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1. Introduction  

rsenic (As) is a toxic and hazardous 

metalloid. The term arsenic is from 

the Persian word Zarnikh, as 

interpreted to the Greek arsenikon, 

connotation “yelloworpiment.” This 

metal has been known and used since antique times as 

the Poison of Kings and the King of Poisons (1). 

Arsenic is a public environmental and industrial 

contaminant worldwide. Environmental arsenic 

exposure mostly happens from arsenic-contaminated 

drinking water. Although greatest U.S. drinking water 

has arsenic at levels lower than 5 μg/L (ppb), it has 

been assessed that about 25 million people in 

Bangladesh alone drink water with arsenic levels 

above 50 ppb. Lots of people used up arsenic-

contaminated drinking water in the countries of 

Mexico, Argentina, China, Bangladesh, India and Iran 

(2-8).  

Chronic arsenic exposure can outcome in 

multisystem sicknesses. Many papers have 

A 

Abstract 
Background and Objective: Chronic arsenic toxicity is a widespread problem; the role of brain oxidative stress 

has been suggested in the genesis of epilepsy and in the post-seizure neuronal death. However, studies 

investigating the effects of arsenic on seizure and related mechanisms are limited. The purpose of this study was 

to examine the effect of prolonged exposure to sodium arsenite on oxidative damage in pentylenetetrazole (PTZ)-

induced seizures in mice. 

Materials and Methods: In this study, male NMRI mice received sodium arsenite (0, 25, 50, and 100 ppm) in 

the drinking water for a period of 30 days. After exposure, all animals were injected PTZ (PTZ; 85 mg/kg, i.p.) to 

induce seizure, and the seizure parameters were evaluated for 30 minutes. Then, the levels of malondialdehyde 

(MDA) and reduced glutathione (GSH) were measured in the brain.   

Results: The results of this study showed that sodium arsenite decreases the latency to the seizure onset and time 

of death (p<0.05). The greatest effect was observed at concentration of 50 ppm. The data indicated that exposure 

to sodium arsenite increases the levels of MDA (p<0.05) and decreased the levels of GSH in brain (p<0.05). 

Conclusion: Our results suggest that PTZ effects potentiated by arsenic and oxidative damage involved in 

exacerbation of arsenic convulsive effects. Considering the role of arsenic in brain tissue damage following the 

seizure, it is recommended to control arsenic in drinking water. 
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demonstrated that arsenic exposure leads to 

neurological injuries (9-14). However, studies 

investigating the effects of arsenic on seizure and 

related mechanisms are limited. Arsenic and its 

metabolites have been shown to create oxidative 

damage, alteration in DNA methylation status and 

genomic instability. A number of studies in recent 

years have focused on the role of oxidative stress in 

seizures (15-19). Experimental seizures are known to 

be associated with a massive release of reactive 

oxygen species. An increase in lipid peroxidation has 

been reported in the brain of rodents following PTZ-

induced seizures and kindling (20-23). 
Pentylenetetrazole (PTZ), an epilepsy inducing 

agent, is a selective blocker of GABAA receptor-

chloride ionophore complex, which induces 

convulsions by triggering the glutamatergic 

transmitter system. This activation is due to an 

increased intracellular calcium ion influx, which 

results in an increased production of superoxide 

radicals (23-26). Considering the high concentrations 

of arsenic in drinking water and its effects in brain 

tissue damage, the purpose of this study was to 

examine the effect of prolonged exposure to sodium 

arsenite on oxidative damage in PTZ-induced seizures 

2. Materials and Methods  

2.1. Chemicals 

Sodium arsenite (99% pure), pentylenetetrazole, 

thiobarbituric acid, trichloroacetic acid, and reduced 

glutathione were purchased from Sigma-Aldrich (St 

Louis, Missouri, USA), and 5, 5'-dithiobis-2-

nitrobenzoic acid (DTNB), 1,1,3,3-

tetramethoxypropane  was obtained from Merck 

(Darmstadt, Germany). 

2.2. Exposure protocol 

40 male NMRI mice (30-35 g) were obtained from 

the animal facility of Ahvaz Jundishapur University of 

Medical Science (AJUMS), which is fully accredited 

by AJUMS animal care guidelines with an ethics 

committee approval No.IR.AJUMS.REC.1396.254. 
The study was conducted from September to 

November 2017 at School of Pharmacy, Ahvaz 

Jundishapur University of Medical Sciences, Ahvaz, 

Iran. The mice were grouped and housed in 

polycarbonate cages under controlled conditions of 

25±2°C temperature with a 12h light/ 12h dark cycle 

and 10% humidity. The previous studies showed that 

mice might be less susceptible than human to arsenic 

toxicity, partly due to a faster metabolism and 

clearance of arsenic. Therefore, it is necessary to use 

higher exposure concentration of arsenic than the 

environmentally relevant concentrations in mouse 

experiment. Indeed, a recent report showed that it took 

10 times higher concentration of drinking water 

arsenic (50 ppm) to achieve arsenic concentrations 

similar to those seen in human exposed to arsenic in 

west Bengal (27). Mice were divided into four groups 

(n=10): 0 ppm (control group), As 25 ppm, As 50 

ppm, and As 100 ppm. Therefore, mice drank diH2O 

or diH2O plus arsenite in doses of 25, 50, and 100 ppm 

for a period of 30 days in the present study. Water 

containing arsenite was freshly prepared every three 

days to minimize its oxidation.  

2.3. Seizure induction 

After arsenic exposure duration, PTZ was dissolved 

in sterile isotonic saline and administered 

intraperitoneally at a dose of 85 mg/kg. The animals 

were observed for a period of 30 min and the latency 

to first convulsion, the number of seizure episodes, the 

occurrence of hind limb tonic extensions (HLTE), the 

time to death and mortality were recorded. 

2.4. Oxidant/Antioxidant analysis  

Whole brain malondialdehyde (MDA) and reduced 

glutathione (GSH) content were estimated. GSH, an 

indicator of antioxidant levels, was estimated in the 

brain suspension by the DTNB reagent. The 

developed yellow color was spectrophotometrically 

read at 412 nm (UV-1601PC; Shimadzu, Japan). The 

MDA content was determined in terms of 

thiobarbituric acid reactive substance (TBARS) 

formation. Since 99% of TBARS was MDA, TBARS 

concentrations of the samples were calculated from a 

standard curve using 1, 1, 3, 3-tetramethoxypropane.  

2.5. Statistical analysis 

All data were statistically analyzed using Graph Pad 

Prism (version 5.04) as mean ± standard error of mean 

(SEM) with one-way analysis of variance (ANOVA), 

followed by post hoc Tukey test. Moreover, 

differences were considered statistically significant at 

p<0.05. 

3. Results 

3.1. Seizure activity analysis 

Exposure to sodium arsenite did not significantly 

affect the number of HLTE (p˃0.05) but the 

significant change in the number of seizures and 

number of deaths were seen (p<0.05). The latent 

period between PTZ induction and seizure and time to 

death are decreased in the PTZ + arsenic groups 

compared with the convulsive control group mice 

(p<0.05) (Figures 1 and 2). Comparison of time of 

death in control (PTZ), As (25 ppm) + PTZ, As (50 

ppm) + PTZ, and As (100 ppm) + PTZ groups showed 

that arsenic at concentrations of 50 and 100 ppm 

significantly reduces the time of death (p<0.05), 

however the difference between 50 and 100 ppm was 

not significant (p˃0.05) (Figure 1). Latencies to 
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generalized seizures onsets in control (PTZ), As (25 

ppm) + PTZ, As (50 ppm) + PTZ, and As (100 ppm) + 

PTZ groups showed that arsenic concentrations of 50 

and 100 ppm significantly reduces the time for onset 

of seizure (p<0.05), however in this case it was not 

statistically significant between 50 and 100 ppm 

(p˃0.05) (Figure 2) (Table 1). Interestingly in opposite 

of what was expected, reduction of the number of 

seizures was observed with increasing dose of arsenic 

(p<0.05). Comparison of the number of seizures 

shows that arsenic at concentrations of 50 and 100 

ppm (especially in concentration of 100 ppm) 

significantly reduced of the number of seizures 

(p<0.05). 

 

Table 1. Effect of As exposure on average time of seizures onset, time of death, number of seizure, HLTE and 

mortality. 
As intake 

(ppm) 

Time of seizures onset 

(minute) 
Time of Death (minute) Number of seizure Number of HLTE % mortality 

0 2.030±0.2909 24.08 ±3.503 1.848 ±0.2897 2.000±0.5774 50% 

25 0.8950 ± 0.2378* 15.80 ±5.834 0.9960 ±0.3849 2.000±0.5774 75% 

50 0.6225 ± 0.1275** 6.198 ±1.711* 0.7040±0.2046*** 1.000±0.0 100% 

100 0.7200 ±0.2232** 7.363 ±1.527* 0.4222 ±0.1888** 1.000±0.0 100% 

Data are given as Mean±SEM of different experiments.*: Significantly different from control p < 0.05, ** p< 0.01 and  

*** p< 0.001. 

 

 
Figure 1. Comparison of time to death in control 

(PTZ), As (25 ppm) + PTZ, As (50 ppm) + PTZ, and 

As (100 ppm) + PTZ groups. The animals were treated 

with distilled water or sodium arsenite (25, 50 or 100 

ppm) through drinking water for 1 month before a 

single injection of PTZ (85 mg/kg). * p < 0.05 when 

compared with control. 

 
Figure 2. Latencies to generalized seizures onsets in 

control (PTZ), As (25 ppm) + PTZ, As (50 ppm) + 

PTZ, and As (100 ppm) + PTZ groups. The animals 

were treated with distilled water or sodium arsenite 

(25, 50 or 100 ppm) through drinking water for 1 

month before a single injection of PTZ (85 mg/kg).  * 

p < 0.05 and ** p < 0.01 when compared with control.  

3.2. Oxidant/Antioxidant analysis 
The results of lipid peroxidation revealed that 

malondialdehyde level was significantly higher in 

arsenic treated groups (especially: 100 ppm) compared 

with the control groups mice (p<0.05). Glutathione 

assessment results showed a significant decrease in 

the PTZ + arsenic groups compared with the control 

group mice (p<0.05). In addition, comparison of the 

MDA and GSH levels in brain tissues showed that 

MDA level in the brain increases with increasing 

concentrations of arsenic and at a concentration of 100 

reached its highest level and is notably significant 

(p<0.05). And vice versa in the case of glutathione 

with increasing levels of arsenic, GSH level decreases. 

This decrease is evident at doses of 50 and 100 ppm 

(p<0.05) (Figures 3 and4). Results demonstrated that 

arsenic treatment increases MDA, oxidative stress 

indicators, and reduces GSH level in brain tissue after 

PTZ-induced seizure. 

 
Figure 3. Comparison of the MDA levels in brain 

tissues of control (PTZ), As (25 ppm) + PTZ, As (50 

ppm) + PTZ, and As (100 ppm) + PTZ groups. The 

animals were treated with distilled water or sodium 

arsenite (25, 50 or 100 ppm) through drinking water 

for 1 month before a single injection of PTZ (85 

mg/kg). * p < 0.05 and *** p < 0.001 when compared 

with control. 
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Figure 4. Comparison of the GSH levels in brain 

tissues of control (PTZ), As (25 ppm) + PTZ, As (50 

ppm) + PTZ, and As (100 ppm) + PTZ groups. The 

animals were treated with distilled water or sodium 

arsenite (25, 50 or 100 ppm) through drinking water 

for 1 month before a single injection of PTZ (85 

mg/kg).  * P < 0.05 and ** p < 0.01 when compared 

with control.  

4. Discussion 

Arsenic is a naturally occurring metalloid 

worldwide. Human chronic exposure to inorganic 

arsenic (iAs), which are at the top of hazardous 

substances, is related with different diseases 

containing cancer and non-cancerous diseases. The 

neurotoxic effects of iAs and its methylated 

metabolites have been established in exposed people 

and experimental models (14, 28-30). In this study for 

the first time, we have demonstrated that arsenic 

elevates oxidative brain damage after PTZ-induced 

seizure. New studies propose that oxidative stress is 

important in brain tissue damage following seizure 

stimulation (17, 31, 32). An improved generation of 

ROS, i.e., hydroxyl radicals as well as products of 

lipid peroxidation developments in cerebral tissue of 

rats with PTZ-evoked seizures has been described (21, 

33). 

Multiple mechanisms have been suggested to 

contribute in arsenic-induced toxicity. Besides its 

recognized capacity to induce oxidative stress, 

arsenic also interacts with cellular targets such as 

the thiol groups of various proteins. In fact, 

glutathione (GSH) is required at several stages for 

metabolic conversion of both arsenite [As (III)] and 

arsenate [As (V)]. It has been suggested that arsenite 

constitutes a bypass for electrons from the 

respiratory chain, thereby facilitating the formation 

of superoxide anion radical (29, 34, 35). Additional 

suggested mechanisms include the reduction of 

oxygen by As(III), thereby leading directly to the 

generation of H2O2 and/or development of peroxyl 

radicals as central mediators of DNA 

destruction(36). It remains hard to clarify the 

individual significance of each of the potential toxic 

mechanisms of arsenic, although there is increasing 

consensus regarding a principal role for ROS 

generation (37). 

Our results demonstrated that the As treatment 

increases MDA, the oxidative stress indicators, and 

reduces GSH level in brain tissue after PTZ-induced 

seizure. A reduction in the GSH levels might outcome 

in the reduced elimination of superoxide ion and 

hydrogen peroxide radicals, which carries about a sum 

of reactions that are destructive to the neuronal tissue 

(38). The results of this study showed that sodium 

arsenite decreased the latency to the onset of seizures 

and time of death. The greatest effect was observed at 

concentrations of 50 ppm. Considering the high 

concentrations of arsenic in drinking water and its 

effects in brain tissue damage behind seizure and the 

treatment of seizure, contamination of drinking 

water by arsenic should be investigated or 

controlled.  In our study, interestingly number of 

seizures reduced with increasing dose of arsenic and 

this outcome was opposite to what was expected 

which may have been related to increased mortality in 

high arsenic concentration treated mice  and  should 

be considered in future studies. Similar to many other 

toxicants, neurobehavioral alterations after arsenic 

exposure is affected by several intervening variables 

(among which are the concentration and duration of 

exposure, along with experimental conditions), so 

different concentrations of As may act through 

different pathways and produce different behavioral 

results (39-41).  

The main limitation of this study was the lack of 

studies assessing prolonged exposure effects of 

arsenic and the constant focus on acute severe arsenic 

poisoning in seizures and epileptic seizures. The 

precise mechanisms by which these 

perturbations happen have not been determined and 

should be considered in future studies. 

In conclusion, our data support a role for arsenic via 

oxidative stress in neuronal damage after seizure 

attacks and it is recommended to control arsenic in 

drinking water. 

Acknowledgements 

 We thankfully acknowledge the Deputy of 

Research Affairs at the Ahvaz Jundishapur University 

of Medical Sciences (Grant number MPRC-9603) for 

financial support of Medicinal Plant Research Center 

in doing this project. 

 

Conflict of Interest: None declared. 

 



Research Article 
 

                                                                                    Journal of Basic and Clinical Pathophysiology, Vol. 7, No. 1, March 2019      5 
 

References 

1. Klaassen CD. Casarett & Doull's Toxicology: The 

Basic Science of Poisons: McGraw-Hill 

Education / Medical; 8 edition 2013. 

2. Ratnaike RN. Acute and chronic arsenic toxicity. 

Postgraduate Medical Journal 2003;79 (933): 

391-6. 

3. Nordstrom DK. Worldwide occurrences of 

arsenic in ground water. American Association 

for the Advancement of Science 2002. 

4. Coronado-González JA, Del Razo LM, García-

Vargas G, Sanmiguel-Salazar F, Escobedo-de la 

Peña J. Inorganic arsenic exposure and type 2 

diabetes mellitus in Mexico. Environmental 

Research 2007;104(3):383-9. 

5. Sun G. Arsenic contamination and arsenicosis in 

China. Toxicology and Applied Pharmacology 

2004;198(3):268-71. 

6. Hopenhayn-Rich C, Biggs ML, Smith AH. Lung 

and kidney cancer mortality associated with 

arsenic in drinking water in Cordoba, Argentina. 

International Journal of Epidemiology 

1998;27(4):561-9. 

7. Mosaferi M, Yunesian M, Dastgiri S, 

Mesdaghinia A, Esmailnasab N. Prevalence of 

skin lesions and exposure to arsenic in drinking 

water in Iran. Science of the Total Environment 

2008;390(1):69-76. 

8. Chowdhury UK, Biswas BK, Chowdhury TR, 

Samanta G, Mandal BK, Basu GC, et al. 

Groundwater arsenic contamination in 

Bangladesh and West Bengal, India. 

Environmental Health Perspectives 

2000;108(5):393. 

9. Pryor G, Uyeno E, Tilson H, Mitchell C. 

Assessment of chemicals using a battery of 

neurobehavioral tests: a comparative study. 

Neurobehavioral Toxicology and Teratology 

1982;5(1):91-117. 

10. Rao M, Avani G. Arsenic induced free radical 

toxicity in brain of mice. Indian Journal of 

Experimental Biology 2004; 42(5):495-8·  

11. Piao F, Ma N, Hiraku Y, Murata M, Oikawa S, 

Cheng F, et al. Oxidative DNA damage in relation 

to neurotoxicity in the brain of mice exposed to 

arsenic at environmentally relevant levels. Journal 

of Occupational Health 2005;47(5):445-9. 

12. Ma N, Sasoh M, Kawanishi S, Sugiura H, Piao F. 

Protection effect of taurine on nitrosative stress in 

the mice brain with chronic exposure to arsenic. 

Journal of Biomedical Science 2010;17(1):S7. 

 

13. Flora SJ, Bhadauria S, Pant SC, Dhaked RK. 

Arsenic induced blood and brain oxidative stress 

and its response to some thiol chelators in rats. 

Life Sciences 2005;77(18):2324-37. 

14. Vahidnia A, Van der Voet G, De Wolff F. 

Arsenic neurotoxicity—a review. Human & 

Experimental Toxicology 2007;26(10):823-32. 

15. Sudha K, Rao AV, Rao A. Oxidative stress and 

antioxidants in epilepsy. Clinica Chimica Acta 

2001;303(1):19-24. 

16. Patel MN. Oxidative stress, mitochondrial 

dysfunction, and epilepsy. Free Radical Research 

2002;36(11):1139-46. 

17. Liang L-P, Patel M. Mitochondrial oxidative 

stress and increased seizure susceptibility in 

Sod2−/+ mice. Free Radical Biology and 

Medicine 2004;36(5):542-54. 

18. Jomova K, Jenisova Z, Feszterova M, Baros S, 

Liska J, Hudecova D, et al. Arsenic: toxicity, 

oxidative stress and human disease. Journal of 

Applied Toxicology 2011;31(2):95-107. 

19. Kitchin KT, Ahmad S. Oxidative stress as a 

possible mode of action for arsenic 

carcinogenesis. Toxicology Letters 2003;137(1-

2):3-13. 

20. Mueller S, Trabesinger A, Boesiger P, Wieser H. 

Brain glutathione levels in patients with epilepsy 

measured by in vivo 1H-MRS. Neurology 

2001;57(8):1422-7. 

21. Bashkatova V, Narkevich V, Vitskova G, Vanin 

A. The influence of anticonvulsant and 

antioxidant drugs on nitric oxide level and lipid 

peroxidation in the rat brain during 

penthylenetetrazole-induced epileptiform model 

seizures. Progress in Neuro-Psychopharmacology 

and Biological Psychiatry 2003; 27(3):487-92. 

22. Patsoukis N, Zervoudakis G, Panagopoulos NT, 

Georgiou CD, Angelatou F, Matsokis NA. Thiol 

redox state (TRS) and oxidative stress in the 

mouse hippocampus after pentylenetetrazol-

induced epileptic seizure. Neuroscience Letters 

2004; 357(2):83-6. 

23. Uma Devi P, Kolappa Pillai K, Vohora D. 

Modulation of pentylenetetrazole‐induced 

seizures and oxidative stress parameters by 

sodium valproate in the absence and presence of 

N‐acetylcysteine. Fundamental & Clinical 

Pharmacology 2006;20(3):247-53. 

 

 



Zeinvand-lorestani et al 

 

                                                                                   Journal of Basic and Clinical Pathophysiology, Vol. 7, No. 1, March 2019      6 

 

24. Yusuf M, Khan RA, Khan M, Ahmed B. 

Plausible antioxidant biomechanics and 

anticonvulsant pharmacological activity of brain-

targeted β-carotene nanoparticles. International 

Journal of Nanomedicine 2012;7:4311. 

25. Rauca C, Wiswedel I, Zerbe R, Keilhoff G, Krug 

M. The role of superoxide dismutase and α-

tocopherol in the development of seizures and 

kindling induced by pentylenetetrazol-influence 

of the radical scavenger α-phenyl-N-tert-butyl 

nitrone. Brain Research 2004;1009(1):203-12. 

26. Ekonomou A, Angelatou F. Upregulation of 

NMDA receptors in hippocampus and cortex in 

the pentylenetetrazol-induced “kindling” model of 

epilepsy. Neurochemical Research 

1999;24(12):1515-22. 

27. Paul DS, Walton FS, Saunders RJ, Stýblo M. 

Characterization of the impaired glucose 

homeostasis produced in C57BL/6 mice by 

chronic exposure to arsenic and high-fat diet. 

Environmental Health Perspectives 

2011;119(8):1104. 

28. Vahidnia A, van der Straaten R, Romijn F, Van 

Pelt J, van der Voet G, de Wolff F. Arsenic 

metabolites affect expression of the neurofilament 

and tau genes: An in-vitro study into the 

mechanism of arsenic neurotoxicity. Toxicology 

in Vitro 2007;21(6):1104-12. 

29. Yen CC, Ho TJ, Wu CC, Chang CF, Su CC, Chen 

YW, et al. Inorganic arsenic causes cell apoptosis 

in mouse cerebrum through an oxidative stress-

regulated signaling pathway. Archives of 

Toxicology 2011;85(6):565-75. 

30. Gopalkrishnan A, Rao MV. Amelioration by 

vitamin A upon arsenic induced metabolic and 

neurotoxic effects. Journal of Health Science 

2006;52(5):568-77. 

31. Kaneko K, Itoh K, Berliner LJ, Miyasaka K, Fujii 

H. Consequences of nitric oxide generation in 

epileptic‐seizure rodent models as studied by in 

vivo EPR. Magnetic Resonance in Medicine 

2002;48(6):1051-6. 

32. Kudin AP, Kudina TA, Seyfried J, Vielhaber S, 

Beck H, Elger CE, et al. Seizure‐dependent 

modulation of mitochondrial oxidative 

phosphorylation in rat hippocampus. European 

Journal of Neuroscience 2002;15(7):1105-14. 

33. Ilhan A, Iraz M, Gurel A, Armutcu F, Akyol O. 

Caffeic acid phenethyl ester exerts a 

neuroprotective effect on CNS against 

pentylenetetrazol-induced seizures in mice. 

Neurochemical Research 2004;29(12):2287-92. 

34. Shi H, Shi X, Liu KJ. Oxidative mechanism of 

arsenic toxicity and carcinogenesis. Molecular 

and Cellular Biochemistry 2004;255(1-2):67-78. 

35. Pourahmad J, Rabiei M, Jokar F, O’Brien PJ. A 

comparison of hepatocyte cytotoxic mechanisms 

for chromate and arsenite. Toxicology 

2005;206(3):449-60. 

36. Yamanaka K, Hoshino M, Okamoto M, 

Sawamura R, Hasegawa A, Okada S. Induction of 

DNA damage by dimethylarsine, a metabolite of 

inorganic arsenics, is for the major part likely due 

to its peroxyl radical. Biochemical and 

Biophysical Research Communications 

1990;168(1):58-64. 

37. Henkler F, Brinkmann J, Luch A. The role of 

oxidative stress in carcinogenesis induced by 

metals and xenobiotics. Cancers 2010;2(2):376-

96. 

38. Yen CC, Ho TJ, Wu CC, Chang CF, Su CC, Chen 

YW, et al. Inorganic arsenic causes cell apoptosis 

in mouse cerebrum through an oxidative stress-

regulated signaling pathway. Archives of 

Toxicology 2011;85(6):565-75. 

39. BonakdarYazdi B, Khodagholi F, Shaerzadeh F, 

Sharifzadeh A, Ahmadi R, Sanati M, et al. The 

effect of arsenite on spatial learning: Involvement 

of autophagy and apoptosis. European Journal of 

Pharmacology 2017;796:54-61. 

40. Komissarova EV, Saha SK, Rossman TG. Dead 

or dying: the importance of time in cytotoxicity 

assays using arsenite as an example. Toxicology 

and Applied Pharmacology 2005;202(1):99-107. 

41. Rodrıguez V, Carrizales L, Jimenez-Capdeville 

M, Dufour L, Giordano M. The effects of sodium 

arsenite exposure on behavioral parameters in the 

rat. Brain Research Bulletin 2001;55(2):301-8. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


