
Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 535-542 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences 

 ISSN:1991-8178 

 

 

Journal home page: www.ajbasweb.com 

 

 

Corresponding Author: Salah M.M., Biotechnology research center, AL-Nahrain University-Baghdad-Iraq 

Evaluation of Physiological and Histological Effect of Mercury Acetate on Liver and 

Testicular Function of Male Rats 
 
Salah M.M. and Al-Chalabi 

 

Biotechnology research center, AL-Nahrain University-Baghdad-Iraq 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  25  June  2014 
Received in revised form 

8 July  2014 

Accepted  25 July 2014 
Available online 20 August 2014 

 

Keywords: 
mercury acetate, testicular functions 

,liver function, histopathology,Rats. 

 

 The present study was undertaken to investigate the physiological and histological 

effect of the mercury acetate in rats hormonally and histopathological alterations by 
induced oxidative damages in the liver and testis of Wistar albino rats. The animals(20 

rat) were divided into two equal groups, i) control was given distilled water, ii)was 

treated orally with Hg acetate (20mg/kg bwt.).Oxidative stress, induced by a single 
dose\day of Hg acetate (20mg/kg, bwt.). Hg acetate administration resulted a significant 

(P<0.05) increase in the number of sperms with abnormal morphology, 

viability(dead\alive sperm) and decrease in epididymis sperm concentration, motility, 
plasma testosterone, FSH and LH level and increase in ALT ,AST and cholesterol. 

Furthermore, Hg acetate exposure induced histopathological changes in the testis and 

liver including morphological alterations of the seminiferous tubules, significant 
decrease in the body and testicular weight and degeneration and dissociation of 

spermatogenic cells. Liver shows dispersed areas of necrosis, inflammatory cells  

infiltration, sinusoidal dilation hyperplasia and cholesterol accumulation in treated 
animals. 
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INTRODUCTION 

 

     Heavy metals have become one of many contaminants found in our environment. Many of these metals, 

including lead, mercury, cobalt, cadmium, and chromium are known to exert toxic effects on liver and testicular 

function, (Allouche, L., et al, 2009). Mercury is a ubiquitous element in the environment causing oxidative 

stress in the exposed individuals leading to tissue damage. Its contamination and toxicity has posed a serious 

hazard to human health. The release of mercury from dental amalgam dominates exposure to inorganic mercury 

and may have an acceptable risk among the general population (Ekstrand, J., et al, 1998). Of particular 

importance, is the fact that liver seems to be an important target-organ for Hg toxicity. In addition, Hg induces 

the opening of the permeability transition pore in rat liver mitochondria and this phenomenon represents an 

important molecular mechanism responsible for apoptosis (Bragadin, M., et al, 2002). In fact, Hg decreases 

GSH content and glutathione peroxidase (GSHPx) activity in hepatic tissue, leading to increased lipid 

peroxidation and cell death (Lin, T.H., 1996). Human exposure to mercury can occur by inhalation, ingestion 

and consumption via food chain. Adverse effects of metals on human reproduction and development continue to 

be a demanding challenge for researchers. Mercury compounds are known to affect testicular spermatogenic and 

steroidogenic functions in experimental animals (Fossato da Silva, D., et al, 2011). Oral exposure of mercuric 

chloride produced adverse effects on the reproductive performance of mice. Mercury affects accessory sex 

glands function in rats and mice through androgen deficiency (Khan, A., et al, 2004). Decrements in sperm 

count, motility and morphology have been reported in methyl mercury exposed monkeys and rodents (Rao, M., 

1989). The activity of superoxide dismutase, glutathione peroxidase and glutathione reductase of sperm 

incubated in mercury decreased while thiobarbituric reactive substances (tbars) levels and H2O2 generation 

were increased (Rao, M., B. Gangadharan, 2008). The treatment of rats with hg led to. hg induced oxidative 

stress in the testicular tissue of the rat as manifested by a decrease in sod and catalase and an increase of 

malondialdehyde (MDA) levels (Boujbiha, M.A., et al, 2009). Mercury, a potent hazardous compound, causes 

acute and chronic damage to multiple organs .The Hg acetate-exposed individuals’ exhibit severe forms of 

neurological disease which include cognitive, sensory and motor disturbances (Clarkson, T.W. J.J. Strain, 2003). 

Furthermore, nephrotoxicity and gastrointestinal effects have been reported. During prolonged exposure, Hg 
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may accumulate in the kidney and promote renal toxicity.Mercury an also affect neuronal and astrocytes 

functions, cell membrane properties and the cytoskeleton integrity, and can enhance the production of reactive 

oxygen species (ROS) (Zalups, R.K., C.C. Bridges, 2009). 

      Mercuric chloride is one of the most toxic forms of mercury because it easily forms organo-mercury 

complexes with proteins .Once bound to GSH, Hg can leave the cell to circulate in serum or lymph and be 

deposited in other organs or tissues. The inorganic ionic mercury has great affinity for SH groups of 

biomolecules, such as glutathione (GSH) and sulfhydryl proteins, which may contribute to its toxicity (Liu, W., 

et al, 2009). Oxidative stress occurs when the production of reactive oxygen species (ROS) such as, superoxide 

anion (•O−
2
), hydrogen peroxide (H2O2) and the hydroxyl radical (•OH) exceeds the body's defense mechanism, 

causing damage to macromolecules such as DNA, proteins and lipids and trigger many pathological processes in 

the male reproductive system (Hansen, J.M., 2006). There is evidence that ROS may have a detrimental effect 

on critical components of the steroidogenic pathway. Excessive production of ROS above normal levels results 

in lipid peroxidation and membrane damage leading to loss of sperm motility, inactivation of glycolytic 

enzymes and damage to the acrosome membranes, which render the sperm cell unable to fertilize the Oocyte, or 

produce a viable pregnancy (Agarwal, A., et al, 2003). Mercury ,is one of the most malignant metals in the 

environment. Exposure to this element, especially in its organic form, methylmercury (MeHg), may cause 

damage to the nervous, immune, cardiovascular systems and the kidney, may also induce genetic damage 

(Moszczynsk, I.P., et al, 2008). Several mechanisms have been proposed to explain the toxicity of Hg and/or its 

compounds. However, toxic elements do not usually have obvious toxicity mechanisms. Mercury exposure has 

been associated with oxidative stress in vivo, in which mercury induces the generation of reactive oxygen 

species (ROS) (Franco, J.L., et al, 2007) and alters the antioxidant defense system of cells by inhibiting their 

sulphydryl groups [–SH. Attacks on DNA by ROS, including the hydroxyl radical (.OH), superoxide anion (O2-

.), and hydrogen peroxide, frequently cause oxidative DNA damage. Recent studies have shown that DNA 

damage and altered intracellular redox status, such as an imbalance of sulfhydryl and redox enzymes, may occur 

after mercury exposure (Mori, N., 2007).  

 

MATERIALS AND METHOD 

 

 Twenty healthy adult male rats of mean body weight of 250 g and mean age of six months were housed in 

an individual cages in a room with constant humidity and temperature about (22±2°C) under 12 hours light to 

dark cycle and fed for five week on standard diet ad libitum. The animals were randomly divided into two 

groups, ten animals each. The first group was regarded as control which was received distilled water orally for 

each animal daily for five week. The second group was drenched Hg acetate (20mg/kg bwt. intraperitoneally 

according with (Sakamoto, M., et al, 2004) as a single dose\day for five week. Blood samples were collected by 

heart puncture from each animal at the end of the experiment to separate the serum to measurement of Aspartate 

amino transferase (AST) ,Alanine amino transferase (ALT) activity and cholesterol level by using special kits 

and spectrophotometer on length wave 540nm (Reittman, S., S. Frankel, 1957) and measurement of 

testosterone, FSH and LH level . Animals of each treated group and controls were scarified and the liver, testes 

were removed .Thus, organs were dried between two sheets of filter paper and their wet weights of testes was 

determined then were kept in 10% formalin for fixation to be ready for histological (Bancroft, J.D. A. Staven, 

1982). 

 

Collection and incubation of epididymal sperm: 
        Spermatozoa were obtained from the fresh right epididymis of adult rat described by (Narayana, K., et al, 

2002). Briefly, epididymis was cut into small pieces with a sharp razor blade and dispersed in 3 ml of RPMI-

1640(pH 7.2) to obtain a suspension with gentle stirring. Dispersed sperm samples were kept in an incubator. 

The epididymis contents of treated and control rats were obtained after cutting the tail of epididymis, squeezing 

it gently on clean slid and the sperm progressive motility and cell count were determined. Microscopic 

examination of the seminal smear stained with Eosin-Nigrosin stain were also carried out to determine the 

percentages of sperm viability(ratio of alive\dead)and abnormality (Bearden, H.J., J. Fluquary, 1980). 

 

Sperm motility: 

 Ten µl of the suspension was placed in a warm slide and the percentage of motile sperm was counted under 

Nikon binocular microscope with warmed stage and about 300 spermatozoa were evaluated. Motility was then 

expressed as the percentage of motile spermatozoa. 

 

Sperm count: 

     The suspension was filtered. An aliquot from the suspension (up to 0.5 ml) was taken in leukocyte 

micropipette of hemocytometer and diluted with phosphate buffered solution up to the mark 11. The suspension 

was well-mixed and charged into Neubauer's counting chamber. The total sperm count in 8 big squares was 
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determined and multiplied by 3×5×104 to express the number of spermatozoa/epididymis (million/epididymis 

(Narayana, K., 2005). 

 

Sperm  abnormalities: 

      For the evaluation of the sperm morphology the filtrate was stained with 1% eosin and morphological 

defects were analyzed. Briefly, the spermatozoa in the smears were visualized under light microscope (400×) 

and any abnormalities of either heads or tails were noted. Three hundred sperms were screened for each animal 

and total abnormality was expressed as percentage of incidence/300 sperm/animal (Amann, R.P., 1982). 

 

Histopathological examination: 

 Liver and testes of treated and control rats were dissected out and fixed10% neutral   formalin  solution. The 

fixed specimens were then trimmed, washed and dehydrated in ascending grads of alcohol .These specimen 

were cleared in xylene, embedded in paraffin, sectioned at 4-6 microns thickness and stained with Hematoxylen 

and Eosin, then examined microscopically (Luna, L.G. 1986). 

 

Collection of samples: 

 At the end of the experimental period, blood was drawn from the animals by puncturing of heart. Separated 

plasma was used to determine testosterone, FSH, LH, ALT, AST and cholesterol level. After collection of blood 

samples, the animals from all groups were autopsied under light ether anesthesia. Subsequently, testes, liver 

were excised from surrounding tissues and placed into tube. Thus, testes were dried between two sheets of filter 

paper and their wet weight of testes was determined.  Epididymis was rinsed in RPMI-1640 and incubated at 

37°C for the evaluation of sperm quality. Whereas, testes and liver were processed for histological study. 

 

Testosterone,FSH, LH assay: 

 Bio merieux Italia S.P.  a vidia campigliano, 58 50015-point A EMA (F1) Italia miniVIDAS. Was used for 

the hormonal assay. In testosterone, FSH and LH tests the assay principle combines an enzyme immune assay 

sandwich method with a final fluorescent detection (ELFA). 

 

Biochemical measurements: 

1.ALT,AST and Cholesterol: 

 Blood was collected from the rat by heart puncture .The serum was separated by centrifugation at 2000 rpm 

for 10 min. Then, separate the serum to measurement of Aspartate amino transferase (AST) ,Alanine amino 

transferase (ALT) activity and Cholesterol levels by using special kits and spectrophotometer on length wave 

540nm as described by (Reittman, S., S. Frankel, 1957). 

 

Results: 

       The results of sperm analysis are presented in Table-1. Both sperm motility and concentration of treated 

group with mercury acetate (20 mg\k b.wt.)decreased significantly (P<0.05) as compared to control values. 

Although mercury acetate treatment caused a significant (P<0.05) increase in head, tail and total sperm 

abnormalities and viability when compared with the values of control group,and decreased in plasma 

testosterone, FSH and LH level (table-2)and increase in ALT ,AST and Cholesterol(table-3). Furthermore, Hg 

acetate exposure induced histopathological changes in the testis and liver including morphological alterations of 

the seminiferous tubules, significant decrease in the body and testicular weight (table-4)and degeneration and 

dissociation of spermatogenic cells.  

 The results revealed that rats administered with Hg acetate alone exhibited testicular lesions in some 

seminiferous tubules comprising decrease of luminal spermatozoa, irregular basement membrane, 

disorganization and degeneration of some spermatogenic cells and hemorrhage in interstitial tissues, as 

compared to the control group.  

 

Statistical analysis: 

 The data were expressed as mean ± S.E.M. Statistical analysis was carried out using one-way ANOVA and 

unpaired t-test. A statistical p value less than 0.05 was considered significant (George, A., 2003). 

 

Discussion: 
      Mercury penetrates into the organism with breath, food and percutaneously. Methyl mercury and ethyl 

mercury are especially toxic organic compounds of mercury. In a human organism the mercury circulates with 

blood, combines with proteins, partially deposits in liver, kidneys, spleen, and brain tissue. Several in vivo and 

in vitro studies have reported that the exposure of animals to inorganic or organic forms of mercury are 

accompanied by induction of oxidative stress  and elevation of production of reactive oxygen species (ROS) 

which lead to cell death. The main toxicological significance of such studies is related to the fact that the 
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exposure of pregnant women to Hg can indirectly harm their children (Park, E.J. K. Park, 2007; Weihe, P., 

2002). Oxidative damage may result from decreased clearance of ROS by scavenging mechanisms. Of particular 

importance, is the fact that liver seems to be an important target-organ for Hg toxicity. In addition, Hg induces 

the opening of the permeability transition pore in rat liver mitochondria and this phenomenon represents an 

important molecular mechanism responsible for apoptosis (Bragadin, M., 2002). In fact, Hg decreases GSH 

content and glutathione peroxidase (GSHPx) activity in hepatic tissue, leading to increased lipid peroxidation 

and cell death) (Lin, T.H., 1996). There is a myriad of studies on the neurotoxic effects of Hg in animals during 

the early brain post-natal period (Goulet, S., 2003) and that the toxic effects of Hg exposure are higher in 

developing than in mature organisms (Sakamoto, M., 1993). During prolonged exposure, Hg may accumulate in 

the kidney and promote renal toxicity (Zalups, R.K., C.C. Bridges, 2009). Hg can also affect neuronal and 

astrocytic functions, cell membrane properties and the cytoskeletal integrity, and can enhance the production of 

reactive oxygen species (ROS) (Liu, W., 2012). Several mechanisms by which Hg exerts its adverse levels, 

among them impairment of intracellular calcium homeostasis and alteration of glutamate homeostasis (Aschner, 

M., et al, 2007) were reported. However, it is believed that the major process responsible for triggering the 

toxicity is the oxidative stress. Hg has a great affinity for –SH groups, attaching thiol-containing proteins and 

small molecular-weight thiols, such as glutathione (GSH) (Dietrich, M.O., et al, 2005), decreasing the main 

nonprotein thiol involved in the antioxidant cellular defense against reactive oxygen species (ROS). Moreover, 

Hg is related to changes in the activities of antioxidant enzymes, such as superoxide dismutase and catalase 

,besides inducing ROS production, especially of H2O2 e O2 -, and promoting oxidative stress and lipid 

peroxidation (Grotto, D., 2009; Stringari, J., 2008). Despite the number of studies showing that mercury may 

induce oxidative stress with subsequent oxidative damage in several organs or systems (Houston, M.C., 2007). 

It is postulated that the antioxidant GSH depletion by mercury may be a trigger for the production of reactive 

oxygen species (ROS) that induce lipid, protein, and DNA oxidation. Generation of ROS in the cytoplasm of 

cells may increase the hydrogen peroxide production and lipid peroxidation of mitochondrial membrane, 

resulting in loss of membrane integrity and finally cell necrosis or apoptosis (Jezek, P., L. Hlavata, 2005). 

Concerning the hormone level, a fall in the plasma testosterone level in the animals treated with mercury was 

observed (Table 3). The decrease in the testosterone level seems to be due to a reduction in the activity of 

enzymes involved in the biosynthesis of testosterone (McVey, 2008) or due to the decrease in testicular 

cholesterol, a precursor of testosterone synthesis. After mercury treatment, sperm concentration in the 

epididymis decreased (Table 5), perhaps due to a low level of sperm production in the testis, which could be 

related to a low level of testosterone, a prime regulator for sperm production. As growth of accessory sex glands 

requires testosterone (Barkeley, M.S. B.D. Goldmass, 1997), the decrease in the weight of these glands due to 

mercury treatment can result from the reduction in the testosterone level (Table 4). The decrease in epididymal 

sperm concentration is consistent with histological examination of the seminiferous tubules, which showed a 

decrease in luminal spermatozoa in HgCl2-exposed rats (Figure 2). In the present investigation, reduction in 

sperm number/epididymis weight and motility was associated with an increase of sperm abnormalities in rats 

exposed to HgCl2, which suggests the HgCl2 may interfere with spermatogenesis by crossing the blood – testis 

barrier and gaining access to germinal cells. The adverse effects of HgCl2 on mammalian testicular tissue have 

been reported with marked testicular spermatogenic degeneration at the spermatocyte level in rats. The 

spermatozoa membranes are rich in polyunsaturated fatty acids, so they are susceptible to ROS attack and lipid 

peroxidation (Mandava, V., B.G. Rao, 2008), as a result of exposure to mercury. Lipid peroxidation reaction 

causes membrane damage which leads to a decrease in sperm motility, presumably by a rapid loss of 

intracellular ATP, and an increase in sperm morphology defects. Mercury compounds have been reported to 

cause DNA breaks by means of free-radical mediated reactions that may cause the increase in the frequency of 

spermatozoa with abnormal heads (Kistanova, E., et al, 2009). 

 
 

Fig. 1: Liver shows congestion and Kupffer cells and sinusoidal dilation hyperplasia n treated animals with Hg 

acetate(20mg\kg b.wt.)   (H & E) (200X).    
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Fig. 2: Liver shows dispersed areas of necrosis, inflammatory cells  infiltration in treated animals with Hg 

acetate(20mg\kg b.wt.)   (H & E) (200X).      

 
Table 1: Effect of Hg acetate (20mg\kb.wt ) on epididymis spermatozoa characteristics of male rats.   

Groups Count(106\epididymis) Motility% Viability% Abnormality% 

Control 80.67±0.84 

a 

92.35±0.35 

a 

89.15±0.12 

a 

3.68±0.19 

a 

Hg acetate 
(20mg\kb.wt.) 

64.07±0.43 
b 

60.32±0.13 
b 

65.18±0.16 
b 

23.43±0.16 
b 

Values are mean ±standard error 

 Different letters refer to significant difference(P<0.05)between columns groups. 

 

Table 2: Effect of Hg acetate (20mg\kb.wt.) on Testosterone, FSH and LH levels of male rats. 

Groups Testosterone ng\ml 

mean± SE 

FSH mIU\ml 

mean± SE 

LH mIU\ml 

mean± SE 

Control 2.95±0.19 
a 

1.90 ±0.4 
a 

1.47±0.2 
a 

Hg acetate (20mg \k b.wt.) 1.02±0.10 

b 

0.71±0.011 

b 

0.68±.033 

b 

Values are mean ±standard error 

Different letters refer to significant difference(P<0.05)between columns groups. 

 
Table 3: Effect of Hg acetate (20mg\kb.wt.) on some enzymatic activity and cholesterol levels in male rats. 

Groups AST (mg\dl) 

mean± SE 

ALT (mg\dl) 

mean± SE 

Cholesterol mg/dl 

mean± SE 

Control 112.25±1.88 
a 

70.33±1.34 
a 

135.1±1.94 
a 

Hg acetate (20mg\k  b. wt.) 219.67±2.16 

b 

132.28±1.84 

b 

253±2.02 

b 

Values are mean ±standard error 
Different letters refer to significant difference(P<0.05)between columns groups. 

 

Table 4: Effect of Hg acetate (20mg\kb.wt.)on body and  testicular weights of male rats.  
Groups Body weight(g) 

mean± SE 
Testes weight(g) 

mean± SE 
Epididymis weight(g) 

mean± SE 

Control 250.964±3.032 

a 

5.89±0.20 

a 

2.83 ±0.13 

a 

Hg acetate (20mg\kg b.wt.) 200.872±3.079 
b 

3.34±0.26 
b 

1.23±0.70 
b 

Values are mean ±standard error 

Different letters refer to significant difference(P<0.05)between columns groups. 

 

 
 

Fig. 3: Section of the ductus epididymidis of the treated group showing a least mass of the sperms-S, in the 

lumen of the ducts E. and H. (400 X). 
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Fig. 4: Section of the ductus epididymidis of control male rat, showing. Large mass of the sperms-S, in the 

 lumen of the ducts E. and H.( 400 X) 

 

 
 

Fig. 5: Section of testes of control group showing normal seminiferous tubules(400X)E&Hstain.                                          

 

 
 

Fig. 6: Histological section of treated testes show vaculation in spermatogonia(VS), decrease number of Leydig 

cells(LC) and degeneration of seminiferous tubules(ST). (400X)E&H stain. 

 

Conclusion: 

        This study shows that the mercury acetate have the following important effects on the male rats. From the 

results of present study are concluded: It has negative effects on decreasing levels of FSH, LH and Testosteron  

hormones in animals treated with mercury acetate. And has negative effects on sperm characterizations by 

decreasing the sperm concentration, motility and increasing dead sperm and morphologically abnormal in 

treated animals administrated with mercury acetate. has negative effect on testicular and liver  tissues causes 

vaculation in spermatogonia(VS), decrease number of Leydig cells(LC) and degeneration of 

seminiferoustubulesand dispersed areas of necrosis, inflammatory cells  infiltration in liver.                             
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