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1 | INTRODUCTION

Ekrem Darendelioglu? |

Cuneyt Caglayan®

Abstract

Bisphenol A (BPA) is a synthetic environmental pollutant widely used in
industry, as well as is an endocrine disrupting chemicals and has a toxic effects
on heart tissue. The aim of this study is to reveal the cardioprotective effects of
18B-glycyrretinic acid (GA) against BPA-induced cardiotoxicity in rats. In this
study, 40 male rats were used and five different groups (each group includes
eight rats) were formed. The rats were applied BPA (250 mg/kg b.w.) alone or
with GA (50 and 100 mg/kg b.w.) for 14 days. Rats were killed on Day 15 and
heart tissues were taken for analysis. GA treatment decreased serum lactate
dehydrogenase and creatine kinase MB levels, reducing BPA-induced heart
damage. GA treatment showed ameliorative effects against lipid peroxidation
and oxidative stress caused by BPA by increasing the antioxidant enzyme
activities (glutathione peroxidase, superoxide dismutase, and catalase) and GSH
level of the heart tissue and decreasing the MDA level. In addition, GA showed
antiapoptotic effect by increasing Bcl-2, procaspase-3, and -9 protein expres-
sion levels and decreasing Bax, cytochrome c, and P53 protein levels in heart
tissue. As a result, it was found that GA has cardioprotective effects on heart
tissue by exhibiting antioxidant and antiapoptotic effects against heart damage
caused by BPA, an environmental pollutant. Thus, it was supported that GA

could be a potential cardioprotective agent.
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with leading causes of death such as cardiovascular disease and
cancer.®! BPA has the ability to act like estrogen,[‘” With this feature,

Bisphenol A (BPA) is widespread worldwide and is used as an additive
in the production of epoxy resins and polycarbonate plastics.™! BPA,
also is used in products that are frequently used in daily life such as
phenolic and phenoplast resins, inner linings of food packaging,
medical devices, PVC production, carboys, and other water or food
containers.!? People are exposed to BPA when they use these
products. BPA is among the most common endocrine disrupting

chemicals known, and endocrine disrupting chemicals are associated

BPA can trigger various cardiovascular disorders by causing changes
in blood pressure and heart rate.>="! Several epidemiological studies
have found a positive correlation between urinary BPA levels and
various diseases, including cardiovascular disease.®”! In addition to
cardiovascular diseases, BPA also triggers obesity, diabetes, hyper-
tension, brain development anomalies, thyroid dysfunction, breast
cancer, and infertility.[lol Although BPA has estrogenic activity, it is
known that it generally exhibits its toxic effects by triggering the
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formation of oxidative stress in cells or tissues.[***?! Reactive oxygen
species (ROS), which cause oxidative stress, can negatively affect
DNA, RNA, and protein synthesis.m’l‘” This condition can cause
many diseases such as cardiovascular diseases, neurodegenerative
diseases, cancer, hypersensitivity, inflammation, and diabetes compli-
cations.[*>%! |n cells or tissues, there are endogenous enzymatic and
nonenzymatic antioxidants that play a role in reducing oxidative
stress.''”) These include superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT), and glutathione (GSH), which
efficiently remove excess hydrogen peroxide (H,O,) from the cell.
Additionally, they neutralize radicals such as superoxide (O,e”) and
hydroxyl (¢OH).*8! While these endogenous antioxidants perform
this task, they may sometimes be insufficient, and in such cases,
they can be supplemented with some exogenously sourced anti-
oxidant compounds.m] One of the exogenous antioxidants is
18B-Glycyrrhetinic acid (GA).[>"!

18B-GA is one of the key bioactive compounds of licorice,
one of the most commonly used herbs in traditional Chinese
medicine.?"! In the literature data, 18B-GA has been shown a
variety of pharmacological actions, including anticancer, antiviral,
anti-inflammatory, antioxidant, and

fects.?1=2% |n addition, it has been stated that GA has anti-
120,24]

hepatoprotective  ef-

apoptotic, neuroprotective, and cardioprotective effects.
Recently, GA has been reported to enhance the protective effects
against doxorubicin-induced cardiotoxicity by activating the Nrf2/
HO-1 signaling pathway.!?®! However, the underlying cardiopro-
tective mechanism of GA remains unclear.

Therefore, this study was conducted to elucidate the antiapop-
totic and antioxidant mechanisms underlying the potentiation effect
of GA on BPA-induced cardiotoxicity.

2 | MATERIALS AND METHODS
2.1 | Chemicals
Bisphenol A (CAS-No: 80-05-7), 188-GA (CAS-No: 471-53-4)

(Figure 1AB), and all other reagents and compounds were

of analytical grade and purchased from Sigma-Aldrich Chemicals.

(A) (B)

HO OH
Bisphenol A

18B-Glycyrrhetinic acid

2.2 | Animals selection and experimental design

In this study, 40 male Wistar albino rats obtained from Bingol
University Experimental Research and Application Center (Bingdl,
Turkey) weighing 250-300 g (12-13 weeks) were used. During the
experiment, the rats were kept in cages in room under specific
conditions on a constant 12-h light/dark (06:00-18:00 light;
18:00-06:00 dark) cycle and at a controlled temperature of 25°C.
Rats were fed standard chow pellets and had free access to food and
water. The experimental protocols were approved by Bingdl
University Animal Experiments Local Ethics Committee (Approval
No. 2021-1518).

The rats were randomly selected, eight in each group, and five
different groups were formed. The dose of BPA in this study was
determined from a previous experimental study by Shirani, et al.l?o It
is sufficient to elicit mild or moderate oxidative stress in rats. The
doses of GA were selected based on previous study Rashid, et al.?”}

I. Control group; 0.2 mL of olive oil was administered orally daily

for 14 days.

Il. GA group; GA (100 mg/kg b.w.) in olive oil was administered by
oral gavage for 14 days.

IIl. BPA group; BPA (250 mg/kg b.w.) in olive oil was administered
by oral gavage for 14 days.

IV. BPA+GA 50 group; BPA (250 mg/kg b.w.) and GA (50 mg/kg
b.w.) were administered by oral gavage for 14 days.

V. BPA + GA 100 group; BPA (250 mg/kg b.w.) and GA (100 mg/kg
b.w.) were administered by oral gavage for 14 days.

All treatments were applied in a daily regimen. All rats were killed
24 h after the last treatment (Day 15). The hearts of rats were
excised, washed with ice-cold physiological saline, and then used for

molecular and biochemical analyses.

2.3 | Determination of cardiac function markers

The blood from rats was transferred to serum tubes and centrifuged

at 4000 rpm for 10 min at +4°C to separate serum. Serum creatine

\\\

CO,H

FIGURE 1 (A) Chemical structure of
bisphenol A. (B) Chemical structure of
18B-glycyrrhetinic acid.
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kinase MB (CK-MB) and lactate dehydrogenase (LDH) levels were

measured using the Mindray Perfect Plus 400 device.

2.4 | Oxidative stress and lipid peroxidation
markers in the heart tissue

The heart tissues were ground in liquid nitrogen using the TissueLyser I
(Qiagen) device. It was then homogenized using suitable buffers for SOD,
GPx, CAT, GSH, malondialdehyde (MDA) and protein analysis. For SOD,
CAT, and MDA analysis, homogenates were centrifuged at 3500 rpm for
15 min at +4°C. For GSH and GPx analyzes, they were centrifuged at
10,000 rpm for 20 min at 4°C. In heart tissue, CAT enzymatic activity was
measured according to Aebi?®! GPx enzymatic activity according to
Lawrence and Burk,?” SOD enzymatic activity according to the method
of Sun et al.*® MDA levels according to the methods of Placer et al, 2!
and GSH levels measured to Sedlak and Lindsay.*? The method of Lowry

was used as the method of protein determination Lowry et al.%!

2.5 | Western blot analysis of heart tissue

The rat heart tissues were diluted at a ratio of 1:5 (w/v) using
Mammalian Cell Extraction Kit (ab65399; Abcam) and then homoge-
nized. The homogenates incubated on ice for 1 h were centrifuged at
14.000 rpm for 15 min at +4°C and the supernatant was removed to
new tubes. Total protein amounts were calculated using the
Bradford.®* Protein samples were mixed with Laemmli buffer for
denaturation at 95°C for 5 min. Equal amounts of protein samples
were then subjected to 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). The proteins were subsequently trans-
ferred to PVDF membrane. The membranes were washed twice for
5 min with Tris-buffered saline containing 1% Tween-20 (TBS-T) and
blocked for 1h before using primary antibodies in 5% skim milk
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powder. B-Actin (sc-47778), procaspase-3 (ProCAS-3) (sc-271759),
procaspase-9 (ProCAS-9) (sc-70505), Bax (sc-20067), Bcl-2 (sc-7382),
cytochrome c (CYT-C) (sc-13156), and p53 (sc-71820) was used as
primary antibodies. The PVDF membrane was then left overnight at
4°C in the presence of primary antibody. The membranes were then
washed five times for 5 min with TBS-T and incubated for 90 min at
37°C in the presence of anti-mouse secondary antibody. Quantifica-
tion of the protein band density of ECL (Advansta) X-ray film was
incubated to identify specific binding and was analyzed with

densitometrically using an optical analysis system (GelDoc, Bio-Rad).

2.6 | Statistical analysis

All results were replicated at least three times. Statistical analysis was
performed with GraphPad Prism 5.01 software. Statistical differences
and significance levels of comparable data groups in all experiments
were evaluated with the “ANOVA (one-way analysis of variance)’
Newman-Keuls PostHoc Test. Data at the p<0.05 level were

considered significant.

3 | RESULTS

3.1 | Serum CK-MB and LDH levels

In this study, CK-MB and LDH levels in serum as markers of heart
damage were investigated. When serum LDH levels were examined, it
was determined that there was a significant (p < 0.001) increase in LDH
levels in all BPA-treated groups compared to the control group. However,
therapeutically administered GA attenuated this effect in a dose-
dependent manner, and a significant reduction in LDH levels was
observed in the GA-treated group compared with the BPA group
(Figure 2A).
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FIGURE 2 Ameliorative effects of glycyrretinic acid (GA) and bisphenol A (BPA) treatments on serum lactate dehydrogenase (LDH) and
creatine kinase MB (CK-MB) levels. (A) Ameliorative effect of GA on BPA-induced LDH level. (B) Ameliorative effect of GA on BPA-induced CK-
MB level. Values are expressed as mean = SD. ***p <0.001 control versus others, **p <0.01 control versus others, *#p <0.001 BPA versus
others, #p <0.01 BPA versus others, *p < 0.05; BPA versus others; ns: not significant.
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CK-MB levels were examined and found that all BPA-treated
groups had significantly increased CK-MB levels compared to the
control group (p<0.01 and p<0.001). However, therapeutically
administered GA attenuated this effect in a dose-dependent manner,
with groups receiving GA doses of 50 and 100 mg/kg having lower
CK-MB levels compared with the BPA group, significantly improve-
ment was seen. It was observed (p < 0.05 and p < 0.001) (Figure 2B).

3.2 | Antioxidant and oxidative stress condition in
the heart tissue

We examined oxidative stress and several antioxidant biomarkers
from cardiac tissue homogenates. Examining the results of MDA

obtained as a result of the study, while the MDA level was
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significantly increased in the BPA-administered group compared to

(***

the control group p < 0.001). Compared to the group receiving
BPA alone, a significant decrease in MDA levels was observed in the
BPA + GA-50 and BPA+GA-100 groups.
the reduction in MDA levels (**#p <0.001) was particularly higher
in the BPA+ GA 100 group than in the other treatment group, the
BPA + GA 50 group (**p < 0.01).

When the activity of CAT, SOD, and GPx, which are important

antioxidants, and the content of GSH were examined, it was found

It was found that

that only the BPA-induced group significantly decreased compared to
the control group (***p < 0.001). In the BPA + GA 100 and BPA + GA
50 groups, CAT, SOD, GPx activities and GSH levels increased
significantly compared to the BPA group. No significant changes
were observed when comparing the GA 100 group with the control
group (Figures 3A,B and 4A-C).
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FIGURE 3 Ameliorative effects of glycyrretinic acid (GA) and bisphenol A (BPA) treatments on malondialdehyde (MDA) and glutathione
(GSH) levels in heart tissue. (A) Ameliorative effect of GA on BPA-induced MDA level. (B) Ameliorative effect of GA on BPA-induced GSH level.
Values are expressed as mean = SD. ***p < 0.001 control versus others, **p < 0.01 control versus others, *#p < 0.001 BPA versus others,

##1) < 0.01 BPA versus others, *p < 0.05 BPA versus others; ns: not significant.
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FIGURE 4 Ameliorative effects of glycyrretinic acid (GA) and bisphenol A (BPA) treatments on antioxidant enzyme activities in heart tissue.
(A) Ameliorative effect of GA on BPA-induced superoxide dismutase (SOD) activity. (B) Ameliorative effect of GA on BPA-induced catalase (CAT)
activity. (C) Ameliorative effect of GA on BPA-induced glutathione peroxidase (GPx) activity. Values are expressed as mean + SD. ***p <0.001
control versus others, **p < 0.01 control versus others, *p < 0.05 control versus others; **#p < 0.001 BPA versus others, *p < 0.01 BPA vs
others, *p < 0.05 BPA vs others; ns: not significant.
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FIGURE 5 Ameliorative effects of glycyrretinic acid (GA) and bisphenol A (BPA) treatments on apoptotic protein levels in heart tissue.
(A) B-Actin (43 kDa), Bax (23 kDa), Bcl-2 (26 kDa), cytochrome C (15 kDa), P53 (53 kDa), procaspase-3 (32 kDa), and procaspase-9 (46 kDa)
protein levels were measured by Western blot analysis analysis. B-Actin was used as housekeeping protein. (B-1) Bax protein expression level.
(B-I1) Bcl-2 protein expression level. (B-11l) The ratio of the Bax-Bcl-2 protein expression levels. (B-IV) cytochrome C protein expression level.
B-V) P53 protein expression level. (B-VI) procaspase-3 protein expression level. (B-VII) procaspase-9 protein expression level. Values are
expressed as mean = SD. ***p < 0.001 control versus others, **p < 0.01 control versus others, *p < 0.05 control versus others; *#p < 0.001 BPA
versus others, ##p <0.01 BPA versus others, ”p < 0.05 BPA versus others; ns: not significant.

3.3 | The effect of GA on mechanism of
programmed cell death (apoptosis)

To study the detailed biomolecular mechanism of the antiapoptotic
effect of the GA on BPA-induced in heart tissue, the protein
expressions levels of Bcl-2, Bax, CYT-C, ProCAS-3, ProCAS-9 and
p53 were investigated. In the findings obtained, it was found that GA
significantly suppressed the Bax/Bcl-2 ratio and CYT-C expression
level, while it significantly protected the levels of ProCAS-3 and
ProCAS-9, and was also effective in reducing the level of p53
expression. These results idea that GA may play an anti-apoptotic
role in BPA-applied rats (Figure 5A,B).

4 | DISCUSSION

BPA is an environmental pollutant and a synthetic compound used to

[35) BPA causes

make epoxy resins and polycarbonate plastics.
multiorgan toxicity in humans by entering the body mostly through
gastrointestinal tract, skin absorption, and respiratory tract.*! BPA

also causes nephrotoxicity, hepatotoxicity, neurotoxicity, and

cardiotoxicity by triggering apoptosis and ROS formation in various
tissues.2237-39 studies are increasing day by day to reduce these
negative effects of BPA.[2640] GA has important antioxidant, antic-
ancer, anti-inflammatory, and antiapoptotic properties.*Y) As the
ameliorative effects of GA on BPA-caused cardiotoxicity had not
been previously studied, this study demonstrated cardioprotective
effects of GA on several antioxidant and antiapoptotic signaling
pathways.

In cases where various tissue damages occur in biological
organisms, changes are observed in some enzyme and protein levels
in the serum. These enzymes may increase or decrease specific to
tissue damage. CK-MB and LDH, which are important biomarkers for
cardiac tissue, are located in the cytoplasm of cells. These two
important enzymes are secreted into the blood when contractile
elements are broken down or during myocardial damage due to
oxidative stress. Measurement of high levels of both enzymes in the
blood is considered a sign of cardiac dysfunction.*?~#4 Looking at
similar studies in the literature, it has been reported that BPA causes
a significant rise in serum CK-MB and LDH levels in various rat
studies.®®*%! In this study, CK-MB and LDH levels in serum as

markers of cardiac damage were investigated. When serum CK-MB
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and LDH levels were analyzed, it was determined that there was a
significant rise in CK-MB and LDH levels in all BPA-applied groups
compared to the control group. However, important reductions in
CK-MB and LDH levels were observed in the GA-treated groups
compared to the BPA group. A previous study reported that GA
improved CK-MB and LDH levels in mice with isoproterenol-induced
myocardial infarction.*¢!

BPA mediates the increase of various oxidant molecules (H,O,,
O,e7, eOH etc.) in cells or tissues, causing an increase in oxidative
stress.[47#8 Biological organisms have antioxidant defense mecha-
nisms that balance these oxidant molecules, including enzymes such
as GPx, SOD, and CAT, as well as non-enzyme molecules such as
GSH. ! In a recent study, Apaydin et al. indicated that BPA exposure
decreased GPx, SOD, CAT enzymes activities, and GSH levels in rat
hearts, while significantly increasing MDA levels.” In our study, it
was stated that BPA significantly decreased GPx, SOD, CAT enzyme
activities, and GSH in heart tissue, while it caused a important
increase in MDA levels. It was determined that these parameters
were preserved at a significant level in the GA groups applied
together with BPA. It is thought that GA shows these effects by
supporting the antioxidant defense in the cardiac tissue and reducing
the oxidative stress caused by BPA. Supporting these results, a similar
study stated that GA has a preventive effect to global cerebral
ischemia/reperfusion in mice.?4

Apoptosis is one of the well-known cellular death pathways
and is controlled by many metabolic pathways.®!! Many studies
indicate that ROS triggers apoptosis by inducing oxidative stress
and causing changes in mitochondrial membrane potential.[52'53]
The internal pathway of apoptosis, also known as the mitochon-
drial pathway, is regulated by the proapoptotic Bax and anti-
apoptotic Bcl-2 proteins. The imbalance between these two
proteins causes disruption of the pores in the outer mitochondrial
membrane and the release of cytochrome c into the cytoplasm./®#
Cytochrome c provides activation of procaspase-9 in the presence
of Apaf-1. Thus, it converts procaspase-9s into active caspase-9.
Caspase-9 activates procaspase-3s and initiates the apoptosis

551 In addition, p53 protein is a potent inducer of

1561 In

process.
apoptosis and is present at low levels in healthy cells.
addition, the p53 protein can affect the apoptotic pathway by
changing the levels of the Bcl-2 family of proteins.®”! Some studies
suggest that BPA has significant effects on caspase-3 and -9
activation.!®®°%] |t has also been stated that BPA is more effective
on the internal pathway of apoptosis by increasing caspase-3, -8, -
9, and -10 gene expression levels.'*?! In our study, BPA caused a
important increase in Bax/Bcl-2 ratio and cytochrome c expression
levels, while it caused a significant decrease in procaspase-9 and
procaspase-3 levels. The expression of those proteins have been
considerably reversed through our GA treatment. Many research-
ers have shown that different doses of GA on various cell groups
and various tissues can suppress some proapoptotic proteins,
while some antiapoptotic proteins can be supported.[61'63] While
GA increase Bcl-2 activity, it has also been reported to suppress
the activities of Bax and caspase-3.1°%%% |t has also been reported

that GA can inhibit apoptosis by reducing caspase-9 and

cytochrome c expression levels.[6:¢¢]

5 | CONCLUSION

In summary, this research conducted in rats aimed to evaluate the
effects of GA application against BPA-induced cardiotoxicity. The
obtained results demonstrate that GA effectively mitigates apoptotic
and oxidative stress mechanisms induced by exposure to BPA, which
adversely affects the cardiovascular system. These findings under-
score the potential of GA as a protective agent for maintaining
cardiac health. The revealed protective effects in our study provide
significant insight into reducing BPA-induced cardiotoxicity and
preserving cardiac tissue from oxidative stress. In this context, the
cardioprotective properties of GA may serve as a crucial step in
future research, offering valuable implications for developing poten-
tial therapeutic strategies in situations involving exposure to similar
environmental toxins. However, further research is needed to
elucidate the mechanism at the molecular level and propose clinical

applications.
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