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whether training status has any ef-
fect on changes. Methods Seven re-
sistance trained (RT, 31.3 ± 10.2
yrs) and ten non-resistance trained
male subjects (NRT, 28.2 ± 3.9 yrs)
performed a submaximal resis-
tance exercise circuit (10 different
exercises, 75 % of 1-repetition max-
imum, 18.6 ± 1.1 minutes). Blood
samples were taken before and im-
mediately after exercise. Plasma
antioxidants (AO), lipid oxidation
products malondialdehyde (MDA)
and conjugated dienes (CD) were
measured using HPLC and/or pho-
tometric detection. Groups were
compared using the Mann-Whit-
ney U test, the exercise effect was
tested using the Wilcoxon signed
ranks test. P < 0.05 was regarded as
significant. Results α-Tocopherol, γ-
tocopherol, β-carotene, lycopene,
ascorbic acid, MDA and CD con-
centrations did not differ between

groups at rest. There was a similar
increase of fat soluble plasma AO
in both groups after exercise, but
not ascorbic acid. MDA increased
also in both groups after exercise,
but CD increased only in NRT. Con-
clusion There is no difference in
plasma AO and lipid oxidation
products in RT and NRT at rest. Af-
ter short time resistance exercise
there is a mobilization of fat solu-
ble AO. Despite mobilization of AO,
oxidative stress occurs during sub-
maximal resistance exercise, which
is indicated by increased MDA and
CD concentrations. As exercise in-
duced an increase of CD only in
NRT, it seems that regular resist-
ance training partly prevents lipid
peroxidation during exercise.
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Introduction

Although physical activity is known to have beneficial
health effects [1], many studies have reported that phys-
ical exercise induces oxidative stress by increasing the
generation of reactive oxygen species (ROS) [2, 3]. Aer-
obic exercise causes an increase in oxygen consumption
and can result in elevated levels of free radicals. It has
been demonstrated that whole body oxygen consump-
tion increases 10- to 20-fold over the resting state during
aerobic exercise [4].To minimize oxidative stress and re-
move free radicals the body uses a very effective antiox-

idative defense system containing nutritional antioxi-
dants (AO) like tocopherols, ascorbic acid or polyphe-
nols and endogenous antioxidative enzymes like cata-
lase or glutathione peroxidase. If free radical formation
exceeds antioxidant capacity, lipids, proteins and other
cell components may be oxidized [5–7].

Most of the experimental studies which have investi-
gated the association between exercise-induced oxida-
tive stress and its acute effects on plasma antioxidants
(AO) or lipid peroxidation have used endurance exercise
[3, 8–10]. Only a few studies which used resistance exer-
cise to investigate this matter have been published [11,
12]. Allessio et al. [11] investigated the effects of isomet-

■ Summary Background An in-
creased generation of reactive oxy-
gen species occurs during exercise.
The aim of the study We investi-
gated whether changes in plasma
antioxidants and lipid oxidation
products after submaximal resist-
ance exercise are detectable, and
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ric exercise, and Mc Bride et al. [12] investigated high in-
tensity resistance exercise with respect to lipid oxida-
tion. Both studies did not measure plasma AO. Submax-
imal resistance exercise has been recommended for
maintaining health [13], and is performed regularly by
many recreational athletes. Despite the lower oxygen de-
mands during resistance exercise compared to aerobic
exercise, generation of free radicals through other
mechanisms is possible: 1) xanthine/xanthine oxidase
pathway, 2) respiratory burst of neutrophils, 3) cate-
cholamine auto-oxidation, 4) local muscle ischemia/hy-
poxia, and 5) conversion of the weak superoxide to the
strong hydroxyl radical by lactic acid [5–7]. To increase
the knowledge in this field, this study investigated 1) the
effects of acute submaximal resistance exercise on
plasma antioxidants and lipid oxidation products, and
2) the differences between resistance trained (RT) and
non-resistance trained subjects (NRT) at rest and after
exercise.

Methods

■ Subjects

Seventeen male participants were included in the study.
They were students of the University of Vienna and/or
customers of a local gym, who had been asked to partic-
ipate. Ten of them were non-resistance trained (NRT),
i. e., they had not performed resistance exercise or
weight lifting at regular intervals for 6 months or longer
before this study. Five men of the NRT group reported
themselves to be sedentary and 5 reported to perform
endurance exercise, i. e., running or bicycling, 2–3 times
a week. Seven male participants were resistance trained
(RT), i. e., they had performed resistance exercise or
weight lifting at least three times per week for 6 months
or longer before this trial. Five subjects of the RT group
reported engaging in endurance exercise 2–3 times a
week. Six subjects of the NRT group and 4 of the RT
group were smokers. The participants were informed
about the purpose, nature and potential risks and gave
their written informed consent before participating.
The study protocol was approved by the Ethic Commit-
tee of the Medical Faculty, University of Vienna. Charac-
teristics of the participants are shown in Table 1.

■ Procedures

One week before the start of the study, subjects were
shown the 10 exercises of the resistance exercise circuit
(bench press, leg press, latissimus dorsi pull, leg exten-
sion, shoulder press, triceps exercise, crunch, vertical
row, biceps curl and pull up) and their one repetition
maximum (1-RM) for each exercise was evaluated. For

the exercise crunch the maximum number of repetitions
was evaluated.The participants of the NRT group in par-
ticular were instructed how to perform the various ex-
ercises. The intensity for the main test was defined indi-
vidually at 75 % of the 1-RM, the median number of
repetitions was 8 for NRT, and 11 for RT. Seventy five
percent of the maximum repetitions were performed in
the main test for the exercise crunch.

For the main test subjects came to the resistance ex-
ercise circuit at 07.30 in the morning after an overnight
fast and abstinence from alcohol since the previous day.
The participants had not exercised for two days before
the experiment. After a warm up on a cycle ergometer
(15 min, 75 W), each subject performed the submaximal
resistance circuit exercise once at the defined intensity.
The recovery time between the different exercise sta-
tions was set to one minute. The exercise time (without
warm up) was 18.6 ± 1.1 minutes. There was no fluid in-
take during exercise. A catheter was introduced into an
antecubital vein in the morning preliminary to the test.
Blood samples were drawn 30 minutes before and im-
mediately after the resistance training circuit.

■ Measurements

All measurements were made in duplicate.Venous blood
was collected into heparin-containing vacuum tubes
(Vacuette; Greiner, Vienna, Austria). Blood was cen-
trifuged to receive platelet poor plasma for analyses and
stored frozen at –70°C until analysis. Plasma ascorbic
acid concentrations were analyzed within the same day.

Fat soluble AO (α- and γ-tocopherol, β-carotene and
lycopene) were measured by the method of Jacob and
Elmadfa [14]. Values were expressed in µmol · L plas-
ma–1. The intra-assay coefficients of variation (CV) for
α- and γ-tocopherol, β-carotene and lycopene were 4.5,
5.1, 5.7 and 6.4 %, respectively.

Ascorbic acid was measured by the method from
Denson and Bowers [15]. Plasma ascorbic acid values
are expressed in µmol · L–1. The intra-assay CV for this
method was 2.2 %.

Lipid peroxidation was measured as MDA and CD of
linoleic acid.

MDA was measured according to the method of

Table 1 Group characteristics (mean ± SD)

NRT RT P-value*

Age (years) 28.2 ± 3.9 31.3 ± 10.2 0.669
Height (cm) 182 ± 5.0 182 ± 8.0 0.962
Body mass (kg) 81.5 ± 6.0 82.9 ± 10.0 0.887
Body fat (%) 18.6 ± 5.0 14.5 ± 4.5 0.091

RT (n = 7) resistance trained subjects; NRT (n = 10) nonresistance trained subjects;
* Mann-Whitney U test
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Wong et al. [16]. MDA values are expressed in µmol · L–1.
The intra-assay CV for this method was 5.7 %. CD for-
mation of linoleic acid was measured using the method
of Banni et al. [17]. Plasma values are expressed in µg ·
ml–1. The intra-assay CV for this method was 3.9 %.

■ Statistical methods

Nonparametric tests were used for analyses. The groups
were compared using the Mann-Whitney U test. Before-
after differences were tested using the Wilcoxon signed
ranks test. Correlations were calculated using Spear-
man’s rho.All tests were performed using statistical soft-
ware from SPSS/PC 10.0 (Statistical Package for the So-
cial Science, SPSS Incorp., Chicago Ill., USA). The results
are expressed as mean ± standard deviation (SD). Statis-
tical significance was set at P < 0.05.

Results

■ Effect of exercise, all subjects together

α-Tocopherol, γ-tocopherol, β-carotene, and lycopene
concentrations increased after exercise. MDA and CD
concentration were also elevated after exercise.Ascorbic
acid concentrations did not change significantly after
exercise. The exact values are shown in Table 1.

■ Effect of exercise, NRT and RT separately

Fat soluble plasma antioxidants increased similarly in
both groups, although a significant effect of exercise
could only be observed in NRT. Ascorbic acid concen-

trations decreased in NRT, but this was not significant.
MDA concentrations increased in both groups and CD
concentrations increased only in NRT (Table 2).

■ Comparison between groups

CD concentrations after exercise were higher in NRT, al-
though this was not statistically significant (P = 0.09).
There were no other differences between groups (Table 2).

■ Correlation analyses

MDA concentrations after exercise correlated with
ascorbic acid concentrations (rho = –0.719,0.004).Other
plasma AO were not related to CD or MDA concentra-
tions.

Discussion

There was no difference in plasma AO and lipid oxida-
tion products between the two groups at rest. Although
there is an increasing body of evidence which shows that
exercise can elevate oxidative stress [3, 11], the plasma
AO status of athletes and sedentary individuals is con-
troversial in the literature [8, 18–21]. It is not clear why
studies examining antioxidant status in athletes show
various results. It has been suggested that this variabil-
ity may be due to the differences in the mode of exercise
used, the time points examined, the level of training of
the subjects, environmental factors and the chosen
methodology [5, 6, 22]. Nutrition is known to influence
AO status, which might explain some of the inconsisten-
cies observed in these studies [23, 24].

Goup Before exercise After exercise P-value*

Ascorbic acid (µmol · L plasma-1) NRT 51.0 ± 27.1 39.4 ± 23.8 0.139
RT 49.8 ± 29.4 51.1 ± 28.6 0.893

α-Tocopherol (µmol · L plasma-1) NRT 16.2 ± 5.6 18.7 ± 6.2 0.021
RT 18.5 ± 3.5 20.7 ± 6.3 0.063

γ-Tocopherol (µmol · L plasma-1) NRT 1.23 ± 0.48 1.39 ± 0.54 0.051
RT 1.10 ± 0.41 1.23 ± 0.46 0.237

β-Carotene (µmol · L plasma-1) NRT 0.227 ± 0.148 0.266 ± 0.170 0.021
RT 0.245 ± 0.135 0.298 ± 0.141 0.091

Lycopene (µmol · L plasma-1) NRT 0.177 ± 0.151 0.202 ± 0.164 0.028
RT 0.252 ± 0.172 0.290 ± 0.131 0.235

MDA (µmol · L plasma-1) NRT 2.09 ± 1.18 2.49 ± 0.72 0.386
RT 1.60 ± 0.38 2.00 ± 0.59 0.735

Conjugated dienes (mg · L plasma-1) NRT 12.1 ± 5.2 15.4 ± 8.1 0.028
RT 8.6 ± 3.4 8.48 ± 1.6 0.600

RT resistance trained subjects; NRT resistance untrained subjects
* Wilcoxon signed ranks test
** Taking all subjects together (N = 17), the exercise effect was significant for all variables but ascorbic acid

Table 2 Exercise effect** on plasma antioxidants
and lipid oxidation products, NRT (n = 10) and RT
(n = 7; mean ± SD)
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Our study shows that fat soluble plasma antioxidants
increase after acute submaximal resistance exercise.
Similar results have been reported after aerobic exercise
and isometric exercise in humans [9, 11, 20]. However,
elevated plasma antioxidants after short-term resist-
ance exercise have not been previously reported. It is
known that there is a redistribution of AO towards the
site of oxidative stress [25, 26]. The increase of fat solu-
ble plasma antioxidants did not correlate with the in-
crease of total plasma lipids (results not shown). Nor-
mally, the largest proportion of fat soluble AO is
transported in various lipoproteins, e. g., HDL and LDL,
which have been reported to increase directly after ex-
ercise [27], which could also increase fat soluble AO in
plasma. In the present study, lipoprotein fractions were
not measured; thus it is not possible to know whether
the increase in fat soluble AO was due to higher LDL or
HDL levels, or due to higher AO concentrations in the
lipoproteins. When changes of fat soluble AO of NRT
and RT were analyzed separately, the increase was sig-
nificant only in NRT. However, because the mean
changes were similar, we conclude that a lack of statisti-
cal power due to the smaller size of the RT group (7
vs. 10) was responsible for the fact that the effect of ex-
ercise was not significant in RT.

No significant changes in ascorbic acid concentra-
tions could be observed during exercise. Other studies
have reported higher ascorbic acid levels after en-
durance exercise. Gleeson et al. have suggested that the
increase in ascorbic acid is a result of the release of stress
hormones [28]. A weaker hormonal response during re-
sistance exercise than during endurance exercise [29]
could explain the unchanged ascorbic acid concentra-
tions. Although there was no increase in ascorbic acid

concentrations, we observed a negative correlation be-
tween MDA and ascorbic acid after exercise. It is widely
accepted that ascorbic acid is an important antioxidant
[30].

Despite mobilization of fat soluble AO during exer-
cise, the plasma concentrations of the lipid oxidation
product MDA increased after exercise. This is in agree-
ment with some of the previous investigations involving
aerobic exercise or resistance exercise [12,31] indicating
inadequacies in the antioxidant defense system [32].
Some studies have not found an elevated MDA concen-
tration after exercise, which might be caused by delayed
blood sampling several hours after exercise [32]. CD in-
creased in NRT subjects after exercise,but not in RT sub-
jects.Due to the large variability of CD between subjects,
the difference was not significant.Other studies have not
found higher CD in trained subjects after endurance ex-
ercise [33, 34]. There are several studies in humans [35,
36] which have documented that regular exercise re-
duces lipid oxidation after acute exercise. A protection
of athletes could represent an adaptation which ensures
adequate antioxidant defense during acute exercise.

Conclusions

There is no difference in plasma AO and lipid oxidation
in RT and NRT at rest. After short time resistance exer-
cise there is a mobilization of fat soluble AO. Despite this
mobilization, plasma MDA and CD concentrations in-
crease after exercise.
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