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Article type: Research Introduction: Alzheimer's disease (AD) is a neurodegenerative disease with
reduced cognitive function and inflammation. As an antioxidant-rich herbal
supplement, Ginkgo Biloba may help improve memory, attention, and mental clarity.
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E'xtended Abstract

Introduction

Alzheimer's disease (AD) is a chronic neurological
disorder in the elderly and the most common cause of
dementia with progressive memory loss and severe
cognitive decline. Several drug treatments have been
proposed to prevent or slow down the progression of AD
to increase the body's ability to protect itself against the
destruction of the nervous system. Among these
chemical and herbal medicines, there is an herbal
medicine called Ginkgo biloba (EGb761) which has
fewer side effects than chemical types. Also, EGh761 is
rich in antioxidants and can help prevent and slow AD
progress. Research in the scientific literature shows that
the effects of EGh761 along with sports training have
received less attention. Therefore, the present study
aimed to investigate the effect of Ginkgo biloba
supplementation and intermittent endurance training on
serum TNF-o and BDNF activity in male rats’ model of
AD.

Methods

To conduct this experimental study, ethical approval
was obtained and implemented with the ethical code
SSRI.REC-2208-1810 from ethics in research
committee of Sport Sciences and Research Institute. 50
male Wistar rats were divided into seven Control (n=8),
Alzheimer's control (n=8), Placebo (n=5), Sham (n=8),
Alzheimer + Exercise (n=8), Alzheimer's + Supplement
(n=8) and Alzheimer's + Supplement + Exercise (n=8)
groups. For induction of the AD model, amyloid-beta
(AP1-42) peptide (made in GenScript company, USA
and provided by Banian Safine Danesh company,
Tehran, Iran.) was injected into the rats’ brain ventricles
through stereotaxic surgery. Then, four weeks after the
surgery, the shuttle box test was taken to ensure the
effect of Ap1-42, and the recorded results showed the
effect of Ap1-42 and signs of amnesia in the rats. Rats
in supplement groups received 100 mg/kg of Ginkgo
Biloba solution by gavage five days a week. Serum
BDNF and TNF-a levels were measured using an
ELISA kit from ZellBio GmbH (Germany). Levene’s
test was used to check the homogeneity of the data, one-
way ANOVA test was performed to check the difference
between groups at a significance level of P<0.05 using
SPSS22 software.

Results

The one-way ANOVA test results showed no significant
difference between serum BDNF and TNF-a levels in
the male rats model of AD (P<0.05).
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Conclusion

Exercise inhibits the neuroinflammatory response,
delays AD, and reduces AD's symptoms. It has been
stated that the presence of serum BDNF in the brain and
peripheral nerves plays an important role in neuronal
protection and neurogenesis, therefore, intermittent
endurance training could not affect the serum TNF-a
and BDNF levels in rats’ model of AD. Our results
suggest that serum BDNF may be used as a biomarker
for the early diagnosis of AD in clinical practice, as it
may reflect AB accumulation in the brain, however, no
consensus has yet been reached.
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L. cAMP Response Element-Binding 2, Long-Term Potentiation (LTP)
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VEo¥ lewsli cpgo 8,Lads o000 13l 5,90 o o j 59 (i j pole



Olat 5 gyl 4ol F-

P g s

o»f gy C)’i‘ O.\jL.:) Fl.?r.il)w a0 &S olRsls L}g_l QUI%.& }5).6 £y OL'S)K 9 Ol.ml)’ 05\.»)4 F?‘L" ol&isls Ol)'g.)’.c dor )‘|
ol Foslp diloros 1i2)S )b 1) Lo Slidos

References

[1]. Talebi V, Azali Alamdari K. Effect of Regular versus Complex Wheel Running on
Hippocampal Interleukin-10 level and Histology, Spatial Memory Function and
Depression level in Rat Model of Alzheimer Diesese. Sport Physiology & Management
Investigations. 2023:-. (In Persian).

[2]. Pahlavani HA. Exercise therapy to prevent and treat Alzheimer’s disease. Frontiers in
Aging Neuroscience. 2023;15. https://doi.org/10.3389/fnagi.2023.1243869

[3]. Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer's
disease prevalence. The Lancet Neurology. 2011;10(9):819-28. 10.1016/S1474-
4422(11)70072-2.

[4]. Lin T-W, Tsai S-F, Kuo Y-M. Physical exercise enhances neuroplasticity and delays
Alzheimer’s disease. Brain plasticity. 2018;4(1):95-110. 10.3233/BPL-180073

[5]. Ghosh A, Jagtap T, Issac TG. Cognitive Benefits of Physical Activity in the Elderly: A
Narrative Review. Journal of Psychiatry Spectrum. 2024;3(1):4-11.
10.4103/jopsys.jopsys_40_23

[6]. Kantawala B, Ramadan N, Hassan Y, Fawaz V, Mugisha N, Nazir A, et al. Physical
activity intervention for the prevention of neurological diseases. Health Science Reports.
2023;6(8)..10.1002 /hsr2.1524

[7]. Cass SP. Alzheimer's disease and exercise: a literature review. Current sports
medicine reports. 2017;16(1):19-22. 10.1249/JSR.0000000000000332.

[8]. Lin T-W, Shih Y-H, Chen S-], Lien C-H, Chang C-Y, Huang T-Y, et al. Running exercise
delays neurodegeneration in amygdala and hippocampus of Alzheimer’s disease
(APP/PS1) transgenic mice. Neurobiology of learning and memory. 2015;118:189-97.
10.1016/j.nlm.2014.12.005.

[9]. Favalli G, Li J, Belmonte-de-Abreu P, Wong AH, Daskalakis Z]. The role of BDNF in the
pathophysiology and treatment of schizophrenia. Journal of psychiatric research.
2012;46(1):1-11.10.1016/j.jpsychires.2011.09.022.

[10]. Xia M, Zhao T, WangX, LiY,LiY,Zheng T, et al. Brain-derived neurotrophic factor and
its applications through nanosystem delivery. Iranian Journal of Pharmaceutical
Research: IJPR. 2021;20(4):137. 10.22037/ijpr.2021.115705.15484

[11]. Gliwinska A, Czubilinska-tada J, Wieckiewicz G, Swie;tochowska E, Badenski A,
Dworak M, et al. The role of brain-derived neurotrophic factor (BDNF) in diagnosis and
treatment of epilepsy, depression, schizophrenia, anorexia nervosa and Alzheimer’s

disease as highly drug-resistant diseases: a narrative review. Brain Sciences.
2023;13(2):163.10.3390/brainsci13020163

[12]. Hosseini SM, Fallahmohammadi Z, Talebi V, Mohammadi HF, Patel DI. Pretreatment

1P lewsli opgo 6, Laid (005L5 5,90 o b )9 (siwsj pole


https://www.sportrc.ir/article_183839.html
https://www.sportrc.ir/article_183839.html
https://www.sportrc.ir/article_183839.html
https://www.sportrc.ir/article_183839.html
https://doi.org/10.3389/fnagi.2023.1243869
https://pubmed.ncbi.nlm.nih.gov/21775213/
https://pubmed.ncbi.nlm.nih.gov/21775213/
https://pubmed.ncbi.nlm.nih.gov/21775213/
https://pubmed.ncbi.nlm.nih.gov/21775213/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6296269/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6296269/
https://journals.lww.com/jops/fulltext/2024/03010/cognitive_benefits_of_physical_activity_in_the.2.aspx
https://journals.lww.com/jops/fulltext/2024/03010/cognitive_benefits_of_physical_activity_in_the.2.aspx
https://journals.lww.com/jops/fulltext/2024/03010/cognitive_benefits_of_physical_activity_in_the.2.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10442603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10442603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10442603/
https://doi.org/10.1002%2Fhsr2.1524
https://pubmed.ncbi.nlm.nih.gov/28067736/
https://pubmed.ncbi.nlm.nih.gov/28067736/
https://pubmed.ncbi.nlm.nih.gov/28067736/
https://pubmed.ncbi.nlm.nih.gov/28067736/
file:///E:%5Cmahnaz%5CDr%20Samavat%5CDownloads%5C8.Lin%20T-W,%20Shih%20Y-H,%20Chen%20S-J,%20Lien%20C-H,%20Chang%20C-Y,%20Huang%20T-Y,%20et%20al.%20Running%20exercise%20delays%20neurodegeneration%20in%20amygdala%20and%20hippocampus%20of%20Alzheimer%E2%80%99s%20disease%20(APP%5CPS1)%20transgenic%20mice.%20Neurobiology%20of%20learning%20and%20memory.%202015;118:189-97.
file:///E:%5Cmahnaz%5CDr%20Samavat%5CDownloads%5C8.Lin%20T-W,%20Shih%20Y-H,%20Chen%20S-J,%20Lien%20C-H,%20Chang%20C-Y,%20Huang%20T-Y,%20et%20al.%20Running%20exercise%20delays%20neurodegeneration%20in%20amygdala%20and%20hippocampus%20of%20Alzheimer%E2%80%99s%20disease%20(APP%5CPS1)%20transgenic%20mice.%20Neurobiology%20of%20learning%20and%20memory.%202015;118:189-97.
file:///E:%5Cmahnaz%5CDr%20Samavat%5CDownloads%5C8.Lin%20T-W,%20Shih%20Y-H,%20Chen%20S-J,%20Lien%20C-H,%20Chang%20C-Y,%20Huang%20T-Y,%20et%20al.%20Running%20exercise%20delays%20neurodegeneration%20in%20amygdala%20and%20hippocampus%20of%20Alzheimer%E2%80%99s%20disease%20(APP%5CPS1)%20transgenic%20mice.%20Neurobiology%20of%20learning%20and%20memory.%202015;118:189-97.
file:///E:%5Cmahnaz%5CDr%20Samavat%5CDownloads%5C8.Lin%20T-W,%20Shih%20Y-H,%20Chen%20S-J,%20Lien%20C-H,%20Chang%20C-Y,%20Huang%20T-Y,%20et%20al.%20Running%20exercise%20delays%20neurodegeneration%20in%20amygdala%20and%20hippocampus%20of%20Alzheimer%E2%80%99s%20disease%20(APP%5CPS1)%20transgenic%20mice.%20Neurobiology%20of%20learning%20and%20memory.%202015;118:189-97.
https://pubmed.ncbi.nlm.nih.gov/22030467/
https://pubmed.ncbi.nlm.nih.gov/22030467/
https://pubmed.ncbi.nlm.nih.gov/22030467/
https://pubmed.ncbi.nlm.nih.gov/22030467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842625/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842625/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842625/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842625/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953867/
https://www.proquest.com/openview/dc8db04e6a92ad25a372eaf7fc7eaa87/1?pq-origsite=gscholar&cbl=2045597

F) o [iIT Jio i (5o s330 (oo pas BDNF  TNF-01 collas o oaglis olizus] iy pad 5 bplassSinr JaSa S puco il

Effect of a 6-week Swimming Training protocol along with Vitamin D administration on
the brain levels of BDNF, TNF-a and IL-10 in Rats Model of EAE. International Journal of
Applied Exercise Physiology. 2019;8(1):51-8. 10.30472 /ijaep.v8i1.359

[13]. Hoseini SM, Falah Mohammadi Z, Talebi V. Preventive Effect six Weeks of Swimming
Training on the Levels of Cytokines and Brain-Derived Neurotrophic Rat Model of EAE.
Journal of Sport Biosciences. 2020;12(1):53-65.
https://doi.org/10.22059/jsb.2019.246687.1223._(In Persian).

[14]. Maharaj A, Slusher AL, Zourdos MC, Whitehurst M, Fico BG, Huang C-J. Association of
calprotectin with leukocyte chemotactic and inflammatory mediators following acute
aerobic exercise. Applied Physiology, Nutrition, and Metabolism. 2016;41(1):83-7.
10.1139/apnm-2015-

0385 .https://link.springer.com/article/10.1080/13550280290101021#citeas

[15]. Hosseini SM, Fallahmohammadi Z, Talebi V. The effect of regular interval training on
histochemical symptoms and cytokine and neurotrophiclevels of brain tissue of the Lewis
rats in experimental model of multiple sclerosis. Feyz Medical Sciences Journal.
2018;22(5):450-7. (In Persian).

[16]. Saha RN, Liu X, Pahan K. Up-regulation of BDNF in astrocytes by TNF-a: a case for the
neuroprotective role of cytokine. Journal of Neuroimmune Pharmacology. 2006;1:212-
22.10.1007/s11481-006-9020-8.

[17]. Nagatsu T, Sawada M. Inflammatory process in Parkinson's disease: role for
cytokines. Current pharmaceutical design. 2005;11(8):999-1016.
10.2174/1381612053381620.

[18]. Singh SK, Srivastav S, Castellani R], Plascencia-Villa G, Perry G. Neuroprotective and
antioxidant effect of Ginkgo biloba extract against AD and other neurological disorders.
Neurotherapeutics. 2019;16:666-74. 10.1007 /s13311-019-00767-8.

[19]. Le Bars P. Magnitude of effect and special approach to Ginkgo biloba extract EGb
761® in cognitive disorders. Pharmacopsychiatry. 2003;36(S 1):44-9. 10.1055/s-2003-
40458.

[20]. Nowak A, Kojder K, Zielonka-Brzezicka J, Wrobel J, Bosiacki M, Fabianska M, et al. The
use of Ginkgo biloba L. as a neuroprotective agent in the Alzheimer’s disease. Frontiers in
pharmacology. 2021;12:775034..10.3389/fphar.2021.775034

[21]. Liu H, Ye M, Guo H. An updated review of randomized clinical trials testing the
improvement of cognitive function of Ginkgo biloba extract in healthy people and
Alzheimer’s patients. Frontiers in Pharmacology. 2020;10:1688.
10.3389/fphar.2019.01688.

[22]. Keymoradzadeh A, Hedayati Ch M, Abedinzade M, Khakpour-Taleghani B. Enriched
environment restores passive avoidance memory impairment in a rat model of
neuroinflammation. Physiology and Pharmacology. 2022;26(2):127-37.
10.52547 /phypha.26.3.4

[23]. Pourrabie SR, Mohajjel Naebi A. Role of the Testosterone in memory impairment of
Alzheimer disease induced with streptozoocin in mature male Rats. Experimental animal
Biology. 2020;8(4):85-96.10.1186/2008-2231-20-98

[24]. Gao L, Zhang, Sterling K, Song W. Brain-derived neurotrophic factor in Alzheimer’s
disease and its pharmaceutical potential. Translational Neurodegeneration.

VEo¥ lewsli cpgo 8,Lads o000 13l 5,90 o o j 59 (i j pole


https://www.proquest.com/openview/dc8db04e6a92ad25a372eaf7fc7eaa87/1?pq-origsite=gscholar&cbl=2045597
https://www.proquest.com/openview/dc8db04e6a92ad25a372eaf7fc7eaa87/1?pq-origsite=gscholar&cbl=2045597
https://www.proquest.com/openview/dc8db04e6a92ad25a372eaf7fc7eaa87/1?pq-origsite=gscholar&cbl=2045597
https://pubmed.ncbi.nlm.nih.gov/26673245/
https://pubmed.ncbi.nlm.nih.gov/26673245/
https://pubmed.ncbi.nlm.nih.gov/26673245/
https://pubmed.ncbi.nlm.nih.gov/26673245/
https://pubmed.ncbi.nlm.nih.gov/26673245/
https://pubmed.ncbi.nlm.nih.gov/26673245/
https://feyz.kaums.ac.ir/article-1-3597-en.html
https://feyz.kaums.ac.ir/article-1-3597-en.html
https://feyz.kaums.ac.ir/article-1-3597-en.html
https://feyz.kaums.ac.ir/article-1-3597-en.html
https://feyz.kaums.ac.ir/article-1-3597-en.html
https://feyz.kaums.ac.ir/article-1-3597-en.html
https://pubmed.ncbi.nlm.nih.gov/18040799/
https://pubmed.ncbi.nlm.nih.gov/18040799/
https://pubmed.ncbi.nlm.nih.gov/15777250/
https://pubmed.ncbi.nlm.nih.gov/15777250/
https://pubmed.ncbi.nlm.nih.gov/15777250/
https://pubmed.ncbi.nlm.nih.gov/15777250/
https://pubmed.ncbi.nlm.nih.gov/31376068/
https://pubmed.ncbi.nlm.nih.gov/31376068/
https://pubmed.ncbi.nlm.nih.gov/31376068/
https://pubmed.ncbi.nlm.nih.gov/13130388/
https://pubmed.ncbi.nlm.nih.gov/13130388/
https://pubmed.ncbi.nlm.nih.gov/13130388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8599153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8599153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8599153/
https://doi.org/10.3389%2Ffphar.2021.775034
https://pubmed.ncbi.nlm.nih.gov/32153388/
https://pubmed.ncbi.nlm.nih.gov/32153388/
https://pubmed.ncbi.nlm.nih.gov/32153388/
https://pubmed.ncbi.nlm.nih.gov/32153388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10350798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10350798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10350798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10350798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10350798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10350798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3598779/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3598779/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3598779/

Ol Sad g 8 s by dabls Fr

2022;11(1):1-34. https://doi.org/10.1186/s40035-022-00279-0

[25]. Szuhany KL, Bugatti M, Otto MW. A meta-analytic review of the effects of exercise on
brain-derived neurotrophic factor. Journal of psychiatric research. 2015;60:56-64.
10.1016/j.jpsychires.2014.10.003

[26]. Nicolini C, Michalski B, Toepp SL, Turco CV, D'Hoine T, Harasym D, et al. A single bout
of high-intensity interval exercise increases corticospinal excitability, brain-derived
neurotrophic factor, and uncarboxylated osteolcalcin in sedentary, healthy males.
Neuroscience. 2020;437:242-55.10.1016 /j.neuroscience.2020.03.042.

[27]. Levi-Montalcini L, Cohen S, Leibrock ], Lottspeich F, Hohn A, Hofer M, et al. Brain-
derived neurotrophic factor is stored in human platelets and released by agonist
stimulation. Thrombosis and haemostasis. 2002;87(04):728-34. 10.1055/s-0037-
1613072

[28]. Walsh JJ, Tschakovsky ME. Exercise and circulating BDNF: Mechanisms of release and
implications for the design of exercise interventions. Applied Physiology, Nutrition, and
Metabolism. 2018;43(11):1095-104. 10.1139/apnm-2018-0192.

[29]. Pan W, Banks WA, Fasold MB, Bluth ], Kastin AJ. Transport of brain-derived
neurotrophic factor across the blood-brain barrier. Neuropharmacology.
1998;37(12):1553-61. 10.1016/s0028-3908(98)00141-5. 10.1016/s0028-
3908(98)00141-5.

[30]. Rasmussen P, Brassard P, Adser H, Pedersen MV, Leick L, Hart E, et al. Evidence for a
release of brain-derived neurotrophic factor from the brain during exercise.
Experimental physiology. 2009;94(10):1062-9. 10.1113 /expphysiol.2009.048512.

[31]. Pardridge WM, Kang Y-S, Buciak JL. Transport of human recombinant brain-derived
neurotrophic factor (BDNF) through the rat blood- brain barrier in vivo using vector-
mediated peptide drug delivery. Pharmaceutical research. 1994;11:738-46.
10.1023/a:1018940732550.

[32]. Jaberi S, Fahnestock M. Mechanisms of the Beneficial Effects of Exercise on Brain-
Derived Neurotrophic Factor Expression in Alzheimer’'s Disease. Biomolecules.
2023;13(11):1577. https://doi.org/10.3390/biom13111577

[33]. Li D, Ma ], Wei B, Gao S, Lang Y, Wan X. Effectiveness and safety of ginkgo biloba
preparations in the treatment of Alzheimer’'s disease: A systematic review and meta-
analysis. Frontiers in Aging Neuroscience. 2023;15:1124710.
https://doi.org/10.3389/fnagi.2023.1124710.

[34]. Lu B, Nagappan G, Lu Y. BDNF and synaptic plasticity, cognitive function, and
dysfunction. Neurotrophic factors. 2014:223-50. 10.1007/978-3-642-45106-5_9.

[35]. Liu H-1, Zhao G, Cai K, Zhao H-h. Treadmill exercise prevents decline in spatial
learning and memory in APP/PS1 transgenic mice through improvement of hippocampal
long-term  potentiation. @ Behavioural brain research. 2011;218(2):308-14.
10.1016/j.bbr.2010.12.030.

[36]. Liu H-l, Zhao G, Zhang H. Long-term treadmill exercise inhibits the progression of
Alzheimer's disease-like neuropathology in the hippocampus of APP/PS1 transgenic
mice. Behavioural brain research. 2013;256:261-72.10.1016/j.bbr.2013.08.008.

[37]. Xie B, Zhou H, Liu W, Yu W, Liu Z, Jiang L, et al. Evaluation of the diagnostic value of

1P lewsli opgo 6, Laid (005L5 5,90 o b )9 (siwsj pole


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4314337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4314337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4314337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4314337/
https://pubmed.ncbi.nlm.nih.gov/32482330/
https://pubmed.ncbi.nlm.nih.gov/32482330/
https://pubmed.ncbi.nlm.nih.gov/32482330/
https://pubmed.ncbi.nlm.nih.gov/32482330/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1613072
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1613072
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1613072
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1613072
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1613072
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1613072
https://pubmed.ncbi.nlm.nih.gov/29775542/
https://pubmed.ncbi.nlm.nih.gov/29775542/
https://pubmed.ncbi.nlm.nih.gov/9886678/
https://pubmed.ncbi.nlm.nih.gov/9886678/
https://pubmed.ncbi.nlm.nih.gov/9886678/
https://pubmed.ncbi.nlm.nih.gov/9886678/
https://pubmed.ncbi.nlm.nih.gov/9886678/
https://pubmed.ncbi.nlm.nih.gov/9886678/
https://pubmed.ncbi.nlm.nih.gov/19666694/
https://pubmed.ncbi.nlm.nih.gov/19666694/
https://pubmed.ncbi.nlm.nih.gov/8058646/
https://pubmed.ncbi.nlm.nih.gov/8058646/
https://pubmed.ncbi.nlm.nih.gov/8058646/
https://pubmed.ncbi.nlm.nih.gov/8058646/
https://pubmed.ncbi.nlm.nih.gov/24668475/
https://pubmed.ncbi.nlm.nih.gov/24668475/
https://pubmed.ncbi.nlm.nih.gov/21192984/
https://pubmed.ncbi.nlm.nih.gov/21192984/
https://pubmed.ncbi.nlm.nih.gov/21192984/
https://pubmed.ncbi.nlm.nih.gov/21192984/
https://pubmed.ncbi.nlm.nih.gov/23968591/
https://pubmed.ncbi.nlm.nih.gov/23968591/
https://pubmed.ncbi.nlm.nih.gov/23968591/
https://pubmed.ncbi.nlm.nih.gov/31518516/

Fr o [iIT Jio i (5o s330 (oo pas BDNF  TNF-01 collas o oaglis olizus] iy pad 5 bplassSinr JaSa S puco il

peripheral BDNF levels for Alzheimer’s disease and mild cognitive impairment: results of
a meta-analysis. International Journal of Neuroscience. 2020;130(3):218-30.
10.1080/00207454.2019.1667794.

[38]. Nikolac Perkovic M, Borovecki F, Filipcic I, Vuic B, Milos T, Nedic Erjavec G, et al.
Relationship between Brain-Derived Neurotrophic Factor and Cognitive Decline in
Patients with Mild Cognitive Impairment and Dementia. Biomolecules. 2023;13(3):570.
10.3390/biom13030570.

[39]. Mori Y, Tsuji M, Oguchi T, Kasuga K, Kimura A, Futamura A, et al. Serum BDNF as a
potential biomarker of Alzheimer's disease: verification through assessment of serum,
cerebrospinal fluid, and medial temporal lobe atrophy. Frontiers in Neurology.
2021;12:653267.10.3389/fneur.2021.653267. eCollection 2021.

[40]. Subedi L, Lee SE, Madiha S, Gaire BP, Jin M, Yumnam S, et al. Phytochemicals against
TNF oa-mediated neuroinflammatory diseases. International journal of molecular
sciences. 2020;21(3):764. 10.3390/ijms21030764

VEo¥ lewsli cpgo 8,Lads o000 13l 5,90 o o j 59 (i j pole


https://pubmed.ncbi.nlm.nih.gov/31518516/
https://pubmed.ncbi.nlm.nih.gov/31518516/
https://pubmed.ncbi.nlm.nih.gov/31518516/
https://pubmed.ncbi.nlm.nih.gov/36979505/
https://pubmed.ncbi.nlm.nih.gov/36979505/
https://pubmed.ncbi.nlm.nih.gov/36979505/
https://pubmed.ncbi.nlm.nih.gov/36979505/
https://pubmed.ncbi.nlm.nih.gov/33967943/
https://pubmed.ncbi.nlm.nih.gov/33967943/
https://pubmed.ncbi.nlm.nih.gov/33967943/
https://pubmed.ncbi.nlm.nih.gov/33967943/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037901/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037901/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037901/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037901/

	References
	[1]. Talebi V, Azali Alamdari K. Effect of Regular versus Complex Wheel Running on Hippocampal Interleukin-10 level and Histology, Spatial Memory Function and Depression level in Rat Model of Alzheimer Diesese. Sport Physiology & Management Investigat...
	[2]. Pahlavani HA. Exercise therapy to prevent and treat Alzheimer’s disease. Frontiers in Aging Neuroscience. 2023;15. https://doi.org/10.3389/fnagi.2023.1243869
	[3]. Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer's disease prevalence. The Lancet Neurology. 2011;10(9):819-28. 10.1016/S1474-4422(11)70072-2.
	[ 4]. Lin T-W, Tsai S-F, Kuo Y-M. Physical exercise enhances neuroplasticity and delays Alzheimer’s disease. Brain plasticity. 2018;4(1):95-110. 10.3233/BPL-180073
	[5]. Ghosh A, Jagtap T, Issac TG. Cognitive Benefits of Physical Activity in the Elderly: A Narrative Review. Journal of Psychiatry Spectrum. 2024;3(1):4-11. 10.4103/jopsys.jopsys_40_23
	[6]. Kantawala B, Ramadan N, Hassan Y, Fawaz V, Mugisha N, Nazir A, et al. Physical activity intervention for the prevention of neurological diseases. Health Science Reports. 2023;6(8). 10.1002/hsr2.1524
	[7]. Cass SP. Alzheimer's disease and exercise: a literature review. Current sports medicine reports. 2017;16(1):19-22. 10.1249/JSR.0000000000000332.
	[8]. Lin T-W, Shih Y-H, Chen S-J, Lien C-H, Chang C-Y, Huang T-Y, et al. Running exercise delays neurodegeneration in amygdala and hippocampus of Alzheimer’s disease (APP/PS1) transgenic mice. Neurobiology of learning and memory. 2015;118:189-97. 10.1...
	[9]. Favalli G, Li J, Belmonte-de-Abreu P, Wong AH, Daskalakis ZJ. The role of BDNF in the pathophysiology and treatment of schizophrenia. Journal of psychiatric research. 2012;46(1):1-11. 10.1016/j.jpsychires.2011.09.022.
	[10]. Xia M, Zhao T, Wang X, Li Y, Li Y, Zheng T, et al. Brain-derived neurotrophic factor and its applications through nanosystem delivery. Iranian Journal of Pharmaceutical Research: IJPR. 2021;20(4):137. 10.22037/ijpr.2021.115705.15484
	[11]. Gliwińska A, Czubilińska-Łada J, Więckiewicz G, Świętochowska E, Badeński A, Dworak M, et al. The role of brain-derived neurotrophic factor (BDNF) in diagnosis and treatment of epilepsy, depression, schizophrenia, anorexia nervosa and Alzheimer’...
	[12]. Hosseini SM, Fallahmohammadi Z, Talebi V, Mohammadi HF, Patel DI. Pretreatment Effect of a 6-week Swimming Training protocol along with Vitamin D administration on the brain levels of BDNF, TNF-α and IL-10 in Rats Model of EAE. International Jou...
	[13]. Hoseini SM, Falah Mohammadi Z, Talebi V. Preventive Effect six Weeks of Swimming Training on the Levels of Cytokines and Brain-Derived Neurotrophic Rat Model of EAE. Journal of Sport Biosciences. 2020;12(1):53-65. https://doi.org/10.22059/jsb.20...
	[14]. Maharaj A, Slusher AL, Zourdos MC, Whitehurst M, Fico BG, Huang C-J. Association of calprotectin with leukocyte chemotactic and inflammatory mediators following acute aerobic exercise. Applied Physiology, Nutrition, and Metabolism. 2016;41(1):83...
	[15]. Hosseini SM, Fallahmohammadi Z, Talebi V. The effect of regular interval training on histochemical symptoms and cytokine and neurotrophic levels of brain tissue of the Lewis rats in experimental model of multiple sclerosis. Feyz Medical Sciences...
	[16]. Saha RN, Liu X, Pahan K. Up-regulation of BDNF in astrocytes by TNF-α: a case for the neuroprotective role of cytokine. Journal of Neuroimmune Pharmacology. 2006;1:212-22. 10.1007/s11481-006-9020-8.
	[17]. Nagatsu T, Sawada M. Inflammatory process in Parkinson's disease: role for cytokines. Current pharmaceutical design. 2005;11(8):999-1016. 10.2174/1381612053381620.
	[18]. Singh SK, Srivastav S, Castellani RJ, Plascencia-Villa G, Perry G. Neuroprotective and antioxidant effect of Ginkgo biloba extract against AD and other neurological disorders. Neurotherapeutics. 2019;16:666-74. 10.1007/s13311-019-00767-8.
	[19]. Le Bars P. Magnitude of effect and special approach to Ginkgo biloba extract EGb 761® in cognitive disorders. Pharmacopsychiatry. 2003;36(S 1):44-9. 10.1055/s-2003-40458.
	[20]. Nowak A, Kojder K, Zielonka-Brzezicka J, Wróbel J, Bosiacki M, Fabiańska M, et al. The use of Ginkgo biloba L. as a neuroprotective agent in the Alzheimer’s disease. Frontiers in pharmacology. 2021;12:775034. 10.3389/fphar.2021.775034
	[21]. Liu H, Ye M, Guo H. An updated review of randomized clinical trials testing the improvement of cognitive function of Ginkgo biloba extract in healthy people and Alzheimer’s patients. Frontiers in Pharmacology. 2020;10:1688. 10.3389/fphar.2019.01...
	[22]. Keymoradzadeh A, Hedayati Ch M, Abedinzade M, Khakpour-Taleghani B. Enriched environment restores passive avoidance memory impairment in a rat model of neuroinflammation. Physiology and Pharmacology. 2022;26(2):127-37. 10.52547/phypha.26.3.4
	[23]. Pourrabie SR, Mohajjel Naebi A. Role of the Testosterone in‎ memory impairment of Alzheimer‎ disease induced with streptozoocin‎ in mature male Rats. Experimental animal Biology. 2020;8(4):85-96. 10.1186/2008-2231-20-98
	[24]. Gao L, Zhang Y, Sterling K, Song W. Brain-derived neurotrophic factor in Alzheimer’s disease and its pharmaceutical potential. Translational Neurodegeneration. 2022;11(1):1-34. https://doi.org/10.1186/s40035-022-00279-0
	[25]. Szuhany KL, Bugatti M, Otto MW. A meta-analytic review of the effects of exercise on brain-derived neurotrophic factor. Journal of psychiatric research. 2015;60:56-64. 10.1016/j.jpsychires.2014.10.003
	[26]. Nicolini C, Michalski B, Toepp SL, Turco CV, D'Hoine T, Harasym D, et al. A single bout of high-intensity interval exercise increases corticospinal excitability, brain-derived neurotrophic factor, and uncarboxylated osteolcalcin in sedentary, he...
	[27]. Levi-Montalcini L, Cohen S, Leibrock J, Lottspeich F, Hohn A, Hofer M, et al. Brain-derived neurotrophic factor is stored in human platelets and released by agonist stimulation. Thrombosis and haemostasis. 2002;87(04):728-34. 10.1055/s-0037-1613072
	[28]. Walsh JJ, Tschakovsky ME. Exercise and circulating BDNF: Mechanisms of release and implications for the design of exercise interventions. Applied Physiology, Nutrition, and Metabolism. 2018;43(11):1095-104. 10.1139/apnm-2018-0192.
	[29]. Pan W, Banks WA, Fasold MB, Bluth J, Kastin AJ. Transport of brain-derived neurotrophic factor across the blood–brain barrier. Neuropharmacology. 1998;37(12):1553-61. 10.1016/s0028-3908(98)00141-5. 10.1016/s0028-3908(98)00141-5.
	[30]. Rasmussen P, Brassard P, Adser H, Pedersen MV, Leick L, Hart E, et al. Evidence for a release of brain‐derived neurotrophic factor from the brain during exercise. Experimental physiology. 2009;94(10):1062-9. 10.1113/expphysiol.2009.048512.
	[31]. Pardridge WM, Kang Y-S, Buciak JL. Transport of human recombinant brain-derived neurotrophic factor (BDNF) through the rat blood− brain barrier in vivo using vector-mediated peptide drug delivery. Pharmaceutical research. 1994;11:738-46. 10.1023...
	[32]. Jaberi S, Fahnestock M. Mechanisms of the Beneficial Effects of Exercise on Brain-Derived Neurotrophic Factor Expression in Alzheimer’s Disease. Biomolecules. 2023;13(11):1577. https://doi.org/10.3390/biom13111577
	[33]. Li D, Ma J, Wei B, Gao S, Lang Y, Wan X. Effectiveness and safety of ginkgo biloba preparations in the treatment of Alzheimer's disease: A systematic review and meta-analysis. Frontiers in Aging Neuroscience. 2023;15:1124710. https://doi.org/10....
	[34]. Lu B, Nagappan G, Lu Y. BDNF and synaptic plasticity, cognitive function, and dysfunction. Neurotrophic factors. 2014:223-50. 10.1007/978-3-642-45106-5_9.
	[35]. Liu H-l, Zhao G, Cai K, Zhao H-h. Treadmill exercise prevents decline in spatial learning and memory in APP/PS1 transgenic mice through improvement of hippocampal long-term potentiation. Behavioural brain research. 2011;218(2):308-14. 10.1016/j....
	[36]. Liu H-l, Zhao G, Zhang H. Long-term treadmill exercise inhibits the progression of Alzheimer's disease-like neuropathology in the hippocampus of APP/PS1 transgenic mice. Behavioural brain research. 2013;256:261-72. 10.1016/j.bbr.2013.08.008.
	[37]. Xie B, Zhou H, Liu W, Yu W, Liu Z, Jiang L, et al. Evaluation of the diagnostic value of peripheral BDNF levels for Alzheimer’s disease and mild cognitive impairment: results of a meta-analysis. International Journal of Neuroscience. 2020;130(3)...
	[38]. Nikolac Perkovic M, Borovecki F, Filipcic I, Vuic B, Milos T, Nedic Erjavec G, et al. Relationship between Brain-Derived Neurotrophic Factor and Cognitive Decline in Patients with Mild Cognitive Impairment and Dementia. Biomolecules. 2023;13(3):...
	[39]. Mori Y, Tsuji M, Oguchi T, Kasuga K, Kimura A, Futamura A, et al. Serum BDNF as a potential biomarker of Alzheimer's disease: verification through assessment of serum, cerebrospinal fluid, and medial temporal lobe atrophy. Frontiers in Neurology...
	[40]. Subedi L, Lee SE, Madiha S, Gaire BP, Jin M, Yumnam S, et al. Phytochemicals against TNF α-mediated neuroinflammatory diseases. International journal of molecular sciences. 2020;21(3):764. 10.3390/ijms21030764


