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ABSTRACT

Objective: ROS are highly reactive molecules that react with cellular com-
ponents, resulting in oxidative damage. They are involved in many degen-
erative conditions. In other side, wet cupping is an effective method of
treating radical-related disorders. This study is aimed to evaluate the effect
of wet cupping together with sporting on antioxidant defense system.
Subjects and Methods: In this study 40 healthy, non-smoker men were
assigned into non-, amateur, and professional athlete groups. They were
subjected to two samplings with one week interval. The levels of antioxi-
dant enzyme activities, oxidative damage biomarkers, and vitamins C and E
were evaluated in blood samples.
Results: We observed increased antioxidant enzyme activities with sport-
ing activity in both peripheral and cupping blood. Low enzyme activities
and high level of oxidative damage biomarkers were observed in cupping
blood with respect to peripheral blood samples. In addition, the level of
enzyme activities elevated considerably in second sampling with respect to
first sampling in both peripheral and cupping blood. The level of oxidative
damage biomarkers in second sampling was significantly lower than first
sampling. In both kind of blood, we did not observe any significant differ-
ence in vitamin C and E at first and/or second sampling.
Conclusions: Sporting activity together with wet cupping induced adap-
tive responses in antioxidant and repair systems, increased protection of
cells against ROS and decreased the accumulation of oxidative damage
biomarkers.  2011 Trade Science Inc. - INDIA
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INTRODUCTION

Free radicals are highly reactive and unstable natu-
rally occurring molecules that have an unpaired elec-
tron in their outer shell[1]. Reactive oxygen species
(ROS) are a kind of such free radicals which are formed

during mitochondrial electron transport chain as well as
by various environmental stressors[2, 3]. As a source, it
has been known that oxygen consumption and meta-
bolic activity are elevated due to muscle contraction
during physical activity and sporting, resulting increase
in the electron leakage from the mitochondrial trans-
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port system leading to the formation of ROS[4]. ROS
as causative factors are involved in many diseases and
degenerative conditions[5, 6]. Free radicals have been
implicated in the pathogenesis of many diseases such
as diabetes, inflammation, cancer, cardiovascular dis-
orders, and process of ageing[7]. They react with cellu-
lar components such as proteins, nucleic acids, fatty
acids, and complex lipids[1,8], leading to production of
oxidative damage biomarkers. Evaluation of these
biomarkers is commonly used to monitor the occur-
rence of oxidative stress in health related diseases[9].
Reactive carbonyl derivatives (RCD) are an important
detectable biomarker of protein oxidation. RCD are
also formed by ROS-mediated oxidation of side chains
of some free amino acid residues within cells[10]. The
interaction of HO� with the nucleobases of DNA strand,
such as guanine, forms 8-hydroxy-2'-deoxyguanosine
(8-OHdG) that has been widely used as a biomarker
for oxidative stress[11]. Malondialdehyde (MDA) is pri-
marily of interest as a product of in vivo lipid
peroxidation[9]. Under physiological conditions forma-
tion of ROS is normally balanced by rate of antioxidant
enzymes activities, including catalase (CAT), superox-
ide dismutase (SOD), and glutathione peroxidase
(GPX)[1, 12]. SOD is the major ROS detoxifier of the
cell[13] and catalyzes the dismutation of the superoxide
radical anion to hydrogen peroxide and oxygen. CAT
catalyzes the dismutation of hydrogen peroxide to O

2

and H
2
O[6]. GPX is an erythrocyte enzyme that specifi-

cally reduces H
2
O

2
 by GSH, reduces a broad scope of

organic hydroperoxides and protects biomembranes
against lipid peroxidation[14].

On the other hand, non-enzymatic defenses, pre-
dominantly ascorbic acid in the aqueous and vitamin E
in lipid media are the major chain-breaking antioxidants
in living systems[12, 15, 16]. These systems scavenge radi-
cals in order to terminate free radical chain reactions[16].
Regular physical training causes an increase in the anti-
oxidant system and a reduction in lipid peroxidation. It
has been suggested that individuals who exercise regu-
larly, placing a constant oxidative stress on the muscles
and other cells, have an augmented antioxidant defense
system to reduce exercise-induced oxidative risk[4].

In recent years, Alternative and complementary
therapies (ACTs) are gaining use in the general popula-
tion and in chronic conditions, such as cancer, asthma

and arthritis[17, 18]. In other side, bloodletting and cup-
ping are effective methods of treating radical-related
disorders including fevers, local inflammatory[19], reduc-
tion in cardiovascular events, and disorders caused by
iron overloading such as polycythemia, hemochroma-
tosis[20]. Cupping mainly described as treatment for
chronic pain including lower back pain, and headache,
it has also been used to treat other non-specific disease
processes including indigestion and menstrual distur-
bance[21].

Cupping involves the application of a vaccum to
closed system cup on a speci?c area of skin[22]. Two
styles of cupping therapy are used today, dry cupping
and wet cupping. Dry cupping simply pulls the local
underlying tissue up into the suctioning cup[23]. Wet cup-
ping includes some scarification of the skin before ap-
plying the cupping glasses[24] and is an ancient medical
technique, with documented use dating to several an-
cient cultures and contemporary practice in many parts
of the European and Eastern world, including Iran[25].

This study was conducted to investigate the effects
of wet cupping on enzymatic and non-enzymatic anti-
oxidant system within athletes and non-athletes.

MATERIALS AND METHODS

This study was performed on forty healthy volun-
teer men aged between 20 and 45 years. All volunteers
were tested and their healthiness was confirmed by an
expert physician. They gave their informed consent to
perform wet cupping on them. Based on data, they all
were non smoker and we assigned them into three
groups including; non-athletes (group 1; N = 13), ama-
teur athletes (group 2; who exercise 2 hours per day
and 2 days per week; N = 14), and professional ath-
letes (group 3; who exercise 3 hours per day and 3 day
per week; N = 13). All volunteers were considered for
wet cupping on Jun. to Dec. 2010. Blood sampling was
done at Iranian Institute of Hejamat Research and re-
lated institutions. Seven days after first sampling sec-
ond sampling was done on the same volunteers.

In each case, a blood sample was taken from capi-
tal vein. In addition, the position on the vertebrae T2-
T5 was disinfected with betadine. A glass cup was ap-
plied to the skin and a partial vacuum created inside the
cup via electrical suction. The cup clung on the skin and



Masoud Mashhadi Akbar Boojar et al. 283

Regular  Paper
BCAIJ, 5(5) 2011

BioCHEMISTRYBioCHEMISTRY
An Indian Journal

left for a period of 5 min. Then super?cial incisions were
made to the skin with sterile surgical blades. The cup
placed back on the skin, until it is ?lled with blood from
the capillary vessels[25] Then the cup was removed and
5 ml of collected cupping blood used for biochemical
measurements.

After each sampling, heparinized whole blood
samples were immediately centrifuged at 3000 rpm in
4 °C for 10 minutes. The supernatant was aspirated

and collected as serum and stored at -70 °C. To sepa-

rate erythrocytes, the buffy coat was drained and the
sediment was washed four times with 3 ml of 0.9%
sodium chloride solution, and was centrifuged under
the same conditions. Aliquots of the washed erythro-
cytes were lysed by freezing (-20°C) for 24 h and then

they were used for measurements.

Antioxidant enzymes assay

The SOD activity in erythrocytes was measured
according to the method of Misra and Fridovich[26] on
the basis of their ability to inhibit free radical chain oxi-
dation in which O

2
 was a chain-propagating radical and

the autooxidation of epinephrine was included. Human
erythrocyte SOD was used as a standard and the ac-
tivity was expressed in Unit/g.Hb.

CAT activity was determined by monitoring the dis-
appearance of H

2
O

2
 at 240 nm. CAT activity was ex-

pressed as unit/mg.protein. One unit of enzyme was the
amount necessary to decompose 1 ìmol of H

2
O

2
 per

min at 25oC[27].
GPX activity was measured by the method of Paglia

et al[28]. Heparinized whole blood (0.05 ml) was di-
luted with 1 ml diluting agent, incubated for 5 min, and
then 1 ml of double strength Drabkin�s reagent was

added and mixed well. GPX catalyses the oxidation of
glutathione (GSH) by cumene hydroperoxide. In the
presence of GSH reductase and nicotinamide adenine
dinucleotide phosphate (NADPH), the oxidized GSH
was immediately converted to the reduced form with
the concomitant oxidation of NADPH to NADP+. The
decrease in absorbance at 340 nm was measured by a
spectrophotometer.

The assay of oxidative damage biomarkers

MDA concentration in plasma was measured by
the high-performance liquid chromatography technique

(model 4225; Unicam, LCD/Analytical) in which the
MDA�thiobarbituric acid (TBA) adduct was sepa-

rated[29]. Briefly, plasma lipoperoxides were hydrolyzed
by boiling in diluted phosphoric acid. MDA was re-
acted with TBA to yield the MDA�TBA adduct. The

protein-free extract was fractionated on a C18 column
of octadecyl silicagel to separate the MDA�TBA ad-

duct by elution with methanol/phosphate buffer and
quantified by a spectrophotometer at 532 nm (model:
crystal 200; Unicam LCD/Analytical Inc.).

8-OHdG levels were measured essentially as de-
scribed previously[30]. Briefly, an automated column
switching LCEC method for 8-OHdG was based on
the unique selectivity of the integral porous carbon col-
umn for purines.

Samples were injected onto a C8 column and the
band containing 8-OHdG was then quantitatively
trapped on a carbon column. The selectivity of the car-
bon column for 8-OHdG allowed elimination of inter-
fering peaks by washing the column with a second mo-
bile phase and then eluting 8-OHdG to an analytical
C18 column with an identical mobile phase containing
adenosine to displace 8-OHdG. Detection with series
colorimetric electrodes provides qualitative certainty for
8-OHdG peak by response ratios.

RCD were detected by their reactivity with DNPH
to form protein hydrazones and their amount evaluated
at 370 nm and expressed in nmol/mg.protein[31].

Vitamins

The evaluation of vitamin C was performed based
on the method of Jacques-Silva et al. Plasma was pre-
cipitated with one volume of a cold 5% trichloroacetic
acid solution and by centrifuged. An aliquot of 300 mL
of the supernatants was mixed with 2,4-
dinitrophenylhydrazine (4.5 mg/mL), CuSO

4
 (0.075

mg/mL) and trichloroacetic acid 13.3% (final volume 1
mL) and incubated for 3 hours at 37 °C. Then, 1 mL of

H
2
SO

4
 65% (v/v) was added to the medium. The level

of vitamin C was calculated using a standard curve and
expressed as mg vitamin C/ml of plasma[32].

Determination of plasma vitamin E was performed
by HPLC(model 4225; Unicam, LCD/Analytical). To
precipitate proteins, aliquots (200 µl) of freshly plasma

samples were mixed with 200 µl of HPLC-grade water

and 400 µl of ethanol. For the vitamin extraction, 800
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µl of hexane were added, and mixed for 30 min. Then,

600 µl of upper layers (hexane) were collected, dried

in Speed-Vac system, and dissolved in 150 µl of mo-

bile phase with 0.5% (m/v) BHT for the vitamin stabili-
zation. An aliquot of 20 µl of this solution was injected

into the HPLC system[33].

Statistical analysis

All data were expressed as mean ± SEM (stan-

dard error of mean). The results were analyzed by one-
way analysis of variance (ANOVA) followed by Paired-
Samples T Test to evaluate the significance of the dif-
ference between groups using Statistical Package for
Social Science (SPSS 16.0 for windows). A significant
change was accepted at p < 0.05.

RESULTS

TABLE 1 demonstrates clinical characteristics of
cases at first and second monitoring in this study. All sub-
jects were at the same range of age with mean of 32.2 to
33.5 years. There were no significant differences between
groups for hematocrit (Hct) and blood pressure as they
were evaluated at first and/or second time.

Antioxidant enzyme activities in peripheral and cup-
ping blood samples at first and second samplings are
presented in TABLE 2. In both kinds of blood, higher
activities were found for SOD, CAT, and then GPX in
each studied group respectively. On the other hand,
activities of three studied enzymes increased in group 2
and 3 respectively. However, the increases in SOD and
GPX activities for group 2 were significant with respect
to group 1 as they were assayed in cupping or periph-
eral blood at first sampling. In both peripheral and cup-
ping blood, differences between 1 and 3 as well as 2
and 3 groups were significant at first or second sam-
pling. In each studied group, the activities of three en-
zymes in peripheral blood were significantly higher than
cupping blood at first or second sampling. Comparison
of second with first sampling showed that the activities
of all three enzymes in peripheral and/or cupping blood
were higher than the same kind of blood at first sam-
pling. Among these enzymes, there was only insignifi-
cant increase in CAT activity in cupping and peripheral
blood samples at second sampling with respect to the
same kind of blood collected at first sampling.

TABLE 3 shows the levels of oxidative damage
biomarkers; MDA, RCD, and 8-OHdG in both pe-
ripheral and cupping blood at first and second sam-
pling. Blood samples collected at first sampling revealed
significant higher levels of MDA and RCD as compared
with the same blood from second sampling in all three
groups. In this sampling time, the concentration of MDA
and RCD decreased significantly from group 1 to 2
and then 3 in both peripheral and cupping blood. At

TABLE 1 : Clinical descriptive data of the studied groups.
Data are expressed as mean ± SD.

blood pressure 
studied groups 

diastolic systolic 
Hct Age (year) 

group1(N=13) 8.82±0.87 13.54±0.84 51.29±5.36 32.76±8.55 

group2(N=14) 9.20±0.46 14.16±1.45 49.02±7.26 32.21±7.95 

group3(N=13) 9.15±0.89 13.80±1.06 48.86±5.23 33.53±8.51 

TABLE 2 : The levels of antioxidant enzyme activities in peripheral and cupping bloods at first and second sampling.

first sampling second sampling 
enzyme 

peripheral cupping peripheral cupping 
Group1 375.45 ± 8.40* 353.45 ± 8.08 424.00 ± 13.00

* 406.00 ± 12.84 

Group2 415.77 ± 8.64*®¶ 403.83 ± 9.46®¶ 463.57 ± 13.14
* 444.21 ± 12.59 

SOD 
(U/g.Hg) 

Group3 455.47 ± 10.59*® 441.17 ± 10.48® 504.53 ± 11.90*® 484.61 ± 12.31® 

Group1 101.37 ± 5.35* 91.87 ± 5.13 121.00 ± 7.70* 110.00 ± 7.15 

Group2 133.44 ± 4.48*®¶ 123.33 ± 4.37®¶ 145.71 ± 5.80*®¶ 130.92 ± 5.45¶ 
GPX 
(U/g.Hg) 

Group3 184.29 ± 6.19*® 170.17 ± 5.43® 199.61 ± 7.20*® 180.69 ± 6.43® 

Group1 155.45 ± 4.09* 151.75 ± 4.35 164.46 ± 5.51* 158.53 ± 5.76 

Group2 170.38 ± 6.52*¶ 166.77 ± 6.48¶ 181.85 ± 7.96¶ 170.64 ± 12.18¶ 
CAT 
(U/g.Hg) 

Group3 195.29 ± 8.96*® 190.88 ± 9.35® 212.15 ± 10.90*® 206.30 ± 9.87® 
*Differed significantly as compared with cupping blood (p < 0.05). ® Differed significantly with respect to group 1 (p < 0.05). ¶

Differed significantly in regard to group 3 (p < 0.05).
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second sampling, the levels of MDA and RCD fall down
insignificantly from group 1 to 2 and decreased signifi-
cantly from group 2 to 3 in both cupping and peripheral
blood. However, the level of 8-OHdG elevated signifi-
cantly from group 1 to 2 and decreased insignificantly
from group 2 to 3 as evaluated in peripheral or cupping
blood whether in first or second sampling. In both kinds
of blood, significantly higher levels of these three in-
dexes were found in cupping blood as compared with
peripheral blood.

Vitamin C and E activities in peripheral and cup-
ping blood samples at first and second samplings are
presented in TABLE 4. In both kind of blood, we found
no tangible differences in vitamin C and E activities at
first and/or second sampling.

DISCUSSION

Interest in complementary and alternative medicine
(CAM) has recently grown in many countries around
the World[34]. Today, wet cupping, as a CAM method,
is used mainly in Asia for a variety of illnesses[35]. On

other hand, sporting is an important component of a
healthy life style and is recommended by clinicians and
scientists[36]. Many people try it to improve the body�s
strength and recovery from fatigue.

Several studies documented the effect of sporting
on antioxidant enzyme activities. Most of them reported
the increase in antioxidant capacities as a result of ex-
haustive exercise or exercise with moderate intensity[37-

39]. On the other hand, sporting increases oxygen con-
sumption, of which 2% may be converted to ROS[36, 37,

40]. The generated ROS during exercise may influence
the redox-regulated processes by which the adaptive
responses to exercise occur[37]. In addition ROS may
activate redox sensitive NF-êB signaling and increase

gene expression of antioxidant enzymes[41, 42]. In agree-
ment with these documents, our finding showed signifi-
cant increase in antioxidant enzyme activities in both
peripheral and cupping bloods of professional athletes
with respect to non-athletes at first sampling. After then,
the activities of these enzymes increased remarkable at
second sampling in both peripheral and cupping bloods
in all studied groups.

TABLE 3 : The levels of oxidative damage biomarkers in peripheral and cupping bloods at first and second sampling.

first sampling second sampling 
enzyme 

peripheral cupping peripheral cupping 
group 1 37.20 ± 2.37

* 39.83 ± 2.48 32.92 ± 2.92
* 35.76 ± 2.86 

group 2 32.66 ± 1.71
*¶ 35.66 ±1.71

¶ 30.07 ± 1.94
*¶ 32.42 ± 2.17

¶ 
MDA 
(µmol/ml) 

group 3 22.23 ± 1.52
*® 24.70 ± 1.66® 19.30 ± 1.82

*® 22.46 ± 1.98
® 

group 1 57.45 ± 2.35
* 60.12 ± 2.45 46.30 ± 2.98

* 49.69 ± 3.40 

group 2 52.88 ± 1.70
*¶ 56.38 ± 1.66

¶ 44.50 ± 1.81
*¶ 46.57 ± 2.03

¶ 
RCD 
(nmol/mg.pro) 

group 3 42.88 ± 1.68
*® 44.52 ±1.69

® 32.69 ± 1.93
*® 34.92 ± 1.99

® 

group 1 7.75 ± 0.10
* 7.94 ± 0.12 7.59 ± 0.11

* 7.90 ± 0.17 

group 2 8.47 ± 0.18
*® 8.56 ± 0.20 8.34 ± 0.21

*® 8.77 ± 0.22 
8-OHdG 
(nmol/mg.pro) 

group 3 8.26 ± 0.25
* 8.54 ± 0.27 8.01 ± 0.28 8.18 ± 0.33 

*Differed significantly as compared with cupping blood (p < 0.05). ® Differed significantly with respect to group 1 (p < 0.05). ¶

Differed significantly in regard to group 3 (p < 0.05).

TABLE 4 : The levels of vitamin C and E activities in peripheral and cupping bloods at first and second sampling.

first sampling second sampling 
vitamin 

peripheral cupping peripheral cupping 
group 1 45.58 ± 1.45 43.98 ± 1.46 45.92 ± 1.81 45.00 ± 1.37 

group 2 42.74 ± 0.75 43.92 ± 1.41 45.10 ± 1.99 44.70 ± 1.41 vitamin C (mg/dL.10-2) 

group 3 43.40 ± 1.38 44.74 ± 1.13 46.16 ± 0.99 42.76 ± 1.47 

group 1 70.94 ± 1.12 71.74 ± 2.19 72.74 ± 3.84 71.30 ± 1.45 

group 2 70.44 ± 1.46 72.76 ± 2.31 71.12 ± 2.14 75.72 ± 1.04 
vitamin E 
(mg/dL.10-2) 

group 3 71.40 ± 2.74 71.78 ± 3.65 71.10 ± 3.51 69.26 ± 2.67 
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It is our conviction that wet cupping is a causative
factor for expression of antioxidant enzymes within the
period time between first and second sampling, leading
to elevation in antioxidant enzyme activities. In addi-
tion, this process may promote the observed effect of
sporting on our studied enzyme activities. Accordingly,
we found increasing effect of sporting on these enzymes
at second sampling in both peripheral and cupping
bloods with respect to the same kind of blood collected
at first sampling.

Vitamin E may be the last line of defense against
membrane phospholipids peroxidation[15, 16]. The main
function of vitamin E is protector of the polyunsatu-
rated fatty acids of cell membranes against free radical
damage[43]. Also Vitamin C is one of the most impor-
tant biomolecules, which acts as antioxidant and radi-
cal scavenger. The antioxidant behavior of vitamin C is
due to its ability to terminate the radical chain reac-
tions[44]. In this study, we found no significant differ-
ences between studied groups as they were evaluated
for vitamin E and/or C. It can be referred to effective
role of enzymatic defense activity in neutralizing ROS.
DNA can undergo rapid repair and it is better pro-
tected against oxidative damage[45]. Our results revealed
that 8-OHdG concentration, as a biomarker of DNA
damage, increased in amateur athletes and decreased
in professional athletes with respect to non-athletes and
amateur athletes, respectively. This is in agreement with
other studies[38, 46] and may be due to activation of DNA
repair systems in professional athletes. Regular training
protects DNA against exercise-induced damage, prob-
ably via adaptive responses such as upregulation of
cellular proteolytic enzymes and repairing systems[46].
In addition we found that 8-OHdG amount in second
sampling was lower in respect to first sampling, and this
decline in professional athletes was more remarkable
as compared with non-athletes. Thus, wet cupping aug-
ments exercise-induced adaptive responses to oxida-
tive stress.

MDA is the most sensitive biomarkers of oxidative
stress[40]. Jennifer M. Sacheck et al. showed that MDA
increased immediately post exercise and returned to
baseline levels 6 hour after exercise[47]. But Richard J.
Bloomer et al. indicated that MDA level is lower in
trained individuals in regard to untrained individuals[45].
Our data, also, indicated decreased MDA in athletes

with respect to non-athletes and in second sampling
was lower than first sampling.

RCD is the most used biomarker for determination
of oxidative damage of proteins[48]. Some studies sug-
gested increase in RCD with exercise-induced oxida-
tive stress[37, 40]. We found lower RCD in athletes in
regard to non-athletes in agreement with Richard J.
Bloomer�s study[45], and this decrease was more re-
markable in second sampling. Exercise may increase
the activity of proteasome complex, which is respon-
sible for degradation of modified and damaged pro-
teins[49, 50]. It is likely that wet cupping act as procedure
to increase activity of these complexes.

In conclusion this study suggests that sporting ac-
tivity together with wet cupping induces adaptive re-
sponses in antioxidant and repair systems. The effects
of these methods increase the protection against ROS
and decrease the accumulation of oxidative damage
biomarkers. Our study suggests that wet cupping to-
gether with sporting is more effective on antioxidant
defense as they were considered alone.

ACKNOWLEDGMENT

This work was supported in part by a conjoint grant
from research Ministry of Tarbiat Moalem University.
We are grateful of Iranian Institute of Hejamat Research,
for scientific encouragement and collaboration. The
excellent assistance of Mr. Hosein Kheirandish is grate-
fully acknowledged.

REFERENCES

[1] G.G.Ortiz, G.A.Benítez-King, S.A.Rosales-Corral,

F.P.Pacheco-Moisés, I.E.Velazquez-Brizuela; Cur-

rent Neuropharmacology, 6, 203-214 (2008).
[2] L.Tian, Q.Cai, H.Wei; Free Radical Biology &

Medicine, 24, 1477-1484 (1998).
[3] H.Kasai, N.Iwamoto-Tanaka, T.Miyamoto,

K.Kawanami, S.Kawanami, R.Kido, M.Ikeda;
Jpn.J.Cancer Res., 92, 9-15 (2001).

[4] R.Aslan, M.R.Sekeroglu, M.Tarakçioglu, F.Bayiroglu,

I.Meral; Tr.J.of Medical Sciences., 28, 411-414 (1998).
[5] J.Tang, Z.Y.Hu, X.W.Chen; The American Journal

of Chinese Medicine, 35, 887-896 (2007).
[6] E.Rohrdanz, R.Kahl; Free Radical Biology & Medi-

cine, 24, 27-38 (1998).



Masoud Mashhadi Akbar Boojar et al. 287

Regular  Paper
BCAIJ, 5(5) 2011

BioCHEMISTRYBioCHEMISTRY
An Indian Journal

[7] T.T.Priya, M.C.Sabu, C.I.Jolly; Inflammo. pharma-
cology, 16, 182-187 (2008).

[8] D.Ashokkumar, V.Thamilselvan, G.P.Senthilkumar,
U.K.Mazumder, M.Gupta; Pharmaceutical Biology,
46, 762-771 (2008).

[9] R.Paroni, I.Fermo, G.Cighetti; Analytical Biochemis-
try, 307, 92-98 (2002).

[10] M.Y.Aksenov, M.V.Aksenova, D.A.Butterfield,
J.W.Geddes, W.R.Markesbery; Neuroscience, 103,
373-383 (2001).

[11] A.Valavanidis, T.Vlachogianni, C.Fiotakis; Journal
of Environmental Science and Health Part C., 27,
120-139 (2009).

[12] E.Colpo, A.F.Bem, S.Pieniz, S.D.Schettert,
R.M.S.Santos, I.L.Gomes Farias, I.Bertoncello,
C.M.Moreira, N.V.Barbosa, M.B.Moretto,
J.B.T.Rocha; Ann.Nutr.Metab., 53, 79-85 (2008).

[13] A.K.Holley, S.K.Dhar, D.K.Clair; Mitochondrion,
10, 649-661 (2010).

[14] S.Toppo, L.Flohé, F.Ursini, S.Vanin, M.Maiorino;

Biochimica et.Biophysica Acta., 1790, 1486-1500
(2009).

[15] O.Karabulut-Bulan, S.Bolkent, R.Yanardag,
B.Bilgin-Sokmen; Drug and Chemical Toxicology,
31, 413-426 (2008).

[16] R.Moreau, K.Dabrowski, S.Czesny, F.Cihla;
J.Appl.Ichthyol., 15, 250-257 (1999).

[17] O.Micke, F.Bruns, M.Glatzel, K.Schonekaes,
P.Micke, R.Mucke, J.Buntzel; European Journal of
Integrative Medicine, 1, 19-25 (2009).

[18] R.D�Inca, A.T.Garribba, M.G.Vettorato, A.Martin,

D.Martines, V.Di Leo, A.Buda, G.C.Sturniolo; Di-
gestive and Liver Disease, 39, 524-529 (2007).

[19] J.L.Turk, E.A.Mibiol; Annals of the Royal College
of Surgeons of England, 65, 128-131 (1983).

[20] M.Niasari, F.Kosari, A.Ahmadi; The Journal Of
Alternative And Complementary Medicine, 13, 79-
82 (2007).

[21] S.S.Yoo, F.Tausk; International Journal of Derma-
tology, 43, 664-665 (2004).

[22] C.W.Lin, J.T.Wang, C.S.Choy, H.H.Tung. The Jour-
nal Of Alternative And Complementary Medicine,
15, 1243-1245 (2009).

[23] A.Ahmadi, D.C.Schwebel, M.Rezaei; The Ameri-
can Journal of Chinese Medicine, 36, 37-44 (2008).

[24] A.Michalsen, S.Bock, R.Ludtke, T.Rampp,
M.Baecker, J.Bachmann, J.Langhorst, F.Musial,
G.J.Dobos; The Journal of Pain, 10, 601-608 (2009).

[25] K.Farhadi, D.C.Schwebel, M.Saeb, M.Choubsaz.
R.Mohammadi, A.Ahmadi; Complementary Thera-

pies in Medicine, 17, 9-15 (2009).
[26] H.P.Misra, L.Fridovich; Biol.Chem., 247, 6960-6962

(1972).
[27] M.M.Al-Rumaih, M.M.Al-Rumaih; American Jour-

nal of Environmental Sciences, 4, 151-156 (2008).
[28] D.E.Paglia, W.N.J; Lab.Clin.Med., 70, 158-169 (1987).
[29] H.Y.Steven, A.K.Joseph, M.H.Sidney; Clin.Chem.,

32, 214-220 (1978).
[30] M.B.Bogdanov, M.F.Beal, D.R.McCabe,

R.M.Griffin, W.R.Matson; Free Radiat Biol.Med.,
27, 647-666 (1999).

[31] A.Z.Reznick, L.Packer; Oxidative damage to pro-
teins: Spectrophotometeric method for carbonyl
assay, Pg.375-363 in: L. Packer, Methods in Enzy-
mology, Academic press, San Diego, CA, (1994).

[32] R.M.Santos, A.F.Bem, E.Colpo, L.Bertoncello,
C.W.Nogueira, J.B.T.Rocha; Liver International,
54-60 (2007).

[33] D.Gackowski, M.Kruszewski, A.Jawien,
M.Ciecierski, R.Olinski; Free Radical Biology &
Medicine, 31, 542-547 (2001).

[34] S.Ceylan, O.Azal, A.Taslipinar, T.Türker,

C.H.Acikel, M.Gulec; Complementary Therapies
in Medicine, 17, 78-83 (2009).

[35] H.Christopoulou-Aletra, N.Papavramidou; The Jour-
nal Of Alternative And Complementary Medicine,
14, 899-902 (2008).

[36] A.M.Teixeira, F.Trevizol, G.Colpo, S.C.Garcia,
M.Charão, R.P.Pereira, R.Fachinetto, J.B.T.Rocha,

M.E.Bürger; Pharmacology, Biochemistry and Be-

havior, 88, 465-472 (2008).
[37] M.E.Munoz, A.I.Galan, E.Palacios, M.A.Diez,

B.Muguerza, C.Cobaleda, J.I.Calvo, O.I.Aruoma,
I.Sanchez-Garcia, R.Jimenez; Toxicology, 278, 101-
111 (2010).

[38] Z.Radak, T.Kaneko, S.Tahara, H.Nakamoto,
H.Ohno, M.Sasvari, C.Nyakas, S.Goto; Free Radi-
cal Biology & Medicine, 27, 69-74 (1999).

[39] A.Niu, J.Wu, D.Yu, R.Wang; International Journal
of Biological Macromolecules, 42, 447-449 (2008).

[40] L.Sun, W.Shen, Z.Liu, S.Guan, J.Liu, S.Ding; Life
Sciences, 86, 39-44 (2010).

[41] M.Bar-Shai, E.Carmeli, P.Ljubuncic, A.Z.Reznick.
Free Radical Biology & Medicine, 44, 202-214
(2008).

[42] C.K.Chang, H.Y.Huang, H.F.Tseng, Y.D.Hsuuw.,
T.K.Tso; Journal of Nutritional Biochemistry, 18,
39-45 (2007).

[43] O.Korchazhkina, E.Jones, M.Czauderna, S.A.Spencer,
J.Kowalczyk; Acta.Chromatographica, 48-57 (2006).



288

Regular  Paper

Effect of wet cupping on antioxidant status in peripheral and cupping BCAIJ, 5(5) 2011

An Indian Journal
BioCHEMISTRYBioCHEMISTRY

[44] R.P.Tripathi, B.Singh, S.S.Bisht, J.Pandey; Current
Organic Chemistry, 13, 99-122 (2009).

[45] R.J.Bloomer, K.H.Fisher-Wellman; Gender Medi-
cine, 5, 218-228 (2008).

[46] K.Tsai, T.G.Hsu, K.M.Hsu, H.Cheng, T.Y.Liu,
C.F.Hsu, C.W.Kong; Free Radical Biology & Medi-
cine, 31, 1465-1472 (2001).

[47] J.M.Sacheck, P.E.Milbury, J.G.Cannon,
R.Roubenoff, J.B.Blumberg; Free Radical Biology
& Medicine, 34, 1575-1588 (2003).

[48] E.M.Ellis; Pharmacology & Therapeutics., 115, 13-
24 (2007).

[49] Z.Radak, H.Y.Chung, E.Koltai, A.W.Taylor, S.Goto;
Ageing Research Reviews, 7, 34-42 (2008).

[50] Z.Radak, H.Y.Chung, S.Goto; Free Radical Biol-
ogy & Medicine, 44, 153-159 (2008).


