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Abstract: Arsenic was given orally to rats as arsenic tri oxide, 3mg /kg body wt/day in a 
single dose for 28 consecutive days. This treatment in male Wistar rats caused increase in 
seminiferous tubular luminal size coupled with reduced accumulation of spermatozoa, and 
signs of necrotic changes with disarray in cellular organization. Other significant changes 
were decrease in sperm count, viability and motility (p<0.001). On high protein diet 
(containing pea 37gm/100 gm of diet and casein 9gm/100gm of diet) supplementation along 
with same arsenic exposure caused partial restoration of normalcy. All these sperm 
physiological changes and altered gonadal features, both histomorphometric and histological 
observations, were found significantly ameliorated. Results of this study propose that high 
protein diet supplementation may be effective to recovery from the toxic effect of arsenic on 
male gonad of rat. 

Introduction 

It has become evident that increasing human activities have modified the global cycle 
of heavy metals and metalloids, including the toxic non-essential elements like 
arsenic (As) [1]. Among these metals, arsenic exhibits a complex metabolism and is 
possibly the most abundant and potential carcinogen [2]. Arsenic is present in the 
nature in stable form as As 5+ species, and As 3+species. An analysis of 25000 tube 
wells in West Bengal reveals that the average As concentration reaches to 0.3mg/lt of 
water, and in some places even the concentration reaches up to 3mg/lt of water, 
where 0.05mg/lt is the permissible limit for drinking water as per WHO [3]. In the 
process of arsenic metabolism, inorganic arsenic is methylated to monomethyl 
arsonic acid (MMA) and finally to dimethyl arsinic acid (DMA) followed by a renal 
excretion. In this process of biomethylation, constant depletion of methyl causes 
DNA hypomethylation, and thus generates mutation followed by carcinogenesis [2]. 
Arsenic affects the mitochondrial enzymes, impairs the cellular respiration and 
causes cellular toxicity. It can also substitute phosphate intermediates, which could 
theoretically slow down the rate of metabolism and interrupt the production of 
energy [4]. Male infertility is reflected by low sperm count, low sperm motility and 
bad quality of sperms (4). Sodium arsenite has been found to have an inhibitory 

effect on the activity of testicular steroidogenic enzyme ∆5-3β-hydroxysteroid 

dehydrogenase (∆5-3β-HSD) and 17ß-hydroxysteroid dehydrogenase (17ß-HSD) 
and to reduce the weight of testes and accessory sex glands [4] in rat. High Arsenic 
level may suppress the sensitivity of gonadotroph cells to GnRH as well as 
gonadotropin secretion by elevating plasma levels of glucocorticoids. These 
ultimately lead to the development of gonadal toxicity [4-5]. In recent studies, dietary 
proteins have been found to have antioxidant activities [6-8]. Wheat (Puccinia 

graminis tritici) and pea (Pisum sativum) are both good sources of dietary plant 
protein, while casein is an animal protein. The antioxidant activities of pea, wheat,  
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and casein has been studied  using different liposomal models and the results show a 
minimization in lipid peroxidation, thus preventing the damage produced by the free 
radicals [6]. Our present study has been done to test the causal relationship between 
arsenic generated oxidative stress and testicular cell damage using rat as a model 
animal and further to examine whether dietary high protein interventions may be an 
effective strategy of detoxification that may help in preventing the disorders induced 
by arsenic.  

Materials and Methods: 

Animal selection and drug treatment: Normal (Wistar) male rats weighing between 
120gm—140gm were selected for our experiment. Animals were maintained in an 

environmentally controlled animal house (temperature 24 ± 3°C) and in a 12 h 
light/dark schedule with free access to water. For experiments, rats were randomly 
selected into three groups consisting six rats in each: group A, control; group B, 
arsenic-treated; and group C, arsenic + pea + casein-diet supplemented. The animals 
of groups A and B were provided with a control diet composed of 71% carbohydrate, 
18% protein, 7% fat and 4% salt mixture and vitamins [9]. For chronic oral exposure 
to arsenic, a dose was selected (3 mg/kg body wt/day), which is within the range of 
LD50 of a 70-kg body wt human (1–4 mg/kg) and lesser than one-thirteenth of LD50 
value of rats (40 mg/kg) [6]. Accordingly, animals of groups B, and C were orally 
treated with aqueous solution of arsenic trioxide, 3 mg/kg body wt/day for 28 days. 
The animals of group C, in addition, were supplemented with pea (37 g/100 g of 
diet), which contributed 8.5% protein, and casein (9 g/100 g of diet) which 
contributed additional 9% protein in the formulation of a high protein (27%) diet [6]. 
To overcome the impact of any altered food intake, control (group A) animals were 
pair-fed with other experimental groups B, and C.   
1. Preparation of permanent slide for histological study of testes: Testes from all 
groups of animals were dissected out and were Bouin’s-fixed. Paraffin blocks were 

prepared, and 4–5 µm thin sections were cut with a high precision microtome (IEC 
Microtome, USA) and routine microscopic slides were prepared. For staining, 
standard Haematoxylin/Eosin method was followed to study both the 
histomorphometric and histological alterations.  
2. Sperm viability count: Immediately after the sacrifice the cauda portion of 
epididymis was cut. The cauda was kept in 1 ml diluent [10]. This was kept for 5 
mins at 37oC. It was then taken out, and an incision was given through the cauda and 
the sperms were dispersed in the fluid. 40µl of this spermatozoal suspension was 
transferred to an eppendorf. This was stained with EosinY and Nigrosin (40µl each). 
This was mixed gently and 25µl from the mixture was taken on a grease free slide 
and a smear was drawn and dried. The number of viable and non-viable sperms was 
counted under light microscope.  
3. Sperm count: From the dispersed spermatozoal suspension 25µl was charged on 
a Neubauer Haemocytometer [11] and the numbers of sperms were counted and 
calculated using WBC chambers. 
4. Sperm motility count: The cauda epididymis from all three groups was obtained 
as mentioned earlier, and each cauda was kept in 1ml PBS 0.2 M, pH 7.4 at 37˚C 
[12]. 25µl of this was taken on a clean slide covered with a cover slip and was  
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observed under a microscope. Total numbers of motile sperms per 100 sperms were 
counted. The readings were taken at the beginning of 1st hour, 2nd hour and 3rd hour 
of the experiment (the temperature of the spermatozoal suspension was maintained at 
37 o C throughout the process). 
5. Statistical Analysis: The data were expressed as mean ± SEM (Standard error of 
mean). For statistical analysis, the quantitative data of each parameter from the 
different groups were analyzed by Student’s “t” test. The mean ± SEM was 
calculated for each group and the corresponding level of significance was calculated.  

Results: 

Histological analysis: The H/E stained histological sections of arsenic treated testes 
showed increase in luminal areas associated with reduced accumulation of 

spermatozoa, signs of necrotic changes with 
disarray in cellular 
organization (Fig 
2) compared to that 
of control (Fig 1). 
Protein supple 
mented rat testes 

showed the partial 
recovery compared 
to the treated group 
(Fig 3). Recovery   

includes an accumulation of increased spermatozoa in the luminal areas along with 
partial amelioration of arsenic induced changes.  
 Analysis of spermatozoal status : 

1. Sperm count: The Table 1 shows that there is 
a reduction in the number of matured 
spermatozoa in case of treated group compared to 
that of the control(p<0.001). The values from 
high protein supplemented group, reveals an 
increased (p>0.001) sperm count towards normal. 
All the values are presented in table1. Results are 
expressed as mean ±SEM (Standard error of the 
mean) (n=6).  

2. Sperm viability count: The Table1 shows that there is a reduction in the number 
of viable sperms in cases of treated group (p<0.001) and this decrease in viability is 
minimized (p>0.001) in the high protein diet supplemented group. Results are 
expressed in table 1 following the same statistical analysis as mentioned earlier. 
3. Sperm motility count: In case of treated group the decrease in motility was 
observed in studies done in the 1st, 2nd and 3rd hours compared to control. This 
decrease was around 10% as observed in three consecutive hours; administration of  
protein diet minimized the decrease in motility as reflected in the values nearer to 
that of control. The mean ± SEM (Standard error of mean) was calculated for each  
 
 

Fig: 1:- Section of control testis 
showing normal features (a) x10 (b) 

x40  

Fig: 2: - Section of treated testis showing 
an increase in luminal area, reduced 
spermatozoal mass, disintegrated cell and 

nuclear membranes and disorganized 
cellular orientation.(a) x10 (b) x 40   

  1a                                1b 

 

           2a                   2b 

 

Fig 3: - Section of protein diet 
supplemented testis showing features 
towards normalcy.(a) x10 (b) x 40

  

          3a                          3b 
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group and the corresponding level of significance was calculated by using the 
previous statistical analysis. 
Table: - 1. Table presenting the effect of protein diet supplementation on the arsenic 

trioxide induced changes in spermatozoal status in rat: - 
 

Discussion 

Increase in the luminal areas of the seminiferous tubules associated with decreased 
spermatozoal mass might be due to low levels of gonadotropins in arsenic treated 
rats, and these low levels are responsible for the decreased production of 
steroidogenic enzymes [4]. It has been established that arsenic administration leads to 
decrease in ovarian steroidogenic enzymes synthesis [4]. Thus the low levels of 
gonadotropins and possibly testosterone might be responsible for the decrease in the 
spermatozoal mass in the lumen. Decrease in epididymal spermatozoal number 
provides support towards this histological observation. Arsenic causes lipid 
peroxidation by generation of reactive oxygen species (ROS) [13-14]. This 
peroxidation may cause rupture of cell as well as nuclear membrane. This might be 
responsible for the observed necrosis and disarray in cellular organization in 
histological section (40 X) Fig-2b. Evidence suggests that arsenic induces free 
radical formation and thus the generated reactive oxygen species (ROS) react with 
the polyunsaturatedfattyacid (PUFA) rich spermatozoa, specially the mid 
spermatozoa and results in peroxidation which finally leads to destruction in 
spermatozoa causing reduced motility and viability [4]. Pea plus casein diet 
supplementation along with arsenic treatment reveals that the decrease in sperm 
count, motility and viability due to toxic effects of arsenic is minimized. As a 
possible   mechanism   it   could   be   stated   that  either pea or casein or both have a 
recovery role on arsenic tri oxide mediated toxicity by inducing an antioxidant effect 
against the oxidative stress [15]. The antioxidant properties of milk casein have been  
established [15]. Studies also indicate that casein phosphopeptides (CPP) and casein 
hydrolysate  bind  the  peroxidant  and thus lipid peroxidation is suppressed [15-17].  
Studies for finding the antioxidant mechanisms of pea and wheat have also been 
done [5]. The pea or pea and casein supplement is effective in reducing the  

Parameters 
Studied  

Control 
groupA  

Treated  
groupB  

Percent 
decrease 
     %  

Significance
Level 

between 
A&B 

Protein diet 
supplemented 

groupC 

Percentage     
restored 

% 

Significance 
Level 

between    
B&C 

  Mean±SEM  Mean±SEM     Mean±SEM   

1) Sperm 
count 
(10^6/cauda)  

 
135.14±5.87  

 
122.24± 5.7  

 
9.5  

 
P<0.001 

 
131.92± 5.31 

 
75 

 
P>0.001 

2) Sperm 
viability (%)  

 
27.16±3.42  

 
14.7± 1.54  

 
46  

 
P<0.001 

 
22.63 ± 3.93 

 
64 

 
P>0.001 

3) Sperm 
motility (%)  

          

1st hr 97.66 ±0.71  89.16 ± 2.8  8.7  P<0.001 94 ± 1.11 57 P>0.001 

2nd hr 81 ±1.01  73 ± 3.2  98  P<0.001 74.5 ± 0.71 19 P>0.001 

3rd hr 61.33 ±2.7  54.66 ± 4.5  10.3  P<0.001 54.8 ± 2.98 2 P<0.20 
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production of nitric oxide and MDA which could markedly increase the activity of 
the antioxidant enzymes. This could not only overcome the oxidative stress caused 
by arsenic but also suppresses the ROS generation from other sources. [6]. Studies on 
arsenic trioxide induced toxicity on male gonad reveal a good deal of changes in 
histology of seminiferous tubule, associated with decreased spermatozoal mass. 
Sperm count, viability, and motility are seen to be affected and the possible 
mechanisms behind these changes have been discussed. Supplementation of specific 
proteins with the normal diet causes significant recovery from all these toxic effects. 
In summary we have demonstrated that the pea and casein by virtue of having 
antioxidant properties are responsible for restoration of normal gonadal status when 
supplemented with simultaneous arsenic exposure. 
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