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Abstract

The aim of the study was to examine the protective effects and possible mechanism of gossypin against isoproterenol (ISO)-
mediated myocardial damage in vivo and H9c2 cell damage in vitro. H9c2 cells were categorized into five groups. Viability
was evaluated with MTT and LDH release in H9c2 cells. Apoptotic parameter analysis was performed with cytochrome c
(Cyt-c), caspase-3 (CASP-3), and BCL2/Bax mRNA expression levels. In vivo, gossypin was administered orally to mice at
doses of 5, 10, and 20 mg/kg for 7 days. ISO groups were injected with isoproterenol (150 mg/kg) subcutaneously (on 8th
and 9th) for 2 days. Afterward, lactate dehydrogenase (LDH), creatine kinase-MB (CK-MB) levels and Troponin-I (Tn-I)
amount from their serum, oxidative stress parameters superoxide dismutase (SOD) activity, glutathione (GSH) and malon-
dialdehyde (MDA) levels, and tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), interleukin-1p (IL-1 ), and NF-kB
mRNA expression levels with inflammatory markers from heart tissue were evaluated. In addition, IL-1B, BCL-2, and cas-3
immunohistochemical staining was performed from heart tissue and TNF-a level was measured by ELISA method. Adminis-
tration of Gossypin protected the cells by dose-dependent, eliminating the reduced cell viability and increased LDH release
of ISO in H9¢2 cells. In mice serum analyses, increased LDH, CK-MB levels, and Tn-I levels were normalized by gossypin.
ISO administration in heart tissue is regulated by gossypin with increased SOD activity, GSH amount, TNF-a, IL-6, IL-1f,
and NF-kB mRNA expression levels and decreased MDA amount. Overall, the present results demonstrated that gossypin
has a potential cardioprotective treatment for ischemic heart disease on in vivo and in vitro.
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Introduction

Ischemic heart diseases resulting from coronary spasm and/
or occlusion are among the most common diseases on the
World with high risk for morbidity and mortality [1]. As
a result of decreased and/or completely blocked coronary
blood flow myocardial infarction (MI) occurs. As a result of
short- and long-term injuries occurred in the heart ventricles
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CAS-3 has been noted as both a balance and a collaboration
[2]. Although adult cardiomyocytes have lost their ability
to divide, cardiomyocyte apoptosis has a very important
role in heart disease and this situation has another poten-
tial mechanism in heart disease [7]. Finding effective drugs
as a therapeutic tool that slows myocyte loss can also be
considered as a novel approach to reducing and/or prevent-
ing inappropriate heart cell death. The other mechanism is
inflammation. Proinflammatory cytokines, which are asso-
ciated with severe congestive heart disease [8, 9]. During
myocardial movements, proinflammatory cytokines such as
TNF-a and IL-6 are elevated by activation of the NF-kB
signaling mechanism [10]. Activation of NF-kB can regulate
genes in vascular cells that include IL-1f, IL-6, and TNF-a
expression, depending on its invasive function as well as
NF-kB [11].

Recently, flavonoids from various plant species have been
noted for their antioxidant nature as potential therapeutic
agents in the prevention and treatment of cardiovascular
diseases [12, 13].

Gossypin (GOS) (3,5,8,3,4-pentahidroxy-7-o-glucosyl
flavone 8-glucosyl) (GOS), originally isolated from Hibis-
cus vitifolius, is a flavonoid with anticancer [14], analge-
sic [15], antioxidant and anti-inflammatory features [16].
Gossypin activates both aminolevulinate dehydratase and
antioxidant defense enzymes, demonstrating its supporting
effects against defense-induced oxidative stress. [17]. In the
present study, when we combine the damage caused by the
MI process and its associated inflammatory development,
apoptosis, and physiopathology, it comes to mind that gos-
sypin may be an important agent for preventing ISO-related
damage.

Thus, this study was designed to investigate the possible
effects of gossypin on ISO-induced MI in vitro and in vivo
and to evaluate the possible contribution of oxidative and
inflammatory markers by biochemical, molecular, and his-
topathological analyses.

Materials and Methods
Cell Culture and Treatment

H9c¢2 (rat cardiac myoblasts, a cardiomyoblast cell line
derived from the heart tissue of embryonic rats) cell line
American Type Culture Collection (ATCC, USA) was
provided. The cell lines in Cryotube in the liquid nitro-
gen were removed from the tank and allowed to dissolve
in the water bath at 37 °C for a short time. Soluble cells
were transferred to flasks with T75 cm?. After 48 h, H9c2
cells were counted at 2 x 10° cells/well in DMEM con-
taining 10% FBS and seeded in a 96-well plate and incu-
bated at 37 °C in a humid atmosphere containing 5% CO,.

Cells were exposed to gossypin [purchased from Sigma
Aldrich (CAS Number 652-78-8)] at different concen-
trations (0.1-200 pg/ml). The experimental groups are
consisted of Control, ISO, ISO + GOS25, ISO + GOS50,
and ISO + GOS100. H9c2 cells were categorized into five
groups based on treatment: (1) Control group (cells were
cultured in DMEM for 24 h and then treated with saline
at 37 °C for 24 h); (2) ISO group (cells were cultured in
DMEM for 24 h and then treated with 10 uM ISO at 37 °C
for 24 h); (3) ISO + GOS groups [cells were pre-incubated
with different concentrations (25, 50, or 100 pg/ml) of gos-
sypin [Sigma Aldrich (CAS Number 652-78-8)] at 37 °C
for 24 h and then treated with 10 pM ISO at 37 °C for 24 h.

MTT Assays

The proliferation of H9¢c2 cells cultured at a density of
1 x 10* cells/well in 96-well plates was measured using
the MTT method and was applied to the cells at 24, 48,
and 72 h; the absorbance values of 570 nm were measured
3 times with microplate reader spectrophotometer (Epoch
Microplate Spectrophotometer, BioTek, USA) according to
the manufacturer's protocol [14]. Inhibition of cell growth
was calculated as the percentage survival of treated cells
over control cells X 100 (T/C %).

% Growth inhibition = 100— [OD(test sample) — OD(blank)/
OD(control)-OD(blank)] x 100

LDH Activity

The extent of cellular injury was monitored by LDH
release. H9c2 cells were cultured at a density of 1x 10°
cells/well in 6-well plates. Following treatment, the cul-
ture medium was analyzed to determine LDH activity
using a LDH assay kit (Roche, Cat. No. 04 744 926 001,
Mannheim, Germany) with a microplate reader according
to the manufacturer's protocol.

Animals

Thirty male Balb/C mice weighing 25-30 g were used in
the study. The animal experiments and procedures were
performed in accordance with national guidelines for the
use and care of laboratory animals and approved by Kaf-
kas University’s Local Animal Care Committee (No: KAU-
HADYEK/2020-056). The mice were obtained from the
Medicinal and Experimental Application and Research
Center, Erzurum, Turkey (ATADEM). They were kept in
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standard laboratory conditions under a natural cycle of light
and dark.

Experimental Protocols of isoproterenol-induced MI

After a week of acclimatization, the experimental animals
were divided into five groups, (comprising six mice each)
as follows:

Healthy.

Healthy +ISO (150 mg/kg).

Healthy +ISO (150 mg/kg) + GOS 5 (5 mg/kg).
Healthy +ISO (150 mg/kg) + GOS 10 (10 mg/kg).
Healthy +ISO (150 mg/kg) + GOS 20 (20 mg/kg).

RARE ol

Mice in group I (normal control) received standard
diet for a period of 7 days. To group II animals (ISO)
were injected with isoproterenol (150 mg/kg body weight/
day) dissolved in physiological saline subcutaneously (on
8th and 9th) for 2 days at 24-h interval for the induction
of myocardial infarction. In group III, IV, and V ani-
mals (GOS 5, GOS 10, and GOS 20) [Sigma Chemical
Company (Germany)] received 5, 10, and 20 mg/kg of
gossypin (5, 10, and 20 mg/kg body weight/day), respec-
tively, for 7 days and then injected with isoproterenol at
the dose mentioned above. GOS is insoluble in water, and
the drug was dissolved in a mixture with one part DMSO
(0.1%DMSO) per one thousand parts of normal saline that
is administered to control and ISO groups as vehicle. At
the end of the experimental period, that is, 12 h after last
injection of isoproterenol, all procedure was performed
according to our previous study [6].

Biochemical Analysis

The separated serums were used for the determination of LDH
and CK-MB (creatine kinase-MB) levels with an autoanalyzer
(AU 5800, BECKMAN-COULTER diagnostic system, Cali-
fornia, USA) and for determination of Tn-I (troponin-I) levels
with another autoanalyzer (Access2, BECKMAN-COULTER
diagnostic system, California, USA). And each heart tissue
sample stored at— 80 °C for biochemical and molecular analy-
ses was pulverized using liquid nitrogen and stainless steel jars
and balls in a TissueLyser II device (Qiagen, Hilden, Germany).
Superoxide dismutase (SOD) activity and glutathione (GSH)
and malondialdehyde (MDA) levels were measured manually
from the supernatants, as described in our previous studies
[18, 19]. The tissue homogenate was centrifuged (10,000 rpm,
4 °C, 5 min) and the TNF-a was detected in the supernatant
using ELISA kits for TNF-a, according to the manufacturer's
instructions (R&D Systems, MN, USA). Results are expressed
as picograms of TNF-a per milligram of protein.
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Reverse Transcription-Quantitative Polymerase
Chain Reaction (RT-qPCR)

Total RNA extraction and cDNA synthesis were performed
according to the methods described in our previous studies
[14].

Histological Procedure

Heart tissues are designed according to the procedure in
the direction of previous literature and our studies [6, 20].
Cell infiltration, necrosis, and hemorrhage. A minimum of
5 fields for each heart section at 200 X magnification were
evaluated and assigned for severity of changes using scores
on a scale of none or rare represented as (—/+), mild (+),
moderate (++), and severe (+++) (Table 1).

Immunohistochemical Procedure

For the immunohistochemical staining, the sections were
deparaffinized and rehydrated. Citrate buffer solution was
used under heat and pressure for inhibition of masking of
antigens. To block endogenous peroxidase activity, the sec-
tions were treated with 0.3% H,O, and then incubated with
a blocking solution (Thermo Scientific, TA-060-PBQ). After
blocking solution removed, the sections were incubated
overnight at+40 °C with primary antibodies anti-Bcl-2
(1:100 dilution—sc-7382), anti-IL1p (1:100 dilution—
sc-32294) and anti-Caspase 3 (1:100 dilution—sc-7272).
The antibodies against anti-Bcl-2, anti-IL1f, and anti-
Caspase 3 were purchased from Santa Cruz Biotechnology
(Dallas, TX, USA). After primary antibody incubation, tis-
sues were incubated with secondary antibody, Streptavidin-
peroxidase complex, and 3,3'-diaminobenzidine (DAB)
solution (Thermo Scientific, TL-060-HD), respectively, in
accordance with the manufacturer's procedure. The sections
were counterstained with Harris hematoxylin and coated
with entellan. For immunohistochemical analysis, the sec-
tions were photographed different five fields for each heart
section at 200 X magnification. Micrographs were analyzed
in Image] software (ImageJ1,51j8, National Institutes of

Table 1 Histopathological scoring of heart tissues

Group Degenerate muscle fiber Inflam-
matory
cells

Control - -

MI +++ ++

MI+GOS5 ++ -

MI+GOS10 + -

MI+GOS20 —/+ -
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Health, USA) to determine staining intensities. H-SCORE
rates were calculated using H-SCORE =X Pi (i+ 1) formula.

Statistical Analysis

Biochemical and molecular data were subjected to one-way
analysis of variance (ANOVA) using the IBM SPSS 20.0 sta-
tistical program. The differences between the groups were deter-
mined by the non-parametric Kruskal-Wallis test (P <0.05).
Bonferroni correction was applied for multiple comparisons.
All results are expressed as mean + SD for each group.

Results
H9c2 cells Viability Results

The effects of gossypin on ISO-induced H9c2 cells have been
investigated. No significant changes up to 50 pg/ml concentra-
tion were observed in the dose-dependent study of gossypin.
However, an increase in gossypin groups of 50 and 100 pg/ml
has occurred. Administration of 200 ug/ml gossypin has been
toxic to H9¢c2 cells (Fig. 1A). Therefore, concentrations of 25,
50, and 100 pg/ml were used in subsequent cellular studies.
There was a significant increase in the ISO group in terms of
LDH release (P <0.001). There is also a significant increase in

the GOS 25 Group (P <0.01). However, there is an increase in
the GOS 50 group (P <0.05). In the GOS 100 Group, a signifi-
cant decrease is observed in terms of LDH release according to
control (P<0.05) (Fig. 1B). If we look at the effects of gossypin
on ISO-treated H9¢2 cells, ISO groups show a significant reduc-
tion in control at all times (P <0.001). Gossypin, on the other
hand, although the dose of 25 pg/ml was not sufficient in the
treatment groups with ISO, 50 and 100 pg/ml doses eliminated
the negative effect of ISO and brought it closer to the control
group. In particular, the effect of GOS 100 pg/ml at 72 h not only
eliminated the ISO effect in H9c2 cells but also significantly
increased the number of cells (P <0.05) (Fig. 1C, D, E).

Biochemical Results

Effect of Gossypin on I1SO-induced Elevation of Serum
Cardiac injury Biomarkers

Isoproterenol administration significantly increased the
activity of CK-MB and LDH (P <0.001), which are enzy-
matic biomarkers of myocardial injury, and level of Tn-I
(P<0.001). Preliminary treatment with 5 and 10 mg/kg
doses of gossypin showed no significant difference in LDH,
CK-MB, and Tn-I levels; however, 20 mg/kg dose of gos-
sypin decreased the ISO-induced changes at LDH, CK-MB
(Fig. 2A, B), and Tn-I levels (Fig. 2C).
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Fig. 1 Assessment of H9c2 cells viability after treatment with differ-
ent concentrations of gossypin. Untreated cells served as control. (A)
The effects of gossypin(0.1-200 uM) on proliferation in H9¢2 cells
were measured by MTT test. (B) LDH levels in H9¢c2 cells. (C) Pro-

liferation of H9c2 cells at 24h (D) Proliferation of H9c2 cells at 48h
(E) Proliferation of H9c2 cells at 72h. Data are expressed as mean +
SEM. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. control
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Oxidative Stress Markers in Heart Tissues

As shown in Fig. 2D-F SOD activity and GSH level
decreased significantly in the ISO group compared to
the control group and MDA level increased significantly
(P<0.001). SOD activity and GSH levels increased, and
mda levels decreased significantly depending on the dose of
gossypin compared to the control group. It is even close to
control. Gossypin exerted an immunomodulatory response
in the heart tissue (Fig. 2G) by reducing the level of inflam-
matory cytokine TNF-a (P <0.01).

Molecular Results
H9c2 cells mRNA Expression Results
To assess the effectiveness of Gossypin in ISO-induced

HOc?2 cells, we analyzed the apoptotic parameters Cyty-c,
CASP-3, and BCL2/Bax mRNA expression levels in cdnas

obtained from H9c2 lysates using real-time PCR. The Cyty-
¢, CASP-3, and Bcl2/Bax mRNA expressions of the groups
are shown in Fig. 3. Cyty-c and CASP-3 mRNA expres-
sions were significantly increased in ISO-applied group
compared to healthy control group (P <0.05). Similarly,
cyty-c and CASP-3 mRNA expression were significantly
increased in the GOS25 and gos 50 groups (P <0.01 and
P <0.05, respectively). But the GOS100 group has increased
these values to the same level as control. BCL2/Bax mRNA
expression was significantly reduced in ISO group and gos
25 Group (P<0.001 and P <0.01 respectively). A signifi-
cant increase is observed in the GOS100 group compared to
the control group (P <0.01).

Heart Tissues mRNA Expression Results

TNF-a, IL-6, IL-1b, and NF-kB mRNA expression results
are seen in Fig. 4. Levels of cytokines were significantly
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Fig.2 Effects of gossypin on ISO-induced myocardial injury in vivo.
The Effects of gossypin and ISO on LDH (A), CK activities (B) and
Tn-I levels (C) were measured. The levels of SOD activity (D), GSH
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(E) MDA levels (F) and Tumor necrosis factor-oa (TNF-a) in the heart
tissues were measured by the corresponding kits. Data are expressed
as mean + SEM. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. control
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Fig.3 mRNA levels of apoptotic genes in H9c2 cells. mRNA lev-
els in isoproterenol (ISO) - inducedH9c2 cells were evaluated in the

(B) Caspase-3 (CASP3) and (C)Cytochrome-c (Cyt-c). Data are
expressed as mean + SEM. *P < 0.05, **P < 0.01 and ***P < 0.001
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higher in the ISO group than in the control group (P <0.001).
TNF-a, IL-6, IL-1b, and NF-kB mRNA expression levels
showed a dose-dependent decrease in the ISO +GOS 10
and ISO + GOS 20 groups compared to the sepsis group. No
significant difference was observed between TNF-a mRNA
expression levels and the control group in the ISO + GOS
20 group.

Histopathology of Heart Tissues

According to the histopathology assessment, normal-looking
muscle fibers and connective tissue areas were monitored
in the healthy group. In the ISO Group, highly degenerate
muscle fibers and inflammatory cells with Polymorph nuclei
were found in the connective tissue between them. Moderate
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Fig.5 H-score rates (Mean+Std) of immunolabeling with IL-18
(A) BCL-2 (B) primary antibody in heart tissue. *P < 0.05; com-
parison between control and ISO-ISO4+Gos5-ISO+Gos20 groups.
#P < 0.05; comparison between ISO and ISO+Gos5- ISO+Gos10-
ISO+Gos20 groups. And the number of positive cells (Mean + Std)

degenerate muscle fibers were observed in the ISO + Gos5
group, while no inflammatory cells were found. In the
ISO + Gos10 there were no signs of inflammation, while
slightly degenerate novelized muscle fibers were observed
in the group. In the ISO + Gos20 group, degenerate muscle
fibers were rarely seen, while no signs of inflammation were
found Nov. (Fig. 6).

Immunohistochemical Analyses of Heart Tissues

When the markings made with BCL-2 primary antibody
were examined, there was a significant difference among
the groups in H-SCORE averages (P =0.0005). Isoproter-
enol administration significantly decreased the expression
of BCL-2 (P <0.005). After treatment with gossypin at
doses of 5, 10, and 20 mg/kg, expression levels of BCL-2
were increased compared to the isoproterenol group (respec-
tively; P<0.0001, P <0.05, P<0.05). When the control
group and ISO + Gos10 group were compared in terms of
BCL-2 expressions, no statistically significant difference
was found between them (P =0.5). When the control group
and ISO + Gos5 and ISO + Gos20 groups were compared, a
statistically significant decrease was observed (respectively;
P <0.05, P<0.05) (Figs. 5B and 6).

When the H-SCORE averages of the micrographs of the
IL1p primary antibody were compared, a statistically signifi-
cant difference was found among the groups (P <0.0001).
Isoproterenol administration significantly increased the
expression of IL1P (P=0.0006). It was observed that IL1
expression levels decreased after the administration of gos-
sypin to the ISO groups. When the IL1p expression lev-
els of the ISO group and gossypin groups were compared,
although a decrease was observed among the gossypin
groups, a statistically significant difference was found only
in the ISO + Gos20 group (ISO via ISO + Gos5, P=0.3405;
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of immunolabeling with Caspase 3 (C) primary antibody in heart
tissue. ¥*P < 0.05; comparison between control and ISO-ISO+Gos5-
ISO+Gos10-ISO+Gos20 groups. #P < 0.05; comparison between
ISO and ISO+Gos5-ISO+Gos10-ISO+Gos20 groups

ISO via ISO + Gos10, P=0.0565; ISO via ISO + Gos20,
P=0.0096) (Figs. 5A and 6).

A statistically significant difference was found among the
groups in terms of the number of positive cells in the labe-
ling with Caspase-3 primary antibody, which is an indicator
of apoptosis (P <0.0001). There was a significant increase
in the number of positive cells in the ISO group compared
to the control group (P =0.0001). After treatment with gos-
sypin at doses of 5, 10, and 20 mg/kg, the number of positive
cells decreased compared to the ISO group (respectively;
P=0.0235, P=0.0048, P=0.0022) (Figs. 5C and 6).

Discussion

The current study is the first to examine the cardioprotec-
tive effects of gossypin on ISO-induced experimental MI in
HO9c2 cell line and Balb/c mice.

Hypoxia, ischemia, and $-adrenergic receptor stimula-
tion are among the methods that cause cardiac damage. Of
these, the application of ISO is a well-known standard model
for evaluating cardioprotective drugs [21, 22]. Because the
pathophysiological changes in the supramaximal dose ISO
administration model in mice are quite similar to the changes
observed in MI in humans [23, 24], ISO application stimu-
lates severe oxidative stress in the myocardium, which has
been reported as the main mechanism of myocardial necrosis
[6]. Therefore, in the treatment of these diseases, clearing
excess intracellular ROS and reducing apoptosis, especially
due to oxidative stress, can serve important functions. In
our study, the cardioprotective potential of gossypin against
ISO-induced damage was demonstrated in H9¢2 cells and
BALB/c mice. This study showed that ISO led to decreased
cell viability and increased LDH activities in H9¢c2 cells, two
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Fig.6 Hematoxylene and eosin staining histopathology findings (A:
Control, B: MI, C: MI+ GOSS5, D: MI+GOS10, E: MI+GOS20 -
arrows: PMNL cells, Triangle: degenerate novelized muscle fibers).
Representative micrograps of immunohistochemical analysis of IL1f,

reliable markers for cardiac myocyte death [25]. Treatment
with Gossypin greatly reversed the loss of cell viability and
reduced LDH activities in H9c2 cells in a dose-dependent
manner. In addition, gossypin showed anti-apoptotic action
in apoptotic genes in H9c2 cells, creating regulation on
apoptotic genes.

Clinically, the endocardium enzymes and proteins
released by cardiomyocytes, membrane damage, and heart
problems can be used to identify—most of them favorites,
LDH, CK-MB enzyme activities, and Tn-I. These bio-
chemical markers are very sensitive and specific diagnos-
tic markers in the diagnosis of patients with myocardial
damage where ECG is normal [26]. CK-MB, which is
highly specific to the heart, can also increase due to ISO-
enzymatic skeletal injury. Our results confirmed previous

BCL-2, and Caspase3 in sections of heart tissue. In IL1p and BCL2
micrograps, brown staining indicates positive immune-reactivity. In
Caspase 3 micrograph, — indicates positive staining cells

studies that reported that ISO caused significant increases
in serum Tn-i levels and CK-MB and LDH enzyme activ-
ity, which are indicative of severe damage to myocardial
tissue [27, 28]. Administration of Gossypin returned dose-
dependent increases in LDH, CK-MB enzyme activities,
and Tn-I levels. In this way, our serum marker results sup-
ported the results showing that flavonoid-rich nutrients
prevent heart disease [29].

Oxidative stress is caused by a pathophysiological pro-
cess characterized by ROS production and/or antioxidant
enzyme dysfunction. Excessive ROS production and lipid
peroxidation contribute to tissue damage occurred during
ISO-induced cardiotoxicity [30]. The factors leading to
lipid peroxidation are ROS and cellular damage resulting
from tissue GSH depletion [31, 32]. In the detoxification
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of excess ROS, non-enzymatic and enzymatic antioxidants
take the main role [33]. Therefore, to evaluate the protective
role of Gossypin on oxidative stress in ISO-induced cardio-
toxicity, we measured GSH levels, MDA content, and SOD
enzyme activity in heart tissue as different markers of oxi-
dative stress. High levels of MDA may be due to increased
ROS production (superoxide radicals, hydrogen peroxide,
and hydroxyl radicals) and low GSH levels and ROS excre-
tion because GSH is a large intracellular redox buffer and
also has the ability to detoxify through direct interaction
with ROS [34]. In this study, a significant decrease in SOD
and GSH activity and a significant increase in MDA levels
were observed in heart tissue exposed to oxidative stress in
an in vivo mice model, but these changes were regulated in
a dose-dependent manner when gossypin pre-treated. The
tissue TNF-a level measured by the ELISA method also sup-
ported our current findings and dose dependently reduced
ISO damage. In previous studies with Gossypin, it has also
been shown to regulate these markers, which increase for
various conditions [35]. These results suggest that the car-
dioprotective effects of gossypin may be due to its antioxida-
tive properties.

The relationship between oxidative stress and inflam-
matory responses is known. Under inflammatory condi-
tions, ROS can trigger activation of NF-kB and MAPKs
signaling pathways in different cell types. ISO coordinates
the activation of a large network between the chemokines
and cytokines in the heart. We observed that ISO treatment
increased TNF-a, IL-1f, and IL-6 based on these previous
findings, and treatment with gossypin significantly reduced
ISO-induced cytokines, demonstrating the protective effect
of gossypin on heart tissue [36, 37]. Our data showed that
Gossypin inhibits ISO-induced NF-kB mRNA expression.
In our previous study, gossypin exhibited a regulatory effect
on inflammatory genes [16].

Apoptosis is a form of programmed cell death with cer-
tain signaling cascades that represent a regular process of
cell death [38]. And the application of ISO has been shown
by studies to activate the apoptotic pathway [30]. Under vari-
ous stimulation factors, the balance between Bcl-2 and Bax
increases the permeability of mitochondrial membranes and
finally Cyt-c is released from the mitochondria to the cyto-
plasm to induce apoptosis. Bax is a member of the Bcl-2
family. It is a critical factor in regulating cell apoptosis and
has been widely accepted [39, 40]. The mitochondrial apop-
totic pathway is known to be one of the apoptotic pathways
regulated by Bcl-2 family proteins. Mitochondrial apopto-
sis occurs by increasing the pro-apoptotic protein Bax and
reducing the anti-apoptotic protein Bcl-2 [41]. The ratio
of Bcl-2 to Bax is a very important finding in the analysis
of cell apoptosis and survival. But the factor that initiates

@ Springer

apoptosis in myocardial cells is CASP-3 [42]. Application
of ISO inhibited the ISO-induced release of cytochrome-c
from mitochondria and as a result ISO induced a significant
reduction of the BCL-2/Bax ratio followed by activation of
CASP-3 cleavage. Previous studies have shown the anti-
apoptotic activity of gossypin [14, 43—45]. In our results
supporting all these findings, gossypin significantly sup-
pressed the apoptosis of cardiomyocytes by up-regulating
Bcl-2, down-regulating Bax, and inhibiting CASP-3 mRNA
levels. Beneficial effects of GOSSYPIN against ISO-induced
apoptosis, the determination of gossypin both at the mRNA
level and immunohistochemically in this study, and when
we combine our available data with in vitro results pro-
vides quite strong evidence of the cardioprotective effect
of gossypin.

Our histopathological findings brought advanced degen-
erate muscle fibers formed in the ISO group with gossypin
administration and Polymorph-nucleated inflammatory cells
in the connective tissue between them closer to healthy heart
tissues. Immunohistochemical analysis of IL-1f3, BCL-2, and
Caspase-3 was also performed in our study. These data also
supported biochemical and molecular cardiac tissues and
serum findings of oral administration of gossypin, confirm-
ing its cardioprotective effect.

Conclusion

This study shows that gossypin attenuates ISO-induced
damage in H9¢2 cardiomyocytes and mice heart tissue by
reducing proinflammatory cytokines and NF-kB activation
involved in inflammatory responses. In addition, gossypin
reduced oxidative stress and increased the activity of antioxi-
dant enzymes in heart tissue. Furthermore, gossypin freed
HO9c2 cardiomyocytes from ISO-induced apoptosis. All these
findings have shown that gossypin exhibits cardioprotective
effects through anti-inflammatory, antioxidant, and anti-
apoptotic activities. Gossypin may therefore be a promising
therapeutic agent for heart diseases. However, more clinical
and experimental studies are necessary to develop and dis-
seminate this knowledge.
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