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Abstract 

Widely present in the environment, arsenic trioxide has been identified as a genotoxic substance that poses a serious risk to public 

health. The genotoxic potential of arsenic at low allowable dosage levels is assessed in this study. Four groups of twelve adult rats 

each were created from the 48 total. Animals in Group I were used as controls Chromosome abnormalities found in bone marrow 

cells were used to assess the mutagenic potential of arsenic. Hematological parameters were also assessed. At 60 and 90 days, the 

percentage of microsomal degranulation in the hepatic fraction increased and the amounts of RNA and proteins considerably 

reduced (P < 0.01) in all three dosages given. was employed in order to assess hematological parameters White blood cells, 

lymphocytes, red blood cells, platelets, and mean erythrocyte hemoglobin concentration (MCHC) were all substantially lower 

(P≤0.05) in the arsenic treatment group than in the control group. Nevertheless, there are no appreciable changes in other 

measures such granulocytes, mean absolute count, hemoglobin (HGB), packed cell volume (PCV), mean corpuscular hemoglobin 

(MCH), and platelet count (PCT). We found that when rabbits get repeated therapeutic dosages of ivermectin over a brief period 

of time, Therefore, it is advised to take one dose over a few weeks. All of the treated animals showed a dose-dependent increase 

in chromosomal abnormalities such as fragmentation and breaking. The current study's findings demonstrated that long-term 

exposure to arsenic, even at low allowable dosage levels, has mutagenic and carcinogenic consequences, underscoring the metal's 

potential for genotoxicity. 
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Introduction: 

The presence of arsenic in the environmental media results 

from both geogenic sources and anthropogenic activities. The 

occurrence of high concentrations of arsenic in ground water 

used for drinking purpose has been recognized as a major 

public-health concern in several parts of the world. Every day 

millions of people are exposed to arsenic via drinking water 

where the concentration of arsenic exceeds the permissible 

limit (10 μg/L) defined by the World Health Organisation 

(WHO).[1] Arsenic occurs in ground water in the form of 

arsenite, arsenate, methyl arsenic acid and dimethyl arsenic 

acid. Groundwater is predominately used for irrigation of 

agricultural crops which results in deposition of arsenic in 

crops and is the second largest contributor to arsenic uptake by 
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people. Other potential sources of arsenic toxicity include the 

use of arsenic-contaminating herbicides, insecticides, 

rodenticides, preservatives and by products of fossil fuels.[2] 

Inhalation or ingestion of inorganic arsenic has been shown to 

cause cancer in humans, resulting in tumors of the skin, lung, 

liver, urinary bladder, and other locations, and has been 

classified as a proven human carcinogen by the International 

Agency for Research on Cancer (IARC),[3] in the EU 

(European Chemicals Bureau),[4] as well as by the US 

Environmental Protection Agency (EPA).[5] It has been 

reported that sub-chronic exposure to arsenic through drinking 

water alters the expression of cancer-related genes in liver,[6] 

increased the incidences of chromosome aberrations, sister 

chromatid exchanges and micronuclei in human 

populations.[7,8,9] Arsenic is not a direct DNA mutagen, but 

it diminishes DNA repair capacity and alters the DNA 

methylation patterns.[10] Existence of arsenic in different 

inorganic and organic forms, complicates its considerations on 

toxic effects. Toxicity varies according to its oxidation state, 

solubility and many other factors including the exposure dose, 

frequency, duration, species, age, gender, as well as individual 

susceptibilities, genetic and nutritional factors.[11,12,13] The 

well-known toxic effects of arsenic on human are difficult to 

reproduce in experimental animals,[14] but despite of this, the 

toxicological significance of low level oral exposure to arsenic 

and the dose response relationship for carcinogenic effects has 

been the subject of important discussion.Although several in 

vitro studies have reported the genotoxic effects 

(carcinogenesis and mutagenesis) of arsenic at higher doses, 

the purpose of the present study is to focus on the evidence 

whether arsenic is capable of inducing/initiating genotoxic 

effects at low dose levels (10-50 μg/L) measured through 

hepatic microsomal degranulation and chromosomal 

aberration in bone marrow cells using female albino rats as an 

experimental model. 

 

Materials and methods:  

Animals and experimental design 

Forty-eight mature female rats were procured from 

Department of biology in fuluja university  Production and 

Management, Dev Veterinary and Animal Sciences University 

(GADVASU), Ludhiana, and acclimatized for 15 days before 

using them for experimentation. The rats were maintained 

under controlled condition of temperature (27 ± 2°C; 12h 

light/dark cycles) and provided with standard pellet diet and 

water ad libitum. The rats were divided randomly into 4 

groups consisting of 12 animals each. Group I animals 

received distilled water and served as control. Group II, III 

and IV animals received arsenic as sodium meta arsenite at 

doses of 10, 30 and 50 μg/L(ppb) dissolved in distilled water 

for a period of 60 days. Half of the animals (6) from each 

group were sacrificed after 30 days of arsenic exposure and 

remaining others after 60 days. 

 

Chromosome aberration assay 

Experimental animals were injected (intraperitonealy) with 

colchicine (4 mg/kg) 1.5 h prior to sacrifice and cytogenetic 

analysis was performed on bone marrow cells.[15] Both 

femora were dissected out and cleaned of any adhering 

muscle. Bone-marrow cells were collected from both femora 

by flushing in KCL (0.075 M, at 37°C) and incubated at 37°C 

for 25 min. Collected cells were centrifuged at 3000 rpm for 

10 min, and fixed in aceto-methanol (acetic acid:methanol, 

1:3, v/v). Centrifugation and fixation were repeated five times 

at an interval of 20 min. The cells were resuspended in a small 

volume of fixative, dropped onto chilled slides, dried and 

stained the following day with freshly prepared 2% Giemsa 

stain for 3-5 minutes. 

 

Microsomal degranulation assay 

Liver (0.5 gram) was finely chopped and homogenized in 

0.225 M sucrose tris (ST) buffer (pH 7.4) in chilled conditions 

and processed for microsomal degranulation.[16,17] Tissue 

homogenates were centrifuged for 20 min at 9000 rpm at 4°C, 

the post mitochondrial supernatant collected and mixed with 

0.5 g calcium chloride. After that the tubes were kept in ice for 

20 min, centrifuged at 4°C, 10,000 rpm for 20 min. The 

pelleted microsomes were resuspended in 0.225 M ST buffer 

(pH 7.4) and proteins, RNA were estimated as per the standard 

methods. Microsomal degranulation values above 5% were 

taken as positive result for representing carcinogenic 

properties of the chemical.[18] 

Statistical analysis 

Statistical analysis of the data for microsomal degranulation 

test was carried out by one-way analysis of variance 

(ANOVA). The values of treated rats were compared with 

control and the statistical differences were considered 

significant at P ≤ 0.05, P ≤ 0.01. All values were expressed as 

mean ± SEM. 

 

Results and dissection: 

In the present study the carcinogenic potential of arsenic was 

assessed by measuring the detachment of ribosomes from 

rough endoplasmic reticulum (RER). Earlier studies have 

reported that carcinogens degranulated RER under in 

vivo and in vitro conditions[19] resulting in a decreased 

RNA/Protein ratio and provides the basis of a screening test 

for environmental or chemical carcinogens.[20] Liver 

provides a good model for the study of carcinogen-induced 

degranulation, mainly for two reasons: firstly, it was a rich 

source of rough endoplasmic reticulum and secondly, it has 

the metabolic capacity required to generate active forms of 

carcinogen from precursors. The administration of arsenic 

consecutively for 30 and 60 days in the present study resulted 

in a decreased RNA/Protein ratio[20] which has been taken as 

an index of degranulation. Our results are in consonance to the 

earlier findings[21] where a decrease in RNA/Protein ratio of 

treated rats due to direct membrane degranulation has been 

reported. Researchers have demonstrated that electrophiles of 

a carcinogen can disrupt ribosome membrane interaction in 

rough microsomes by their attack on nucleophilic components 

of the reticular membrane ribosome complex, involved in 

protein synthesis for export from cytosol.[22] Lack of 

exported proteins can adversely affect signal transduction 

across plasma membrane possibly leading to events at 

molecular levels leading to incidence of carcinogenesis. 

 

Arsenic has been recorded as a genotoxic element and not a 

mutagen for both animals and humans.[3,7] The significant 

chromosomal aberrations observed in the present study were 
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mainly in the form of chromatid breakages (gaps, break and 

fragments) which support the view of genotoxicity expressed 

earlier. Various in vitro studies revealed that arsenic can 

damage DNA and induces the formation of chromosome 

aberrations, micronuclei formation and sister chromatid 

exchange in mammalian cells.[14,23] Chromatid lesions occur 

only when chromosomes are damaged after G1 stage of the 

cell cycle leading to chromatid breakage.[24] Cytogenetic 

studies done earlier showed that arsenic exposure has a 

positive genotoxic effect and an increased number of 

chromosomal aberrations on human lymphocytes.[25,26] The 

results of our studies on the effect of therapeutic doses of 

ivermectin, administered repeatedly, on the hematological 

parameters of rabbits are presented . 

 

The leukogram in this study indicated that leukopenia may be 

related to the toxic effects of ivermectin on cell.[27] ) This 

Arsenic induces cell death through a mechanism related to its 

known chloride channel activator function  ( Tribiñoset 

al ,. 2023 .)  

 

Since arsenic is a lipophilic substance.[28] it interacts with 

other cells and affects their functions, which causes damage to 

organs, such as the liver(Arise&Malomo, 2009.)Thus, the 

result of our study is adecrease in the number of leukocytes in 

the treated group, this result is due to the body's response to 

the action of ivermectin, leading to an increase in leukocytes, 

and then a decrease due to its repeated doses. 

On the other hand , Abdel-Rahman&Ali .[29] found Arsenic -

inducedleukocyosis in sheep in their study. Moreover, a 

decrease in the lymphocyte counts was observed as a result, 

which may be adverse effect of Arsenic on lymphocytes. 

In the table (2), the results observed he effect of Arsenic on 

hematological values, it was reduced in RBC counts, MCHC 

and platelate counts, and no effect of another parameters 

involved   ( HGB, PCV, MCH and PCT ). This anemia may be 

caused by a shift in hematopoiesis caused by nephrotic injury, 

liver degeneration, or decreased bile salts in the small 

intestine. .[30]  The lipophilicity of ivermectin also promotes 

rapid transport of the drug from the circulation to various 

tissues(Jourdan et al ,),. thus interact with plasma proteins, 

especially proteins that transport minerals, in particular iron-

binding proteins, so that they give a clear indication of how 

the number of erythrocytes, platelets and MCHC 

decrement are reduced in treated rabbits . 

The observed changes confirm that frequent Arsenic dosages 

have a deleterious influence on rabbit health. Therefore, it is 

suggested to take a single dose each time . 

 

The effects of Arsenic on hematological parameters related 

with white blood cells  ( WBC) 

The results indicate a significant (P≤0.05)decrease in total 

white blood cell count in the treatment (Arsenic) group 

compared with the control group at both periods  .As well as a 

decrease in lymphocytes, especially after 60 days. On the 

other hand, there is no difference in the mid-range of absolute 

numbers . 

 

Table 1 : The effects of Arsenic on hematological parameters related with white blood cells in rat. 

  

Parameters 

  

Time 

  

Control 

  

Ivermectin 

  

LSD 

  

White blood cells 

/109(l ) 

At 60 day 
12.1 ±0.32  

Aa 

9.5  ±0.3  

Ba 

1.43 

  At 90 day 
12.3 ±0.15  

Aa 

8.5  ±0.4  

Ba 
  

  

Lymphocyte/109(l ) 
At 60 day 

5.1±1.1  

Aa 

5.6±0.4  

Ba 

2.28 

  At 90 day 
4.6  ±0.27  

Aa 

1.78 ±0.26  

Ba 
  

Granulocyte/109(l ) At 60 day 
5.8±0.8  

Aa 

4.1±1.2  

Aa 
3.25 

  At 60day 
4.3  ±0.5  

Aa 

7.3  ±0.5  

Aa 
  

Mid-range absolute count/109(l) At 90 day 
1.46 ±0.06  

Aa 

0.89 ±0.12  

Aa 
0.6 

  At 60day 
1.2  ±0.05  

Aa 

1.36 ±0.27  

Aa 
  

Values are expressed as mean ± SE, each group containing five animals . 

The individual capital letters indicate statistically significant differences between groups within the same line at 

(P≤0.05).The individual small letters indicate statistically significant differences between times within one column. 

 

Conclusion:  

Chronic exposure of arsenic even at its low and permissible 

dose limits (10-50 μg/L) results in degranulation and 

chromosome aberrations  and hematological changes which 

substantiates the possible genotoxic potential of arsenic in 

animals. However, further studies on animals are needed to 

hypothesize the detailed molecular mechanism involved in 

genotoxicity of arsenic laden compounds. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3989911/#ref14
https://pmc.ncbi.nlm.nih.gov/articles/PMC3989911/#ref23
https://pmc.ncbi.nlm.nih.gov/articles/PMC3989911/#ref24
https://pmc.ncbi.nlm.nih.gov/articles/PMC3989911/#ref25
https://pmc.ncbi.nlm.nih.gov/articles/PMC3989911/#ref26


Contamination Effect of Arsenic Trioxide on White Rat 

2125 Afr. J. Biomed. Res. Vol. 27, No.3 (December) 2024 Ayat Abd-Aljaleel Nsaif et al. 

REFERENCES 

2nd ed. Vol. 1. Geneva: World Health Organization; 1993. 

WHO. Guidelines for drinking water quality: 

Recommendations. [Google Scholar] 

Flora SJ, Mehta A, Rao PV, Kannan GM, Bhaokar A, Dube 

SN, et al. Therapeutic potential of monoisoamyl and 

monomethyl esters of meso 2,3-dimercaptosuccimic acid in 

gallium arsenide intoxicated rats. Toxicology. 2004;195:127–

46. doi: 10.1016/j.tox.2003.09.010. [DOI] [PubMed] [Google 

Scholar] 

IARC. International Agency for Research on Cancer (IARC) 

IARC monographs on the evaluation of carcinogenic risks to 

humans. [Last accessed on 31 Jan 2012];Some drinking-water 

disinfectants and contaminants, including arsenic. 2004 84:39. 

Available 

from: http://www.inchem.org/documents/iarc/vol84/84-01-

arsenic.html . [PMC free article] [PubMed] [Google Scholar] 

European Chemicals Bureau (ECB). European Chemical 

Substances Information System [ESIS] [database on the 

Internet]. c1995-2010. [cited 2010 October] Available 

from: http://ecb.jrc.ec.europa.eu/esis . 

Environmental Protection Agency. Integrated Risk 

Information system (IRIS) [Last accessed on 2010 Oct 

25];Toxicological Review of Inorganic Arsenic (Cancer) 

(2010 External Review Draft) [Google Scholar] 

Cui XS, Shraim A, Kobayashi Y. Subchronic exposure to 

arsenic through drinking water alters expressions of cancer 

related genes in rat liver. Toxicol Pathol. 2004;32:64–72. doi: 

10.1080/01926230490261348. [DOI] [PubMed] [Google 

Scholar] 

Basu A, Mahata J, Roy AK, Sarkar JN, Poddar G, Nandy AK, 

et al. Enhanced frequency of micronuclei in individuals 

exposed to arsenic through drinking water in West Bengal, 

India. Mutat Res. 2002;516:29–40. doi: 10.1016/s1383-

5718(02)00014-1. [DOI] [PubMed] [Google Scholar] 

Lerda D. Sister chromatid exchange (SCE) among individuals 

chronically exposed to arsenic in drinking water. Mutat Res. 

1994;312:111–20. doi: 10.1016/0165-1161(94)90015-9. [DOI] 

[PubMed] [Google Scholar] 

Gradecka G, Palus J, Wasowicz W. Selected mechanisms of 

genotoxic effects of inorganic arsenic compounds. Int J Occup 

Med Environ Health. 2001;14:317–28. [PubMed] [Google 

Scholar] 

Kitchin KT. Recent advances in arsenic carcinogenesis: 

Modes of action, animal model systems, and methylated 

arsenic metabolites. Toxicol Appl Pharmacol. 2001;172:249–

61. doi: 10.1006/taap.2001.9157. [DOI] [PubMed] [Google 

Scholar] 

Venugopal B, Lucky TD. New York: Plenum Press; 1978. 

Metal toxicity in mammals. [Google Scholar] 

Marafante E, Vahter M. Solubility, retention, and metabolism 

of intratracheally and orally administered inorganic arsenic 

compounds in the Hamster. Environ Res. 1987;42:72–82. doi: 

10.1016/s0013-9351(87)80008-7. [DOI] [PubMed] [Google 

Scholar] 

Chen CJ, Lin LJ. Human carcinogenicity and atherogenicity 

induced by chronic exposure to inorganic arsenic. In: Nriagu 

JO, editor. Arsenic in the Environment; Part II: Human Health 

and Ecosystem Effects. New York (NY): John Wiley and 

Sons, Inc; 1994. pp. 109–31. [Google Scholar] 

Basu A, Mahata J, Gupta S, Giri AK. Genetic toxicology of a 

paradoxical human carcinogen, arsenic: A review. Mutat Res. 

2001;488:171–94. doi: 10.1016/s1383-5742(01)00056-

4. [DOI] [PubMed] [Google Scholar] 

Sharma AK, Sharma A. Singapore: Harwood Academic 

Publishers; 1994. Chromosome techniques - A 

manual. [Google Scholar] 

Kamath SA, Naragan KA. Interaction of Ca2+ with 

endoplasmic reticulum of rat liver standardized procedure for 

the isolation of rat liver microsomes. Anal Biochem. 

1972;48:53–61. doi: 10.1016/0003-2697(72)90169-8. [DOI] 

[PubMed] [Google Scholar] 

Gupta MM, Dani HM. Standardized procedure for the 

isolation of rat liver microsomes. Indian J Exp Biol. 

1979;17:11–44. [Google Scholar] 

Purchase IFH, Jongstoff E, Ahby J, Styles JA, Lefevre PA, 

Westwood FR. An evaluation of 6 short term tests for 

detecting organic chemical carcinogens. Br J Cancer. 

1978;37:873–903. doi: 10.1038/bjc.1978.132. [DOI] [PMC 

free article] [PubMed] [Google Scholar] 

Williams DJ, Rabin BR. Disruption by carcinogens of the 

hormone dependent association of membranes with 

polysomes. Nature. 1971;232:102–5. doi: 

10.1038/232102a0. [DOI] [PubMed] [Google Scholar] 

Jagota SK, Dani HM. Microsomal degranulation by isatin and 

its inhibitiors by ascorbic acid. Curr Sci. 

1981;50:721. [Google Scholar] 

Orrenius S, Ericsson JL. Enzyme- membrane relationships in 

phenobarbital induction of synthesis of drug metabolising 

enzyme system and proliferation of endoplasmic reticulum. J 

Cell Biol. 1966;28:181. doi: 10.1083/jcb.28.2.181. [DOI] 

[PMC free article] [PubMed] [Google Scholar] 

Dani HM, Kaur P. Optical visualization of microsomal 

degranulation by a carcinogen. J Environ Pathol Toxicol 

Oncol. 2001;20:109–11. [PubMed] [Google Scholar] 

Gebel TW, Liester M, Schumann W, Hirsch EK. Low level 

self tolerance to arsenite in human HepG2 cells is associated 

with a depressed induction of micronuclei. Mutat Res. 

2002;514:245–55. doi: 10.1016/s1383-5718(01)00343-

6. [DOI] [PubMed] [Google Scholar] 

Febrer E, Mestres M, Caballín MR, Barrios L, Ribas M, 

Gutiérrez- Enríquez S, et al. Mitotic delay in lymphocytes 

from BRCA1 heterozygotes unable to reduce the radiation-

induced chromosomal damage. DNA Repair (Amst) 

2008;7:1907–11. doi: 10.1016/j.dnarep.2008.08.001. [DOI] 

[PubMed] [Google Scholar] 

Basu A, Ghosh P, Das JK, Banerjee A, Ray K, Giri AK. 

Micronuclei as biomarkers of carcinogen exposure in 

populations exposed to arsenic through drinking water in West 

Bengal, India: A comparative study in 3 cell types. Cancer 

Epidemiol Biomarkers Prev. 2004;13:820–7. [PubMed] 

[Google Scholar] 

Ghosh P, Banerjee M, Chaudhari S, Das JK, Sarma N, Basu 

A. Increased chromosome aberration frequencies in Bowen's 

patients compared to non-cancerous skin lesions in individuals 

exposed to arsenic. Mutat Res. 2007;632:104–10. doi: 

10.1016/j.mrgentox.2007.05.005. [DOI] [PubMed] [Google 

Scholar] 

Abdel-Rahman, G. H., & H Ali, A. (2021). 

Clinicopathological and Reproductive Studies on The Use of 

https://scholar.google.com/scholar_lookup?2nd%20ed.%20Vol.%201.%20Geneva:%20World%20Health%20Organization;%201993.%20WHO.%20Guidelines%20for%20drinking%20water%20quality:%20Recommendations.
https://doi.org/10.1016/j.tox.2003.09.010
https://pubmed.ncbi.nlm.nih.gov/14751669/
https://scholar.google.com/scholar_lookup?journal=Toxicology&title=Therapeutic%20potential%20of%20monoisoamyl%20and%20monomethyl%20esters%20of%20meso%202,3-dimercaptosuccimic%20acid%20in%20gallium%20arsenide%20intoxicated%20rats&author=SJ%20Flora&author=A%20Mehta&author=PV%20Rao&author=GM%20Kannan&author=A%20Bhaokar&volume=195&publication_year=2004&pages=127-46&pmid=14751669&doi=10.1016/j.tox.2003.09.010&
https://scholar.google.com/scholar_lookup?journal=Toxicology&title=Therapeutic%20potential%20of%20monoisoamyl%20and%20monomethyl%20esters%20of%20meso%202,3-dimercaptosuccimic%20acid%20in%20gallium%20arsenide%20intoxicated%20rats&author=SJ%20Flora&author=A%20Mehta&author=PV%20Rao&author=GM%20Kannan&author=A%20Bhaokar&volume=195&publication_year=2004&pages=127-46&pmid=14751669&doi=10.1016/j.tox.2003.09.010&
http://www.inchem.org/documents/iarc/vol84/84-01-arsenic.html
http://www.inchem.org/documents/iarc/vol84/84-01-arsenic.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC7682301/
https://pubmed.ncbi.nlm.nih.gov/15645577/
https://scholar.google.com/scholar_lookup?journal=Some%20drinking-water%20disinfectants%20and%20contaminants,%20including%20arsenic&title=IARC.%20International%20Agency%20for%20Research%20on%20Cancer%20(IARC)%20IARC%20monographs%20on%20the%20evaluation%20of%20carcinogenic%20risks%20to%20humans&volume=84&publication_year=2004&pages=39&pmid=15645577&
http://ecb.jrc.ec.europa.eu/esis
https://scholar.google.com/scholar_lookup?journal=Toxicological%20Review%20of%20Inorganic%20Arsenic%20(Cancer)%20(2010%20External%20Review%20Draft)&title=Environmental%20Protection%20Agency.%20Integrated%20Risk%20Information%20system%20(IRIS)&
https://doi.org/10.1080/01926230490261348
https://pubmed.ncbi.nlm.nih.gov/14713550/
https://scholar.google.com/scholar_lookup?journal=Toxicol%20Pathol&title=Subchronic%20exposure%20to%20arsenic%20through%20drinking%20water%20alters%20expressions%20of%20cancer%20related%20genes%20in%20rat%20liver&author=XS%20Cui&author=A%20Shraim&author=Y%20Kobayashi&volume=32&publication_year=2004&pages=64-72&pmid=14713550&doi=10.1080/01926230490261348&
https://scholar.google.com/scholar_lookup?journal=Toxicol%20Pathol&title=Subchronic%20exposure%20to%20arsenic%20through%20drinking%20water%20alters%20expressions%20of%20cancer%20related%20genes%20in%20rat%20liver&author=XS%20Cui&author=A%20Shraim&author=Y%20Kobayashi&volume=32&publication_year=2004&pages=64-72&pmid=14713550&doi=10.1080/01926230490261348&
https://doi.org/10.1016/s1383-5718(02)00014-1
https://pubmed.ncbi.nlm.nih.gov/11943608/
https://scholar.google.com/scholar_lookup?journal=Mutat%20Res&title=Enhanced%20frequency%20of%20micronuclei%20in%20individuals%20exposed%20to%20arsenic%20through%20drinking%20water%20in%20West%20Bengal,%20India&author=A%20Basu&author=J%20Mahata&author=AK%20Roy&author=JN%20Sarkar&author=G%20Poddar&volume=516&publication_year=2002&pages=29-40&pmid=11943608&doi=10.1016/s1383-5718(02)00014-1&
https://doi.org/10.1016/0165-1161(94)90015-9
https://pubmed.ncbi.nlm.nih.gov/7510822/
https://scholar.google.com/scholar_lookup?journal=Mutat%20Res&title=Sister%20chromatid%20exchange%20(SCE)%20among%20individuals%20chronically%20exposed%20to%20arsenic%20in%20drinking%20water&author=D%20Lerda&volume=312&publication_year=1994&pages=111-20&pmid=7510822&doi=10.1016/0165-1161(94)90015-9&
https://pubmed.ncbi.nlm.nih.gov/11885915/
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Occup%20Med%20Environ%20Health&title=Selected%20mechanisms%20of%20genotoxic%20effects%20of%20inorganic%20arsenic%20compounds&author=G%20Gradecka&author=J%20Palus&author=W%20Wasowicz&volume=14&publication_year=2001&pages=317-28&pmid=11885915&
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Occup%20Med%20Environ%20Health&title=Selected%20mechanisms%20of%20genotoxic%20effects%20of%20inorganic%20arsenic%20compounds&author=G%20Gradecka&author=J%20Palus&author=W%20Wasowicz&volume=14&publication_year=2001&pages=317-28&pmid=11885915&
https://doi.org/10.1006/taap.2001.9157
https://pubmed.ncbi.nlm.nih.gov/11312654/
https://scholar.google.com/scholar_lookup?journal=Toxicol%20Appl%20Pharmacol&title=Recent%20advances%20in%20arsenic%20carcinogenesis:%20Modes%20of%20action,%20animal%20model%20systems,%20and%20methylated%20arsenic%20metabolites&author=KT%20Kitchin&volume=172&publication_year=2001&pages=249-61&pmid=11312654&doi=10.1006/taap.2001.9157&
https://scholar.google.com/scholar_lookup?journal=Toxicol%20Appl%20Pharmacol&title=Recent%20advances%20in%20arsenic%20carcinogenesis:%20Modes%20of%20action,%20animal%20model%20systems,%20and%20methylated%20arsenic%20metabolites&author=KT%20Kitchin&volume=172&publication_year=2001&pages=249-61&pmid=11312654&doi=10.1006/taap.2001.9157&
https://scholar.google.com/scholar_lookup?Venugopal%20B,%20Lucky%20TD.%20New%20York:%20Plenum%20Press;%201978.%20Metal%20toxicity%20in%20mammals.
https://doi.org/10.1016/s0013-9351(87)80008-7
https://pubmed.ncbi.nlm.nih.gov/3803345/
https://scholar.google.com/scholar_lookup?journal=Environ%20Res&title=Solubility,%20retention,%20and%20metabolism%20of%20intratracheally%20and%20orally%20administered%20inorganic%20arsenic%20compounds%20in%20the%20Hamster&author=E%20Marafante&author=M%20Vahter&volume=42&publication_year=1987&pages=72-82&pmid=3803345&doi=10.1016/s0013-9351(87)80008-7&
https://scholar.google.com/scholar_lookup?journal=Environ%20Res&title=Solubility,%20retention,%20and%20metabolism%20of%20intratracheally%20and%20orally%20administered%20inorganic%20arsenic%20compounds%20in%20the%20Hamster&author=E%20Marafante&author=M%20Vahter&volume=42&publication_year=1987&pages=72-82&pmid=3803345&doi=10.1016/s0013-9351(87)80008-7&
https://scholar.google.com/scholar_lookup?title=Arsenic%20in%20the%20Environment;%20Part%20II:%20Human%20Health%20and%20Ecosystem%20Effects&author=CJ%20Chen&author=LJ%20Lin&publication_year=1994&
https://doi.org/10.1016/s1383-5742(01)00056-4
https://pubmed.ncbi.nlm.nih.gov/11344043/
https://scholar.google.com/scholar_lookup?journal=Mutat%20Res&title=Genetic%20toxicology%20of%20a%20paradoxical%20human%20carcinogen,%20arsenic:%20A%20review&author=A%20Basu&author=J%20Mahata&author=S%20Gupta&author=AK%20Giri&volume=488&publication_year=2001&pages=171-94&pmid=11344043&doi=10.1016/s1383-5742(01)00056-4&
https://scholar.google.com/scholar_lookup?Sharma%20AK,%20Sharma%20A.%20Singapore:%20Harwood%20Academic%20Publishers;%201994.%20Chromosome%20techniques%20-%20A%20manual.
https://doi.org/10.1016/0003-2697(72)90169-8
https://pubmed.ncbi.nlm.nih.gov/4339370/
https://scholar.google.com/scholar_lookup?journal=Anal%20Biochem&title=Interaction%20of%20Ca2+%20with%20endoplasmic%20reticulum%20of%20rat%20liver%20standardized%20procedure%20for%20the%20isolation%20of%20rat%20liver%20microsomes&author=SA%20Kamath&author=KA%20Naragan&volume=48&publication_year=1972&pages=53-61&pmid=4339370&doi=10.1016/0003-2697(72)90169-8&
https://scholar.google.com/scholar_lookup?journal=Indian%20J%20Exp%20Biol&title=Standardized%20procedure%20for%20the%20isolation%20of%20rat%20liver%20microsomes&author=MM%20Gupta&author=HM%20Dani&volume=17&publication_year=1979&pages=11-44&
https://doi.org/10.1038/bjc.1978.132
https://pmc.ncbi.nlm.nih.gov/articles/PMC2009661/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2009661/
https://pubmed.ncbi.nlm.nih.gov/354672/
https://scholar.google.com/scholar_lookup?journal=Br%20J%20Cancer&title=An%20evaluation%20of%206%20short%20term%20tests%20for%20detecting%20organic%20chemical%20carcinogens&author=IFH%20Purchase&author=E%20Jongstoff&author=J%20Ahby&author=JA%20Styles&author=PA%20Lefevre&volume=37&publication_year=1978&pages=873-903&pmid=354672&doi=10.1038/bjc.1978.132&
https://doi.org/10.1038/232102a0
https://pubmed.ncbi.nlm.nih.gov/4397468/
https://scholar.google.com/scholar_lookup?journal=Nature&title=Disruption%20by%20carcinogens%20of%20the%20hormone%20dependent%20association%20of%20membranes%20with%20polysomes&author=DJ%20Williams&author=BR%20Rabin&volume=232&publication_year=1971&pages=102-5&pmid=4397468&doi=10.1038/232102a0&
https://scholar.google.com/scholar_lookup?journal=Curr%20Sci&title=Microsomal%20degranulation%20by%20isatin%20and%20its%20inhibitiors%20by%20ascorbic%20acid&author=SK%20Jagota&author=HM%20Dani&volume=50&publication_year=1981&pages=721&
https://doi.org/10.1083/jcb.28.2.181
https://pmc.ncbi.nlm.nih.gov/articles/PMC2106923/
https://pubmed.ncbi.nlm.nih.gov/5914688/
https://scholar.google.com/scholar_lookup?journal=J%20Cell%20Biol&title=Enzyme-%20membrane%20relationships%20in%20phenobarbital%20induction%20of%20synthesis%20of%20drug%20metabolising%20enzyme%20system%20and%20proliferation%20of%20endoplasmic%20reticulum&author=S%20Orrenius&author=JL%20Ericsson&volume=28&publication_year=1966&pages=181&pmid=5914688&doi=10.1083/jcb.28.2.181&
https://pubmed.ncbi.nlm.nih.gov/11394708/
https://scholar.google.com/scholar_lookup?journal=J%20Environ%20Pathol%20Toxicol%20Oncol&title=Optical%20visualization%20of%20microsomal%20degranulation%20by%20a%20carcinogen&author=HM%20Dani&author=P%20Kaur&volume=20&publication_year=2001&pages=109-11&pmid=11394708&
https://doi.org/10.1016/s1383-5718(01)00343-6
https://pubmed.ncbi.nlm.nih.gov/11815262/
https://scholar.google.com/scholar_lookup?journal=Mutat%20Res&title=Low%20level%20self%20tolerance%20to%20arsenite%20in%20human%20HepG2%20cells%20is%20associated%20with%20a%20depressed%20induction%20of%20micronuclei&author=TW%20Gebel&author=M%20Liester&author=W%20Schumann&author=EK%20Hirsch&volume=514&publication_year=2002&pages=245-55&pmid=11815262&doi=10.1016/s1383-5718(01)00343-6&
https://doi.org/10.1016/j.dnarep.2008.08.001
https://pubmed.ncbi.nlm.nih.gov/18765304/
https://scholar.google.com/scholar_lookup?journal=DNA%20Repair%20(Amst)&title=Mitotic%20delay%20in%20lymphocytes%20from%20BRCA1%20heterozygotes%20unable%20to%20reduce%20the%20radiation-induced%20chromosomal%20damage&author=E%20Febrer&author=M%20Mestres&author=MR%20Caball%C3%ADn&author=L%20Barrios&author=M%20Ribas&volume=7&publication_year=2008&pages=1907-11&pmid=18765304&doi=10.1016/j.dnarep.2008.08.001&
https://pubmed.ncbi.nlm.nih.gov/15159315/
https://scholar.google.com/scholar_lookup?journal=Cancer%20Epidemiol%20Biomarkers%20Prev&title=Micronuclei%20as%20biomarkers%20of%20carcinogen%20exposure%20in%20populations%20exposed%20to%20arsenic%20through%20drinking%20water%20in%20West%20Bengal,%20India:%20A%20comparative%20study%20in%203%20cell%20types&author=A%20Basu&author=P%20Ghosh&author=JK%20Das&author=A%20Banerjee&author=K%20Ray&volume=13&publication_year=2004&pages=820-7&pmid=15159315&
https://doi.org/10.1016/j.mrgentox.2007.05.005
https://pubmed.ncbi.nlm.nih.gov/17600756/
https://scholar.google.com/scholar_lookup?journal=Mutat%20Res&title=Increased%20chromosome%20aberration%20frequencies%20in%20Bowen%27s%20patients%20compared%20to%20non-cancerous%20skin%20lesions%20in%20individuals%20exposed%20to%20arsenic&author=P%20Ghosh&author=M%20Banerjee&author=S%20Chaudhari&author=JK%20Das&author=N%20Sarma&volume=632&publication_year=2007&pages=104-10&pmid=17600756&doi=10.1016/j.mrgentox.2007.05.005&
https://scholar.google.com/scholar_lookup?journal=Mutat%20Res&title=Increased%20chromosome%20aberration%20frequencies%20in%20Bowen%27s%20patients%20compared%20to%20non-cancerous%20skin%20lesions%20in%20individuals%20exposed%20to%20arsenic&author=P%20Ghosh&author=M%20Banerjee&author=S%20Chaudhari&author=JK%20Das&author=N%20Sarma&volume=632&publication_year=2007&pages=104-10&pmid=17600756&doi=10.1016/j.mrgentox.2007.05.005&


Contamination Effect of Arsenic Trioxide on White Rat 

2126 Afr. J. Biomed. Res. Vol. 27, No.3 (December) 2024 Ayat Abd-Aljaleel Nsaif et al. 

Ivermectin in Ewes. Journal of Applied Veterinary 

Sciences, 6(2), 59–66. 

Abdou, K. A& ,.Sharkawy, A. A. (2004). Some toxicological 

studies on ivermectin in goats. In Proceeding of the 20 Annual 

meeting of the Egyptian Society of toxicology. Bibliotheca 

Alexandria, Alexandria University, Alexandria, Egypt   ( pp. 

18–19 .) 

Arise, R. O&  ,.Malomo, S. O. (2009). Effects of ivermectin 

and albendazole on some liver and kidney function indices in 

rats . Afr J Biochem Res , 3(5  ,)190–197 .  

Arise, R. O., Malomo, S. O&  ,.Oyewole, O. I. (2012). 

Histological changes in selected tissues of ivermectin and/or 

albendazole treated rats . Int J ToxicolApplPharmacol , 2 ,1–5.  


	Contamination Effect of Arsenic Trioxide on White Rat
	Ayat Abd-Aljaleel Nsaif1*, Wafaa Abdul-Rahman Alobaidi2, Nooralhuda Aljawhar3, Hussain A. Sheriff4
	1*Assistant lecturer/ Department of Pharmacology and Toxicology, College of Pharmacy, Mustansiriyah University, Iraq, mail: ayat.abd@uomustansiriyah.edu.iq, https://orcid.org/0000-0001-9551-9056 Mob. No. 0773028466
	2Assistant lecture /Department of Biology/ Collage of Science /Baghdad university,
	email: Wafaa.a@sc.uobaghdad.edu.iq, https://orcid.org/0009-0001-5784-4824 , Mob. No. 07717387984
	3Assistant lecturer/ department of microbiology/college of veterinary medicine/Diyala university,
	alhuda.noor1818@gmail.com, https://orcid.org/0009-0005-1247-333 , Mob. No. 07711413099
	4Department of Medical Laboratory Technique, Al Rasheed University College, Iraq. hussaimalsheriff@alrasheedcol.edu.ia, Mob. No. 07709759055
	Abstract
	Materials and methods:
	Animals and experimental design
	Chromosome aberration assay
	Microsomal degranulation assay
	Statistical analysis

	Results and dissection:
	REFERENCES



