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	 Thioacetamide (TAA), well-known as a toxic agent and has been reported to be 
nephrotoxic due to oxidative stress induction and proinflammatory markers increase. Curcumin 
has been shown in various studies to have antioxidant and anti-inflammatory properties. This 
study aimed to investigate the ameliorative effect of curcumin against TAA-induced kidney 
toxicity in rats. In this study, 28 male albino rats were used, and kidney toxicity was induced 
by intraperitoneal injection of TAA at a dose of 200mg/kg, twice a week for 8 weeks then 
the rats were treated with curcumin at a dose of 200mg/kg, orally, daily for 2 weeks. Kidney 
functions in all the experimental groups as well as oxidative stress (MDA), catalase (CAT), and 
superoxide dismutase (SOD) were determined. In addition, DNA damage and the expression 
status of both proinflammatory cytokine (TNFa) and proliferating cell nuclear antigen (PCNA) 
were evaluated. Further, light microscopic studies were performed on kidney specimens. Our 
results demonstrated that TAA had a nephrotoxic effect, as evidenced by significantly increase 
in kidney functions as well as substantially increase in renal MDA associated with reduction 
in CAT and SOD antioxidant enzymes compared to control group. The administration of 
curcumin ameliorates the oxidative stress and upregulate the antioxidant parameters. Further, 
a signification increases in DNA damage, TNFa, and PCNA expression was seen in TAA-group 
which was then alleviated by curcumin treatment. In conclusion, the ameliorative effect of 
curcumin could be attributed to its ability to minimize oxidative stress, renal cell injury, and 
cytokine release.
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	 Thioacetamide (TAA) is a sulfur-
containing compound commonly used in a 
variety of technical applications as pesticides and 
fungicides.1,2 TAA exposure to humans occurs 
through the generation of toxic fumes that are 
inhaled, ingested, or absorbed through the skin.3 
TAA toxicity results from its rapid metabolism in 

the liver by monooxygenases to thioacetamide-
S-oxide, resulting in the generation of peroxide 
radicals and further reactive oxygen species (ROS) 
production.4 
	 ROS overwhelm the antioxidant defense 
mechanism, causing oxidation reactions to occur 
and causing damage to cellular biomolecules such 
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as proteins, lipids, and DNA.5 As a result, oxidative 
stress occurs, leading to impairment of cellular 
structure and functions.6 TAA has been shown to 
be hepatotoxic and nephrotoxic and has been used 
for liver injury and renal toxicity in experimental 
models.7,8 Consequently, antioxidants, or free 
radical scavengers, have received a lot of attention 
in the prevention and treatment of TAA-induced 
liver and kidney damage.9

	 Several studies have been conducted 
to identify complementary medications to treat 
a variety of human ailments.10-13 The safety and 
possible therapeutic value of certain phytochemicals 
have been shown.14-17 Curcumin is a polyphenolic, 
yellow compound that was originally extracted 
from  the Curcuma longa plant.18,19 For centuries, 
it has been used in traditional medicine as well 
as in food as a stabilizing agent and spice.20-22  It 
has been reported that curcumin has a variety of 
beneficial properties, including antimicrobial, 
anticancer, anti-inflammatory, and antioxidant.23 
It can also act as a free radical scavenger, prevent 
ROS formation, and reduce oxidative stress.24 
	 Many kidney disorders have an oxidative 
stress component to their pathophysiology, and 
oxidative stress, its mediators, and inflammation 
all play a role in the development of many of these 
diseases’ consequences.25-27 As a result, the current 
study sought to investigate curcumin’s ameliorative 
effects against TAA-induced renal toxicity in rats 
by measuring kidney functions, antioxidant status, 
oxidative stress marker, and the pro-inflammatory 
cytokine TNF-á.

Materials and Methods

Materials
	 Thioacetamide (99.0%) and curcumin 
were purchased from ADVENT CHEMBIO 
(Mumbai, India). All other chemicals involved in 
this study were of analytical grade. 
Methods
Animals and Experimental protocol
	 A total of 28 male albino rats weighing 
120-130 g were taken from the breeding unit 
of the Egyptian Organization for Biological 
Products and Vaccines (Abbassia, Cairo), kept in 
polypropylene cages at room temperature with a 
12-hour light–dark cycle, and given a standard diet 

as well as unlimited access to tap water. The study 
was approved by the Research Ethical Committee 
(Faculty of Science, Tanta University, Egypt). 
The ethical committee’s number is IACUC-SCI-
TU-0198.
	 The rats were equally divided into 
4 different groups (n = 7) and categorized as 
follows: Group I: control group received saline 
as vehicle; Group II: curcumin group received 
curcumin daily at dose of (200 mg/kg body 
weight) by oral gavage for 2 weeks;28 Group III: 
TAA group injected intraperitoneally with 200 
mg/kg body weight twice per week for 8 weeks;29 
and Group IV: TAA+curcumin group injected 
intraperitoneally day after day with 200 mg/kg 
body weight thioacetamide for 8 weeks then treated 
with curcumin for 2 weeks. 
	 At the end of the experiment, 40 mg/
kg body weight of pentobarbital was used to 
anaesthetize the overnight-fasted rats. Then, blood 
and tissue samples were collected for further 
analysis.
Serum biochemical parameters
	 The blood samples were collected, clotted 
at room temperature, and the serum was extracted 
using a cooling centrifuge for 15 min at 3000 rpm. 
A commercial kit from Diamond, Egypt, was used 
to measure serum creatinine and urea after Patton 
and Crouch.30 The method planned by Abd Eldaim 
et al.31 was surveyed to determine potassium, 
calcium, sodium, and chloride ions levels using 
marketable kits of Indian Sensa-core electrolyte.
Tissue oxidative stress and antioxidant 
parameters
	 The kidney tissues from different 
experimental groups were excised, washed, and 
homogenized in saline, then centrifuged for 5 
min at 4000 rpm. The resulting suspension was 
collected and stored at -80oC for further assessment. 
Biodiagnostic kits from Egypt were used in this 
study for the estimation of kidney malondialdehyde 
(MDA) and reduced glutathione (GSH) levels 
according to the methods of Ohkawa et al.32 and 
El-Aarag et al.33 respectively. 
	 The activity of CAT was assessed 
spectrophotometrically at 240 nm by estimating the 
degradation rate of H2O2 as described by Aldubayan 
et al.34 Inhibiting adrenaline auto-oxidation to 
adrenochrome in an alkaline medium is the main 
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strategy used to determine superoxide dismutase 
(SOD) activity as mentioned by Beauchamp and 
Fridovich.35

Comet Assay
	 The comet assay (single cell gel 
electrophoresis) method was used to analyze and 
quantify DNA damage in the kidney tissues from 
the various study groups according to Mutar et al.36

Histological processing
	 The kidney was promptly removed 
after necropsy and preserved for 24–48 hours by 
immersion in a 10% neutral buffered formalin 
solution. Following dehydration and paraffin 
embedding, serial slices (5 µm thick) were cut 
using a rotary microtome (Litz, Wetzlar, Germany). 
The sections were examined and photographed 
under a light microscope after being stained with 
haematoxylin and eosin.37

Immunohistochemical Studies
	 The avidin-biotin complex (ABC) kit 
(Elite–ABC, Vector Laboratories, CA, USA) 
with specific antibodies was used for detection of 
proliferating cell nuclear antigen (PCNA) (dilution 
1:100, DAKO Japan Co, Ltd, Tokyo, Japan) and 
tumor necrosis factor alfa (TNFá) (dilution 1:200; 
DAKO Japan Co, Tokyo, Japan) in kidney sections 

as described by Tousson et al.38 and Elbandrawy et 
al.39 respectively. The brown hue of the stained cells 
was recovered using Image J’s color thresholding 
feature for quantitation.
Statistical analysis 
	 Results were analysed using GraphPad 
Prism 8 software. Data are presented as mean ± 
standard error of mean (SEM). A one-way ANOVA 
followed by Tukey’s multiple comparison test was 
used to analyse the differences between groups. 
Differences were significant at p < 0.05.

RESULTS

Impact of TAA and curcumin on kidney 
functions
	 Table 1 shows that the TAA group has a 
significant increase in urea, creatinine, potassium, 
and chloride ions with a considerable decline 
(pÂ0.0001) in sodium and calcium levels when 
compared to the control group. TAA+curcumin 
treated group exhibited a remarkable reduction 
(pÂ0.01, pÂ0.05) in urea, creatinine, and chloride 
ions level relative to TAA group, however, the 
values were still markedly different from the 
control group.

Table 1. Effect of curcumin on serum kidney functions in TAA-intoxicated rats

Groups			                      Serum parameters
	 Creatinine	 Urea	 Na+ ions	 K + ions 	 Ca2+ions	 Cl- ions  
	 (mg/dl)	 (mg/dl)	 (mEq/L)	 (mEq/L)	 (mEq/L)	 (mEq/L)

Control	 0.47 ± 0.02799	 31.58 ± 2.53	 135 ± 0.65	 4.11 ± 0.11	 1.20 ± 0.007	 100.5±3.22
Curcumin	 0.45 ± 0.0228	 32.65 ± 1.80	 136.3 ± 0.4	 3.91 ± 0.09	 1.20 ± 0.009	 98.5 ± 4.05
TAA	 0.92* ± 0.0149	 80.25* ± 3.03	 82.5* ± 3.22	 7.53* ± 0.54	 0.33* ± 0.041	 142.5* ± 3.2
TAA + 	 0.81*# ± 0.0250	 63.03*# ± 1.98	 87.5* ± 3.22	 6.46* ± 0.38	 0.41* ± 0.057	 127.5*# ± 2.3
Curcumin

Data are expressed as mean±SE. pÂ0.05 is statistically significant, where *p and #p differences from control and TAA groups 
respectively. 

Table 2. Effect of curcumin on oxidative stress and antioxidant system in TAA-intoxicated rats

Groups		                                         Parameters
	 MDA(µmol/g tissue)	 GSH(µmol/g tissue)	 CAT(U/g protein)	 SOD(U/g protein)

Control	 0.373 ± 0.024	 1.523 ± 0.101	 3.133 ± 0.2603	 3.473 ± 0.1467
Curcumin	 0.366 ± 0.026	 1.58 ± 0.0737	 3.2 ± 0.2309	 3.4 ± 0.127
TAA	 1.458* ± 0.039	 0.4643* ± 0.08	 0.75* ± 0.0577	 0.88* ± 0.05774
TAA + Curcumin	 0.9083*# ± 0.07	 1.312# ± 0.035	 2.31# ± 0.2548	 2.42*# ± 0.170

Data are expressed as mean±SE. pÂ0.05 is statistically significant, where *p and #p differences from control and TAA groups 
respectively. 
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Fig. 1. Kidney DNA damage in different groups. A&B: no measurable difference in kidney DNA damage 
(tail length) was seen between control and curcumin groups. C:  Increase in DNA damage (tail length) in 

thioacetamide treated rats. D: Depletion in kidney DNA damage (tail length) in thioacetamide + curcumin group. 
Data are expressed as mean±SE. pÂ0.05 is statistically significant, where *p and #p differences from control and 

TAA groups respectively

Fig. 2. Photomicrographs of haematoxylin and eosin-stained kidney sections. A&B: Control and curcumin 
groups demonstrated normal histological structures of glomeruli (G) and renal tubules (RT). C: kidney section 
in TAA-treated rats showed severe tubular necrosis (arrows) and atrophy (arrowheads). D: Kidney sections in 

TAA+curcumin exhibited moderate tubular necrosis and atrophy (arrowheads) with mild inflammatory cellular 
infiltration

Effect of TAA and curcumin on lipid peroxidation 
and antioxidant status
	 The renal MDA as indicator for tissue 
lipid peroxidation was observed to be significantly 
higher (PÂ0.0001) in TAA-treated group compared 

to control. TAA-intoxicated rats treated with 
curcumin, on the other hand, showed a remarkable 
reduction (PÂ0.0001) in MDA level compared 
to the TAA group. Furthermore, the level of 
GSH as well as the antioxidant activity of CAT 
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Fig. 3. Photo micrographs of kidney sections stained with PCNA expression (denoted by arrows). A&B: Control 
and curcumin groups show mild expression of PCNA. C: Expression was strong in TAA group. D: Moderate 

PCNA expression in TAA+curcumin group

Fig. 4. Photo micrographs of kidney sections stained with TNFα expression (denoted by arrows). A&B: Control 
and curcumin groups showed faint expression of TNFα. C: Expression was moderate in TAA group. D: Mild to 

faint TNFα expression in TAA+curcumin group
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and SOD enzymes were found to be markedly 
lower in TAA-intoxicated rats as compared with 
control. The treatment of TAA-intoxicated rats 
with curcumin (TAA + Curcumin) demonstrated 
a significant increase (PÂ0.001) in non-enzymatic 
and enzymatic antioxidant parameters compared to 
TAA group (Table 2). 
Effect of TAA and curcumin on DNA damage 
in kidney tissue
	 The results in Figure 1 demonstrated no 
significant change in DNA damage (tail length) 
in kidney tissues isolated from control and 
curcumin groups. Moreover, a remarkable increase 
(pÂ0.0001) in DNA damage was found in rats 
treated with TAA alone compared to the control 
group. TAA+curcumin treated group, on the other 
hand, revealed a significant reduction (pÂ0.0001) 
in DNA damage in comparison to TAA group.
Impact of TAA and curcumin in kidney 
structure
	 Normal histopathological structures 
of the glomeruli and tubules in the cortical and 
medullary portions were observed in the kidney 
sections of control and curcumin groups (Figures 
2A&2B). In contrast, kidney section in treated rats 
with thioacetamide showed atrophy of the renal 
corpuscles with damage of Bowman’s capsules, 
severe tubular necrosis and atrophy and moderate 
inflammatory cellular infiltration (Figure 2C). On 
the other hand, kidney sections in post treated 
thioacetamide with curcumin (thioacetamide 
+ curcumin group) exhibited moderate tubular 
necrosis and atrophy with mild inflammatory 
cellular infiltration (Figure 2D). 
PCNA expression changes in kidney
	 Regarding PCNA expressions (nuclear 
reaction) in kidney sections in control and Cur 
groups showed faint to mild positive reactions in 
glomeruli and tubules in the cortical and medullary 
portions (Figs. 3A&3B). In contrast, kidney section 
in treated rats with thioacetamide showed strong 
positive reaction for PCNA (Fig. 3C). On the 
contrary, moderate positive reactions for PCNA 
was shown in thioacetamide+curcumin (Fig. 3D). 
TNFá expression changes in kidney
	 Regarding TNFá expressions (cytoplasmic 
reaction) in kidney sections in control and Cur 
groups showed negative or faint positive reactions 
in glomeruli and tubules in the cortical and 
medullary portions (Figs. 4A&4B). In contrast, 

kidney section in treated rats with thioacetamide 
showed a moderately positive reaction for 
TNFá in glomeruli (Fig. 4C). On the contrary, 
mild positive reactions for TNFá was shown in 
thioacetamide+curcumin (Fig. 4D). 

Discussion 

	 The provoking of oxidative stress is the 
main reason of thioacetamide’s toxic effect on 
tissues such as brain, liver, and kidney which is 
used as a metal sulphide source. TAA toxicity 
is characterized by increased lipid peroxidation 
and reactive oxygen species liberation.40 In the 
current study, treatment with curcumin against 
kidney toxicity induced by TAA was studied in 
terms of antioxidant parameters, histological and 
immunohistochemical changes. TAA resulting in 
biochemical imbalances in kidney markers and 
functions. A marked increase in urea, creatinine, 
potassium and chloride ions levels were observed 
in TAA group compared to the normal healthy rats 
in the control group. Curcumin treatment caused 
noticeable recovery of these kidney function tests. 
Previously, similar findings were also reported.19,21 
Curcumin has been shown to reduce tissue 
injury caused by certain toxins by hindering the 
cytochrome P450 (CYP) enzymes that convert 
these toxins into harmful compounds.41 Curcumin, 
on the other hand, has no effect on the activity 
of CYP2E1, the major enzyme responsible for 
TAA metabolism.42,43 From the data obtained in 
this study, we confirmed that curcumin reduce the 
pathological effects of TAA metabolites.
	 Furthermore, oxidative stress induction 
in the present TAA-treated group has been 
demonstrated by a decrease in kidney GSH content 
as well as an increase in MDA level.44 These 
findings are consistent with previous research, 
which found that TAA has an oxidative stress 
potency that surpasses the ability of the body’s 
antioxidative and protective mechanisms, resulting 
in damage and injury of various organs including 
liver and kidney.45-47 This was also confirmed by 
measuring the activity of antioxidant enzymes.48,49 

The obtained data revealed that injection of TAA 
reduce the antioxidant capacity of rats represented 
in catalase and superoxide dismutase.
	 Curcumin treatment resulted in a prominent 
reduction of kidney MDA content, together with 
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enhancing GSH level, CAT, and SOD antioxidant 
activities, confirming the antioxidant potential 
and anti-lipid peroxidative effect of curcumin.50 
Our findings are in agreement with previous study 
which reported that ethanol extract of C. longa 
rhizomes ameliorated the TAA-suppressive impact 
on antioxidant enzymes SOD and CAT by keeping 
their activity at higher levels.21 By optimizing 
the level of renal antioxidant enzymes, oxidative 
stress caused by TAA toxicity was reduced.  The 
antioxidant activity of curcumin may be recognized 
to the presence of different antioxidant functional 
groups such as phenyl rings, â-diketo group, and 
carbon-carbon double bonds in its structure.51 
	 TAA-induced kidney toxicity has been 
described as multifaceted, involving several 
mechanisms, including covalent binding of 
TAA metabolites to renal cells macromolecules 
causing DNA damage.1,52 In the present study, 
higher DNA damage measured by comet assay 
was observed in rats injected with TAA. The 
administartion of curcumin to TAA-intoxicated rats 
significantly inhibited DNA damage. Furthermore, 
proinflammatory cytokine TNF-á was found to be 
elevated in TAA-intoxicated rats, indicating a high 
inflammatory state.53 Curcumin administration to the 
rats decreased the release of cytokines, supporting 
previous studies on curcumin’s inhibitory effects on 
TNF-á expression.54 Moreover, oral administration 
of curcumin to TAA-intoxicated rats for two weeks 
reduced renal proliferation and regeneration, as 
evidenced by a substantial decrease in PCNA 
positive-stained cells in kidney sections. These 
results supported previous findings that curcumin 
inhibited hepatocyte proliferation.20,55-57 These 
results were corroborated by histopathological 
findings that revealed the amelioration of kidney 
damage and inflammation in TAA-intoxicated rats 
treated with curcumin.

Conclusion

	 In conclusion, the current study indicated 
that  curcumin reverse TAA-induced kidney 
toxicity by boosting the antioxidant system and  
alleviating oxidative stress, DNA damage, and 
inflammation. As a result, curcumin sheds light 
on potential therapies to prevent thioacetamide 
toxicity. However, due to curcumin’s low solubility 

and bioavailability, more research is needed to 
investigate the ameliorative and protective role of 
nanocurcumin.
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