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Abstract: Arsenic is a global threat in this century as a pollutant and it is gradually getting incorporated inside 

the physiological systems of plant and animals by various means. It is present in our environment in air, soil, 

water bodies, due to its usage in multiple fields like paints, dyes and paper industries, cotton harvesting, glass 

manufacturing, herbicides as well as electronics industries. Arsenic affects the animal system at the molecular 

level. All the complementary organ system is being exposed to environmental Arsenic. Due to these hazardous 

exposures cell faces a range of internal stresses that ultimately lead to disruption of its plasma membrane 

integrity. Our reproductive system is highly sensitive towards pollutants like arsenic. The effects of arsenic in 

the form of arsenite on the integrity of plasma membrane was studied under electron microscope. Plasma 

membrane being the outer most covering of the cell severs as penetrating barrier is very susceptible to the toxic 

agents like arsenic. Arsenic damages the plasma membrane of the developing spermatozoa. Finally, it causes 

infertility in male on a very large scale. 
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I. Introduction 
Heavy metals are found naturally in the earth. They become accumulated as a result of various, natural 

and anthropogenic activities and enter in plant, animal, and human via inhalation, food, and manual handling. 

They can bind with molecules and interfere with the functioning of vital cellular components [1]. 

Heavy metal toxicity can be due to membrane distortion as shown earlier by the altered lipid content 

[2].Similarly
 
 have indicated that saturation of fatty acid increased, whereas the level of sterols significantly 

decreased in the membrane of plants grown with metals. Since lipid composition and membrane fluidity are 

considered as significant factors regulating the plasma membrane H
+
-ATPase [3], an inactivation of the proton 

pump could be the result of the metal-induced changes in the plasma membrane. Heavy metals may mimic the 

essential metals causing a disruption in cellular and enzymatic mechanism like phosphate by arsenate. Arsenic is 

present in environment naturally and it does not have have any significant smell or taste, thus making it difficult 

to mark its presence in air, water and food chain without any biochemical tests[4]. 

By the time the symptoms become visible, the accumulated arsenic in body reaches to significantly 

high levels and starts showing its adverse effect on systems like reproductive system impeding the early phases 

of sperm maturation. The Arsenic exposure has many adverse health effects which include various diseases 

related to brain, heart, liver and lungs as well as developmental abnormalities, hematologic defects and hearing 

disorders and cancers [5]. 

High levels of Arsenic exposure has been noticed since a very long period in the different regions of 

world, notably China, India, and some countries in Central and South America. Population living in such area 

are at high risk to develop cancers and other disorders due to this chronic exposure of Arsenic [6]. 

Arsenic family induces differentiation and apoptosis by different mechanism, such as through direct 

opening of the intramolecular pores between integral protein molecules and lipids. Plasma membrane is the 

most significant multi-molecular boundary between the cell and its external environment [7,8]. 

The lipids of plasma membrane are more than simple structural elements. They can have important 

effect on the biological properties of a membrane. It can determine the physical state of the membrane and 

influence the activity of particular membrane protein. Membrane lipids also provide the precursors for highly 

active chemical messengers that regulate cellular function [9,10]. 
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Keeping the idea of membrane potentiality and its disruption due to toxic substances like heavy metals, 

the present research work has been undertaken to know the degree of disruption due to toxicity occurred by 

Arsenic[11]. 

Testicular tissues shows high degree of damage due to Arsenic toxicity especially on spermatozoa 

plasma membrane which shows clear depolarization under the Electron microscope. Their structure cannot be 

seen under Light Microscope thus Electron Microscopy study is important to note the changes at molecular 

level. Sodium Arsenite is very toxic to all kind of living cells and capable of inducing cell death.[12,13] Metals 

may vary in oxidation state by loosing one or more electrons to form cations and form organometallic 

compounds[14].Arsenic exhibits unique toxicology. The common mechanisms of toxicity include mimicry, 

oxidative damage, and adduct formation with DNA or protein[15]. In India mainly the rivers originating from 

Himalaya are the main source for Arsenic pollution and the area situated on the bank of such rivers like [16]. 

 

II. Materials and method 
Mice grouping /sampling and dosing:  Swiss Albino mice weighing between 28 to 32 gm± 4 gm were 

assigned to 9 experimental groups. Two sets of mice were taken as normal and control respectively. Among 

Arsenic compound Sodium Arsenite was the common form selected for the experiment. The dosing of sodium 

arsenite, dissolved in distilled water, was standardized (After LD50 assesment) to 2mg per kg body weight of 

mice. Seven models were prepared according to the duration of the sodium arsenite treatment. The experimental 

mice (n= 10) in each treated group were administered sodium arsenite everyday by Oral Gavage method.  They 

were sacrificed after 21 days,1 month,2 months,3 months,6 months,8 months and10 months of Sodium Arsenite 

treatment respectively. 

 

Arsenic estimation in blood and tissues: The confirmation of the presence of arsenic inside model system was 

done by estimating the level of arsenic in blood and tissues of normal, control and treated mice by Atomic 

Absorption spectrophotometer by Graphite flame. The data was compiled digitally and comparative histogram 

and graphs were prepared.Group of mice which shows accumulation of arsenic in tissues and blood and low 

testosterone only those were considered and selected for EM. 

 

Biochemical Test: Biochemical tests were done for the assessment of methylation by spectrophotometry and 

the level of testosterone was detected by ELISA. (Nath et al;2014) 

 

Light Microscopic study: The histological experiments were performed according to the standard methods. 

 

Electron microscopic study: As the tissues were fixed for TEM in 2% Gluteraldehyde followed by osmication. 

After osmication the tissue turns black .Other cellular organelles also take blackish, gray stain. Tissues were 

processed for Transmission Electron Microscope. After dehydration blocks were prepared and ultra thin sections 

were cut with glass knives only silver colour sections were kept on grid. Images were captured under different 

magnification at SAIF,AIIMS, New Delhi.   

 

III. Results and Discussion 
The electron micrographs showing the clear damage in the lipid bilayer after 21 days,1 month,2 

months,3 months,6 months,8 months and 10 months of Arsenic treated mice plasma membrane (2mg/gm of 

b.wt.).This depolarization of basic components of plasma membrane are clearly visible under Electron 

Microscope. 
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The microphotographs showing gradual effect on the membrane of testescular cells as the duration 

increases .The 21 days treated sample is intact and usual protein and lipid arrangement is visible same like 1 

Month treated sample. But as the duration increase , we can note the initiation of depolarization of molecule of 

phoshpholipid bilayer in the 2 months treated sample images. In microphotograph of 3 months treated sample 

the damage at acrosomal portion is clearly visible under EM. Microphotograph of 6 months treated sample is 

showing the broken plasma membrane, having large and visible gaps. Effect of Arsenic is very significant in 8 

months treated microphotograph, as the black bricked shaped structure are visible as separate bodies in p m. 

Maximum duration 10 months treated samples sample shows highly deletion of lipid molecules in head region 

of acrosome. 

Each cell organelle has a language and expression of its own under stressful conditions. Due to 

toxicological exposure to pollutants like arsenic, organelles express various forms of deformities. In the present 

investigation, the organelles’ deformities shows significant co-relation with serum testosterone levels as well as 

MDA and TSH, LH levels [17, 18]. Serum FSH shows abrupt fluctuations in its levels. Even though the FSH 

production was increased in the test animals, there was failure of FSH to induce cells of Leydig for production 

of testosterone and the level of later remained significantly low. Thus there is a weak co-relation between serum 

FSH level and activities of cell organelles. 

Toxic metals like Arsenic can bind easily with cellular molecules which leads to induction of 

intracellular conformational changes in the biomolecules , replacement of physiological metals from their 

binding sites and further induces cell cycle arrest and carcinogenesis[19].Arsenic promotes inhibition of DNA 

repair functions and leads to deformities in cellular activities [20].Finally they catalyze the redox reactions and 

produces the Reactive Oxygen Species (ROS) that can easily damages a wide variety of cellular 

macromolecules like DNA, lipids and proteins[21,22]. 

Mechano-structure of cells and particularly, the occurrence of cytoskeletal and plasma – membrane is 

significantly damaged when cells are chronically deformed due to toxicity of arsenic exposure, as evident from 

the TEM images [23]. Such chronic wounds generated due to arsenic are significant in nuclear region which is 

the sign of toxicity in cell mechano-biology. Mechanically subjected towards deformation which affects sperm 

motility causing infertility. TEM micrographs shows the clear deletion of lipid molecules from phospholipid 

bilayer and mechanosensitive ion channels are also effected by Arsenic and the cascade ultimately leading to 

disruption in plasma membrane integrity. 

 

IV. Conclusion 
The present investigation depicts that the plasma membrane, during spermiogenesis, shows clear 

depolarization of lipid and protein component due to arsenic toxicity. Deletion of lipid molecule is visible as the 

bricked blank spaces in membrane. During deletion of lipid molecule, peroxisome, black in colour, are also very 

predominant around the membrane of spermatozoa. This shows the significant internal cellular defense 

mechanism. As cells are exposed to Arsenic, the first step of defense is clearly visible under Electron 

microscope only. Because of deletion of lipid molecules, raised malondialdehyde level is seen in blood. 

Reproductive Hormone levels also get disrupted and these significant changes affect the integrity of plasma 

membrane during spermiogenesis. This causes infertility by degrading the plasma membrane components of 
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developing spermatozoa, mainly in acrosomal portion. Thus it can be concluded that Arsenic exposure causes 

depolarization of components of plasma membrane during spermiogenesis. 
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