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Changes in serum concentration of antioxidants
following treadmill exercise testing in patients with
suspected ischaemic heart disease
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Summary. Twenty-four subjects with suspected ischaemic heart disease
underwent a treadmill exercise stress test (TEST). Nine individuals
developed ischaemia as defined by standard criteria. Total plasma
antioxidant status (TPAS), and serum concentrations of vitamin E were
measured pre-TEST, and 0, 1, 2, 4, 8 and 24 h following the treadmill test.
Mean serum vitamin E concentrations fell by 33% in the group as a whole
(from 9.53 = 0.92 mg/L pre-TEST to 6.39 = 1.06 mg/L immediately post
stress test, P < 0.02) and rose to baseline over the subsequent 24 h. The
levels of serum vitamin E fell by 34% in the group of patients who had a
positive TEST, and 32% in those who did not develop ischaemia during the
TEST. Serum cholesterol concentrations also fell significantly during the
TEST. In the total group serum cholesterol fell by 6.5% (P = 0.0052), and in
the subgroup who were positive for ischaemia the fall in serum cholesterol
was 10.3% (P = 0.004). The reduction in serum cholesterol was 4.1% in the
subgroup who did not develop ischaemia (P > 0.05). Mean total plasma
antioxidant status showed no significant temporal change for the group as a
whole, although there was a nonsignificant decrease immediately post-TEST
in the ischaemic group and a slight rise at 8 h in the group negative for
ischaemia.
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Introduction

There is considerable evidence supporting a role for the
antioxidant vitamins (e.g. vitamins E, C and B-carotene)
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cardiovascular disease (Halliwell & Gutteridge 1999).
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Antioxidants appear to be important physiological
regulators of vascular function and long-term vitamin E
intake has been related to a lowered incidence of
coronary heart disease in men and women (Rimm et al.
1993; Stampfer et al. 1993). More recent studies have
suggested that dietary supplementation with antioxidant
vitamins for patients with established coronary heart
disease may be beneficial (Stephens et al. 1996).

Pincemail et al. (1988) and Camus et al. (1990) have
reported that tocopherol is mobilized from tissues, and
plasma tocopherol levels rise in young, healthy male
subjects during exercise. However there have been few
studies examining the effects of acute exercise on
plasma antioxidant status, particularly in those with
circulatory disorders. Child et al. (1998) have reported
that after exercise, levels of total antioxidant capacity
and malondialdehyde rose in trained healthy male
runners. Changes in antioxidant status and free radical
release have also been reported in response to short-
term maximal exercise, and appear to be different in
trained vs. untrained individuals (Ortenblad et al. 1997;
Ashton et al. 1998). Furthermore, treatment with
antioxidant supplements reduced the release of muscle
enzymes under exercise stress (Rokitzki et al. 1994).
During exercise stress testing there is an increase in
free radical production and oxidative stress (Fontana
et al. 1995). Fontana et al. (1995) have also previously
reported that plasma concentrations of coenzyme Q and
the reduced form of glutathione fall following exercise
testing in patients with ischaemic heart disease. This
decrease could be attenuated by treatment with vitamin
E. More recently Thomas et al. (1998) examined the
effects of exercise on levels of vitamin E in healthy men
and women, and in patients in cardiac rehabilitation.
They reported that vitamin E concentrations were not
affected by habitual levels of activity or by a single
session of exercise in healthy subjects, whilst levels of
vitamin E were normal or elevated in the patients
undergoing cardiac rehabilitation.

As an alternative to the measurement of individual
components in the assessment of antioxidant status, the
total antioxidant capacity of plasma (TPAS) may be
measured (Miller et al. 1993). Uric acid, bilirubin,
albumin and the antioxidant vitamins are all known to
contribute to varying degrees to the TPAS value
(Gopinathan et al. 1994). Albumin may constitute up to
49% of total plasma antioxidant status (TPAS) (Gopi-
nathan et al. 1994), dependent on methodology, and
acts as an antioxidant by binding iron, bilirubin and
lipids, including lipid hydroperoxide. It is an effective
scavenger of free radicals (Emerson 1989) by virtue of
its sulphydryl groups and peroxidase-like activity (Pir-

isino et al. 1988) although it requires the presence of
other antioxidants to prevent peroxidative damage
(Kouoh et al. 1999).

The treadmill exercise stress test has been used to
improve the sensitivity of the ECG in the diagnosis of
coronary ischaemia for the past 50 years (Selwyn & Fox
1983). The increased workload imposed by exercise
increases cardiac output and oxygen consumption by
the heart and skeletal muscle. It may therefore be
associated with increased consumption of antioxidants.
No studies to date have examined the effects of formal
exercise stress testing on the antioxidant status of
patients with suspected ischaemic heart disease.

In the current study serum vitamin E and TPAS have
been measured sequentially to examine the effects of
exercise stress testing on antioxidant status.

Materials and methods
Subjects

All subjects were recruited from the Prince Sultan
Cardiac Centre, Riyadh, Kingdom of Saudi Arabia.
Written consent was obtained from each subject, and
ethical approval was granted by the Local Ethics
Committee. The demographic data for the patients are
summarized in Table 1. Subjects were on their usual
diet and medication up until the night preceding the
treadmill exercise stress test. They fasted from this time
until after the completion of the exercise test. None were
taking vitamin supplements.

Blood collection

Venous blood (approximately 10 mL) was collected from
the antecubital fossa of each subject at each time point
(pre-stress test), and within 5 min of completion of the
exercise stress test (at 0 h), and 1, 2, 4, 8 and 24 h
post-test), via an indwelling catheter. Aliquots were
transferred to lithium-heparin, potassium EDTA, fluor-
ide-oxalate and plain tubes. Plasma urea and electro-
lytes, glucose and full-blood count were measured
immediately. Total cholesterol was also measured pre-
TEST and at 0 h. Lithium-heparin samples for vitamin E
and total plasma antioxidant status (TPAS) were
centrifuged immediately at 10 000 g for 10 min at
room temperature and stored at —70 °C until analysis.

Biochemical analyses

Serum lipids (total cholesterol, triglycerides and HDL
cholesterol) and blood glucose were determined by
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Table 1. Demographic and baseline biochemical data on patients undergoing a treadmill exercise stress test

Total group Positive for ischaemia Negative for ischaemia P-value*
Number of subjects 24 9 15
Female, n (%) 2 (8) 1(11 1(7) ns
Mean age (year) 53.1 £ 3.3 59. 3 46.6 = 3.5 0.02
Mean BMI (Kg/m?) 27.3 = 3.6 26. 3.4 28.1 = 3.7 ns
Hypertensive,n (%) 8(33) 4(44 4(27) ns
Diabetic, n (%) 12(50) 7(78 5(33) ns
Smoking, n (%) 14(58) 6(67 8(53) ns
Previous MI, n (%) 13(54) 6(67 7(47) ns
Lipid concentrations
Total cholesterol (mmol/L) 495 + 0.8 48 = 0.7 51 =*+09 ns
HDL cholesterol (mmol/L) 0.9 £ 0.3 09 * 0.2 0.9 =03 ns
LDL cholesterol (mmol/L) 3.2 0.7 3.1 07 3.3=*0.7 ns
Triglycerides (mmol/L) 1.70 1.43 1.79 ns
(0.71-3.03) (0.71-2.13) (0.74-3.03)
Fasting glucose (mmol/L) 7.4 £33 89 *+49 58+ 1.6 0.03
Antioxidant concentrations
Vitamin E (mg/L) 9.5+ 0.9 9.0 £ 0.8 10.0 = 1.0 ns
TPAS (mmol/L) 1.30 = 0.10 1.31 £ 0.13 1.29 + 0.06 ns

#for comparison between patients positive and negative for ischaemia using unpaired ttests for normally distributed data, Mann—Whitney tests
for non-normally distributed data, and chi-square tests for categorical data. Data represent mean + SEM, or median and range for triglycerides.

routine enzymatic methods on a Hitachi 917 (Roche
Diagnostics, Riyadh, Saudi Arabia). Total plasma anti-
oxidant status was measured by a commercially avail-
able method (Randox Laboratories, County Antrim, UK)
using a Cobas Bio analyser (Roche Diagnostics, Lewes,
UK).

Serum vitamin E was determined by HPLC as
previously described (Ferns et al. 2000a). Briefly,
200 pL internal standard (10 pg/mL d-tocopherol in
isopropyl alcohol) was added to 200 uL serum and
vortex mixed. Aqueous ammonium sulphate (3.9 m) was
added (200 wL) and the solution was again vortex
mixed. After centrifugation (1000 g for 5 min), 50 pL of
supernatant was used for analysis using a Prodigy 5 pm
ODS2 (50 x 4.6 mm) column (Phenomenex Ltd, Mac-
clesfield, Cheshire, UK) with methanol as mobile phase,
and detection at 294 nm. At a flow rate of 1.4 mL/min,
the retention time for internal standard and vitamin E
were 5.2, and 6.6 min, respectively. Vitamin E standard
and quality control material were obtained from BioRad
Laboratories Ltd, Hemel Hempstead, UK. Inter-assay
precision data gave a coefficients of variation (CV) of
5.1% and 3.9% at o-tocopherol concentrations of 3.1
and 10.8 mg/L, respectively, for vitamin E.

Treadmill exercise stress test criteria for ischaemia

A standard Bruce treadmill exercise stress test protocol
was used (Bruce & Hornsten 1969). The duration of
exercise was for a maximum period of 15 min, but was
terminated earlier if signs of ischaemia were evident.

Ischaemia was diagnosed on the basis of development
of one or more of the following:

e ST segment depression of more than 2 mm

e ST segment elevation

e arterial blood pressure decrease of more than
15 mmHg
new bundle branch blocks (left or right)
prolonged chest pain
exercise-induced dysrhythmias, particularly ventri-
cular tachycardia.

All patients positive by these criteria (n = 9) subse-
quently underwent angiography. Of these, eight showed
evidence of coronary disease of at least one major
coronary artery, and one was equivocal.

Statistical methods

Significance was assessed by Analysis of Variance
(ANovA), paired or unpaired ttests, and Mann—Whitney
or Chi-square tests, as appropriate, using an Instat
statistical package (Instat Corporation, USA).

Results
Demographic and biochemical data

Of the 24 subjects referred for treadmill exercise stress
test, eight were hypertensive, and 12 were diabetic (of
whom six were insulin dependent). Nine of the patients
were positive and 15 were negative for ischaemia on
stress testing. Table 1 summarizes the demographic
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Figure 1. Changes in mean serum
vitamin E concentration during a
treadmill exercise stress test in 24
subjects with suspected coronary
ischaemia.
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and baseline biochemical data. Urea and electrolyte
results were in the normal range for all subjects.
Baseline concentrations of plasma vitamin E were
approximately 25% lower than for a group of Caucasian
subjects with chest pain, and of comparable age (Ferns
et al. 2000b), however, a greater proportion of subjects
in the present study were current smokers, or diabetic.

Effects of the treadmill exercise stress test on TPAS,
vitamin E, cholesterol and cholesterol-corrected vitamin
E

Serum markers of antioxidant status measured in pre-
TEST and at 0, 1, 2, 4, 8 and 24 h post-TEST
demonstrated the following:

TPAS showed no significant change in the total study
group (1.80 = 0.10 mmol/L pre-TEST to 1.29 =
0.06 mmol/L post-TEST). There was a small nonsigni-
ficant decrease in the subgroup positive for coronary
ischaemia (1.31 = 0.13 pre-TEST to 1.28 = 0.10 post-
TEST), and a slight increase at 8 h in the group negative
for coronary ischaemia (1.29 = 0.06 pre-TEST to 1.42
+ 0.06 8 h post-TEST, P < 0.06).

The mean serum vitamin E level fell in the total group by
33% (P < 0.02) immediately after the TEST (Figure 1).
The mean decrease was 34% in the group positive for
coronary ischaemia (P < 0.06) and 32% in the group
negative for coronary ischaemia (P < 0.08). The differ-
ence between the groups was only marginally significant
(P < 0.06), however, the power of the present study was
inadequate to examine differences between subgroups.

The mean total cholesterol decreased by 6.5%, from
4.6 = 0.13 pre-TEST to 4.3 = 0.14 mmol/L immediately

post-TEST, in the group as a whole (P = 0.0052). The
mean serum cholesterol fell from 4.5 = 0.14—
4.0 £ 0.18 mmol/L (10.3%) in the group positive for
coronary ischaemia (P < 0.004), whilst the change
observed in the group negative for coronary ischaemia
was from 4.6 = 0.19—-4.4 = 0.19 mmol/L (4.1%). The
latter change was not significant (P > 0.05) (Figure 2).

When vitamin E was standardized for cholesterol, a
decrease was still observed in 66% of the patients in the
ischaemic group and 73% of the nonischaemic group,

4.0

05

Vitamin E/ cholesterol (mg/mmol)
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Pre-TEST Post-TEST

Figure 2. Changes in serum cholesterol-standarized vitamin
E concentrations for 24 individuals pre- and post-treadmill
exercise stress test. The large symbol (M) represents the
mean value for the whole group.
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however, the decrease after the TEST for the group as a
whole was no longer statistically significant (P < 0.06)
(Figure 2).

Discussion

Free radicals are potentially harmful molecules that are
usually rapidly removed by cellular antioxidant scaven-
ging enzymes systems, such as superoxide dismutase
(SOD), catalase, glutathione peroxidase, and methio-
nine sulphoxide reductase. Free radicals that reach the
circulation are also neutralized by extracellular antiox-
idants (McColl et al. 1998) such as vitamins A, E, and C,
bilirubin, uric acid, and albumin. All these species
contribute to the TPAS (Gopinathan et al. 1994).

In our study, TPAS showed no statistically significant
changes for the group as a whole following the TEST.
The small, nonsignificant decrease observed in the
group positive for coronary ischaemia suggests that the
amount of free radicals produced during exercise-
induced ischaemia was too small to produce a sig-
nificant change in the total antioxidative capacity of the
plasma. However, changes in specific components of
the TPAS cannot be excluded and it is possible that free
radical formation was matched by a rise in antioxidant
mobilization from tissues and entering the plasma, as
proposed by Camus et al. (1990). For the group that was
negative for coronary ischaemia, the marginal increase
in TPAS occurring 8 h post-TEST (P < 0.06), is difficult
to explain. Nevertheless, McColl et al. demonstrated a
similar increase in TPAS following coronary artery
bypass graft (CABG), which they attributed to regenera-
tion or redistribution of antioxidants (McColl et al. 1998).

The decreased serum concentration of vitamin E
immediately post-TEST in the group as a whole and in
the subgroup positive for coronary ischaemia suggests
that vitamin E may have an important first line
antioxidant role in protection against free-radical stress
associated with exercise. Surmen-Gur et al. (1999) have
similarly reported an acute fall in serum vitamin E
concentrations following exhaustive exercise in smo-
kers, although they made no correction for lipid
concentrations. Vitamin E is lipid soluble and is therefore
intimately associated with lipoprotein moieties in
plasma. We found that serum cholesterol fell signifi-
cantly following TEST in the group as a whole. Another
recent study has also demonstrated that plasma-volume
adjusted total cholesterol concentrations fall acutely
following aerobic exercise, and similarly found that they
rise to baseline by 24 h (Grandjean et al. 2000).
However, the acute effects of exercise on serum
cholesterol appear to vary, dependent on the level of
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fitness of the group under study and the degree of
exercise they undertake (Davis et al. 1992; Krum et al.
2000). Standardization of serum vitamin E for serum
cholesterol would be expected to correct for changes
associated with lipoprotein redistribution. However the
percentage change in serum cholesterol concentration
occurring post-TEST was approximately 6.5%, whereas
vitamin E concentrations fell by 33%. These data
therefore suggest that the rapid fall in serum vitamin E
is due in part to its utilization as a free radical scavenger.
For the group negative for coronary ischaemia, vitamin
E showed a smaller change during the time course,
suggesting that in patients without demonstrable cor-
onary ischaemia, the production of free radicals follow-
ing the TEST is insufficient to cause a significant change
in steady state serum concentrations of vitamin E and
other antioxidants, although there may be an increase in
vitamin E recycling. The return of serum vitamin E
concentration to the baseline value within 24 h may also
be due to the regeneration or redistribution of vitamin E
from tissues. Our findings contrast with those of Pince-
mail et al. (1988) and Camus et al. (1990), who have
reported significant increases in plasma tocopherol
following exhaustive exercise. However these studies
differed from ours in a number of important respects.
They were undertaken in young, healthy, presumably
Caucasian subjects, who were exercised maximally for
15 min. The mean age of our subjects was substantially
older. A large proportion of this group had established
coronary artery disease and hence it was not possible to
maximally exercise these individuals.

In conclusion, this study has demonstrated changes in
antioxidant status induced by treadmill exercise stress
test in middle-aged Saudi Arabian subjects with chest
pain and suspected coronary artery disease. The
changes appear to be related, in part, to lipoprotein
redistribution and also to the consumption of antiox-
idants by the free radicals generated during exercise.
Our inability to demonstrate a similar change in TPAS
probably relates to the fact that the contribution of
vitamin E to TPAS is small, so that any change in this
constituent would be masked by the lack of significant
change in other lipophilic and hydrophilic constituents.
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