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ABSTRACT
The aim of this study was to investigate p-Coumaric acid (PCA) as a protector in detecting oxidative and targeted 

damage in the elongation tissue of rats induced by bisphenol A (BPA). BPA is an environmental pollutant widely 
used in many areas. The widespread use of this substance increases its transmission to humans. BPA causes damage 
to many tissues and organs. One of the most frequently damaged organs is the kidney. In this study, fifty healthy 
male rats were used to determine the effects of BPA and PCA. A total of five experimental groups were formed with 
ten animals in each group. Group 1 was set as the Control, Group 2 as BPA, Group 3 as BPA+PCA50, Group 4 as 
BPA+PCA100, and Group 5 as PCA100. The experiment lasted 14 days. Hematoxylin eosin staining and ELISA 
analyses were performed on kidney tissues at the end of the experiment. Malondialdehyde (MDA), glutathione (GSH), 
superoxide dismutase (SOD), and nitric oxide (NO) levels were determined in the kidney tissues by ELISA analysis. 
It was observed that kidney MDA and NO levels increased in the groups administered BPA  while SOD and GSH 
levels decreased. Histopathologically, degeneration and necrosis in the tubular epithelium, glomerular atrophy, and 
hyperemia in the vessels were observed in the kidney tissues of the BPA groups. In the BPA+PCA groups it was seen 
that PCA prevented the negative effects of BPA in a dose-dependent manner, and helped in the maintenance of values 
close to the control group.
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Introduction
Bisphenol A (BPA) is one of the most common 

compounds used synthetically and industrially 
worldwide. Polycarbonate plastics, epoxy resins, 
polysulfone resin, polyphenylene ether resin, 
and unsaturated polyester resin can be counted 
as areas of BPA use. BPA is also widely used in 

consumer baby bottles, toys, and dental fillings 
(MIKOŁAJEWSKA et al., 2015; KATARIA et al., 
2015). Due to its wide range of use, it is abundant 
in our environment (DI BELLA et al., 2018; LO 
TURCO et al., 2020). Epidemiological studies have 
shown that more than 90% of people tested have 
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detectable levels of BPA (CALAFAT et al., 2008). 
At the same time, many studies have found that 
BPA is also found in foods, the environment, and 
bodily fluids (CAO et al., 2011; FENICHEL  et al., 
2012; MOUNEIMNE et al., 2017). Numerous in 
vivo and in vitro experiments have shown that BPA 
can cause various effects in vital organs such as the 
testes, brain, heart, liver, and pancreas, and even 
accumulate in these organs (TAKAHASHI and 
OISHI, 2003; RICHTER et al., 2007; POSNACK, 
2014; XIA et al., 2014). The kidneys are among the 
tissues most affected by BPA exposure (JIANG et 
al., 2020; DEVECİ and ERDAL, 2022). 

Mitochondria are a source of energy for cells 
and take part in many biological processes (TAO 
et al., 2016; TAO et al., 2018). Mitochondria are 
the primary site of reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) produced 
inside a cell. ROS and RNS induce oxidative stress 
in the cell (BHARGAVA and SCHNELLMANN, 
2017). BPA can cause organ dysfunction through 
oxidative damage by increasing the formation of 
ROS and RNS (KABUTO et al., 2003; TEKIN  and 
CELEBİ, 2022). The increased ROS reacts with 
the lipid membranes in the cell wall and causes the 
emergence of lipid peroxidation products. One of 
these products is malondialdehyde (MDA). MDA, 
along with other aldehydes, is one of the most 
studied substances and was recently discovered 
in the peroxidation of polyunsaturated fatty acids 
(TURK et al., 2008). At the same time, BPA also 
damages the glutathione (GSH) and superoxide 
dismutase (SOD) antioxidant enzyme system in 
cells (TEKIN and CELEBİ, 2022). Depending on 
the exposure to BPA, the cells’ nitric oxide (NO) 
level and ROS increase (PEERAPANYASUT et 
al., 2019). With these effects, BPA causes oxidative 
stress and, thus, oxidative damage in kidney tissue.

P-Coumaric acid (PCA) is a polyphenol found 
in plants, and forms part of the human diet. It 
is commonly found in fruits and vegetables 
such as apples, pears, potatoes, and tomatoes, 
and in beverages such as tea, coffee, and beer 
(KING and YOUNG, 1999). Recent studies have 
reported that p-Coumaric acid has antioxidant 
(CASTELLUCCIO et al., 1995), cardio-protective 
(PRASANNA et al., 2013), anti-melanogenic (AN 

et al., 2010): p-Coumaric acid not only inhibits 
human), anti-mutagenic (FERGUSON et al., 
2003), anti-platelet (LUCERI et al., 2007), anti-
inflammatory and immunomodulatory properties 
(PRAGASAM et al., 2013). Phenolic compounds 
such as PCA are well known for their antioxidant 
properties. It removes ROS from cells and regulates 
endogenous antioxidant enzymes, thus preventing 
oxidative damage to biomolecules (ABDEL-
WAHAB et al., 2003). 

Kidneys have a role in maintaining homeostasis, 
and are one of the most important organs for life. 
It has been observed that BPA is present in the 
urine of those who come into contact with products 
containing BPA. 

In the literature review, sufficient and direct 
research investigating the effects of p-Coumaric 
acid on bisphenol A-induced nephrotoxicity could 
not be found. In this regard, TEKIN et al. (2021) 
conducted research on the effects of p-Coumaric 
acid (PCA) on kidney damage molecule-1 (KIM-1) 
levels in BPA-induced nephrotoxicity. Therefore, 
in this study, we aimed to investigate the effects 
of p-Coumaric acid on MDA, some antioxidants, 
and histopathological parameters in nephrotoxicity 
induced by bisphenol A, and to contribute to the 
literature in this way.

Materials and methods
Chemicals and Animals. PCA (Cas No: 501-

98-4) and BPA (Cas No: 80-05-7) were purchased 
from Sigma-Aldrich (St. Louis, Missouri, USA). 
Commercial rat ELISA kits were used according to 
the manufacturer’s protocol to determine the level 
of malondialdehyde (MDA) (Cat. No: SL0475Ra), 
glutathione (GSH) (Cat. No: SL0998Ra), superoxide 
dismutase (SOD) (Cat. No: SL0664Ra), and nitric 
oxide (NO) (Cat. No: SL0365Ra)  activities in rats 
(Sunlong Biotech Co., Ltd, Zhejiang, China).

Powdered PCA was dissolved in distilled water. 
After soaking in olive oil for 30 minutes, BPA 
was prepared daily by dissolving it with the help 
of a magnetic stirrer, and administered to the rats 
intragastrically (i.g).

Our study used 50 male adult Sprague-Dawley 
rats weighing 180-230 grams, with ten animals in 
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each experimental group. The rats were obtained 
from Atatürk University Medical Experimental 
Application and Research Center (ATADEM). The 
rats were fed ad libitum with standard pellet-type 
chow at this center. The rats were housed at 24°C 
in a 12-hour dark and 12-hour light cycle. Five 
experimental groups were formed from the 50 rats 
used in the study, with 10 in each group. This study 
protocol was approved by the Atatürk University 
Animal Experiments Local Ethics Committee 
(HADYEK, Decision No: 2022/10-186).

Experimental design. Before starting the 
experimental study, the 50 healthy 10-week-old 
male rats were weighed and distributed with ten 
animals in each of the five different experimental 
groups. The rats were weighed using scales daily, 
and the applications were made according to 
their current weights. The application of active 
substances to the experimental groups was carried 
out between 09:00 and 10:00 hours every day for 
14 days. The BPA application was made 1 hour 
after the PCA application.

The experimental groups were formed as 
follows:

1. Control: 1 ml of olive oil i.g was given for 
14 days.

2. Bisphenol A (100 mg/kg): BPA was 
administered at 100 mg/kg as, i.g for 14 days 
(GULES et al., 2019).

3. BPA + PCA (50 mg/kg): 100 mg/kg BPA and 
50 mg/kg PCA i.g were given for 14 days (TEKIN 
et al., 2021).

4. BPA (100 mg/kg) + PCA (100 mg/kg): BPA 
at a dose of 100 mg/kg and PCA at a dose of 100 
mg/kg were administered i.g for 14 days (TEKIN 
et al., 2021).

5. PCA (100mg/kg): 100mg/kg dose of PCA i.g 
was given for 14 days (TEKIN et al., 2021).

Collection of samples. On the 15th day of the 
experimental study, the rats were anesthetized 
with sevoflurane and decapitated. Immediately 
afterward, kidney tissue samples from the rats were 
stored in a deep freezer at -80°C until biochemical 
analysis.

Biochemical analysis. Homogenization of 
kidney tissues. Small sections were taken from 

equal parts of the kidney tissues, transferred to 
Eppendorf tubes, and completed with 1.5 ml PBS 
(Phosphate buffered saline) solution with a pH of 
7.4. Samples were homogenized in a MagNA Lyser 
device at 5000 rpm for 80 seconds. Homogenates 
were centrifuged at 6500 rpm for 5 minutes, and 
the supernatants were transferred to separate tubes.

Analysis of oxidant and antioxidant enzyme 
activities in kidney tissue. To determine 
malondialdehyde (MDA), glutathione (GSH), 
superoxide dismutase (SOD), and nitric oxide (NO) 
activities, commercial rat ELISA kits were used 
according to the kit protocol. The ELISA process 
was performed with Biotech’s ELISA Microplate 
Washer and Reader. The standard curves of the 
results obtained from the ELISA were created 
using Four-Parameter Logistic Regression. The 
probabilities of the samples were also calculated 
from the standard curves created.

Histopathological Examination. Kidney 
tissue samples taken at the end of the experiment 
were fixed in a 10% formaldehyde solution for 48 
hours and embedded in paraffin blocks at the end 
of routine tissue follow-up procedures. Sections 
of 4 μm thickness were taken from each block. 
The preparations prepared for histopathological 
examination were stained with hematoxylin-eosin 
(HE), and examined with a light microscope 
(Olympus BX 51, JAPAN). Sections were evaluated 
as absent (-), mild (+), moderate (++), and severe 
(+++) according to their histopathological features. 
The ‘–’ symbol represents 0–5% damage, the ‘+’ 
symbol represents 10%–20%, the ‘++’ symbol 20–
40%, and the ‘+++’ symbol represents more than 
40% damage.

Statistical Analysis. The data we obtained were 
presented as mean value ± standard mean error 
(SEM). The significance level was determined as 
P<0.05. One-way analysis of variance (ANOVA) 
was used to determine the differences between 
groups. The Kruskal-Wallis test was used to 
analyze the differences between groups in the 
histopathological examinations, and the Mann-
Whitney U test was used to compare matched 
groups. SPSS and GraphPad programs were used 
in these tests.
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Results
Effects of p-Coumaric acid on bisphenol 

A-induced renal oxidative stress. It was observed 
that the MDA level obtained from kidney tissues of 
BPA-induced rats was higher when compared to the 
control group, and there was a statistical difference 
between these results (P<0.01). Statistical analysis 
revealed that the MDA level obtained from the 
BPA+PCA50 group was higher when compared 
to the control group (P<0.05) but was lower than 
the BPA group (P<0.05). When the values obtained 
from the BPA+PCA100 and PCA100 groups 
were compared with the control, no statistically 
significant difference was observed between them 
(P>0.05) (Fig. 1).

Fig. 1. Effects of PCA and BPA application on MDA 
levels in the experimental groups 

(***P<0.01, *P<0.05; n=10)

It was determined that the nitric oxide level of 
the homogenates obtained from the kidney tissue 
of the rats administered BPA was higher than the 
control group, and there was a statistical difference 
between them (P<0.01). The NO values obtained 
from the BPA+PCA50 group were determined by 
ELISA analyses, and were lower than the group 

in which BPA was applied alone. There was a 
statistical difference between them (P<0.05). At 
the same time, it was observed that the values 
obtained from the BPA+PCA50 group were higher 
than the control group, and there was a statistical 
difference between them (P<0.05). When the 
NO values obtained from the BPA+PCA100 and 
PCA100 groups were compared with the control 
group, it was observed that there was no statistical 
difference between them (P>0.05) (Fig. 2).

Fig. 2. Effects of PCA and BPA application on 
NO levels in the experimental groups 

(***P<0.01, **P<0.05; n=10)

It was determined that the GSH and SOD levels 
in the kidney tissues of BPA-induced rats was 
lower compared to the control group, and there was 
a statistical difference between them (P<0.01). It 
was determined that these levels obtained from the 
BPA+PCA50 group were lower than the control 
group, and there was a statistical difference between 
them (P<0.05). When the SOD levels obtained 
from the BPA+PCA100 and PCA100 groups were 
compared with the control, it was observed that 
there was no statistical difference between them 
(P>0.05) (Fig. 3, 4).
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Fig. 3. Effects of PCA and BPA application on GSH 
levels in the experimental groups 

(***P<0.01, **P<0.05; n=10)

Fig. 4. Effects of PCA and BPA application on SOD 
levels in the experimental groups 

(***P<0.01, **P<0.05; n=10)

Histopathological Findings 
Control and PCA100 groups. A normal 

histological appearance was detected when the 
kidney tissues were examined histopathologically 
(Fig. 5).

BPA group. When kidney tissues were 
examined histopathologically, severe degeneration 
and necrosis of the tubular epithelial cells, severe 
atrophy of the glomerulus, and severe hyperemia of 
the vessels were observed (Fig. 5).

BPA+PCA50 group. When kidney tissues 
were examined histopathologically, moderate 
degeneration and mild necrosis in the tubular 
epithelial cells, moderate atrophy in the glomeruli, 
and severe hyperemia in the vessels were detected 
(Fig. 5).

BPA+PCA100 group. When kidney tissues were 
examined histopathologically, mild degeneration 
of the tubular epithelial cells, mild atrophy of the 
glomerulus, and moderate hyperemia of the vessels 
were observed (Fig. 5). A statistically significant 
difference (P<0.05) was detected compared to 
the BPA group. Histopathological findings are 
summarized in Table 1.

Discussion 
The kidneys are one of the essential organs in 

the body. The kidneys have critical roles which 
are basically removing metabolites and harmful 
substances from the body, maintaining water 
balance, maintaining electrolyte and acid-base 
balance, regulating blood pressure, stimulating the 
production of erythrocytes, and activating Vitamin 
D3 in the body (O’SULLIVAN et al., 2017). With 
these tasks, the kidneys have a crucial role in 
maintaining homeostasis in the body. BPA has been 
detected in food samples, the environment, human 
blood and serum, placenta, urine, and cosmetic 
products used. Detection of BPA in biological 
samples is a significant problem because these 
tissues and organs are susceptible to the toxic 
effects of BPA (DI BELLA et al., 2018; ANET et 
al., 2019). PCA is a compound with anti-oxidative 
and anti-inflammatory effects (BOZ, 2015). In this 
study, we examined the harmful effects of BPA and 
the protective effects of PCA in the kidney tissue 
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of rats. This study showed that BPA decreased the 
level of renal antioxidants in the kidney tissue, 
increased the levels of MDA and NO, and caused 

degeneration and necrosis in the tubular epithelium, 
atrophy in the glomerulus, and hyperemia in the 
vessels, while PCA reduced these effects.

Fig. 5. Kidney tissue, Control group (A) and PCA group (B) - normal histological appearance, BPA 
(C) and BPA+PCA50 (D), degeneration (arrow) and necrosis (arrowhead) in tubular epithelial cells, 

atrophy of the glomeruli (star), degeneration of BPA+PCA100 (E) tubular epithelial cells (arrow), H&E, Bar:40µm

Table 1. Histopathological findings and scoring in kidney tissues

Degeneration of tubular 
epithelium

Necrosis of tubule 
epithelium

Atrophy of the 
glomeruli

Hyperemia in the 
veins

Control - - - -

PCA - - - -

BPA +++ +++ +++ +++

BPA+PCA50 ++ + ++ +++

BPA+PCA100 + - + ++
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An increased amount of ROS in a cell causes 
cellular oxidative stress and, thus, oxidative damage 
(RATLIFF et al., 2016)regardless of species, is 
enhanced generation of reactive oxygen species 
(ROS. Previous studies have shown that oxidative 
stress significantly affects mammalian cells 
exposed to BPA (ZHAO et al., 2019). In fact, in 
one study, increased ROS and RNS in kidney tissue 
cells due to BPA exposure reacted with lipids in the 
cell wall and increased MDA, a lipid peroxidation 
product (JAYA et al., 2019). In our research, 
while MDA levels increased significantly due to 
BPA application, SOD and GSH levels decreased 
significantly. In another study, BPA reduced the 
levels of SOD and GSH, which are involved in the 
antioxidant defense system in a cell. (KOBROOB 
et al., 2018). In BPA+PCA groups, MDA and 
antioxidant levels were close to the control.  JAYA 
et al. (2019) and KOBROOB et al. (2018) also 
observed similar findings in parallel with our study.

NO is an inactive free radical. NO synthesized 
from L-arginine by nitric oxide synthase (NOS) 
induces apoptosis, inflammation, and autophagy. 
One study indicated that NO levels increase under 
heavy oxidative stress, autophagy, and apoptosis 
(HE et al., 2014). Similarly, in our study, NO 
levels increased in kidney tissue cells due to BPA 
application. Depending on the dose, the NO level 
was lower in the BPA+PCA groups.

Our research showed that there was 
degeneration and necrosis in the tubular epithelium, 
glomerular atrophy, and hyperemia in the vessels 
in the kidney tissue due to BPA application. 
Damage to the tissue due to BPA application 
was evaluated histopathologically. A study that 
supports our findings showed glomerular and 
tubular degeneration, vascular congestion, and cell 
infiltrations due to BPA application (ASLANTURK 
and UZUNHISARCIKLI,  2020). It was determined 
that the application of PCA and BPA significantly 
reduced these changes in a dose-dependent manner.

In summary, human beings are constantly 
exposed to BPA throughout their lives. BPA 
accumulates in vital organs, especially the kidneys. 
As a result of this study, using a rat model, it can be 
said that PCA can minimize many harmful effects 
caused by BPA. Accordingly, MDA and NO levels 

increase. It was observed that GSH and SOD levels, 
which have roles in the antioxidant defense system, 
decreased due to BPA application. At the same 
time, BPA administration causes degeneration and 
necrosis in the tubular epithelial cells of kidney 
tissue, glomerular atrophy, and hyperemia in the 
vessels. It was observed that the application of PCA 
and BPA dose-dependently prevented oxidative 
stress and tissue damage caused by the application 
of BPA to the tissues.
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SAŽETAK
Cilj je rada bio istražiti zaštitnu ulogu p-kumarične kiseline (PCA) u otkrivanju oksidacijskog i ciljanog 

oštećenja pri elongaciji tkiva štakora uzrokovanoj bisfenolom A (BPA). BPA je polutant iz okoliša široko 
upotrebljavan u mnogim područjima. Rasprostranjena upotreba ove kemikalije povećava njezine učinke na 
ljude. BPA uzrokuje oštećenja mnogih tkiva i organa, a jedan od organa koji može biti najviše zahvaćen 
jest bubreg. U ovom je istraživanju upotrijebljeno 50 zdravih mužjaka štakora kako bi se ustanovili učinci 
BPA-a i PCA-a. Životinje su podijeljene u pet pokusnih skupina po deset jedinki. Skupina 1 bila je kontrolna, 
skupini 2 dan je BPA, skupini 3 BPA i PCA50, skupini 4 BPA i PCA100, a skupini 5 PCA100. Pokus je 
trajao 14 dana. Po završetku pokusa su na tkivu bubrega primijenjeni bojenje hematoksilin-eozinom i ELISA 
test. Testom ELISA utvrđene su razine malondialdehida (MDA), glutationa (GSH), superokid-dismutaze 
(SOD) i dušikova oksida (NO). Uočene su povećane razine MDA-a i NO-a u bubregu štakora u skupinama 
kojima je primijenjen BPA, dok su se razine SOD-a i GSH-a snizile. U tkivu bubrega štakora kojima 
je primijenjen BPA histopatološki je uočena degeneracija i nekroza u tubularnom epitelu, glomerularna 
atrofija i hiperemija u krvnim žilama. U skupinama BPA i PCA zapaženo je da je PCA spriječio negativne 
učinke BPA-a i, ovisno o dozi, pomogao da se održe približne vrijednosti kao u kontrolnoj skupini.

Ključne riječi: bubreg; bisfenol A; p-kumarična kiselina; štakor; toksičnost; oksidacijski stres


