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Ameliorative mechanisms of turmeric-extracted curcumin on arsenic
(As)-induced biochemical alterations, oxidative damage,
and impaired organ functions in rats
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Abstract
Arsenic (As) is known for its carcinogenic and hepatorenal toxic effects causing serious health problems in human beings. Turmeric
(Curcuma longa L.) extracted curcumin (Cur) is a polyphenolic antioxidant which has ability to combat hazardous environmental
toxicants. This study (28 days) was carried out to investigate the therapeutic efficacy of different doses of Cur (Cur: 80, 160, 240 mg
kg−1) against the oxidative damage in the liver and kidney ofmale rats caused by sodium arsenate (Na3AsO4) (10mgL

−1). As exposure
significantly elevated the values of organ index, markers of hepatic injury (i.e., alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and alkaline phosphatase (ALP)) and renal functions (i.e., total bilirubin, urea and creatinine, total cholesterol, total
triglycerides, and lipid peroxidation malondialdehyde (MDA)). Moreover, different antioxidant markers such as superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione reductase (GR) activities in the liver and kidney tissues were
reduced after As-induced toxicity. However, Na3AsO4 induced histopathological changes in various organs were minimized after the
treatment with Cur. The alleviation effect of Cur was dosage dependent with an order of 240>160>80mg kg−1. The oral administration
of Cur prominently alleviated the As-induced toxicity in liver and kidney tissues by reducing lipid peroxidation, ALT, AST, ALP, total
bilirubin, urea, creatinine, total cholesterol, total triglycerides, and low-density lipoproteins (LDL). In addition, Cur being an antioxidant
improved defense system by enhancing activities of SOD, CAT, GPx, and GR. Overall, the findings explain the capability of Cur to
counteract the oxidative alterations as well as hepatorenal injuries due to As intoxication.
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Introduction

Heavymetal pollution and abiotic stress cast detrimental effects
on the quality of soil, water, and crops (Akman et al. 2019;
Bilen et al. 2019; Sayyed et al. 2019; Tauqeer et al. 2021a, b;
Fahad et al. 2021a, b, c, d Sonmez et al. 2016; Turan et al. 2019;
Iftikhar et al. 2021). Arsenic (As) existing in four oxidation
states, such as −3, 0, +3, and +5, is known as one of the most
hazardous toxicants causing serious threats to human health
around the globe (Jiang et al. 2013) including in Pakistan
(Rabbani and Fatmi 2020). The major factor of As exposure
to human beings is the consumption of As-contaminated
groundwater through agriculture, drinking, and cooking
(Celik et al. 2008). Undoubtedly, As contamination of ground-
water takes place via extensive use of insecticides in agriculture,
industrial andmining activities, and natural deposits of As-ores.
The exposure of As higher than the permitted limit of 10μg L−1

can cause severe malfunctioning of multiple body organs espe-
cially the liver and kidney (Mehrzadi et al. 2018). In addition,
As-induced toxicity can cause cancer and fatal tumors (Brown
and Ross 2002), skin problems such as hyper-pigmentation,
hypo-pigmentation, and hyperkeratosis (Sun et al. 2019), and
dysfunctioning of the central nervous system (Flora and Mehta
2009). After ingestion, As can be bound to red blood cells and
accumulated in various body tissues through the blood circula-
tory system (Guo et al. 2020). In the near past, it has been
reported that chronic exposure to inorganic As (>50 μg L−1)
may induce hypertension, ischemic heart disease, and athero-
sclerosis (Hossain et al. 2017; Moon et al. 2012; Navas-Acien
et al. 2005).

Though the molecular mechanisms involved in As-induced
hepato- and nephrotoxicity have not been fully understood,
various studies suggested that the production of reactive me-
tabolites causing protein modifications, tissue injury, and ox-
idative damages is the major mechanism underlying As tox-
icity (Mershiba et al. 2013; Rees et al. 2019). It has been
largely accepted that exposure of toxic As and other metals
to rats and human generates various reactive oxygen species
(ROS) such as superoxides (O2

–), hydroxyls (OH−),
hydroperoxyls (HO2), hydrogen peroxide (H2O2),
lipoperoxidation (MDA), and nitric oxide (NO), which ulti-
mately causes organ impairment especially fatty liver and he-
patic fibrosis (Allen and Rana 2007; Ghosh et al. 2010; Kaya
et al. 2013; Mittal and Flora 2007; Turan 2020, 2019). As has
also been found to deplete the expressions of antioxidant en-
zyme activities, i.e., catalase (CAT), superoxide dismutase
(SOD), glutathione reductase (GR), and glutathione peroxi-
dase (GPx) (Akcura et al. 2019; Sonmez et al. 2009; Ghosh
et al. 2010; Guo et al. 2020; Yadav et al. 2012; Turan 2021a,
b). Regardless of huge achievements and developments in
synthetic pharmaceutical industry, various side effects have
been reported (Tripoli et al. 2007). On contrary, recent find-
ings still have suggested that natural therapies such as supply

of phytochemicals could exert beneficial effects against vari-
ous diseases (Hossen et al. 2017; Mershiba et al. 2013).

The supply of antioxidants, chelators, and herbal extracts is
a major approach which has been employed to recover the
toxic effects caused by arsenicosis (Flora and Pachauri 2010;
Hossen et al. 2017). Among various herbal therapies, turmeric
(Curcuma longa L.), a perennial species belonging to the
Zingiberaceae family, which has also been recognized as
“queen of plant species,” is used as a traditional ingredient
in food (Gupta et al. 2013; Hossen et al. 2017) and herbal
medicine against anorexia and gynecological, gastric, hepatic,
and renal disorders (Hashish and Elgaml 2016; Soliman et al.
2015). Curcumin (Cur), a yellow-colored polyphenol [1,7-
bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione], is obtained from the rhizome of turmeric plant
(Bahrami et al. 2020; Yu et al. 2014). Cur has no side effects
(Conterato et al. 2007) and proved for its broader pharmaco-
logical applications, for example, immunomodulatory, anti-
inflammation, and anti-microbial activities, anti-parasitic and
anti-proliferative agent, and anti-carcinogenic compound
(Mohamed et al. 2020; Sankar et al. 2015). The beneficial
effects of Cur against the injuries caused by hazardous
chemicals are well described (Bahrami et al. 2020; Saber
et al. 2019). Recently, Cur has been found to alleviate
paracetamol-induced organ injuries (Yousef et al. 2010), cop-
per (Cu) - and lead (Pb)-based hepato- and nephrotoxicity
(Hashish and Elgaml 2016; Soliman et al. 2015), mancozeb-
caused hepatotoxicity (Saber et al. 2019), bisphenol A–
induced heart and liver damages (Apaydin et al. 2019;
Uzunhisarcikli and Aslanturk 2019), carbofuran-induced he-
matological changes (Hossen et al. 2017), and As-induced
toxicity (Bahrami et al. 2020). The potential mechanisms in-
volved in Cur-assisted alleviation of metal-induced toxicity
are the Cur-based reductive metabolites (Pandey et al. 2020)
and inhibition of ROS production due to its oxygen-free rad-
ical scavenging property (Uzunhisarcikli and Aslanturk
2019), and upregulation of detoxifying enzymatic including
CAT, SOD, POD, APX, GR, GPx, and GST because of its
antioxidative capability (Hashish and Elgaml 2016; Trujillo
et al. 2013). Moreover, Cur has been reported to enhance the
production of intracellular glutathione concentration which
resultantly reduces the lipid peroxidation (Yadav et al.
2012). Despite its validated beneficial effects, its hepato-
reno-protective role against As-induced biochemical modifi-
cations, oxidative injuries, and impaired organ functions has
not yet been evaluated either at physiological or molecular
levels. Considering the present scenario, this investigation
was aimed to access the role of turmeric (Curcuma longa
L.)-extracted Cur against As-induced hepatorenal injury in
orally administrated rats. The ameliorative effects of Cur were
evaluated by measuring (i) several biochemical assays, (ii)
organ index, (iii) oxidative injuries, and (iv) activities of anti-
oxidant enzymes in liver and kidney tissues of rats.
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Material and methods

Chemical reagents and materials collection

Fresh rhizomes of turmeric (Curcuma longa L.) were pur-
chased from the commercial market of Faisalabad. Sodium
arsenate (Na3AsO4) and all other chemicals used in the research
were of >99% purity and imported from Merck Chemicals
Limited. All the reagents used in this experiment were of ana-
lytical grade. The selection of the dose of arsenic (As)
(Na3AsO4) was based on previous investigations (Mehrzadi
et al. 2018; Yadav et al. 2012). The rats were purchased from
the research-purposed animal room of the Faculty of Veterinary
Science, University of Agriculture, Faisalabad.

Experimental animals

In the present study, 10-week-old 35 male rats having a
weight between 220 and 250 g were purchased from the ani-
mal room of the Faculty of Veterinary Science, University of
Agriculture, Faisalabad, Pakistan. All the rats were kept in
quarantine by distributing in separate groups for 1 week be-
fore the beginning of the oral As treatment to adapt to the
environment under controlled conditions, i.e., temperature of
20±2°C, 45–50% relative humidity, and light control of 12-h
dark:12-h light cycle. During the process, the rats were fed
with standard rat diet and given water and libitum during the
experimental period. Compliance of this study with ethical
rules was approved by the ethical committee of the university
for animal experiments and standards procedures and proto-
cols were followed.

Extraction of curcumin from rhizomes of turmeric

Fresh rhizomes of turmeric plant were collected, weighed, and
dried in a hot air oven at a temperature of 110°C for 24 h. For
extraction of curcumin (Cur) by a Soxhlet apparatus, 120 mL
of hexane was poured into 20 g of powdered turmeric rhizome
in a cellulose-made thimble which was put into a Soxhlet
apparatus at 60°C for 20 h. After that, hexane was evaporated
in a rotary evaporator and organic extract was condensed by
the method of distillation. This condensed solution of a sam-
ple of Cur was further dried on a hot plate at 45°C and then
weighed the final sample of Cur. The crude yield of the ex-
tracted Cur was approximately 6.7% onw/w basis. Amount of
Cur extracted from a sample of turmeric plant (w/w) was mea-
sured by using the equation given by Sahne et al. (2016):

Curcumin yield %ð Þ ¼ Extrated curcumin weight

Turmeic sample weight
� 100

Experimental design

Research work was performed in the National Institute of
Food Science and Technology, University of Agriculture,
Faisalabad. A dosage of 10 mg L−1 of Na3AsO4 was added
in the normal saline solution for oral intoxication of rats and
hence chronic toxicity was initiated. The doses of Cur (80,
160, and 240 mg kg−1) were selected to promise the defense
against As toxicity. All the rats were erratically alienated into
five groups with 7 rats in each group (n = 7) and kept in
different cages in an animal room. A detailed description of
each group and experimental duration is given in Table 1.
There were two phases of the experimental design, i.e.,
completely randomized design (CRD). In the first induction
phase, all rat groups were orally administrated with As-
contaminated saline solution for 4 weeks (28 days) continu-
ously with a gap of 1 day, except the negative control group
(normal saline). In the second treatment phase, as the symp-
toms of As toxicity were obvious, the application of Cur was
initiated. All the groups were guarded on a regular basis for
the next 28 days following these administrations: 1st group,
rats were given normal saline (neither As nor Cur supply); 2nd
group, containing arsenate-treated rats (ATR) which were not
provided with Cur (positive control); 3rd group, Cur at a quan-
tity of 80 mg kg−1 was received by rats; 4th group, Cur at a
quantity of 160 mg kg−1 was received by rats; 5th group, Cur
at a quantity of 240 mg kg−1 was received by rats.

Sample collection and preparation

After the experimental period was over, cervical execution
of animals was done under anesthesia with xylazine
(100 mg kg−1) and ketamine (100 mg kg−1), and blood
samples were collected and positioned on ice. For the de-
termination of various biochemical assays in the serum, the
blood samples were centrifuged at 4°C under 3000 rpm for
15 min and serum was obtained which was stored at −20°C
for further analysis. After the serum collection, kidneys
and liver were excised from euthanized animals, washed,
and rinsed in 0.2 M sucrose solution. Slice fractions from
the liver and kidneys were stocked at −20°C. For homog-
enate collection, 10% (w/v) phosphate (P) buffer (pH 7)
was used for homogenization process and subsequent cen-
trifugation at 4°C for 60 min (Oyedemi et al. 2010) to
collect the tissue supernatant. This supernatant was stored
at −80°C for oxidative stress and enzymatic antioxidant
analysis.

Evaluation of rat organ index

Organ index including the liver, pancreas, and kidney of the
normal and As-administered rats was recorded. The rats were
scrutinized under anesthesia. The liver, pancreas, and kidney
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tissues were segregated, weighed, and recorded. The organ
index in terms of relative weight of the liver, kidney, and
pancreas was calculated by applying the formula given by
Yang et al. (2005).

Organ index %ð Þ ¼ Organ weight

total body weight
� 100

Liver and kidney function analysis

The liver and kidney function enzymes were examined
with commercially available kits and marketable reagents
by adopting excellent laboratory observations for the fol-
lowing parameters. The serum liver function was evaluated
in terms of aspartate aminotransaminase (AST) and alanine
aminotransaminase (ALT) according to the methods de-
scribed by Reitman and Frankel (1957), while alkaline
phosphatase (ALP) activity was also examined following
the procedure of Belfield and Goldberg (1971). On the
other hand, various kidney functions were also determined
as creatinine level was assessed by the method explained
by Chromý et al. (2008). Urea was determined according to
the standard method (Wybenga et al. 1971). Total bilirubin
was calculated by utilizing the method taken from Garber
(1981).

Assessment of serum lipid profile

Serum lipid profile was evaluated by measuring the total con-
tents of triglycerides, cholesterol level, low-density lipopro-
teins (LDL), and high-density lipoproteins (HDL) by using
the methods as explained in Kim et al. (2011) and Seo et al.
(2012).

Evaluation of malondialdehyde and antioxidant
activities in organ homogenates

The extracted liver and kidney homogenates were used to deter-
mine the lipid peroxidation parameter such as malondialdehyde
(MDA) level using the Ohkawa method (Ohkawa et al. 1979).
The MDA contents were measured using thiobarbituric acid
(TBA) and a subsequent spectrophotometric observation was
done at 532 nm. Moreover, various antioxidant enzyme activity
levels were also carried out in the liver and kidney homogenates
to evaluate the Cur-induced defense system in rats. The catalase
(CAT) enzyme activity level was calculated by Aebi method
(Aebi 1984). CAT enzyme activity was measured spectrophoto-
metrically at 240 nm by measuring the rate of degradation of
hydrogen peroxide (H2O2). The procedure outlined by Misra
and Fridovich (1972) was used to assay superoxide dismutase
(SOD) activity, while the protocol developed by Lawrence was
adopted to estimate the glutathione peroxidase (GPx) level in rat
organ homogenates (Lawrence and Burk 1976). The activity of
glutathione reductase (GR) was determined by following the
procedure as explained in Moron et al. (1979).

Statistical evaluations

A single-sided analysis of variance was performed to deter-
mine the statistically significant differences among experi-
mental treatments using the least significant difference
(LSD) comparison test on the SPSS-16 package at a P <
0.05 significance level. OriginPro 17 was used to carry out
all graphical analyses. The data acquired were described as
mean ± standard deviation (SD) of the mean values. A multi-
variate analysis, i.e., principal component analysis (PCA), was
carried out to measure the successful distribution of experi-
mental treatments using the RStudio software.

Table 1 Detailed description of
the experimental setup for 4 (1–4)
weeks of arsenic (As) induction
and 4 (5–8) weeks of curcumin
(Cur)-induced arsenic toxicity al-
leviation in male rats

Group name Treatments Induction phase No. of rats Euthanized rats

Weeks 1 ⟶ 4

1 Control Normal saline 7 -

2 ATR As at 10 mg L−1 7 -

3 Trial group 1 As at 10 mg L−1 7 -

4 Trial group 2 As at 10 mg L−1 7 -

5 Trial group 3 As at 10 mg L−1 7 -

Group name Treatments Treatment phase No. of rats Euthanized rats

Weeks 5 ⟶ 8

1 Control Normal saline 7 7

2 As Normal diet only 7 7

3 As-Cur80 Normal diet + Cur at 80 mg kg−1 7 7

4 As-Cur160 Normal diet + Cur at 160 mg kg−1 7 7

5 As-Cur240 Normal diet + Cur at 240 mg kg−1 7 7

Note: ATR, arsenic (Na3AsO4)-treated rats
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Results

Effect of curcumin on rat organ index under arsenic
toxicity

The results regarding the effects of curcumin (Cur) on rel-
ative weight of various organs of arsenic (As) administrat-
ed rate are presented in Table 2. The values of rat organ
index including the liver, pancreas, and kidney showed a
significant increase when exposed to As treatment, com-
pared to the control. In brief, the As toxicity significantly
increased liver, pancreas, and kidney index by 4.2%,
76.6%, and 17.2% respectively as compared to control
treatment. However, the application of different doses of
Cur (Cur80, Cur160, and Cur240) significantly alleviated
the As-induced toxicity in rats. The highest alleviation rate
in liver, pancreas, and kidney index was recorded at
240 mg kg−1 Cur which decreased the organ index of the
liver by 2.7%, the pancreas by 34.5%, and the kidney by
8.8%, in comparison with As-treated rats.

Effect of curcumin on liver and kidney functions
under arsenic toxicity

The results showed that As toxicity aggravated the liver and kid-
ney functions in rats when compared to control (Table 2). As-
treated rats showed significant elevation in serum activities of
alanine aminotransaminase (ALT), aspartate aminotransaminase
(AST), and alkaline phosphatase (ALP) in the liver and total
bilirubin, urea, and creatinine in the kidney. Exposure to As in-
tensified serum activities of ALT, AST, and ALP in the liver by
94.5%,40.4%, and 65.8% respectively over control treatment
while the elevation of serum activities by As in total bilirubin,
urea, and creatinine was recorded as 109.7%, 32.6%, and 95.6%
respectively in kidney functions. However, the highest restoration
of the biochemical alteration parameters was observed at As-
Cur240 to counter As toxicity in serum activities of ALT, AST,
and ALP in the liver by 42.1%, 22.9%, and 34.3% respectively
and total bilirubin, urea, and creatinine in the kidney by 36.0%,
15.5%, and 42.2% respectively.

Effect of curcumin on serum lipid profile under arsenic
toxicity

The obtained findings regarding the serum lipid profile con-
taining total cholesterol contents, total triglycerides, high-
density lipoprotein (HDL), and low-density lipoprotein
(LDL) under As toxicity are presented in Fig. 1. As treatment
significantly elevated the contents of total cholesterol, total
triglycerides, HDL, and LDL by 68.2%, 66.6%, 31.0%, and
74.5% respectively over control treatment. However, different
dosages of Cur significantly alleviated the As toxicity on the
serum lipid profile of As-administrated rats. The As-Cur160
and As-Cur240 treatments exhibited the highest alleviation
rate than other Cur dosages by reducing the total cholesterol
contents (11.0% and 25.7%), total triglycerides (14.5% and
26.2%), and LDL (19.9% and 29.6%) respectively when com-
pared to As-administrated rats.

Effect of curcumin on oxidative stress (MDA) in organ
homogenates under arsenic toxicity

The results revealed that the As-treated rat group exhibited a
significant increase in malondialdehyde (MDA) contents in
the liver and kidney homogenates, in comparison to the con-
trol (Fig. 2). As-treated rats increased MDA contents by
37.8% in liver tissues and 42.4% in kidney tissues respectively
over the control treatment. While various dosages of Cur sig-
nificantly reduced MDA contents in liver and kidney homog-
enates of As-administrated rates, Cur dosages such as 160 and
240 mg kg−1 caused a prominent reduction in MDA contents
in the liver (14.5% and 22.7%) and kidney tissues (12.6% and
27.7%) respectively as compared to the As treatment.

Table 2 Effects of different dosages of curcumin (Cur) on the relative
weight of various organs (organ index) and key functions of liver and
kidney in the serum of the normal and arsenic-administered rats

Treatments Relative weight of organs (%)

Liver index Pancreas index Kidney index

Control 3.57±0.03 d 0.017±0.001 e 0.029±0.001 d

As 3.72±0.02 a 0.029±0.003 a 0.034±0.001 a

As-Cur80 3.70±0.03 ab 0.026±0.001 b 0.034±0.002 a

As-Cur160 3.67±0.03 b 0.022±0.002 c 0.032±0.000 b

As-Cur240 3.62±0.02 c 0.019±0.001 d 0.031±0.001 c

Treatments Liver function parameters (IU L−1)

ALT AST ALP

Control 74.38±3.43 e 86.59±3.26 e 119.36±5.03 e

As 144.71±5.85 a 121.54±2.93 a 197.87±3.78 a

As-Cur80 105.04±1.62 b 114.03±3.39 b 147.31±4.09 b

As-Cur160 94.45±2.41 c 103.82±3.53 c 140.73±3.73 c

As-Cur240 83.81±3.12 d 93.73±4.00 d 129.93±2.72 d

Treatments Kidney function parameters (mg dL−1)

Total bilirubin Urea Creatinine

Control 2.17±0.12 d 5.74±0.17 d 0.46±0.03 e

As 4.55±0.19 a 7.61±0.12 a 0.90±0.04 a

As-Cur80 4.54±0.18 a 7.52±0.09 a 0.79±0.09 b

As-Cur160 3.66±0.08 b 6.73±0.21 b 0.62±0.06 c

As-Cur240 2.91±0.13 c 6.43±0.13 c 0.52±0.05 d

The given values represent mean ± SD of seven animals per group (n = 7).
Different lowercase letters for each variable designate statistically signif-
icant variances among the tested treatments based on one-sided ANOVA
results through LSD comparison test. The abbreviations are as follows:
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP,
alkaline phosphatase
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Effect of curcumin on antioxidant markers in organ
homogenates under arsenic toxicity

As-treated rats showed a significant reduction in activities of
antioxidant markers such as superoxide dismutase (SOD), cat-
alase (CAT), glutathione peroxide (GPx), and glutathione re-
ductase (GR) in the liver and kidney tissue homogenates (Figs.
3 and 4). A prominent reduction was noticed in activities of
SOD by 17.2%, CAT by 79.3%, GPx by 39.2%, and GR by
35.6% respectively as compared to the control treatment.

However, different dosages of Cur significantly improved anti-
oxidant activities in the liver tissues of As-administrated rats.
The highest activities of antioxidant enzymes were recorded at
the dose 240 mg kg−1 of Cur as it improved the activities of
SOD, CAT, GPx, andGR by 12.8%, 25.0%, 27.8%, and 22.0%
accordingly, over As treatment alone (Fig. 3).

Like liver tissues, antioxidant enzyme activities in the kid-
ney tissues of As-administrated rats were also significantly
decreased when As-treated rats were compared over control
treatment (Fig. 4). As-treated rats showed a reduction of
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Fig. 3 Effects of different
dosages of curcumin (Cur) on the
antioxidant enzyme activities
such as (a) SOD: superoxide dis-
mutase, (b) CAT: catalase, (c)
GPx: glutathione peroxidase, and
(d) GR: glutathione reductase
measured in the supernatant of
liver tissues of normal and
arsenic-administered rats. The
given values represent mean ± SD
of seven animals per group (n =
7). The error bars with different
lowercase letters designate statis-
tically significant variances
among the tested treatments based
on one-sided ANOVA results
through LSD comparison test
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Fig. 4 Effects of different
dosages of curcumin (Cur) on the
antioxidant enzyme activities
such as (a) SOD: superoxide dis-
mutase, (b) CAT: catalase, (c)
GPx: glutathione peroxidase, and
(d) GR: glutathione reductase
measured in the supernatant of
kidney tissues of normal and
arsenic-administered rats. The
given values represent mean ± SD
of seven animals per group (n =
7). The error bars with different
lowercase letters designate statis-
tically significant variances
among the tested treatments based
on one-sided ANOVA results
through the LSD comparison test
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29.1%, 53.8%, 61.0%, and 65.0% in the activities of SOD,
CAT, GPx, and GR respectively when compared with the
control treatment. However, As-Cur160 and As-Cur240 treat-
ments significantly improved the activities of SOD, CAT,
GPx, and GR by 26.7%, 16.7%, 39.1%, 69.9%, and 32.9%,
50%, 80.1%, 133.3% respectively in comparison to As-treated
rats.

Principal component analysis

The biplot graph (scores and loading plots) resulting from
the principal component analysis (PCA) illustrating the
relationship between measured variables (oxidative stress
markers with biochemical assays, and liver and kidney
enzymes) as well as representing separation of all treat-
ments among the first two principal components, i.e., PC1
and PC2, is presented in Fig. 5. Among all principal com-
ponents, PC1 and PC2 accounted for 96.5% of the total
variance of whole dataset. The PC1 contributed 87.4%,
while the PC2 component contributed 9.1% of the total
variance. All the five treatments were successfully distin-
guished from each other through the principal compo-
nents. The treatments of different dosages of Cur on As-
administrated rats (As-Cur80, As-Cur160, As-Cur240)
were clustered and displaced away from control and As
treatments. This may indicate that the Cur had more ther-
apeutic effects against As intoxication in rats. The mea-
sured variables such as AST, ALT, ALP, TB, urea, creat-
inine, cholesterol, triglycerides, LDL, liver index, MDA.
L, and MDA. K were categorized in PC1 which showed
an inverse correlation with the variables occurred in the
PC2 component, i.e., HDL, SOD. L, CAT. L, GPx. L,
GR. L, SOD. K, CAT. K, GPx. K, and GR. K.

Discussion

In the present study, antioxidative, anti-inflammatory, and
anti-fibrogenic properties of curcumin (Cur) were examined
histopathologically and biochemically against arsenic (As)-
induced liver and kidney toxicity in rats. It is well known that
As is present in surface water through industrial effluents,
dissolution of rocks, mining processes, and atmospheric de-
position (El-Demerdash et al. 2009). The kidney and liver are
the main organs of As metabolism which are highly sensitive
to exposures of As (Mershiba et al. 2013). After oral ingestion,
As is consumed by the gastrointestinal tract and affects the
kidney, liver, and spleen (Brunati et al. 2010). Metal-induced
oxidative injury is the major trigger for severe toxicity by
ingestion, inhalation, and accumulation (Seif et al. 2019).
Moreover, As-induced rats revealed a marked increase in the
body weight (Table. 2) might be due to the tissue necrosis
convoyed by fat depositions on the kidney and liver causing

abnormal swelling of these organs. Alkaline phosphatase
(ALP), alanine-amino transaminase (ALT), and aspartate-
amino transaminase (AST) are key liver enzymes for several
metabolic pathways and are widely used to evaluate liver
function (Hashish and Elgaml 2016), which were significantly
enhanced under As toxicity (Table 2). An increment in the
value of ALP, ALT, and AST in hepatic cells is the most
prominent sign of hepatitis, mononucleosis, cirrhosis, or other
liver disorders and the most vital biomarker in hepatocellular
inflammation, impairment, and injury (Mershiba et al. 2013).
The stress-induced modification in the permeability of injured
liver cells causes leakage of ALT and AST into the blood
vessels of liver cells; thus, the outcome is the elevation of
serum activity levels. A higher blood level of these enzymes
indicates non-alcoholic fatty liver disease (Lakhani et al.
2018). ALP is found in many body tissues, including the liver,
bones, intestine, and placenta. ALT and AST are mainly
found in the liver, and smaller amounts are present in kidneys
and many other organs. ALT converts alanine into pyruvate
(intermediate in cellular energy synthesis) while aspartate
aminotransferase (AST) is an enzyme that contributes to the
metabolism of some amino acids (Mahdavinia et al. 2019).
The results of the current investigation showed that As toxic-
ity elevated the levels of liver enzymes such as ALT, ALP,
and AST, and ir-regularized the liver functions (Table 2).
However, the severity of liver damage and hepatic toxicity
was relieved by administration and treatment with Cur. The
application of Cur showed a significant decline in the levels of
hepatic enzymes near to the normal. The results were in ac-
cordance with the previous findings of Mershiba et al. (2013),
Mailafiya et al. (2020), and Hossen et al. (2017). These Cur-
induced improvements might be attributed to the presence of
phenolic and flavonoid compounds in turmeric-extracted
curcumin which resultantly could inhibit lipid peroxidation
(Farkhondeh and Samarghandian 2016; Namgyal et al. 2020).

Elevated levels of bilirubin in urine and bile may designate
certain diseases such as jaundice (Shirzadfar et al. 2019).
Stercobilin and urobilin which are breakdown products of
bilirubin can cause the brown color of feces and straw-
yellow color of urine. In addition, elevated creatinine level
may also induce kidney-related diseases or abnormal kidney
functions (Jagadeesan and Bharathi 2014). Urea is
manufactured by hepatocytes from ammonia which is a by-
product of catabolism of amino acids and excreted from the
kidney, saliva, colon, and sweat. The elevated level of biliru-
bin, creatinine, and urea in the serum is reflected to be one of
the key indicators of metal-induced damage (Apaydin et al.
2019; Uzunhisarcikli and Aslanturk 2019). In the current
study, serum bilirubin, creatinine, and urea levels in the group
with As-treated rats was prominently increased as compared
to the control group. It was noticed that Cur has dose-
dependent protective and defensive effects against serum bil-
irubin, urea, and creatinine levels increased by As-induced
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toxicity (Table. 2). Similar findings were also observed by
Hashish and Elgaml (2016) where bilirubin, urea, and creati-
nine levels were significantly alleviated after the supplemen-
tation of Cur against copper-induced toxicity in rat models.

Meanwhile, a number of serum lipid profile tests are usually
conducted to trace the problems that relate to cardiac diseases.
Abnormal high level of lipids in the serum is an indication of
serious problems regarding increased level of low-density lipo-
protein (LDL), high-density lipoprotein (HDL), total cholesterol,
and total triglycerides in the liver tissues (Hossen et al. 2017;
Vahouny et al. 1987). Cholesterol helps to regularize a huge
number of body functions such as production of vitamin D, bile,
and androgens.While a high level of blood cholesterol can cause
serious problems such as obesity and cardiovascular diseases in

human beings, on the other hand, elevated level of triglycerides is
often a signal of other situations that intensify the risk of heart
disorders and metabolic syndrome (Anderson and Borlak 2008).
The result of the current study revealed that As toxicity signifi-
cantly enhanced the contents of total cholesterol, total triglycer-
ides, and low-density lipoprotein in arsenic intoxicated rats.
However, Cur-treated rats showed that levels of LDL, total tri-
glyceride, and total cholesterol were dropped gradually with an
increasing amount of Cur (Fig. 1). The application of Cur might
have alleviated As toxicity on rat lipid profile by inhibiting the
cholesterol production and adsorption, reducing the synthesis of
LDL, and enhancing the excretion of bile acids with the help of
antioxidative compounds present in Cur (Vahouny et al. 1987;
Yoon et al. 2011).

Fig. 5 The biplot graph showing
principal component analysis
(PCA) score and loadings of dif-
ferent studied variables of the
normal and arsenic-administered
rats supplemented with different
dosages of curcumin (Cur). The
score and loading plots represent
the dispersion of all five treat-
ments and studied variables
around two principal compo-
nents. The abbreviations of pre-
sented variables are as follows:
AST, aspartate aminotransferase;
ALT, alanine aminotransferase;
ALP, alkaline phosphatase;
MDA-L, malondialdehyde con-
tents in the liver; MDA-K,
malondialdehyde contents in the
kidney; HDL, high-density lipo-
protein; TB, total bilirubin; LDL,
low-density lipoprotein; GPx,
glutathione peroxidase; CAT,
catalase; SOD, superoxidase dis-
mutase; GR, glutathione
reductase
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The increased level of malondialdehyde (MDA) (produced
after the peroxidation of polyunsaturated fatty acids and lipids)
is the most vital indicator of oxidative damage in response to As-
induced stress to cells that indirectly reflects the degree of tissue
and cell injury (Kamran et al. 2020). Previously, it was examined
that reactive oxygen species (ROS), hydrogen peroxide (H2O2),
and MDA contents were significantly increased in the tissue
homogenates of kidney and liver of As-intoxicated rats
(Mehrzadi et al. 2018; Ogun et al. 2016; Sankar et al. 2015).
These ROS radicles can damage cellular proteins, DNA structure
which ultimately blocks cellular defense systems such as the
antioxidant defense system against As toxicity (Visnagri et al.
2015). Similarly, the findings of the current study also proved
that acute exposure to As has elevated the generation of ROS in
various organs (Fig. 2). However, Cur treatment has inhibited the
production ofMDA contents in liver and kidney tissues which is
in accordance with the previous results where Cur reduced ROS
generation by alleviating the toxicity of As (Yadav et al. 2012),
paracetamol (Yousef et al. 2010), bisphenol A (Apaydin et al.
2019), Cu (Hashish and Elgaml 2016), and aluminum chloride
(Cheraghi and Roshanaei 2019). This Cur-induced alleviation of
ROS toxicity in rat organs might be due to the several mecha-
nisms such as Cur has an ability to enhance hepatorenal contents
of polyphenolic compounds, ROS quenching, and sodium arse-
nate chelation (Ercal et al. 2000; Uzunhisarcikli and Aslanturk
2019; Yadav et al. 2009).

Moreover, various studies have revealed that several fac-
tors may help to protect and defend the body cells by remov-
ing radicle species to reduce oxidative stress (Hossen et al.
2017; Kamran et al. 2021). Among these factors, antioxidant

markers such as catalase (CAT), superoxide dismutase (SOD),
glutathione peroxide (GPx), and glutathione reductase (GR)
play a main role in alleviating ROS-induced oxidative stress
(Parveen et al. 2020; Uzunhisarcikli et al. 2016). It was previ-
ously examined that CAT and SOD activities showed an As-
induced depletion which downregulated the antioxidant de-
fense system showing an organ-dependent variability
(Mishra et al. 2008). In the present work, the liver and kidney
organs were chosen to evaluate the changes in GPx and GR
activities because they possess higher contents of glutathione
(GSH) protein which may indicate that As-induced toxicity is
involved in changing the cellular redox status. Our findings
suggested that As toxicity has downregulated the antioxidant
activities (Figs. 3 and 4), and hence, it can be assumed that the
decline in As-induced GSH concentration might cause the
effectiveness of GR and GPx activities to be constrained
(Czeczot et al. 2006). Our observations are in agreement with
the previous findings where Cur proved its beneficial role in
inducing antioxidative defense against various abiotic stresses
in rats as well as human beings (Apaydin et al. 2019; Soliman
et al. 2015; Yousef et al. 2010). It is well recognized that Cur
has exhibited many therapeutic characteristics and antioxidant
behavior against various environmental stressors (Strimpakos
and Sharma 2008). In addition, the presence of various poly-
phenol compounds in the Cur has made it feasible to scavenge
ROS which ultimately can boost up the body defense system
in terms of antioxidative enzyme activities (especially GSH
synthesis) in a dose-dependent manner (Apaydin et al. 2019;
Sharma et al. 2001; Sreejayan and Rao 1994). PCA has also
strengthened our results and indicated that As toxicity has

Fig. 6 The proposed mechanistic
overview of sodium arsenate–
induced hepatorenal injury of
arsenic-administered rats and the
ameliorative influences of
Curcuma longa L. extracted
curcumin (Cur)
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enhanced the organ damage and altered biochemical proper-
ties in the serum of As-intoxicated rats, which were, however,
overcome after the application of Cur (Fig. 5). Despite the
therapeutic effect of Cur against liver and kidney toxicity in-
duced from As and other metals, further research work is
needed to assess the detailed cellular and molecular mecha-
nisms which are involved in the hepatorenal protective effect
of Cur (Fig. 6).

Conclusion

In this study, turmeric-extracted curcumin (Cur) effectively re-
stored kidney and liver functions as well as normalized the oxi-
dative injury that occurred after the intoxication of male rats with
sodium arsenate (Na3AsO4). The Cur also minimized the lethal
effects of arsenic on the organs’ relative weight and serum lipid
profile including total cholesterol, total triglycerides, high-density
lipoprotein (HDL), and low-density lipoprotein (LDL) in As-
administered rats. The antioxidative role of Cur also alleviated
the As-induced oxidative injury in live and kidney tissues and
therefore enhanced the enzymatic defense system. Conclusively,
the concurrent consumption of Cur can diminish the harmful
effects of As. Still, future investigations should be carried out
to evaluate the role of Cur under As-induced alterations in human
beings at a physio-molecular level.
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