adhesion and aggregation
(40), promote the inhibition of vitamin K-dependent clotting
factors (41) and inhibit the production of nitric oxide (42). In
animals, vitamin E supplementation has been shown to reduce
the susceptibility of low-density lipoproteins to oxidation (43),
thereby exerting antiatherogenic properties. Vitamin E is also
thought to have a nonoxidant effect in suppressing atheroscle-
rosis by inhibiting protein kinase C activity that is associated
with stimulating smooth muscle cell proliferation by low-
density lipoproteins (44-46). Recently, vitamin E has been
shown to have antiarrhythmic properties, preventing lethal
ventricular arrhythmias in dogs subjected to MI (47). These
operative mechanisms of action may explain why the use of
vitamin E in primary prevention of coronary artery disease has
been successful (36-37).

CONCLUSIONS
Beneficial effects of vitamin E in modulating the development
and severity of heart failure subsequent to MI have been
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