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This study was aimed to investigate the effect of Gingko biloba extract (EGb761) on hematobiochemical parameters following acute treadmill exercise in rats. Thirty-two male rats were divided
into four groups with equal number of rats. The animals of control and exercise groups orally
received 2 cc/kg bw 0.9% saline while EGb761 and EGb761+exercise groups received 100 mg/kg
bw EGb761 by oral gavage for 5 days/week for 4 weeks. On the last day of experiment, the
animals of the exercise groups were promoted to acute exhaustive exercise, and blood samples
were collected by intracardiac puncture from all rats. Following the hematological analysis, plasma
samples were separated for biochemical analysis. The results showed that exercise, EGb761
supplementation or both did not lead to alteration on red blood cells (RBC), packed cell volume
(PCV), hemoglobin (HGB), mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) (P>0.05). However, acute exhaustive exercise reduced mean
corpuscular cell volume (MCV) in rats while increased red cell distribution width (RDW) (P<0.05). In
addition, plasma alanine aminotransferase (ALT) activity, total cholesterol, and total protein levels
did not change in any group (P>0.05), and alkaline phosphatase (ALP) activity was significantly
increased in exercise groups while glucose and triglyceride levels were decreased (P<0.05). In
conclusion, our results showed that acute exhaustive exercise affected MCV and RDW values,
plasma ALP activity, glucose, and triglyceride levels. Gingko biloba extract supplementation
ameliorated only the exercise-induced changes in ALP activity and RDW value. Therefore, it is
suggested that the effects of usage after exercise or different doses of EGb761 should be
investigated in the future comprehensive studies.
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Sıçanlarda Gingko Biloba ekstresi (EGb761) takviyesinin akut koşu bandı
egzersizi sonrası hemato-biyokimyasal parametreler üzerine etkisi
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Bu çalışmanın amacı, sıçanlarda Gingko Biloba ekstresi (EGb761) takviyesinin akut koşu bandı
egzersizi sonrası hemato-biyokimyasal parametreler üzerine etkisini araştırmaktadır. Otuz iki erkek
sıçan, eşit sayıda sıçanla dört gruba ayrıldı. Kontrol ve egzersiz gruplarının hayvanlarına 4 hafta
boyunca 5 gün/hafta oral yolla 2 cc/kg va %0.9’luk serum fizyolojik verilirken, EGb761 ve
EGb761+egzersiz gruplarına, 100 mg/kg va EGb761 oral gavaj ile verildi. Denemenin son
gününde, egzersiz gruplarının hayvanlarına akut yorucu egzersiz yaptırıldı ve tüm hayvanlardan
kalp içinden kan örnekleri toplandı. Hematolojik analizin ardından, biyokimyasal analiz için plazma
örnekleri ayrıldı. Sonuçlar, egzersizin, EGb761 takviyesinin veya her ikisinin eritrosit (RBC),
hematokrit (PCV), hemoglobin (HGB), ortalama alyuvar hemoglobini (MCH) ve ortalama alyuvar
hemoglobin konsantrasyonu (MCHC)’yi değiştirmediğini gösterdi (P> 0.05). Bununla birlikte, akut
yorucu egzersiz sıçanlarda, alyuvar dağılım genişliği (RDW)’yi artırırken ortalama alyuvar çapı
(MCV)'yi azalttı (P<0.05). Ayrıca, plazma alanin aminotransferaz (ALT) aktivitesi, toplam kolesterol
ve toplam protein seviyeleri hiçbir grupta değişmedi (P>0.05) ve alkalin fosfataz (ALP) aktivitesi,
egzersiz gruplarında anlamlı olarak artarken, glikoz ve trigliserit seviyeleri azaldı (P<0.05). Sonuç
olarak, bulgularımız akut yorucu egzersizin MCV ve RDW değerlerini, plazma ALP aktivitesini,
glukozu ve trigliserit seviyelerini etkilediğini gösterdi. Gingko Biloba ekstresi takviyesi, yalnızca ALP
aktivitesindeki ve RDW değerindeki egzersiz kaynaklı değişiklikleri iyileştirdi. Bu nedenle,
EGB761'in egzersiz sonrası kullanımının veya farklı dozlarının etkilerinin ilerde yapılacak kapsamlı
çalışmalarda incelenmesi önerilmektedi.
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Introduction
In the last few decades, sport has become a major social event among the people,
so the exercise has been an attractive issue for the scientists who studied its effects in
terms of various aspects in many studies conducted on human and animals (1, 2).
Although regular physical exercises have beneficial effects on the health of organs such
as heart, liver, bone, muscle, and brain in terms of reducing risk of coronary heart
disease, osteoporosis, diabetes mellitus and cancer, or increasing learning, memory,
neurogenesis, and production of neurotrophic factors, the acute exercises may lead to
*
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damages in these organs. Therefore, the type, intensity
and duration of exercise may affect the physiological,
hematological, and biochemical parameters in the body
(3, 4).
Exercise leads to several physiological changes in
response to homeostatic imbalances. For example,
exercise stimulates acute polycythemia and increases
hematocrit because of the increased oxygen demands,
metabolic stress, alterations in fluid compartments, and
leukocytosis (5, 6). It was reported that exercise caused
anemia in humans (7) while increased of RBC and PCV
in horses during the first stages of the race (8). Wu et al.
(9) showed that a 24-h ultramarathon race increased
leukocytes and thrombocytes. Exercise can also alter
biochemical components of blood: exhaustive exercise
considerably
increased
blood
creatinine,
total
cholesterol, and HDL-cholesterol in athletes (10). Serum
ALP activity in young dogs was increased post treadmill
exercise (11) and the activities of creatinine kinase (CK),
lactate dehydrogenase (LDH) and liver related enzymes
in the serum were increased in male Wistar rats
following running exercise (12).
Ginkgo biloba is a native tree originated from
China, and the standardized leaves extract of Gingko
biloba (EGb761) has a common usage of worldwide as
an herbal medicine due to its health-promoting
properties (13, 14). Antioxidative effect of EGB761 is a
well-known property of it which is able to scavenge free
radicals and prevent lipid peroxidation. It has also antiinflammatory and modulatory effects on immune
response, and vasodilative and platelet inhibition activity
(15-17). Due to these features, EGb761 is used to
improve cognitive functions and care the symptoms of
eye, heart and Alzheimer’s diseases, vascular dementia,
vertigo, chronic cerebral insufficiency, and peripheral
vascular disorders, and accidents including brain
trauma, and tinnitus of vascular origin (18, 19).
According to literature, EGb761 is mainly studied in
terms of neurobehavioral, vascular and antioxidative
effects in many previous investigations. However, there
are still limited research related to its effects on the
exercise metabolism (20, 21). Therefore, this study was
designed to investigate the effects of EGb761
supplementation on hemato-biochemical parameters
following acute exhaustive treadmill exercise in male
rats.
Material and Methods
Research and Publication Ethics: This study was
conducted with the approval of Local Ethical Committee
of Kırıkkale University with the document number of
2020/02 – 27.03.2020.
Animals: Thirty-two male Wistar Albino rats at the
age of 2-3 months old were obtained from Gülhane
Laboratory Animals Production and Research Center,
Ankara, Turkey. The animals were housed in plastic
cages (four rats/cage) at a controlled room temperature
(22-25 °C) and 55-60 % humidity with 12:12-h light-dark
cycle in Kırıkkale University Hüseyin AYTEMIZ
Experimental Research and Application Center. They
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were fed with commercial standard dry pellet rat food
and water ad libitum during the study and acclimated for
two weeks before experiment. Afterwards, they were
randomly divided into four groups within the equal
number of rats as control, EGb761, exercise, and
EGb761+exercise.
Experimental design: The experimental design of
the present study was approved by the Local Ethical
Committee of Kırıkkale University with the document
number of 2020/02-11. Before the treatment, EGb761
tablets (Tebokan intens, Abdi İbrahim, Turkey) after
crushing were dissolved in 0.9% saline solution as 100
mg/2 cc by vortex. The animals of the control groups
were received only 2 cc/kg-body weight (b.w.) 0.9%
saline solution by oral gavage for 4 weeks (5 days/week)
and not applied exercise. The exercise group was also
received 0.9% saline solution like control groups and
applied acute exhaustive exercise protocol. The EGb761
and EGb761+exercise groups were orally administered
with 100 mg/kg-b.w. via gavage. EGb761 in 2 cc 0.9%
saline solution for 5 days in a week for 4 weeks, and the
latter were applied exercise protocol as well. All the
treatments were carried out at 09:00-12:00 am during
the investigation.
Exercise Protocol: The acute exhaustive exercise
protocol was performed as described by Fei-Wei et al.
(22) with some modifications. In brief, all rats of exercise
and EGb761+exercise groups were underwent an
exercise program on a rodent treadmill (MAY, TME
0805, USA) for 4 weeks. Before the exhaustive exercise
they were familiarized with 10-min exercise per day for 3
st
days in a week by the following speeds: 10 m/min in 1
sd
rd
week, 15 m/min in 2 week, 20 m/min in 3 week, and
th
25 m/min in 4 week. On the last day of the experiment,
these rats were ran at 25 m/min and 5% grade until
exhaustion. The animals were forced to run by lowvoltage electrical shock in order to motivate them and
create an acute exhaustive exercise. The criterion for
exhaustion was determined as the touching of animal to
the electrified grid at the rear of the treadmill five times
within 2 min (23).
Sample Collection and Measurements: The
animals of control and EGb761 groups were
anesthetized with an intraperitoneal (i.p.) injection of 90
mg/kg ketamine plus 10 mg/kg xylazine at the last day of
the experiment while the rats of the exercise and
EGb761+exercise groups were anesthetized with the
same method after exhaustive exercise. Blood samples
were collected into the K3EDTA and heparinized test
tubes for hematological and biochemical analysis,
respectively, via cardiac puncture after thoracotomy. The
former samples were immediately analyzed for RBC,
PCV, HGB, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and red cell
distribution width (RDW) using auto hematology analyzer
(Mindray BC-6800, China). The latter samples were
centrifuged at 3000 rpm at 4 °C for 10 min to isolate
plasma. The plasma samples were then analyzed for
alkaline phosphatase (ALP), alanine aminotransferase
(ALT), glucose, total cholesterol, triglyceride, and total
99
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Table 1. Changes in selected hematological parameters in control and experimental groups

RBC (×106/μL)
PCV (%)
HGB (g/dL)
MCV (fL)
MCH (pg)
MCHC (%)
RDW (%)
a,b,c

Control
(n=8)
Mean ± SEM
6,75 ± 0.13
41.28 ± 0.72
12.59 ± 0.43
61.15 ± 0.52 ab
18.56 ± 0.41
30.35 ± 0.62
13.19 ± 0.23b

Gingko
(n=8)
Mean ± SEM
6.72 ± 0.49
41.75 ± 3.09
12.47 ± 0.74
62.10 ± 0.58 a
18.72 ± 0.81
30.15 ± 1.38
13.75 ± 0.21ab

Exercise
(n=8)
Mean ± SEM
7.27 ± 0.35
42.88 ± 2.14
13.78 ± 0.65
58.98 ± 0.85bc
18.98 ± 0.24
32.19 ± 0.19
14.21 ± 0.29 a

Gingko + Exercise
(n=8)
Mean ± SEM
7.25 ± 0.10
42.33 ± 0.60
13.85 ± 0.26
58.39 ± 0.35 c
19.11 ± 0.18
32.74 ± 0.29
13.78 ± 0.14ab

P Value
>0.05
>0.05
>0.05
<0.05
>0.05
>0.05
<0.05

: Different letters in the same row are represented statistically significant which is considered P<0.05. SEM: standard error mean.

Table 2. Changes in selected biochemical parameters in control and experimental groups

Variables
ALP (U/L)
ALT (U/L)
Glucose (mg/dL)
Total Cholesterol (mg/dL)
Triglyceride (mg/dL)
Total Protein (g/dL)

Control
(n=8)
Mean ± SEM
285.86 ± 13.60 b
71.86
±
5.28
256.00 ± 25.37 a
52.14
±
4.53
60.71
± 7.39 a
5.40
±
0.19

Gingko
(n=8)
Mean ±
SEM
336.29 ± 27.77 ab
63.14
±
9.14
214.43 ± 18.35 ab
53.43
±
4.35
55.00
± 6.14 a
5.30
±
0.30

Exercise
(n=8)
Mean ±
SEM
380.37 ±
16.77 a
73.00 ±
6.08
136.38 ±
11.98 c
53.88 ±
3.34
35.13 ±
2.28 b
5.69
±
0.06

Gingko + Exercise
(n=8)
Mean ±
SEM
292.00 ±
8.28 b
70.00 ±
10.39
162.25 ± 10.82 bc
46.38 ±
2.46
32.88 ±
3.44 b
5.46
±
0.12

P Value
<0.01
>0.05
<0.05
>0.05
<0.05
>0.05

a,b,c

: Different letters in the same row are represented statistically significant which is considered P<0.05 and P<0.01. SEM: standard
error mean.

protein with auto biochemistry analyzer (Mindray BS2000, China) for biochemical evaluation.
Statistical Analysis: Descriptive analysis and
normality tests of all data obtained from each group were
performed with SPSS 18.0 package program for
Windows. Results were presented as mean ± standard
error mean (SEM), and compared using One-way
analysis of variance (ANOVA), following post-hoc Tukey
test in order to determine the difference between groups
(22). The lower P value than 0.05 was considered as
statistically significant.

groups (P<0.05). It was also high level in the EGb761
group but not different from other groups (P>0.05). The
level of glucose was statistically decreased by the
exercise compared to control group (P<0.05). It was
slightly increased after EGb761 supplementation in
EGb761+exercise group, but still similar with exercise
(P>0.05), and different from control groups (P<0.05).
Plasma triglyceride levels were statistically higher in
non-exercised groups (control and EGb761 groups) than
that of exercised groups (exercise and EGb761 +
exercise groups, P<0.05).
Discussion

Results
The hematological findings presented in Table 1
showed that the measured values of RBC, PCV, HGB,
MCH, and MCHC did not change statistically between
the experimental groups (P>0.05). The statistically
similar values of MCV in control and EGb761 group
which has highest level of it were significantly (P<0.05)
higher than that of exercise and EGb761+exercise
groups which has the lowest level of MCV. As shown in
the same table, acute exhaustive exercise resulted in
increased RDW values in rats significantly (P<0.05).
However, EGb761 supplementation caused it to
decrease to similar level within the other groups.

Exercise is recommended for a healthy life
because of its health-promoting effects. However, unlike
the regular and long-term exercise, acute and especially
exhaustive exercise may lead to damages in several
organs such as heart, liver, brain, and muscle as well as
physiological alterations in response to homeostatic
imbalances (2, 3). The EGb761 supplment is widley
used throughout the world due to its antioxidative
effects. However, there are still limited research related
to its effects on blood hematology and biochemistry
during the exercise. Therefore, it was studied the effects
of EGb761 on hemato-biochemical parameters following
acute exhaustive treadmill exercise in male rats.

According to biochemical analysis showed in Table
2, there was no significant changes in ALT activity, and
total cholesterol and total protein levels between the
compared groups (P>0.05). On the other hand, ALP
activity was significantly higher in the exercise group
compared to control (P<0.01) and EGb761+exercise

As presented in Table 1, hematological findings of
this
study
showed
that
exercise,
EGb761
supplementation or both did not lead to alteration on
RBC, PCV, HGB, MCH, and MCHC. However, acute
exhaustive exercise reduced MCV value in rats while
increased RDW value. Similarly, Wu et al. (9) showed
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that a 24-h ultramarathon race did not change the blood
levels of RBC, HCT, HGB, MCV, MCH, and MCHC. In
addition, similar levels of RBC (24), PCV (24, 25), HGB
(25), MCH (26), and MCHC (25, 26) were reported after
acute exercises in human and animals. On the other
hand, acute exhaustive swimming exercise decreased
the amounts of RBC, PCV, and HGB in male rats (26,
27). Dzhelebov et al. (1) have also reported that
exhaustive exercise was decreased RBC, HGB, MCH,
and MCHC values in dogs unlike MCV value which was
elevated right after the exercise. Contrary to this, Koc et
al. (25) have demonstrated that RBC counts were
increased in handball player after acute exhaustive
exercise whereas MCV and MCH values were
decreased. Although not significantly, the levels of RBC,
PCV, and HGB in exercised rats slightly increased in the
present study. These values were probably elevated to
compensate the increasing oxygen demands. However,
MCV value was significantly reduced in exercise group.
Exercise-induced iron deficiency may be responsible for
this decrease, since it may lose via sweat,
gastrointestinal bleeding and hematuria, and leads to
microcytes in erythrocytes (28). In accordance with
these findings, RDW was increased in exercised rats,
but it was decreased to similar level of control groups
following EGb761 supplementation in EGb761+exercise
group. As mentioned above, short-term effects of
exercise on blood parameters are still controversial (29),
which is probably due to differences of the type, intensity
and duration of exercises and species as well as
individual differences.
It was observed in this study that plasma ALT
activity, and total cholesterol and total protein levels did
not change in each group, and ALP activity was
significantly increased in exercise groups while glucose
and triglyceride levels were decreased (Table 2). These
results were confirmed by some previous studies, in
which serum/plasma liver enzymes such as ALT, AST
(24, 30), and GGT (10) activities and total protein (24)
level did not change after exercise, while ALP activity
increased (10-12) and triglyceride level decreased (30).
On the other hand, there are several reports
incompatible with our results. It has been demonstrated
that acute exhaustive exercises decreased plasma total
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cholesterol level (30); increased plasma ALT activity (2,
12) and total cholesterol level (10); did not change
glucose (2, 24, 30) and triglyceride (10) levels in human
and animals. In the present study, in addition to
statistically increased ALP, ALT activity was also
increased non-significantly in the exercise group. The
elevated activities of these enzymes are generally
responsible for dysfunctions or damages of tissues,
especially liver (31). It has been also reported that
exercise caused oxidative tissue damage in liver (23,
32). Therefore, possible acute exhaustive exerciseinduced oxidative damage in liver may lead to increase
of ALP and ALT activities significantly and slightly,
respectively, in this study. On the other hand, the
elevated ALP and ALT activities were reduced via
EGb761 supplementation in EGb761+exercise group.
This was probably related to antioxidative effects of
EGb761 since it was reduced MDA and increased SOD
activities in liver of exercised-mice (32), and successfully
lowered the ALT activities by recovering degeneration,
necrosis, mononuclear cell infiltration, and hemorrhage
in hepatic tissue of rats (33). Furthermore, exercise
induces insulin sensitivity due to increasing glucose
needs muscles to support work (34). Therefore, the
reduction of plasma glucose and triglyceride levels in
exercised rats may resulted from using of them in the
production of required energy for exercise.
In conclusion, results of the present study showed
that acute exhaustive exercise affected some
hematological and biochemical parameters. However,
EGb761 supplementation ameliorated the exerciseinduced changes in ALP activity and RDW value in
EGb761+exercise group while it could not increase the
reduced MCV, glucose and triglyceride levels in rats. In
this study, 100 mg/kg b.w. EGb761 was used before the
exercise. Therefore, it is suggested that the effects of
usage after exercise or different doses of EGb761
should be investigated in the future comprehensive
studies.
Acknowledgement
We also thank to Prof. Dr. Miyase ÇINAR for her
kind support during interpreting of results.

References
1.

Dzhelebov P, Gundasheva D, Andonova M, Mihaylov R,
Slavov E. Effects of experimental prolonged strenuous
exercise on haematological parameters in dogs. Bulg J
Vet Med 2009; 12.

2.

Turgut M, Çınar V, Pala R, Karaman ME. Effects of acute
exercise on some biochemical parameters of women.
European Journal of Physical Education and Sport
Science 2017; 3: 396-401.

3.

Acikgoz O, Aksu I, Topcu A, Kayatekin BM. Acute
exhaustive exercise does not alter lipid peroxidation levels
and antioxidant enzyme activities in rat hippocampus,
prefrontal cortex and striatum. Neurosci Lett 2006; 406:
148-151.

4.

Cotman CW, Berchtold NC. Exercise: A behavioral
intervention to enhance brain health and plasticity. Trends
Neurosci 2002; 25: 295-301.

5.

Rovira S, Muñoz A, Benito M. Hematologic and
biochemical changes during canine agility competitions.
Vet Clin Pathol 2007; 36: 30-35.

6.

Rovira S, Munoz A, Benito M. Effect of exercise on
physiological, blood and endocrine parameters in search
and rescue-trained dogs. Vet Med (Praha) 2008; 53: 333346.

7.

Bonilla JF, Narváez R, Chuaire L. Sports as a cause of
oxidative stress and hemolysis. Colomb Med 2005; 36:
275-280.

101

ÇINAR Y. et al.

Effect of Gingko Biloba Extract (Egb761) Supplementation …

8.

Boucher JH, Ferguson EW, Wilhelmsen CL, Statham N,
McMeekin R. Erythrocyte alterations endurance exercise
in horses. J Appl Physiol 1981; 51: 131-134.

9.

Wu H-J, Chen K-T, Shee B-W, Chang H-C, Huang Y-J,
Yang R-S. Effects of 24 h ultra-marathon on biochemical
and hematological parameters. World J Gastroenterol
2004; 10: 2711.

10. Mor A, İpekoǧlu G, Arslanoǧlu E, Arslanoǧlu C, Acar K.
The acute effects of combined supplementation of betaalanine, carbohydrate and whey protein on biochemical
parameters of athletes after exhaustive exercise. Prog
Nutr 2018; 20: 329-337.
11. Lee HS, Oh HJ, Lee SH, Kim JW, Kim J-H. Comparison
of physiological and hematological responses to treadmill
exercise in younger and older adult dogs. Korean J Sport
Sci 2019; 30: 677-688.
12. Mousavi SR, Jafari M, Rezaei S, Agha-Alinejad H,
Sobhani V. Evaluation of the effects of different intensities
of forced running wheel exercise on oxidative stress
biomarkers in muscle, liver and serum of untrained rats.
Lab animal 2020; 49: 119-125.
13. Vilar JB, Leite KR, Lee CC. Antimutagenicity protection of
Ginkgo biloba extract (Egb 761) against mitomycin C and
cyclophosphamide in mouse bone marrow. Genet Mol
Res 2009; 8: 328-333.
14. Koch E. Inhibition of platelet activating factor (PAF)induced aggregation of human thrombocytes by
ginkgolides: considerations on possible bleeding
complications after oral intake of Ginkgo biloba extracts.
Phytomedicine 2005; 12: 10-16.

F.U. Vet. J. Health Sci.

21. Sadeghinejad M, Soltani Z, Afzalpour ME, Khaksari M,
Pourranjbar M. What is the combined effect of intense
intermittent exercise and Ginkgo biloba plant on the brain
neurotrophic factors levels, and learning and memory in
young rats? Pharmacol Rep 2019; 71: 503-508.
22. Fei-Wei Y, Fang F, Hong-Mei J, Ye J. Influence of tartary
buckwheat extracts supplementation on oxidative stress
ınduced by acute exhaustive exercise in rats. Int J
Pharmacol 2012; 8: 695-700.
23. Liu J, Yeo HC, Overvik-Douki E, et al. Chronically and
acutely exercised rats: biomarkers of oxidative stress and
endogenous antioxidants. J Appl Physiol 2000; 89: 21-28.
24. Alves J, Santos A. Physiological, haematological and
biochemical shifts in police working dogs during a riot
control exercise. Comp Exerc Physiol 2016; 12: 193-198.
25. Koc H, Tekin A, Öztürk A, et al. The effect of acute
exercises on blood hematological parameters in handball
players. Afr J Microbiol Res 2012; 6: 2027-2032.
26. Dallak M. Lack of ameliorative effect of Vitamins E and C
supplements to oxidative stress and erythrocytes
deterioration after exhaustive exercise at high altitude in
native rats. Afr J Biotechnol 2012; 11: 9835-9843.
27. Baltaci AK, Ozyurek K, Mogulkoc R, et al. Effects of zink
deficiency and supplementation on some hematologic
parameters of rats performing acute swimming exercise.
Acta Physiol Hung 2003; 90: 125-132.
28. Roecker L, Meier-Buttermilch R, Brechtel L, Nemeth E,
Ganz T. Iron-regulatory protein hepcidin is increased in
female athletes after a marathon. Eur J Appl Physiol
2005; 95: 569-571.

15. Bridi R, Crossetti F, Steffen V, Henriques A. The
antioxidant activity of standardized extract of Ginkgo
biloba (EGb 761) in rats. Phytother Res 2001; 15: 449451.

29. O'Toole ML, Douglas PS, Hiller W, Laird RH. Hematocrits
of triathletes: Is monitoring useful? Med Sci Sports Exerc
1999; 31: 372-377.

16. Zhou YH, Yu JP, Liu YF, et al. Effects of Ginkgo biloba
extract on inflammatory mediators (SOD, MDA, TNF-α,
NF-κBp65, IL-6) in TNBS-induced colitis in rats. Mediators
Inflamm 2006; 2006.

30. Pala R, Beyaz F, Tuzcu M, et al. The effects of coenzyme
Q10 on oxidative stress and heat shock proteins in rats
subjected to acute and chronic exercise. J Exerc Nutrition
Biochem 2018; 22: 14-20.

17. Hamer M, Steptoe A. Influence of specific nutrients on
progression of atherosclerosis, vascular function,
haemostasis and inflammation in coronary heart disease
patients: A systematic review. Br J Nutr 2006; 95: 849859.

31. Emami SR, Jafari M, Haghshenas R, Ravasi A. Impact of
eight weeks endurance training on biochemical
parameters and obesity-induced oxidative stress in high
fat diet-fed rats. J Exerc Nutrition Biochem 2016; 20: 2935.

18. Oken BS, Storzbach DM, Kaye JA. The efficacy of Ginkgo
biloba on cognitive function in Alzheimer disease. Arch
Neurol 1998; 55: 1409-1415.

32. Bing Y, Zhaobao W. Effects of Ginkgo biloba extract on
free radical metabolism of liver in mice during endurance
metabolism. Afr J Tradit Complement Altern Med 2010; 7:
291-295.

19. Sierpina VS, Wollschlaeger B, Blumenthal M. Gingko
biloba. Am Fam Physician 2003; 68: 923-926.
20. Sadowska-Krępa E, Kłapcińska B, Pokora I, et al. Effects
of six-week Ginkgo biloba supplementation on aerobic
performance, blood pro/antioxidant balance, and serum
brain-derived neurotrophic factor in physically active men.
Nutrients 2017; 9: 803.

102

33. Cinar M, Yildirim E, Duru O, et al. Effects of ginkgo biloba
on
some
hematological,
biochemical
and
histopathological alterations in rats with acute copper
toxicity. Acta Physıologıca 2019; 227: 187-188.
34. Schnurr TM, Reynolds AJ, Komac AM, Duffy LK, Dunlap
KL. The effect of acute exercise on GLUT4 levels in
peripheral blood mononuclear cells of sled dogs. Biochem
Biophys Rep 2015; 2: 45-49.

