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 رانيکرمان، کرمان، ا يدانشگاه علوم پزشک ،ييدانشجو قاتيتحق تهيکم -1

 رانيکرمان، کرمان، ا يدانشگاه علوم پزشک ،يدانشکده داروساز ،يشناسسم و يگروه فارماکولوژ- 2

 رانيمرکز تحقيقات فارماسيوتيکس، پژوهشکده نوروفارماکولوژي، دانشگاه علوم پزشکي کرمان، کرمان، ا-3

 ده يچك
شود. شواهد يمشخص م يعصب روندهشياست که با اختلال عملکرد پ عيشا وياختلال نورودژنرات کي نسونيپارک يماريب هدف:

 يدارد. در مطالعه حاضر اثر محافظت نسونيپارک يماريدر پاتوژنز ب ينقش مهم ويداتياسترس اکسدهند که ينشان م ياديز
 .شده است يبررس PC12 هايدر سلول نيدوپام يدروکسيه -6از  يو آپوپتوز ناش ويداتيبر استرس اکس راماتيتوپ

ساعت در معرض  24ها به مدت درمان شدند. سپس سلول راماتيساعت با توپ 24به مدت  PC12 يهاسلولها: مواد و روش
 5،2( ليازوليت-2 ـليمتدي -4،5)-3توسط  يسلول يمانقرار گرفتند. زنده کرومولاريم 75با غلظت  نيدوپام يدروکسيه -6

 يکلرو د يد 2،7با  (ROS) ژنيفعال اکس يهاقرار گرفت. سطح گروه يمورد بررس (MTT)تست  ـوميتترازول -2-ليفندي
 يريگاندازه زيتام ن يدانياکسيو قدرت آنت يديپيل ونيداسيپراکس زانيشد. م يابيارز (DCF-DA) استات يد نيدروفلورسيه

 .شد
 شيقرار گرفتند افزا نيدوپام يدروکسيه -6که در معرض  ييهاسلول يمانزنده کرومولاريم 8در غلظت  راماتيتوپها:يافته

معکوس شد.  راماتياثر توسط توپ نيشد و ا يسلول اتيسبب کاهش ح نيدوپام يدروکسيه -6با گروه کنترل،  سهيداد. در مقا
قدرت  يبه طور قابل توجه راماتيتوپ ن،يشد. علاوه بر ا يديپيل ونيداسيو پراکس ROS زانيباعث کاهش م نيچنهم راماتيتوپ
 .داد شيافزا نيدوپام يدروکسيه -6درمان شده با  يهاتام را در سلول يدانياکسيآنت

 يعصب تيرا از سم PC12 هايسلول ،يدانياکسيآنت تيفعال قياز طر راماتيمطالعه نشان داد که توپ نيا يهاافتهي گيري:نتيجه
 .کنديمحافظت م نيدوپام يدروکسيه -6از  يناش

  
 PC12 يهاسلول رامات،يتوپ ،پارکينسونبيماري  و،يداتياسترس اکس ن،يدوپام يدروکسيه -6هاي کليدي: واژه

 

 مقدمه

 (Substantia Nigra) 

 

*a.aminzadeh@kmu.ac.ir

 

 [
 D

ow
nl

oa
de

d 
fr

om
 k

oo
m

es
hj

ou
rn

al
.s

em
um

s.
ac

.ir
 o

n 
20

24
-0

8-
05

 ]
 

                               1 / 7

https://koomeshjournal.semums.ac.ir/article-1-5219-fa.html


                                            ......راماتيتوپ ياثر محافظت يبررس

 

 

 (ROS) 

 I  IV 

 ROS 

 in vitro  in vivo 

 PC12 

 PC12

 in vitro 

PC12

 

 هامواد و روش
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 2cm  

 g  

 FRAP  

(Ferric Reducing Antioxidant Power)

 (Sigma, USA) 

  آماري زيآنال
mean ± SD

two-way ANOVA

SPSSP<

 

 نتايج

P<

P<

ROS

ROSP<

P<

P<

 

مولار(  کرويم 1-8) راماتيمختلف توپ ياثرات غلظت هاسه يمقا .1 شکل

  PC12. در سلولهاي نيدوپام يدروکسيه -6از  يناش يت عصبيسمبر 

 شد. نتايج بصورت يرياندازه گ MTT روش لهيبوس يسلول يزنده مان

mean ± SD 0.001. نشان داده شده اندP < *** کنترل مقايسه  هبا گرو

 سهيمقا نيدوپام يدروکسيه -6با گروه  ### > 0.01P<##، 0.001P. شد

  .شدند

. نيدوپام يدروکسيه -6از  يناش ROSد يتولبر  راماتياثرات توپ .2شکل 

با گروه کنترل   **  > 0.01P.نشان داده شده اند mean ± SD نتايج بصورت

 نيدوپام يدروکسيه -6با گروه  ##  > 0.05P < # ،0.01P. مقايسه شد

 .شدند سهيمقا

 

 -6از  يناش يديپيون ليداسيپراکس شيبر افزا راماتياثرات توپ .3 شکل

 P نشان داده شده اند. mean ± SD. نتايج بصورت نيدوپام يدروکسيه

 -6با گروه  ##>0.05P< #، 0.01Pبا گروه کنترل مقايسه شد.  ** >0.01

 .شدند سهيمقا نيدوپام يدروکسيه
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 -6از  يتام ناش يدانياکس يآنت تيبر کاهش ظرف راماتياثرات توپ .4 شکل

 Pنشان داده شده اند.  mean ± SD. نتايج بصورت نيدوپام يدروکسيه

 يدروکسيه -6با گروه  # > 0.05Pبا گروه کنترل مقايسه شد.  ** >0.01

 شد. سهيمقا نيدوپام
 

 گيريبحث و نتيجه
PC12

ROS

PC12

in vitro

in vivo

ROS

IIV

ROS

ROSAktp38

ROS

(BDNF)
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DNA

PC12

ROS

ROS

ROS

BDNF

(CREB)

 [
 D

ow
nl

oa
de

d 
fr

om
 k

oo
m

es
hj

ou
rn

al
.s

em
um

s.
ac

.ir
 o

n 
20

24
-0

8-
05

 ]
 

                               4 / 7

https://koomeshjournal.semums.ac.ir/article-1-5219-fa.html


 

 

PC12

 تشكر و قدردانی

 منابع
[1] Dexter DT, Jenner P. Parkinson disease: from pathology to 

molecular disease mechanisms. Free Radic Biol Med 2013; 62: 132-
144. 

[2] Taylor JM, Main BS, Crack PJ. Neuroinflammation and 
oxidative stress: co-conspirators in the pathology of Parkinson’s 

disease. Neurochem Int 2013; 62: 803-819. 

[3] Bové J, Prou D, Perier C, Przedborski S. Toxin-induced 
models of Parkinson's disease. Neuro Rx 2005; 2: 484-494. 

[4] Ryu EJ, Angelastro JM, Greene LA. Analysis of gene 

expression changes in a cellular model of Parkinson disease. 
Neurobiol Dis 2005; 18: 54-74. 

[5] Rodriguez‐Pallares J, Parga J, Munoz A, Rey P, Guerra M, 

Labandeira‐Garcia J. Mechanism of 6‐hydroxydopamine 
neurotoxicity: the role of NADPH oxidase and microglial activation 

in 6‐hydroxydopamine‐induced degeneration of dopaminergic 
neurons. J Neurochem 2007; 103: 145-156. 

[6] Tang SY, Whiteman M, Peng ZF, Jenner A, Yong EL, 

Halliwell B. Characterization of antioxidant and antiglycation 
properties and isolation of active ingredients from traditional Chinese 

medicines. Free Radic Biol Med 2004; 36: 1575-1587. 

[7] Paradies G, Petrosillo G, Paradies V, Ruggiero FM. 

Mitochondrial dysfunction in brain aging: role of oxidative stress and 

cardiolipin. Neurochem Int 2011; 58: 447-457. 

[8] Simola N, Morelli M, Carta AR. The 6-hydroxydopamine 
model of Parkinson’s disease. Neurotox Res 2007; 11: 151-167. 

[9] Liu Y, Barks JD, Xu G, Silverstein FS. Topiramate extends 
the therapeutic window for hypothermia-mediated neuroprotection 

after stroke in neonatal rats. Stroke 2004; 35: 1460-1465. 

[10] Edmonds HL Jr, Jiang YD, Zhang PY, Shank R. Topiramate 
as a neuroprotectant in a rat model of global ischemia-induced 

neurodegeneration. Life Sci 2001; 69: 2265-2277. 

[11] Lee SR, Kim SP, Kim JE. Protective effect of topiramate 
against hippocampal neuronal damage after global ischemia the 

gerbils. Neurosci Lett 2000; 281: 183-186. 

[12] Angehagen M, Ben-Menachem E, Rönnbäck L, Hansson E. 
Topiramate protects against glutamate- and kainate-induced 

neurotoxicity in primary neuronal–astroglial cultures. Epilepsy Res 

2003; 54: 63-71. 
[13] Kurul S, Yiş U, Kumral A, Tuğyan K, Cilaker S, Kolatan E, 

et al. Protective effects of topiramate against hyperoxic brain injury 

in the developing brain. Neuropediatrics 2009; 40: 22-27. 
[14] Price TO, Eranki V, Banks WA, Ercal N, Shah GN. 

Topiramate treatment protects blood-brain barrier pericytes from 

hyperglycemia-induced oxidative damage in diabetic mice. 

Endocrinology 2012; 153: 362-372. 

[15] Shah GN, Price TO, Banks WA, Morofuji Y, Kovac A, 
Ercal N, et al. Pharmacological inhibition of mitochondrial carbonic 

anhydrases protects mouse cerebral pericytes from high glucose-

induced oxidative stress and apoptosis. J Pharmacol Exp Ther 2013; 
344: 637-645. 

[16] Price TO, Farr SA, Niehoff ML, Ercal N, Morley JE, Shah 

GN. Protective effect of topiramate on hyperglycemia-induced 
cerebral oxidative stress, pericyte loss and learning behavior in 

diabetic mice. Int Libr Diabetes Metab 2015; 1: 6-12. 

[17] Tian Y, Guo SX, Li JR, Du HG, Wang CH, Zhang JM, et 
al. Topiramate attenuates early brain injury following subarachnoid 

haemorrhage in rats via duplex protection against inflammation and 

neuronal cell death. Brain Res 2015; 1622: 174-185. 
[18] Feng L, Meng H, Wu F, Cheng B, He X, Wang X, et al. 

Olfactory ensheathing cells conditioned medium prevented apoptosis 

induced by 6-OHDA in PC12 cells through modulation of intrinsic 
apoptotic pathways. Int J Dev Neurosci 2008; 26: 323-329. 

[19] Walkinshaw G, Waters C. Neurotoxin-induced cell death in 

neuronal PC12 cells is mediated by induction of apoptosis. 
Neuroscience 1994; 63: 975-987. 

[20] Saito Y, Nishio K, Ogawa Y, Kinumi T, Yoshida Y, Masuo 

Y, et al. Molecular mechanisms of 6-hydroxydopamine-induced 
cytotoxicity in PC12 cells: involvement of hydrogen peroxide-

dependent and-independent action. Free Radic Biol Med 2007; 42: 

675-685. 
[21] Tamadoni M, Haji ghasem kashani M, Ghorbanian M, 

Abrari K, Arashpour R. Neuroprotective effects of carnosic acid on 

the hippocampus of 6-hydroxydopamine injured rats. Koomesh 2014; 
15: 232-241. (Persian). 

[22] Safari M, Badban L, Sameni H, Bandegi A, Rashidypour A, 

Vafaei A. Comparison the protective effects of aqueous extract of 
Iranian propolis in 6-hydroxydopamine-induced model of 

parkinsonism in male rat with L-DOPA: A behavioral and 

histological evaluation. Koomesh 2014; 15: 584-591. (Persian). 
[23] Fujita H, Ogino T, Kobuchi H, Fujiwara T, Yano H, 

Akiyama J, et al. Cell-permeable cAMP analog suppresses 6-

hydroxydopamine-induced apoptosis in PC12 cells through the 
activation of the Akt pathway. Brain Res 2006; 1113: 10-23. 

[24] Padiglia A, Medda R, Lorrai A, Biggio G, Sanna E, Floris 

G. Modulation of 6-hydroxydopamine oxidation by various proteins. 
Biochem Pharmacol 1997; 53: 1065-1068. 

[25] Yamada K, Umegaki H, Maezawa I, Iguchi A, Kameyama 

T, Nabeshima T. Possible involvement of catalase in the protective 
effect of interleukin-6 against 6-hydroxydopamine toxicity in PC12 

cells. Brain Res Bull 1997; 43: 573-577. 

[26] Nie G, Jin C, Cao Y, Shen S, Zhao B. Distinct effects of tea 
catechins on 6-hydroxydopamine-induced apoptosis in PC12 cells. 

Arch Biochem Biophys 2002; 397: 84-90. 

[27] Aminzadeh A, Mehrzadi S. Melatonin attenuates 

homocysteine‐induced injury in human umbilical vein endothelial 
cells. Fundam Clin Pharmacol 2018; 32: 261-269. 

[28] Aminzadeh A, Mehrzadi S. Cardioprotective effect of 

levosimendan against homocysteine-induced mitochondrial stress 
and apoptotic cell death in H9C2. Biochem Biophys Res Commun 

2018; 507: 395-399. 

[29] Tian LL, Wang XJ, Sun YN, Li CR, Xing YL, Zhao HB, et 
al. Salvianolic acid B, an antioxidant from Salvia miltiorrhiza, 

prevents 6-hydroxydopamine induced apoptosis in SH-SY5Y cells. 

Int J Biochem Cell Biol 2008; 40: 409-422. 
[30] Mao XY, Cao YG, Ji Z, Zhou HH, Liu ZQ, Sun HL. 

Topiramate protects against glutamate excitotoxicity via activating 

BDNF/TrkB-dependent ERK pathway in rodent hippocampal 
neurons. Prog Neuro-Psychopharmacol Biol Psychiatry 2015; 60: 11-

17. 

[31] Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, 
Telser J. Free radicals and antioxidants in normal physiological 

functions and human disease. Int J Biochem Cell Biol 2007; 39: 44-

84. 
[32] Aminzadeh A, Salarinejad A. Citicoline protects against 

lead-induced oxidative injury in neuronal PC12 cells. Biochem Cell 

Biol. 2019. 

[33] Nazirolu M, Kutluhan S, Yilmaz M. Selenium and 

topiramate modulates brain microsomal oxidative stress values, 

Ca2+-ATPase activity, and EEG records in pentylentetrazol-induced 
seizures in rats. J Membr Biol 2008; 225: 39-49. 

 [
 D

ow
nl

oa
de

d 
fr

om
 k

oo
m

es
hj

ou
rn

al
.s

em
um

s.
ac

.ir
 o

n 
20

24
-0

8-
05

 ]
 

                               5 / 7

https://koomeshjournal.semums.ac.ir/article-1-5219-fa.html


                                            ......راماتيتوپ ياثر محافظت يبررس

 

 

[34] Kurt A, Kalkan Y, Turut H, Cure MC, Tumkaya L, Cure E. 

Topiramate reduces aortic cross clamping-induced lung injury in 

male rats. Acta Medica (Hradec Kralove) 2018; 61: 144-149. 
[35] Motaghinejad M, Motevalian M, Fatima S, Beiranvand T, 

Mozaffari S. Topiramate via NMDA, AMPA/kainate, GABAA and 

Alpha2 receptors and by modulation of CREB/BDNF and Akt/GSK3 
signaling pathway exerts neuroprotective effects against 

methylphenidate-induced neurotoxicity in rats. J Neural Transm 

2017; 9: 1-19. 

[36] Motaghinejad M, Motevalian M, Babalouei F, Abdollahi M, 

Heidari M, Madjd Z. Possible involvement of CREB/BDNF 

signaling pathway in neuroprotective effects of topiramate against 
methylphenidate induced apoptosis, oxidative stress and 

inflammation in isolated hippocampus of rats: molecular, 

biochemical and histological evidences. Brain Res Bull 2017; 132: 
82-98. 

 

 

  

 [
 D

ow
nl

oa
de

d 
fr

om
 k

oo
m

es
hj

ou
rn

al
.s

em
um

s.
ac

.ir
 o

n 
20

24
-0

8-
05

 ]
 

                               6 / 7

https://koomeshjournal.semums.ac.ir/article-1-5219-fa.html


Volume 21, Issue 4 (Autumn 2019), 702-707 

 

95 

 

Neuroprotective effect of topiramate against 6-

hydroxydopamine-induced cell death in Parkinson's disease 

cell model 
 

Fahimeh Fallah (M.Sc)1,2, Azadeh Aminzadeh (Ph.D)* 2,3 

1- Student Research Committee, Kerman University of Medical Sciences, Kerman, Iran 
2-Department of Pharmacology and Toxicology, School of Pharmacy, Kerman University of Medical Sciences, Kerman, Iran 

3-Pharmaceutics Research Center, Institute of Neuropharmacology, Kerman University of Medical Sciences, Kerman, Iran. 

 

 
 

Introduction: Parkinson's disease (PD) is a common neurodegenerative disorder characterized by progressive 

neuronal dysfunction. Growing evidence has shown that oxidative stress plays a crucial role in the pathogenesis of 

Parkinson's disease. Correspondingly, the current study evaluated the protective effect of topiramate in 6-

hydroxydopamine induced oxidative stress and apoptosis in PC12 cells as an in vitro model for PD. 

Materials and Methods: PC12 cells, a cellular model of PD, were treated with topiramate for 24 h. Then they were 

treated with 75 μM 6-hydroxydopamine for 24 h. Cell viability was examined by 3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2-tetrazolium bromide (MTT) assay. Intracellular reactive oxygen species (ROS) levels were measured using 

2, 7 dichlorodihydrofluorescein diacetate (DCF-DA) assay. The levels of lipid peroxidation and total antioxidant 

power (TAP) were also measured. 

Results: Remarkably, topiramate at concentration of 8 μM increased survival of PC12 cells exposed to 6-

hydroxydopamine. Cell viability of PC12 cells on 6-hydroxydopamine was decreased compared to controls, which 

was reversed by topiramate. Topiramate also reduced intracellular reactive oxygen species (ROS) level and cellular 

lipid peroxidation. In addition, topiramate significantly increased total antioxidant power in 6-OHDA-treated cells. 

Conclusion: Findings of this study showed that the topiramate protects PC12 cells against 6-OHDA-induced 

neurotoxicity through its potent antioxidant activity. 

 

Keywords: 6-Hydroxydopamine, Oxidative Stress, Parkinson Disease, Topiramate, PC12 cells. 
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