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Abstract
Thimerosal is an organomercurial compound, which is used in the preparation of intramuscular immunoglobulin, 
antivenoms, tattoo inks, skin test antigens, nasal products, ophthalmic drops, and vaccines as a preservative. In 
most of animal species and humans, the kidney is one of the main sites for mercurial compounds deposition and 
target organs for toxicity. So, the current research was intended to assess the thimerosal induced nephrotoxicity 
in male rats. Twenty-four adult male albino rats were categorized into four groups. The first group was a control 
group. Rats of Group-II, Group-III, and Group-IV were administered with 0.5µg/kg, 10µg/kg, and 50µg/kg of 
thimerosal once a day, respectively. Thimerosal administration significantly decreased the activities of catalase 
(CAT), superoxide dismutase (SOD), peroxidase (POD), glutathione reductase (GR), glutathione (GSH), and 
protein content while increased the thiobarbituric acid reactive substances (TBARS) and hydrogen peroxide 
(H2O2) levels dose-dependently. Blood urea nitrogen (BUN), creatinine, urobilinogen, urinary proteins, kidney 
injury molecule-1 (KIM-1), and neutrophil gelatinase-associated lipocalin (NGAL) levels were substantially 
increased. In contrast, urinary albumin and creatinine clearance was reduced dose-dependently in thimerosal 
treated groups. The results demonstrated that thimerosal significantly increased the inflammation indicators 
including nuclear factor kappaB (NF-κB), tumor necrosis factor-α (TNF-α), Interleukin-1β (IL-1β), Interleukin-6 
(IL-6) levels and cyclooxygenase-2 (COX-2) activities, DNA and histopathological damages dose-dependently. 
So, the present findings ascertained that thimerosal exerted nephrotoxicity in male albino rats.
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Resumo
O timerosal é um composto organomercurial, utilizado na preparação de imunoglobulina intramuscular, 
antivenenos, tintas de tatuagem, antígenos de teste cutâneo, produtos nasais, gotas oftálmicas e vacinas como 
conservante. Na maioria das espécies animais e nos humanos, o rim é um dos principais locais de deposição 
de compostos de mercúrio e órgãos-alvo de toxicidade. Assim, a presente pesquisa teve como objetivo avaliar 
a nefrotoxicidade induzida pelo timerosal em ratos machos. Vinte e quatro ratos albinos machos adultos foram 
categorizados em quatro grupos. O primeiro grupo era um grupo de controle. Ratos do Grupo II, Grupo III e Grupo 
IV receberam 0,5µg / kg, 10µg / kg e 50µg / kg de timerosal uma vez ao dia, respectivamente. A administração de 
timerosal diminuiu significativamente as atividades de catalase (CAT), superóxido dismutase (SOD), peroxidase 
(POD), glutationa redutase (GR), glutationa (GSH) e conteúdo de proteína, enquanto aumentou as substâncias 
reativas ao ácido tiobarbitúrico (TBARS) e peróxido de hidrogênio (H2O2) níveis dependentes da dose. Os níveis 
de nitrogênio ureico no sangue (BUN), creatinina, urobilinogênio, proteínas urinárias, molécula de lesão renal-1 
(KIM-1) e lipocalina associada à gelatinase de neutrófilos (NGAL) aumentaram substancialmente. Em contraste, 
a albumina urinária e a depuração da creatinina foram reduzidas de forma dependente da dose nos grupos 
tratados com timerosal. Os resultados demonstraram que o timerosal aumentou significativamente os indicadores 
de inflamação, incluindo fator nuclear kappaB (NF-κB), fator de necrose tumoral-α (TNF-α), interleucina-1β 
(IL-1β), níveis de interleucina-6 (IL-6) e atividades da ciclooxigenase-2 (COX-2), DNA e danos histopatológicos 
dependentes da dose. Portanto, os presentes achados verificaram que o timerosal exerceu nefrotoxicidade em 
ratos albinos machos.

Palavras-chave: Timerosal, Organomercurial, inflamação, Nefrotoxicidade.
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2.2. Animals

Adult male wistar rats (180-200 g), were used for the 
research trial. Rats were placed in the animal house at 24±2 ºC 
for 30 days. Dark/light cycle (12 h.) was maintained. Rats were 
fed with proper food and tap water. The experimental animals 
(rats) were kept in the primate facility of the animal house of 
the University of Agriculture Faisalabad. Rats were cared for 
and treated in compliance with animal handling guidelines.

2.3. Experimental design

Adult male albino rats (24) were divided into four 
equivalent groups (n=6/group). Group 1: This group was 
taken as control and given intramuscular (i.m.) injection 
of normal saline on day 1, 11 and 21 of treatment. Group 
2: 0.5 µg/kg dose of thimerosal dissolved in normal 
saline was given to this group via i.m. injection on day 
1, 11 and 21 of the trial. Group 3-(n=6): This group was 
treated with 10 µg/kg i.m. dose of thimerosal dissolved 
in normal saline on day 1, 11 and 21 of treatment. 
Group 4-(n=6) received i.m. injection of 50 µg/kg of 
thimerosal dissolved in normal saline on day 1, 11 and 
21 of treatment.

The total trial duration was 30 days. After the completion 
of the trial, all rats were anesthetized and slaughtered 
after 24 hours of the last treatment. Blood samples were 
collected into the sterile tubes from all the animals in 
each group. Blood samples were centrifuged at 3000 rpm 
for 15 minutes; then, plasma was removed and stored at 
-20ºC for further study. Saline was used to washing out 
the kidney. The right kidney was packed in small zipper 
bags and these bags were stored soon after dissection at 
-80ºC for antioxidant enzymes analysis.

2.4. Biochemical assays

The kidney was stored at -80°C and homogenized in 
3ml of PBS (pH 7.4), then centrifuged for 15 minutes at 
12000 rpm before analysis. The resultant supernatant 
was utilized for the analysis of the antioxidant enzyme. 
Chance and Maehly (1955) procedure was trailed for the 
determination of CAT and POD activities. Absorbance 
changes in the mixture were checked at 240 nm and its 
final values were shown as U/mg protein. The activity of 
SOD was assayed by noticing the change in color intensity 
(at 560 nm), by Kakkar et al. (1948). The values of SOD 
activity were presented as unit/mg protein. GSH content 
was measured by pursuing the procedure of Jollow et al. 
(1974), using 1,2-dithio-bis nitro benzoic acid (DTNB) 
as substrate. The yellow color developed was read 
immediately at 412 nm and expressed as nM/min/mg 
protein. The GR activity was calculated by computing 
NADPH disappearance at about 340 nm by procedure of 
Carlberg and Mannervik (1975). Total protein content was 
assessed by following the protocol of Lowry et al. (1951). 
TBARS level was measured by following the protocol of 
Qbal et al. (1996), at 535 nm by using 2-thiobarbituric 
acid (2,6-dihydroxypyrimidine-2-thiol; TBA). The results 
were expressed as nM/min/mg protein. To evaluate the 
quantity of H2O2, the protocol introduced by Pick and 
Keisari (1981) was followed.

1. Introduction

The bioaccumulation ability of heavy metals is an issue 
of major concern (Sharaf et al., 2020). Mercury (Hg) is a 
persistent bio-accumulative toxic heavy metal with unique 
physicochemical properties of public health concern since 
their natural and anthropogenic diffusions still induce high 
risk to human and environmental health (Bjørklund et al., 
2017). Mercury is present in the environment (Nabil et al., 
2020) in different forms; inorganic mercury, organic 
mercury, and metallic or elemental mercuric compounds 
(Park and Zheng, 2012). It is an extremely toxic element that 
quickly disturbs the cardiovascular and nervous systems. 
Vomiting, diarrhea, severe kidney damage, and nausea 
may occur due to exposure to high doses of mercury, 
even for a short interval. Memory loss, hallucinations, 
inability to concentrate, and nerve damage can also 
appear (Ekawanti and Krisnayanti, 2015). Mercuric and 
Mercurous salts primarily injure the kidney, gut lining, 
and get circulated throughout the entire body. Toxicity 
depends upon dosage: elemental mercury vapor exposure 
induces acute pneumonitis, which can be deadly in severe 
cases (Berlin et al., 2007).

Ethylmercury thiosalicylate (thimerosal) is the most 
common form of organomercurials (DÓREA et al., 2013). 
Thimerosal is an antifungal and antibacterial mercury-
containing compound which is used in vaccine and 
biological product as a preservative (Ball  et  al., 2001). 
Thimerosal has been used in preparations of intramuscular 
immunoglobulin, antivenoms, tattoo inks, skin test 
antigens, nasal products, and vaccines as a preservative 
(Counter and Buchanan, 2004). Hg is present in thimerosal 
(49.6% by weight) and produces Et-Hg (ethylmercury) in the 
form of metabolite. This metabolite (EtHg) then changes 
into inorganic Hg in the body, which accumulates in the 
brain and kidneys (Tan and Parkin, 2000). Few studies have 
established the relationship between neurodevelopmental 
arrangement and exposure to mercury through vaccination 
(Yel et al., 2005; Herman et al., 2006).

Thimerosal dissociates into thiosalicylic acid and the 
ethylmercury cation in the aqueous media due to the 
hydrolysis equilibrium reaction (Trümpler et al., 2009). 
Initial risk estimations for et-Hg were established based 
on oral toxicity studies of me-Hg due to the deficiency of 
evidence about the thimerosal behavior in the mammalian 
body. However, the fresh data point out that the metabolism 
and kinetics of tissue disposition considerably differ 
between the et-Hg and me-Hg (Burbacher et al., 2014), 
representing that methyl-mercury is not an appropriate 
testimonial for the risk evaluation of thimerosal. 
The possible harmful health effects of thimerosal have not 
yet been sufficiently investigated. So, the present study was 
designed and performed to evaluate the possible harmful 
effects of thimerosal on the rat kidney.

2. Materials and Methods

2.1. Chemicals

Thimerosal was bought from the Fisher Scientific-United 
States of America.



Brazilian Journal of Biology, 2023, vol. 83, e242942 3/9

Toxicological effects of thimerosal on rat kidney

2.5. Assessment of DNA damage through Comet assay

The comet parameters were estimated by using assay 
specified by Dhawan et al. (2009). Firstly, tissues of the 
kidney were washed with phosphate buffer saline (PBS) and 
dehydrated quickly (37oC). Autoclaved slides were smeared 
with 1% regular melting point agarose (100 μl) and protected 
with a coverslip and kept at low temp. (4oC) for hardening. 
A small renal tissue’ section was kept in the chilled 1 mL 
lysis solution; then, following homogenization, it was mixed 
with the 75 µl low melting point agarose (LMA). Pre-coated 
slides were smeared in this mixture again, overlaid and 
solidified by putting slides on ice-cubes for about 10 min. 
After the third layer of agarose, slides were put in a lysing 
buffer for about 10 minutes and placed on ice-cubes for 
2 hours. Then these slides were kept in the electrophoresis-
columns containing a neutral buffer. Gel-electrophoresis 
was performed. Electrophoresis was carried out at 25 V for 
twenty minutes; then slides were dehydrated at 5oC, then 
again re-hydrated and stained with 1% ethidium-bromide 
to inspect under a fluorescent microscope (400X). For the 
evaluation of the total comet score 50 to 100 cells from 
each slide were observed and CASP 1.23.B (software) was 
used for assessing the comet parameters.

2.6. Kidney function markers

With the help of standard diagnostic kits (AMEDA labor-
diagnostic Gmbh, Austria), estimation of albumin, urea, 
urobilinogen, creatinine, urinary proteins, and creatinine 
clearance was completed. Urinary KIM-1 and Serum NGAL 
were determined according to the manufacturer’s command 
by using KIM-1 Quantikine ELISA Kit and NGAL Quantikine 
ELISA Kit (R and D Systems China Co. Ltd., Changning, China).

2.7. Inflammatory markers assessment

The kidney was stored at -80 °C and homogenized in 
3ml of PBS (pH 7.4), then centrifuged at 12000 rpm for 
15 minutes before analysis. Commercially available kits 
were used to assess the inflammatory markers of the renal 
tissues. NF-κB, TNF-α, IL-1β, IL-6 levels, and COX-2 activity 
were determined with rat ELISA kit (Shanghai YL Biotech 
Co. Ltd., China). Analyses were accomplished by following 
the manufacturer’s instructions through Elisa Plate Reader 
(BioTek, Winooski, VT, USA).

2.8. Histopathological examination

Histopathology of the renal tissues was carried 
out by following the method of Ibrahim  et  al. (2018). 
For histopathological analysis, a fixative having 
absolute alcohol (60 ml), Glacial acetic acid (10 ml), and 
formaldehyde (30 ml) were utilized to fix the renal tissues. 
For the preparation of slides, 5 μm thin sections of fresh 
kidney tissues were used. For staining purposes, the 
hematoxylin-eosin stain was used, and images were taken 
at a magnification of 40X under a compound microscope 
for histopathological study (Nikon, 187842, Japan).

2.9. Statistical analysis

The data values were shown as the Mean± SEM. One-
way analysis of variance (ANOVA), Dunnett’s test was 

applied to compare different groups by using Minitab 
software. Differences showing p<0.05 were considered 
as statistically significant.

3. Results

3.1. Effects of thimerosal on biochemical parameters

In the present study, significant (p˂0.05) decrease in 
the activities of CAT, POD, SOD, GR, and GSH content was 
observed in thimerosal intoxicated groups in contrast 
to the control group (Figure 1). Protein content was also 
substantially (p˂0.05) reduced in thimerosal administered 
groups while substantial (p˂0.05) increase in TBARS 
and H2O2 levels were observed in thimerosal treated 
groups dose-dependently in comparison to control group 
(Figure 2).

3.2. Effect of thimerosal on comet parameters

In this study, DNA damage in renal tissues of thimerosal 
treated albino rats was assessed with the help of comet 
assay. In thimerosal treated groups, II, III and IV significant 
(p<0.05) elevation in the number of comets, comet length, 
tail length, % DNA in the tail, tail moment and olive moment 
was observed while significant (p<0.05) reduction in % DNA 
in head and the head length was detected in renal cells in 
contrast to control group (Table 1, Figure 3).

3.3. Effects of thimerosal on BUN and creatinine, albumin, 
urobilinogen, urinary protein, creatinine clearance, KIM-1, 
and NGAL

Thimerosal administration significantly (p˂0.05) 
elevated the levels of BUN, urinary creatinine, urobilinogen, 
urinary proteins, KIM-1, and NGAL while reduced urinary 
albumin and creatinine clearance in treated groups 
when compared with control (Table 2). Changes in these 
parameters occurred in dose-dependent manner.

3.4. Effect of thimerosal on inflammatory markers

Thimerosal administration substantially (p˂0.05) raised 
the levels of inflammatory parameters NF-κB, TNF-α, IL-
1β, IL-6, and COX-2 activities in treated rats in contrast to 
the control group. The rise in the levels of inflammatory 
parameters was observed in dose-dependent manners 
(Table 3).

3.5. Effect of thimerosal on renal histology

Microscopic analysis of kidney tissues showed that the 
treatment of rats with thimerosal caused severe damage 
in renal parenchyma. Capillaries interlinked with tubules 
were dilated and dilation of tubules was noticed in the 
inner medulla. Thimerosal made some tubular distention 
in the cortex and pivotal epithelial cell damage throughout 
constrained areas, while in the outer medulla, it persuaded 
chronic and noticeable cytolysis of epithelial cells. 
Thimerosal administration increased the tissue damage 
in dose-dependent manners in treated rats (Figure 4).
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Figure 1. Effects of thimerosal on antioxidant enzymes (CAT, POD, SOD and GR) and GSH content in the kidney. Groups are expressed 
with different bars. Bars in a same graph having different superscripts are significantly (p<0.05) different from others.

Figure 2. Effects of thimerosal on Protein content, TBARS and H2O2 levels. Groups are expressed with different bars. Bars in a same 
graph having different superscripts are significantly (p<0.05) different from others.
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Figure 3. Fluorescence photomicrograph of renal comets and genotoxic outcome of thimerosal (A) Control (B) Thimerosal (0.5 µg/kg) 
treated (C) Thimerosal (10 µg/kg) treated (D) Thimerosal (50 µg/kg) treated. 400 X.

Figure 4. Renal histopathological analysis of the various groups: (A) a microphotograph of kidney section of control group rats, revealing 
the normal histological structure of glomeruli and renal tubules.; (B) a microphotograph of kidney section of thimerosal (0.5 mg/kg) 
administered rats displaying degenerative changes in renal epithelium and granular deposits in their lumens (C); a microphotograph of 
thimerosal (10 mg/kg). (D) a microphotograph of a section of thimerosal (50 mg/kg) treated rats, demonstrating significant degenerative 
changes, granular deposits in their lumens and desquamation of the kidney epithelium. BC; Bowman’s capsule, RT; Renal Tubule.
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4. Discussion

In the current analysis, thimerosal treatment showed 
a considerable decline in antioxidant enzyme activity like 
CAT, SOD, POD, GR, and GSH and total protein content. 
In contrast, an astonishing increase in the levels of TBARS 
and H2O2 was observed. CAT plays a significant role in the 
conversion of H2O2 into H2O and O2, therefore protects the 
cells from the oxidative damage of H2O2 and OH- (Aitken 
and Roman, 2008). SOD assists in the conversion of O−

2 into 
hydrogen peroxide and O2 (Liochev and Fridovich, 2010). 
GR oxidizes the glutathione disulfide by transforming it 
into reduced glutathione (Kaneko et al., 2002). Glutathione 
(GSH) shields mammalian cells against oxidative stress 
by minimizing levels of H2O2 as well as other peroxides 
(Saleh and Agarwal, 2002; Deponte, 2013). It has been 
shown that Et-Hg generates oxidative stress by producing 
hydrogen peroxide, which results in lipid peroxidation 

(Mahboob et al., 2001). Mercury produces H2O2 (Hydrogen 
peroxide) through multiple reactions. The study of the 
mechanism demonstrates that mercury disturbs the 
integrity of the inner membrane of mitochondria, which 
results in altered membrane potential and ion permeability, 
causing leakage of H2O2 (Ercal et al., 2001). Anti-oxidant 
enzymes, including CAT, SOD, POD, and GR perform a major 
role in the intracellular defense against cell damages by 
free radicals (Lobo et al., 2010). A recent study reported 
that thimerosal administration led to a dose-dependent 
reduction in the enzyme activities in rat testes (Ijaz et al., 
2020). So, it can be speculated that mercury in the Et-Hg 
is the primary reason behind the increase in oxidative 
stress, which led to a decrease in antioxidant enzyme 
activity and increased lipid peroxidation.

The significant alteration was observed in the number of 
comets, head length, %DNA in the head, comet length, tail 

Table 2. Effects of thimerosal on the level of BUN, creatinine, creatinine clearance, albumin, urobilinogen, urinary proteins, NGAL, and KIM-1.

Groups Control
Thimerosal 
(0.5µg/kg)

Thimerosal 
(10 µg/kg)

Thimerosal 
(50 µg/kg)

BUN (mg/dl) 26.21 ± 0.45a 32.56 ± 0.43b 32.67 ± 0.44b 40.63 ± 0.76c

Creatinine (mg/dl) 0.51 ± 0.01a 0.61 ± 0.01b 0.63 ± 0.01b 0.69 ± 0.08c

Creatinine clearance (ml/min) 1.74 ± 0.03a 1.25 ± 0.04b 1.15 ± 0.03bc 0.77 ± 0.05c

Albumin (mg/dl) 8.05 ± 0.08a 6.93 ± 0.13b 6.73 ± 0.08b 5.44 ± 0.12c

Urobilinogen (mg/dl) 5.52 ± 0.06a 5.92 ± 0.02ab 6.29 ± 0.03b 7.63 ± 0.04c

Urinary protein (mg/dl) 14.3 ± 0.06a 17.0 ± 0.50b 18.7 ± 0.10c 22.1 ± 0.20d

Urinary KIM-1 (ng/day) 0.34 ± 0.04a 0.86 ± 0.06ab 1.23 ± 0.04b 1.94 ± 0.03c

NGAL (mg/ml) 0.69 ± 0.04a 1.45 ± 0.06b 1.78 ± 0.05bc 2.51 ± 0.11c

Values in a row having disparate superscripts are considerably (p<0.05) different from others.

Table 3. Effects of thimerosal on inflammatory parameters (nuclear factor kappa B (NF-κB), tumor necrosis factor-α (TNF-α), Interleukin-
1β (IL-1β), Interleukin-6 (IL-6) levels and cyclooxygenase-2 (COX-2) activities).

Groups
NF-κB 

(ng/g tissue)
TNF-α 

(ng/g tissue)
IL-1β 

(ng/g tissue)
IL-6 (ng/g tissue)

COX-2 
(ng/g tissue)

Control 15.1 ± 0.80 a 7.74 ± 0.32 a 28.8 ± 1.64 a 6.05 ± 0.18 a 31.7 ± 1.26 a

Thimerosal (0.5 µg/kg) 29.2 ± 0.89 b 12.5 ± 0.36 ab 68.8 ± 1.17 b 9.96 ± 0.22 b 44.2 ± 0.96 b

Thimerosal (10 µg/kg) 36.2 ± 0.97 c 15.6 ± 0.54 b 86.7 ± 1.43 c 13.4 ± 0.56 c 51.9 ± 0.79 c

Thimerosal (50 µg/kg) 57.2 ± 1.64 d 24.2 ± 0.98 c 115.5±2.46 d 21.3 ± 0.64 d 65.7 ± 1.17 d

Values in a column having disparate superscripts are considerably (p<0.05) different from others.

Table 1. Effects of thimerosal on comet parameters of kidney.

Groups
No. of 

comets

Comet 

length
Head length Tail length % in head % in tail

Tail 

moment

Olive 

moment

Control 25.5 ± 0.28a 39.2 ± 0.61a 39.6 ± 0.36a 4.91 ± 0.24a 94.5 ± 0.11a 5.43 ± 0.11a 0.89 ± 0.03a 2.32 ± 0.05a

Thimerosal 

(0.5 µg/kg)
30.4 ± 0.38b 43.7 ± 0.31b 35.1 ± 0.24b 6.06 ± 0.05b 91.0 ± 0.10ab 8.96 ± 0.11b 1.63 ± 0.04b 2.91 ± 0.02b

Thimerosal 

(10 µg/kg)
34.5 ± 2.26c 50.2 ± 0.59c 34.1 ± 0.11c 6.65 ± 0.04b 87.6 ± 0.26b 12.7 ± 0.26c 1.88 ± 0.01b 3.09 ± 0.03b

Thimerosal 

(50 µg/kg)
46.0 ± 0.49d 60.0 ± 0.55d 30.5 ± 0.26d 8.29 ± 0.09c 78.1 ± 0.57c 21.8 ± 0.57d 2.70 ± 0.03c 3.61 ± 0.05c

Values in a column having disparate superscripts are considerably (p<0.05) different from others.
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length, % DNA in the tail, tail moment, and olive moment 
in renal tissues of thimerosal administered groups. Tail 
length is an indicator of DNA fragmentation evaluated by 
comet test (Lu et al., 2017). The observed DNA damage in 
the thimerosal exposed rats can be the result of either 
DNA oxidation enhancement or the inhibition of the repair 
system of DNA (Au et al., 2003). Numerous studies have 
also demonstrated the role of mercury in blocking the 
DNA repair system (Cebulska-Wasilewska et al., 2005). 
According to previous literature, thimerosal induced 
oxidative stress may cause genotoxic effects (Eke and 
Celik, 2008). Furthermore, Hg compounds can bind 
directly with the tubulin sulfhydryl, which damages 
the function of spindle and may cause chromosomal 
impairments (Vimercati et al., 2001). Our study reported 
that thimerosal treatment resulted in a significant alteration 
in comet parameters which shows DNA damaging ability 
of thimerosal. Moreover, it can be assumed that oxidative 
stress induced by thimerosal may be a major reason behind 
the DNA damage.

Kidney damage due to thimerosal exposure was 
assessed by determining the serum and urinary markers 
of renal functional integrity, which are the biochemical 
signs of renal damage. Thimerosal administration elevated 
the levels of BUN, urinary creatinine, urobilinogen, and 
urinary proteins while reduced the albumin and creatinine 
clearance. Increased BUN generally indicates glomerular 
damage. Whereas, creatinine is a metabolite that is excreted 
entirely in the urine through glomerular filtration and a rise 
of its level in the blood is a sign of reduced renal function 
(Kamianowska et al., 2019). Along with this, the augmented 
urea, urobilinogen, creatinine, urinary proteins, and 
decreased albumin, creatinine clearance are the markers 
for severe oxidative damage to the kidneys (Khan et al., 
2010). It has been reported that thimerosal quickly breaks 
in aqueous saline solutions into Ethyl-Hg chloride (Tan 
and Parkin, 2000). Trachtenberg et al., 2010 examined in a 
dose-dependent response study that mercury compounds 
affect the level of creatinine and it has proved that increased 
doses of mercury may cause a rise in plasma levels of 
creatinine. In this study, the concentration of albumin 
was observed to be decreased after the administration of 
thimerosal. Decreased albumin excretion is the outcome of 
glomerular injury; nonetheless, sometimes it is the result 
of reversible hemodynamic alterations (De La Torre et al., 
1998). The excretion of urobilinogen was observed to be 
increased by thimerosal exposure. In general conditions, 
urobilinogen is not the component of urine, but its 
existence in a greater amount in urine is the consequence 
of thimerosal-induced nephrotoxicity in rats. The creatinine 
clearance is an authentic indicator of the GFR (glomerular 
filtration rate). Reduction in creatinine clearance is directly 
related to reducing the glomerular filtration rate of the 
animal (Zalups and Diamond, 1987).

Thimerosal administration elevated the levels of 
KIM-1 and NGAL in treated rats. KIM-1 and NGAL are the 
biomarkers of acute kidney injury (AKI) (Lei et al., 2018). 
KIM-1 is a transmembrane protein with apparent edges 
as a new and universally accepted marker for the initial 
prognosis of AKI (Khan et al., 2012). In the healthy renal 
tissue, it is nearly not expressed (Arjumand et al., 2011; 

Aydin et al., 2011), but it is expressed during the early 
stages of nephrotoxic injury at mild to elevated levels 
(Luo et al., 2016). It is also interrelated with the acuteness 
of renal damage. Additionally, KIM-1 has high stability. 
It has protein-hydrolytic zones that help to detect its 
presence in the urine (Lei et al., 2018). NGAL is a modern 
parameter and is freshly recognized as a member of the 
lipocalin family (Shin et al., 2009). NGAL is a cytosolic 
protein that is present in the blood, urine, renal and 
proximal-distal tubules in the case of nephrotoxicity, 
kidney parenchymal damage, renal transplant refutation 
and renal ischemia (Mori et al., 2005). NGAL is expressed 
in the damaged glomerulus and can persuade epithelial 
regeneration. It is normally discharged into the blood 
in greater extents after damage and evacuated through 
the urine (Ross and Kasum, 2002). In line with previous 
findings by Zhou et al. (2008) and Luo et al. (2014), we also 
examined the substantial elevation in renal KIM-1 and NGAL 
levels in thimerosal-induced nephrotoxicity. It has been 
observed that the KIM-1 and NGAL expressions changed 
before tubular damage in the kidney and an increase in 
urea and serum creatinine levels can be linked with the 
increasing histopathological changes (Luo  et  al., 2014; 
Luo et al., 2016). So, the increased levels of KIM-1 and 
NGAL are indicating severe injuries in renal tissues.

In the present study, thimerosal administration 
raised the level of inflammatory markers NF-κB, TNF-α, 
IL-1β, IL-6, and COX-2 activities in treated rats. NF-κB 
activation is fundamental in the expression of pro-
inflammatory cytokines like NF-κB, TNF-α, IL-1β, IL-6 and 
COX-2 that are concerned with acute inflammatory 
responses and other disorders linked with elevated ROS 
production (Rehman  et  al., 2014; Nafees  et  al., 2015). 
COX-2 is an inductive form of COX and an additional critical 
inflammation marker, which plays an important biological 
role in inflammation (Subbaramaiah and Dannenberg, 
2003). In this analysis, the activity of COX-2 was increased 
in kidney tissues of thimerosal treated groups. Toxicants 
are associated with increased levels of pro-inflammatory 
cytokines, such as IL-1β and IL-6 (Salama et al., 2016). In line 
with these studies, the present work confirmed that the 
thimerosal treated group showed significant elevation 
of pro-inflammatory cytokines, including NF-κB, TNF-α, 
IL-1β, IL-6, and COX-2 when compared to the normal 
control group. These results solidify the inflammatory 
role of thimerosal on renal tissues.

Histological study of kidneys showed that thimerosal 
induced some tubular dilation and focal epithelial cell 
destruction throughout restricted areas in the cortex. 
At the same time, in the outer medulla, it persuaded 
chronic and marked reduction in epithelial cells. Capillaries 
interacted with tubules were dilated and dilation of 
tubules was also observed in the inner medulla. Animals 
treated with thimerosal showed damage in tissues in 
the form of tubular dilation and lesions, which is in line 
with a previous study conducted on testicular tissues by 
Ijaz et al. (2020). Augmented KIM-1 and NGAL levels also 
endorse histopathological damages. Moreover, increased 
inflammation or oxidative stress may also be a reason 
behind the escalated histopathological damage.
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5. Conclusion

In conclusion, our results showed thimerosal can 
cause noticeable oxidative stress. Besides, it decreased 
the activities of antioxidant enzymes, increased 
renal inflammation, and incited DNA damage and 
histopathological alterations. So, it is suggested that it 
is time to introduce a suitable alternate of thimerosal.
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