
RESEARCH ARTICLE

Protective potential of curcumin or taurine on nephrotoxicity caused
by bisphenol A

Ayse Aslanturk1 & Meltem Uzunhisarcikli1

Received: 2 May 2019 /Accepted: 1 April 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Bisphenol A (BPA) received heightened attention in the recent years due to humans continuously being exposed to it. This study
explores the effect of taurine or curcumin on subacute BPA treatment-induced nephrotoxicity in rats (Rattus norvegicus). Forty-
two adult albino male rats were exposed to BPA (130 mg/kg daily) for 28 days by gastric gavage. BPA led to lipid peroxidation,
inhibiting antioxidant enzyme activities like catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), and
glutathione S-transferase (GST). BPA exposure also induced histopathological changes like tubular and glomerular degeneration,
vascular congestion, and interstitial cell infiltration in kidney tissue. Cotreatment with taurine (100 mg/kg daily) or curcumin
(100 mg/kg daily) alleviated the lipid peroxidation level and antioxidant enzyme activities and histological alterations brought
about by BPA. In this study, curcumin and taurine application provided protection against renal toxicity caused by BPA but did
not prevent toxic effect completely.
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Introduction

Bisphenol A (BPA) is one of the highest capacity chemicals
manufactured worldwide. BPA is widely used as a cross-
linking chemical in the manufacture of plastic polycarbonates
and resin epoxy. It is used in many common consumer prod-
ucts including polycarbonate plastics such as dental sealants,
food and drink packaging materials, linings for metal boxes,
polyvinyl chloride, toys, baby bottles, thermal paper, water
pipes, pharmaceuticals, compact disks, and medical materials
(Nam et al. 2010; Huang et al. 2012; Flint et al. 2012). It is
known as a kind of endocrine disrupting chemicals with es-
trogenic activity, and it is present virtually everywhere in our
lives (Vandenberg et al. 2009).

BPA is delivered into the environment through waste
water–treatment residue, via hydrolysis from plastics and the
spontaneously degradation of polycarbonate plastics exposed

to acidic or alkaline heat conditions. People can be exposed to
BPA through food and beverages. The majority of daily hu-
man exposure can result from oral route (Santamaria et al.
2016). However, because BPA is rapidly metabolized, human
exposure to BPAmight be continuous via various sources, like
integumentary and respiratory systems, not only limited for
gastrointestinal system (Stahlhut et al. 2009).

Studies have shown the relationships between BPA expo-
sure and carcinogenesis, cardiovascular disease, obesity, hep-
atotoxicity, functionally impared endocrine system, and fe-
male and male reproductive system (Alonso-Magdalena
et al. 2006; Zhou et al. 2008; Wang et al. 2012; Hassan et al.
2012; Rochester 2013; Helmestam et al. 2014; Jiang et al.
2016). Besides, BPA causes oxidative stress in liver and kid-
ney (Mourad and Khadrawy 2012). Oxidative stress can have
extremely harmful consequences on biological systems (Sorg
2004). Many studies designed to appraise the positive protec-
tive effect of various natural and synthetic materials by the
antioxidant properties on the BPA-induced toxicity
(Aydogan et al. 2010; Li et al. 2014; Popa et al. 2014).
Antioxidant therapy may be important to reduce the toxicity
caused by BPA (Tamilsevan et al. 2013).

Taurine is an antioxidant, which has been attributed to its
ability to inhibit of lipid peroxidation by scavenging reactive
oxygen species (ROS) (Agha et al. 2014). Moreover, ıt has
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substantial physiological functions such as osmoregulation,
setting the cytoplasmic and mitochondrial calcium homeosta-
sis, and xenobiotic conjugation (Huxtable 1992). Taurine is
(2-aminoethanesulfonic acid) a substantial intracellular amino
acid, naturally found in the mammalian tissues (Chesney
1985). Taurine can be found in chicken and turkey meat, beef,
processed meat like salami, seafood like tuna fish, shrimp,
oystre, mussel, ice cream cow’s milk, and low-fat yogurt.
Taurine also can be found in most energy drinks (300, 350
and 400 mg/100 ml). Food supplements contain 750, 800,
900, 1000, and 2000 mg taurine (Granum et al. 2018).

However, it is considered essential for normal development
and growth in human infants and therefore is typically added
to infant formula (Laidlaw et al. 1990; Wójcik et al. 2010;
Rath 2012). Taurine (50, 100,200 mg/kg) in a dose-
dependent manner has a preventive effect against
acrylamide-caused oxidative stress by increasing antioxidant
defense mechanism in rats. However, taurine demonstrated
protective effect against the acrylamide-induced histopatho-
logical changes in tissues (İnce et al. 2018).

Curcumin is the main curcuminoid of the turmeric rhizome
(Curcuma longa L.). Turmeric contains 1.5 and 3% curcumin.
It is responsible for the yellow color of turmeric, and it is
usually used as a food additive, spice, and colorant (Hanif
et al. 1997; Yang et al. 2020). Curcumin possesses antioxi-
dant, anti-inflammatory, anticancer, antiangiogenesis, chemo-
preventive, and chemotherapeutic properties (Strimpakos and
Sharma 2008). Curcumin has been shown to be a potent anti-
oxidant by scavenging of various important ROS, like nitro-
gen dioxide radical, hydroxyl radical, and superoxide anion
(Jijón et al. 2011). Curcumin ameliorated increased
malondialdehyde (MDA) level and reduced antioxidant en-
zyme activities and biochemical and histopathological alter-
ations the caused by tartrazine in liver of rats. (El Desoky et al.
2017). In another study, supplement of curcumin and taurine
alone or in combination showed a preservative effect against
experimental hepatocarcinogenesis, which may be due to the
anticancer activity of curcumin and the antineoplastic effect of
taurine (El-Houseini et al. 2016).

The consumption of foods containing antioxidants can help
reduce the negative effects of toxic substances. Previous stud-
ies have shown that several antioxidants such as cinnamon
and alpha tocopherol alleviate BPA-caused oxidative stress
and histopathological alterations in liver, testis, kidney, and
ovarian tissues (Morgan et al. 2014; Avci et al. 2016).
However, in the article screening, no study on the protective
actions of curcumin or taurine on BPA-caused possible kidney
injury in rats has been found. In our study, the protective
potency of taurine or curcumin supplementation against
BPA-caused nephrotoxicity was investigated in adult male
rats. Blood urea nitrogen, uric acid, and creatinine levels were
assayed to evaluate the renal functions in serum of BPA-, BPA
+ curcumin-, and BPA + taurine-treated rats. However, MDA

levels and antioxidant enzyme activities like superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
and glutathione S transferase (GST) were measured to deter-
mine oxidative stress. However, histopathological alterations
were investigated in kidney tissues of BPA-, BPA +
curcumin-, and BPA + taurine-treated rats.

Materials and methods

Chemicals, animals, experimental design, and tissue
sampling

Taurine (≥ 99% purity), curcumin (from Curcuma longa
(Turmeric)), and bisphenol A (≥ 99% purity) were provided
from Sigma-Aldrich.

Forty-two adult albinomaleWistar rats (Rattus norvegicus)
(250–300 g) were acquired from the Gazi University
Laboratory Animals Growing and Experimental Research
Center. All the experimental animals were kept in an air-
conditioned circumference (22 ± 3 °C, 12 h light/12 h dark
period) and given the standard rat food and uncontaminated
drinking water. Gazi University Committee on the Ethics of
Animal Experimentation confirmed experimental procedures
(G.U. ET - 14.075).

The doses of BPA, curcumin, and taurine were chosen tak-
ing into consideration previous experimental studies (Wu et al.
2013; Yıldız and Barlas 2013; Aly and Khafagy 2014; Lonare
et al. 2014; Sangai and Verma 2014).

Seven experimental groups were haphazard formed from
the rats, each group containing six animals.

Control group: It was treated distilled water (1.0 ml/kg
bw daily).
Olive oil group: It was treated with olive oil (1.0 ml/kg
bw daily).
Curcumin group: It was administered curcumin
(100 mg/kg bw daily in olive oil).
Taurine group: It was treated with taurine (100 mg/kg bw
daily in distilled water).
BPA group: It received bisphenol A (130 mg/kg bw daily
in olive oil).
BPA + curcumin group: It was administered both
bisphenol A and curcumin (130 mg /kg bw daily +
100 mg/kg bw daily, respectively).
BPA + taurine group: It was treated with taurine
bisphenol A + taurine (130 mg/kg bw daily +
100 mg/kg bw daily, respectively).

The abovementioned chemicals were treated orally to non-
fasted adult rats in the morning (between 09:00 h and 10:00 h)
for 28 days. We performed 28 days of application to test the
subacute toxicity of BPA.
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Animals were sacrificed under anesthesia after the termi-
nation of exposure period. The kidney tissues were isolated
from other tissues and removed immediately for microscope
examinations and oxidative stress assessments and weighed
by using automatic balance. The kidney tissues were homog-
enized using Heidolph Silent Crusher M homogenizer. The
supernatants were obtained by centrifuging tissue homoge-
nates. The obtained supernatants were utilized for the evalua-
tion of the lipid peroxidation level and activities of antioxidant
enzymes. Furthermore, the tissues were fixed in %10 formal-
dehyde for light microscopic investigations.

Assessment of MDA level

The malondialdehyde (MDA) level was determined by mea-
suring thiobarbituric acid reactive species (TBARS) as recom-
mended by Ohkawa et al. (1979). TBARS content was deter-
mined using Shimadzu UV 1700 spectrophotometer (Kyoto,
Japan) at 532 nm. MDA level was presented as nmol/mg
protein.

Estimation of antioxidant enzyme activities

The renal SOD activity was determined with Marklund and
Marklund (1974) method by testing the autooxidation and
illumination of pyrogallol for 180 s at 440 nm. One unit
SOD activity was calculated as the amount of protein that
induced 50% pyrogallol autooxidation inhibition. SOD activ-
ity was presented as U/mg protein.

For evaluation of renal CAT activity, tissue samples were
diluted with Triton X-100. CAT activity was performed with
the procedure defined by Aebi (1984) by testing the hydroly-
sis of H2O2 and the resulting decline in absorbance at 240 nm
for 180 s. The activity of CAT was expressed as mmol/mg
protein.

The renal GPx activity was measured using H2O2 as sub-
strate (Paglia and Valentine 1967). The reaction was moni-
tored indirectly as the oxidation rate of NADPH at 240 nm
for 180 s. The enzyme activity was presented as nmol/mg
protein.

The renal GST activity was estimated by measuring the
formation of the gluta thione and 1-chloro-2, 4-
dinitrobenzene conjugate by the method described by Habig
et al. (1974). Renal GST enzyme activity was presented as
μmol/mg protein.

The protein levels of the kidney homogenates were ana-
lyzed by colorimetric method as proposed by Lowry et al.
(1951) using BSA as standard.

Microscopic appraisal

The fixed kidney tissue samples in %10 formaldehyde were
embedded in paraffin. A total of 5–7 μm thickness sections

were obtained from paraffin blocks. The tissue sections were
stained with H&E. All the preparations were examined and
photographed with a digital camera (Olympus BX-51) at-
tached to a microscope (Olympus E-330).

Statistical analysis

Statistical evaluation was conducted by SPSS 11.5.
Differences among the groups were appraised using one-
way ANOVA, followed by Tukey’s procedure for multiple
comparisons. The all data were presented as means ± SD.
The obtained p < 0.05 was accepted statistically important.

Results

Mortality and behavioral alterations were not observed in rats
during the 28-day period.

Determination of kidney weights

At the end of 28 days experimental time, statistically signifi-
cant differences were not found among the control and olive
oil-, curcumin-, taurine-, BPA-, BPA + curcumin-, and BPA +
taurine -treated rats in point of left and right absolute and
relative kidney weights (p < 0.05) (Table 1).

Evaluation of oxidative stress parameters

The MDA level and antioxidant enzyme activities were mea-
sured to investigate the toxic effect of the 28-day BPA expo-
sure and to evaluate whether curcumin and taurine could de-
cline the BPA-caused toxicity.

There were no statistically significant alterations between
the control rats and olive oil-, curcumin-, and taurine-treated
rats for MDA level and CAT, SOD, GST, and GPx activities.

An important enhancement in MDA level (an end product
lipid peroxidation) was detected when BPA-treated rats were
compared with the control rats. CAT, SOD, GST, and GPx
activities in all the BPA-treated rats were importantly lower
than the control rats. Also, there was a statistically significant
enhancement in SOD, CAT, GST, and GPx activities and a
statistically important decline in MDA level when BPA +
curcumin and BPA + taurine rats were compared with BPA
group.MDA levels of BPA + curcumin and BPA + taurine rats
were statistically higher than from all other rats except BPA-
treated rats. CAT, SOD, GST, and GPx activities in BPA +
curcumin and BPA + taurine rats were significantly lower than
from all other rats except BPA-treated (p < 0.05, Figs. 1, 2, 3,
4, and 5).

23996 Environ Sci Pollut Res  (2020) 27:23994–24003



Histological findings

The microscopic examinations of the kidney tissues of the
control, olive oil-, curcumin-, and taurine-treated rats indicat-
ed normal arrangement of cells, with no histological alter-
ations in the kidney tissues of the four groups (Fig. 6a).

The microscopic examinations of the kidney tissues of the
BPA-exposed animals showed that BPA induced tubular and
glomerular degeneration, vascular congestion, and interstitial
cell infiltration (Fig. 6b–e).

In the BPA + curcumin and BPA + taurine groups, tubular
degeneration was occurred, and also, in the BPA + taurine
group, vascular congestion was observed (Fig. 6f, g).

Discussion

BPA is an endocrine disruptor, and many studies have report-
ed that BPA has adverse effects on the reproductive system

(Othman et al. 2016; Avci et al. 2016). Also, BPA causes
disrupt effects in several organs except reproductive system
(Hassan et al. 2012; Popa et al. 2014). Besides, exposure to
BPA can induce oxidative damage in the tissues by enhancing
free radical production owing to disrupting the redox status of
BPA (Kabuto et al. 2003; Obata and Kubota 2000). It was
reported that BPA generated many of ROS, which induce
oxidative tissue damage (Avci et al. 2016). Enhanced MDA
level is commonly known as a marker of lipid peroxidation
(Sangai and Verma 2014; Pandır 2015; Pandır 2016). In our
study, the enhancement in renal oxidative stress was indicated
by a marked elevation in the MDA levels and a decline in the
activities of the enzymatic antioxidants CAT, SOD, GST, and
GPx in BPA-treated rats. BPA induced enhanced MDA level
in different tissues, like brain, testes, ovarian, and liver tissues
(Korkmaz et al. 2010; Jain et al. 2011; Othman et al. 2016;
Avci et al. 2016).The increased level of MDA might be a
concequence of elevated formation of ROS induced by BPA.
Besides, the rising of renal MDA level could be as a

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

)nietorp
g

m/lo
mn(

A
D

M

Experimental period (4 weeks)

a,
b,
c,
d

a,
b,
c,
d,
e

a,
b,
c,
d,
e

Fig. 1 Effects of 28 days BPA
treatment and curcumin or taurine
on MDA levels in the kidney
tissues of rats. Values are means ±
S.D. for six rats in each group.
Significance at p < 0.05. (a)
Comparison of control group and
other groups, (b) comparison of
olive oil group and other groups,
(c) comparison of curcumin group
and other groups, (d) comparison
of taurine group and other groups,
(e) comparison of BPA group and
other groups

Table 1 Absolute and relative kidney weights of the control and other groups

Groups Absolute right kidney
weight (g)

Absolute left kidney
weight (g)

Relative right kidney weight
(g/100 g bw)

Relative left kidney weight
(g/100 g bw)

Control group 0.85 ± 0.085 0.86 ± 0.077 0.29 ± 0.026 0.30 ± 0.020

Olive oil group 0.84 ± 0.105 0.81 ± 0.095 0.30 ± 0.029 0.28 ± 0.028

Curcumin group 0.84 ± 0.051 0.80 ± 0.027 0.29 ± 0.019 0.28 ± 0.019

Taurine group 0.83 ± 0.069 0.81 ± 0.064 0.29 ± 0.016 0.28 ± 0.016

BPA group 0.88 ± 0.036 0.91 ± 0.054 0.29 ± 0.017 0.30 ± 0.024

BPA + curcumin
group

0.85 ± 0.083 0.85 ± 0.083 0.28 ± 0.031 0.28 ± 0.032

BPA + taurine
group

0.86 ± 0.066 0.86 ± 0.081 0.29 ± 0.025 0.29 ± 0.030

Values are means ± S.D. for six rats in each group. Significance at p < 0.05
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consequence of the significant inhibition in enzymatic antiox-
idant activities. There is a dynamic equilibrium between the
amount of free-radicals produced in the body and endogenous
antioxidant defense system such as CAT, SOD, GST, and GPx
under normal cellular conditions. Cells and tissues are
protected from free-radical damage with endogenous antioxi-
dant defense system (Selvakumar et al. 2011; İlce et al. 2019).
Earlier investigations have shown that BPA treatment led to
depletion in CAT, SOD, GST, and GPx enzyme activities in
various tissues (Hassan et al. 2012; El-Beshbishy et al. 2012;
Tamilsevan et al. 2013; Sangai and Verma 2014). Our findings
corroborate with their findings. SOD protects tissues and cells
from oxidative damage by catalyzing the superoxide radicals
to turn into hydrogen peroxide (Fridovich 1997). CAT and
GPx convert hydrogen peroxide to water (El-Demerdash
2011). Major function of GST catalyzes the conjugation of
glutathione with some toxic substances. A decrement activity
of SOD leads to enhancing the level of superoxide radicals, in

this way contributing to increased oxidative stress. Moreover,
a reduction in GPx and CAT activities results in the increased
H2O2 concentration; thus, it contributes to the enhancement of
oxidative stress. A decline in GSTactivity leads to an increase
in the formation of ROS (El-Beshbishy et al. 2012). In our
study, the inhibition of the activities of CAT, SOD, GST, and
GPx enzymes might be owing to excessive increase ROS
formation due to BPA exposure.

Antioxidant supplementation is known to mitigate ROS-
caused detriments. There were many studies on the use of
antioxidants against oxidative damage caused by BPA
(Anjum et al. 2011; Othman et al. 2016). Curcumin and tau-
rine have ability to scavenge ROS and diminish lipid peroxi-
dation. Thus, taurine and curcumin preserve membrane
wholeness (Kandemir et al. 2011; Agha et al. 2014).
Previous investigations showed that curcumin and taurine pro-
vide protection against the harmful effects of several chemical
compounds (Gürer et al. 2001; Ahmad et al. 2013; Zhang et al.
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Fig. 3 Effects of 28 days BPA
treatment and curcumin or taurine
on SOD activities in the kidney
tissues of rats. Values are means ±
S.D. for six rats in each group.
Significance at p < 0.05. (a)
Comparison of control group and
other groups, (b) comparison of
olive oil group and other groups,
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Fig. 2 Effects of 28 days BPA
treatment and curcumin or taurine
on CAT activities in the kidney
tissues of rats. Values are means ±
S.D. for six rats in each group.
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Comparison of control group and
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2014; Abdel-Moneim et al. 2015; Desai et al. 2015). In our
study, the concurrent supplementation of curcumin or taurine
to the BPA-trated rats lead to a decrease in the MDA levels
and an increase antioxidant enzyme activities of the kidney
tissues and histopathologic alterations. The therapeutic effect
could be clarified restricting lipid peroxidation by scavenging
ROS by the role of curcumin and taurine and thus preserving
the degenerated cell membrane wholeness due to lipid perox-
idation. Besides, the enhancement in SOD, CAT, GPx, and
GST activities caused by taurine and curcumin might be due
to increased activation of Nrf2 signaling pathway, which is
associated with the expression of these enzymes, by curcumin
and taurine. However, this study found that BPA + curcumin-
and BPA + taurine-treated groups had high MDA levels and
low antioxidant enzyme activities compared with non-BPA-
treated groups. This result means that concomitant adminis-
tration of curcumin and taurine with BPA reduces lipid

peroxidation and increases antioxidant enzyme levels but can-
not completely prevent oxidative damage. It was correlated
with histopathological findings.

The evaluation of organ weights in toxicologic studies may
be one of the indicators of general health condition and chang-
es in the organ weights (Uzunhisarcikli and Aslanturk 2019).
In the present study, there were no alterations absolute and
relative kidney weights. Our results are compatible with the
results of earlier studies (Yıldız and Barlas 2013). These re-
sults may result from dose and/or administration period.

BPA caused histopathological changes in several tissues
(Yıldız and Barlas 2013; Popa et al. 2014; Kalb et al. 2016).
In our study, the administration of BPA provoked histopatho-
logical alterations like glomerular and tubular degenerations,
vascular congestion, and cell infiltration in the kidney tissues.
The histologic alterations might be because of the generation
of free radicals formed by BPA. These radicals disrupt the
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Fig. 5 Effects of 28 days BPA
treatment and curcumin or taurine
on GPx activities in the kidney
tissues of rats. Values are means ±
S.D. for six rats in each group.
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Comparison of control group and
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treatment and curcumin or taurine
on GST activities in the kidney
tissues of rats. Values are means ±
S.D. for six rats in each group.
Significance at p < 0.05. (a)
Comparison of control group and
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wholeness and permeability of cell and organelle membranes
(Stajn et al. 1997; Lin et al. 2013). It may be suggested that
BPA may function as a membrane labilizer (Abdel-Wahab
2014). Histopathological alterations caused by BPA were
slighter in the cotreated curcumin or taurine with BPA groups.

The result of this study showed that BPA caused kidney
damage due to oxidative stress. Increased MDA level and
decreased endogenous SOD, CAT, GST, and GPX enzyme
activities show that BPA leads to the oxidant/antioxidant im-
balance and induces ROS formation and caused oxidative
stress. Supplementation of curcumin or taurine significantly
can reversed the increased lipid peroxidation and decreased
antioxidant enzyme activities and histopathological

abnormalities caused by 28 days oral administration of BPA
in the kidney tissue of male rats but not precisely eliminate.
The protective role of curcumin and taurine may be associated
with their antioxidant roles and their capability to behave as
scavengers for ROS. Consequently, the curcumin or taurine
could be proposed as potential nephro-preventive agents.

All experimental procedures were confirmed by University
of Gazi Animal Ethics Committee (G.U.ET–14.075).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Fig. 6 a Kidney section of
control rats: proximal tubules (P),
distal tubules (D), glomerulus
(G), b–e Kidney section of BPA
rats: tubular degeneration (→),
glomerular degeneration (*),
vascular congestion (⇇),
interstitial cell infiltration (◀). f
Kidney section of BPA +
curcumin rats. g Kidney section
of BPA + taurine rats, × 200,
H&E
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