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SUMMARY

Oxygen free radicals are highly reactive species that are produced
in increased quantities during strenuous exercise and can damage
critical biological targets such as membrane phospholipids. The purpose
of this study was to compare effects of high or moderate doses of
vitamin C (vitC) supplementation on exercise-induced oxidative stress
and muscle damage. Twenty-four healthy untrained males performed a
30-min exercise test at 75% VO.,max. Subjects were randomly assigned
to one of three groups: placebo (P, lactose), moderate dose (MD, 500 mg
vitC) and high dose (HD, 1000 mg vitC). Blood samples were obtained
prior to and 2h after supplementing; immediately, 2h and 24h following
exercise. Analysis of covariance for repeated measures was used to
detect statistical significance of between- and within-subject differences.
Plasma levels of vitC and malondialdehyde (MDA), total antioxidant
capacity (TAC) and creatine kinase (CK) activity were measured. Plasma
vitC levels increased 2h after supplementation, and continued even 2h
after exercise in both supplemented groups (p<0.05). TAC decreased
significantly only in the P group, 24 h after exercise (p<0.05). CK
increased immediately and 2h after exercise in all groups, and 24h after
exercise only in the placebo group, compared with the pre-exercise state
(p<0.05). Although MDA levels were similar among groups at baseline, it
increased significantly 2h after exercise only in the P group (p<0.05).
Both types of vitC supplementation are likely effective in preventing
muscle damage and exercise-induced lipid peroxidation. There is no
apparent need to supplement vitamin C in high doses.
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OZET

FARKLI IKI DOZDA C VITAMINI DESTEGININ EGZERSIZE BAGLI LiPID
PEROKSIDASYONU VE KAS HASARINA ETKISI

Siddetli egzersizde artan miktarlarda Ttiretilen serbest oksijen
radikalleri ytiksek derecede reaktif tiirler olup, membran fosfolipidleri gibi
kritik biyolojik hedeflere hasar verebilirler. Bu calismanin amact ytiksek ve
orta dozlardaki C vitamini (vitC) desteginin egzersizle uyarimis oksidatif
stres ve kas hasarnina etkilerini karslastirmakti. Saglikly, ancak antrene
olmayan 24 erkek % 75 VO:max’da 30 dk’lik bir egzersize katidilar.
Denekler rastgele ve esit olarak plasebo (P, laktoz), orta doz (MD, 500 mg
vitC) ve yiiksek doz (HD, 1000 mg vitC) gruplarina ayrildilar. Destek
aliminin hemen 6ncesinde ve 2 saat sonrasinda; egzersizin akabinde ve 2
ve 24 saat sonrasinda kan 6rnekleri alindi. Tekrarlayan dlgtimler icin
kovaryans analizi ile grup i¢ci ve gruplar arast degisimlerin istatistiksel
anlamliliklart incelendi. Plazma vitC ve malondialdehit (MDA), total
antioksidan kapasite (TAC) ve kreatin kinaz (CK) diizeyleri 6l¢tildii.
Plazma vitC dtizeyleri her iki (MD ve HD) destek grubunda destekten 2
saat sonra ytikseldi ve egzersizden 2 saat sonrasina kadar ytikselmeye
devam etti. (p<0.05). TAC sadece P grubunda egzersizden 24 saat sonra
anlamli olarak diistii (p<0.05). CK aktiviteleri tiim gruplarda derhal
ytikselip egzersizden 2 saat sonra da yiiksek kalirken, egzersiz éncesi
duruma kwyasla sadece plasebo grubunda egzersizden 24 saat sonra da
yliksek kaldi (p<0.05). MDA diizeyleri bazal durumda benzerken, sadece
P grubunda egzersizden 2 saat sonra anlamli diizeyde arttt (p<0.05). Her
iki diizeydeki vitC desteginin egzersizle uyarinmus lipid peroksidasyonunu
ve kas hasarint engellemede benzer etkide olduklar saptandi Yiiksek
dozlarda C vitamini destegine gerek olmadigt sonucuna varildt.

Anahtar sozciikler: Serbest radikaller, egzersiz, C vitamini destegi

INTRODUCTION

Physical exercise may increase accumulation of free radicals and
induce oxidative stress as a response to increased oxygen consumption
(21). Oxidative stress is a condition in which the existing balance
between free radicals production and their subsequent amelioration via
the antioxidant defense system becomes skewed in favor of free radical
expression (10). Free radicals, or more generally reactive oxygen and
nitrogen species (RONS) are products of normal cellular metabolism.
RONS are well known for playing a dual role as both deleterious and
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beneficial species, since they can be either harmful or beneficial to
living systems. The excess RONS can damage cellular lipids, proteins,
or DNA; impairing their normal function (27) Evidence for increased
RONS production during and following exercise is provided by
numerous investigations noting an increase in various oxidative stress
biomarkers following both acute aerobic and anaerobic exercise (10).

Postulating that the antioxidant defense system may be
temporarily overwhelmed insufficiency of endogenous antioxidants
during strenuous exercise, supplementation with antioxidants may be
an effective intervention to reduce oxidative stress (28). Available
evidence suggests that the ingestion of large amounts of vitamin C (vitC)
offers some protection against lipid peroxidation (7). Because vitC is
water-soluble, availability may be increased after a single dose, and
there may be no need for prolonged supplementation. In a previous
study, single high dose vitamin supplementation 2h before one bout of
exercise was found to influence lipid peroxidation and muscle damage
(19). However, high dose vitC supplementation has some side effects
such as iron poisoning (11), and kidney stone prduction (17). The aim of
this study was to compare effects of moderate and high doses of vitC
supplementation on lipid peroxidation and muscle damage indices.

MATERIAL and METHODS

Subjects: Twenty-four untrained male students volunteered to take
part in this study, which received approval from Guilan University Ethical
Advisory Committee. All subjects were informed verbally and in writing
about the nature and demands of study, and subsequently completed a
health history questionnaire and gave their written informed consent.
Subjects who smoked or took vitamin supplements were excluded from
the study. Subjects were allocated to three groups of eight in a double
blind design: high dose vitC (HD), moderate dose vitC (MD) or placebo (P).
Physical characteristics and, biceps, triceps, subscapular and suprailiac
skinfold measurements were similar in the three groups (Table 1).

Table 1. Subjects characteristics in placebo (P), moderate (MD), and high dose
(HD) vitamin C groups. Values for each group represent means (SEM).

Groups Age Height Body mass BMI Skinfolds VO2omax
(n=8) (yrs) (cm) (kg) (kg m2) (mm)  (ml min! kg'!)
P 22.1+0.6 174.1+1.8 724+£3.1 23.8+0.8 49.6+5.8 39.1x1.6

MD 21.5+£0.8 173.1+£5.8 68.4+£10.3 21.5+1.0 43.9+5.7 40.6xt4.7
HD 209+0.7 176423 674+t44 215+10 374+3.6 39.3+x19
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Preliminary measurements: The Bruce protocol was used for the
VO,max test. Subjects ran on a treadmill beginning at a moderate pace;
every 3 min both the grade and intensity were increased until exhaustion.
This was performed at least two weeks before the main trial (16).

Experimental design and procedure: On the day of the test,
subjects arrived at the laboratory after an overnight fast of at least 10h.
A venous blood sample was taken after subjects had been resting for at
least 15 min, after which they consumed a light standardized meal (two
boiled eggs) and two capsules of 500 mg vitC for the HD group, one
capsule of 500 mg vitC and one capsule of 500 mg lactose for the MD
group, and two capsules of 500 mg lactose for the placebo group. After
2h resting, venous blood samples were again taken. Following a warm-
up consisting of 5-min running at 50% VO:;max, and 5-min stretching,
subjects ran on the treadmill for 30-min at 75% VO.max. Blood samples
were taken immediately, 2h and 24h following the exercise.

Blood sampling and analysis: Approximately 7.0 ml of whole
blood was withdrawn in each sampling. About 3.0 ml of whole-blood
was added into tubes containing EDTA as anticoagulant. An aliquot of
EDTA-treated blood (1.5 ml) was subsequently centrifuged at 3000 g for
15 min (4°C) to obtain plasma. For vitC analysis, to 0.03 ml of plasma,
0.03 ml distilled water and 0.06 ml of 10% metaphosphoric acid (Merck,
Germany) were added and vortexed in a 1.5-ml centrifuge tube for about
10s. The mixture was placed over ice for at least 10 min and sheltered
from strong light. It was then centrifuged at 23000 g for 10 min at 4°C.
A 0.05 ml sample of supernatant was immediately injected into an HPLC
column (Jasco, Japan) to determine plasma vitC concentration (4).

Serum was obtained by allowing about 4.0 ml of whole blood to
clot for 20 min, followed by chilled centrifugation (4°C) at 3000 g. For MDA
analysis, to an aliquot of 0.05 ml serum, 0.25 ml 0.1M trichloroacetic
acid (TCA) and 0.7 ml of distilled water were added. Then, the samples
were centrifuged at 4500 g for 5 min and used for HPLC analysis (14).
Serum creatine kinase (CK) activity was determined at 37°C using
commercially available kit (Roche Hitachi-911, Germany and Japan).

Statistical analysis: All results are expressed as means * SEM,
and p<0.05 was considered to be statistically significant. An independent
two-way analysis of variance with repeated measures was used to
compare results between treatments and over time. Where significant F
ratios were found, the Tukey honest significant difference test was used
to determine location of variance.
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RESULTS

Plasma vitC and TAC: Baseline resting plasma vitC levels were
not different among groups (Fig. 1). Two hours after supplementation,
plasma vitC was significantly elevated in HD and MD groups (p<0.05).
VitC concentrations decreased over the course of exercise in the HD and
MD groups but were still significantly higher (p<0.05) immediately and
2h after the exercise. Twenty-four hour after exercise, plasma vitC
concentrations in the MD and P groups were almost similar to their
baseline values, but it was still higher than baseline in the HD group.
Baseline resting serum TAC was not different between groups (Fig. 2).
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Fig. 1. Vitamin C concentrations in plasma.
*: above baseline and placebo values (p<0.05); -2: baseline, PE: post-exercise.
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Fig. 2. TAC concentrations in plasma.
*: decline wrt pre-exercise (p<0.05).
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Although TAC increased after exercise in all groups, it was not
statistically significant (p>0.05). In the placebo group, TAC declined
significantly (p<0.05) 24h after the exercise compared with pre-exercise,
unlike the supplemented groups. There were no significant differences
between groups (p>0.05).

Markers of lipid peroxidation and muscle damage: Serum MDA
levels are shown in Fig. 3. MDA increased 2h after exercise only in the P
group (p<0.05). There were no significant differences among groups for
MDA over the course of exercise (p>0.05). Serum CK activities are
displayed in Fig. 4. CK increased above baseline levels after the exercise
in all groups. Increases in CK were statistically significant immediately
and 2h after exercise in all groups, and 24h after exercise only in the P
group (p<0.05). There were no differences among groups for CK levels
over the course of the experiment (p>0.05).
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Fig. 3. Serum MDA concentrations.
*: above pre-exercise and baseline in the placebo group (p<0.05).
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Fig. 4. Serum CK before and after exercise.
*: all groups above pre-exercise (p<0.05); #: above pre-exercise in P (p<0.05).
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DISCUSSION

The main purpose of this study was to investigate whether there
are any differences between acute high and moderate doses of vitC
supplementation 2h prior to exercise, with respect to lipid peroxidation
and muscle damage parameters following a 30-min run at 75%
VOomax. The moderate dose intake has been able to escalate
significantly plasma vitC concentration 2h after supplementation,
immediately and 2h {following exercise, although the quantity of
increase was less than the high dose intake (Fig. 1).

TAC significantly declined 24h after exercise in comparison with
before exercise levels in the P group, unlike MD and HD groups (Fig. 2).
It seems that vitC supplementation in both groups was associated with
TAC decrease prevention until 24h after exercise. Change patterns of
TAC after supplementation were nearly the same in both groups.

MDA was significantly blunted after exercise in both vitC
supplemented groups, whereas it increased significantly 2h after
exercise in the placebo group. The result of the study is in agreement
with that of Ashton et al. (2), but not Thompson et al. (22,23,24) and
Davidson et al. (5,6). The effect of vitC on the lipid peroxidation marker
MDA is possibly due to the fitness level or training status of the
participants (12). It is possible that untrained individuals may be more
responsive to antioxidant supplementation than endurance-trained
athletes. Some (8,18), but not all studies (25,26) indicate that endurance
training improves endogenous antioxidant defenses. According to these
results, effects of both doses of vitC are similar, and moderate dose
supplementation has been able to prevent MDA increase after exercise,
similar to the high dose intake.

In this study, serum CK activity was increased immediately and
2h after exercise in all groups. Increase in CK may be due to disruption
of the sarcomeric Z disk, accompanied by the leakage of this protein out
of the cell and into the circulation (9). Furthermore, the efflux of this
protein from muscle may occur as a result of increase in the
permeability of the myocellular and/or intramuscular vasculature (3).
According to some researches; exercise-induced ROS may lead to
membrane permeability, and the escape of muscle constituents such as
CK (1). In most researches, it is reported that the peak of serum CK
activity was observed 24h or 48h following exercise (15,20).

In the present study, CK returned to pre-exercise levels after 24h
in the vitC supplemented groups. It seems that vitC supplementation in
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both doses has been able to blunt serum CK, similar to serum MDA
response. The cause of the effect of vitC on CK is probably due to
inhibition of lipid peroxidation in vitC supplemented groups. According
to some researches, lipid peroxidation may lead to membrane
permeability, and the escape of muscle constituents such as CK (1,13).

In summary, acute supplementation 2h prior to exercise with both
doses of vitamin C, increased plasma concentrations of this vitamin
before and after exercise, and blunted MDA and CK levels after exercise
compared to the placebo group. As a result, acute supplementation with
vitamin C in both doses could alleviate lipid peroxidation and muscle
damage after 30-min running at 75% VO.,max in untrained males, and
probably for prevention of exercise-induced lipid peroxidation. It seems
likely that there is no need to intake high doses of vitamin C prior to
exercise.

Acknowledgements: The authors wish to appreciate the Ardabil University
of Medical Sciences for its support.

REFERENCES

1. Armstrong RB, Warren GL, Warren JA: Mechanisms of exercise-induced
muscle fibre injury. Sports Med 12: 184-207, 1991.

2. Ashton T, Young IS, Peters JR, et al: Electron spin resonance spectroscopy,
exercise and oxidative stress: an ascorbic acid intervention study. J Appl
Physiol 87: 2032-6, 1999.

3. Cannon JG, Orencole SF, Fielding RA, et al: Acute phase response in exercise:
interaction of age and vitamin E on neutrophils and muscle enzyme
release. Am J Physiol 259: R1214-9, 1990.

4. Chung WY, Chung JK, Szeto YT, Tomlinson B, Benzie IF: Plasma ascorbic
acid: measurement, stability and clinical utility revisited. Clin Biochem 34:
623-7, 2001.

5. Davison G, Gleeson M: Influence of acute vitamin C and/or carbohydrate
ingestion on hormonal, cytokine, and immune responses to prolonged
exercise. Int J Sport Nutr Exerc Metab 15: 465-79, 2005.

6. Davison G, Gleeson M: The effect of 2 weeks vitamin C supplementation on
immunoendocrine responses to 2.5 h cycling exercise in man. Eur J Appl
Physiol 97: 454-61, 2006.

7. Fallon KE: The acute phase response and exercise: the ultra-marathon as
prototype exercise. Clin J Sports Med 11: 38-43, 2001.

8. Fatouros IG, Jamurtas AZ, Villiotou V, et al: Oxidative stress responses in
older men during endurance training and detraining. Med Sci Sports Exerc
36: 2065-72, 2004.

22



Exercise-Induced Lipid Peroxidation and Muscle Damage upon Vitamin C Supplementing

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Féasson L, Stockholm D, Freyssenet D, et al: Molecular adaptations of
neuromuscular disease-associated proteins in response to eccentric
exercise in human skeletal muscle. J Physiol 543: 297-306, 2002.

Fisher-Wellman K, Bloomer RJ: Acute exercise and oxidative stress: a 30
year history. Dyn Med 8: 1, 2009 (Review).

Fleming DJ, Tucker KL, Jacques PF, Dallal GE, Wilson PW, Wood RJ:
Dietary factors associated with the risk of high iron stores in the elderly
Framingham Heart Study cohort. Am J Clin Nutr 76: 1375-84, 2002.

Hagobian TA, Jacobs KA, Subudhi AW, et al: Cytokine responses at high
altitude: effects of exercise and antioxidants at 4300 m. Med Sci Sports
Exerc 38: 276-85, 2006.

Jackson M: Oxygen radical production and muscle damage during running
exercise. In: Human Muscular Function during Dynamic Exercise. Marconnet P,
Saltin B, Komi P, Poortmans J (Eds), Basel, Karger, 1996, pp 121-33.

Karatas F, Karatepe M, Baysar A: Determination of free malondialdehyde in
human serum by high-performance liquid chromatography. Anal Biochem
311: 76-9, 2002.

Kobayashi Y, Takeuchi T, Hosoi T, Yoshizaki H, Loeppky JA: Effect of a
marathon run on serum lipoproteins, creatine kinase, and lactate
dehydrogenase in recreational runners. Res Q Exerc Sport 76: 450-5, 2005.

Mabhler D, Froelicher V, Miller N, York T: ACSM’s Guidelines for Exercise
Testing and Prescription. 5th ed, Philadelphia, Williams & Wilkins, 1995.

Massey LK, Liebman M, Kynast-Gales SA: Ascorbate increases human
oxaluria and kidney stone risk. J Nutr 135: 1673-7, 2005.

Miyazaki H, Oh-ishi S, Ookawara T, et al: Strenuous endurance training in
humans reduces oxidative stress following exhausting exercise. Eur J Appl
Physiol 84: 1-6, 2001.

Nakhostin-Roohi B, Babaei F, Rahmani-Nia F, Bohlooli S: Effect of vitamin
C supplementation on lipid peroxidation, muscle damage and inflammation
after 30-min exercise at 75% VOa2max. J Sports Med Phys Fitness 48: 217-
24, 2008.

Peake JM, Suzuki K, Wilson G, et al: Exercise-induced muscle damage,
plasma cytokines, and markers of neutrophil activation. Med Sci Sports
Exerc 37: 737-45, 2005.

Prigol M, Luchese C, Nogueira CW: Antioxidant effect of diphenyl diselenide
on oxidative stress caused by acute physical exercise in skeletal muscle
and lungs of mice. Cell Biochem Funct 27: 216-22, 2009.

Thompson D, Bailey DM, Hill J, Hurst T, Powell JR, Williams C: Prolonged
vitamin C supplementation and recovery from eccentric exercise. Eur J
Appl Physiol 92: 133-8, 2004.

23



B. Nakhostin-Roohi, S Bohlooli, F. Rahmani-Nia, P. Babaei

23.

24.

25.

26.

27.

28.

24

Thompson D, Williams C, Kingsley M, et al: Muscle soreness and damage
parameters after prolonged intermittent shuttle-running following acute
vitamin C supplementation. Int J Sports Med 22: 68-75, 2001.

Thompson D, Williams C, McGregor SJ, et al: Prolonged vitamin C
supplementation and recovery from demanding exercise. Int J Sport Nutr
Exerc Metab 11: 466-81, 2001.

Tiidus PM, Pushkarenko J, Houston ME: Lack of antioxidant adaptation to
short-term aerobic training in human muscle. Am J Physiol 271: 832-6,
1996.

Tonkonogi M, Walsh B, Svensson M, Sahlin K: Mitochondrial function and
antioxidative defence in human muscle: effects of endurance training and
oxidative stress. J Physiol 528: 379-88, 2000.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J: Free
radicals and antioxidants in normal physiological functions and human
disease. Int J Biochem Cell Biol 39: 44-84, 2007.

Vincent HK, Bourguignon CM, Vincent KR, Weltman AL, Bryant M, Taylor
AG: Antioxidant supplementation lowers exercise-induced oxidative stress
in young overweight adults. Obesity (Silver Spring) 14: 2224-35, 2006.

Address for correspondence: Babak Nakhostin-Roohi
Department of Exercise Physiology,
Ardabil Branch, Islamic Azad University,
Ardabil, Iran
E-mail: b.nakhostinroohi@iauardabil.ac.ir



