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ABSTRACT

Aim: The aim of this study was to investigate Punica granatum juice effects on oxidative stress in young healthy males during severe physical
activity. Methods: Our subjects were selected from healthy males at 18 - 24 years. They were enrolled and randomly distributed into control
and supplemented groups. 240 ml of Punica granatum juice and tap water were given to supplement and control groups daily for two wecks,
respectively. Fasting blood samples were taken at the starting and the end of two weeks of intervention. Subjects were given once severe physical
activity and then fasting blood samples were taken. Fasting blood samples were used for testing of oxidative and antioxidative factors. Data were
analyzed using descriptive statistical tests, paired samples t-test, and independent samples t-test. Results: The levels of arylesterase, superoxide
dismutase, glutathione peroxidase and total antioxidant capacity after severe physical activity in supplement group were significantly increased
(p<0.05), while the content of malondialdehyde showed a significantly decrease in comparison to control group (p<0.05). Conclusion: Our
findings indicate that regular intake of Punica granatum juice significantly modulates oxidative stress and thus protects against severe physical

activity oxidative injury in young healthy males.
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1. INTRODUCTION

Severe physical activity considered as source of oxidative
stress in multiple tissues due to raised production of reactive
oxygen species (ROS) that disrupts the balance between oxidant
and antioxidant levels in normal condition. Increased oxida-
tive stress can lead to damage to macromolecules like proteins,
lipid, DNA and enzymatic systems (1-4). Physical activity plays
an important role in free radical processing at an obscure way.
Nevertheless, recent evidence suggests that overconsumption
of oxygen can result in subsequent increase in the free radical
activities (5). An increase in aerobic physical activity by en-
hancing electron transportation in body could affect oxidative
stress (1, 6). There are several sources to produce active media-
tor like H,O, and hydroxyl radicals, mitochondria likely have
important role to in this production (6, 7). In the condition
of physical activity, oxygen expenditure may be enhanced 200
fold in activating muscle fibers compared to resting time (8),
leading to production of superoxide (9). Natural antioxidant
ingredients of fruits and vegetables could act as protective fac-
tors against oxidative damage (10). According to recent stud-
ies, the antioxidant features of many fruits and vegetable stems
from their flavonoid and related polyphenol components (11,
12). Daily human’s consumption of these compounds is ap-
proximately between a few hundred milligrams and one gram
(13, 14). However, there are several studies which have indicated
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the bioavailability of the antioxidants in many fruits and plants
(15,16). Fresh Punica granatum (PG) or pomegranate juice in-
cludes 85 % water, 10 % total sugars, and 1.5 % pectin, ascorbic
acid and polyphenolic flavonoids (17, 18). It has been shown
that intake of pomegranate juice as a dietary supplement, may
play an important role in oxidative stress reduction and also
could ameliorate the antioxidant status (19-22). Pomegranate
extracts, as a potential natural antioxidant, contribute to free
radicals scavenging and damage reduction induced by oxida-
tive stress and lipid peroxidation in macrophage (23) and lead
to improvements in plasma antioxidant status (21). The aim of
this study was to evaluate the efficacy of PG juice supplementa-
tion in improving antioxidant function in young healthy males
during severe physical activity.

2. MATERIALS AND METHODS

2.1. Study design

Study was conducted in Ardabil University of Medical
Sciences, Iran in 2010 - 2011. The proposal was approved
by Medical Ethical Committee of the Ardabil University of
Medical Sciences and recorded in Iranian Registry of Clinical
Trials with identification code of IRCT201012255144N2.
28 healthy men, 18-24 year old, were recruited and randomly
divided into two groups, supplement and control. The aims of
current investigation were explained to the subjects and a writ-
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ten consent was taken prior to fill in a questionnaire. Subjects
with certain diseases, non-athletes, smoking, and consumption
of other supplements were excluded. After getting consent, gen-
eral information, anthropometric factors (height and weight),
and fasting blood samples, one cup (240 ml) pomegranate juice
and tap water were given to supplement and control groups
daily for two weeks, respectively. Fasting blood samples were
drawn from participants at the end of two weeks of interven-
tion by venipuncture and sera separated immediately. Subjects
were given once severe physical activity and then fasting blood
samples were taken. Collected sera were kept frozen at — 80 °C
until analyzed.

2.2. Measurement of biochemical factors

2.2.1. Paraoxonase 1 (PON1)

Serum PONT activity in high salt, No salt conditions toward
paraoxon was determined as described by Furlong et al. in 1988
(7) with little modification. The basal assay mixture included
760 uL of assay buffer [0.132 M Tris - HCI (pH 8.5), 1.32 mM
CaCl2], 40 pL serum and 200 uL of 6 mM freshly prepared
paraoxon. The rate of hydrolysis at 37 °C was determined at 40
nm for 5 min. PON1 activity was calculated using molar extinc-
tion coefficient of 18.05 x 10° per M cm™ and was expressed as
IU/L, where IU is the number of pmol of paraoxon hydrolyzed
per min. For NaCl- stimulate assay 2.63 M NaCl was added
into previous mixture.

2.2.2. Arylestrase

Phenylacetate was used as a substrate to measure the ar-
ylesterase activity. 10 L of a 1:40 dilution of serum was mixed
with 200 pL of substrate [3.26 mM phenylacetate in 9 mM
Tris- HCI (pH 8) 0.9 mM CaCl2]. The rates of hydrolysis at 25
°C were determined at 270 nm for 4 min. The molar extinction
coefhicient of 1310 M Cm was used for calculation of activ-
ity, and units were expressed as micromoles of phenylacetate
hydrolyzed per minutes.

2.2.3. Serum total antioxidant capacity (TAC)

Serum TAC was measured using by colorimetric method
using Randox kit (Randox laboratories led., UK).

2.2.4. Malondialdehyde (MDA)

MDA levels were assessed utilizing the thiobarbituric acid
reactive substances (TBARS) method. Samples were heated
with 0.6% thriobarbituric acid under acidic condition and after
cooling, the colored product was extracted into n-butanol. The
pink color absorbance was measured at 530 nm. MDA standards
were prepared with 1, 1, 3, 3 - tetracthoxypropane.

2.2.5. Glutathione

Total serum glutathione levels were assayed using Glutathi-
one Assay Kit (Cayman Chemical Co., USA).

2.2.6. Superoxide dismutase (SOD) and Glutathione
peroxidase (GPX) activity

Erythrocyte antioxidant enzymes activity of SOD and GPX
were determined by spectrometric method using Ransod and
Ransel kit, respectively (Randox laboratories ltd., UK). For the
accuracy of assessment, duplicate assay were performed.

2.3. Dietary method

The food intake was estimated for energy and nutrients by
24-hour dietary recalls three days (2 week days and 1 weekend
day) during the study. Mean daily dietary intakeand food com-
position were estimated using Nutritionist I'V software.

2.4. Data analysis

Data were analyzed using descriptive statistical tests, and
paired, independent samples t-test. Statistically significant level
for all tests was considered as p<0.05.

3. RESULT

There was no significant relationship amongage, weight, calo-
rie, and nutrients intake in both groups during the study (table
1). In supplement group, serum levels of arylesterase, SOD,
GPX, TAC, standardized arylestrase activity, and glutathione
were significantly higher in compared to control group at the
end of two weeks of intervention (P< 0.05). But the serum level
of MDA in supplement group was significantly lower than
control group (P< 0.05) (Ttables 2 and 3). Results obtained
showing that the after severe physical activity in supplement
group, serum levels of arylestrase, SOD, GPX, TAC, and

groups groups
variables Supplement M£SD I(\Z/I(?St]r;l P value variables Isv?igl];mcm IC\)/[Q;StrDol P value
Age (year) 19+1 20+0.89 0.06 V.B1 (mg) 1.56+0.28 1.49+0.36 0.58
Weight (kg) 6849 7348 0.2 V. B2 (mg) 1.37+0.29 1.3620.35 0.95
BMI (kg/mZ) 22.2542.92 23.17+1.88 0.33 V.B3 (mg) 24.17+7.9 23.15+3.6 0.66
Height (cm) 17845 177+6 0.74 V.B6 (mg) 1.33+0.48 1.05+0.3 0.07
Cal (Keal/day) 24874267 2505+263 0.88 V. B9 (ug) 120467 116452 0.85
Protein (g) 97+13 93+12 0.5 V. C (mg) 52436 56427 0.74
CHO (g) 32542 350472 0.25 Ca (mg) 6114232 6254269 0.88
Fiber (g) 1345 1243 0.76 Fe (mg) 2045 24+8 0.09
Total fat (g) 84+12 88+16 0.47 Zn (mg) 4.2+1.06 3.49+1.13 0.09
SF (g) 1643 19+6 0.08 Cu (mg) 0.93+0.26 0.87+0.14 047
PUFA (g) 1445 1314 0.86 Mg (mg) 156460 147433 0.61
MUFA (g) 2043 2346 0.14 Se (ug) 4348 42411 0.88
Ch (mg) 306+125 3424148 0.49 P (mg) 934+174 896+140 0.52
V. A (RE) 8344811 6054238 0.14 K (mg) 2046+656 18714274 0.36
V.E (mg) 132142.83 15.46+2.99 0.74 V.BI2 (ug) 29+1 31415 0.07
V. B5 (mg) 3.4+0.78 3.140.79 0.43

Table 1. Relationship among of age, weight, calorie, and nutrients intake in both groups during the study.. CHO = carbobydyate, RE = retinol equivalent,
BMI = body mass index, V = Vitamin, V.B9= Folic acid, Ca = Calcium, Mg = Magnesium, Cal = Calorie, Ch = Cholesterol, MUEA = Mono unsaturated
Jat (¢), PUEA = Poly unsaturated fat, SF= Saturated fat, K = Potassium, P = Phosphorous, Se = Selenium, Fe = Iron, Cu = Copper, Zn = Zinc,
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Measure-
variables ment supplement group  control group P value
stagc
Glutathione 1 42214277 40.58+2.41 0.11
peroxidase (U/ 2 45.46+2.01 40.15+1.81 0.001
gHb) 3 46.06+2.27 4242277 0.001
o 1 1556.14+169.36  1469.50+177.91  0.20
rsnuli Z‘:“(CS /‘;}:b) 2 1720.14+136.52  1486.71+161.67  0.001
3 177457+140.82  1542.79+161.6  0.001
1 129.36+36.93 123.92+40.61 071
é‘&‘ff;“”sc 2 186.61+47.61 1272343384 0.001
3 175.98+41.8 128.42426.67 0.001
1 52.98+23.22 59.77+21.20 043
fgg;(“" sal)) 65.25+17.01 60.59+20.11 051
3 63.04+18.32 58.4+23.61 0.57
' 1 245731911 286.84+183.99  0.46
f{?/li)l (high sal) -~ 266.51+76.99 281.07+13430 073
3 266.83175.05 299.26+11028 037
Standardized 1 2.66+0.82 2.1540.79 0.10
Arylesterase ac- 2 3.43+1.01 2.41+0.63 0.003
tivity 3 3.240.65 2514041 0.003
Standardized 1 1.08+0.42 1.03+0.36 0.76
PONI1 activity 2 1214037 1.16+0.42 0.77
(nossalt) 3 1.1640.37 1.14+0.44 0.94
Standardized 1 5.02+1.83 4.83+2.95 0.84
PONI1 activity 2 4.87+1.46 5.29+2.40 0.58
(high salt) 3 4.86+1.44 5.9142.17 0.14

Tible 2. The comparison of antioxidants enzyme activities before and after
severe physical activity in both groups. 1. Before supplementation, 2. After
supplementation (Before severe physical activity), 3. After severe physical
activity

variables Measure-  supplement control group P value
ment stagﬁ group
Total anti- 1 0.7564+0.14  0.6736+£0.09  0.07
oxidant capacity 2 0.8686+0.12 0.6643+0.07 0.001
(mmol/1) 3 0.8129+0.09  0.6393+0.1 0.001
1 0.2093+0.04  0.1843+0.04  0.14
Glutathione 2 02479+0.08  0.176440.03  0.005
(mmol/1)
3 0.2179+0.07  0.2036+0.03  0.49
1 0.1993+0.04  0.1950+0.04  0.78
MDA( nmol/ml) 2 0.1671+0.03  0.2029+0.03  0.002
3 0.2614+0.05  0.3393+0.1 0.02
1 139.86425.13 1472842689  0.46
gl})“’l“m‘ﬂ(mg/ 2 1300741698  141.85+25.83 0.17
3 140.28424.58  137.07 +13.40 0.67
HDL. 1 49324691 53.18+5.77  0.12
Cholesterol (mg/ 2 55.05+6.02 52.97+5.46 0.35
dl) 3 55.36+7.24 51.35+6.22 0.13
LDL- 1 69.83+12.99  67.76+2661  0.79
Cholesterol (mg/ 2 65.66+9.68 65.48422.69 0.98
di) 3 70.25+18.87 72942379 0.75
‘ _ 1 87.78+39.73  100+38.16 0.37
dTBgIY““de (mg/ 72.36£3095  93.85429.03 007
3 84.28420.48  78.1442449 048

Table 3. The comparison of lipid profile, antioxidant and oxidant
parameters before and after severe physical activity in both groups 1. Before
supplementation, 2. Afier supplementation (Before severe physical activity),
3. After severe physical activity

standardized arylestrase activity were significantly increased,
whereas serum level of MDA was significantly decreased in com-
parison with control group (P< 0.05 ). There were no significant
differences between the two groups in the serum levels of other
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biochemical factors. The data also supported that there was no
significant effect of pomegranate juice on serum lipid profiles.

4.DISCUSSION

Based on the results of this study, administration of PG juice
supplementation to supplement group for two weeks can prevent
the increase serum levels of MDA and lipid peroxidation. Also,
this study shows that the severe physical activity could increase
the rate of arylesterase, SOD, GPX and MDA. It has been
documented that physical activity can cause increase in ROS
generation in skeletal muscle (24), in consistency with our study.
It has been shown that the administration of antioxidant supple-
mentation may play a positive role on metabolism in physical
activity (25). PG has been widely consumed as fresh and juice.
Pomegranate juice has been extensively used in ancient cultures
for various medical features (26). The results reveal signifi-
cantly clevated serum levels of arylestrase, SOD, and GPX in
pomegranate juice receiving group in comparison with controls
at the end of 2 weeks intervention. Moreover, the amount of
MDA was decreased in supplement group with pomegranate
juice in comparison to controls group after following severe
physical activity. Free radicals causing oxidative stress are an
inevitable byproduct of mitochondrial metabolism and have
been proposed to exert repetitive damage to individual cells of
the body promoting increased prevalence of discase and aging
(27). However, in regard to physical activity, antioxidants were
incapable of further extending exercise-induced lifespan exten-
sion in rats (28). Fenercioglu et al showed that the substantial
antagonizing effects of PG extract, as a polyphenol-rich anti-
oxidant supplement, on oxidative stress and lipid peroxidation
(29). The feeding of PG seed pulp did not have any significant
effect on serum triglyceride and lipoproteins in animal models
(30). Fazli ctal showed that the drinking consumption of 100
ml of pomegranate juice per day for 14 days caused significant
reduction in lipid peroxidation and rising of the total serum
antioxidant capacity in 15-17 years old girls (31). The result of
study from Hzji-Mahmoudi et al revealed that the 100 grams
pomegranate per day for ten days significantly increase plasma
antioxidant capacity in thirty healthy volunteers (32). Trombold
et al displayed enrolled active sportsmen in order to evaluate
the muscular damage after an intense eccentric exercise. It is
well known that an intense eccentric exercise produces oxida-
tive stress at local muscular level and pain for several days. Trial
results confirmed that PG improved muscular strength recovery
after 2 days from the sport activity (33). Previous work in ani-
mal models has shown reduction in post exercise inflammation
(34) or oxidative stress (35) to attenuate myofiber damage and
in situ muscle force during electrical stimulation, respectively.
Schmidt et al showed that an increased level of oxidative stress
was associated with high levels of physical exertion of training
in a cold environment at moderate altitude. The antioxidant
mixture contain PG extract tested did not attenuate the mean
oxidative stress levels in the entire group of test subjects (36),
which is inconsistent with this study. It seems that this differ-
ence can be attributed to the types of exercise and supplements.
This study showed that the antioxidant activities increased in
supplement group in comparison to control group at the end of
two weeks and after severe physical activity. Therefore, it is sug-
gested that there is a synergy between endogenous antioxidant
enzyme and exogenous antioxidant mixture in diet to reduce
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oxidative stress, rather than individual antioxidants. In order
to protection against the destructive effects of oxidative stress,
our bodies have a complex system of endogenous antioxidant
protection in the form of enzymes such as SOD, catalase, and
GPX (37). Supplementation with antioxidants, cither through
an increased consumption in the diet or from supplementation,
hasbecome extremely popular asa means to improve one’s health
or increase physical performance. It has been suggested that
increased circulating levels of certain antioxidants will help to
prevent the accumulation of free radicals inside our cells thus
reducing oxidative stress (38, 39). Our findings showed that PG
juice has a significant effect on antioxidant enzyme activities
after severe physical activity.

5. CONCLUSION

We found that PG juice supplements prevent the rise of
MDA and induce endogenous antioxidant defense by physical
activity. Results showed that the interpretation of accurate re-
lationship between physical activity and oxidative stress status
may depend on the indicators studied and the combination of
the antioxidant mixture ingested. An analogous relationship be-
tween biochemical factors of oxidative stress in blood and severe
physical activity indicate that the important antioxidant diet
source may be beneficial before exercise. There is not a general
effects on all indicators so two possibilities could be suggested;
1) there is not direct relationship between some indicators and
particular types of oxidative stress or 2) there is not a sufficient
level of oxidative stress production to cause raise in all indicators
in this research. This study demonstrated that daily PG supple-
mentation during two weeks improves antioxidant activities
before and after a severe physical activity.

Acknowledgments

The authors gratefully acknowledge the Ardabil University of
Medical Sciences (ArUMS) and Student Center Research Com-
mittee of ArUMS for their research funding and financial supports.

CONFLICT OF INTEREST: NONE DECLARED.

REFERENCES

1. Bloomer R], Goldfarb AH, Wideman L, McKenzie MJ, Con-
sitt LA. Effects of acute acrobic and anaerobic exercise on blood
markers of oxidative stress. J Strength Cond Res. 2005; 19(2):
276-285.

2. Parise G, Brose AN, Tarnopolsky MA. Resistance exercise
training decreases oxidative damage to DNA and increases cy-
tochrome oxidase activity in older adults. Exp gerontol. 2005;
40(3): 173-180.

3. FatourosIG, Jamurtas AZ, Villiotou V, Pouliopoulou S, Fotina-
kis P, Taxildaris K, et al. Oxidative stress responses in older men
duringendurance trainingand detraining. Med Sci Sports Exerc.
2004; 36: 2065-2072.

4. Vincent HK, Morgan JW, Vincent KR. Obesity exacerbates
oxidative stress levels after acute exercise. Med Sci Sports Exerc.
2004; 36(5): 772.

5. JiLL.Oxidative stress during exercise: implication of antioxidant
nutrients. Free Radic Biol Med. 1995; 18(6): 1079-1086.

6. Leeuwenburgh C, Heinecke J. Oxidative stress and antioxidants
in exercise. Curr Med Chem. 2001; 8(7): 829-838.

7. Furlong CE, Richter R, Seidel S, Motulsky A. Role of genetic
polymorphism of human plasma paraoxonase/arylesterase in

hydrolysis of the insecticide metabolites chlorpyrifos oxon and

Mater Sociomed. 2015 Feb; 27(1): 48-52 « ORIGINAL PAPER

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

paraoxon. Am ] Hum Genet. 1988; 43(3): 230.

Keul], Doll E, Keppler D. Energy metabolism of human muscle:
University Park Press, 1972.

DaviesKJA, Qliintanilha AT, Brooks GA, Packer L. Free radicals
and tissue damage produced by exercise. Biochem Biophys Res
Commun. 1982; 107(4): 198-205.

Jacob RA, Burri BJ. Oxidative damage and defense. Am J Clin
Nutr. 1996; 63(6): 9855-990S.

Luo XD, Basile MJ, Kennelly EJ. Polyphenolic antioxidants from
the fruits of Chrysophyllum cainito L.(star apple). ] Agric Food
Chem. 2002; 50(6): 1379-1382.

Vinson JA, JangJ, Yang J, Dabbagh Y, Liang X, Serry M, et al.
Vitaminsand especially flavonoids in common beverages are pow-
erful in vitro antioxidants which enrich lower density lipopro-
teins and increase their oxidative resistance after ex vivo spiking
in human plasma. ] Agric Food Chem. 1999; 47(7): 2502-2504.
Hollman P, Katan M. Dietary flavonoids: intake, health effects
and bioavailability. Food Chem Toxicol. 1999; 37(9-10): 937.
Pietta PG. Flavonoids as antioxidants. ] Nat Prod. 2000; 63(7):
1035-1042.

Cao G, Russell RM, Lischner N, Prior RL. Serum antioxidant
capacity is increased by consumption of strawberries, spinach,
red wine or vitamin C in elderly women. ] Nutr. 1998; 128(12):
2383-2390.

Ko SH, Choi SW, Ye SK, Cho BL, Kim HS, Chung MH. Com-
parison of the antioxidant activities of nine different fruits in
human plasma. ] Med Food. 2005; 8(1): 41-46.

Moneam N, El Sharaky A, Badreldin M. Oestrogen content of
pomegranate seeds. ] Chromatogr A. 1988; 438(2): 438.

Gil M1, Tomas-Barberan FA, Hess-Pierce B, Holcroft DM, Kader
AA. Antioxidant activity of pomegranate juice and its relation-
ship with phenolic composition and processing. ] Agric Food
Chem. 2000; 48(10): 4581-4589.

Aviram M, Dornfeld L, Rosenblat M, Volkova N, Kaplan M,
Coleman R, et al. Pomegranate juice consumption reduces
oxidative stress, atherogenic modifications to LDL, and platelet
aggregation: studies in humans and in atherosclerotic apolipopro-
tein E-deficient mice. Am J Clin Nutr. 2000; 71(5): 1062-1076.
Kaplan M, Hayek T, Raz A, Coleman R, Dornfeld L, Vaya J, et
al. Pomegranate juice supplementation to atherosclerotic mice
reduces macrophage lipid peroxidation, cellular cholesterol ac-
cumulation and development of atherosclerosis. ] Nutr. 2001;
131(8): 2082-2089.

Guo C, Wei ], Yang ], Xu ], Pang W, Jiang Y. Pomegranate juice
is potentially better than apple juice in improving antioxidant
function in elderly subjects. Nutr Res. 2008; 28(2): 72-77.
Shadmanfard A, Nemati A, Naghizadeh Baghi A, Mazani M.
The effect of pomegranate juice supplementation on oxidative
stress in young healthy males. J Ardabil Univ Med Sci. 2012;
12 (5 Suppll): 77-86 (Full Text in Persian).

Rosenblat M, Volkova N, Coleman R, Aviram M. Pomegranate
byproduct administration to apolipoprotein e-deficient mice
attenuates atherosclerosis development as a result of decreased
macrophage oxidative stress and reduced cellular uptake of
oxidized low-density lipoprotein. J Agric Food Chem. 2006;
S4(5): 1928-1935.

Powers SK, Jackson MJ. Exercise-induced oxidative stress: cellu-
lar mechanisms and impact on muscle force production. Physiol
Rev. 2008; 88(4): 1243-1276.

Ristow M, Zarse K, Oberbach A, Kléting N, Birringer M,

51



Punica Granatum Juice Effects on Oxidative Stress in Severe Physical Activity

26.
27.

28.

29.

30.

31

32.

52

Kichntopf M, et al. Antioxidants prevent health-promoting ef-
fects of physical exercise in humans. Proc Natl Acad Sci . 2009;
106(21): 8665-8670.

Longtin R. The Pomegranate: Nature’s Power Fruit? ] Natl Can-
cer Inst. 2003; 95(5): 346-348.

Harman D. Free radical theory of aging. Mutation Research/
DNAging, 1992; 275(3): 257-266.

Holloszy JO. Longevity of exercising male rats: effect of an an-
tioxidant supplemented diet. Mech Ageing Dev. 1998; 100(3):
211-219.

Fenercioglu AK, Saler T, Gence E, Sabuncu H, Altuntas Y. The
effects of polyphenol-containing antioxidants on oxidative stress
and lipid peroxidation in Type 2 diabetes mellitus without com-
plications. ] Endocrinol Invest. 2010; 33(2): 118-124.
Modarresi S, Fathi Nasri M, Dayani O, Rashidi L. The effect of
pomegranate sced pulp feedingon DMI, performance and blood
metabolites of southern Khorasan crossbred goats. Animal Sci-
ence Researches (Faculty of Agriculture, University of Tabriz)
2011; 132-123.

Fazli D, Malekirad AA, Beyrami M, Karkhhanch A. The effect
of pomegranate juice (Punica granatum L.) on the oxidative
stress of 15-17 year old girls in Arak. J Shahrekord Univ Med
Sci. 2009; 44-49.

Haji Mahmoudi M, Oveysi MR, Sadeghi N, Janat B ,Nateghi
M. Antioxidant capacity of plasma after pomegranate intake in

E| COMMITTEE ON PUBLICATION ETHICS

33.

34.

35.

36.

37.

38.

39.

human volunteers. Acta Medica Iranica. 2009; 125-132.
Trombold JR, Barnes JN, Critchley L, Coyle EF. Ellagitannin
consumption improves strength recovery 2-3 d after eccentric
exercise. Med Sci Sports Exerc. 2010; 42(3): 493.

Brickson S, Ji LL, Schell K, Olabisi R, Schneider BSP, Best T.
M1/70 attenuates blood-borne neutrophil oxidants, activation,
and myofiber damage following stretch injury. ] Appl Physiol.
2003; 95(3): 969-976.

Zerba E, Komorowski TE, Faulkner JA. Free radical injury to
skeletal muscles of young, adult, and old mice. Am J Physiol Cell
Physiol. 1990; 258(3): C429-C35.

Schmidt MC, Askew E, Roberts DE, Prior RL, Ensign W/, Hes-
slink RE. Oxidative stress in humans training in a cold, moder-
ate altitude environment and their response to a phytochemical
antioxidant supplement. Wilderness Environ Med. 2002; 13(2):
94-105.

Kerksick C, Willoughby D. The antioxidant role of glutathione
and N-acetyl-cysteine supplements and exercise-induced oxida-
tive stress. J Int Soc Sports Nutr. 2005; 2(2): 38-44.

Clarkson PM, Thompson HS. Antioxidants: what role do they
play in physical activity and health? Am J Clin Nutr. 2000;
72(2): 6375-46S.

Sen CK, Packer L. Thiol homeostasis and supplements in physical
exercise. Am J Clin Nutr. 2000; 72(2): 653S-669S.

About COPE  Resources Cases  Become a member

Promoting integrity in research publication

COPE is a forum for editors and publishers of peer reviewed joumals to discuss all aspects
of publication ethics. It also advises editors on how to handle cases of research and

duct. Read more about COPE...

All Latest

Members  Events  News &Opinion  Contactls

Join here

What are the benefits of
COPE membership?

—~—

NEWS

COPE Digest: Publication
Ethics in Practice.
February 2015 (Vol. 3,
Issue 2)

NEWS

COPE is recruiting for a
part-time, freelance
Membership...

21st Jan 2015

CASE
Possible self-plagiarism
and/or prior publication

The latest issue of COPE Digest: Publication Ethics in Practice is now 10th Jan 2015
available on the COPE website.

Read more
Resources Cases eLearning
Code of Conduct All the cases COPE has COPE's eLeaming course on
Guidelines d since its inception in ethics. Individual
Sample letters 1997 have been entered into a meodules designed to give
Flowcharts searchable database. This editors a deeper understanding

Discussion documents database now contains over

500 cases together with the
advice given by COPE

Find cases by classfication .

E-learning

View all resources

about publication ethics and

practical guidance about how to

detect, prevent and handle
misconduct.

Aeeess the modules here

ORIGINAL PAPER « Mater Sociomed. 2015 Feb; 27(1): 48-52

CASE

Possible omission of
information essential for
conclusions in a...

10th Jen 2015

CASE

Institutional review board
approval required?

10th Jen 2015
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