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ABSTRACT 

Background and Aim: Hyperglycemia which occurs in diabetes is one of the main factors 

which can lead to serious complications such as diabetic neuropathy. There is evidence that 

allopurinol has neuroprotective effect against many types of damaging stimuli. The present 

study investigated the effects of allopurinol on high glucose induced neurotoxicity in PC12 

cells as a suitable in-vitro model for evaluation of neuronal functions. 

Material and Methods: Neurotoxicity was induced by high glucose concentration, and cells 

were exposed to allopurinol in the presence or absence of high glucose concentration. Cell 

viability was assessed by MTT assay. Biochemical markers of oxidative stress were 

investigated by measurement of lipid peroxidation (LPO), total thiol groups, and total 

antioxidant power (TAP). 

Results: The present results indicated that allopurinol significantly inhibited high glucose- 

induced cell death in PC12 cells. Furthermore, treatment with allopurinol decreased lipid 

peroxidation level. It also increased the total thiol groups and TAP.  

Conclusion: These findings showed protective effects of allopurinol on HG-induced cell 

death in PC12 cells, which may be related to its antioxidant effect and inhibition of oxidative 

stress. 

Keywords: PC12 cells, Glucose, Neurotoxicity, Allopurinol.  

 

Received: Apr 23, 2016      Accepted: Nov 26, 2016 
 

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                             1 / 11

Tel:+98-34-313225242
http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


PC12

.

 
a.aminzadeh@kmu.ac.ir

.

           

PC12

 

PC12

MTT

PC12

PC12

PC12

  
 [

 D
O

I:
 1

0.
22

10
2/

22
.1

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
25

-1
1-

17
 ]

 

                             2 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


                                 

O2

 

(O2 )(HO )

(RO2 )(RO )

O2(H2O2)

       

DNA

       

II

c

PC12Pheochromocytoma Cell 

Line

NGF

PC12

          
 [

 D
O

I:
 1

0.
22

10
2/

22
.1

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
25

-1
1-

17
 ]

 

                             3 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


                                 

PC12

    

.

     

DMEM

  

(FBS)

  

(HS)

            

O2CO2

                                                            

(TE)

         

MTT 

MTT

 

PC12

                             

confluency

    

MTT

C

  
DMSO

ELISA Reader

      

MDA

                      

(MDA)

            

(TBARs)

             

cm2 

       

confluency

g

          

TBATBA-MDA-

              

.

  

(-SH)

            
 [

 D
O

I:
 1

0.
22

10
2/

22
.1

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
jk

u.
m

uk
.a

c.
ir

 o
n 

20
25

-1
1-

17
 ]

 

                             4 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  
HU

   
(DTNB)

DTNB

(TAP)

FRAP(Ferric Reducing Ability of Plasma

(TPTZ)

          

PH

                        

.

        
SPSS

    
(ANOVA)

 
P

     

.

   

MTT  

 

0

50

100

150

***

### ###
#

  

PC12

 

MTT

      

***P < 0.001 

  

, #P < 0.05 ###P < 0.001

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                             5 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  
PC12

0

50

100

150 *** ## ##

TBARS

     

***P < 0.001

  

##P<0.01

PC12

0

10

20

30

***

## ##

      

***P < 0.001 

  

##P < 0.01 

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                             6 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  

0

10

20

30

40

50

**

# #

     

**P 

< 0.01 

  

#P < 0.05

 

PC12

 

C

AGEs

(SOD)GST

(O2-)

H2O2

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                             7 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  

remodeling

          

II

(TNF- ) 

    

(ICAM-1)

B(NF- )

TNF-ICAM-1

c

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                             8 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  

PC12

    

References  
1. Hosseini A, Abdollahi M. Diabetic neuropathy and oxidative stress: therapeutic 
perspectives. Oxid Med Cell Longev 2013; 2013: 1-15.  
2. Leinninger GM, Edwards JL, Lipshaw MJ, Feldman EL. Mechanisms of disease: 
mitochondria as new therapeutic targets in diabetic neuropathy. Nat Clin Pract Neurol 2006; 
2: 620-628. 
3. 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. 
4. Negi G, Kumar A, Joshi RP, Ruby P, Sharma SS. Oxidative stress and diabetic neuropathy: 
current status of antioxidants. IIOAB J 2011; 2: 71-78. 
5. Chilelli N, Burlina S, Lapolla A. AGEs, rather than hyperglycemia, are responsible for 

-

 

Nutr Metab 
Cardiovasc Dis 2013; 23: 913-919. 

s: 
renaissance half a century after the discovery of allopurinol. Pharmacol Rev 2006; 58: 87-
114. 
7. Jia N, Dong P, Ye Y, Qian C, Dai Q. Allopurinol attenuates oxidative stress and cardiac 
fibrosis in angiotensin II induced cardiac diastolic dysfunction. Cardiovasc Ther 2012; 30: 
117-123. 
8. Shin JH, Chun KS, Na YG, Song KH, Kim SI, Kim GH. Allopurinol protects against 
ischemia/reperfusion-induced injury in rat urinary bladders. Oxid Med Cell Longev 2015; 
2015: 1-8.  
9. Marro PJ, Mishra OP, Delivoria-Papadopoulos M. Effect of allopurinol on brain adenosine 
levels during hypoxia in newborn piglets. Brain Res 2006; 1073: 444-450. 

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                             9 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  
cerebral ischemia in rats: an experimental study. Surg Neurol 2005; 64: S5-S10. 
11. Betz AL. Identification of hypoxanthine transport and xanthine oxidase activity in brain 
capillaries. J Neurochem 1985; 44: 574-579. 
12. Phillis JW, Sen S. Oxypurinol attenuates hydroxyl radical production during 
ischemia/reperfusion injury of the rat cerebral cortex: an ESR study. Brain Res 1993; 628: 
309-312. 
13. Moorhouse PC, Grootveld M, Halliwell B, Quinlan JG, Gutteridge J. Allopurinol and 
oxypurinol are hydroxyl radical scavengers. FEBS Lett 1987; 213: 23-28. 
14. Hudome S, Palmer C, Roberts RL, Mauger D, Housman C. The role of neutrophils in the 
production of hypoxic-ischemic brain injury in the neonatal rat. Pediatr Res 1997; 41: 607-
616. 
15. Ko KM, Godin DV. Inhibition of transition metal ion-catalysed ascorbate oxidation and 
lipid peroxidation by allopurinol and oxypurinol. Biochem Pharmacol 1990; 40: 803-809. 
16. Peterson D, Kelly B, Gerrard J. Allopurinol can act as an electron transfer agent. Is this 
relevant during reperfusion injury? Biochem Biophys Res Commun 1986; 137: 76-79. 
17. Hattangady NG, Rajadhyaksha MS. A brief review of in vitro models of diabetic 
neuropathy. Int J of Diabetes Dev Ctries 2009; 29: 143-149. 
18. Sharifi AM, Mousavi SH, Farhadi M, Larijani B. Study of high glucose-induced apoptosis 
in PC12 cells: role of bax protein. J Pharmacol Sci 2007; 104: 258-262. 
19. Lelkes E, Unsworth BR, Lelkes PI. Reactive oxygen species, apoptosis and altered NGF-
induced signaling in PC12 pheochromocytoma cells cultured in elevated glucose: An in vitro 
cellular model for diabetic neuropathy. Neurotox Res 2001; 3: 189-203. 
20. Sharifi AM, Eslami H, Larijani B, Davoodi J. Involvement of caspase-8,-9, and-3 in high 
glucose-induced apoptosis in PC12 cells. Neurosci Lett 2009; 459: 47-51. 
21. Yagihashi S, Mizukami H, Sugimoto K. Mechanism of diabetic neuropathy: where are we 
now and where to go? J Diabetes Investig 2011; 2: 18-32. 
22. Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T, Kaneda Y, et al. 
Normalizing mitochondrial superoxide production blocks three pathways of hyperglycaemic 
damage. Nature 2000; 404: 787-790. 
23. Bernal JA, Quilis N, , Sivera F, Pascual E. Gout: optimizing treatment to 
achieve a disease cure. Ther Adv Chronic Dis 2016; 7: 135-44. 
24. Gao X, Xu Y, Xu B, Liu Y, Cai J, Liu HM, et al. Allopurinol attenuates left ventricular 
dysfunction in rats with early stages of streptozotocin induced diabetes. Diabetes Metab Res 
Rev 2012; 28: 409-417. 
25. Minhas KM, Saraiva RM, Schuleri KH, Lehrke S, Zheng M, Saliaris AP, et al. Xanthine 
oxidoreductase inhibition causes reverse remodeling in rats with dilated cardiomyopathy. Cir 
Res 2006; 98: 271-279. 
26. Sagor MAT, Tabassum N, Potol MA, Alam MA. Xanthine oxidase inhibitor, allopurinol, 
prevented oxidative stress, fibrosis, and myocardial damage in isoproterenol induced aged 
rats. Oxid Med Cell Longev 2015; 2015: 1-9.  
27. Erkut B, Onk OA. Effect of N-acetylcysteine and allopurinol combination to protect 
spinal cord ischemia/reperfusion injury induced by aortic cross-clamping in rat model. J 
Cardiothorac Surg 2015; 10: 95. 
28. Canbaz S, Duran E, Ege T, Sunar H, Cikirikcioglu M. The effects of intracoronary 
administration of vitamin E on myocardial ischemia-reperfusion injury during coronary artery 
surgery. Thorac Cardiovasc Surg 2003; 51: 57-61. 

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

                            10 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html


  
29. Yamaguchi M, Okamoto K, Kusano T, Matsuda Y, Suzuki G. The effects of xanthine 
oxidoreductase inhibitors on oxidative stress markers following global brain ischemia 
reperfusion injury in C57BL/6 mice. PLoS One 2015; 10: e0133980. 
30. Dong G, Ren M, Wang X, Jiang H, Yin X. Allopurinol reduces severity of delayed 
neurologic sequelae in experimental carbon monoxide toxicity in rats. Neurotoxicology 2015; 
48: 171-179. 
31. Van Campenhout A, Van Campenhout C, Lagrou AR, Abrams P, Moorkens G, Van Gaal 
L, et al. Impact of diabetes mellitus on the relationships between iron , inflammatory and 
oxidative stress status. Diabetes Metab Res and Rev 2006; 22: 444-454. 
32. Srivatsan R, Das S, Gadde R, Manoj-Kumar K, Taduri S, Rao N, et al. Antioxidants and 
lipid peroxidation status in diabetic patients with and without complications. Arch Iran Med 
2009; 12: 121-127. 

 [
 D

O
I:

 1
0.

22
10

2/
22

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

jk
u.

m
uk

.a
c.

ir
 o

n 
20

25
-1

1-
17

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

http://dx.doi.org/10.22102/22.1.1
http://sjku.muk.ac.ir/article-1-2955-en.html
http://www.tcpdf.org

