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Abstract: The study was conducted to determine whether corosolic acid could protect the my-
ocardium of diabetic rats from damage caused by isoproterenol (ISO) and, if so, how peroxisome
proliferator-activated receptor gamma (PPAR-γ) activation might contribute into this protection.
Diabetes in the rats was induced by streptozotocin (STZ), and it was divided into four groups: the
diabetic control group, diabetic rats treated with corosolic acid, diabetic rats treated with GW9662,
and diabetic rats treated with corosolic acid plus GW9662. The study was carried out for 28 days. The
diabetic control and ISO control groups showed a decrease in mean arterial pressure (MAP) and dias-
tolic arterial pressure (DAP) and an increase in systolic arterial pressure (SAP). The rat myocardium
was activated by corosolic acid treatment, which elevated PPAR-γ expression. A histopathological
analysis showed a significant reduction in myocardial damage by reducing myonecrosis and edema.
It was found that myocardial levels of CK-MB and LDH levels were significantly increased after treat-
ment with corosolic acid. By decreasing lipid peroxidation and increasing endogenous antioxidant
levels, corosolic acid therapy showed a significant improvement over the ISO diabetic group. In
conclusion, our results prove that corosolic acid can ameliorate ISO-induced acute myocardial injury
in rats. Based on these results, corosolic acid seems to be a viable new target for the treatment of
cardiovascular diseases and other diseases of a similar nature.
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1. Introduction

The most common causes of death and disability for diabetic patients are myocardial
infarction (MI), angina, ischemic heart failure, and arrhythmias. Acute myocardial necrosis
is caused by an imbalance between the demand of the heart muscle and the coronary blood
flow [1,2]. The increased free radical formation, apoptosis, infiltration of inflammatory
cells, and persistent DNA damage are part of a complex web of pathogenic pathways that
contribute to the development of MI [3]. Diabetes contributes to higher postinfarction
morbidity in individuals who have already suffered an acute MI and is associated with a
higher mortality rate in these patients [4]. The development of diabetes and its associated
cardiovascular complications can be linked to oxidative stress and increased apoptosis [5].
Chronic hyperglycemia and advanced glycation end products are responsible for the
formation of superoxide anions and reactive oxygen species (ROS), both of which contribute
to an increased risk of developing cardiovascular disease [6]. Therefore, people with
diabetes have a higher risk of morbidity and a higher likelihood of developing MI. Diabetics
had about twice the risk of death during hospitalization and follow-up for acute MI
compared with nondiabetics [7].

Molecules 2023, 28, 929. https://doi.org/10.3390/molecules28030929 https://www.mdpi.com/journal/molecules

https://doi.org/10.3390/molecules28030929
https://doi.org/10.3390/molecules28030929
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molecules
https://www.mdpi.com
https://orcid.org/0000-0003-3150-3439
https://orcid.org/0000-0002-4449-9072
https://orcid.org/0000-0001-7062-8029
https://orcid.org/0000-0001-6733-8311
https://doi.org/10.3390/molecules28030929
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/article/10.3390/molecules28030929?type=check_update&version=1


Molecules 2023, 28, 929 2 of 15

The treatment and management of diabetic patients usually include using beta-
blockers, angiotensin/angiotensin receptor conversion enzyme inhibitors (II), nitrates,
and antithrombotic drugs. These drugs alleviate MI symptoms by increasing blood flow to
the heart and protecting it from apoptotic damage [8,9]. Despite these treatment measures,
the mortality rate for acute diabetes is still over 30% [10]. However, the effectiveness of
existing drugs is very limited and has serious shortcomings. Therefore, a new drug/agent
with minimal side effects is necessary to prevent and treat heart disease.

Natural products are considered promising for treating cardiovascular and related dis-
orders in drug discovery. Most discovered compounds are selective peroxisome proliferator-
activated receptor-gamma (PPAR-γ) modulators. Numerous compounds from medicinal
plants and foods have explored the potential of PPAR-γ activation [11]. These compounds
serve as partial agonists to transactivate the expression of reporter genes dependent on
PPAR-γ. Some in-vivo results suggested that some natural products, PPAR-γ activators,
improve metabolic parameters in insulin-dependent animal models. In some cases, they
have fewer side effects than thiazolidinediones or fenofibrate as complete agonists [12,13].

In the present work, it was considered that the modulation of the nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-κB) expression might be related to the
anti-inflammatory effect of the PPAR-γ ligand. PPAR-γ is a nuclear receptor and can inhibit
the DNA-binding activity of NF-κB [14]. The transcription factor NF-κB plays a critical
role in controlling inflammation and cell death (apoptosis). Apoptosis, inflammation, and
cytokine production are regulated in part by PPAR-γ. Research suggests that the expression
and activation of PPAR-γ could suppress isoproterenol (ISO)-induced inflammation [15,16].
Therefore, the modulation of PPAR-γ and NF-kB signaling pathways may be a potential
method for treating MI in diabetic patients. In addition, the anti-inflammatory impact of
MI is one of the primary factors contributing to its effectiveness [17]. The activation of an
intracellular signaling cascade is initiated at MI by the phosphorylation of NF-κB. Finally,
it causes various pathological and physiological changes by inducing proinflammatory
cytokines such as tumor necrosis factor α (TNF-α), interleukin 6 (IL-6), interleukin 1β
(IL-1β), and other inflammation-related proteins. These cytokines are responsible for a
variety of changes [18].

Several different plant species, including Vaccinium macrocarpon, Ugni molinae, Eriobotrya
japonica, Perilla frutescens, Glechoma longituba, Potentilla chinensis, Rubus biflorus, Phlomis
umbrosa, etc., have been tested and shown to contain the phytoconstituent known as coroso-
lic acid. [19]. Corosolic acid (Scheme 1) is also known as 2α-hydroxyursolic acid, with the
molecular formula C30H48O4 and a molecular weight of 472.70 g/mol. The pentacyclic
triterpenoid corosolic acid, which is relatively abundant, has attracted considerable interest
in recent years because of its potential to control diabetes. It is also known as “phyto-insulin”
or “plant insulin” because of its excellent antidiabetic effects [20]. Various pharmacolog-
ical studies have shown that corosolic acid has anti-obesity [21], anti-inflammatory [22],
anti-hyperlipidaemic [22], anti-viral, and anti-cancer properties [23]. Based on these consid-
erations, the present study aimed to determine whether corosolic acid has a cardioprotective
effect in diabetic rats and to explore the mechanisms involved. Specifically, the researchers
were interested in reconnoitering the effects of corosolic acid on the heart.
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2. Results
2.1. Effect of Corosolic Acid on Body Weights and Heart Weights

Despite the various treatment regimens, no statistically significant differences were
seen in the rat’s body weight, heart weight, or ratios of body weight to heart weight
(Figure 1). Table 1 presents the findings of the study.
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Figure 1. The effect of corosolic acid on the ratio between animal heart weight and body weight. The
data are expressed as mean ± SEM (n = 6).

Table 1. Effect of corosolic acid on weights in different experimental groups.

Groups Heart Weight (g) Body Weight (g)

Normal control 0.65 ± 0.04 243.4 ± 3.23

Diabetic + Corosolic acid 0.60 ± 0.05 238.4 ± 4.50

Diabetic control 0.62 ± 0.03 235 ± 3.61

Diabetic isoproterenol control 0.59 ± 0.08 217 ± 3.32

Diabetic isoproterenol + Corosolic acid 0.61 ± 0.04 239 ± 2.82

Diabetic isoproterenol + GW9662 0.56 ± 0.07 209 ± 3.41

Diabetic isoproterenol + GW9662 + Corosolic acid 0.55 ± 0.04 228 ± 4.21

2.2. Effect of Corosolic Acid on Blood Glucose Level

Diabetic rats given corosolic acid had significantly lower blood glucose levels than the
diabetic control and diabetic ISO control groups (Figure 2).
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Figure 2. Effects of corosolic acid on glucose level in different groups. The data are expressed as
mean ± SEM (n = 6). * p ≤ 0.05 is considered significant. a normal control vs. diabetic control and
diabetic isoproterenol control; b diabetic control vs. corosolic acid and GW9662 treatments; and
c diabetic isoproterenol control vs. corosolic acid and GW9662 treatments.

2.3. Effect of Corosolic Acid on the Hemodynamic Parameters and Heart Rate

The values of systolic arterial pressure (SAP), diastolic arterial pressure (DAP), and
mean arterial pressure (MAP) were significantly lower in the diabetic isoproterenol rats than
in the diabetic control group (p ≤ 0.05). All these hemodynamic changes in diabetic rats
were consistent with the ischemic cardiac damage caused by isoproterenol. Compared with
the diabetic isoproterenol-treated group, the corosolic acid-treated group showed improved
hemodynamic parameters (Figure 3). Hemodynamic parameters were not significantly
improved by GW9662 but instead worsened. There was no statistical evidence for the
efficacy of GW9662. Combined with corosolic acid, GW9662 even worsened blood pressure
and heart rate.

2.4. Effect of Corosolic Acid on Cardiac Injury Markers

The biochemical markers creatinine kinase at the myocardial bundle (CK-MB) and
lactate dehydrogenase (LDH) were used to evaluate the effects of different therapies on
cardiac membrane integrity. This was done to examine the effects of each measurement
parameter side by side and to compare them. As might be expected, the treatment with
isoproterenol significantly decreased the values of all these indicators in diabetic rats. The
administration of corosolic acid resulted in a statistically steep increase in the myocardial
levels of both CK-MB and LDH. This proves that the integrity of the cardiac membrane
was not affected. The protective effect of corosolic acid was attenuated by pretreatment
with GW9662 (Figure 4). Myocardial damage was extreme in the GW9662 group, as shown
by the increased levels of markers of cardiac damage.
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Figure 3. Effects of corosolic acid on heart rate and hemodynamic parameters in different groups:
(a) SAP; (b) DAP; (c) MAP; (d) HR. The data are expressed in the form of mean ± standard error
average (SEM). The significance was determined by one-way ANOVA followed by the Bonferroni’s
post hoc test: * p ≤ 0.05 is considered significant. a normal control vs. diabetic control and diabetic
isoproterenol control; b diabetic control vs. corosolic acid and GW9662 treatments; and c diabetic
isoproterenol control vs. corosolic acid and GW9662 treatments. (SAP: systolic arterial pressure; DAP:
diastolic arterial pressure; MAP: mean arterial pressure; HR: heart rate).
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Figure 4. The effect of corosolic acid on the markers of heart disease in different groups. The data are
expressed as mean ± SEM. * p ≤ 0.05 is considered significant. a normal control vs. diabetic control
and diabetic isoproterenol control; b diabetic control vs. corosolic acid and GW9662 treatments; and
c diabetic isoproterenol control vs. corosolic acid and GW9662 treatments. (IU: international unit;
CK-MB: creatine kinase on myocardial bundle; LDH: lactate dehydrogenase).
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2.5. Effect of Corosolic Acid on Antioxidant Parameters

In rats administered diabetic isoproterenol or diabetic isoproterenol with GW9662
and corosolic acid, there was a significant increase (p ≤ 0.05) in chemicals interacting with
thiobarbituric acid, which may indicate oxidative damage to the cell membrane. Lower
levels of glutathione (GSH), superoxide dismutase (SOD), and catalase were detected in
the myocardial tissue (p ≤ 0.05). Corosolic acid therapy significantly increased endogenous
antioxidant levels and decreased lipid peroxidation compared to the diabetic control
group and the diabetic isoproterenol group. Based on the data from the hemodynamic
measurements, it can be concluded that treatment with GW9662 decreased the antioxidant
effect of corosolic acid (Figure 5).
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(b) GSH; (c) catalase and SOD. The data are expressed as mean ± SEM. * p ≤ 0.05 is considered
significant. a normal control vs. diabetic control and diabetic isoproterenol control; b diabetic control
vs. corosolic acid and GW9662 treatments; and c diabetic isoproterenol control vs. corosolic acid and
GW9662 treatments.

2.6. Effect of Corosolic Acid on PPAR-γ Expression in Different Groups

The expression of PPAR-γ in the cardiac tissue, the glucose control group, and the
isoproterenol control groups was significantly lower. There was a significantly increased
PPAR-γ protein expression statistically (p ≤ 0.05). The expression of PPAR-γ in diabetic
isoproterenol rats and diabetic isoproterenol rats plus GW9662 rats was comparable. The
PPAR-γ expression was increased when corosolic acid was coupled with GW9662 compared
with GW9662 alone. These results indicate that PPAR-γ expression is critical for controlling
the diabetic benefit of corosolic acid (Figure 6).
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Figure 6. (a) PPAR-γ expression. (b) The effects of corosolic acid on the expression of PPAR-γ in
different groups were quantified by Western blot analysis. The data are expressed as mean ± SEM.
* p ≤ 0.05 is considered significant. a normal control vs. diabetic control and diabetic isoproterenol
control; b diabetic control vs. corosolic acid and GW9662 treatments; and c diabetic isoproterenol
control vs. corosolic acid and GW9662 treatments.

2.7. Effect of Corosolic Acid on Inflammatory Cytokines

The levels of proinflammatory cytokines (TNF-α, IL-1, IL-6, and IL-10) and anti-
inflammatory cytokines (IL-10) in rats with MI are compared to those in the normal control
group in Figure 7. After the development of MI, there was a significant increase in the ex-
pression of these proinflammatory cytokines. The levels of corosolic acid in the myocardium
were significantly lower after treatment, whereas the levels of the anti-inflammatory IL-10
were significantly higher. The data analysis is shown in Figure 7.
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Figure 7. The effects of corosolic acid on proinflammatory cytokines (a) IL-6; (b) IL-10; (c) IL-1β;
(d) TNF-α. The data are expressed as mean ± SEM. * p ≤ 0.05 is considered significant. a normal
control vs. diabetic control and diabetic isoproterenol control; b diabetic control vs. corosolic acid and
GW9662 treatments; and c diabetic isoproterenol control vs. corosolic acid and GW9662 treatments.
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2.8. Histopathological Analysis

The histopathological results differed significantly between the control and experi-
mental groups. Compared with the diabetic control groups and the diabetic isoproterenol
control groups, the ISO + corosolic acid group had less histological damage to the heart
(Table 2). This indicates that corosolic acid protects against myocardial infarction after
isoproterenol has already caused it.

Table 2. The effect of corosolic acid on histopathological grades of myocardial injury in rats.

Groups Grade 0 Grade 1 Grade 2 Grade 3

Normal control 0 1 0 0

Diabetic + Corosolic acid 0 0 0 0

Diabetic control 3 2 2 1

Diabetic isoproterenol control 0 2 2 3

Diabetic isoproterenol + Corosolic acid 0 1 1 1

Diabetic isoproterenol + GW9662 0 2 2 2

Diabetic isoproterenol + GW9662 + Corosolic acid 1 2 2 1

3. Discussion

The oxidative stress, inflammation, and apoptosis associated with diabetic cardiomy-
opathy can be replicated in animal studies [8]. ISO was used to mimic acute myocardial
infarction induced by diabetes in rats using the diabetes model generated in rats by STZ [10].
ISO is a non-selective β-adrenergic agonist that induces MI in rats by continuously acti-
vating the adrenergic receptor. It accelerates the heartbeat, makes the myocardium work
harder, and causes dilation of the mesenteric and renal vessels. As a result, there is an
increase in lipid peroxidation, free radical formation, and depletion of the antioxidant de-
fense system. All these physiological and biochemical changes induced by ISO contribute
to inflammation, apoptosis, and necrotic changes in the myocardium and the development
of MI. ISO-induced MI in rats is consistent with the pathogenic and marked hemodynamic
and tissue changes reported in humans’ MI [11]. The ability of ISO to produce acute MI
in rats with STZ-induced diabetes is a novel paradigm that has the potential to be used in
studies to evaluate the efficacy of therapy for acute MI associated with acute diabetes and
the molecular processes behind such treatment.

STZ is known to be a potent cytotoxic agent for rat pancreatic beta cells. Briefly,
STZ causes DNA damage to insulin-secreting cells, leading to DNA repair mechanisms,
mitochondrial dysfunction, and ATP loss. It reduces ATP formation by interfering with
mitochondrial respiratory complexes. STZ causes hyperglycemia in rats and inhibits
aconitase activity [24]. Similar to STZ, isoproterenol increases free radical production in
the body, impairing the body’s antioxidant defenses. Cardiac dysfunction and associated
histological damage are the results of calcium excess. The myocardial structural changes
caused by isoproterenol are similar to those seen in patients after MI [25].

Myocardial damage due to oxidative stress is prevented by endogenous antioxidants
such as superoxide dismutase (SOD), catalase enzymes, and glutathione (GSH) [26]. We
observed that the administration of ISO and GW9662 to diabetic rats significantly decreased
SOD/catalase enzyme activity and GSH levels in the cardiac tract. These results suggested
an increase in oxidative stress. Treatment with corosolic acid resulted in a significant
improvement in antioxidant enzyme activity and an increase in GSH levels. In a rat model
of MI, corosolic acid is also known to decrease reactive oxygen species (ROS) formation
and prevent oxidative damage to the myocardial system [27]. Our findings support the
notion that corosolic acid may have antioxidant properties through the PPAR-γ pathway.

Research has shown that lipid peroxidation has the most significant and most damag-
ing impact on MI-related cellular damage [28]. ISO and GW9662, both of which increase
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oxidative stress, are responsible for the significant increase in malondialdehyde (MDA)
levels observed in the hearts of experimental participants. ISO may have led to an accu-
mulation of lipids in the hearts of rats, resulting in persistent damage to the myocardial
membrane, which in turn led to increased MDA concentrations [29]. In addition, GW9662
was shown to decrease the amount of lipid peroxidation in the heart of diabetic rats with
myocardial infarction [30]. The nuclear receptor known as PPAR-γ is an important player
in the process of adipocyte differentiation, maintenance of glucose homeostasis, and control
of inflammation [31]. The PPAR-γ signaling pathway controls several of the biological
activities that occur in the cardiovascular system. This nuclear superfamily of transcription
factors is responsible for inhibiting the development of inflammatory cytokines. It does so
by modulating the activity of other transcription factors that are related to each other [31].
PPAR-γ agonists reduce the extent and the severity of infarction in a myocardial infarction
model with ischemia. However, the efficacy of PPAR-γ agonists varies widely in terms of
their ability to protect against MI. According to research published in [32], corosolic acid,
a potent PPAR-γ agonist, decreased PPAR-γ levels by acting on central hypoxia-induced
factor alpha. GW9662, a selective irreversible PPAR-γ antagonist, was shown to decrease
PPAR-γ expressions in cardiac tissue [33]. On the other hand, the effect of corosolic acid
was improved in PPAR-γ expressions. Thus, these results strengthen the evidence that the
PPAR-γ pathway is involved in the effects of corosolic acid [34,35].

The results of the current study showed that the cardioprotective benefits of corosolic
acid include the restoration of cardiovascular function, preservation of endogenous an-
tioxidants, the histological rescue of myofibrils, and the reduction of lipid peroxidation in
cardiac tissue [36,37]. In contrast, the expression of PPAR-γ was enhanced by the presence
of corosolic acid. The discovery that concomitant therapy with the PPAR-γ antagonist
GW9662 significantly attenuates the cardiovascular protection afforded by corosolic acid
supports this theory. This work conclusively demonstrates that the activation of the PPAR-γ
pathway is associated with the cardioprotective effect of corosolic acid [38,39].

Lower systolic, diastolic, and mean arterial blood pressure values were shown in this
study to indicate diabetes- and MI-related hemodynamic impairments. On the other hand,
these are signs that myocardial activity is decreasing. In contrast, the PPAR-γ antagonist
GW9662 worsened blood pressure and heart rate [40]. Finally, the cardioprotective effect
of corosolic acid was abolished by the combined treatment with GW9662. The activation
of the PPAR-γ pathway may be responsible, at least in part, for the observed reversal of
the cardioprotective effect of GW9662-corosolic acid. Modifying PPAR-γ has therapeutic
benefits in treating cardiac injury [41]. However, GW9662 treatment exacerbated the
damage in diabetic mice MI. It is well known that PPAR-γ plays a crucial role in controlling
apoptosis [36]. Therefore, the fact that GW9662, a PPAR-γ antagonist, abolished the
cardiovascular protective effect of corosolic acid highlights this receptor’s role in the
beneficial effects of corosolic acid on the cardiovascular system.

The integrity of the myocardial membrane is compromised during an MI, resulting
in the release of components of the isoenzymes CK-MB and LDH from the myocardial
membrane into the blood [39]. A decrease in the activity of these enzymes was observed in
the myocardium of diabetic rats treated with isoproterenol. Previous studies [29,30] have
shown that this effect follows the same results. After treatment with corosolic acid, the
activity of these enzymes normalized, and the cell membrane of cardiomyocytes was shown
to become more stable. In the cardiac tract, the activity of these enzymes was decreased
after GW9662 had been administered previously. This discovery could be considered
further evidence of the function of PPAR-γ in the protective effect of corosolic acid on the
myocardium.

The efficacy of corosolic acid in diabetic rats was also confirmed and supported by
histological studies. Cardiac damage and inflammation were observed in rats administered
STZ plus isoproterenol. In diabetic rats with MI treated with corosolic acid, these histo-
logical abnormalities in the myocardium were avoided. According to the results of our
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study, GW9662 was able to counteract the therapeutic effects of corosolic acid in treating
myonecrosis, inflammation, and edema.

4. Materials and Methods

All experimental procedures were performed after approval by the Standing Com-
mittee on Bioethical Research (SCBR), College of Pharmacy, Prince Sattam Bin Abdulaziz
College, Saudi Arabia (research approval number SCBR-037-2022). For the purpose of
the study, adult male Wistar rats weighing between 200 and 250 g were maintained in a
standard laboratory environment and had access to food and water at all times.

4.1. Chemicals

Corosolic acid, isoproterenol, streptozotocin, and GW9662 were purchased from Sigma-
Aldrich, Bangalore, India. GSH, SOD, catalase, and 1,1,3,3-tetraethoxypropane assay kits
were used from Sigma-Aldrich, Bangalore, India. Quantitative detection kits for CK-MB
isoenzyme, LDH (Span diagnostics, Hyderabad, India), and PPAR-γ antibodies (sc-271392)
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) were used.

4.2. Experimental Study
4.2.1. Induction of Diabetes

Rats received intraperitoneal STZ injections at a dose of 55 mg/kg, resulting in the
development of diabetes. Prior to administration, the STZ solution was prepared in a 0.1 M
glacial citrate buffer (pH 4.5). On the third day after STZ injection, the rats whose blood
glucose levels were above 250 mg/dL were selected as diabetic rats for further study [24].
We randomly assigned diabetic rats to different groups and six rats in each group. Table 3
shows the groups and treatments.

Table 3. Grouping of animals.

Groups Subjects Treatment Given

Group I Normal control Vehicle (distilled water) for 28 days.

Group II Diabetic rats treated with corosolic acid
50 mg/kg

50 mg/kg/day of corosolic acid for 28 days by oral route in diabetic
rats.

Group III Diabetic control
28 days of oral administration with distilled water as carrier
(1 mL/kg). On days 26 and 27, rats received 0.2 mL saline
subcutaneously as vehicle control.

Group IV Diabetic isoproterenol-treated
The above vehicle was administered to the rats in this group for
28 days, and isoproterenol (100 mg/kg) was also administered
subcutaneously to the rats on days 26 and 27.

Group V
Diabetic isoproterenol-treated rats
administered with corosolic acid
50 mg/kg

Rats received 50 mg/kg/day of corosolic acid orally for 28 days. On
days 26 and 27, rats were injected subcutaneously with isoproterenol
(100 mg/kg).

Group VI Diabetic isoproterenol-treated rats
administered with GW9662

Rats in this group received GW9668 1 mg/kg/day by intraperitoneal
(i.p.) injection on day 28, and 100 mg/kg isoproterenol by
subcutaneous injection on days 26 and 27.

Group VII
Diabetic isoproterenol-treated rats
administered with corosolic acid and
GW9662

This group of rats received oral corosolic acid (50 mg/kg) every day.
On 28th day, corosolic acid was given just 15 min before GW9662
administration. On the last two days of therapy, 100 mg/kg
isoproterenol was administered subcutaneously to the rats in this
group [29,41].

4.2.2. Estimation of Food and Water Consumption

We monitored the body weight, water intake, and food intake of rats throughout the
study period.
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4.2.3. Estimation of Heart Rate and Blood Pressure

A rat tail cuff plethysmograph and a pressure gauge were used to measure hemody-
namic parameters, heart rate, and systolic blood pressure (SBP) at day 28 in the group [40].
Hemodynamic parameters were measured, including the mean arterial pressure (MAP),
the systolic arterial pressure (SAP), and the diastolic arterial pressure (DAP).

4.2.4. Estimation of the Cardiac Injury Markers and Oxidative Stress

In an ice-cold phosphate buffer (50 mM, pH 7.4) (Sisco Research Laboratories Pvt. Ltd.
(SRL)—Mumbai, India), 10% homogeneous heart tissue homogenates were prepared from
each rat. Assays of lipid peroxidation, GSH content, catalase activity, CK-MB, and LDH
were performed on aliquots of the supernatant after centrifuging at 2000 rpm for 20 min at
4 ◦C, followed by centrifugation at 3000 rpm for 20 min [27].

4.2.5. Estimation of Lipid Peroxidation (MDA Content)

MDA content was used to detect lipid peroxidation in the cardiac tissue, as reported
by Buwa et al. (2016) [42]. An acetic acid solution (Sisco Research Laboratories Pvt. Ltd.
(SRL)—Mumbai, India) of pH 3.5 was mixed with 1.5 mL of thiobarbituric acid (0.8%)
(HiMedia Laboratories Pvt. Ltd., Maharashtra, India) and 1.5 mL of sodium dodecyl sulfate,
in equal amounts, with 0.2 mL of tissue homogenates. After heating to 95 ◦C for 60 min,
the reaction mixture was cooled on ice. The mixture was centrifuged at 5000 rpm for
20 min using a tabletop centrifuge (Sigma 3-30, Sigma, Steinheim, Germany) for 20 min
after being cooled in 1 L of distilled water and 5 mL of n-butanol:pyridine solution
(15:1 V/V). At 532 nm, the organic layer was separated, and the absorbance rate mea-
sured. The MDA content was given in terms of µg/mg of protein.

4.2.6. Estimation of Glutathione Content

A method described by Salbitani et al. (2017) was used to estimate the GSH content [43].
We mixed 100 µL of tissue homogenate with 10% trichloroacetic acid (Sigma-Aldrich,
Bangalore, India) and poured it into a test tube. Then, 5′-dithiobis (2-nitrobenzoic acid)
(Sigma-Aldrich, Bangalore, India) and 3.0 mL of phosphate buffer (pH 8.4) were added to
the supernatant after centrifugation at 5000 rpm for 10 min. A spectroscopy measurement
at 412 nm was performed within 10 min of mixing the mixture. Protein concentrations of
GSH were expressed as µg/mg.

4.2.7. Estimation of Catalase Activity

The catalase activity was determined using the method described by Sah and Na-
garathana (2016) [44]. To 50 µL of tissue supernatants, we added 50 mM phosphate buffer
(pH 7) and 0.1 mL 30 mM hydrogen peroxide. At 240 nm, the optical density of the sample
was measured at every 5 s for 30 s. The catalase activity was expressed in U/mg of protein.

4.2.8. Estimation of Superoxide Dismutase Activity

According to Senthilkumar et al. (2021), the MDA content was used to detect lipid
peroxidation in cardiac tissue [45]. In total, 1 mM ethylenediaminetetraacetic acid (EDTA)
(Sigma-Aldrich, Bangalore, India) solution and 500 mM Na2CO3 (Sigma-Aldrich, Bangalore,
India) were added to 25 µL of tissue supernatant, along with 100 µL of 240 µM/nitroblue
tetrazolium (NBT; Sigma-Aldrich, St. Louis, MO, USA), 640 l µL of distilled water, and
25 µL of 10 mM hydroxylamine. Spectrophotometric measurements at 560 nm were carried
out at intervals of one to three minutes. Enzyme activity was expressed in the form of
U/mg proteins.

4.2.9. Western Blot Analysis for PPAR-γ

The cardiac muscle tissue was homogenized in the lysis buffer of the radioimmuno-
precipitation assay (RIPA), and the protein content was calculated. A Western blot analysis
was performed as in a previously described method [46]. The sodium dodecyl sulfate-
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polyacrylamide gel (SDS-PAGE) method was used to separate myocardial tissue. Then,
5% bovine serum albumin was applied to a nitrogen cellulose membrane for 2 h to block
it and transfer it to another nitrogen cellulose membrane. It was also incubated with an
original rat antibody (PPAR-γ) for 12 h at 4 ◦C. Densitometric scanning was conducted on
the obtained lines in order to quantify the level of PPAR-γ expression.

4.2.10. Measurement of Inflammatory Cytokines by Enzyme-Linked Immunosorbent
Assay (ELISA)

A homogenizer was used to homogenize the left ventricles from mice, and the cells
were centrifuged at 5000 rpm for 15 min at 4 ◦C for 15 min. The levels of IL-6, IL-1, and
TNF-α in the supernatant were determined using an ELISA kit and analyzed in accordance
with the guidelines provided by the manufacturer. In brief, anti-mouse antibodies were
coated onto the ELISA plate [47]. For each well, 100 µL of the test sample or standard
was added and incubated for 2 h at 37 ◦C. Each well was incubated for one hour at
37 ◦C with biotinyl anti-mouse antibody solution. The incubation was followed by three
washes of the liquid. Incubation at 37 ◦C for one hour was followed by the addition of
secondary antibodies stabilized with horseradish peroxidase to each well. An incubation at
room temperature was followed by washing the plate with a 3,3′,5,5′-Tetramethylbenzidine
chromogen solution. Using a microplate reader, we measured the absorbance rate at
450 nm after adding a stop solution to each well. Based on a standard curve, cytokine
concentrations were determined [48].

4.2.11. Histopathological Analysis

After the study was completed, histopathological examinations were conducted. The
histopathological analysis was based on the following classifications (damage and changes
in the myocardium): (a) if no change or appeared to be normal, it was counted as grade 0;
(b) having mild or focal myocyte damage or small multifocal degeneration with a mild
inflammatory process was counted as grade 1; (c) moderate myocyte damage or myofibrillar
degeneration with diffuse inflammatory process was counted as grade 2; (d) severe myocyte
damage or necrosis with a diffuse inflammatory process was counted as grade 3 [49,50].

4.2.12. Statistical Analysis

Data are presented as mean ± standard error mean (SEM). Graph Pad Prism software,
version 7.04 (GraphPad Software, Boston, MA, USA, 02110), was used to test statistical
significance, using a one-way analysis (ANOVA) followed by a Bonferroni post hoc test. A
p < value of 0.05 was considered statistically significant.

5. Conclusions

Diabetes increases the risk of cardiovascular disease and mortality by two to four times
compared to non-diabetics [51]. Diabetics are at a greater risk of myocardial infarction
due to the presence of a number of risk factors, including hyperglycemia, dyslipidemia,
oxidative stress, and inflammation. PPAR-γ is a master regulator of glucose, fatty acid,
and lipoprotein metabolism and also influences inflammation, cell proliferation, and apop-
tosis [52]. Corosolic acid, a component of banaba leaves, can activate PPAR-γ. By using
corosolic acid, hemodynamic disturbances could be prevented, left ventricle function could
be restored, and redox balance could be maintained. Rats are protected from MI by at-
tenuating myonecrosis, swelling, and cell death. The increased expression of PPAR-γ in
the myocardium of rats receiving corosolic acid highlights the role of PPAR-γ pathway
activation in the cardioprotective effects of corosolic acid.

6. Future Perspectives

The pharmacological activation of PPAR-γ improves several metabolic parameters in
humans. However, there are no marketed drugs that target PPAR-γ. Further exploration of
the mode of action of corosolic acid may lead to the development of a novel drug that can
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be employed either individually or in combination with other drugs in the therapeutic man-
agement of diabetes and associated cardiovascular complications. In addition, extensive
studies are underway in various pharmaceutical companies and academic institutions to
develop PPAR-γ agonists with multiple or partial receptor activity in an effort to improve
treatment strategies in the management of diabetes or metabolic syndromes and associated
cardiovascular complications.
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6. Jenča, D.; Melenovský, V.; Stehlik, J.; Staněk, V.; Kettner, J.; Kautzner, J.; Adámková, V.; Wohlfahrt, P. Heart failure after myocardial
infarction: Incidence and predictors. ESC Heart Fail. 2020, 8, 222–237. [CrossRef]

7. Mátyás, C.; Németh, B.T.; Oláh, A.; Török, M.; Ruppert, M.; Kellermayer, D.; Barta, B.A.; Szabó, G.T.; Kokeny, G.; Horvath, E.M.;
et al. Prevention of the development of heart failure with preserved ejection fraction by the phosphodiesterase-5A inhibitor
vardenafil in rats with type 2 diabetes. Eur. J. Heart Fail. 2016, 19, 326–336. [CrossRef]

8. Varma, U.; Koutsifeli, P.; Benson, V.; Mellor, K.; Delbridge, L. Molecular mechanisms of cardiac pathology in diabetes—
Experimental insights. Biochim. Biophys. Acta BBA Mol. Basis Dis. 2018, 1864, 1949–1959. [CrossRef]

9. Santos, J.C.D.F.; Valentim, I.B.; De Araújo, O.R.P.; Ataide, T.D.R.; Goulart, M.O.F. Development of Nonalcoholic Hepatopathy:
Contributions of Oxidative Stress and Advanced Glycation End Products. Int. J. Mol. Sci. 2013, 14, 19846. [CrossRef]

10. Volpe, C.M.O.; Villar-Delfino, P.H.; Dos Anjos, P.M.F.; Nogueira-Machado, J.A. Cellular death, reactive oxygen species (ROS) and
diabetic complications review-Article. Cell Death Dis. 2018, 9, 119. [CrossRef]

11. Wang, L.; Waltenberger, B.; Pferschy-Wenzig, E.-M.; Blunder, M.; Liu, X.; Malainer, C.; Blazevic, T.; Schwaiger, S.; Rollinger, J.M.;
Heiss, E.H.; et al. Natural product agonists of peroxisome proliferator-activated receptor gamma (PPARγ): A review. Biochem.
Pharmacol. 2014, 92, 73–89. [CrossRef]

12. Wu, L.; Guo, C.; Wu, J. Therapeutic potential of PPARγ natural agonists in liver diseases. J. Cells Mol. Med. 2020, 24, 2736–2748.
[CrossRef]

http://doi.org/10.1016/j.pathophys.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20074922
http://doi.org/10.1016/S0735-1097(96)00397-X
http://www.ncbi.nlm.nih.gov/pubmed/8962549
http://doi.org/10.1016/j.rccl.2019.08.001
http://doi.org/10.1002/ehf2.13144
http://doi.org/10.1002/ejhf.711
http://doi.org/10.1016/j.bbadis.2017.10.035
http://doi.org/10.3390/ijms141019846
http://doi.org/10.1038/s41419-017-0135-z
http://doi.org/10.1016/j.bcp.2014.07.018
http://doi.org/10.1111/jcmm.15028


Molecules 2023, 28, 929 14 of 15

13. Liu, C.; Feng, T.; Zhu, N.; Liu, P.; Han, X.; Chen, M.; Wang, X.; Li, N.; Li, Y.; Xu, Y.; et al. Erratum: Corrigendum: Identification of
a novel selective agonist of PPARγ with no promotion of adipogenesis and less inhibition of osteoblastogenesis. Sci. Rep. 2015,
5, 12185. [CrossRef]

14. Arnold, R.; Neumann, M.; König, W. Peroxisome proliferator-activated receptor-? agonists inhibit respiratory syncytial virus-
induced expression of intercellular adhesion molecule-1 in human lung epithelial cells. Immunology 2007, 121, 71–81. [CrossRef]

15. Yuan, G.; Chen, X.; Li, D. Modulation of Peroxisome Proliferator-Activated Receptor gamma (PPAR γ) by Conjugated Fatty Acid
in Obesity and Inflammatory Bowel Disease. J. Agric. Food Chem. 2015, 63, 1883–1895. [CrossRef]

16. Sifuentes-Franco, S.; Padilla-Tejeda, D.E.; Carrillo-Ibarra, S.; Miranda-Díaz, A.G. Oxidative stress, apoptosis, and mitochon-drial
function in diabetic nephropathy. Int. J. Endocrinol. 2018, 2018. [CrossRef]

17. Dobi, A.; Bravo, S.B.; Veeren, B.; Paradela-Dobarro, B.; Álvarez, E.; Meilhac, O.; Viranaicken, W.; Baret, P.; Devin, A.; Rondeau, P.
Advanced glycation end-products disrupt human endothelial cells redox homeostasis: New insights into reactive oxygen species
production. Free. Radic. Res. 2019, 53, 150–169. [CrossRef]

18. Bell, D.S.H. Heart failure: The frequent, forgotten, and often fatal complication of diabetes. Diabetes Care 2003, 26, 2433–2441.
[CrossRef]

19. Garcia-Vallve, S.; Guasch, L.; Mulero, M. Discovery of natural products that modulate the activity of PPARgamma: A source
for new antidiabetics. In Foodinformatics: Applications of Chemical Information to Food Chemistry; Springer: Berlin/Heidelberg,
Germany, 2014.

20. Qian, X.-P.; Zhang, X.-H.; Sun, L.-N.; Xing, W.-F.; Wang, Y.; Sun, S.-Y.; Ma, M.-Y.; Cheng, Z.-P.; Wu, Z.-D.; Xing, C.; et al.
Corosolic acid and its structural analogs: A systematic review of their biological activities and underlying mechanism of action.
Phytomedicine 2021, 91, 153696. [CrossRef]

21. Li, B.-B.; Pang, K.; Hao, L.; Zang, G.-H.; Wang, J.; Wang, X.-T.; Zhang, J.-J.; Cai, L.-J.; Yang, C.-D.; Han, C.-H. Corosolic acid
improves erectile function in metabolic syndrome rats by reducing reactive oxygen species generation and increasing nitric oxide
bioavailability. Food Sci. Technol. 2022, 42. [CrossRef]

22. Zhao, J.; Zhou, H.; Yanan, A.N.; Shen, K.; Lu, Y.U. Biological effects of corosolic acid as an anti-inflammatory, anti-metabolic
syndrome and anti-neoplasic natural compound (Review). Oncol. Lett. 2020, 21, 84. [CrossRef]

23. Fujiwara, Y.; Komohara, Y.; Ikeda, T.; Takeya, M. Corosolic acid inhibits glioblastoma cell proliferation by suppressing the
activation of signal transducer and activator of transcription-3 and nuclear factor-kappa B in tumor cells and tumor-associated
macrophages. Cancer Sci. 2011, 102, 206–211.

24. Pari, L.; Monisha, P.; Jalaludeen, A.M. Beneficial role of diosgenin on oxidative stress in aorta of streptozotocin induced diabetic
rats. Eur. J. Pharmacol. 2012, 691, 143–150. [CrossRef]

25. Abbas, A.M. Cardioprotective effect of resveratrol analogue isorhapontigenin versus omega-3 fatty acids in isoproterenol-induced
myocardial infarction in rats. J. Physiol. Biochem. 2016, 72, 469–484. [CrossRef]

26. Nagoor Meeran, M.F.; Goyal, S.N.; Suchal, K.; Sharma, C.; Patil, C.R.; Ojha, S.K. Pharmacological Properties, Molecular
Mechanisms, and Pharmaceutical Development of Asiatic Acid: A Pentacyclic Triterpenoid of Therapeutic Promise. Front.
Pharmacol. 2018, 9, 892. [CrossRef]

27. Dianita, R.; Jantan, I.; Amran, A.Z.; Jalil, J. Protective Effects of Labisia pumila var. alata on Biochemical and Histopathological
Alterations of Cardiac Muscle Cells in Isoproterenol-Induced Myocardial Infarction Rats. Molecules 2015, 20, 4746. [CrossRef]

28. Saxena, P.; Panjwani, D. Cardioprotective potential of hydro-alcoholic fruit extract of Ananas comosus against isoproterenol
induced myocardial infraction in Wistar Albino rats. J. Acute Dis. 2014, 3, 228–234. [CrossRef]

29. Lalitha, G.; Poornima, P.; Archanah, A.; Padma, V.V. Protective Effect of Neferine against Isoproterenol-Induced Cardiac Toxicity.
Cardiovasc. Toxicol. 2012, 13, 168–179. [CrossRef]

30. El-Sayyad, S.M.; Soubh, A.A.; Awad, A.S.; El-Abhar, H.S. Mangiferin protects against intestinal ischemia/reperfusion-induced
liver injury: Involvement of PPAR-γ, GSK-3β and Wnt/β-catenin pathway. Eur. J. Pharmacol. 2017, 809, 80–86. [CrossRef]

31. Rasheed, N.O.A.; Ibrahim, W.W. Telmisartan neuroprotective effects in 3-nitropropionic acid Huntington’s disease model in rats:
Cross talk between PPAR-γ and PI3K/Akt/GSK-3β pathway. Life Sci. 2022, 297, 120480. [CrossRef]

32. Gendy, A.M.; Amin, M.M.; Al-Mokaddem, A.K.; Ellah, M.F.A. Cilostazol mitigates mesenteric ischemia/reperfusion-induced
lung lesion: Contribution of PPAR-γ, NF-κB, and STAT3 crosstalk. Life Sci. 2020, 266, 118882. [CrossRef]

33. Laveti, D.; Kumar, M.; Hemalatha, R.; Sistla, R.; Naidu, V.; Talla, V.; Verma, V.; Kaur, N.; Nagpal, R. Anti-Inflammatory Treatments
for Chronic Diseases: A Review. Inflamm. Allergy-Drug Targets 2013, 12, 349–361. [CrossRef]

34. Hallakou-Bozec, S.; Vial, G.; Kergoat, M.; Fouqueray, P.; Bolze, S.; Borel, A.; Fontaine, E.; Moller, D.E. Mechanism of action of
Imeglimin: A novel therapeutic agent for type 2 diabetes. Diabetes Obes. Metab. 2020, 23, 664–673. [CrossRef] [PubMed]

35. Wang, Z.-P.; Che, Y.; Zhou, H.; Meng, Y.-Y.; Wu, H.-M.; Jin, Y.-G.; Wu, Q.-Q.; Wang, S.-S.; Yuan, Y. Corosolic acid attenuates cardiac
fibrosis following myocardial infarction in mice. Int. J. Mol. Med. 2020, 45, 1425–1435. [CrossRef]

36. Higgins, L.S.; DePaoli, A.M. Selective peroxisome proliferator-activated receptor γ (PPARγ) modulation as a strategy for safer
therapeutic PPARγ activation. Am. J. Clin. Nutr. 2009, 91, 267S–272S. [CrossRef]

37. Bhalla, K.; Hwang, B.J.; Choi, J.H.; Dewi, R.; Ou, L.; Mclenithan, J.; Twaddel, W.; Pozharski, E.; Stock, J.; Girnun, G.D. N-
Acetylfarnesylcysteine Is a Novel Class of Peroxisome Proliferator-activated Receptor γ Ligand with Partial and Full Agonist
Activity in vitro and in vivo. J. Biol. Chem. 2011, 286, 41626–41635. [CrossRef]

http://doi.org/10.1038/srep12185
http://doi.org/10.1111/j.1365-2567.2006.02539.x
http://doi.org/10.1021/jf505050c
http://doi.org/10.1155/2018/1875870
http://doi.org/10.1080/10715762.2018.1529866
http://doi.org/10.2337/diacare.26.8.2433
http://doi.org/10.1016/j.phymed.2021.153696
http://doi.org/10.1590/fst.108821
http://doi.org/10.3892/ol.2020.12345
http://doi.org/10.1016/j.ejphar.2012.06.038
http://doi.org/10.1007/s13105-016-0494-4
http://doi.org/10.3389/fphar.2018.00892
http://doi.org/10.3390/molecules20034746
http://doi.org/10.1016/S2221-6189(14)60051-2
http://doi.org/10.1007/s12012-012-9196-5
http://doi.org/10.1016/j.ejphar.2017.05.021
http://doi.org/10.1016/j.lfs.2022.120480
http://doi.org/10.1016/j.lfs.2020.118882
http://doi.org/10.2174/18715281113129990053
http://doi.org/10.1111/dom.14277
http://www.ncbi.nlm.nih.gov/pubmed/33269554
http://doi.org/10.3892/ijmm.2020.4531
http://doi.org/10.3945/ajcn.2009.28449E
http://doi.org/10.1074/jbc.M111.257915


Molecules 2023, 28, 929 15 of 15

38. Szebeni, G.J.; Vizler, C.; Kitajka, K.; Puskas, L.G. Inflammation and Cancer: Extra- and Intracellular Determinants of Tumor-
Associated Macrophages as Tumor Promoters. Mediat. Inflamm. 2017, 2017, 9294018. [CrossRef]

39. Sivarajah, A.; McDonald, M.C.; Thiemermann, C. The Cardioprotective Effects of Preconditioning with Endotoxin, but Not
Ischemia, Are Abolished by a Peroxisome Proliferator-Activated Receptor-γ Antagonist. J. Pharmacol. Exp. Ther. 2005,
313, 896–901. [CrossRef]

40. Plehm, R.; Barbosa, M.E.; Bader, M. Animal Models for Hypertension/Blood Pressure Recording; Humana Press: Totowa, NJ, USA,
2006; Volume 129, pp. 115–126. [CrossRef]

41. Suchal, K.; Malik, S.; Gamad, N.; Malhotra, R.K.; Goyal, S.N.; Bhatia, J.; Arya, D.S. Kampeferol protects against oxidative stress
and apoptotic damage in experimental model of isoproterenol-induced cardiac toxicity in rats. Phytomedicine 2016, 23, 1401–1408.
[CrossRef]

42. Buwa, C.C.; Mahajan, U.B.; Patil, C.R.; Goyal, S.N. Apigenin Attenuates β-Receptor-Stimulated Myocardial Injury via Safeguard-
ing Cardiac Functions and Escalation of Antioxidant Defence System. Cardiovasc. Toxicol. 2015, 16, 286–297. [CrossRef]

43. Salbitani, G.; Bottone, C.; Carfagna, S. Determination of Reduced and Total Glutathione Content in Extremophilic Microalga
Galdieria phlegrea. Bio-Protocol 2017, 7, e2372. [CrossRef]

44. Sah, D.; Sah, D.K.; Nagarathana, P.K. Screening of cardioprotective activity of leaves of Andrographis paniculata against
isoproterenol induced myocardial infarction in rats. Int. J. Pharmacol. Res. 2016, 6, 23–28.

45. Senthilkumar, M.; Amaresan, N.; Sankaranarayanan, A. Estimation of Superoxide Dismutase (SOD). In Plant-microbe interactions;
Humana Press: New York, NY, USA, 2020; pp. 117–118.

46. Rai, M.; Curley, M.; Coleman, Z.; Nityanandam, A.; Jiao, J.; Graca, F.A.; Hunt, L.C.; Demontis, F. Analysis of proteostasis during
aging with western blot of detergent-soluble and insoluble protein fractions. STAR Protoc. 2021, 2, 100628. [CrossRef] [PubMed]

47. Leng, S.X.; McElhaney, J.E.; Walston, J.D.; Xie, D.; Fedarko, N.S.; Kuchel, G.A. ELISA and Multiplex Technologies for Cytokine
Measurement in Inflammation and Aging Research. J. Gerontol. Ser. A 2008, 63, 879–884. [CrossRef] [PubMed]

48. Kotb, N.; Elfatah, A.; Hasanin, A.H.; Fekry, N.; Hendawy, A. Dose Response Effect of Nitroglycerin on Cardiac Hemodynamic
Functions and Myocardial Infarction in a Rat Model of Ischemia Reperfusion. Egypt. J. Hosp. Med. 2018, 71, 3142–3147.

49. Najar, I.A.; Bhat, M.H.; Qadrie, Z.L.; Amaldoss, M.J.N.; Kushwah, A.S.; Singh, T.G.; Kabra, A.; Khan, N.; Kumar, M. Cardiopro-
tection by Citrus grandis (L.) Peel Ethanolic Extract in Alloxan-Induced Cardiotoxicity in Diabetic Rats. BioMed. Res. Int. 2022,
2022, 2807337. [CrossRef]

50. Kushwah, A.S.; Mittal, R.; Kumar, M.; Kaur, G.; Goel, P.; Sharma, R.K.; Kabra, A.; Nainwal, L.M. Cardioprotective Activity of
Cassia fistula L. Bark Extract in Isoproterenol-Induced Myocardial Infarction Rat Model. Evid. Based Complement. Altern. Med.
2022, 2022, 6874281. [CrossRef]

51. Khumaedi, A.I.; Purnamasari, D.; Wijaya, I.P.; Soeroso, Y. The relationship of diabetes, periodontitis and cardiovascular disease.
Diabetes Metab. Syndr. Clin. Res. Rev. 2019, 13, 1675–1678. [CrossRef]

52. Mahajan, U.B.; Chandrayan, G.; Patil, C.R.; Arya, D.S.; Suchal, K.; Agrawal, Y.O.; Ojha, S.; Goyal, S.N. The Protective Effect of
Apigenin on Myocardial Injury in Diabetic Rats mediating Activation of the PPAR-γ Pathway. Int. J. Mol. Sci. 2017, 18, 756.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1155/2017/9294018
http://doi.org/10.1124/jpet.104.080598
http://doi.org/10.1385/1-59745-213-0:115
http://doi.org/10.1016/j.phymed.2016.07.015
http://doi.org/10.1007/s12012-015-9336-9
http://doi.org/10.21769/BioProtoc.2372
http://doi.org/10.1016/j.xpro.2021.100628
http://www.ncbi.nlm.nih.gov/pubmed/34235493
http://doi.org/10.1093/gerona/63.8.879
http://www.ncbi.nlm.nih.gov/pubmed/18772478
http://doi.org/10.1155/2022/2807337
http://doi.org/10.1155/2022/6874281
http://doi.org/10.1016/j.dsx.2019.03.023
http://doi.org/10.3390/ijms18040756

	Introduction 
	Results 
	Effect of Corosolic Acid on Body Weights and Heart Weights 
	Effect of Corosolic Acid on Blood Glucose Level 
	Effect of Corosolic Acid on the Hemodynamic Parameters and Heart Rate 
	Effect of Corosolic Acid on Cardiac Injury Markers 
	Effect of Corosolic Acid on Antioxidant Parameters 
	Effect of Corosolic Acid on PPAR- Expression in Different Groups 
	Effect of Corosolic Acid on Inflammatory Cytokines 
	Histopathological Analysis 

	Discussion 
	Materials and Methods 
	Chemicals 
	Experimental Study 
	Induction of Diabetes 
	Estimation of Food and Water Consumption 
	Estimation of Heart Rate and Blood Pressure 
	Estimation of the Cardiac Injury Markers and Oxidative Stress 
	Estimation of Lipid Peroxidation (MDA Content) 
	Estimation of Glutathione Content 
	Estimation of Catalase Activity 
	Estimation of Superoxide Dismutase Activity 
	Western Blot Analysis for PPAR- 
	Measurement of Inflammatory Cytokines by Enzyme-Linked Immunosorbent Assay (ELISA) 
	Histopathological Analysis 
	Statistical Analysis 


	Conclusions 
	Future Perspectives 
	References

