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INTRODUCTION  
Arsenic (As) is presently one of the most predominant 

global environmental toxicants. Arsenic toxicity posed 

massive health concern by affecting millions of people in 

the world, particularly in developing countries.[1], [2], [3] 

Humans are now being continuously exposed to arsenic 

from food, water, soil, and air. Long time exposure to 

arsenic results in its accumulation in hair, nails, muscles 
and skin which leads to different complications and 

diseases such as cancer, diabetes, hypertension, 

peripheral neuropathy, multiple vascular diseases, weight 

loss and miscarriage.[4],[5],[6],[7] The toxicity of arsenic is 

thought to be caused by the signals spawned due to its 

reaction with sulfhydryl groups of various enzymes and 

proteins. In this way, arsenic can activate potential 

intracellular signaling pathways which ultimately lead to 

arsenic-mediated adverse health effects.[8],[1] 

 

A number of studies have been carried out to find out 

different histological changes of skin.[9],[10],[11],[12],[13] Skin 
has a strong propensity to gather arsenic in keratin. The 

various effects found include pigmentation changes, 

especially on the trunk and extremities, and thickening of 

the outer horny layer of skin (keratosis), the palms and 

soles. Basically, after pigmentation changes, often  

 

palmar‐plantar hyperkeratosis occur if exposure 

continues.[14],[15] Among various environmental agents 

suspected of being teratogenic, arsenic is apt to induce 

neural tube defects (NTDs) in laboratory animals. It has 

also been found to have toxic effects on testicular tissue 

of laboratory animal.[16] Arsenic-mediated toxic effects 

on liver, spleen and kidney has been documented in a 

few studies. In a study, continued feeding of arsenic 

resulted in fatty liver along with elevated serum aspartate 
aminotransferase and alanine aminotransferase, on the 

other hand necrotic changes in kidney and spleenocytosis 

has been found in arsenic-exposed laboratory 

animals.[17],[18] However, it is important to understand the 

mechanism of arsenic induced toxicity in target organs 

more elaborately. Currently, organ specific histological 

evaluation is considered as the gold standard in order to 

detect the organ injury during metal exposure. The 

knowledge on organ specific histological changes due to 

arsenic exposure is crucial to find out the detailed 

mechanism of arsenic mediated toxicity in mammals. 
The possible risk involved with this metal on some 

organs like in liver, kidney, spleen and heart is not still 

well-defined. Hence, the present study has been designed 

to examine the histological damages in hepatic, renal, 

splenic and cardiac tissue along with some hematological 

and biochemical parameters in dose-dependent manner. 

Moreover, to elucidate the relationship between arsenic 
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ABSTRACT 

A clear and better knowledge on the effect of arsenic in hepatic, renal, splenic and cardiac tissue is required to 

understand the mechanism of arsenic toxicity. Our study was carried out to evaluate the arsenic-induced 

histological alterations observed in liver, kidney, spleen and heart of Wistar albino rats along with some 

hematological, biochemical and microscopic parameters. Wistar albino female rats were divided into four groups 

and treated as follows: Group 1: control, 2: arsenic (sodium arsenite: 50 ppm; 28 days), 3: arsenic (sodium arsenite: 

100 ppm; 28 days), 4: arsenic (sodium arsenite: 150 ppm; 28 days). We found immunosuppression, leukopenia as 

well as marked increase in serum ALT and AST of arsenic intoxicated rats. Moreover, sodium arsenite produced 

marked necrosis in kidney of rats, whereas in heart mild muscle necrosis was observed. In case of spleen, 
moderately enlarged white pulp was seen. Besides, we also have found that liver and spleen accumulated more 

arsenic than kidney and heart. We believe that in order to know more extensively the toxic effects of arsenic, the 

findings of our study in animal model will become useful. 
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exposure and its deposition pattern in organs was another 

pivotal goal of our study. 

 

MATERIALS AND METHODS 

Animals 

All experiments were executed in female Wistar albino 
rats weighing 160-180 gm which were procured from the 

animal facility of BCSIR laboratory, Chittagong. They 

were acclimatized to environmental conditions of the 

laboratory (room temperature 23 ± 5°C, humidity 60 ± 

70%, 12: 12 h light: dark cycle) for 2 weeks before 

commencing the experiment. The protocol followed the 

rules and regulations set by the experimental animal 

ethics committee of Faculty of Biological Sciences, 

University of Chittagong. 

 

The rats were divided into four groups of six animals: 

Group 1: (control group). Rats consumed distilled 
water as drinking water.  

Group 2: arsenic group (50 ppm). Rats consumed a 

solution of arsenic (50 ppm) as sodium arsenite 

(NaAsO2; BDH (England) as drinking water for 28 days.  

Group 3: arsenic group (100 ppm). Rats consumed a 

solution of arsenic (100 ppm) as sodium arsenite as 

drinking water for 28 days. 

Group 4: arsenic group (150 ppm). Rats consumed a 

solution of arsenic (150 ppm) as sodium arsenite as 

drinking water for 28 days. 

After 28 days, rats were starved overnight and 
euthanized by light diethyl ether anesthesia the next 

morning. Blood and organs (liver, kidney, spleen and 

heart samples) were carefully collected and weighed.  

 

Hematological analysis  
RBC and WBC were counted following the method of 

Rusia and Sood (1992).[19] Hemoglobin content of the 

blood was estimated by the method of Drabkin (1946).[20] 

 

Liver function tests of serum hepatic enzyme activity 

Commercially available kits were used according to the 

respective manufacture's protocol for the measurement of 
serum liver enzyme activity. 

 

Histopathology of Liver, Kidney, Spleen and Heart 

The collected organs from each of the sacrificed rats 

were fixed in 10% neutral formalin. Then, one block 

from each tissue was processed by an automatic tissue 

processor and embedded in paraffin. Six micron thick 

sections were cut, stained with hematoxylin and eosin 

and examined under light microscope. (Olympus, 

Japan).[21]
 

 

Liver 
Cellular oedema, single cell necrosis, pyknosis, 

congestion, sinusoidal dilation, focal haemorrhage, portal 

and sinusoidal mononucleated inflammatory cell 

infiltration were evaluated in liver samples using a semi 

quantitative scale.[22] The observed changes were graded 

as follows:  

1 = No abnormality; 

2 = Mild lesions affecting 10% of samples; 

3 = Moderate lesions affecting 25% of samples; 

4 = Severe lesions affecting 50% of samples; 

5 = Extensive lesions affecting more than 75% of 

samples. 

 

Spleen  
By using a semi-quantitative scoring system spleen 

histology was analysed. Segments of spleen was scored 

for the enlargement of B- and T-lymphocyte areas in red 

and white pulps (0, absent; 1, slight; 2, moderate; and 3, 

pronounced) and for the increased number of apoptotic 

cells, macrophages, necrotic cells and presence of 

pigments (0, absent; and 1, present).[23] 

 

Kidney  
A semi-quantitative evaluation of renal tissue was 

utilized to score the degree of damage severity according 
to previously published criteria. [24] The changes were 

graded as follows:  

0 = normal;  

1= areas of focal granulovacuolar epithelial cell 

degeneration and granular debris in the tubular lumen 

with or without evidence of desquamation in small foci 

(less than 10% of total tubule population involved by 

desquamation);  

2 = obvious tubular epithelial necrosis and desquamation 

but involving less than 50% cortical tubules;  

3 = necrosis and desquamation in more than 50% of the 
proximal tubules, but intact tubules easily identified;  

4 = complete or almost complete proximal tubular 

necrosis. 

 

Heart  
Pathology of heart was graded based on the presence and 

severity of edema, leukocytic infiltration, muscle 

necrosis, chronic inflammation, and fibrosis. Grading for 

each component was performed by using a semi-

quantitative scale where 0 was normal and 1–4 

represented mild through severe abnormalities. [25] 

 

Quantification of arsenic  

A portion of each organ (calculated about 0.25 g) was 

digested with a mixture of HClO4-HNO3 solution (ratio 

1:3 v/v) for 2 days at 130◦C. [26] After removal of HNO3 

by evaporation, the digested samples were diluted with 

deionized water and analyzed for arsenic by Flow 

Injection Hydride Generator Atomic Absorption 

Spectrophotometer (FI-HG-AAS) (ICE 3000).  

 

Statistical Calculations 

Statistical analysis was performed utilizing a 
commercially available statistics software package 

(SPSS, Chicago, IL, and V.22). All of the data had been 

expressed as the mean ± standard errors of mean (SEM). 

Moreover, data from each control and treated group were 

analyzed by using one way analysis of variance 

(ANOVA) followed by Duncan’s Multiple Range Test 

(DMART) with a p-value less than 0.05 and 0.001 were 

considered to be statistically significant and highly 
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significant respectively. 

 

RESULT  

The physiological activities were found normal in control 

and arsenic-treated groups. No mortality was observed in 

control and arsenic-treated groups during the period of 

study. The albino rats of group-IV (150 ppm) developed 

‘Chromodacryorrhea’ around their eyes after 14 days of 

arsenic exposure, while the rats from control group 

appeared to be normal (Fig. 1A and 1B). 

 

  
Fig. 1: (A) Wistar albino rat of Group-I (Control). (B) Wistar albino rat of Group-IV (150 ppm) revealing severe 

“Chromodacryorrhea” around eyes. 

 

The food and water intake was found to be decreased 

dose-dependently and hence their body weight also 

deceased in dose-dependent manner. In case of mean 

RBC count and hemoglobin level, there was no 

significant decrease or increase found in arsenic-exposed 

Wistar rats. Group-II (50 ppm sodium arsenite for 28 

days) and Group-III (100 ppm sodium arsenite for 28 

days) exhibited statistically highly significant (p < 0.001) 

increased total WBC count while Group-IV (150 ppm 

sodium arsenite for 28 days) exhibited statistically highly 

significant (p < 0.001) decreased total WBC count while 

compared to Group-I (Control). Serum ALT and AST 

was increased in all three arsenic-treated groups, whereas 

serum ALP remained unchanged in arsenic-exposed 

groups. The results are shown in Table 1. 

 

Table 1 Effect of arsenic on morphological parameters, hematological parameters, liver function test, 

histological injury score and arsenic accumulation pattern in Wistar Albino rats. 

Parameters 
Group I 

(Control) 

Group II 

(50 ppm) 

Group III 

(100 ppm) 

Group IV 

(150 ppm) 

Morphological Parameters     

Food Intake (gm/rat) 17.34 ± 0.18 15.68 ± 0.52*** 10.42 ± 0.30*** 7.65 ± 0.23*** 

Water Intake (ml/rat) 31.77 ± 0.40 22.69 ± 0.44*** 16.16 ± 0.38*** 12.12 ± 0.45*** 

Body Weight (gm/rat)     

Initial BW (gm/rat) 162.83 ± 3.02 167.75 ± 0.91 178.67 ± 2.12 177.33 ± 1.93 

Final BW (gm/rat) 185.83 ± 1.58*** 159 ± 2.02*** 139.67 ± 3.36*** 118.5 ± 3.69*** 

Hematological Parameters     

RBC count (million/cu mm) 7.41 ± 0.01 7.32 ± 0.004NS 7.20 ± 0.003NS 7.33 ± 0.04NS 

Hb level (g/dl) 13.9 ± 0.04 14.12 ± 0.05NS 14.32 ± 0.08NS 14.25 ± 0.04NS 

WBC Count (cells/cu mm) 3820 ± 94.48 5323.3 ± 75.97*** 7180 ± 64.29*** 3140 ± 113.77*** 

Liver Function     

ALT (I/U) 60.83 ± 2.85 71.67 ± 0.95* 78 ± 1.95* 109.33 ± 4.67*** 

AST (I/U) 107 ± 4.52 146.67 ± 2.49*** 227.17 ± 4.49*** 304.83 ± 4.48*** 

ALP (I/U) 210 ± 4.55 208.69 ± 2.28NS 211.84 ± 2.03NS 207.83 ± 2.29NS 

Histological Injury Score     

Liver Injury Score 8.17 ± 0.40 14.67 ± 0.56*** 13.33 ± 0.21*** 18.33 ± 0.21*** 

Kidney Injury Score 1 ± 0 2.33 ± 0.21*** 2.33 ± 0.21*** 2.67 ± 0.26*** 

Spleen Injury Score 1 ± 0 4.33 ± 0.21*** 6 ± 0.26*** 5.33 ± 0.21*** 

Heart Injury Score 0 1.33 ± 0.42*** 3.67 ± 0.42*** 5.50 ± 0.55*** 

Accumulated Arsenic in Organs     

Liver 0.44 ± 0.42 37.73 ± 4.06*** 34.6 ± 1.70*** 11.65 ± 2.12* 

Kidney 0.46 ± 0.04 3.98 ± 0.49*** 3.38 ± 0.62*** 1.78 ± 0.20* 

Spleen 0.49  ± 0.04 16.15 ± 2.81*** 12.82 ± 2.79*** 9.82 ± 1.79*** 

Heart 0.42 ± 0.01 1.15 ± 0.03*** 1.12 ± 0.02*** 1.01 ± 0.01* 

NS denotes not significant. *Values are significant at (p<0.05). *** Values are significant at Highly significant 

(p<0.001).

The normal rat liver showed regular hepatic lobules (Figure 2A). In case of all arsenic-treated groups, cellular 
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edema was found affecting more than 75% of samples 

(Figure 2B). Congestion was not seen in any of the 

treated groups. Sinusoidal dilation was found affecting 

more than 10% but less than 25% of all specimens from 

all arsenic-treated groups. Focal necrosis was seen 

affecting more than 25% but less than 50% of all 
specimens of Group-III and Group-IV (Figure 2C), while 

in Group-II it was seen in more than 10% but less than 

25% of all specimens (Figure 2B). Focal hemorrhage and 

mononucleated inflammatory cell infiltration was present 

in Group-IV affecting more than 25% but less than 50% 

of samples (Figure 2C). Overall, Group-II, Group –III 

and Group-IV exhibited highly significant (p<0.001) 
liver injury score in comparison with Group-I (Control).  

 

  
Fig. 2: (A) Photomicrograph of rat liver structure from Group-I (Control) revealing normal architecture (H and 

E stain, 200x). (B) Section of rat liver structure from Group-II (50 ppm) revealing edema (I) and necrosis. (H 

and E stain, 400x). (C) Section of rat liver structure from Group-III (100 ppm) revealing necrosis (I), edema (II) 

and inflammatory cells (III). (H and E stain, 400x).  
 

The structure of the non-treated spleen was composed of 
white and red pulps surrounded by a capsule of dense 

connective tissue. In the arsenic-treated groups, there 

was slight to moderate enlargement of white pulp due to 

cellular proliferation. Increased number of macrophages 

and apoptotic cells as well as pigments was seen in all 

arsenic-treated groups (Figure 3B). There was increased 
hemorrhage in Group III and Group IV (Figure 3C). 

Necrotic cell was not seen in Group-II but it was present 

in Group-III and Group-IV. In general, Group-II, Group-

III and Group-IV exhibited highly significant (p<0.001) 

injury score compared to Group-I (Control Group).  

 

 
Fig. 3: (A) Section of rat spleen structure from Group-I (Control) revealing normal structure (H and E stain, 

400x). (B) Section of rat spleen structure from Group-II (50 ppm) revealing moderate enlargement of white pulp 

(H and E stain, 400x). (C) Section of rat spleen structure from Group-III (100 ppm) revealing moderate 

enlargement of white pulp (H and E stain, 400x).  

 

The kidney of control rats showed glomeruli, proximal 

tubule and distal tubule with regular structure (Figure 

4A). By contrast, the kidney of rats treated with sodium 

arsenite showed moderate to severe histological changes. 

Sodium arsenite produced necrosis and desquamation of 

epithelium in all arsenic-treated groups. Increased 
number of inflammatory cells was present in specimens 

of all groups (Figure 4B). Overall architectural loss was 

seen in specimens of Group IV (Figure 4C) whereas the 

architectural loss was lesser in Group-II and Group-III. 

Overall, Group-II, Group –III and Group-IV exhibited 

highly significant (p<0.001) kidney injury score in 

comparison with Group-I (Control).  
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Fig. 4: (A) Section of rat kidney structure from Group-I (Control) revealing normal renal parenchyma (H and E 

stain, 400x). (B) Section of rat kidney structure from Group-II (50 ppm) revealing hemorrhage (I), 

inflammatory cells (II) and necrosis (III) (H and E stain, 400x). (C) Section of rat kidney structure from Group-

III (100 ppm) revealing increased hemorrhage (red spots) (I), inflammatory cells (II) and necrosis (III). (H and E 

stain, 400x).  

 

The cardiac histology of the control rats (Group-I)  

revealed  normal appearance showing irregular 

branched cells having intercalated disk, centrally 

placed nucleus with intervening connective tissue 

(Figure 5A). In Group-II and Group-III, there was mild 

cellular edema while it was moderate in Group-IV 

(Figure 5B). Mild leukocytic infiltration was seen in 

Group-III and Group-IV (Figure 5C). Overall, no 

significant (p>0.05) difference was found while 

statistical analysis was accomplished. In case of all 

four type of organ tissue, arsenic accumulation was 

significantly (p<0.001) higher in Group-II (50 ppm) 

and Group-III (100 ppm) than Group-IV (150 ppm).

 

 
Fig. 5: (A) Section of rat heart structure from Group-I (Control) revealing normal cardiac tissue (H and E stain, 

400x). (B) Section of rat heart structure from Group-II (50 ppm) revealing mild cellular edema leukocyte 

infiltration. (H and E stain, 400x). (C) Section of rat heart structure from Group-III (100 ppm) revealing mild 

cellular edema (I) and leukocyte infiltration (H and E stain, 400x).  

 

DISCUSSION 

The secretion of so-called "bloody tears" from the 
harderian gland which circumscribes the eye is called 

Chromodacryorrhea. It is generally the indication of 

another disease or serious stress.[27] In our study, arsenic-

mediated toxicity causes this to happen in arsenic-

exposed Wistar rats. The normal morphology albino rats 

from control group clearly indicated that they were free 

of any disease or stress. Arsenic poisoning is known to 

affect the appetite and body weight of individuals, which 

is documented in several studies. We have found that the 

food and water intake in arsenic-exposed Wistar rats was 

severely affected which eventually lead to the loss of 

their body weight.[28] Arsenic is a well-known toxicant 
that can abrogate hematological variables like 

hemoglobin, red blood cell count, platelet count, and 

white blood cell count.[29],[30] Normally pathological 

manifestation increases WBC count as possible defense 

mechanism. As arsenic is liable for bone marrow 

depression, it is usual to have declined WBC count after 

arsenic exposure. Increased WBC values observed in 
Group-II (50 ppm) and Group-III (100 ppm), which 

might be due to slight increase in immune response of 

the body due to arsenic exposure. But in Group-IV (150 

ppm) WBC count decreased which might occurred due 

to decreased maturation of white blood cell. Moreover, it 

has been observed that the biological indicators of 

hepatic effect parameters like AST (Aspartate 

aminotransferase), ALT (Alanine aminotransferase) rise 

as an effect of arsenic exposure through drinking water. 

This increase indicates cellular leakage and failure of 

functional integrity of liver cell membranes which also 

correlated with the findings of liver damage obtained 
from our histological studies.[31] 

 

Because of its unique metabolic functions, liver is an 

important target organ of toxicity. Oxidative stress is 

known to associate with this toxicity. Cellular edema, 
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focal necrosis and hemorrhage were observed in arsenic-

exposed groups while control group did not reveal any 

lesions of pathological significance. These findings are 

in agreement with previous findings.[32], [33] Earlier, 

spleenocytosis and mild fatty degeneration was found in 

mice model[18], but we are the first to report white pulp 
enlargement (moderate) in spleen of arsenic exposed 

rats. It is speculated that increased hematopoietic support 

and large numbers of macrophages are responsible for 

this occurrence.[34] Due to these alterations, phagocytosis 

raised the number of effete erythrocytes and thereby 

produces brown pigments called haemosiderin. In case of 

kidney, the most specific lesion observed was marked 

necrosis. Kidney, being the excretory organ, 

continuously excretes arsenic through urine. As a result, 

residual arsenic might get bound with cellular proteins or 

intracellular lipid or DNA molecules and thereby 

produce free radicals. This reaction may responsible for 
the architectural changes of kidney. Among all of the 

organs in our present study, heart displayed mild 

histological changes such as mild edema and leukocytic 

infiltration which might indicate to the fact that during 

arsenic exposure histology of heart changes a little. 

Overall, there has been strong dose-response relationship 

between arsenic exposure and histological lesions in all 

four organs which are studied here.  

 

The matrix in which arsenic is ingested; the solubility of 

arsenic compounds and the interaction with other 
nutrients in the gastrointestinal tract are the determining 

factors for the bioavailability of ingested inorganic 

arsenic.[35] As liver is the major organ of metabolism, it 

accumulated copious amount of arsenic. On the other 

hand, splenic tissue accrued less arsenic than that of liver 

tissue. Many factors are responsible for the accumulation of 

arsenic in the spleen. Among them, filtration of blood 

through the spleen, as well as the blood storage function of 

spleen, undoubtedly plays important roles in the deposition 

of arsenic in that organ. Trapping of erythrocytes may also 

increase the arsenic accumulation in spleen. [36] 

Furthermore, kidney accumulates arsenic after repeated 
exposures because it is the major route of excretion of 

arsenic compounds filtering into the urine.[37] While 

compared to other organs it was found that kidney 

accumulated less arsenic than hepatic and splenic tissue. 

Since, arsenic has a shorter half-life in blood; heart 

accumulates less arsenic than the other organs in this study. 

The deposition pattern of arsenic can be written like this:  

Liver > Spleen > Kidney > Heart. The accumulation of 

arsenic in liver, kidney, spleen and heart decreased dose-

dependently. The higher the concentration of arsenic was 

administered to rats, the lower the water intake and 
thereby the lesser the deposition of arsenic in tissues. 

 

The toxicity of arsenic is greatly dependent on its 

oxidation state and chemical composition. Arsenite 

(AsIII) affect enzyme activities by binding to critical 

cysteinyl residues of various enzymes, such as enzymes 

involved in protein ubiquitination. Moreover, 

interactions of arsenic with cellular antioxidant 

mechanisms, particularly decreased glutathione levels 

and finally the disturbance in the DNA repair systems, 

contribute to increased oxidative damage in cells.[38],[39] 

Besides, lipid peroxidation not only leads to increased 

ROS production but also could damage integrity of 

mitochondrial membrane and thereby open the MPT 
pores which is an important step in necrosis 

mechanisms.[40],[41] So, oxidative stress is the pivotal 

mechanism which is involved in arsenic-mediated 

toxicity. Further studies are needed to know the 

extensive mechanism of arsenic mediated alterations in 

order to get a better knowledge about the mode of 

arsenic toxicity. 

 

REFERENCES 
1. Ratnaike RN. Acute and chronic arsenic toxicity. 

Postgrad Med J, 2003; 79: 391-396. 

2. Khan MMH, Aklimunnessa K, Ahsan N, Kabir M, 
Mori M. Case-control study of arsenicosis in some 

arsenic contaminated villages of Bangladesh. Sap 

Med J., 2006; 51-61.  

3. Chowdhury UK, Rahman MM, Mondal BK. 

Groundwater arsenic contamination and human 

suffering in West Bengal, India and 

Bangladesh. Environ Sci., 2001; 8: 393-415. 

4. Kitchin KT. Recent advances in arsenic 

carcinogenesis: modes of action, animal model 

systems, and methylated arsenic metabolites. 

Toxicol Appl Pharmacol., 2001; 172: 249-61. 
5. Longnecker MP, Daniels JL. Environmental 

contaminants as etiologic factors for diabetes. 

Environ Health Perspect, 2001; 109: 871-6. 

6. Chen CJ, Hsueh YM, Lai MS, Hsu MP, Wu MM, 

Tai TY. Increased prevalence of hypertension and 

long-term arsenic exposure. Hypertension, 1995; 25: 

53-60. 

7. Rahman A, Vahter M, Ekström EC, Rahman M, 

Golam Mustafa AHM, Wahed MA et al. 

Association of arsenic exposure during pregnancy 

with fetal loss and infant death: a cohort study in 

Bangladesh. Am J Epidemiol, 2007; 165:           
1389-1396. 

8. Ordóñez E, Thiyagarajan S, Cook JD, Stemmler TL, 

Gil JA, Mateos LM et al. Evolution of metal (loid) 

binding sites in transcriptional regulators. J Biol 

Chem, 2008; 283: 25706-14. 

9. Paul PC, Chattopadhyay A, Dutta SK, Mazumder 

DN, Santra A. Histopathology of skin lesions in 

chronic arsenic toxicity-grading of changes and 

study of proliferative markers. Indian J Pathol 

Microbiol, 2000; 43: 257-64. 

10. Dhar RK, Biswas BK, Samanta G, Mandal BK, 
Chakraborti D, Roy S et al. Groundwater arsenic 

calamity in Bangladesh. Curr Sci., 1997; 73: 48-59. 

11. Ahmad SA, Sayed MHS, Khan MH, Faruquee MH, 

Jalil MA, and Ahmed R. Arsenicosis: neoplastic 

manifestation. J Prevent Soc Med., 1998; 17:           

110-115. 

12. Tseng WP, Chu HM, How SW, Fong JM, Lin CS, 

Yeh S. Prevalence of skin cancer in an endemic area 

http://pmj.bmj.com/search?author1=R+N+Ratnaike&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ord%C3%B3%C3%B1ez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18591244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thiyagarajan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18591244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cook%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=18591244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paul%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=11218669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chattopadhyay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11218669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dutta%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=11218669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mazumder%20DN%5BAuthor%5D&cauthor=true&cauthor_uid=11218669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mazumder%20DN%5BAuthor%5D&cauthor=true&cauthor_uid=11218669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Santra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11218669
http://www.ncbi.nlm.nih.gov/pubmed/11218669
http://www.ncbi.nlm.nih.gov/pubmed/11218669


Al-Forkan et al.                                                              European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

586 

of chronic arsenicism in Taiwan. J Natl Cancer Inst, 

1968; 40: 453-63. 

13. Cebrian ME, Albores A, Aguilar M, Blakely E. 

Chronic arsenic poisoning in the north of Mexico. 

Hum Toxicol, 1983; 2: 121-33. 

14. Guha Mazumder DN, Haque R, Ghosh N, De BK, 
Santra A, Chakraborty D et al. Arsenic levels in 

drinking water and the prevalence of skin lesions in 

West Bengal, India. Int J Epidemiol, 1998; 27:           

871-7. 

15. Mazumder DNG. In: Chappell WR, Calderon RL, 

Thomas DJ editors. Criteria for case definition of 

arsenicosis: Arsenic exposure and health effects. 

Amsterdam: Elsevier, 2003; 117–133. 

16. Sanghamitra S, Hazra J, Upadhyay SN, Singh RK, 

Amal RC. Arsenic induced toxicity on testicular 

tissue of mice. Indian J Physiol Pharmacol, 2008; 

52: 84-90. 
17. Ferzand R, Gadahi JA, Saleha S, Ali Q. Histological 

and haematological disturbance caused by arsenic 

toxicity in mice model. Pak J Biol Sci, 2008; 11: 

1405-13. 

18. Gyasi SF, Awuah E,  Larbi JA, Koffuor GA, Osei O. 

Clinical, Hematological and Histopathological 

Responses to Arsenic Toxicity  in ICR Mice Using 

Arsenic Levels Synonymous to Buruli Ulcer 

Endemic Communities in the Amansie West District 

of Ghana. European J Experimental Biol, 2012; 2: 

683-689. 
19. Rusia V and Sood SK. In: Mukerjee L editor. 

Routine hematological tests: Medical laboratory 

technology Kanai, New Delhi: Tata McGraw Hill 

Publishing Company Limited, 1992; 252–258. 

20. Drabkin DL. Spectrometric studies, XIV-the 

crystallographic and optimal properties of the 

hemoglobin of man in comparison with those of 

other species. J Biol Chem, 1946; 164: 703-723. 

21. Drury RA and Wallington EA. Carleton's 

histological technique. Oxford (New York), Oxford 

University Press, 1980.  

22. Tokyol C, Yilmaz S, Kahraman A, Çakar H, Polat 
C. The Effects of Desferrioxamine and Quercetin on 

Liver Injury Induced by Hepatic Ischaemia-

Reperfusion in Rats. Acta Chir Belg, 2006; 106:         

68-72. 

23. Al-Dahmesh B, Dkhil MA, Al-Quraishy S, 2011. 

Chili pepper-induced injury to splenic tissue of 

rabbit. J Med Plants Res, 2011; 5: 2015-2020. 

24. Avdagić N, Ćosović E, Nakaš-Ićindić E, 

Mornjaković Z, Začiragić A, Hadžović-Džuvo A. 

Spirulina platensis protects against renal injury in 

rats with gentamicin-induced acute tubular necrosis. 
Bosn. J Basic Med Sci, 2008; 8: 331-336. 

25. Gado AM, Adam ANI, Aldahmash BA. 

Cardiotoxicity induced by cyclophosphamide in rats: 

Protective effect of curcumin. J Res Environ Sci 

Toxicol, 2013; 2: 87-95. 

26. Hirano A, Hirano bodies and related neuronal 

inclusions. Neuropathol Appl Neurobiol, 1994; 20: 

3-11. 

27. Harkness JE, Ridgway MD. Chromodacryorrhea in 

laboratory rats (Rattus norvegicus): etiologic 

considerations. Lab Anim Sci., 1980; 30: 841-4. 

28. Gyasi SF, Awuah E, Larbi JA, Koffuor GA, Osei O. 

Clinical, Hematological and Histopathological 

Responses to Arsenic Toxicity  in ICR Mice Using 
Arsenic Levels Synonymous to Buruli Ulcer 

Endemic Communities in the Amansie West District 

of Ghana. European J Experimental Biol, 2012; 2: 

683-689. 

29. Flora SJS, Swapnila Chouhan, Gurusamy M 

Kannan, Mittal M, Swarnkar H. Combined 

administration of taurine and monoisoamyl DMSA 

protects arsenic induced oxidative injury in rats. 

Oxid Med Cell Longev, 2008; 1: 39-45. 

30. Flora SJS, Bhadauria S, Dhaked RK, Pant SC. 

Arsenic induced blood and brain oxidative stress and 

its response to some thiol chelators in male rats. Life 
Sci., 2005; 77: 2324-37. 

31. Sharma V and Singh M. Attenuation of N-

nitrosodimethylamine induced hepatotoxicity by 

Operculina turpethum in Swiss Albino mice. Iran J 

Basic Med Sci., 2014; 17: 73-80. 

32. Tandon N, Roy M, Roy S, Gupta N. Protective 

Effect of Psidium guajava in Arsenic-induced 

Oxidative Stress and Cytological Damage in Rats. 

Toxicol Int., 2012; 19: 245-9. 

33. Flora SJS,   Dwivedi N,  Deb U,  Kushwaha P, 

Lomash V. Effects of co-exposure to arsenic 
and dichlorvos on glutathionemetabolism, 

neurological, hepatic variables and tissue 

histopathology in rats. Toxicol Res., 2014; 3: 23-31. 

34. Tolosano E, Fagoonee S, Hirsch E, Berger FG, 

Baumann H, Silengo L, et al. Enhanced 

splenomegaly and severe liver inflammation in 

haptoglobin/hemopexin double-null mice after acute 

hemolysis. Blood, 2002; 100: 4201-8. 

35. Pomroy C, Charbonneau SM, McCullough RS, Tam 

GKH. Human retention studies with 74As. Toxicol 

Appl Pharmacol, 1980; 53: 550-556. 

36. Klassen CD. In: Gilman AG, Goodman LS, Rall 
TW, Murad F editors. Heavy metals and heavy 

metal antagonists: The pharmacological Basis of 

Therapeutics. 7
th

 ed. New York, Macmillan, 1605; 

1985. 

37. Schoolmeester WL and White DR. Arsenic 

poisoning. South Med. J., 1980; 73: 198-208. 

38. Marie E. Vahter. Interactions between Arsenic-

Induced Toxicity and Nutrition in Early Life. J 

Nutr, 2007; 137: 12 2798-2804. 

39. Xie Y, Liu J, Benbrahim-Tallaa L, Ward JM, 

Logsdon D, Diwan BA et al. Aberrant DNA 
methylation and gene expression in livers of 

newborn mice transplacentally exposed to a 

hepatocarcinogenic dose of inorganic arsenic. 

Toxicology, 2007; 236: 7-15. 

40. Larochette N, Decaudin D, Jacotot E, Brenner C, 

Marzo I, Susin SA et al. Arsenite induces apoptosis 

via a direct effect on the mitochondrial permeability 

transition pore. Exp Cell Res., 1999; 249: 413-421. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanghamitra%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18831356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hazra%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18831356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Upadhyay%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=18831356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=18831356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amal%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=18831356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferzand%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18817239
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gadahi%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=18817239
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saleha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18817239
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=18817239
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harkness%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=7431865
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ridgway%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=7431865
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flora%20SJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chouhan%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kannan%20GM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kannan%20GM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mittal%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Swarnkar%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tandon%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roy%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roy%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20N%5Bauth%5D
http://pubs.rsc.org/is/results?searchtext=Author%3AS.%20J.%20S.%20Flora
http://pubs.rsc.org/is/results?searchtext=Author%3ANidhi%20Dwivedi
http://pubs.rsc.org/is/results?searchtext=Author%3AUtsab%20Deb
http://pubs.rsc.org/is/results?searchtext=Author%3APramod%20Kushwaha
http://pubs.rsc.org/is/results?searchtext=Author%3AVinay%20Lomash
http://jn.nutrition.org/search?author1=Marie+E.+Vahter&sortspec=date&submit=Submit


Al-Forkan et al.                                                              European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

587 

41. Zhang TD, Chen GQ, Wang ZG, Wang ZY, Chen 

SJ, Chen Z. Arsenic trioxide, a therapeutic agent for 

APL. Oncogene, 2001; 20: 7146-7153. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=11704843
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20GQ%5BAuthor%5D&cauthor=true&cauthor_uid=11704843
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZG%5BAuthor%5D&cauthor=true&cauthor_uid=11704843
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=11704843
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11704843
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11704843
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=11704843

