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Abstract

Background: 8-isoprostane(8-IsoP) and malondialdehyde (MDA) are novel and classic index of lipid per oxidation, respectively, and
reduced glutathione (GSH) is an index of antioxidant status, which the chronic adaptation of moderate and progressive resistance
training on them is unclear. The purpose of this study is to investigate and compare the effect of 9 weeks moderate and progressive
resistance training on serum 8-isoprostane, malondialdehyde and reduced glutathione levels in young men (from 17- to 21 year-olds).
Methods: In the semi-experimental study, 36 volunteers were randomly divided in to 3 groups of 12 men involving: moderate and
progressive resistance training and control groups. The training protocol involved three periods of three weeks each with progres-
sive intensity. The moderate training group performed the first period of protocol in throughout of study (just 5 percent increase in
training intensity as overload), while the training load of progressive training group was incrementally increased in every period.
Blood sampling were taken in two phases involving pre test and following ninth week from anterior brachial vein. The variables
were measured via sandwich ELISA.
Results: The results of ANCOVA and Bonferroni tests showed that 9 weeks of moderate and progressive resistance training led to
significance decrease in lipid oxidation indices (8-IsoP and MDA);the range of the decline especially in serum 8-IsoP was more in
progressive group. Significant change in serum GSH levels was not observed in the training groups.
Conclusions: The results of this study show that periodic increase in resistance training load leads to improves in oxidative stress
adaptability. Moreover, 8-IsoP is more accurate index for predicting oxidative stress compared to MDA.
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1. Background

The identification the useful effect and possible risk
of resistance training with weights has continued unin-
terrupted in the past decades. Scientific findings shows
that the resistance training can improve muscle strength,
body composition and bone density (1). Moreover perva-
sive evidence shows that the regular resistance training
even has useful effect on cardiovascular diseases associ-
ated with risk factor such as blood pressure and the levels
of lipoproteins (2). Exercise training adaptations related to
oxidative stress are the new approaches have opened to the
effects of resistance training. Metabolism produces free
radicals in cells continually that may be harmful to cellu-
lar structures and macromolecules. The free radicals are

very active because of unpaired electron in their outside
layer; so can reacts with macromolecules to oxidase and
decaying them (3). This molecules based having oxygen or
nitrogen divided to oxygen or nitrogen oriented free rad-
icals. Human body and other creatures to diminish the
harmful effect of free radicals have been equipped with
group work called antioxidant system (4) antioxidant sys-
tem include of endogenous enzymatic and no enzymatic
such as glutathione (GSH), glutathione peroxidase, super-
oxide dismutase and catalase and edible antioxidant such
as C and E vitamins and beta-carotene; protective effects of
these vitamins have been proved by numerous studies (5).
Endogenous antioxidants naturally are syntheses by body;
their syntheses and activity are affected by the level of ex-
ercise training (6). Those antioxidants supplied by nour-

Copyright © 2018, Kermanshah University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited

http://jcrps.com
http://dx.doi.org/10.5812/jcrps.80469
https://crossmark.crossref.org/dialog/?doi=10.5812/jcrps.80469&domain=pdf


Zabet A et al.

ishment can increase the rate of cleaning of free radicals
and decrease oxidative stress level (6). Sometimes antioxi-
dant system can be defeated by free radicals and the situa-
tion so called oxidative stress will be provide (5). This situ-
ation is the sign of free radicals conquest in front of body
antioxidant protective system. Oxidative stress conduces
oxidation and decadence in body macromolecules and cel-
lular structure (6). Numerous studies have proved that ox-
idative stress causes oxidation of proteins, lipids and nu-
cleic acids (7). For assessment of oxidative stress variety of
indices are used consist of measurement of free radicals,
oxidized molecules and antioxidant levels. The increase
in free radicals and oxidized molecules are the sign of in-
crease in oxidative stress and the increase in antioxidant
levels is the sign of decrease in oxidative stress (8).

Various exercise training such as resistance training
can reinforce antioxidant system and palliate oxidative
stress levels. Praise showed that 14 weeks of resistance
training increases the mitochondrial enzymes and de-
creases the nucleic acid oxidation (9). In the other study
Hendrickson showed oxidative stress can initiate type 2 di-
abetes and resistance training can reduce oxidative stress
levels and reduce the probable of diabetes by increment-
ing of insulin s receptors (10). Blomber showed the resis-
tance training reduced the level of oxidative stress such as
MDA and H2O2 in young men (11).

Exercise increases the rate of metabolism and pro-
gressive production of free radicals in one side and in-
creases the body antioxidant in the other side (7). Var-
ious resistance training protocols leads to different and
sometimes inconsistent results. While Demence showed
one session of resistance training induces significant in-
crease in thiobarbituric acid-reactive substances (TBARS)
in trained men, Sahlin didn’t find any significant change
in free radical level after one session of resistance train-
ing (12). Whoever the effect of one session of resistance
training in many studies has been reviewed, the chronic ef-
fect of resistance trainings have been less examined; in the
other hand the finding in this area is somehow inconsis-
tent; while Azizbeigi and coworker showed the resistance
training like aerobic and parallel training can increase the
blood levels of glutathione peroxides and superoxide dis-
mutase, Margonis reported significant increase in blood
level of MDA after a long period of resistance training in
young men (13). Also Jen-Fang Liu showed the one week
of resistance training increase the blood level of MDA in
young weight lifter women (14). Inconsistent and little
finding in this area and the importance of training timing
to achieve the safe training intensity and avoid from dan-
gerous sudden increase in training intensity, this research
was done with two experimental group that one of them
trained with moderated intensity in the entire course of

training while the other group increased the volume and
intensity of training once every three weeks throughout
the study.

2. Methods

This was experimental and applied study that was done
with two experimental and one control group. The re-
search subject were 36 untrained and healthy young men
from 17 to 21 years old which studied in Islamic Azad uni-
versity of Kermanshah and were volunteer to participate
in research design. The subjects didn’t have any regular
training experience in the past three mounts and with
the supervision of trainer, ovoid from any form of exer-
cise except the research plan exercise. Based on the result
of health questioner and clinical signs in the beginning
of study, they were safe physically and emotionally and
in terms of body mass index (BMI) were in natural ampli-
tude (18.5 to 24.5). At the beginning of study, the complete
oral explanation about the exercise program in terms of
technique, benefits and probable dangers was offered then
after completing the testimonial, questioner and physi-
cal activity level forms, subjects were randomly divided in
three groups of 12 people. Three days before the begin-
ning of training course, the subjects for the anthropomet-
rical measurement came to gym. After the measuring an-
thropometrical indices, they received the nutrition regis-
ter form and complete this across three day before sam-
pling with all foods consumed for measuring quality and
quantity of diet in terms of total calories and the absolute
value and relative share of macromolecules with N4 nutri-
tional software supplied for this purpose. Subjects were
banned from any supplements and drugs during the re-
search. One day before the training course, after night rest
and fasting position, the subjects come to laboratory at
9 o’clock and 10 cc bloods was obtained from anticubital
vein. The samples were transferred under -4 to keep place
immediately.

The training protocol consists of three three-weeks
courses resistance training with free weight; the first
course involved three days of resistance training in week
with 60 percent of maximum strength consist of three sets
for each movement and each set consists of 12 repetitions
with 90 seconds rest between them. Maximum strength
measured with one maximum repetition from following
equation 1RM = weight (kg) (× 1 + (0.033 × number of rep-
etition)) in the begging of each week and the weights were
selected based that. While one off the experimental group
(moderate resistance training) continue this protocol in
throughout the course of research and just increased the
training intensity(the percentage of 1RM) to the extent of 5
percent once every three weeks as an overload, the other

2 J Clin Res Paramed Sci. 2018; 7(1):e80469.

http://jcrps.com


Zabet A et al.

experimental group (progressive resistance training) in-
creased the intensity and training load each once three
weeks as follow; the second course (fourth weeks to eighth
week) consists of 4 set with 70 percent of 1RM for 4 days in
week and the third course (seventh to ninth week) consists
of 5 sets with 80 percent of 1RM for 6 days in week. The Se-
lected movements were 6 multijoint consist of leg press,
squat, leg curling, standard barbell curl chest press and
standing barbell press. Upper and lower body movements
were done alternatively. Ten minutes in the beginning and
in the end of exercise were dedicated to warm up and cold
down. During 72 houses after the last training session, sub-
ject nutritional data were registered by themselves in abso-
lute rest state for future analysis with N4 software; in the
end of third day, the blood samples were taken from all
subject in experimental and control group under the stan-
dard condition accomplished in pre test. The samples im-
mediately taken to laboratory under -4°C conditions then
centrifuged for 5 minutes with the speed of 2500 rpm for
the seclusion of serum then the obtained serum divided
to 8 micro tube and transported to -80°C freezer. The GSH
measurement was take placed based colorimetric reaction
between GSH and reactive substance. First 80 micro liter
serums was added to test tubes then 20 µL reactive sub-
stance was added to each tube; after mixing, the liquids
were centrifuged for 10 minutes with 4500 rpm; after that
10 µL soluble was transferred to micro plate tube wells
and 200 µL reactive substance was added to that; then ob-
tained substance after 5 minutes was transferred to Elisa
reader apparatus and the wells optical observation in 412
nm was read. The MDA was measured by colorimetric reac-
tion, based reaction between MDA and tiobarbituric acid
in temperature of 90 to 100°C. The 50µL of serum samples
was transported to test tubes and 50µlreactive substance
and 1 µL coursing color substance were added to that; the
test tubes were transferred to hot water until changed to
pink; after 1 hour this compound transported to ice wa-
ter and was centrifuged for 10 minutes with the speed of
3500 rpm; the amount of 200µL of the upper part of liquid
was transferred to micro plate wells ;eventually the plate
transferred to Elisa reader and the wells optical observa-
tion was read in 450 nm. The 8-IsoP was measured by Elisa
sandwich method and two antibodies; first, the floor of the
wells was wearing with anti-IsoP antibody then the serum
samples was added to that; then centrifuged for 60 min-
utes. The washing steps for eliminate extra enzymes con-
tinued and then A and B substance (causing color solution)
were added; the reaction was stopped by adding acid and
the wells transferred to Elisa reader; the wells optical ob-
servation in 450 nm was read. The regression profile was
compiled by excel software.

The descriptive statistic involve mean and standard de-

Table 1. Descriptive Characteristic of Subject in the Begging of Researcha

Variable Moderate Group Progressive Group Control Group

Age, y 19 ± 0.95 19.1 ± 1.26 19.8 ± 0.99

Height, cm 174 ± 4.22 175 ± 3.08 174 ± 4.01

Weight, kg 33.69 ± 15.6 68.33 ± 5.56 67.55 ± 6.59

BMI, kg/m2 19.91 ± 95.5 19.78 ± 1.41 19.57 ± 1.34

aValues are expressed as mean ± SD.

Table 2. The Change in Research Dependent Variable Across the Studya

Variable Group

IsoP-8, mL.ng Pre Test Post-Test

Moderate training 140.6 ± 4.17 109.99 ± 6.65b

Traininggrossivetprog 141.5 ± 4.32 85.2 ± 4.96b , c

Control 139.58 ± 3.48 136 ± 6.62

MDA, µMolar

Moderate training 138.85 ± 3.41 104.35 ± 2.52b

Progressive training 137.25 ± 5.20 104.35 ± 2.5b

Control 135.08 ± 4.37 107.77 ± 3.78

GSH, µMolar

Moderate training 350.94 ± 5.6 369.33 ± 36.78

Progressive training 348.04 ± 7.07 353.7 ± 23.67

Control 346.58 ± 7.6 346.73 ± 8.31

aValues are expressed as mean ± SD.
bIs the symptom of significant difference between post test of control group
and experimental groups was measured by ANCOVA and Bonferroni post hoc
test.
cIs the symptom of significant deference between post tests of experimental
group was measured by ANCOVA and Bonferroni post hoc test.

viation were used for describing subject specifies in the
beginning of study; kolmogorovsmirnov test was used for
normal distribution of data. In the inferred statistics the
ANCOVA was used and in the case of significant difference,
Bonferroni test was conducted. All calculations was done
by spss software 16 in the level of P < 0.05.

3. Results

In the Table 1, the descriptive characteristic of subject
in the begging of research and in Table 2, the changes in
research dependent variable, across the study are showed.

Based the results of Table 2 and Figure 1, after 9 weeks
of resistance training the significant difference in serum
8-IsoP values from pre test to post test was observed. The
serum levels of 8-IsoP in experimental groups was declined
significantly but the ample of this declination was more in
progressive resistance training (39.88 VS 21.71) SO the sig-
nificant difference was observed between two experimen-
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tal groups in post test values. As well as the values serum of
MDA was declined in both experimental groups with sim-
ilar trend and no significant difference between post test
values was observed. The increase in GSH of serum in both
experimental groups was not significant.

Moreover the analyze of nutritional data by nutri-
tion4 soft ware showed although the amount of to-
tal celeries content and absolute quantity of nutritional
macromolecules increased significantly, the quality and
the relative share of nutritional macromolecules were
same when three day nutritional question before sam-
pling was compared.

4. Discussion

The long period of resistance training can produce
compatibilities that changed the physiological body re-
sponses toward oxidative stress situation produced by
physical training in rest and exercise state. Whoever the
one session of intense physical activity increased the ox-
idative stress marker (15, 16), the long period of resistance
training can so to change the physiological body response
to oxidative stress situation that the ample of oxidative
stress and production of free radicals and oxidative pro-
ductions decrease in rest and physical activity state. Re-
search finding, however usually support from the reduc-
tion effect of long period of resistance training (17, 18),
some researches signify to lack of change (19) and even the
increase of oxidative stress, on the effect of long periods
of resistance training (14). This inconsistent results may
be the result of different conditions of training periods, in
terms of intensity and training duration or the different
subject conditions in terms of the nutrition situations and
the amount of mental stress tolerated (14). So for achieving
helpful compatibilities the load and intensity of resistance
training in terms of the amount of weight, number of sets,
number of day training as well as the nutritional situations
must be considered in training program. The periods of
very intense training without enough rest and proportion-
ate nutrition in addition to occurrence of overtraining or
overreaching syndrome, may lead to disproportionate in-
crease in oxidative stress indices (13).

The change in oxidative stress body response after
long periods of exercise training arising from decrease
in free radicals production in numerous synthetic ways
such as the linkage in respiratory electron system, xan-
thine oxidase reaction arising from ischemic- reperfusion
phenomenon and migration of immune cells to inflamed
and damaged muscle cells caused by severe muscle con-
traction especially eccentric muscle contraction in one
hand and the increase none enzymatic antioxidant synthe-
sis such as glutathione and enzymatic antioxidant such

as glutathione peroxidase and superoxide dismutase and
other in the other hand (17). After creating the adapta-
tions, in the face of the next physical training, although
the production of free radicals increased (not as much as
before compatibility), the production and the activity of
various antioxidants increased (17). The net results of these
changes may lead to attenuate the body oxidative stress re-
sponse in rest and physical activity state.

For the body oxidative stress assessment, there are var-
ious factor; the most important of them are the enzymatic
and none enzymatic compound such as glutathione, C and
E vitamins , glutathione peroxidase and superoxide dismu-
tase; increase and the macro molecules oxidative products
such protein and lipid (17).

In this study, the compartment of pre test and post
test by means of paired t test showed that the lipid oxida-
tive indices (MDA, 8-IsoP) decreased significantly but the
increase in GSH, from pre test to post test was insignifi-
cant. This results was consistent with the finding of Vin-
cent, Ceci and Azizbeigi and with the finding of Margo-
nis, Ogonovszky and Jen-Fang (20, 21). In this study, the
using of long period of resistance training, proportionate
training load and enough rest were the important factor
that reduces oxidative stress. With regard to insignificant
increase in GHS as an antioxidant factor, it seems to the
change in oxidative state be more depend on the process
related to the reduction of free radicals in various different
path and the increase in antioxidant production at least, is
less important; whoever all antioxidant changes were not
measured in this study and my some other important an-
tioxidants increased and we didn’t measured.

Hewer reducing in free radicals production in two ma-
jor path involve the leakage electrons from electron trans-
port chain and xanthine oxidase reaction seem to be more
possible path, but the change in this path requires physio-
logical adaptations not be achieved by resistance training.
Reducing in free radicals production in electron transport
chain depends on increasing in number of mitochondria
and the amount and activity of mitochondrial enzymes
that mostly affected by aerobic training although some
researches advocated from the significant effect of resis-
tance training on the number of mitochondria and mito-
chondrial enzymes (22); in the other hand reducing in free
radicals production from xanthine oxidase reactions de-
pend incretion in capillary that seems to be more affected
by aerobic training again. Increment in capillary reduces
scheme- reperfusion reaction and production of free rad-
icals from this way. So however this path is most respon-
sible of the production of free radicals in one session of
heavy resistance activity in that blood flow is blocked and
opened alternatively, in direction of reduce in free radicals
production by long period of resistance training is less af-
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Figure 1. The change in research dependent variable across the study. The data were shown by mean ± SD. The * is the symptom of significant difference between post
test of control group and experimental groups was measured by ANCOVA and Bonferroni post hoc test. The # is the symptom of significant deference between post tests of
experimental group was measured by ANCOVA and Bonferroni post hoc test.

fected.

The positive relationship between inflammation and
oxidative stress indices after resistance training indicates
that at least some of the oxidative stress may be caused by
immune cell migration to damaged muscle tissues espe-
cially after eccentric resistance training (23). The appear-
ance of oxidative stress 48 hours after training is the indi-
cator of inflammatory damages. The reduction of oxida-
tive stress 48 hours after training may be caused by mus-
cle resistance toward inflammatory damages are created
by long period of resistance training. Since the antioxidant
levels measured 72 hours after the end of training, this re-
ductions may be created by reduction of immune cell mi-

gration and inflammatory damages reactions to muscle
cells. Moreover improvement in muscle tissues resistance
may be induces reduction in disruption in iron and zinc
carrier proteins (23).

In this study the increment in GHS level after 9 weeks
of resistance training wasn’t significant and this finding
was inconsistent with numerous previous studies (1, 2, 4).
This may be caused by difference in time sampling in this
study toward inconsistent studies, because in all inconsis-
tent studies blood sampling take placed in very time closer
to the termination of training prides (immediately or ex-
tremely 24 hours after termination of training). Moreover
we didn’t measure all antioxidant that some of them may
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be increased. however the MAD and 8-IsoP level decreased
from pre test to post test in both groups but the rate of
decrease was more about 8-IsoP, in a way that the com-
partment of post test with ANCOWA showed the signifi-
cant difference about this factor and declination of 8-IsoP
was more in progressive resistance group toward moder-
ate resistance group; whereas the difference between post
test MDA amount was not significant. This result may be
caused by lower sensitivity of MDA measurement method
or more stability of 8-IsoP in body fluids. This result can
show that the 8-IsoP is the better marker to predict lipid
peroxidation than MDA. 8-IsoP and MDA are both the pro-
duction of lipid peroxidation that has different synthetic
ways. MDA is the produce of unsaturated lipid with more
than two dual bond produced by the degradation of hydro
lipids (24) while isoprostanes are the other lipid peroxida-
tion that are produced by direct effect of free radicals on
Arachidonic acid independent of cyclooxygenase enzyme
effect. 8-IsoP is the most abundant isomer that rarely be
studied in investigations (25).

Because of the nutritional effect on oxidative stress re-
spond, the content of subject food, in terms of quantiza-
tion (all the calories and total macromolecules consumed)
and qualities (the relative share of nutritional macro-
molecules) was analyzes by N4 software during three days
before blood sampling in rest state that considered for this
purpose. The result of nutritional analyze showed that de-
spite the increase in all consumed calorie and quantity of
all macromolecules that was natural change caused by in-
creased energy requirement in effect of training, the qual-
ity of subject food in terms of the relative share of various
macromolecules was unchanged during study. This find-
ing may reflect this idea that nutritional factor was not ef-
fective in oxidative stress.

4.1. Conclusions

Overall this finding show that the resistance training
for long period can reduce oxidative stress level in rest
state and progressive resistance training in that the load
and the intensity of training gradually increased is more
effective than moderate resistance training with steady
state of load and intensity in improvement of oxidative
stress compatibility.

Acknowledgments

We wish to thanks Dr Ghazalian to his sincere and co-
operation.

Footnotes

Authors’ Contribution: Farshad Ghazalian and Hojato-
lah Nik-Bakht designed the experimental set up the study.
Ali Zabet performed the experiments, analyzed the data
and wrote the manuscript

Conflict of Interest: The authors declare that they have no
conflict of interest

Funding/Support: This work has not received any fund-
ing.

References

1. Azizbeigi K, Stannard SR, Atashak S, Mosalman Haghighi M. An-
tioxidant enzymes and oxidative stress adaptation to exercise
training: Comparison of endurance, resistance, and concurrent
training in untrained males. J Exerc Sci Fit. 2014;12(1):1–6. doi:
10.1016/j.jesf.2013.12.001.

2. Vincent HK, Bourguignon C, Vincent KR. Resistance training lowers
exercise-induced oxidative stress and homocysteine levels in over-
weight and obese older adults.Obesity (Silver Spring). 2006;14(11):1921–
30. doi: 10.1038/oby.2006.224. [PubMed: 17135607].

3. Halliwell B. Free radicals and antioxidants: updating a personal
view. Nutr Rev. 2012;70(5):257–65. doi: 10.1111/j.1753-4887.2012.00476.x.
[PubMed: 22537212].

4. Alam MN, Bristi NJ, Rafiquzzaman M. Review on in vivo and in
vitro methods evaluation of antioxidant activity. Saudi Pharm J.
2013;21(2):143–52. doi: 10.1016/j.jsps.2012.05.002. [PubMed: 24936134].
[PubMed Central: PMC4052538].

5. Paulsen G, Cumming KT, Holden G, Hallen J, Ronnestad BR, Sveen
O, et al. Vitamin C and E supplementation hampers cellular adapta-
tion to endurance training in humans: a double-blind, randomised,
controlled trial. J Physiol. 2014;592(8):1887–901. doi: 10.1113/jphys-
iol.2013.267419. [PubMed: 24492839]. [PubMed Central: PMC4001759].

6. Teixeira-Lemos E, Nunes S, Teixeira F, Reis F. Regular physical exer-
cise training assists in preventing type 2 diabetes development: fo-
cus on its antioxidant and anti-inflammatory properties. Cardiovasc
Diabetol. 2011;10:12. doi: 10.1186/1475-2840-10-12. [PubMed: 21276212].
[PubMed Central: PMC3041659].

7. Wilund KR, Tomayko EJ, Wu PT, Ryong Chung H, Vallurupalli S, Lak-
shminarayanan B, et al. Intradialytic exercise training reduces oxida-
tive stress and epicardial fat: a pilot study. Nephrol Dial Transplant.
2010;25(8):2695–701. doi: 10.1093/ndt/gfq106. [PubMed: 20190243].

8. Kabasakalis A, Kyparos A, Tsalis G, Loupos D, Pavlidou A, Kouretas
D. Blood oxidative stress markers after ultramarathon swimming. J
StrengthCondRes. 2011;25(3):805–11. doi: 10.1519/JSC.0b013e3181d0b109.
[PubMed: 20613649].

9. Parise G, Brose AN, Tarnopolsky MA. Resistance exercise training
decreases oxidative damage to DNA and increases cytochrome ox-
idase activity in older adults. Exp Gerontol. 2005;40(3):173–80. doi:
10.1016/j.exger.2004.09.002. [PubMed: 15763394].

10. Henriksen EJ, Diamond-Stanic MK, Marchionne EM. Oxidative stress
and the etiology of insulin resistance and type 2 diabetes. Free Radic
Biol Med. 2011;51(5):993–9. doi: 10.1016/j.freeradbiomed.2010.12.005.
[PubMed: 21163347]. [PubMed Central: PMC3071882].

11. Bloomer RJ, Schilling BK, Karlage RE, Ledoux MS, Pfeiffer RF, Cal-
legari J. Effect of resistance training on blood oxidative stress
in Parkinson disease. Med Sci Sports Exerc. 2008;40(8):1385–9. doi:
10.1249/MSS.0b013e31816f1550. [PubMed: 18614956].

12. Sahlin K, Cizinsky S, Warholm M, Hoberg J. Repetitive static mus-
cle contractions in humans–a trigger of metabolic and oxidative

6 J Clin Res Paramed Sci. 2018; 7(1):e80469.

http://dx.doi.org/10.1016/j.jesf.2013.12.001
http://dx.doi.org/10.1038/oby.2006.224
http://www.ncbi.nlm.nih.gov/pubmed/17135607
http://dx.doi.org/10.1111/j.1753-4887.2012.00476.x
http://www.ncbi.nlm.nih.gov/pubmed/22537212
http://dx.doi.org/10.1016/j.jsps.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24936134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4052538
http://dx.doi.org/10.1113/jphysiol.2013.267419
http://dx.doi.org/10.1113/jphysiol.2013.267419
http://www.ncbi.nlm.nih.gov/pubmed/24492839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4001759
http://dx.doi.org/10.1186/1475-2840-10-12
http://www.ncbi.nlm.nih.gov/pubmed/21276212
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3041659
http://dx.doi.org/10.1093/ndt/gfq106
http://www.ncbi.nlm.nih.gov/pubmed/20190243
http://dx.doi.org/10.1519/JSC.0b013e3181d0b109
http://www.ncbi.nlm.nih.gov/pubmed/20613649
http://dx.doi.org/10.1016/j.exger.2004.09.002
http://www.ncbi.nlm.nih.gov/pubmed/15763394
http://dx.doi.org/10.1016/j.freeradbiomed.2010.12.005
http://www.ncbi.nlm.nih.gov/pubmed/21163347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3071882
http://dx.doi.org/10.1249/MSS.0b013e31816f1550
http://www.ncbi.nlm.nih.gov/pubmed/18614956
http://jcrps.com


Zabet A et al.

stress? Eur J Appl Physiol Occup Physiol. 1992;64(3):228–36. doi:
10.1007/BF00626285. [PubMed: 1563368].

13. Margonis K, Fatouros IG, Jamurtas AZ, Nikolaidis MG, Douroudos
I, Chatzinikolaou A, et al. Oxidative stress biomarkers responses to
physical overtraining: implications for diagnosis. Free Radic Biol
Med. 2007;43(6):901–10. doi: 10.1016/j.freeradbiomed.2007.05.022.
[PubMed: 17697935].

14. Liu JF, Chang WY, Chan KH, Tsai WY, Lin CL, Hsu MC. Blood lipid per-
oxides and muscle damage increased following intensive resistance
training of female weightlifters. Ann N Y Acad Sci. 2005;1042:255–61.
doi: 10.1196/annals.1338.029. [PubMed: 15965070].

15. Deminice R, Sicchieri T, Payao PO, Jordao AA. Blood and salivary ox-
idative stress biomarkers following an acute session of resistance ex-
ercise in humans. Int J Sports Med. 2010;31(9):599–603. doi: 10.1055/s-
0030-1255107. [PubMed: 20617486].

16. Bloomer RJ, Fry AC, Falvo MJ, Moore CA. Protein carbonyls are acutely
elevated following single set anaerobic exercise in resistance trained
men. J Sci Med Sport. 2007;10(6):411–7. doi: 10.1016/j.jsams.2006.07.014.
[PubMed: 16949870].

17. Margaritelis NV, Kyparos A, Paschalis V, Theodorou AA, Panayiotou G,
Zafeiridis A, et al. Reductive stress after exercise: The issue of redox in-
dividuality. Redox Biol. 2014;2:520–8. doi: 10.1016/j.redox.2014.02.003.
[PubMed: 24634834]. [PubMed Central: PMC3953955].

18. Gordon LA, Morrison EY, McGrowder DA, Young R, Fraser YT, Zamora
EM, et al. Effect of exercise therapy on lipid profile and oxidative
stress indicators in patients with type 2 diabetes. BMC Complement
Altern Med. 2008;8:21. doi: 10.1186/1472-6882-8-21. [PubMed: 18477407].
[PubMed Central: PMC2390515].

19. Bloomer RJ, Goldfarb AH. Anaerobic exercise and oxidative stress:
a review. Can J Appl Physiol. 2004;29(3):245–63. doi: 10.1139/h04-017.

[PubMed: 15199226].
20. Ceci R, Beltran Valls MR, Duranti G, Dimauro I, Quaranta F, Pit-

taluga M, et al. Oxidative stress responses to a graded maximal ex-
ercise test in older adults following explosive-type resistance train-
ing.RedoxBiol. 2014;2:65–72. doi: 10.1016/j.redox.2013.12.004. [PubMed:
25460722]. [PubMed Central: PMC4297938].

21. Ogonovszky H, Berkes I, Kumagai S, Kaneko T, Tahara S, Goto S, et
al. The effects of moderate-, strenuous- and over-training on oxida-
tive stress markers, DNA repair, and memory, in rat brain. Neurochem
Int. 2005;46(8):635–40. doi: 10.1016/j.neuint.2005.02.009. [PubMed:
15863241].

22. Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ. A
practical model of low-volume high-intensity interval train-
ing induces mitochondrial biogenesis in human skeletal mus-
cle: potential mechanisms. J Physiol. 2010;588(Pt 6):1011–22. doi:
10.1113/jphysiol.2009.181743. [PubMed: 20100740]. [PubMed Central:
PMC2849965].

23. Bravard A, Bonnard C, Durand A, Chauvin MA, Favier R, Vidal
H, et al. Inhibition of xanthine oxidase reduces hyperglycemia-
induced oxidative stress and improves mitochondrial alterations
in skeletal muscle of diabetic mice. Am J Physiol Endocrinol Metab.
2011;300(3):E581–91. doi: 10.1152/ajpendo.00455.2010. [PubMed:
21224483].

24. McArdle A, Jackson MJ. Exercise, oxidative stress and ageing. J
Anat. 2000;197 Pt 4:539–41. doi: 10.1046/j.1469-7580.2000.19740539.x.
[PubMed: 11197526]. [PubMed Central: PMC1468168].

25. Nikolaidis MG, Kyparos A, Vrabas IS. F(2)-isoprostane formation,
measurement and interpretation: the role of exercise. Prog Lipid
Res. 2011;50(1):89–103. doi: 10.1016/j.plipres.2010.10.002. [PubMed:
20951733].

J Clin Res Paramed Sci. 2018; 7(1):e80469. 7

http://dx.doi.org/10.1007/BF00626285
http://www.ncbi.nlm.nih.gov/pubmed/1563368
http://dx.doi.org/10.1016/j.freeradbiomed.2007.05.022
http://www.ncbi.nlm.nih.gov/pubmed/17697935
http://dx.doi.org/10.1196/annals.1338.029
http://www.ncbi.nlm.nih.gov/pubmed/15965070
http://dx.doi.org/10.1055/s-0030-1255107
http://dx.doi.org/10.1055/s-0030-1255107
http://www.ncbi.nlm.nih.gov/pubmed/20617486
http://dx.doi.org/10.1016/j.jsams.2006.07.014
http://www.ncbi.nlm.nih.gov/pubmed/16949870
http://dx.doi.org/10.1016/j.redox.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24634834
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3953955
http://dx.doi.org/10.1186/1472-6882-8-21
http://www.ncbi.nlm.nih.gov/pubmed/18477407
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2390515
http://dx.doi.org/10.1139/h04-017
http://www.ncbi.nlm.nih.gov/pubmed/15199226
http://dx.doi.org/10.1016/j.redox.2013.12.004
http://www.ncbi.nlm.nih.gov/pubmed/25460722
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4297938
http://dx.doi.org/10.1016/j.neuint.2005.02.009
http://www.ncbi.nlm.nih.gov/pubmed/15863241
http://dx.doi.org/10.1113/jphysiol.2009.181743
http://www.ncbi.nlm.nih.gov/pubmed/20100740
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2849965
http://dx.doi.org/10.1152/ajpendo.00455.2010
http://www.ncbi.nlm.nih.gov/pubmed/21224483
http://dx.doi.org/10.1046/j.1469-7580.2000.19740539.x
http://www.ncbi.nlm.nih.gov/pubmed/11197526
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1468168
http://dx.doi.org/10.1016/j.plipres.2010.10.002
http://www.ncbi.nlm.nih.gov/pubmed/20951733
http://jcrps.com

	Abstract
	1. Background
	2. Methods
	3. Results
	Table 1
	Table 2
	Figure 1

	4. Discussion
	4.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interest
	Funding/Support

	References

