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Background: Myocardial ischemic/reperfusion (I/R) injury is a key prognostic factor after the myocardial infarction. However, at the
time of reperfusion, the myocardial tissue has undergone for the necrosis and initiated the induction of oxidative stress and
inflammation. The current study was to scrutinize the cardioprotective effect of gossypin against ISO-induced I/R injury in myocardial
tissue and explore the possible underlying mechanism.
Methods: Sprague Dawley (SD) was used in the current protocol and ISO was used for induction the I/R in rat. The rats were divided
into different groups and received the oral administration of gossypin treatment before the reperfusion. The body weight, heart weight
and heart body weight ratio were estimated. The antioxidant, cardiac injury parameters, inflammatory cytokines, inflammatory
mediators, gut microbiota and lipid parameters were estimated. At the end, heart tissue histopathological study was carried out.
Results: ISO-induced I/R rats received the gossypin treatment significantly (P < 0.001) enhanced the body weight and decreased the
heart weight, along with suppressed the infarct size. Gossypin treatment significantly (P < 0.001) reduced the level of heart parameters,
such as creatinine kinase-MB (CK-MB), lactate dehydrogenase (LDH), creatine kinase (CK), cardiac troponin I (CTn-I) and cardiac
troponin T (CTn-T) in the serum. Gossypin treatment significantly (P < 0.001) altered the cardiac function, hepatic, antioxidant,
inflammatory cytokines and inflammatory mediators. Gossypin significantly (P < 0.001) suppressed the MMP-2 and MMP-9 in ISO-
induced I/R rats. Gossypin treatment considerably alleviated the gut dysbiosis through altered Firmicutes to Bacteroidetes (F/B) ratio
and also maintained the relative abundance of Butyricicoccus, Clostridium IV, Akkermansia, Roseburia and Clostridium XIVs.
Conclusion: Based on result, we can conclude that gossypin is an alternative drug for the treatment of ISO-induced I/R in rats via
alteration of oxidative stress, inflammatory reaction and gut microbiota.
Keywords: gossypin, ischemia-reperfusion, gut microbiota, inflammatory, antioxidant

Introduction
Coronary artery disease (CAD) is a global health problem that commonly induces the myocardial I/R.1 I/R is the leading
cause of death among patients with coronary heart disease around the world. According to the World Health Organization
(WHO) reports, I/R causes the mortality in 2020.2 As per the study of the Global Burden of Disease, 24% of men and
20% of women suffered from cardiovascular disease (CVD).3 Insufficient or irregular supply of blood and oxygen in the
myocytes develops the I/R, which brings alterations in the biochemical, mechanical and basic properties of the heart
tissue. Despite constant breakthroughs in the detection and treatment of coronary artery diseases, I/R continues to be
leading cause of death, globally.2 I/R is a serious health issue and the leading cause of mortality and morbidity in the
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Western world, even in China.4 I/R-related morbidity and mortality have reached epidemic proportions, with 16.7 million
deaths per year worldwide.5 During the I/R condition, increases the energy requirements and deficient oxygen supply to
the heart myocytes. It involves various changes in the signaling and metabolic pathways that are involved in enhanced
oxidative stress, excessive cytoplasmic/mitochondrial calcification, irreversible DNA injury, lipid peroxidation (LPO),
dynamic cellular metabolism, altered antioxidant homeostasis and pathophysiology.6,7 Clinically, I/R diagnosis via
observing the loss of ventricular functionality, electrocardiograph and blood pressure, coupled with boosted serum
expression of cardiac-related proteins. I/R can induce other symptoms such as cardiac hypertrophy and myocardial
fibrosis. The mechanism involved in the I/R associated with inflammation, apoptosis and oxidative stress.6,8,9

Isoprenaline (1-[3,4-dihydroxyphenyl]-2-isopropylamino ethanol hydrochloride) is a β-adrenoceptor agonist (cate-
cholamine drug) widely used in the treatment of bronchial asthma, allergic emergencies, ventricular bradycardia,
glaucoma and cardiac arrest.6,8,9 However, a large dose of ISO induces the stress in myocardium via reducing the
energy of stored molecules in cardiomyocytes, which ultimately induces the infarcts such as irreversible cellular injury
and necrosis.10–12 After autooxidation, ISO produces a huge quantity of free radicals, altering the tissue defense systems,
such as antioxidant molecules or chemical scavengers and endogenous antioxidant enzymes, such as glutathione
peroxidase (GPx), superoxide dismutase (SOD), glutathione-S-transferase (GST) and catalase (CAT).13,14 This is due
to a reduction in the endogenous antioxidant system which increases the level of lipids in the heart tissue. It is well
known that ISO-induced I/R model in the rodent similar to the human myocardial ischemia.15 Due to the similarity of this
model, ISO model is widely used to evaluate the protective effect of various drugs against myocardial I/R.13,14

It is well known that the gut microbiota is made up of 5 phyla, such as Actinobacteria, Proteobacteria,
Cerromicrobiota, Firmicutes and Bacteroidetes.16 All the 5 phyla of gut microbiota, Firmicutes (gram-positive bacteria)
especially Lactobacillus and Clostridium and Bacteroidetes (gram-negative bacteria) especially Bacteroides and
Prevotella, found more than 90% in the gut microbial community.17 During the cardiac disease, the level of gram
positive and negative bacteria altered. The ratio of Firmicutes to Bacteroidetes varies person to person. The difference in
the microbial diversity observed in the host genomes due to various factors such as lifestyle, food intake, regular intake
antibiotics, cancer chemotherapy and the use of other drugs.18 The number of archaea and fungi found in the gut flora is
less than 1%. The role of these microorganisms is to convert proteins and carbohydrates into short chain fatty acids
(SCFAs) in the gut.19 In recent years, the alteration of gut microbiota and activation of inflammatory pathway have been
concerned with the expansion of cardiac disease, with the concept of a gut-cardiac axis being proposed, although the
connective relationship remains to be explored.16 Gut microbiota have been linked to systemic inflammation as a
promoter or mediator.20 Bacterial translocation, dysbiosis and intestinal barrier dysfunction can induce inflammation in
I/R.16 Therefore, the onset of I/R disease associated with cardiotoxicity may be prevented via alteration of gut
microbiota.

The allopathic western drug mechanism is based on the lock-and-key model that targets a single metabolic/signaling
pathway, and the resultant failure to treat the disease is governed by multiple molecular mechanisms.9,12 A lot of
synthetic drugs were scrutinized against the I/R condition, but most of them exhibited the serious side/toxic effects and
sometimes they cause the patient’s death.14,21 These synthetic drugs are associated with undesirable side effects that lead
to serious health issues.6,22 Currently, researchers are focusing their research on the plant and its phytoconstituents to
scrutinize the cardio-protection against I/R.13,14 Phytoconstituents with cardiac protective effects can be a safe and
effective alternative medicine for the treatment of myocardial infarction.23 Flavonoids are specifically reported to possess
anti-inflammatory and antioxidant effects.24 Gossypin (3,5,8,3,4-pentahydroxy-7-O-glucosyl flavone 8-glucoside) also
known as gossypin-8-O glucoside (natural occurring bioflavonoid) isolated from the hibiscus vitifolius and belongs to the
Malvaceae family.25,26 Gossypin exhibited the protective effect against various diseases via its antioxidant and anti-
inflammatory effects.25,27 Gossypin showed a protective effect against the oxidative stress via improved the antioxidant
defense system and activate the aminolevulinate dehydratase.28 Gossypin also protects the pancreatic β-cells from gluco-
toxicity in diabetes.29 Additionally, gossypin exhibited a neuroprotective effect on the cerebral ischemia rat model.30

Nevertheless, until now, the cardioprotective effect of gossypin against ISO-induced I/R and the role of the gut
microbiota have not been investigated. The aim of the current study was to scrutinize the cardioprotective effect of
gossypin against ISO-induced I/R in rats and explore the underlying mechanism.
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Materials and Methods
Chemical
ISO and gossypin were purchased from the Sigma Aldrich, USA. Total cholesterol (TC), high-density lipoprotein (HDL)
and triglyceride (TG) kits were purchased from the Institute of Biological Engineering of Nanjing Jiancheng, Nanjing,
China. LDH, CK-MB kits were procured from the Institute of Biological Engineering of Nanjing Jiancheng, Nanjing,
China. Inflammatory cytokines and inflammatory mediators were purchased from the TaKaRa Corp, Japan.

Experimental Rodent
Sprague Dawley (SD) rats (200–225 g; sex – male; aged: 8–10 weeks) used in this protocol. The rats were kept in a well-
ventilated animal house with maintained temperature (25°C), relative humidity (65%) and 12/12 h light and dark cycles. The
rats were received the standard pellet diet and water ad libitum. All the experimental study was carried out accordance to the
Institute guidelines and regulations. The animal protocol was approved from the Shaanxi Provincial People’s Hospital
(SPPH200262-07).

Preparation of Toxicant and Tested Drug
ISO was used for induction the I/R. The toxicant was prepared using the saline. Tested drug (gossypin) suspension (1%
DMSO) was used. All the toxicants and tested drugs are prepared freshly every time.

Induction of I/R
Subcutaneous injection of ISO (100 mg/kg) was used for induction the I/R.1 The rats were received the ISO treatment
after every 24 h for 2 days. The tested drug dose was selected on the basis of preliminary dose dependent.

Experimental Protocol
Total 24 rats were divided into 4 groups, and each group contains the 6 rats. The groups are given below:

Group I: control.
Group II: ISO (100 mg/kg).
Group III: ISO (100 mg/kg) + gossypin (10 mg/kg) and
Group IV: ISO (100 mg/kg) + gossypin (20 mg/kg), respectively.
Group I and Group II received the oral administration of carboxyl methyl cellulose (CMC) (1%) using the oral

gavage. All groups of rats received the oral administration of the above-mentioned treatment via intragastric tube for 30
days. Gossypin (tested drug) was prepared freshly via preparing the suspension of 1% CMC and tested group received
the oral administration before 30 min, induction the myocardial ischemia injury. At the end of the experiment,
hemodynamic parameters were recorded. Thereafter, the rats were killed under anesthetized conditions using urethane
(1 g/kg, intra-peritoneally injected) to isolate blood. The heart tissues were rinsed in ice-cold 0.9% NaCl after harvesting.

Serum Preparation
At the end of the protocol, the blood samples from all groups of rats were collected into the dry test tube and left to
coagulate at room temperature for 30 min. The blood sample centrifuged at 5000 rpm for 15 min.

For the preparation of plasma preparation, the collected blood samples centrifuged at 5000 rpm for 5 min and plasma
was separated via aspiration.

Heart tissue was cut into small pieces and prepared the homogenate in appropriate buffer (pH = 7.0) to give
homogenate (10%) (wt%/vol%) and homogenate centrifuged at 2000 rpm for 5 min at 0°C. After centrifuge, the
supernatant was separated to estimate the biochemical parameters.

Cardiac Function
Previously reported method was used for the estimation of cardiac function using a pressure volume catheter.31 For the
estimation of pressure and volume, the catheter was inserted into the carotid artery and progressed into the left ventricle.

Journal of Inflammation Research 2022:15 https://doi.org/10.2147/JIR.S348883

DovePress
1639

Dovepress Cheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Different cardiac functions, viz., left ventricular end-systolic pressure (LVEDP), stroke work (SW) and left ventricular
end-diastolic pressure (LVEDP), were estimated. PV loops were then changed under the conditions of preload adjust-
ment, which was provoked by blockage of the inferior vena cava, to determine the region inside the PV loop and estimate
ventricular function. Using the end-diastolic pressure volume relation (EDPVR) and end-systolic pressure volume
relation (ESPVR), the slope of end-diastolic and end-systolic volume points, which are load-independent markers of
myocardial ventricular and contractility compliance, was computed.

Cardiac and inflammatory cytokines Parameters
We measured the levels of CK, CK-MB, cTnT, LDH, cTnI and inflammatory cytokines in the rat serum using the
standard kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).

Nitric Oxide (NO) and Inducible Nitric Oxide Synthase (iNOS)
iNOS and NO levels were determined via using the commercial kits following the manufacturer instruction (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

Lipid Parameters
Lipid parameters, viz., TC, HDL and TG, were estimated using the commercially available kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) following the manufacturer’s protocol. Low-density lipoprotein (LDL) and
very low-density lipoprotein (VLDL) was estimated using the below formula

LDL ¼ TC � HDL �
TG
5

VLDL ¼
TG
5

Antioxidant Parameters
Antioxidant parameters such as SOD, GPx, CAT and GSH were determined using the previously reported method with
minor modification.21,32

Inflammatory Cytokines
Inflammatory cytokines, viz., INF-γ, TNF-α, TGF-β, IL-1β, IL-6 and IL-10, were estimated using the ELISA kits
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China).

Matrix Metalloproteinases
Matrix metalloproteinases (MMP) such as MMP-2 and MMP-9 were estimated using the ELISA kits (Boster Biological
Technology, Co, Ltd, California, USA) following the manufacturer instruction.

DNA Extraction and Estimation of 16 rRNA
QIA-amp FAST DNA Stool Mini Kit (Qiagen) was used for the isolation of DNA from the stool using the manufacturer’s
protocol. 200 mg faecal samples were collected from the rats and homogenized in 1000 μL ASL lysis buffer and
vortexing (2–3 min) in pre-sterilized Eppendorf tube and incubated in water bath for 15 min. After the incubation, the
mixture was centrifuged at 15 g rpm for 5 min to separate the supernatant. The collected supernatant added in the 25 μL
proteinase K, 200 μL AL solution and vortexed for 15 sec, incubated on water bath for 10 min. Finally, 1.5-mL sterile
Eppendorf containers were used to combine the elution buffer (150 µL) with the columns, which were then incubated at
room temperature for 10 minutes before being centrifuged for 1 minute at 14,000 rpm. The eluted DNA sample was
analysed qualitatively and quantitatively using agarose gel electrophoresis and nanodrop techniques.
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Histopathology
Heart tissue immediately removed after sacrifice the rats and heart tissue was soaked into the polyformaldehyde (4%) and
fixed for 1 day. Afterthat, processed and embedded the heart tissue using the paraffin as per the standard protocol. Heart
tissue (5 µm) cut, dehydrated, deparaffinized and stained with hematoxylin and eosin. A light microscope was used to
observe the changes in the heart tissue using a digital camera.

Statistical Analysis
For statistical analysis, GraphPad Prism 8 software (Graph Pad Software) was utilised. One-way analysis of variance
(ANOVA) was used to compare the differences in the statistical analysis. The different groups were compared using the
Tukey multiple comparison test. If *<P 0.05, **<P 0.01 and ***<P 0.001 was considered significant.

Result
Effect on Infarct Size
No changes was observed in the heart tissue of normal rats. ISO-induced rats exhibited the increased infarct size and
gossypin (10 and 20 mg/kg) treated rats exhibited the reduction of the infarct size (Figure 1).

Hemodynamic Parameters
We estimated the hemodynamic parameters, such as LVESP, LVEDP, SW, DP, ESPVR and EDPVR in the different group
of rats. ISO-induced I/R injury rats exhibited the reduced level of LVESP, SW, ESPVR, DP, EDPVR and enhanced level
of LVEDP. Gossypin treated group rats showed the boosted level of LVESP, SW, ESPVR, DP, EDPVR and suppressed
level of LVEDP (Figure 2).

Body Weight
Normal rats exhibited the boosted bodyweight and reduced heart tissue as compared to the ISO-induced I/R rats. ISO-
induced rats showed the reduced bodyweight and enhanced heart weight. Due to increased heart weight, it also showed
the increased heart/body weight ratio. Gossypin treated rats significantly (P < 0.001) increased the bodyweight and
suppressed the heart weight and heart/body weight ratio (Figure 3).

Cardiac Parameters
During the cardiac disease, the cardiac parameters are suppressed due to the expansion of the disease. In this study, we
estimated the cardiac parameters, such as CK-MB (Figure 4A), LDH (Figure 4B), CK (Figure 4C), CTn-l (Figure 4D)
and CTn-T (Figure 4E) in the serum and the heart tissue. ISO group rats exhibited the increased level of CK-MB, LDH,
CK, CTn-l and CTn-T in the serum and reduced level of CK-MB, LDH, CK, CTn-l and CTn-T in the heart tissue.
Gossypin treated rats significantly (P < 0.001) suppressed the level of CK-MB, LDH, CK, CTn-l and CTn-T in the serum
and boosted the level of CK-MB, LDH, CK, CTn-l and CTn-T in the heart tissue (Figure 4).

Figure 1 Effect of Gossypin on the heart tissue and cardiac infarct size. Values are presented as mean± standard error mean (SEM). Where **P<0.01 and ***P<0.001 were
consider as significant, more significant and extreme significant. All group contains 6 rats.
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Figure 2 Effect of Gossypin on the hemodynamic parameters of ISO induced MI rats. (A) LVESP, (B) LVEDP, (C) SW, (D) DP, (E) ESPVR and (F) EDPVR. Values are
presented as mean± standard error mean (SEM). Where *P<0.05, **P<0.01 and ***P<0.001 were consider as significant, more significant and extreme significant. All group
contains 6 rats.

Figure 3 Effect of Gossypin on the body weight, heart weight and heart/body weight ratio of ISO induced MI rats. Values are presented as mean± standard error mean
(SEM). Where *P<0.05, **P<0.01 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.

Figure 4 Effect of Gossypin on the cardiac parameters in serum and heart tissue of ISO induced MI rats. (A) CK-MB, (B) LDH, (C) CK, (D) CTn-I and (E) CTn-T. Values
are presented as mean± standard error mean (SEM). Where *P<0.05, **P<0.01 and ***P<0.001 were consider as significant, more significant and extreme significant. All
group contains 6 rats.
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Lipid Parameters
ISO induced rats exhibited the increased levels of TG, TC, LDL, VLDL and reduced level of HDL. Gossypin
significantly (P < 0.001) suppressed the level of TG, TC, LDL, VLDL and increased the level of HDL (Figure 5).

Antioxidant Parameters
Oxidative stress plays an important role in the expansion of cardiac disease. During the cardiac disease, start the
production of free radcials, which further induces the oxidative stress and altered the antioxidant enzymes. The similar
result was observed in this experimental study. Where, ISO-induced group rats exhibited the reduced level of SOD
(Figure 6A), GPx (Figure 6B), GSH (Figure 6C), CAT (Figure 6D) and gossypin treatment significantly (P<0.001)
increased the level of SOD, GPx, GSH, CAT in the erythrocytes and cardiac tissue (Figure 6).

Figure 7 ISO-induced rats exhibited the enhanced level of TBARS and LOOH in the serum and heart tissue. Gossypin
treatment significantly (P < 0.001) suppressed the level of TBARS and LOOH in the serum and heart tissue (figure 7).

iNOS and NO
ISO-induced I/R rats exhibited the increased level of iNOS and NO as compared to normal and tested group rats.
Gossypin treatment significantly (P < 0.001) suppressed the level of iNOS and NO (Figure 8).

MMP Level
ISO-induced I/R group rats showed the increased level of MMP-2 and MMP-9 and gossypin treatment significantly (P <
0.001) decreased the level of MMP-2 and MMP-9 (Figure 9).

Inflammatory Cytokines and Inflammatory Parameter
ISO-induced I/R group rats exhibited the increased level of TNF-α, IL-1β, IL-6 in the serum and heart tissue. Gossypin
significantly (P < 0.001) suppressed the level of inflammatory cytokines in the serum and heart tissue (Figure 10).

The level of inflammatory parameter such as NF-κB play significant role in cardiac disease. ISO-induced I/R group
rats exhibited an increased level of NF-κB and gossypin treatment significantly (P < 0.001) decreased the level of NF-κB
in the serum and heart tissue (Figure 11). The suppression of inflammatory reaction via gossypin suggesting the
antiinflammatory effect.

Figure 5 Effect of Gossypin on the lipid parameters of ISO induced MI rats. (A) TG, (B) TC, (C) HDL, (D) LDL and (E) VLDL. Values are presented as mean± standard
error mean (SEM). Where *P<0.05, **P<0.01 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.
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Gut Microbiota
To estimate the cardiac protective effect of gossypin, we estimated the gut microbiota of all groups of rats. The normal
group of rats exhibited the normal abundance of different bacteria. ISO group of rats exhibited an increased abundance of
Bifidobacterium, Unidentified-Desulfovibrionaceae and reduced level of Unidentified-Prevoteliaccce, Parabacteroides;
gossypin treated rats suppressed the abundance of Bifidobacterium, Unidentified-Desulfovibrionaceae and boosted the
level of Unidentified-Prevoteliaccce, Parabacteroides (Figure 12A). F/B level was boosted in the ISO induced I/R group
rats and gossypin treated rats significantly (P<0.001) suppressed the F/B ratio (Figure 12B). ISO group rats exhibited the
increased adundance of Firmicutes, Candidatus_Saccharibacteria, Unclassified Bacteria and suppressed the level of

Figure 6 Effect of Gossypin on the antioxidant parameters in erythrocytes and heart tissue of ISO induced MI rats. (A) SOD, (B) GPx, (C) GSH and (D) CAT. Values are
presented as mean± standard error mean (SEM). Where *P<0.05, and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6
rats.

Figure 7 Effect of Gossypin on the TBARS and LOOH in erythrocytes and heart tissue of ISO induced MI rats. (A) TBARS and (B) LOOH. Values are presented as mean±
standard error mean (SEM). Where *P<0.05 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.

Figure 8 Effect of Gossypin on the iNOS and NO level of ISO induced MI rats. (A) iNOS and (B) NO. Values are presented as mean± standard error mean (SEM). Where
*P<0.05 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.
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Bacteroidetes, Actinobacteria, Tenericutes, Verrucomicrobia. Gossypin considerably suppressed the abundance of
Firmicutes, Candidatus_Saccharibacteria, Unclassified Bacteria and increased the abundance of Bacteroidetes,
Actinobacteria, Tenericutes, Verrucomicrobia (Figure 12C). ISO group rats exhibited the increased abundance of

Figure 9 Effect of Gossypin on the MMP level of ISO induced MI rats. (A) MMP-2 and (B) MMP-9. Values are presented as mean± standard error mean (SEM). Where
**P<0.01 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.

Figure 10 Effect of Gossypin on the proinflammatory parameters in serum and heart tissue of ISO induced MI rats. (A) TNF-α, (B) IL-1β and (C) IL-6. Values are presented
as mean± standard error mean (SEM). Where *P<0.05 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.

Figure 11 Effect of Gossypin on the NF-κB in serum and heart tissue of ISO induced MI rats. Values are presented as mean± standard error mean (SEM). Where *P<0.05
and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.
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Firmicutes and reduced abundance of Bacteroidetes, Proteobacteria and gossypin significantly (P<0.001) altered
abundance of Firmicutes and Bacteroidetes, Proteobacteria (Figure 12D). Gossypin treatment significantly (P<0.001)
suppressed the abundance of Unclassified Lachnospiraceae, Clostridium IXVa, Akkermansia (Figure 12E).

Histopathology
The effect of gossypin on the heart histopathology was also investigated to estimate its effect on the micro-structural
level. Normal group rats did not exhibit any cell death, histo-architecture and inflammation (Figure 13A). ISO-induced
group rats exhibited the apoptosis of muscle fibres with edema, necrosis (Figure 13B) and gossypin (10 and 20 mg/kg)
remarkably suppressed the apoptosis of muscle fibres with edema and necrosis (Figure 13C and D).

Discussion
To eliminate the global burden of CVD, particularly I/R, it is necessary to find non-toxic and safe cardio-protective drugs. ISO-
induced I/R animal model exhibits similar cytological and metabolic alterations to those observed in human I/R. ISO is a
synthetic catecholamine (β-adrenergic agonist) has been observed to induce like myocardial necrosis, increase LPO and
suppress endogenous antioxidants, enhance cardiac malfunctioning and histological alteration of myocardium that have been
defined as comparable to human I/R.4 Various reports suggest that ISO-induced I/R occurs due to alteration in normal
hemostasis redox state, which leads to promoting the free radicals and pre-oxide that cause the cardiac cell injury.33,34 Cardiac

Figure 12 Effect of Gossypin on the gut microbiota of ISO induced MI rats. (A) Relative abundance of different bacteria, (B) F/B ratio, (C) relative abundance of major
bacteria, (D) relative abundance of Firmicutes, Bacteroidetes, Proteobacteria, (E) relative abundance of unclassified bacteria Values are presented as mean± standard error
mean (SEM). Where *P<0.05, **P<0.01 and ***P<0.001 were consider as significant, more significant and extreme significant. All group contains 6 rats.
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tissue is highly susceptible to oxidative stress owing to low antioxidant enzyme activity. Antioxidant enzymes and free radical
scavengers reduce cardiac dysfunction, constrain infarction size and limit MI progression.33 In this study, we scrutinized the
cardioprotective effect of gossypin against the ISO-induced I/R and explored the underlying mechanism.

ISO-induced I/R rats exhibited an increased heart weight to body weight ratio, which may be attributed to an increase
in the water level in the intramuscular space, i.e. edema. The water content increase of 1% may be resultant suppress the
cardiac function (10%). Previous report suggests that ISO-induced I/R rats demonstrated an increased heart weight and
heart weight/body weight ratio.35 Furthermore, gossypin treatment considerably reduced the heart weight and heart
weight to body weight ratio. These findings are also corroborated by prior reports.35

CK-MB is a gold indicator of cardiac tissue and is used as an indicator for estimation of myocardial injury.20 The
increase level of CK-MB and other diagnostic parameters boosted in the serum showed cardiomyocyte injury, which is an
indicator of I/R. Cardiac specific markers such as troponins I and troponin T are highly sensitive and specific markers for
cardiac disease and are also used as diagnostic markers for I/R disease.36 CTn-T is the specific marker of I/R and CTn-I is
a constituent of myofibrillar cardiac tissue.37 Previous research suggests that the stabilization of cardiac muscle
membrane injury is considered as a novel approach to treat ISO-induced I/R.38 The administration of ISO enhances
the level of CK, CK-MB, LDH, CTn-1 and CTn-T in the serum and reduces the level in the heart tissue. This alteration
might be due to ISO-induced alteration in myocardial film permeability as well as integrity and cardiac infarction. These
changes occur in the membrane due to increased free radical production and damage the myocardial membrane.39,40 The
Gossypin treatment considerably suppressed the levels of CK, CK-MB, LDH, CTn-I and CTn-T in the serum and
improved the heart tissue due to its antioxidant potential and stabilizing the membrane injury.

It is well known that during coronary heart disease, increases the lipid level. A similar result was found in the ISO
group of rats. They showed an enhanced level of lipid parameters, suggesting the induction of coronary heart disease.38,39

Figure 13 Effect of Gossypin on the histopathology of ISO induced MI rats. (A) Normal control, (B) ISO control, (C) ISO+Gossypin (10 mg/kg) and (D) ISO+Gossypin (20
mg/kg). All group contains 6 rats.
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A dramatically increased level of TG, VLDL, LDL, TC and suppressed level of HDL was observed after the ISO
treatment. These changes in lipid profile are due to enhancement of lipid biosynthesis through increased cyclic adenosine
monophosphate (cAMP) levels.39

Oxidative damage and mitochondrial dysfunction are associated with increased LPO and reduced endogenous
antioxidant enzymes in the myocardial tissue.41,42 The enzymatic antioxidant myocardial system works in a coordination
manner to maintain the cellular redox balances. During the ISO treatment, a disturbance occurred in the redox balance in
the myocardial. LPO is a crucial pathogenic process in the condition of cardiac injury and the effect of ISO on LPO in the
myocardial tissue of rodents is well established.41,42 The peroxidative injury is exerted through the quinone formation
(intermediates of ISO), which reacts with the molecular oxygen to generate the ROS and induces the membrane LPO.41

In this experimental protocol, gossypin considerably suppressed the ISO mediated TBARS (LPO marker) in myocardial
tissue, suggesting a potent antioxidant effect to protect the myocardium. Gossypin may donate hydrogen atoms to the free
radicals during the ISO-induced I/R injury and terminate the free radical-chain reactions. The changes in the redox
balance during the ISO in the myocardial tissue are well documented.41,43 In the current study, the reduction of GSH,
SOD, GPx and SOD were observed in the heart tissue. This reduction occurred due to the utilization of more cellular
enzymatic and non-enzymatic antioxidants to scavenge the free radicals generated during ISO treatment.41 However,
gossypin treatment significantly boosted the level of endogenous antioxidant enzymes in the cardiac tissue. ISO group
rats received gossypin considerably altered the level of antioxidant enzymes, suggesting an antioxidant effect.

Inflammatory signaling pathways play an important role in the development and progression of CVD and a lot of synthetic
drugs, especially anti-inflammatory agents, are used to reduce myocardial injury.38,44 A recent report suggests that during
myocardial injury, excessive generation of inflammatory cytokines is observed. IL-1β can increase the infiltration of
neutrophils and inflammatory mediators, further inducing the inflammatory reaction and ultimately causing tissue injury.38,45

IL-1β is related to the intensity of inflammation and is also used as an indicator of disease severity.46 ISO-induced I/R rats
showed the boosted level of IL-1β and gossypin significantly suppressed the level of IL-1β in the serum and cardiac tissue. The
result suggests the anti-inflammatory effect of gossypin leads to the reduction of activation and cascade of inflammatory
cytokines, NF-κB and iNOS. Inflammatory cytokines such as IL-6 and TNF-α mainly responsible for the myocardial injury,
which depends on the activation of NF-κB. Normally, NF-κB is prevented from inhibitory kappa B (IκB) family activation.-
38,46 Consequently, IκB fails to maintain the level of NF-κB and activates the NF-κB and its translocation from the cytosol to
the nucleus and binds to the promoter sequence of target genes and induces the transcription of inflammatory cytokines.38 IL-6
involved in numerous inflammatory reactions such as neutrophil recruitment and maturation.42 During the cardiac disease, the
level of IL-6 increased and it suppressed the catalase activity and enhanced the inflammatory and toxic effects.38 The results
showed that gossypin treatment considerably reduced the levels of IL-6, IL-1β, TNF-α and NF-κB in the heart tissue as well as
serum as compared to I/R control group rats, suggesting an anti-inflammatory effect, which protects the heart from I/R injury.
Flavonoids are reported to have promising preventive effects against various inflammatory reactions and have the capability to
alter the key signaling pathways involved in inflammation (pro and anti-inflammatory cytokines).47 Gossypin (flavonoids)
suppressed the inflammatory cytokines and inflammatory mediators, suggesting an anti-inflammatory effect against ISO-
induced I/R in rats.

MMPs are the proteolytic enzymes involved in the degradation of the extracellular matrix and alteration of
cardiomyocytes in both non-infarcted and infarcted myocardium (process of cardiac remodelling), which constitutes
the anatomic substrate for the development of congestive heart failure and suggests cardiac death.48 MMP-2 and 9 play
an important role in postmyocardial infarction and left ventricular remodeling since they are activated in the myocardial
tissue after I/R. MMP-2 (gelatinase A) is commonly observed in all types of cells and degrades into collagen type IV
(significant component of the basement membrane) and extracellular matrix protein and denatured collagen.49 Previous
research suggests that MMP-2 dysfunction has a cardioprotective effect on oxidative stress via alteration of mitochon-
drial respiration and increased lipid peroxidation the I/R in rodents.50 During acute I/R, MMP-9 in the infarcted tissue is
derived from the neutrophils and may act directly or indirectly on the ventricular tissue (as protease), but it also enhances
neutrophil infiltration and exacerbates and degranulates the ischemic insult.49 The suppression of MMP-2 is related to left
ventricular toxic remodeling with higher survival. The inhibition of MMP-9 leads to suppress the myocardial rupturing
after acute I/R and lower left ventricular dilation due to less reorganization of collagen in the infarct area in rodents.50
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Gossypin treatment significantly suppressed MMP-2 and MMP-9 via its potent antioxidant potential, ameliorating
cardiac dysfunction and enhancing cardiac repair following I/R.

Literature suggests that the gut microbiota plays an important role in the progression and expansion of I/R disease.51

During the cardiotoxicity, the suppression of gut microbiota was observed in the diversity and richness of different
phylum of bacteria and dietary supplements altered the gut microbiota and helped to reduce the cardiotoxicity. Targeting
the gut microbiota is a potential approach to treat ISO induced I/R.16 Gossypin treatment considerably removed the
deleterious effects of gut dysbiosis such as changes in gut microbiota, reducing inflammation and gut leakiness. ISO
induced I/R rat, faecal microbiota transplantation involved in the gut microbiome enhanced the cardiomyopathy and
dysregulation of the gut. Targeting gut microbiota may be considered as a novel approach to treating I/R.16 In this study,
gossypin treatment considerably avoided dysbiosis of gut microbiota and removed the intestinal barrier integrity. In this
study, ISO induced I/R group rats showed the changes in the richness and diversity of gut microbiota and gossypin
treatment altered the gut microbiota diversity and richness.

Gossypin treatment considerably protected the gut microbiota composition and relative abundance of different bacteria
phyla and genera. The results showed that gossypin treatment considerably enhanced the Bacteroidetes and Firmicutes
number and ratio of F/B. The ratio of Firmicutes to Bacteroidetes is used as an indicator of dysbiosis gut microbiota. ISO-
induced I/R rats showed a reduction in the F/B ratio and gossypin considerably improved the F/B ratio, suggesting the
balancing of gut microbiota dysbiosis is a safe state. Firmicutes are made up 84 species and belong to the Clostridium genera.
Among all the species of Firmicutes, Tyzzerella, Coprococcus, Ruminococcus and Lachnospiraceae are linked with the
various complications of CVD.16 It is well proven that alteration in the level of Firmicutes induces the CVD lifetime.
Bacteroidetes play a crucial role in heart functioning. In this study, ISO group rats increased the Firmicutes level, suggesting
that gut microbiota relate to the various signaling pathways, including the trimethylamine (TMA)/trimethylamine N-oxide
(TMAO) and SCFAs pathways.52 Gossypin significantly enhanced the levels ofClostridium, Roseburia, Lachnospiraceae and
Roseburia; all the bacteria generate anti-inflammatory metabolites which help to change and decrease the pH level in the gut
and also suppress excessive bacterial growth and suggesting an anti-inflammatory effect.

Both bacteria Bacteroides and Firmicutes demonstrated an anti-inflammatory effect and played a significant role in
the intestinal defence barrier via boosting the TJ protein and mucin productions, leading to higher villi and having longer
nutrient absorption capacity.53 Gossypin considerably enhanced the relative abundance of unclassified Clostridiales,
which generate butyrate and suppress the activation of NLR Family Pyrin Domain Containing 1 (NLRP1) inflammasome
and prevent the cardiac disease. Akkermansia is widely used to host secreted the mucus O-glycoprotein (MOGs) and
secreted the huge amount from the goblet cells.16 Gossypin treatment considerably maintained the number of goblet cell
and relative abundance of Akkermansia, which further enhanced the protection and repairment of mucus barrier.

Conclusion
Collectively, we can say that gossypin considerably suppressed the hemodynamic parameters, infarct size, heart weight,
body weight/heart ratio and increased the body weight. Gossypin treatment considerably suppressed the cardiac
parameters, oxidative stress and inflammatory reaction. Gossypin treatment considerably suppressed the MMP-2 and
MMP-9 level. The alteration of gut microbiota by gossypin prevents ISO induced myocardial reperfusion in rats via
modulation of gut microbiota.

Abbreviation
I/R, Ischemic/reperfusion; SD, Sprague Dawley; LAD, Left anterior descending coronary artery; LVESP, Left ventricular
end-systolic pressure; SW, Stroke work; DP, Diastolic pressure; ESPVR, End-systolic pressure volume relation; EDPVR,
End-diastolic pressure volume relation; LVEDP, Left ventricular end-diastolic pressure; LDH, Lactate dehydrogenase;
CKMB, Creatine Kinase MB; CK, Creatine kinase; CTn-I, Cardiac troponin I; CTn-T, Cardiac troponin T; SOD,
Superoxide dismutase; GPx, Glutathione peroxidase; GSH, Glutathione; CAT, Catalase; TBARS, Thiobarbituric acid
reactive substances; LOOH, Lipid Hydroperoxide; MMP-2, Matrix metalloproteinase-2; MMP-9, matrix metalloprotei-
nase-9; CAD, Coronary artery disease; WHO, World Health Organization; LPO, Lipid peroxidation; GST, Glutathione-S-
transferase; TC, Total cholesterol; HDL, High-density lipoprotein; TG, Triglyceride; CMC, Carboxyl methyl cellulose;
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NO, Nitric oxide; iNOS, Inducible nitric oxide synthase; LDL, Low-density lipoprotein; VLDL, Very low density
lipoprotein; MMP, Matrix metalloproteinases; TMA, Trimethylamine; TMAO, Trimethylamine N-oxide; NLRP1, NLR
Family Pyrin Domain Containing; MOGs, Mucus O-glycoprotein.
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