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radical peroxidation in healthyA comparison of antioxidant status and free
persons
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Abstrak

Studi ini bertujuan memperoleh nilai acuan status anrtoksidan dan deraiat peroksidasi pada orang dewasa sehat dan tidak
merokok Kadar malondialdehid (MDA), superoksida dismutase (SOD) danvitamin E serum diukur dari 90 sukarelawan pria dan 110

wanita. DidapatkanMDApadawanita(2,07 + 0,79 nmol/ml) Iebihtinggi dariMDApadapria(1,87 !1,20 nmol/ml) sedangkanvitamin
E pada serum wanita lebih rendah dibanding dengan pria ( 16,99 vs 20,02 WoUL). Terdapat korelasi terbalik antara kadar MDA dan
yitamin E pada pria dan wanita.

Abstract

We measured lipoperoxiàe as malonaldehyde (MDA), superoxide dismutase (SOD) and vitamin E levels in serum ftom 90

nonsmoking men and I 10 women yolunteers. In the present study women had higher MDA values (2.07 + 0.79 vs 1.87 + 1.20 nmoUml)

and lowervitamin E levels (16.99 vs 20.02 ttmol/L) as compared to men (p < 0.05). An inverse relationshipwas observed between MDA

and vitamin E levels (p < 0.00I ).

Keyw ords : Lipid p eroidation, vitamin E, sup eroxide dismutase

The tissues in our body are continously exposed to
reactive oxygen species (ROS) generated from en-
dogenous and some exogenous sources.' These are

essential for many biological processes such as

eicosanoid metabolism, host defense mechanism and

as regulatory molecule eg. nitric oxide in the regulation
of vascular function.l These ROS may also contribute
casually to a number of human degenerative diseases

such as atherosclerosis, certain types of cancer and

cataracr.2 Oxidative damage to biomolecules is limited
by a number of antioxidant defense systems, both
enzymatic and non-enzymatic. Alpha tocopherol is a

lipid soluble compound present in biological
membranes and lipoproteins; it is by far the most
abundant lipid solublè andoxidant in human.2 Alpha
tocopheral is particularly effective as a chain breaking
antioxidant, thus inhibiting lipid peroxidation and may
play an important role in preventing atherogenic
modification of low density lipoprotein (LDL). An
important part of the intracellular antioxidant defense
systems are antioxidant enzymes such as superoxide
dismutase (SOD), catalase and peroxidase. SOD
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catalyses the reduction of superoxide anion which can
be scavenged by catalase and peroxidase, and revers-
ible interconversion of nitric oxide andnitroxyl anion.2
However, free radicals can become highly destructive
if their productin is not tightly controlled resulting in
peroxidative damage to lipid, protein and DNA.' The
clinical utility of measurement of parametes of oxida-
tive stress requires reference values evaluated from a
disease free population. In this report, the serum
malonaldehyde (MDA), SOD and vitamin E levels are

described for a healthy nonsmoking cohort of 200 adult
(90 men and I 10 women) volunteers after an overnight
fasting.

MATERIAL AND METHODS

Subjects rwere nonsmokers, apparently healthy
employees and medical students of Pt. B.D. Sharma
PGIMS, Rohtak (India). Subjects were excluded from
this screening if they had known endocrinologic disor-
ders, diabetes mellitus, renal insufficiency, hepatic
disease, illnesses characterized by an acute-phase
response or history of taking lipid lowering drugs or
vitamin E supplements. After overnight fasting
peripheral venous blood was drawn. Serum was
separated by centrifugation and biochemical studies
were performed. Patients selected were in the age
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examined the acute effects of two different types of
ginseng supplementation (Russian and Chinese) on
strength development in males. Pectoral and quad-
riceps strength measures wers significantly greater
only in the group who had ingested the Chinese gin-
seng compared with controls.

Resistance exercise is becoming widely used and ac-
cepted, not only in sports training, but also in recrea-
tional and health related exercise as well as

occupationally related training. Highly specialized
and sophisticated resistance exercise programs are part
of most athletic training programs today. The inclusion
of resistance exercise equipment for recreational lifters
in various types of physical and cardiac rehabilitation
program is widespread.o Although the physiological
effects ofresistance exercise on muscular strength and
body composition have been extensively studied and
wiAlty ,epirt,7-10no evidence is available in the litera-
ture regarding the effect of resistance exercise training
with and without ginseng supplementation on strength
development in young adults. Therefore the present
study was designed to examine the effects of ginseng
administration in combination with resistance exercise
on strength development in males and females.

MATERIALS AND METHODS

Subjects

Thirty-three (21 male and 12 female, 2I.0+l .5 years)
normal healthy subjects volunteered to participate in
this study. Subjects had not previously participated in
an organized weight-training program, but were in-
volved in other sports activities both before and during
the duration of the study. Experiments were carried out
on males and females in an attempt to compare the
physical responses in both sexes. Ethical approval was
obtained from the University Ethics Committee and an
informed consent was procured from each subject
before participation.

The subjects were divided into two experimental
groups (i) resistance exercise with ginseng sup-
plementation (GIN, N=14, 7 males, 7 females; (ii)
resistance exercise without ginseng supplementation
(PLA, N=19, 14 males,5 females). The randomization
between the two experimental groups was balanced by
a rough estimation of body size, age and training status.

When subjects reported to the laboratory for testing,
body mass and percentage body fat were determined.
Percentage body fat was estimated from skinfold
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measurements as described by Durnin and
Womersley.ll

Maximal resistance exercise testing before and
after the training program

After familiarization, the subjects were scheduled into
morning pre-conditioning testing sessions. Subjects
reported to the laboratory in pairs and were fed a

standardized breakfast (50 g cereal and 100 ml of
skimmed milk; energy 946 kJ, carbohydrate 52 g,
protein 3.6 g, and fat 0.4 g). Maximal resistance exer-
cise testing was conducted at the same time of day
(08:00-12:00 hours) in an ambient temperature of
24+2oC and relative humidity of 55+5Vo.

The maximal resistance exercise test consisted of the
completion of three sets of seven different exercises
using resistance (weight) corresponding to l5 repeti-
tion maximum (15 RM). The 15-RM strength was
determined for each exercise to obtain measures of
maximal resistance exercise volume for the upper and
lower body parts. The 15 RM was defined as the
maximal weight that could be lifted 15 times through
the full range of motion employing the correct techni-
ques. Resistance exercises performed were bench
press, leg press, latissimus pull down, prone leg curl,
shoulder press, leg extension and standing biceps curl.
Rest periods interspaced exercises (30 s) and sets (120
s). Exercise volume (kg) was calculated by multiplying
the number of sets by the number of repetitions times
the weight lifted per repetition.l2

Resistance exercise conditioning program

All subjects in the two experimental groups exercised
twice weekly for eight weeks. The sequence of exer-
cises in the first profile was bench press, leg press,
latissimus pull down, prone leg curl, shoulder press,
leg extension, and standing biceps curl. [n the second
profile the sequence of exercises was shoulder press,
leg press, latissimus pull down, leg extension, bench
press, prone leg curl and standing biceps curl. Both
these sequences of exercise were arranged so that the
multi-joint exercises using the largest muscle mass and
requiring the greatest effort came first in the order.
Maximal strengths of major muscle groups for upper
and lower body parts were determined in both ex-
perimental groups before and after the training period
using 1.5 RM. Subjects were continually encouraged to
push themselves and increase both repetitions and the
weight lifïed. When subjects improved in strength,
weights were progressively increased to elicit l5 RM
for each exercise.
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Ginseng and placebo tablets administration proce-
dures

Subjects were randomly assigned to receive either the
ginseng supplement or placebo. Ginseng (600 mg
Panax ginseng, Red Korean ginseng) or placebo
(sugar-free) tablets were ingested daily on weekdays
between 16.30 and 19:00 hours. Tablets were kept in
coded bottles and administered in a double blind
fashion.

Statistical analysis

The statistical analysis of the data were carried out
using analysis of variance (ANOVA) with repeated
measurements. The dependent variables body mass,

percentage body fat, and strength indices was entered
into two 2 x 2 ANOVA models to detect differences
between ginseng-placebo and pre-post conditioning
tests and between male-female and pre-post condition-
ing tests, respectively. A level of p<0.05 was chosen
to indicate si gnificance.

RESULTS

Body mass and estimated percentage body fat
before and after the conditioning program.

Table l. Body mass and estimated percentage body fat in
males (N=21)andfèmales (N=12) before (A) and

al'tcr (B) conditioning.

Weight
(ke)

Body tal
(vn)

Males
Females

Males
Females

'12.0+1 .50,

62.0+2.0

15.4+l.l+
2'l .2+1.6

72.3+1.7x
60.7+1.4

16.2+l.O+
29.6+1.7

*significantly (P<0.05) higher than that observed in females.
+signiticantly (P<0.05) lower than that observed in females.

Table I shows the mean values of body mass and

estimatcd perccntage body fat in rnales and females
before and afïer the conditioning program. Body mass
rvas significantly (p<0.05) higher in males compared
with that observed in females both bcfbre and after the
conditioning program. Resistance exercise training in-
duccd no significant change in body rnass in males or
tèmales.

Pcrcentage body fat was significantly (p<0.05) higher
in females comparcd with that found in males. This
was fbund both before and aftcr conditioning. The
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statistical comparison of the mean values of the per-
centage body fat before and after conditioning also
revealed no significant differences in either males and
females.

Table 2. Body mass and estimated percentage body fat for
placebo (N=19) and ginseng (N=14) before (A) and

atter (B) conditioning.

Weight
(ke)

Body fat
(vo)

Placebo
Ginseng

Placebo

Ginseng

69.4!2.3
66.5+2.7

21.2+2.2
t7.9+2.0

68.5+2.3
67.2+3.0

22.2+2.1
20.2+2.3

A

The results of body mass and estimated percentage
body fat for placebo and ginseng groups befbre and

after the conditioning program are presented in Table
2. The mean values of body mass did not vary sig-
nificantly between placebo and ginseng groups either
before or after conditioning. Likewise, no statistically
significant change in body mass was observed in
response to the conditioning program in any group.

No statistically significant difference in the percentage
body fat was observed between placebo and ginseng
groups before the conditioning program. Resistance
exercise training induced no statistically significant
change in percentage body fat in any of the groups
studied.

Strength development in response to the resis-
tance exercise conditioning program.

Muscular strength, expressed as total exercise volume,
in male and female groups before and after the con-
ditioning program is presented in Figure l. Males
generated significantly (p<0.001) greater exercise
volume in compared rvith females before and after the

conditiouing program. The average percentage gain in
term of total exercise volume was l8.l 7o for males and

11 .9Vofor fbmales, this dift'erences was not statistically
significant (p=0.70).

Total exercise volumes in placebo and ginseng groups
before and after the conditioning program are graphi-
cally depicted in Figure 2. Muscular strength ex-
pressed as total exercise volume, increased
significantly (p<0.05) after the conditioning program
with no statisticalll, significant dif'ferences being oh-
served between croups. The average percentage gain
in terms of total exercisc volurne was l47c fclr the
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placebo group and 2O7o for the
differences were not statistically
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DISCUSSION

The effect of resistance exercise conditioning pro-
gram on body mass and estimated percentage body
fat

Body mass was significantly greater in males com-
pared with females both before and after the condition-
ing program. Percentage body fat was significantly
higher in females compared with males both befbre and
after conditioning. These data are normal fbr such a
population.

The resistance exercise conditioning program had no
effect on body mass and percentage body fat in either
males or females. This is in agreement with Wilmore
et al13 who fbund no significant changes in body mass
and percentage body fat in either sex after a lO-week
circuit weight-training program encompassing 3 cir-
cuits of 10 stations, 3 days per week. Data also concur
with the findings of Kokkinos et alla who compared
low and high-repetition resistance exercise training
programs and found no significant changcs in body
mas tage body fat after l0 weeks of train-
ing. noted, however, that Wilmore et all3
and alla found an increase in lean body
mass in response to resistance exercise training. Other
investigatorsr-t found a decrease in percentage body
fat in males and females after 16 weeks of weight-train-
ing. The fact that the decrease in the percentage body
fat was not statistically significant in the present study
rnay probably be linked witli the duration of the train-
ing program which was only 8 weeks. Pollockl6 stated
that programs of 8 to l0 weeks duration generally
result in less changes in body composition parameters
compared with longer duration. However, this is not
always the case. For example, Hurley et alt7 failed to
demonstrate a significant changes in body composition
after l6-week high-intensity resistive training on 1l
healthy untrained males.

The present work also showed that body mass and
percentage body fat did not change signil'icantly be-
tween placebo and ginseng groups in response to
resistance exercise training. No data seeln to bc avail-
able in the literature regarding the effect of ginseng
supplementation on body composition in humans.
Animal studics showed thal ginscng s-upplcrncntation
increased the body weight of mice,rb but it was not
clear whether this incrcase was due to an incrcase in
lean botly mass, fatty tissue or water retention. High
doses of ginseng which have been used in thesc animal
studies would not be considered safe in humans. Thus
it is suggested that ginseng ingested in a dose com-

ginseng group, these
significant (p=0.90).

Figure L Exercise volume (nrcan+SD) in male (N=21) and

.female (N= l2) groups before (A) and after (B) conditiortittg.
+sigrtifcant$, higtrcr (p<0.001) mean value than tlut ob-
servecL in fennles. *sigttificantly higher (p<0.05) tlnn that
o b s e n e d b efore c o nditionittg.

Figure 2. Exercise yolwne (meantSD) in placebo (N=19) and
gittscng (N= 14) groq)s before (A) and after (B) conditioning.
*significantly higher (p<0.05) mean value than tlnt observed
before conditiorting.
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patible with safety (600 mg.day-l; nud no effect on
body composition.

The effect of resistance exercise conditioning pro-
gram on strength development

Muscular strength, as measured in total exercise
volume lifted, was significantly greater in males com-
pared with females before and after the conditioning
program. These data are in agreement with the results
of previous researchle which showed that total body
strength in females was 63.57o compared with males.
Females' upper and lower body strength werc 55.8Vo

and ll.97o, respectively, compared with muscular
strength in males. It appears that when the effects of
additional habitual physical activities are taken into
account, the strength gain in response to resistance
exercise training in males and females are directly
related to lean body mass. Falkel et al8 found that the
arm and leg strengths of males and females as

measured on an isokinetic dynamometer were equal
when expressed relative to lean body mass. One of the
factors responsible for the difference in lean body
mass between males and females is likelv be due to a
greater Ievel of, androgens in males.20

Males and females exhibited 18.7 Vo and 17.9 Vo in
strength gain following resistance exercise training.
These data are in a.qreement with the findings of Wil-
more et all3 who rJported similar strength gains after
weight training in men and women. The absence of
significant changes in body composition and the in-
crease in strength performance in the present study
could be due to neural mechanisms. This is based on
the evidence that strength development in studies of
8-20 weeks duration is mainly associated with neural
adaptations such as improved co-ordination and learn-
ing and increased activation of the muscles acting as

pri." -ou".r.2l Wil-ore and Costill22 revealed that
motor unit recruitment is a key factor in strength gains.
It has been generally accepted that whether the muscle
f ibers contract or relax depends on the summation of
the rnany impulses received by that motor unit at any
one time. Strength gains may result from recruitment
of additional motor units to act synchronously,
facilitating contraction and increasing the muscle's
ability to g"n..ot" force.22

Resistance exercise training induced similar increases
in muscular strength in placebo and ginseng groups
(14Vo in the placebo group and 20Vo tn the ginseng
group). This finding suggests that there was no addi-
tional ergogenic effect of'ginr"ng (600 mg.dayl; on the
development of muscular strength in response to resis-
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tance exercise training. Most of the previous studies
employed endurance exercise to assess the ergogenic
effects of ginseng supplementation on physical perfor-
mance. These studied showed that ginseng ingestion
improves maximal aerobic power as assessed by
Yôz^*.23'2a si-il*ly, Pieraiisi eï al25 demonstrared
that 6 weeks supplemàntation of ginseng resulted in
an increase in total work load during treadmill run.
McNaughton et al5 examined the effects of two dif-
ferent types of ginseng supplementation (Russian and
Chinese) on strength development. Pectoral and quad-
riceps strength measures were significantly greater
only in the group who had ingested the Chinese gin-
seng compared with controls. This contrasts with the
findings of the present study and could be attributed to
the ginseng dose administered (600 mg in the presext
study vs 1000 mg in the study of McNaughton et al)).

Animal studies3'26 also demonstrated an increase in
muscular strength with ginseng supplementation.
However, the doses used in the latter studies (15-150
mg.kg-l body weight.duy-') were substantially higher
than the dose administered in the present investigation.
It is possible that the administration of a higher dose
of ginseng enhances muscular strength. Because it has

long been recognized that h$her doses of ginseng
ingestion lead to side effects'', in the present study a

dose (600 mg) compatible with safety was ad-
ministered.

CONCLUSION

It was established that the program of the resistance
exercise training twice a week for eight weeks had no
effect on body mass and percentage body fat in either
males or females and between the placebo and ginseng
groups. No significant change in body composition in
the present study could be related to the intensity,
frequency, or duration of the training program.

Resistance exercise training twice a week for eight
weeks induced a significant increase in muscular
strength, expressed as total exercise volume lifted, in
males and females with males generating significantly
greater weight volume than females before and after
the conditioning program. Likewise, a statistically sig-
nificant increase in total exercise volume was found as

a result of the resistance exercise training, with no
difforence being observed between the placebo and the
ginseng group post-training. The absence of sig-
niflcant changes in body composition and the increase
in strength performance in the present study could be

due to neural mechanisms.
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group 22-40 years. The lipid profile was estimated

status of vitamin E, the ratio of vitamin E to lipids (in
pmol/g) was determined as the ratio of vitamin E to
total cholesterol plus triglycerides.6 Dutu *u, analysed
by using student's t-test and regression analysis.

RESULTS

The study comprised 200 apparently healthy, non-
smoking adults, 90 men and 110 women. Women had
higher values of MDA (mean + SD: 2.0'l + 0.19
nmol/ml) as compared to mean (1.87 + 1.20 nmol/ml),
(p < 0.05). Mean serum vitamin E levels were lower in
women (16.99 + 8.06 pmol/I, range 7.82-41.19) as

compared to men (20.02 + 6.85 pmol/L, range 6.80-
41.18). Thus, and inverse relationship was observed
between MDA and vitamin E levels r= 0.99, p < 0.001).
Serum total cholesterol was 160 + 26.31 mgVo and
triglycerides were 727 +22.5 mgVo. ^Llso, vitamin E to
total lipid ratio was higher in men than in women (7.66
vs 6.92 pmoVg). Mean SOD levels were 713 + 14.70
EU and no statistically significant difference could be
observed between men and women.

DISCUSSION

Lipid peroxidation is a process normally occurring at
low levels in all cells and tissues.o Low levels of lipid
peroxidation are essential to many normal cellular
processes in that small amounts of lipid peroxides and
semistable breakdown products act as intracellular and
extracellular messengers.6 Although a variety of an-
tioxidant mechanisms serve to control lipid peroxida-
tion, under certain conditions, the protective
mechanisms can be overwhelmed leading to elevated
steady state tissue levels of peroxidation products.l'7
To our knowledge no report is available regarding
reference values for lipid peroxidation and antioxidant
status from a healthy nonsmoking population. How-
ever, reports are available regarding nutritional survey
of vitamin E in healthy population.8 In the present
study women had higher MDA levels as compared to
men. The cause for higher MDA levels in women is
not clear. This could be due to lower antioxidant
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vitamin E status in women. Although demonstrable
vitamin E inadequacy in apparently healthy adults is
rare, vitamin E requirements may vary in individuals
depending on the dietary intake of polyunsaturated
fatty acids, tissue composition, the steady state con-
centration of other interactive antioxidants in tissues
and genetic factors.T The vitamin E concentration in
serum correlates with the levels of circulating lipids in
the present study, and concurrent knowledge of the
lipid level, makes the serum vitamin E concentration a
much reliable index of the vitamin E status of the
individual.e Free radical mediated damage has been
implicated in cellular and extracellular changes that
occur over time in the agiqgprocess and in the develop-
ment of chronic disease.'" Vitamin E and other an-
tioxidants such as SOD prevent or minimize oxidative
damage in biological systems. This is a preliminary
report regarding lipid peroxidation and antioxidants
status in healthy population. Vitamin E determination
may improve identification and risk stratification of
patients at risk of chronic degenerative diseases,
coronary artery disease and cancer.
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