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Abstract: Myocardial infarction (MI) is a life-threatening ischemic disease and is one of the leading
causes of morbidity and mortality worldwide. Serotonin (5-HT) release during myocardial ischemia
plays an important role in the progression of myocardial cellular injury. This study was conducted
to investigate the possible cardioprotective effect of flibanserin (FLP) against isoproterenol (ISO)-
induced MI in rats. Rats were randomly divided into five groups and were treated orally (p.o0.) with
FLP (15, 30, and 45 mg/kg) for 28 days. ISO was administered subcutaneously (S.C.) (85 mg/kg) on
the 27th and 28th days to induce MI. ISO-induced myocardial infarcted rats exhibited a significant
increase in cardiac markers, oxidative stress markers, cardiac and serum 5-HT levels, and total
cardiac calcium (Ca?*) concentration. ISO-induced myocardial infarcted rats also revealed a remark-
able alteration of electrocardiogram (ECG) pattern and significantly upregulated expression of the
5-Hydroxytryptamine 2A (5-HT2A) receptors gene. Moreover, ISO-induced myocardial infarcted rats
showed significant histopathological findings of MI and hypertrophic signs. However, pretreatment
with FLP significantly attenuated the ISO-induced MI in a dose-dependent manner, as the effect of
FLP (45 mg/kg) was more pronounced than that of the other two doses, FLP (15 and 30 mg/kg). The
present study provides evidence for the cardioprotective efficacy of FLP against ISO-induced MI
in rats.

Keywords: flibanserin; isoproterenol; myocardial infarction; cardioprotection; 5-HT2A receptors; rats

1. Introduction

Myocardial infarction (MI), commonly known as a heart attack, is a serious medical
condition that occurs when the blood supply to the heart is blocked [1]. This blockage
is usually caused by a buildup of plaque in the coronary arteries, which can lead to a
complete or partial blockage of the artery [2]. When this happens, the heart muscle is
deprived of oxygen and nutrients, leading to tissue death. One of the most frequent
causes of morbidity and mortality worldwide, MI is primarily brought on by an imbalance
between the heart’s need for oxygenated blood and its ability to deliver it as a result of
coronary artery obstruction [3,4]. The heart has a limited ability for anaerobic metabolism
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and cannot cope with the lack of blood, nutrients, and oxygen during MI [5], leading to
pathological changes and eventually resulting in cardiac dysfunction [6].

Isoproterenol (ISO) is a synthetic catecholamine and a (3-adrenergic receptor agonist.
Subcutaneous (S.C.) injection of ISO causes irreversible cellular damage and eventually MI
in rats [7,8]. The acute electrocardiographic and hemodynamic alterations that occur in
ISO-induced MI are quite similar to those that occur in patients with MI. Therefore, the rat
model of ISO-induced MI offers a reliable non-invasive technique for studying the effects
of various potential cardioprotective agents [9].

In the cardiac tissues, serotonin (5-HT) has been identified in platelets of the vas-
cular beds, mast cells, and sympathetic nerve endings [10]; 5-HT is released from these
compartments—mainly platelets—during myocardial ischemia, acute inflammation, and
tissue damage [11,12] and plays an important role in the progression of myocardial cellular
injury through various pathways utilizing 5-HT2A and 5-HT2B receptors along with uptake
transporters of 5-HT [10,13-15]. It was previously reported the effectiveness of sarpogrelate,
a selective 5-HT2A receptor antagonist, against ischemic cellular damage/ infarction size
in rabbit hearts and MI in rats [10,16,17] and blockade of 5-HT2 receptors by ketanserin
and cinanserin resulted in the protection of the isolated rat heart against ischemia in terms
of cardiac function [18].

Flibanserin (FLP) is a drug that has been approved by the FDA for the treatment
of premenopausal women with hypoactive sexual desire disorder (HSDD) [19]. HSDD
is a condition characterized by a lack of interest in sexual activity that causes distress
or interpersonal difficulty. FLP is the first drug approved for the treatment of HSDD in
women [20]. FLP works by targeting the brain’s 5-HT, norepinephrine (NE), and dopamine
(DA) systems, which are involved in sexual desire. It is thought to alter the level of these
neurotransmitters, which can lead to an increase in sexual desire. FLP is taken once daily;,
and it is recommended that women take it at bedtime [21]. FLP is a non-hormonal drug
chemically described as N-alkylpiperazine derivative used to treat acquired generalized
HSDD in premenopausal women [22]. FLP has a high affinity for 5-HT post-synaptic
5-HT1A and 5-HT2A receptors, displaying agonist activity on 5-HT1A receptors and antag-
onist activity on 5-HT2A receptors, after the launching of FLP in the market worldwide.
Premenopausal women who predominantly suffer from cardiovascular disease started
medication with it. The effect of FLP in developing or treating cardiac symptoms is still
unknown. So, the present study was designed to investigate the potential cardioprotective
effect of FLP against ISO-induced MI in female Wistar rats for the first time.

2. Results
2.1. Effect of FLP Pretreatment on Heart Rate (HR), R Wave Amplitude, ST Segment Amplitude,
and Qt Interval

As shown in Figure 1a, both the ISO group and FLP (15 mg/kg) group showed a
significant increase in HR when compared to the normal group (p < 0.001). In contrast,
rats pretreated with FLP (30 and 45 mg/kg) showed a significant decrease in HR when
compared to the ISO group and FLP (15 mg/kg) group (p < 0.001). A higher dose of FLP
(45 mg/kg) decreased HR significantly to a much greater extent when compared to a lower
dose (FLP 30 mg/kg) (p < 0.001) (Figure 1a).

Both the ISO group and FLP (15 mg/kg) group showed a significant increase in Qt
interval when compared to the normal group (p < 0.001). In contrast, rats pretreated with
FLP (30 and 45 mg/kg) showed a significant decrease in Qt interval when compared to the
ISO group and FLP (15 mg/kg) group (p < 0.001) (Figure 1a,b).
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Figure 1. The ECG examination in different treated groups. (a): The electrocardiographic effect of
FLP in different doses on ISO-induced MI in rats. (b): ECG in experimental rats pretreated with FLP
(15, 30, and 45 mg/kg) in an ISO-induced MI model on HR, QT interval, R amplitude, and ST segment
amplitude. (A) Normal group, (B) Iso group, (C) FLB 15 mg + Iso group, (D) FLB 30 mg + Iso group
and FLB 45 mg + Iso group. Bars with different letters are significantly different according to
DMRT at p < 0.001 level (7 = 5). Data are expressed as Mean £ SD. ECG = electrocardiogram,
FLP = flibanserin, ISO = isoproterenol, MI = myocardial infarction, HR = heart rate, DMRT = Duncan’s
multiple range test.

Both the ISO group and FLP (15 mg/kg) group showed a significant decrease in
R wave amplitude when compared to the normal group (p < 0.001). In contrast, rats
pretreated with FLP (30 and 45 mg/kg) showed a significant increase in R wave amplitude
when compared to the ISO group and FLP (15 mg/kg) group (p < 0.001). A higher dose of
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FLP (45 mg/kg) increased R wave amplitude significantly to a much greater extent when
compared to a lower dose (FLP 30 mg/kg) (p < 0.001) (Figure 1a,b).

The ISO group showed a significant elevation in ST segment amplitude when com-
pared to the normal group (p < 0.001). In contrast, rats pretreated with FLP (15, 30, and
45 mg/kg) showed a significant decrease in ST segment amplitude when compared to the
ISO group (p < 0.001). Higher doses of FLP (30 and 45 mg/kg) decreased ST segment ampli-
tude significantly to a much greater extent when compared to a lower dose (FLP 15 mg/kg)
(p < 0.001) (Figure 1a,b).

Effect of FLP pretreatment on myocardial final body weight, heart weight, left ventric-
ular weight, myocardial weight index, and left ventricle weight index.

Both the ISO group and FLP (15 mg/kg) group showed a significant increase in
myocardial weight index when compared to the normal group (p = 0.001). In contrast, rats
pretreated with FLP (30 and 45 mg/kg) showed a significant decrease in myocardial weight
index when compared to the ISO group (p = 0.001) (Table 1).

Table 1. Effect of pretreatment with FLP (15, 30, and 45 mg/kg) on the final body weight, heart
weight, left ventricular weight, myocardial weight index, and left ventricle weight index in ISO
myocardial infarct rats.

Initial Body Final Body Heart Weight (2) Left Ventricular Myocardial Left Ventricle
Group Weight (g) Weight (g) ghtis Weight (g) Weight Index Weight Index
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Normal 12313 £15.76 ¢ 133.21 £ 17.55b 0.51 + 0.09 b 0.18 £0.03 ¢ 0.38+0.01 ¢ 35.13 £0.62Db
ISO 137.12 4+ 4.32 bc 149.78 + 4.29 ab 0.70 £0.02a 0.294+0.02a 047 +0.03 a 42094+ 094 a
FLP (15 mg/kg) + ISO 151.30 &+ 5.14 ab 162.93 £ 555 a 0.71+0.04a 0.29 +£0.03 a 0.44 £ 0.02 ab 40.58 £2.23 a
FLP (30 mg/kg) + ISO 162.41 £17.94 a 173.48 £ 19.04 a 0.71 £0.09 a 0.26 £ 0.04 ab 0.41 £ 0.01 be 3719 £ 098 b
FLP (45 mg/kg) + ISO 154.13 + 4.26 ab 163.44 £ 476 a 0.64 +0.01a 0.23+0.01b 0.39 £0.01c 3592 +1.00b
ANOVA F 5.708 4.877 6.491 9.965 11.89 16.715
[4 0.012* 0.019* 0.008 ** 0.002 ** 0.001 *** <0.001 ***

Means followed by different letters are significantly different according to DMRT. *, **, *** significant at
p <0.05,0.01, and 0.001. NS, non-significant at p > 0.05.

Both the ISO group and FLP (15 mg/kg) group showed a significant increase in the
left ventricle weight index when compared to the normal group (p < 0.001). In contrast,
rats pretreated with FLP (30 and 45 mg/kg) showed a significant decrease in left ventricle
weight index when compared to the ISO group and FLP (15 mg/kg) group (p < 0.001)
(Table 1).

2.2. Effect of FLP Pretreatment on Histopathology

Histopathological examination of the normal group showed compact, uniformly
arranged myocardial fibers with preserved uniform nuclei and cytoplasmic cross striation,
while the ISO group and FLP (15 mg/kg) group revealed wide separation of myocardial
fibers due to interstitial edema, the influx of inflammatory cells into myocardial fibers, loss
of cytoplasmic striation of myocytes with shrinkage of nuclei, and prominence of the cell
membrane. FLP (30 mg/kg) group revealed persistent pathological changes of MI yet to
a milder degree, while FLP (45 mg/kg) group revealed the nearly normal architecture of
myocardial fibers with a mild degree of inflammatory infiltrate (Figure 2A,B).
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Figure 2. Histopathological examination in the different treated groups. (A): Photomicrograph for
specimens from the heart stained with H&E 10x & 40x in different treated groups. In the normal
group: [H&E 10 x] shows Compact, uniformly arranged myocardial fibers (Black arrows), [H&E 40x |
myocytes show preserved uniform nuclei (Black arrows) and cytoplasmic cross striation (Red arrows).
In ISO group: [H&E 10x] shows a wide separation of myocardial fibers due to interstitial edema
(Black arrows), areas of myocardial fibers loss of eosinophilic staining and becoming pallor in
appearance (Arrowheads), the influx of inflammatory cells into myocardial fibers (Red arrows),
[H&E 40x] shows pathological changes of MI, interstitial edema between myocardial fibers (Black
arrows), loss of cytoplasmic striation of myocytes with shrinkage of nuclei and prominence of the
cell membrane (Arrowheads), some myocytes show an absence of nuclei (Yellow arrows), the influx
of macrophages, indicating an inflammatory response to remove dead fibers (Red arrows). In FLP
(15 mg/kg) + ISO group: [H&E 10x] shows no significant difference when compared to the ISO
group as there is still a wide separation of myocardial fibers due to interstitial edema (Black arrows),
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the influx of inflammatory cells into myocardial fibers (Red arrows), [H&E 40 x ] shows persistent
pathological changes of MI, interstitial edema between myocardial fibers (Black arrows), loss of
cytoplasmic striation of myocytes with shrinkage of nuclei and prominence of the cell membrane
(Arrowheads), some myocytes show an absence of nuclei (Yellow arrows), the influx of macrophages
indicating an inflammatory response to remove dead fibers (Red arrows). In FLP (30 mg/kg) +
ISO group: [H&E 10x] still shows interstitial edema (Black arrows); however, a slight reduction in
inflammatory cell influx is noticed (Red arrow), [H&E 40 x ] shows persistent pathological changes
of MI, yet to a milder degree: interstitial edema between myocardial fibers (Black arrows), loss of
cytoplasmic striation of few myocytes with shrinkage of nuclei and prominence of the cell membrane
(Arrowheads), absence of nuclei in few myocytes (Yellow arrows), reduction in macrophages influx
(Red arrows). In FLP (45 mg/kg) + ISO group: [H&E 10x] shows compact uniformly arranged
myocardial fibers and absence of interstitial edema (Black arrows); few areas of chronic inflammatory
cells are seen (Red arrow), [H&E 40 x] myocytes show uniform nuclei and eosinophilic cytoplasm
(Black arrows), few macrophages are seen (Red arrows). (B): histopathologic score in experimental
rats pretreated with FLP (15, 30, and 45 mg/kg) in an ISO-induced MI model. Data were analyzed
using Kruskal-Wallis followed by Dunn’s test for multiple comparisons against the normal group
at p < 0.05., ** p < 0.01, ** p < 0.001, n = 6. H&E = hematoxylin and eosin, FLP = flibanserin,
ISO = isoproterenol, MI = myocardial infarction.

2.3. Effect of FLP Pretreatment on Serum Troponin I (Tnl), Lactate Dehydrogenase (LDH),
Creatinine Kinase-MB (CK-MB), and Creatine Kinase (CK)

The ISO group showed a significant elevation in serum Tnl concentration when
compared to the normal group (p < 0.001). In contrast, rats pretreated with FLP (15, 30,
and 45 mg/kg) showed a significant decline in serum Tnl concentration when compared
to the ISO group (p < 0.001). Higher doses of FLP (30 and 45 mg/kg) decreased serum
Tnl concentration significantly to a much greater extent when compared to a lower dose
(FLP 15 mg/kg) (p < 0.001) (Figure 3A).
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Figure 3. Serum cardiac enzymes levels in experimental rats pretreated with FLP (15, 30, and
45 mg/kg) in an ISO-induced MI model (A): The cardiac serum level of Tnl (B): The cardiac serum
level of CK-MB, (C): The cardiac serum level of LDH. (D): The cardiac serum level of CK. Bars
with different letters are significantly different according to DMRT at p < 0.001 level (n = 5). Data
are expressed as Mean £ SD. FLP = flibanserin, ISO = isoproterenol, MI = myocardial infarction,
Tnl = troponin I, CK-MB = creatinine kinase-MB, LDH = lactate dehydrogenase, CK = creatine kinase,
DMRT = Duncan’s multiple range test.
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The ISO group a showed significant elevation in Serum CK-MB level when compared
to the normal group (p < 0.001). In contrast, rats pretreated with FLP (15, 30, and 45 mg/kg)
showed a significant decline in Serum CK-MB level when compared to the ISO group
(p < 0.001). The higher dose of FLP (45 mg/kg) decreased serum CK-MB level significantly
to a much greater extent when compared to the lower dose (FLP 15 mg/kg) (p < 0.001)
(Figure 3B).

The ISO group showed a significant elevation in the Serum LDH level when compared
to the normal group (p < 0.001). In contrast, compared to the ISO group, rats pretreated
with FLP (15, 30, and 45 mg/kg) demonstrated a significant decrease in serum LDH levels.
(p < 0.001) (Figure 3C). The ISO group showed a significant elevation in Serum CK level
when compared to the normal group (p < 0.001). In contrast, rats pretreated with FLP (15,
30, and 45 mg/kg) showed a significant decline in Serum CK level when compared to
the ISO group (p < 0.001). The higher dose of FLP (45 mg/kg) decreased serum CK level
significantly to a much greater extent when compared to the lower dose (FLP 15 mg/kg)
(p < 0.001) (Figure 3D).

2.4. Effect of FLP Pretreatment on Cardiac Oxidative Stress Markers

The ISO group showed a significant decline in cardiac reduced glutathione (GSH) con-
centration when compared to the normal group (p < 0.001). In contrast, rats pretreated with
FLP (15, 30, and 45 mg/kg) showed a significant elevation in cardiac GSH concentration
when compared to the ISO group (p < 0.001). Increasing the dose of FLP resulted in an
increase in cardiac GSH concentration significantly to a much greater extent (p < 0.001)
(Figure 4A).
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Figure 4. Effect of FLP in different doses on heart tissue level of GSH and MDA. (A): Heart level
of GSH in experimental rats pretreated with FLP (15, 30, and 45 mg/kg) in an ISO-induced MI
model. (B) Heart level of MDA in experimental rats pretreated with FLP (15, 30, and 45 mg/kg) in an
ISO-induced MI model. Bars with different letters are significantly different according to DMRT at
p <0.001 level (n = 5). Data are expressed as Mean =+ SD. FLP = flibanserin, GSH = reduced glutathione,
MDA = malondialdehyde, ISO = isoproterenol, DMRT = Duncan’s multiple range test.
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The ISO group showed a significant elevation in cardiac malondialdehyde (MDA)
concentration when compared to the normal group (p < 0.001). In contrast, rats pretreated
with FLP (15, 30, and 45 mg/kg) showed a significant decline in cardiac MDA concentration
when compared to the ISO group (p < 0.001). Increasing the dose of FLP resulted in a
decrease in cardiac MDA concentration significantly to a much greater extent (p < 0.001)
(Figure 4B).

2.5. Effect of FLP Pretreatment on Serum 5-HT, Cardiac 5-HT, and Cardiac Total Calcium (Ca®*)

The level of serum 5-HT significantly dropped in the ISO group. When compared to
the normal group (p < 0.001). In contrast, rats pretreated with FLP (15, 30, and 45 mg/kg)
showed a significant elevation in serum 5-HT level when compared to the ISO group
(p < 0.001). Increasing the dose of FLP resulted in an increase in serum 5-HT level signifi-
cantly to a much greater extent (p < 0.001) (Table 2).

Table 2. Effect of pretreatment with FLP (15, 30, and 45 mg/kg) on serum and cardiac 5-HT level, in
addition to cardiac GSH, MDA, and total Ca%* concentrations in ISO myocardial infarct rats.

5-HT . Total Ca2*
Group (ng/mL-Serum) 5-HT (ng/g-Tissue) (mg/dL-Tissue)

Mean £+ SD Mean + SD Mean £+ SD

Normal 8790 +£9.02a 3970+ 155a 1.7 £ 0.03 ¢

ISO 33.00 £2.26¢ 1540+ 1.10e 2.0+0.05a

FLP (15 mg/kg) + ISO 43.60 £6.70d 23.80 +£0.70d 1.8 £0.04b
FLP (30 mg/kg) + ISO 66.90 + 4.02 ¢ 28.70 £ 0.80 ¢ 1.8 +0.03b
FLP (45 mg/kg) + ISO 77.50 +2.25b 33.40 +£0.04 Db 1.8+ 0.06 ¢

ANOVA F-ratio 52.024 269.747 18.74

p-value <0.001 *** <0.001 *** <0.001 ***

Means followed by different letters are significantly different according to DMRT. *** significant at 0.001.
NS, non-significant at p > 0.05.

The ISO group showed a significant decline in cardiac 5-HT levels when compared to
the normal group (p < 0.001). In contrast, rats pretreated with FLP (15, 30, and 45 mg/kg)
showed a significant elevation in cardiac 5-HT level when compared to the ISO group
(p < 0.001). Increasing the dose of FLP resulted in an increase in cardiac 5-HT level
significantly to a much greater extent (p < 0.001) (Table 2).

The ISO group showed a significant elevation in cardiac total Ca?* concentration when
compared to the normal group (p < 0.001). In contrast, rats pretreated with FLP (15, 30, and
45 mg/kg) showed a significant decline in cardiac total Ca?* concentration when compared
to the ISO group (p < 0.001). A higher dose of FLP (45 mg/kg) decreased cardiac total
Ca?* concentration significantly to a much greater extent when compared to lower doses
(FLP 15 and 30 mg/kg) (p < 0.001) (Table 2).

2.6. Effect of FLP Pretreatment on Cardiac 5-HT2A Gene Expression

The ISO group showed a significant elevation in cardiac 5-HT2A receptors normalized
fold change when compared to the normal group (p < 0.001). In contrast, rats pretreated
with FLP (15, 30, and 45 mg/kg) showed a significant decline in cardiac 5-HT2A receptors
normalized fold change when compared to the ISO group (p < 0.001). A higher dose of FLP
(45 mg/kg) decreased cardiac 5-HT2A receptors normalized fold change significantly to a
much greater extent when compared to a lower dose (FLP 15 mg/kg) (p < 0.001) (Table 3).
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Table 3. Effect of pretreatment with FLP (15, 30, and 45 mg/kg) on cardiac 5-HT2A receptors CT, ACt,
AACT, and normalized Fold change in ISO myocardial infarct rats.

5-HT2A Receptors CT 5-HT2A Receptors ACt 5-HT2A Receptors AACT

5-HT2A Receptors

Group Normalized Fold Change
Mean + SD Mean + SD Mean + SD Mean + SD
Normal 28.53 £ 0.55 a 4.62 +£0.05a 0.00 £0.00 a 0.80 +0.40 d
1SO 23.23 £0.55d 298 £0.06 e —1.64 £0.04 e 292 +£040a
FLP (15 mg/kg) + ISO 24.70 +0.55 ¢ 3.38 £ 0.06 d —1.24 £0.04d 2.16 = 0.40Db
FLP (30 mg/kg) + ISO 25.46 £+ 0.55 bc 3.68 £+ 0.06 ¢ —094 +0.04c¢c 1.72 + 0.40 bc
FLP (45 mg/kg) + ISO 26.07 £ 0.55b 4.00 +0.05b —0.62 £0.02b 1.34 + 0.40 cd
ANOVA F-ratio 37.816 383.855 1119.577 12.026
p-value <0.001 *** <0.001 *** <0.001 *** <0.001 ***

Means followed by different letters are significantly different according to DMRT. *** significant at 0.001.
NS, non-significant at p > 0.05.

3. Discussion

Cardiovascular illnesses are the main cause of death [23]. The most notable of these
illnesses is MI, which permanently damages heart tissue [24]. It increases the death rate
among those who are impacted by it [25]. Numerous processes, including oxidative stress,
Ca?* overload, endothelial and cardiac damage, contractile dysfunction, and cell death by
necrosis or apoptosis, or both, are combined in the pathogenesis of this disease [26]. ISO is
a synthetic catecholamine and a 3-adrenergic receptor agonist. S.C. injection of ISO causes
irreversible cellular damage and eventually Ml in rats [7,8]. A reliable non-invasive method
for examining the effects of numerous potentially cardioprotective drugs is available in the
rat model of ISO-induced MI [9].

Mast cells, sympathetic nerve terminals, and platelets from vascular beds have all
been found to contain 5-HT in cardiac tissues [10]. Further, 5-HT is released from these
compartments during cardiac ischemia, acute inflammation, and tissue injury, primarily
from platelets-HT is released from these compartments during cardiac ischemia, acute
inflammation, and tissue injury, primarily from platelets [11,12]. Platelet aggregation,
thrombus formation, smooth muscle cell contraction, and coronary artery spasms are all
caused by the release of additional 5-HT from the dense granules of platelets after binding
of 5-HT to their 5-HT2A receptors [10,27,28]. The myocardial interstitium accumulates
5-HT, which plays a significant role in the development of cardiac cellular damage through a
variety of pathways, including 5-HT2A and 5-HT2B receptors as well as uptake transporters
of 5-HT [10,13-15].

As an N-alkylpiperazine derivative, FLP is a non-hormonal medication used to treat
acquired global HSDD in premenopausal women [29]. Furthermore, FLP exhibits agonist
activity on 5-HT1A receptors and antagonist activity on 5-HT2A receptors, demonstrating
a high affinity for 5-HT post-synaptic 5-HT1A and 5-HT2A receptors. Reduced glutamate
(Glu) transmission to the brainstem, which in turn causes disinhibition of the ascending
adrenergic and dopaminergic neurons and inhibition of the ascending serotoninergic
neurons, is the result of preferential FLP activation of 5-HT1A receptors and blockade of
5-HT2A receptors on the cortical pyramidal neurons. Together, these actions increase NE
and DA and transiently decrease 5-HT, restoring an appropriate balance of excitatory and
inhibitory activity of the brain reward centers to the prefrontal cortex (Figure 5) [30]. FLP
may result in central nervous system (CNS) depression with drowsiness and sedation and
can even cause hypotension and syncope by itself. Dry mouth, fatigue, and insomnia can
also occur with FLP use [19].



Pharmaceuticals 2023, 16, 502 10 of 20

5-HT1A receptor
/ Glu GABA

/ DA
Glu neuron / GABA neuron / DA neuron /
/ / / / ‘

/
/

5-HT2A receptor

A

5-HT1/> receptor Reduced Glu release Reduced GABA release Increased DA release

: / .
Inactive Glu neuron / Inactive GABA neuron / Activated DA neuron
/ /

FLP //%
/
/

5-HT2A receptor

B

5-HT1A receptor
Glu GABA NE

/ /
Glu neuron / GABA neuron / NE neuron /
// / / /
/ I
/

5-HT2A receptor

5'HT1"> receptor Reduced Glu release Reduced GABA release Increased NE release
/ /

/
Inactive Glu neuron / Inactive GABA neuron / Activated NE neuron
/ |
D - | Q4
> >
FLP —
/
/
5-HT2A receptor
5-HT1A receptor
// Glu GABA 5-HT
Glu neuron / GABA neuron / 5-HT neuron /
/
/ / / /
> > >
/
/
5-HT2A receptor
5-HT1A receptor Reduced Glu release Reduced GABA release reduced 5-HT release
. / \\
Inactive Glu neuron / Inactive GABA neuron / Inactive 5-HT neuron \
/ / \
E B ® —
> x >
> >

FLP —

/
/

5-HT2’A receptor
Figure 5. Proposed FLP action on DA, NE, and 5-HT centers of the brain. The figure represents the
dopaminergic system (A) before and (B) after the administration of flibanserin. While noradrenergic
system (C) before and (D) after administration of flibanserin. Finally, serotonergic system (E) before
and (F) after administration of flibanserin. Glu = Glutamate, GABA = Gamma-aminobutyric acid,
NE = Norepinephrine, DA = Dopamine, 5-HT = Serotonin, FLP = Flibanserin.



Pharmaceuticals 2023, 16, 502

11 of 20

The objective of the current investigation was to examine for the first time any potential
cardioprotective effects of various FLP dosages (15, 30, 45 mg/kg) against ISO-induced
MI in female rats. This aim was based on previous studies which demonstrated the
effectiveness of sarpogrelate, a selective 5-HT2A receptor antagonist, against ischemic
cellular damage/ infarction size in rabbit hearts and MI in rats [10,16,17]; the isolated
rat heart was protected against ischemia in terms of cardiac function by ketanserin and
cinanserin’s inhibition of 5-HT2 receptors [18], concluding that inhibition of the 5-HT
system by FLP may have cardioprotective effect in ISO-induced ML

Reactive oxygen species (ROS) are produced in excess, antioxidant defenses are de-
pleted, and the development of an oxidative stress state is all associated with MI, which
triggers a chain of pathological events causing functional and structural damage to car-
diomyocytes [31]. Massive amounts of ROS are produced by ISO auto-oxidation, which can
attack any kind of molecule, but their main target seems to be polyunsaturated fatty acids
in membranes. This causes the formation of peroxyl radicals, which then attack nearby fatty
acids in membranes to start a chain reaction that results in lipid peroxidation [32,33]. Lipid
peroxidation is a major pathogenic event in myocardial necrosis, and the accumulation
of lipid hydroperoxides reflects cardiac constituents” damage [34]. MDA is considered
a major lipid peroxidation end product; increased MDA co