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ABSTRACT 
 

For the purpose of evaluating the harmful effect of di-methyl mercury, the well-

known pollutant of the aquatic ecosystem, on liver and kidney of mammals with its 

both short- and long-term toxicity models, the goal was achieved by using twenty-

four mature albino male rats, aged between 10 and 12 weeks, which were divided 

into 3 groups (8 rats for each). These included a control group, group 1 for chronic 

toxic effects (treated with a 2.5 mg/kg daily dose of di-methyl mercury for 30 days), 

and group 2 for acute toxic effects (treated with a 5 mg/kg daily dose of di-methyl 

mercury for 15 days). Four animals of each group were euthanized, and the others 

were kept to be sacrificed after 30 days as a recovery period. The sections were 

prepared from liver and kidneys, stained and examined to record and to grade the 

intensity of histopathological changes. Liver sections elucidated mild to moderate 

pathological changes in both treated groups, including vacuolar degeneration of 

hepatocytes, foci of coagulative necrosis, and inflammatory cell deposition mainly 

composed of lymphocytes, plasma cells and macrophages in peri-portal and Peri-

central and peri-sinusoidal areas. Also, the vascular reaction, as hyperemic portal 

arteries, congested sinusoids and central veins, was present with Kupffer cell 

proliferation. Cholangitis or cholangiohepatitis were observed in 2.5 and 5 mg 

methyl mercury-treated groups as a solitary case at the end of exposure or after the 

recovery period. The examination of the kidney sections explored adverse changes 

manifested by vascular congestion, cloudy swelling of the renal tubular epithelium, 

protein cast in the renal tubules, interstitial nephritis and multifocal hemorrhage at 

the cortex and medulla; these changes were apparent at both acute and chronic 

models of toxicity. It was clear that the recovery period was not enough to exclude 

or reverse the toxic effects of methyl mercury because the same changes were 

present at the end of the recovery period. 
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INTRODUCTION 
It is well known that Methyl mercury is the 

most toxic substance between compounds containing 

mercury, it formed when the inorganic mercury solved 

in the aquatic environment of lakes, rivers and oceans. 

It is usually condensed through passing food chain 

reaching to the human consumer (Kim et al., 2006). The 

mercury converts to methyl mercury by the aquatic 

bacteria and transmitted through the aquatic animals 

(Lee et al., 2006). The rate of absorbance of inorganic 

mercury is not exceeding 2%-38% while the organic 

mercury being completely absorbed (Abernethy et al., 

2010).  
 

Mercury in nature is available in either an 

organic or in organic compounds. The organic 

compounds can be classified to allyl mercury and alkyl 

mercury, and the later includes the methyl and ethyl 

mercury compounds and the methyl mercury considered 

the most dangerous on the public health than ethyl 

mercury that is commonly used in vaccines (Kim et al., 

2006). It is mentioned by Kjellstrom et al., (1982) that 

Minamata disease in japan is recored to be caused by 

consuming sea food including fish and oysters that is 

polluted with either monomethyl or dimethyl mercury. 

a famous acute toxic episode was appeared in Japan 

through fifties and in Iraq through seventies of the last 

century with methyl mercury which resulted in a heavy 

neurologic disturbance in the exposed local citizens 

(Vicente et al., 2004). Although such toxic crises were 

never be recorded after that but the heavy usage of 

methyl mercury in the mining and industrial activities 

raises concerns about the hazards on human and animal 

health (Castoldi et al., 2008).  
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When the polluted feeds being consumed the 

methyl mercury are separated by the gastric acids and 

binds to cysteine in duodenum to be absorbed 

completely and pass through the portal vein to the 

circulation and bind to the hemoglobin in red blood 

cells, also accumulated in the central nervous system 

and causes neuronal disorder (Lee et al., 2006). It is also 

recorded by Cheuk and Wong, (2006) that methyl 

mercury may exert its toxic effects through absorbance 

by lungs through inhalation. In a study on the retina of 

fish Danio rerio, it was noted that there are abundant 

mercury deposits in the photoreceptor cell layer (the 

outer and inner parts of the photoreceptor cell layer), in 

the inner and outer nuclear layers, in the plexiform 

layer, and very rarely in the ganglion cell layer (Mela et 

al., 2010). In another study, swelling of mitochondria 

expansion of the plasma reticulum of cardiac cells and 

degeneration of cardiac muscle fibers were observed 

(Su and Chen,1979). 
 

For all that, the present study was held to 

evaluate the possible toxicity of Methyl mercury in both 

acute and chronic forms on the histologic features of 

liver and kidney in rats and to estimate the possibility to 

heal from toxicity and restoring the normal histologic 

features after recovery period. 
 

  

MATERIALS AND METHODS 
 

Animals 
Twenty-four mature albino male rats, aged 

between 10 and 12 weeks of age and weighing 250-275 

gm, were gained from the animal house, College of 

veterinary medicine, University of Mosul, where the 

experiment was performed under the ethical approval 

license number UM. VET.2023.143.  
 

Experimental design 
The animals were divided into 3 groups (8 rats 

each); these included a control group drenched with 2 

ml of distilled water daily, group 1 for chronic toxic 

effects treated with a 2.5 mg/kg daily dose of di-methyl 

mercury for 30 days (Ajibade et al., 2019) and group 2 

for acute toxic effects treated with a 5 mg/kg daily dose 

of di-methyl mercury for 15 days (Fossato da Silva et 

al., 2011). 
 

Four animals were euthanized by chloroform 

and cervical dislocation from each treated group at the 

end of the acute and chronic exposure groups. The other 

four animals from each group were kept without 

treatment for 30 days as a recovery period. 
 

Histopathological examination 
The euthanized rats were dissected and grossly 

examined for any abnormalities in liver and kidneys; 

samples from organs were harvested and preserved 

using 10% neutral buffered formalin. After a sufficient 

period of fixation, the samples were processed by 

dehydration, clearing, embedding, sectioning, staining 

and mounting (Salah et al., 2024) then the tissue 

sections were examined for any abnormalities by using 

a light microscope with photographing using the digital 

AmScope camera. 
 

Scoring system 
The sections for each organ were examined 

with the routine histopathologic examination to record 

all the observed lesions. The visual determination of 

ordinal data from 4 digits (0, 1, 2, 3) for each lesion was 

prepared from scanning and photographing all the 

prepared sections for each organ separately, and a photo 

catalogue was set from 4 images, each one representing 

a single microscopic field with the same magnification. 

This catalogue included a score of 0 for a field with an 

undetectable lesion, a score of 1 for the field with mild 

presence, a score of 2 for the moderate presence, and a 

score of 3 for the severe presence of the specific lesion. 

Then 5 microscopic fields were randomly selected and 

examined at each section and scored for the specific 

lesion by examiner eye match with the previously 

prepared catalogue to get the score of the field as ordinal 

data (Hussein et al., 2023). 
 

The statistical analysis 
The recorded data were analyzed by applying 

one-way analysis of variance and Duncan’s test to 

detect differences between groups at the (P≤0.05) level 

of significance by using the SPSS program, version 19.  
 

RESULTS 

Liver sections 
The microscopic examination of the liver 

sections revealed moderate to severe pathologic 

changes compared with the normal histological view of 

the sections from the control group. Those changes in 

the methyl mercury-treated group may reflect the state 

of toxicity. It is clearly noticed that most sections at both 

2.5 mg and 5 mg methyl mercury treated groups 

revealed moderate to severe vacuolar degeneration of 

hepatocytes characterized by cell swelling with large fat 

droplets in cytoplasm, which were more severe at the 

peri-portal and peri-central zones of hepatocytes; this 

progressed to variable-size foci of coagulative necrosis 

at many sections.  
 

These changes were accompanied by the 

inflammatory reaction manifested by inflammatory cell 

deposition. Mainly composed of lymphocytes, plasma 

cells and macrophages at peri-portal, Peri-central and 

peri-sinusoidal areas, also the vascular reaction as 

hyperemic portal arteries, congested sinusoids and 

central veins were present. Kupffer cell proliferation or 

hyperplasia was noticed at peri-sinusoidal spaces. 

Cholangitis, or inflammation of the bile ducts, was 

observed in the 2.5 and 5 mg methyl mercury-treated 

groups in solitary cases at the end of exposure or after 

the recovery period. It was clear that the recovery period 

was not enough to exclude or reverse the toxic effects 
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of methyl mercury because the same changes were 

present after the recovery period, even though they were 

less intense than during the exposure period (Table 1 

and Figs. 1, 2, 3, 4). 

Fig. 1:  Sections in liver of rats showing: A: Normal 

view of the hepatic tissue from control group.  B: 

Moderate central vein and sinusoidal congestion from 

2.5 Mg Methyl mercury treated group at the 30 days of 

experiment .C: Sever central vein congestion (Red 

arrow), a focus of peri-central hemorrhage (Green 

arrow) and Vacuolar degeneration of the hepatic cells 

(Blue arrow) at the 15th day of experiment in 5 mg 

methyl mercury treated group .D: Sever sinusoidal 

congestion (Red arrow), a moderate Kuepfer cell 

proliferation (Blue arrow) and vacuolar degeneration of 

hepatocytes (Green arrow) at 2.5 Mg methyl mercury 

treated group at 30 days of experiment. Staining H&E. 

Scale bar=100 µm for all images. 

 

Fig. 2: Section in liver of rats showing peri-central or 

peri-sinusoidal inflammatory cells infiltrations 

composed mainly of lymphocytes, plasma cells and 

macrophages (Red arrows).  2.5 Mg Methyl mercury 

treated group. A: At the 30th day of experiment. B: At 

the end of the recovery period.   5 Mg Methyl mercury 

treated group. C: At the 15th day of experiment. B: At 

the end of the recovery period. Staining H&E. Scale 

bar=100 µm for all images. 

Fig. 3: Sections in liver of rats showing: A: Normal 

histological view of liver from control group. B: Sever 

vacuolar degeneration (Red arrow) and large focus of 

coagulative necrosis (Blue arrow) at 2.5 Mg Methyl mercury 

treated group at the day 30 of the experiment. C: Sever 

vacuolar degeneration (Red arrow) and large focus of 

coagulative necrosis (Blue arrow) at 5 Mg Methyl mercury 

treated group at the day 15 of the experiment. D: Sever to 

moderate vacuolar degeneration in hepatocytes at the end of 

the recovery period at 5 Mg Methyl mercury treated group. 

Staining H&E. Scale bar=100 µm for all images. 
 

Fig. 4: Sections in liver of rats showing: A: Proliferation of 

Kuepfer cells around hepatic sinusoids (Red arrow). B: 

Cholangitis or inflammation of bile ducts (Red arrow) at 2.5 Mg 

Methyl mercury treated group at the day 30 of the experiment. 

Staining H&E. Scale bar=100 µm for all images. 
 

Kidney sections 
The examination of the kidney sections showed 

development of several pathological changes at the di-

methyl mercury treated groups reflects vascular 

and  metabolic disorders accompanied by inflammatory 

reaction , noticed at both treated groups with 2.5 and 5 

mg di-methyl mercury with variable degree of intensity 

at the end of exposure period, leaving animals to recover 

appears to be not sufficient to reverse the adverse effects 

of the exposure period and the lesions still apparent in 

renal tissue with similar intensities, those lesions were 

expressed as hyperemic renal arterioles accompanied by 

perivascular edema and focal hemorrhages, the harmful 

effects on the tubular renal epithelium appeared as 

cloudy swelling and mostly associated with 

mononuclear inflammatory infiltrations as interstitial 

nephritis and even in glomeruli as glomerulonephritis. 

(Table 2 and Figs. 5, 6, 7). 
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Table 1: Histopathological changes appeared in the liver of rats exposed to dimethyl mercury with the 

score of severity. 

 
 Lesion 

 

  

              Group   

Central 

/sinusoidal 

congestion  

Pericentral 

/perisinusoidal 

inflammatory 

infiltrations 

Periportal 

Inflammatory 

infiltrations 

Hepatic 

vacuolar 

degeneration 

Kuepfer cells 

proliferation 

Hepatocytic 

coagulative 

necrosis 

Cholangitis 

Group 1 

Control 

 

0.50±0.22B 0.20±0.13B 0.40±0.16B 0.20±1.33B 0.50±0.16B 0.00±0.00C 0.00±0.00A 

Group 2 

2.5 M  

30 Days 

2.0±0.25A 1.80±0.29A 1.60±0.33A 1.40±1.63A 1.50±0.26A 1.00±0.33AB 0.40±0.22A 

Group 3 

2.5 M 

Recovery 

1.2±0.29AB 1.30±0.30A 1.30±0.33AB 1.30±0.30AB 2.00±0.25A 0.80±0.20AB 
0.40±0.26A 

 

Group 4 

5 M 

2 Weeks 

1.3±0.36AB 1.10±0.31A 1.20±0.38AB 1.60±0.22A 1.50±0.37A 1.20±0.35A 0.20±0.20A 

Group 5 

5 M 

Recovery 

1.2±0.39AB 1.10±0.31A 0.90±0.34AB 1.50±0.30A 1.50±0.30A 0.40±0.22BC 0.10±0.10A 

*The values expressed as Mean± Standard error. 

**The letters compared vertically were A for superiority followed by B and C 

 

 

Table 2: Histopathological changes appeared in the kidney of rats exposed to dimethyl mercury with the 

score of severity. 

 

Lesion 

  

                                  Group   

Renal 

vascular 

congestion 

Cloudy swelling 

of renal tubular 

epithelium 

Albumin urea 

/cast 

Interstitial 

nephritis / 

inflammatory 

infiltrations 

Cortical or 

Medullary 

hemorrhage 

Group 1(Control) 0.40±0.16B 0.30±0.15C 0.10±0.10C 0.20±0.13B 0.20±0.20B 

Group 2 (2.5 M 30 Days) 2.40±0.26A 2.30±0.21A 1.20±0.32A 1.70±0.21A 1.30±0.26A 

Group 3 (2.5 M Recovery) 0.80±0.24B 1.20±0.24B 0.30±0.15BC 1.40±0.30A 0.40±0.16B 

Group 4 (5 M2 Weeks) 2.30±0.21A 2.30±0.21A 1.0±0.33A 1.70±0.26A 1.60±0.40A 

Group 5 (5 M Recovery) 1.00±0.21B 0.80±0.24BC 0.50±0.22ABC 1.30±0.21A 0.50±0.22B 

 
*The values expressed as Mean± Standard error. 

**The letters compared vertically were A for superiority followed by B and C. 
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Fig. 5: kidney sections of rats showing:  A: Normal 

section of renal tissue with normal glomeruli, normal 

tubular epithelium and normal circulation from control 

group. B: Hyperemic renal arteriole (Red arrow) with 

perivascular inflammatory infiltrations (Blue arrow) 

from 2.5 Mg methyl mercury treated group at the 30th 

day of experiment.C: Congested renal capillaries (Red 

arrows) at 5Mg methyl mercury treated group at the 15th 

day of experiment. D: Congested renal capillaries (Red 

arrows) at 5Mg methyl mercury treated group at the end 

of the recovery period. Staining H&E. Scale bar=100 

µm for all images. 

 

 
Fig. 6: kidney sections of rats showing:  A :  Cloudy swelling 

of the renal tubular cells at 2.5 Mg methyl mercury treated 

group (Red arrows) at 30th day of experiment. B:  Cloudy 

swelling of the renal tubular cells (Red arrows) at 5 Mg 

methyl mercury treated group at 15th day of experiment. C: 

Cloudy swelling of renal tubular epithelium with hyaline 

casts with in renal tubules (Red arrows) at the end of the 

recovery period of 2.5 Mg methyl mercury treated group. D: 

Cloudy swelling with micro hemorrhages (Red arrows) at the 

end of the recovery period at 5 Mg methyl mercury treated 

group. Staining H&E. Scale bar=100 µm for all images. 

 

 
Fig. 7: kidney sections of rats showing: A: Glomerulitis 

(Red arrows) and interstitial nephritis (Blue arrows) at 

2.5 Mg methyl mercury treated group at the 30th day of 

experiment. B: Magnified view of Glomerulitis (Red 

arrows) at 2.5 Mg methyl mercury treated group at the 

30th day of experiment. C: Sever interstitial nephritis 

(Blue arrow) at 5 Mg methyl mercury treated group at 

the 15th day of experiment. D: Sever interstitial nephritis 

(Blue arrow) at 5 Mg methyl mercury treated group at 

the end of the experiment period. Staining H&E. Scale 

bar=100 µm for all images. 

 

DISCUSSION 

The results revealed that both acute and chronic 

oral doses of dimethyl mercury induced notable lesions 

in the liver and kidney. These findings are similar to the 

statements of many researchers who found harmful 

biological effects on the CNS, heart, lungs, kidneys and 

immune organs in people with high blood mercury 

concentration (Myers et al., 2007). Other researchers 

highlighted a harmful influence of methyl mercury as a 

water pollutant on aquatic creatures, aquatic birds, 

mammals and other predators seeking them (Singh and 

Maurya, 2023). In a study performed by Mela et al., 

(2007) who stated that adding 0.075 µg of methyl 

mercury per gram of wet weight of feeds of Hoplias 

malabaricus fish caused a serious renal and hepatic 

injury, including disruption of the rough endoplasmic 

reticulum and mitochondria with alteration of the 

nucleus shape of hepatocytes.  

 

Coagulative necrosis at 2.5 mg and 5 mg of 

methyl mercury-treated rats in the present study agreed 

with the results of both Simenova (1999) and Rabitto 

et al., (2005) who mentioned hepatic necrosis as a part 

of the toxicopathic effects of methyl mercury; these also 

align with the results of Nwangwa et al., (2015) who 

noticed an active biochemical accumulation of methyl 

mercury in liver and kidney of Wister rats and a 

significant elevation of serum glutamate oxaloacetate 

transaminase and pyruvate oxaloacetate transaminase 



Semaa Ahmad Baker, et al………. 

142 

 

when exposed to the methyl mercury in drinking water 

at a 10 ppm concentration, which reflects the hepatic 

damage. As stated by Manhan, (1991), hepatic necrosis 

is induced through enzymatic inhibition and disruption 

of membranes and disturbances in the synthesis of 

protein and the metabolism of carbohydrates. The 

detoxification mechanism of liver for methyl mercury 

will cause oxidative stress and elevation of the reactive 

oxygen species, leading to the degenerative effects and 

necrosis of the hepatocytes (Limke et al., 2004).  

 
The presence of the high affinity of the methyl 

mercury to bind with the sulfhydryl group of the 

glutathione gives the rest an important role to reverse 

the cytotoxic effects of the methyl mercury; this fact 

was supported by the trial of Yasutake and Hirayama, 

(1994) who challenged the C57Bl female mice with a 

160 µmol/kg dose of methyl mercury against GSH 

levels in liver and kidney and recorded 16% and 20% 

reduction in the liver and blood, respectively. 

 
The histopathological findings have a similarity 

to what was mentioned by Zurida Zulkipli et al., 

(2021) who stated a variable lesion included hepatic 

lipidosis, vacuolar swelling and necrosis of hepatocytes 

with bile duct hyperplasia; also, they noticed 

glomerulonephritis, interstitial nephritis, severe tubular 

necrosis and hyalinization in the fish exposed to methyl 

mercury. 

 

CONCLUSION 

The oral administration of dimethyl mercury to 

the rat led to harmful and toxic effects on liver and 

kidney in rats by both acute and chronic models of 

exposure. 
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