
  

 

 Abstract— Drug abuse is a major problem in many societies that 
affect many physiological actions in organisms. The aim of this 
study was to investigate the effects of methamphetamine injection 

on serum level of nitric oxide in male rats. In this study, male Wistar 
rats were randomly divided into control, saline, and low dose of 
methamphetamine (2mg/kg), moderate doses of methamphetamine 
(4mg/kg) and the high dose of methamphetamine (6mg/kg) 
receiving groups. Methamphetamine was injected weekly for 45 
days (once a week). At the end of experiments, blood samples were 
collected and consequently serum nitric oxide was measured. Data 
were compared between groups using one-way ANOVA. Serum 

level of NO decreased in rats receiving low dose of 
methamphetamine (2mg/kg) compared to control group (P <0.001). 
Our results showed that methamphetamine injection can result in 
decreased serum levels of nitric oxide in male rats, which in turn 
may lead to impairing physiological function pertaining to NO 
system.  
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I. INTRODUCTION 

ETHAMPHETAMINE is effective metabolites of 

amphetamine and its toxicity and pharmacological 

properties is similar to amphetamines. This substance 

is highly addictive and because of pleasure and euphoric state 

induction in humans is known as addictive drug [1]. 

Methamphetamine short-term use causes increased heart rate, 

blood pressure, respiratory rate and vasoconstriction and 
arrhythmias, while the long-term use may cause clogging of 

the arteries, atherosclerosis and pulmonary insufficiency [2]. 

Studies show that methamphetamine, can increase dopamine 

synthesis by increasing the activity of tyrosine hydroxylase 

[3] leading to dependency [4]. Recent studies also indicate a 

similar reduction in striatal dopamine  in methamphetamine 

consumers [5].  

Nitric oxide (NO) is one of the brain's neurotransmitters 

that its release takes place through the cGMP signaling 

pathway and by NMDA receptor activity due to entry of 

calcium ions into the cell and the enzyme nitric oxide 

synthase activation [6]. Researches indicated that nitric oxide 
and cGMP signaling pathway play an important role in opioid 

receptor responses in the immune and Cardio - vascular 

systems [7]. Also, molecule (NO) plays an important role in 

the expression, increased tolerance and dependency for 

methamphetamine [8]. In addition, the role of nitric oxide in 

the physiological function of muscle [9], endocrine glands 
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[10] and the reproductive system [11] is clear. Research 

about the effects of nitric oxide indicate that several factors 

can affect the serum levels of nitric oxide [12], [13] 

influencing different physiological functions [14]. Since 

there are few studies on the effects of methamphetamine on 

the serum nitric oxide system, this research was  carried out 
to determine the effect of methamphetamine on serum levels 

of nitric oxide in male rats. 

II. MATERIAL AND METHODS 

A. Animals 

In this experimental- laboratory study, adult  male Wistar 

rats weighting 190±10 grams were obtained from Pasteur 

Institute of Iran. Animals were kept in 2 ± 25 ° C with a light 

cycle of 12 hours light and 12 hours darkness. Animals had 

free accesses to laboratory chow and water. The animals were 

randomly grouped and animals in each group were adapted to 

the presence of the operator [15].  

B. Protocol of Study 

Animals were randomly divided into the control, receiving 

saline, low dose of methamphetamine (2mg/kg) [16], [17], 

moderate doses of methamphetamine (4mg/kg) [18], [19], 

and high dose of methamphetamine (6mg/kg) [19]. 

Receiving groups. Methamphetamine was injected weekly 

for 45 days. After completion of the experiment, animals 

were anesthetized with ether and blood samples were 
obtained using a cardiac puncture method. Blood samples 

were immediately collected in tubes at 3500 RPM/min and 

centrifuged for 10 min and the serum were prepared and 

serum NO levels were measured. This study was performed 

according to ethical guidelines relating to working with 

laboratory animals [20].  

C. Statistical Analysis 

Distribution of data was evaluated for normal distribution 

which was followed by statistical analysis using SPSS19 

software and statistical method of ANOVA. Significant 

differences between groups were determined by using 

Game's-Howell post hoc test and difference in level of 

p<0.05 was considered significant. 

III. RESULTS 

Table I indicates the serum level of nitric oxide in the 

experimental groups. 
TABLE I 

 SERUM LEVEL OF NITRIC OXIDE IN RATS 
P Nitric Oxide (µmol/L) Groups 

_ 76.55±3.95 Control 

NS 60.08±6.1 Saline receiving  

0.01> 
47.52±2.76 

Methamphetamine 

(2mg/kg) receiving  

NS 
74.1±6.52 

Methamphetamine 

(4mg/kg) receiving  

NS 
67.97±9.14 

Methamphetamine 

(6mg/kg) receiving  
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 The data represent the mean±SD of  rats. The values of P (the result of one 

way ANOVA analysis) are expressed and compared to the control group. NS 

indicates non-significant difference compared with the control group at 

α<0.05. 
 

Our results showed non-significant difference between 

saline and control receiving groups According to which, 

injection method of methamphetamine had no effect on the 

results of the current study. The serum level of nitric oxide in 

rats receiving low doses of methamphetamine (2mg/kg)  

decreased significantly (p<0.01), however, there was no 

significant difference between serum nitric oxide levels of 
rats receiving moderate or high doses of methamphetamine 

and control group. 

IV. DISCUSSION 

The results of this study show that there is not a significant 

difference in serum levels of nitric oxide among male rats 

receiving moderate or high doses of methamphetamine 

compared with the control group, but serum levels of nitric 

oxide were lower in rats receiving low dose of 
methamphetamine compared to control group. Our finding 

indicates that methamphetamine can influence NO system in 

low dose. In accordance with our finding, other studies 

indicate that methamphetamine may bring about the acute 

toxicity of brain [21], reduced release of dopamine and 

serotonin in the striatum, nucleus accumbens and olfactory 

tubercle [22]  and the effect of methamphetamine on these 

areas is dose dependent. In line with our study, there are 

reports showing that methamphetamine administration leads 

to reduced nitric oxide production in hippocampus and 

striatum [23]. Meanwhile,  methamphetamine use may have  

also several pathophysiologic effects on endocrine system, 
cardiovascular system, liver, kidney and reproductive 

system, fetal development [24], [25], in which, the role of NO 

cannot be neglected.  

V. CONCLUSION 

 Conclusively, the results of this study show that 

methamphetamine administration can result in decreased 

serum levels of nitric oxide in male rats. This may come from 
the inhibitory impact of methamphetamine on expression or 

activity of the nitric oxide synthase enzyme. 

ACKNOWLEDGMENT 

This research has been done with the financial support of 

Islamic Azad University-Hamedan Branch. We appreciate all 

who helped us to exert the present study. 

REFERENCES 

[1]    Logan BK. Methamphetamine: Effects on human performance and 

behavior, Forensic Sci Rev, 2002, 14, pp: 133-151. 

[2]  Greenwell L and Brecht M. Self-reported health status among treated 

methamphetamine users. Am J Drug Alcohol Abuse, 2003, 29, pp: 

75–104. 

http://dx.doi.org/10.1081/ADA-120018840 

[3]  Griffiths, J., Marley, P.D. Ca2+-dependent activation of tyrosine 

hydroxylase involves MEK1. Neuroreport, 2012, pp: 2679–2683. 

[4]  Chiara D. Nucleus accumbens shell and core dopamine: differential 

role in behavior and addiction, Behav Brain Res, 2002, 137,pp: 

75–114. 

http://dx.doi.org/10.1016/S0166-4328(02)00286-3 

[5]  Desaiah D, Reddy SLN, Imam SZ, and Ali SF. Role of neuronal nitric 

oxide in methamphetamine neurotoxicity and protection by nNOS 

inhibitor, Pure Appl Chem, 2000, Vol. 72, No.6, pp: 1001–1006. 

http://dx.doi.org/10.1351/pac200072061001 

[6]  Snyder SM, Pasternak GW. Historical review: Opioid receptors, 

Trends Pharmacol. SCI, 2003, 24, pp: 198-205. 

http://dx.doi.org/10.1016/S0165-6147(03)00066-X 

[7]  Cairns J and Randall KR. Morphine induced nitric oxide production in 

isolated, iris-ciliary bodies, Exp Eye Res, 2009, 89(5), pp: 660–664. 

http://dx.doi.org/10.1016/j.exer.2009.06.007 

[8]  Abecava, T. Experimental study of methamphetamine psychosis role 

of glutamate and nitric oxide in methamphetamine-induced 

dopaminergic and serotonergic neurotoxity in the rat brain. 

HokkaidoIgaco Zassh, 1997, 72, pp: 113-126. 

[9]  Schmidt J, Barthel K, Zschüntzsch J, Muth IE, Swindle EJ, Hombach 

A. Nitric oxide stress in sporadic inclusion body myositis musclefibres: 

inhibition of inducible nitric oxide synthase prevents 

interleukin-1β-induced accumulation of β-amyloid and cell death, 

Brain, 2012,135, pp: 1102-1114.  

http://dx.doi.org/10.1093/brain/aws046 

[10] Muhammed SJ, Lundquist I, Salehi A. Pancreatic β-cell dysfunction, 

expression of iNOS and the effect of phosphodiesterase inhibitors in 

human pancreatic islets of type 2 diabetes, Diabetes ObesMetab, 2012, 

pp: 871-890. 

[11] Lal B, DubeyN. Existence of a nitric oxide synthase/nitric oxide 

system in fish testis and its role in modulation of androgenesis, Fish 

Physiol Biochem, 2012, pp: 788-795.  

[12] Khazaei M, Mobarakeh JI, Rahimi AA, Razavi MR. Effect of chronic 

L-Arginine supplementation on aortic fatty streak formation and serum 

nitric oxide concentration in normal and high-cholesterol fed rabbits, 

ActaPhysiol. Hung, 2012,99(1), pp: 87-93. 

http://dx.doi.org/10.1556/APhysiol.99.2012.1.9 

[13] Yalcin AD, Gorczynski RM, Parlak GE, Kargi A, Bisgin A, Sahin E. 

Total antioxidant capacity, hydrogen peroxide, malondialdehyde and 

total nitric oxide concentrations in patients with severe persistent 

allergic asthma: its relation to omalizumab treatment, Clin Lab, 2012, 

58(1-2), pp: 89-96. 

[14] Li GX, He Y, Luo TX, Gao BX, Nie X, Yu P, Zhang HQ. Pathogenic 

effects of level of nitric oxide, hyponatremia and heart function on 

hepatorenal syndrome, Zhonghua Yi XueZaZhi, 2011, 91(36), pp: 

2534-2537. 

[15] Sood  S,  Narang  D, Thomas  MK, Gupta Y K, Maulik SK. Effect of 

Ocimum sanctum Linn.on cardiac changes in rats subjected to chronic 

restraint stress. J Ethnopharmacol. 2006; 108: 423-427. 

http://dx.doi.org/10.1016/j.jep.2006.06.010 

[16] Takahashi S, Miwa T, Horikomi K. Involvement of σ1 receptors in 

methamphetamine induced behavioral sensitization in rats, 

Neuroscience Letters, 2000, 289, pp: 21-24. 

http://dx.doi.org/10.1016/S0304-3940(00)01258-1 

[17] Tokuyama S, Takahashi M, Kaneto H. The Effect of Ginseng Extract 

on Locomotor Sensitization and Conditioned Place Preference Induced 

by Methamphetamine and Cocaine in Mice, Pharmacology 

Biochemistry & Behavior, 1996, Vol: 54, No: 4, pp: 671-676. 

[18] Wang JQ, Lau YS. Dose-related alteration in nitric oxide synthase 

mRNA expression induced by amphetamine and the full D1 dopamine 

receptor agonist SKF-82958 in mouse striatum. Neuroscience Letters. 

2001; 311: 5-8. 

http://dx.doi.org/10.1016/S0304-3940(01)02128-0 

[19] Rech RH, Vomachka MK, Rickert DE. Interactions Between 

Depressants (Alcohol-Type) and Stimulants (Amphetamine-Type). 

Pharmacology Biochemistry & Behavior, 1978, Vol. 8, pp: 143-151. 

http://dx.doi.org/10.1016/0091-3057(78)90331-3 

[20] Institute for Laboratory Animal Research (ILAR). Guide for the Care 

and Use of Laboratory Animals. Washington, D.C: National Academy 

Press; MENCH 2000; p 43-76. 

[21] Kiyatkin EA, Sharma HS. Expression of heat shock protein (HSP 72 

kDa) during acute methamphetamine intoxication depends on brain 

hyperthermia: neurotoxicity or neuroprotection?. J  Neural Transm. 

2011 Jan;118(1):47-60.  

http://dx.doi.org/10.1007/s00702-010-0477-5 

[22] Ferreira C, Broom S, Sabol K and Roach J. Long-term effects of a 

dose- dependet methamphetamine regimen on subsequent 

methamphetamine-induced dopamine & serotonin release in vivo, 

Brain Research, 1999, pp: 122–129. 

[23] Halász AS, Pálfi M, Tábi T, Magyar K, Szöko E. Altered nitric oxide 

production in mouse brain after administration of 

1-methyl-4-phenyl-1,2,3,6-tetrahydro-pyridin or methamphetamine, 

Neurochemistry International, 2004, 44(8), pp: 641-646. 

http://dx.doi.org/10.1016/j.neuint.2003.09.003 

[24] Meysamieh A, Faramarzi B, Holakouei Naeini K. How addicts think 

about addictionand community problems?. Tehran University Medical 

Journal,2006, 64(5), pp: 34-43. 

[25] Smith L, Yonekura M, Wallace T. Effects of prenatal 

methamphetamine exposure on fetal growth and drug withdrawal 

symptoms in infants born at term, J. Dev. Behav Pediatr, 2003, 24, pp: 

17–23. 

http://dx.doi.org/10.1097/00004703-200302000-00006  

International Conference on Agricultural, Ecological and Medical Sciences (AEMS-2014) July 3-4, 2014 London (United Kingdom)

http://dx.doi.org/10.15242/IICBE.C714070 38

http://dx.doi.org/10.1081/ADA-120018840
http://dx.doi.org/10.1081/ADA-120018840
http://dx.doi.org/10.1081/ADA-120018840
http://dx.doi.org/10.1081/ADA-120018840
http://dx.doi.org/10.1016/S0166-4328(02)00286-3
http://dx.doi.org/10.1016/S0166-4328(02)00286-3
http://dx.doi.org/10.1016/S0166-4328(02)00286-3
http://dx.doi.org/10.1016/S0166-4328(02)00286-3
http://dx.doi.org/10.1351/pac200072061001
http://dx.doi.org/10.1351/pac200072061001
http://dx.doi.org/10.1351/pac200072061001
http://dx.doi.org/10.1351/pac200072061001
http://dx.doi.org/10.1016/S0165-6147(03)00066-X
http://dx.doi.org/10.1016/S0165-6147(03)00066-X
http://dx.doi.org/10.1016/S0165-6147(03)00066-X
http://dx.doi.org/10.1016/j.exer.2009.06.007
http://dx.doi.org/10.1016/j.exer.2009.06.007
http://dx.doi.org/10.1016/j.exer.2009.06.007
http://dx.doi.org/10.1093/brain/aws046
http://dx.doi.org/10.1093/brain/aws046
http://dx.doi.org/10.1093/brain/aws046
http://dx.doi.org/10.1093/brain/aws046
http://dx.doi.org/10.1093/brain/aws046
http://dx.doi.org/10.1093/brain/aws046
http://dx.doi.org/10.1556/APhysiol.99.2012.1.9
http://dx.doi.org/10.1556/APhysiol.99.2012.1.9
http://dx.doi.org/10.1556/APhysiol.99.2012.1.9
http://dx.doi.org/10.1556/APhysiol.99.2012.1.9
http://dx.doi.org/10.1556/APhysiol.99.2012.1.9
http://dx.doi.org/10.1016/j.jep.2006.06.010
http://dx.doi.org/10.1016/j.jep.2006.06.010
http://dx.doi.org/10.1016/j.jep.2006.06.010
http://dx.doi.org/10.1016/j.jep.2006.06.010
http://dx.doi.org/10.1016/S0304-3940(00)01258-1
http://dx.doi.org/10.1016/S0304-3940(00)01258-1
http://dx.doi.org/10.1016/S0304-3940(00)01258-1
http://dx.doi.org/10.1016/S0304-3940(00)01258-1
http://dx.doi.org/10.1016/S0304-3940(01)02128-0
http://dx.doi.org/10.1016/S0304-3940(01)02128-0
http://dx.doi.org/10.1016/S0304-3940(01)02128-0
http://dx.doi.org/10.1016/S0304-3940(01)02128-0
http://dx.doi.org/10.1016/S0304-3940(01)02128-0
http://dx.doi.org/10.1016/0091-3057(78)90331-3
http://dx.doi.org/10.1016/0091-3057(78)90331-3
http://dx.doi.org/10.1016/0091-3057(78)90331-3
http://dx.doi.org/10.1016/0091-3057(78)90331-3
http://dx.doi.org/10.1007/s00702-010-0477-5
http://dx.doi.org/10.1007/s00702-010-0477-5
http://dx.doi.org/10.1007/s00702-010-0477-5
http://dx.doi.org/10.1007/s00702-010-0477-5
http://dx.doi.org/10.1007/s00702-010-0477-5
http://dx.doi.org/10.1016/j.neuint.2003.09.003
http://dx.doi.org/10.1016/j.neuint.2003.09.003
http://dx.doi.org/10.1016/j.neuint.2003.09.003
http://dx.doi.org/10.1016/j.neuint.2003.09.003
http://dx.doi.org/10.1016/j.neuint.2003.09.003
http://dx.doi.org/10.1097/00004703-200302000-00006
http://dx.doi.org/10.1097/00004703-200302000-00006
http://dx.doi.org/10.1097/00004703-200302000-00006
http://dx.doi.org/10.1097/00004703-200302000-00006
http://dx.doi.org/10.1097/00004703-200302000-00006



