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Effect of a 12-Week Training Program on Levels of Glucose-6-
Phosphate Dehydrogenase and Antioxidant Activity

12 Haftalik Antrenman Programunin Glukoz é Fosfat Dehidrogenez ve
Antioksidan Aktivite Diizeyi Uzerine Etkisi
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Atatiirk University, Sports High School, Erzurum, Turkey

Abstract

Objective: It has been suggested that regular, long- term exercise
increases erythrocyte glucose-6- phosphate dehydrogenase
(G6PD) and antioxidant enzymatic activities. The purpose of this
study was to investigate whether G6PD activity and antioxidant
activities consisting of glutathione peroxidase (GPX) and
glutathione s transferase (GST) levels changed with a 12 week
aerobic exercise program in basketball players.

Materials and Methods: For baseline values, blood samples were
obtained from basketball players and age and sex matched
sedentary healthy volunteers. Plasma GPX, GST levels and G6PD
activities were evaluated with commercial kits. Then, a 12 week
training program was performed for basketball players. Pre
training and post training values were compared within all groups.
Results: Before training program, GPX, GST levels and G6PD
activities were significantly higher in basketball players than
sedentary controls (p<0.05, p<0.05, p<0.001, respectively). Also
G6PD activities and GPX, GST levels were significantly increased
after training program. (p<0.05, p<0.01, p<0.01, respectively). A
positive correlation was found between G6PD activity and GPX,
GST levels.

Conclusion: Our results suggest that long term- regular physical
exercise increases G6PD activity and antioxidant activities and
cause adaptations in antioxidant defences.

(Turk J Rheumatol 2010; 25: 34-6)

Key words: Exercise, Glucose-6-Phosphate Dehydrogenase
Activity, Antioxidant Activity

Received: 24.09.2009 Accepted: 12.10.2009

Ozet

Amac: Bu calismanin amaci basketbol oyuncularinda 12 haftalik
aerobik egzersiz programinin G6PD aktivitesi, glutation peroksi-
daz ve glutation S transveraz seviyeleri Uzerine etkisi olup olma-
digini arastirmak idi.

Yontem ve Gerecler: Baslangic degerleri icin basketbol oyunculari
ve sedanter yas ve cins benzer saglkl kontroller icin kan érnekleri
alindi. Plazma glutation peroksidaz, glutation S transveraz ve
G6PD aktiviteleri kitlerle degerlendirildi daha sonra basketbol
oyuncularina 12 haftalik egzersiz programi uygulandi. Antrenman
oncesi ve antrenman sonrasi degerler tim gruplarda karsilastirildi.
Bulgular: Antrenman programindan énce glutation peroksidaz,
glutation S transveraz ve G6PD aktiviteleri basketbol oyuncularin-
da sedanter kontrollerden anlamli olarak yuksekti (p<0.05,
p<0.05, p<0.001). Antrenman programindan sonra G6PD aktivite-
leri, glutation peroksidaz,glutation S transveraz seviyeleri anlam-
Ii olarak artmisti (p<0.05, p<0.01, p<0.01). G6PD aktivitesi ve
glutation peroksidaz,glutation S transveraz seviyeleri arasinda
pozitif bir korelasyon bulundu.

Sonuc: Sonuc olarak biz uzun sureli fiziksel egzersizlerin G6PD ve
antioksidan aktiviteleri artirdigini ve antioksidan defansda adap-
tasyonlara neden oldugunu séyleyebiliriz.

(Turk J Rheumatol 2010; 25: 34-6)
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Introduction

Physical activity increases generation of free radicals
in several ways. Catecholamines that are released during
exercise can lead to free radical production. Other sourc-
es of increased free radicals with exercises include pros-
tanoid metabolism, xanthine oxidase, NAD(P)H oxidase

and several secondary sources such as the release of radi-
cals by macrophages recruited to repair damaged tissue
(1, 2). Free radicals are neutralized by an antioxidant
defence system. Also, it has been reported that exercise
causes adaptations in antioxidant defences. It has been
suggested that regular, long-term exercise increases anti-
oxidant enzymatic activities and the G6PD activity (3-5).

Address for Correspondence: Dr. Murat Kaldirimei, Atatiirk University, Sports High Sch, Erzurum, Turkey
Phone: +90 532 779 88 07 E-mail: mkaldirimci@hotmail.com



Turk ) Rheumatol 2010; 25: 34-6

Kaldirimer M. 35

The Effect of Training on G6FD and Antioxidant Activities

The aim of the present study was to evaluate the
effects of regular long-term training on the erythrocyte
G6PD activity and antioxidant enzymatic activities in bas-
ketball players.

Materials and Methods

Subjects

This study was performed at the School of Physical
Training and Higher Sport Education in Erzurum, Turkey. 12
male basketball players of the second Turkish League (18-23
year, mean 20.6+2.4 years) and 11 sedentary age and sex
matched controls were included in the study. These players
were involved in sports as amateurs or professional for at
least two years. All subjects signed the informed consent to
participate in the study. Two groups were evaluated for age,
height, weight and duration of sport. Subjects were non-
smokers, and did not consume alcohol. Regular menu con-
sisted of a mixed diet of Turkish foods. None of the subjects
was following a special diet. Participants were excluded if
they were taking anabolic drugs, vitamins or other antioxi-
dants. The control subjects had a sedentary lifestyle and did
not practice any sport regularly. All individuals were deter-
mined as healthy based on history, clinical examination. A 12
week training program with 3 days per week was performed
for basketball players. This program consisted of warm up
(15 min) followed by a main part (20 to 35 min) at a work
intensity of 60% to 75% of peak heart rate and by a cool-
down period (10 min).

Blood Sampling

Venous blood samples were obtained from all subjects
in two groups and from basketball players after a 12-week
training program. After a 12 h overnight fast, venous blood
was drawn from the antecubital vein and was collected in
to vacutainer tubes with k3-EDTA as anticoagulant (1/10,L/L).
The samples centrifuged at 3000 xg for 15 min and plasma
was removed by a pasteur pipette.

Biochemical Measuments

By measuring the absorbance change per minute and by
using the molar extinction coefficient of NADPH, GPX activ-
ity was calculated and expressed as IU/L. GST activity was also
determined at 340 nm with 1, 2-dichloro-4- nitrobenzene as
substrate and expressed as IU/L. Biochemical evaluations
were carried out using a CECIL CE 3041, (Cambridge, UK)
spectrophotometer. We used the kinetic UV determination
in serum plasma and erythrocytes for in vitro diagnostic use
only, employing the haemoglobin (Hb) normalization proce-
dure invented and recommended by the manufacturer. The
selected kit offers a rapid quantitative measurement of
G6PD activity coupled to a simultaneous evaluation of the
haemoglobin content in the same sample, expressing results
in units/gram haemoglobin (U/g Hb).

Statistical analysis
The statistical analysis was performed by means of the
SPSS 11.0 for Windows program. Data were presented as

means+SD and independent samples t test was used to
analyse the data between two groups and p<0.05 was
considered as statistically significant.

Results

Demographic features as age, body mass index (BMI),
height, duration of sport and GPX,GST and G6PD activities
as indicators of antioxidant defence mechanism in basket-
ball players and non-sporting controls are shown in Table 1.
Both groups had similar age and BMI values and there was
no significant difference between groups. GPX, GST and
G6PD activities were significantly higher in basketball play-
ers than sedentary controls (p<0.05, p<0.05 and p<0.01
respectively). These values were significantly increased after
a 12 weekly training program (p<0.05, p<0.01, p<0.01,
respectively) (Table 2). A positive correlation was found
between G6PD activity and GPX, GST levels. G6PD activity
positively correlated with GPX (r=0.69, p<0.001) and GST
(r=0.71, p<0.001) levels.

Discussion

It is well known that regular physical exercise and sport
performance are beneficial. Several studies consistently
showed that physical exercise may induce oxidative stress
in both humans and experimental animals (5, 6). In recent
years, it was been documented that free oxygen radicals
induced by acute exercise were involved in damage to
muscles and other tissues. Increased levels of the products
of oxidative damage are observed in blood and tissues

Table 1. Demographic features and GPX, GST and G6PD
activities of basketball players and controls

Sportsmen Control
(meanzstandart (meanzstandart

deviation) deviation)
Age (years) 22.3+2.3 22.1+2.2
Height (cm) 184+5.07 173+4.62
BMI (kg/m?) 24.78+2.75 25.32+4.03
Duration Of sport (years) 5.6+1.4
G6PD (U/g Hb) 8.01+1.85 5.96+1.75**
GPX (IU/L) 4.69+1.16 3.68+1.05*
GST (IU/L) 6.41+£1.11 4.96+1.00**

*p<0.05, **p<0.01
BMI: body mass index, G6PD: glucose-6- phosphate dehydrogenase,
GPX: glutathione peroxidase, GST: glutathione s transferase

Table 2. G6PD, GPX and GST activities after a 12 week training
program

(meanzstandart deviation)

G6PD (U/g Hb) 11.4+1.80**
GPX (IU/L) 6.01+£1.69*
GST (IU/L) 8.94+1.74**

*p<0.05, **p<0.01
BMI: body mass index, G6PD: glucose-6- phosphate dehydrogenase,
GPX: glutathione peroxidase, GST: glutathione s transferase
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after acute exercise. This is apparently contradictory to the
beneficial effects of exercise (1, 4, 5, 7, 8). However, several
studies have shown that long-term regular exercise has a
protective effect on oxidative stress. It was been showed
that training reduces production of lipid peroxide products
and prevents oxidative damage in tissues by inducing the
antioxidant system in sports. Many studies have investi-
gated the relation between exercise and antioxidant
capacity. Antioxidant enzymes include superoxide dis-
mutase, glutathione peroxidise and catalase. The main
non-enzymatic antioxidants include glutathione, vitamins
A, E and C ubiquinone and flavonoids. Some of the anti-
oxidative enzymes such as GPX and GST have been most
commonly examined in exercise stress (1, 4, 7-9).

G6PD is the first enzyme in the pentose phosphate
pathway. Its most important function is to reduce nicotin-
amide adenine dinucleotide phosphate (NADP) to NADPH.
NADPH is required as a cofactor in the reduction of oxi-
dized glutathione (GSSH) to its reduced state (GSH) and for
the reduction of mixed disulfides of glutathione and cel-
lular proteins (6, 10). GSH is a source of protection against
oxidative attack, where it is used by the selenium-glutathi-
one peroxidase, system to detoxify hydrogen peroxide and
organic peroxides, provided that sufficient GSH is made
available (9). G6PD activity is closely related to the hydro-
gen peroxides as well as organic peroxides. It has been
suggested that G6PD activity is lowered by acute exercise
period (4, 6). But it is unclear whether G6PD activity
changed with a long-term regular training program.

In the present study, GPX and GST levels were signifi-
cantly higher in the basketball players than sedentary con-
trols before the training program, as found by other
authors. In addition, GPX, GST levels were significantly
increased in the players after a 12 week training program.
These findings are in agreement with the previously report-
ed studies. The erythrocyte G6PD activity was increased in
the players before training program. It was significantly
augmented after a 12 weekly aerobic training program.
Moreover, statistically significant positive correlations were
found between G6PD activity and GPX, GST levels.

Several studies have reported that a training program
increase the GPX and GST activities (3, 8, 9). Our results
were in accordance with the previously reported data
from several studies. In contrast, Schulpis at al. (6) report-
ed that G6PD activity was decreased by training probably
due to free radical action in acute exercise period. The
erythrocyte G6PD activity is closely related to free radical
production. The role of G6PD as a antioxidant enzyme
has been recognized in erythrocytes for a long time.
G6PD deficiency is one of the most, X-linked genetic dis-
ease affecting an estimated 400 million people world-
wide (11). The Mediterranean (3% residual G6PD activity)
and African (10-15% G6PD residual activity) forms do not
cause symptoms in otherwise healthy individuals.
However the deficient phenotype may manifest on intox-
ications or pathological challenges (6, 12).

It has been suggested that individuals undergoing
exercise training have high levels of antioxidant enzymes
and non enzymatic antioxidants, causing a greater resis-

tance to exercise- induced oxidative stress. These adapta-
tions may result from cumulative effects of repeated
exercise bouts on the gene expression of antioxidant
enzymes as on exercise- induced modulation of antioxi-
dant defence (13, 14). In conclusion we suggest that regu-
lar, long-term physical exercise cause adaptations in anti-
oxidant defences. However G6PD activity should be eval-
uated in the sports of Mediterranean and African origin
especially. Future studies would be needed to clarify the
association between exercise and G6PD activity.
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