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What is the Combined Effects of 
Ginkgo Biloba Extract (EGb761) and 
Acute Exhaustive Exercise on the 
Thiol-Disulfide Homeostasis in Rats?

Sıçanlardaki Tiyol-Disülfit Dengesi Üzerine Ginkgo 
Biloba Özü ve Akut Yorucu Egzersizin Birlikte 
Uygulanmasının Etkileri Nelerdir?

ABSTRACT

This study aimed to evaluate the alone and combined effects of ginkgo biloba extract (EGb761) 
and acute exhaustive exercise on thiol-disulfide homeostasis (TDH) in male rats. Four experimen-
tal groups were formed with total 32 rats. Animals in the control and exercise groups received 
2 mL/kg of 0.9% saline solution 5 days a week for 4 weeks, while the others in the ginkgo biloba 
and ginkgo biloba plus exercise groups received 100 mg/kg of EGb761 for the same duration.  At 
the end of this period, rats in groups E and GB+E were made to run on a treadmill at 25 m/min at 
5% incline until exhaustion. All plasma samples were evaluated for malondialdehyde (MDA) and 
nitric oxide (NO) levels, superoxide dismutase activity (SOD), and TDH. The findings of the study 
showed that exercise significantly increased MDA levels (P < .001) and SOD activity (P < .05) in 
group GB+E, while only MDA levels were decreased significantly (P < .05) in group GB. On the other 
hand, neither exercise nor EGb761 could affect the NO levels and the parameters related to TDH 
(P > .05). Although EGb761 can prevent oxidative stress by reducing MDA, its usage in exercise 
still needs to be further investigated, especially in terms of TDH that is a new important oxidative 
stress marker.
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ÖZ

Bu çalışma Ginkgo Biloba özü (EGB761)’nün ve akut yorucu egzersizin tek ve birlikte uygulanması-
nın ratlardaki tiyol-disülfit homeostazı (TDH) üzerine etkilerini değerlendirmeyi amaçladı. Toplam 
32 sıçan ile 4 deneysel grup oluşturuldu. Kontrol (C) ve egzersiz (E) gruplarındaki hayvanlara, 4 hafta 
boyunca haftada 5 gün 2 mL/kg %0.9 salin solüsyonu verilirken, Ginkgo Biloba (GB) ve Ginkgo 
Biloba artı Egzersiz (GB + E) gruplarındaki diğerlerine aynı süre zarfında 100 mg/kg EGB761 verildi. 
Bu dönemin sonunda, E ve GB+E gruplarındaki sıçanlar, %5 eğimde 25 m/dk hızda yoruluncaya 
kadar koşturuldu. Tüm plazma örnekleri malondyaldehit (MDA) ve nitrik oksit (NO) seviyeleri ve 
süperoksit dismutaz (SOD) aktivitesi ve TDH için değerlendirildi. Çalışmanın bulguları, egzersizin 
GB+E grubunda MDA seviyelerini (P < ,001) ve SOD aktivitesini (P < ,05) önemli ölçüde arttırırken, 
GB grubunda yalnızca MDA düzeylerinin önemli oranda azaldığını (P < ,05) göstermiştir. Öte yan-
dan, ne egzersiz ne de EGB761 uygulaması NO seviyesini ve TDH ile ilgili parametreleri etkilemiştir 
(P > ,05). EGB761, MDA’yı azaltarak oksidatif stresi önleyebilse de, egzersizdeki kullanımının, özel-
likle yeni bir oksidatif stres belirteci olan TDH açısından ilerde incelenmesi gerekmektir. 

Anahtar Kelimeler: Akut egzersiz, ginkgo biloba, oksidatif stres, tiyol-disülfür homeostaz

INTRODUCTION
Living organisms need nutrients such as carbohydrates, fats, and proteins to maintain their survival 
functions, in which energy stores are released by oxygen. Although oxygen is required for many physi-
ological functions in the body, those kinds of metabolic events may cause free radicals (FR) or reactive 
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oxygen species (ROS) formation, as oxygen is a common electron 
acceptor.1 Active oxygens derived from FR are also called oxidants 
which may change the structures or functions of molecules in the 
target cells, resulting in cell damage due to the disturbance in 
ribonucleic acid, deoxyribonucleic acid, and diverse enzymatic 
events.2 On the other hand, there are various antioxidants, a kind 
of defense system, that save the cells against the adverse effects 
of oxidants in the body, which are usually in the form of enzymatic 
antioxidants such as superoxide dismutase (SOD), catalase (CAT), 
and glutathione peroxidase (GPX) or non-enzymatic antioxidants 
such as some vitamins, minerals, and carotenoids. The impair-
ment of the oxidant–antioxidant balance is considered oxidative 
stress (OS).3,4

Thiols, which contain alcohol-derived sulfhydryl groups con-
nected to carbon atoms, are a pool of organic molecules consist-
ing of albumin and protein thiols and other low-molecular-weight 
thiols like glutathione, cysteine, and homocysteine.5 They play 
an antioxidative role in order to preserve the organism from the 
harmful effects of oxidants. In the case of OS, these compounds 
are oxidized via oxidants to covalent disulfide bonds. These 
reversible bonds may be reduced back to thiols. Therefore, there 
is dynamic thiol-disulfide homeostasis (TDH) between them, 
which indicates the oxidative status.6 Recently, a novel method 
developed by Erel and Neselioglu7 is commonly used to measure 
TDH colorimetrically.

During exercise, the production of FR and ROS is increased in the 
skeletal muscle due to enhanced physical activity and oxygen 
consumption.8 Although it is necessary for many kinds of cellular 
metabolism and functions such as signaling, gene expression, 
ion transportation, or apoptosis, large amounts of ROS produc-
tion may lead to adverse effects on lipids, proteins, nucleotides, 
and many other cellular molecules.9 It has been confirmed that 
exercise leads to OS in the body, depending on the exercise 
type, duration, or intensity.10 Liu, Zhou11 showed that ROS level 
in plantaris muscles of adult rats was increased following acute 
exhaustive treadmill exercise. It may also increase malondialde-
hyde (MDA) levels in serum and several other tissues.4,12-14 Exer-
cise may also be reported to affect the plasma TDH in rodents15,16 
and humans in few studies.17 Furthermore, it has been reported 
in some experimental studies that irregular acute exhaustive 
exercise reduced the antioxidant activities of serum GPX, Taysi, 
Oztasan,4 heart SOD, GRD, and GPX,18 and kidney SOD and NOS13 
in rats.

Ginkgo biloba is a well-known aboriginal tree in China. It has been 
used in traditional medicine for thousand years due to its ben-
eficial effects on health. The standardized leaf extract of ginkgo 
biloba (EGb761) is also commonly used worldwide for its anti-
oxidative, anti-inflammatory, and immune-modulatory features, 
as well as for its low cost and negligible side effects.19,20 Ginkgo 
biloba extract acts as antioxidant by 2 mechanism: one of them 
is directly scavenging FR and the other is indirectly preventing 
FR formation. While EGb761 can scavenge many ROS, it can also 
increase the activities of different antioxidants such as SOD, CAT, 
and GPX.21 Atashak22 demonstrated that although acute aerobic 
exercise increased MDA levels thus resulting in OS, short-term 
EGb761 supplementation could decrease the exercise-induced 
OS by increasing total antioxidant capacity in inactive women. 
It has been also reported that treatment with EGb761 to physi-
cally active men during exercise increased blood non-enzymatic 
antioxidant capacity and aerobic performance.23 On the other 

hand, Wang, Zhou31 reported that there are no favorable effects 
between exercised and exercise plus EGb761 supplemented 
patients with peripheral arterial disease. In addition, Sadeghine-
jad, Soltani25 have suggested consuming EGb761 with caution in 
young athletes due to the reducing effects on neurotrophins in 
the brain and capacities of learning and memory in exercised rats. 
There are many other studies investigating its relationship to 
neural, cardiovascular, or behavioral systems.25-27 However, there 
are still limited data on the effects of EGb761 on OS status in 
exercise. Therefore, the current study was designed to investigate 
the effects of EGb761 on OS in terms of TDH in acutely exhaustive 
exercised rats.

MATERIAL AND METHODS
The protocol of this study was approved by the Local Ethical Com-
mittee of Kırıkkale University (Date: March 27, 2020, Decision no: 
2020/02-11). A total of 32 male Wistar Albino rats (2-3 months 
old) were purchased from the Gulhane Laboratory Laboratory 
 Animals Production and Research Center, Ankara, Turkey, and 
were housed in a plastic standard cage at temperature between 
22°C and 25°C and humidity between 55% and 60% with 12 hours 
: 12 hours light–dark cycle. All the animals were fed with standard 
dry pellet rat food and water ad libitum throughout the study. Fol-
lowing 2 weeks of acclimation before the experiments, rats were 
randomly divided into 4 groups: control (C), ginkgo biloba (GB), 
exercise (E), and ginkgo biloba + exercise (GB+E) with 8 rats in each 
group.

The standardized ginkgo biloba (EGb761) tablets (Tebokan intens, 
Abdi İbrahim, Turkey) were crushed and dissolved in 0.9% saline 
solution (SS) at the concentration of 100 mg/2 mL via vortex. 
The rats of groups C and E were orally gavaged 2 mL kg/body 
weight (b.w.) of 0.9% SS for 5 days/week for 4 weeks, while the 
rats of groups GB and GB+E were orally gavaged 100 mg kg/b.w. 
EGb761 in 2 mL of 0.9% SS for the same duration. All the applica-
tions were performed between 09:00 am and 12:00 pm during the 
experiment.

Acute exhaustive exercise (AEE) for rats was set up according 
to our previous protocol.28 The animals in groups E and GB+E 
were familiarized with the 5-lane rodent treadmill (MAY, TME 
0805, Missouri, USA) by completing 10-minute running sets for 
3 days a week during the drug administration period (4 weeks). 
For this purpose, rats were run 10, 15, 20, and 25 min/day for 3 
days in the first, second, third, and fourth weeks, respectively. 
While rats were running at the speed of 25 m/min and 5% incline 
under the induction of electrical shock, they were considered 
exhausted in case if it touches the electrified grid at the back 
side of treadmill 5 times within 2 minutes.14 The exhaustion 
time for the exercised rats was recorded and it varied between 
70 and 127 minutes. The rats in the C and GB groups were not 
forced to exercise. They only received drugs (0.9% SS or EGb761, 
respectively) and were put in cages with the standard condi-
tions until surgery.

On the last day of the experiment, all the rats in the exer-
cised groups (E and GB+E) and unexercised groups (C and GB) 
were killed by cardiac puncture following the ketamine/xylazine 
(90/10 mg/kg) anesthesia and whole blood was collected. Blood 
samples collected into heparinized tubes were centrifuged at 
3000 rpm at 4°C for 10 minutes to obtain plasma which was 
used for further biochemical analysis. In the plasma samples, 
MDA levels were measured according to the protocol of Buege 
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and Aust29 and nitric oxide (NO) levels were determined by the 
method of Miranda, Espey24 with some modification, while SOD 
levels in plasma were detected using commercial assay kit (Rel 
Assay Diagnostic kits, Gaziantep, Turkey) according to the manu-
facturer’s guidelines. 

Furthermore, TDH in plasma samples was analyzed by a new 
colorimetric method established by Erel and Neselioglu.7 In 
brief, total thiol (TT) and native thiol (NT) levels of plasma sam-
ples were determined spect ropho tomet rical ly via auto-analyzer 
(Mindray BS400, Shenzhen, China). Firstly, NT groups were mea-
sured by an Ellman’s reagent. Secondly, dynamic disulfide (DD) 
bonds in the plasma were reduced by using sodium borohydride 
(NaBH4) to form the free functional thiol groups that provide the 
TT level together with NT. Total thiol levels were measured by 
the reaction of 5,5′- dithi obis- 2-nit roben zoic acid (DTNB). Then, 
residuals of reductant NaBH4 were consumed and removed 
completely by formaldehyde to stop extra-reduction of DTNB 
and further reduction of disulfide bonds formed after the DTNB 
reaction. The concentration of DD bonds was calculated as half 
of the difference obtained by subtracting NT from TT, since the 
reduction of a disulfide bond generates 2 distinct thiol groups. 
Additionally, the percent ratios of DD/TT, DD/NT, and NT/TT were 
calculated by using previously measured amounts of TT, NT, and 
disulfide.

Statistical Analyses
All the data obtained from the present study were expressed as 
mean ± standard error of mean (x̄ ± SEM). Descriptive and sta-
tistical analyses of the results were performed using Statistical 
Package for the Social Sciences version 18.0 (SPSS Inc., Chicago, 
Ill, USA) package program for Windows. 

The normality of all data was checked by Shapiro–Wilk test. The 
exhaustion times of the rats in groups E and GB+E were compared 
using Student’s t-test. One-way analysis of variance (ANOVA) was 
used for the statistical analysis of normally distributed data of 
the OS parameters obtained from all experimental groups, while 
Kruskal–Wallis test was performed for nonparametric data. Mul-
tiple comparisons between groups were performed with Dun-
can test. P values less than .05 were considered statistically 
significant.

RESULTS
The rats in groups E and GB+E were run at the speed of 25 m/min 
at 5% incline until exhaustion. The exhaustion times were 101.3 ± 
5.5 and 101.9 ± 20.3 minutes for groups E and GB+E, respec-
tively, and were not significantly different between acute exercise 
groups (P > .05), according to statistical analysis.

Acute exhaustive exercise significantly increased the plasma MDA 
levels of rats in group E compared to group C (P < .001). Although 
the animals in group GB have the lowest level of MDA which is 
significantly different from other experimental groups (P < .001), 
supplemental EGb761 to exercised rats in the group GB+E did not 
decrease MDA levels which were statistically similar level with 
group E (P > .05) but significantly higher than that of groups C 
and GB (P < .001). Plasma NO levels of animals in each group 
were not affected by exercise or EGb761 treatment (P > .05). The 
lowest SOD activity was measured in the group C which was sta-
tistically similar to group GB, while the highest SOD activity was 
measured in group GB+E that was not different from the group E 
but was significantly (P < .05) higher compared to groups C and 
GB (Table 1).

After the measurement of TDH parameters via new colorimetric 
method, the ratios of DD/TT (%), DD/NT (%), and NT/TT (%) were 
calculated using the previously measured TDH parameters. Non-
parametric data of DD and DD/TT (%) were analyzed using Kur-
skal–Wallis test, while ANOVA was used for parametric data of TT, 
NT, DD/NT (%), and NT/TT (%) of all groups. 

As shown in Table 2, there were no statistical differences in the 
parameters of TDH between the groups (P > .05). Lowest con-
centration of DD indicates that the OS was in group C, and high-
est concentration of DD was in group E; however, the differences 
among them were not significant (P > .05). There were also 
non-significant (P > .05) alterations in the ratios of DD/TT and 
DD/NT, and NT/TT, which were highest in group E and group C, 
respectively.

DISCUSSION
During the last few decades, exercise has been recommended to 
save people from health problems caused by an increasing inac-
tive lifestyle along with the technological and other industrial 
developments that make life easier. However, excessive exercise 
may lead to harmful effects on health status such as OS. This 
study sought to investigate the effects of EGb761 administra-
tion on plasma OS status, especially in terms of TDH in rats with 
acutely exhaustive exercise.

In the present study, there was no statistical significance between 
exhaustion times of exercised groups (E and GB+E). Our results 
were highly in agreement with the findings of the study con-
ducted on rats by Acikgoz, Aksu.30 Similarly, Liu, Yeo14 showed that 
exhaustion times varied, ranging from 20 to 110 minutes for acute 
running exercise in rats. Moreover, the administration of EGb761 
in this study did not extend the exhaustion times of rats in group 
GB+E. Wang, Zhou31 have also reported that ginkgo biloba treat-
ment in the exercise training group did not prove more favorable 
effects compared to the group that exercised alone.

It has been well defined in many studies that moderate exercise 
can maintain a healthy oxidant status by increasing antioxidant 
activity and even overproduction of ROS. This situation can easily 

Table 1. Plasma Oxidant and Antioxidant Levels in Ginkgo Biloba Treated and 
Exercised Rats

Group C
(n = 8)

Group GB
(n = 8)

Group E
(n = 8)

Group GB+E 
(n = 8)

P x̄ ± SE x̄ ± SE x̄ ± SE x̄ ± SE

MDA (μmol/L) 1.41 ± 0.08b 0.54 ± 0.16c 1.91 ± 0.14 a 1.86 ± 0.19a <.001

NO (μmol/L) 19.53 ± 1.23 17.06 ± 1.39 22.02 ± 1.97 20.94 ± 0.87 >.05

SOD (U/mL) 138.63 ± 66.20b 144.71 ± 54.70b 159.13 ± 56.26a 161.75 ± 57.19a <.05

MDA, malondialdehyde; NO, nitric oxide; SOD, superoxide dismutase; x̄, mean; SE, standard error of mean.

Table 2. Plasma Thiol-Disulfide Homeostasis Parameters in Ginkgo Biloba Treated 
and Exercised Rats

Group C
(n = 8)

Group GB
(n = 8)

Group E
(n = 8)

Group GB+E 
(n = 8)

Px̄ ± SE x̄ ± SE x̄ ± SE x̄ ± SE

TT (µmol/L) 247.43 ± 93.52 249.43 ± 94.28 225.75 ± 79.81 238.00 ± 84.15 >.05

NT (µmol/L) 150.71 ± 56.96 137.17 ± 52.05 101.00 ± 35.71 128.1 3± 45.30 >.05

DD (µmol/L) 48.36 ± 18.28 55.85 ± 21.11 62.38 ± 22.05 54.94 ± 19.42 >.05

DD/TT (%) 33.23 ± 12.56 42.48 ± 16.06 83.70 ± 29.59 51.26 ± 18.12 >.05

DD/NT (%) 19.63 ± 7.42 21.76 ± 8.22 26.56 ± 9.39 23.52 ± 8.32 >.05

NT/TT (%) 60.75 ± 22.96 56.48 ± 21.35 46.87 ± 16.57 52.96 ± 18.73 >.05

DD, dynamic disulfide; NT, native thiol; SE, standard error of mean; TT, total thiol; x̄, mean.
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be affected by the time, duration, or intensity of exercise. Kaya-
can, Cetinkaya15 have reported that moderate-intensity exercise 
is more effective in reducing OS than low- and high-intensity 
exercise. In another study, although low- and high-intensity exer-
cise could not change the plasma protein carbonyl (PC) and total 
antioxidant capacity (TAC), incremental exercise significantly 
increased PC and TAC levels in the plasma.32 However, acute or 
intensive exercise leads to excessive ROS production over the 
balancing capacity of antioxidant systems in the body, which 
results in OS. According to findings of this study on plasma OS 
biomarkers, AEE markedly (P < .001) increased MDA levels of 
rats in group E. Similar results have been reported in some pre-
vious studies that acute exhaustive treadmill exercise set for 
18-35 m/min at 0%-20% incline range enhanced the MDA levels 
in the serum,12 kidney,13 and liver4,14 tissues of adult rats. On the 
other hand, Gul, Demircan18 showed that cardiac MDA levels did 
not change after AEE on the treadmill for 35 m/min at 10% incline. 
In addition, it has been reported in rats that there were no statisti-
cal differences in thiobarbituric acid reactive substances (TBARS) 
levels of plasma32 and different parts of brain30 between C and E 
groups. These reports are contradictory to previous reports that 
oxygen consumption and ROS production are increased during 
acute exercise, in which lipid peroxidation occurs with elevated 
MDA levels.10,33,34 Interestingly, administration of EGb761 to rats in 
group GB+E could not reduce the increased MDA levels by exer-
cise, while the lowest level of MDA was observed in group GB in 
this study. In addition, although it has been reported that strenu-
ous exercise or EGb761 application increased the release of NO 
and inhibited the degradation of NO in blood endothelium35 or 
liver, spleen, and bone marrow cells,36 exercise, EGb761 treat-
ment, or combination of them did not affect the plasma NO level 
of rats in each group of present study. 

Ginkgo biloba is a native tree whose leaves are used in traditional 
health therapy for years in China and even all over the world.19,37 
It belongs to herbal supplements with rich polyphenols such as 
quercetin, hesperidin, and epiga lloca techi n-3-g allat e, and its 
major active ingredients are flavonoids and terpenoids.23 These 
phenolic supplements are able to improve antioxidant defense 
system while reducing ROS production.38 It has been reported 
that quercetin attenuated exercise-induced OS by decreas-
ing MDA level and increasing antioxidant enzyme activities.39,40 
Estruel-Amades, Massot-Cladera38 also showed that hesperidin, 
another flavanone glycoside, inhibited an increase in ROS pro-
duction and a decrease in SOD or CAT activities resulting from 
exhausting exercise in intensively trained rats. Previous studies 
have revealed that standardized EGb761 decreased MDA lev-
els in rat brain and mice liver with endurance exercise.37 EGb761 
was also used for its antioxidative properties, which were able to 
increase the activities of SOD, CAT, GPX, and glutathione reduc-
tase (GR) in several regions of rat brain.41,42 Zhou, Yu20 showed 
that EGb761 application reduced the elevated MDA levels and 
increased SOD activity in colitis-induced rats. It has also sup-
pressed the doxorubicin-induced toxicity in rat testes by decreas-
ing lipid peroxidation and increasing SOD and GPX activities and/
or glutathione level.43 However, exercise and EGb761 treatment 
plus exercise significantly increased the plasma SOD activity 
in rats compared to sedentary group rather than the usage of 
EGb761 alone in the present study. These findings are compatible 
with the results of Bing and Zhaobao’s37 study, in which endur-
ance exercise and EGb761 administration increased SOD activity 

in mice liver. Moreover, treatment of mice with lemon peel flavo-
noids enhanced the activities of SOD and CAT and reduced MDA 
levels induced by acute exhaustive swimming exercise.44 On the 
other hand, in another study, 6-week EGb761 supplementation 
and exercise did not change the enzymatic antioxidant capacities 
of SOD, CAT, and GR in volunteers, except for GPX activity which 
was decreased after 1 hour of second trial.23 As understood above, 
even though the antioxidative effects of EGb761 were well defined 
in many cases such as disorders and toxicities, its usage during 
exercise remains unclear.

Thiols, which serve as non-enzymatic antioxidants in the plasma, 
reversibly transform disulfides by oxidation via oxidants. Thiol-
disulfide homeostasis, as a novel biomarker, gives information 
about exogenous and endogenous-induced OS in the biologic 
systems.6,45 According to our findings, the concentrations of TT 
and NT were significantly lower in the exercise group than in the 
other groups. In addition, EGb761 treatment did not cause statis-
tical changes in the concentrations of neither TT nor NT in group 
GB+E. Although it is not significant, DD concentration and DD/
TT and DD/NT percentage ratios were highest in group E accord-
ing to other groups in this study, which indicate that acute exer-
cise may induce OS. The administration of EGb761 was able to 
slightly decrease disulfide-related parameters in group GB+E. 
Studies on the alterations of TDH in exercise are very limited, and 
the present studies in the literature offer contradictory reports. 
For example, Kayacan, Yazar16 have indicated that 10-week exer-
cise, a kind of regular exercise, did not change the TT and DD 
concentrations and percentages of reduced thiol, oxidized thiol, 
and thiol oxidation–reduction, except NT concentration in rats. It 
has also been reported that 60-min walking exercise applied to 
obese individuals for 12 weeks did not affect any parameters of 
thiol-disulfide.17 In contrast, Gol, Özkaya46 have revealed that thiol 
and disulfide levels were markedly increased in people with regu-
lar exercise compared to sedentary. In another study conducted 
on rats, unlike low- and high-intensity exercise, only medium-
intensity exercise decreased the TT and DD concentrations.15 
In the present study, the differences seen in all the measured 
parameters related to TDH, which is the premarker of radical-
mediated protein oxidation, with AEE and/or EGb761 treatment 
were not statistically significant compared to control group. This 
likely resulted from the protocol of applied exercise not leading to 
protein oxidation to affect the TDH. Our previous findings28 may 
support this inference, in which albumin and total protein lev-
els were not altered by AEE, while glucose and triglyceride were 
decreased.

In this study, we have demonstrated that AEE increased the MDA 
level and SOD activity in rats. In addition, although the usage of 
EGb761 significantly decreased MDA levels compared to other 
groups, EGb761 combined with exercise significantly enhanced 
the concentration of MDA and SOD activity in group GB+E. How-
ever, neither exercise nor EGb761 and their combination altered 
the values of NO and the other parameters related to TDH. 

There is no doubt that acute, intense, or irregular exercise may 
lead to OS, and TDH plays an important role in the regulation of 
OS by enzymatic reactions, antioxidant systems, detoxification, 
or apoptosis.45 Additionally, EGb761 has antioxidative effects and 
other beneficial properties. However, further experimental stud-
ies are still required to elucidate how TDH changes after exercise 
and possible protective effects of EGb761 on exercise-induced OS.
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