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A B S T R A C T   

Background: Cardiovascular diseases (CVDs) are a significant cause of morbidity and death in the current world, 
posing a challenge to both developing and industrialized nation’s health systems. Citrullus lanatus (Thunb.) 
Matsum. & Nakai. seeds have long been utilized to supplement and enhance health and treat cardiovascular 
illnesses. However, its treatments for CVDs are still unknown. More research is required to fully comprehend the 
impact of C. lanatus seeds on vasorelaxation and myocardial infractions. 
Purpose: Therefore, an integrated metabolomics profiling technique was used to investigate possible pathways of 
C. lanatus in isoproterenol (ISO)-induced myocardial infarction (MI). Isoproterenol causes long-term cardiac 
hypertrophy by causing cardiomyocyte compensatory loss, eventually leading to heart failure. 
Methods: In vitro models of vasoconstriction, atrium, and in vivo models of invasive blood pressure measurement 
and isoproterenol (ISO) induced cardiac hypertrophy in rats were used to understand underlying mechanistic by 
LC-MS/MS based dynamic metabolomics analysis of the serum and heart samples to be investigated the effect of 
ethanolic extract of C. lanatus (Cl.EtOH). 
Results: Cl.EtOH exhibited vasorelaxant, negative chronotropic, and inotropic effects in in-vitro models whereas, a 
potent hypotensive effect was observed in normotensive rats. The Cl.EtOH protected the animals from ISO- 
induced myocardial infarction (MI) with therapeutic interventions in left ventricular thickness, cardiomyocyte 
hypertrophy, mRNA gene expression, biochemical assays, and metabolomic profiling of serum and heart tissues. 
Conclusions: For the first time, our study confirmed that C. lanatus seeds (Cl.EtOH) possess significant antihy
pertensive and prevent ISO-induced myocardial infarction. These findings comprehensively demonstrated 
mechanistic insights of Cl.EtOH in vasorelaxation and myocardial infarction. The current study provides evi
dence for further mechanistic studies and the development of C. lanatus seeds as a potential therapeutic inter
vention for patients with cardiovascular disorders.   

Abbreviations: ACN, Acetonitrile; CCB, Calcium channel blocker; CH, Cardiac hypertrophy; Cl.EtOH, Hydroethanolic extract of C. lanatus seeds; eNOS3, Endo
thelial nitric oxide synthase 3; FA, formic acid; Log (pKi), Logarithmic of predicated Inhibition Constant (pKi); MeOH, Methanol; MI, Myocardial infarction; MMP9, 
Matrix metallopeptidase 9; MM-GBSA, Molecular mechanics energies combined generalized born and surface area; TFA, trifluoroacetic acid; VGCC, Voltage-gated 
calcium channel β2a.. 
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Introduction 

Myocardial infarction (MI) is a prominent global cause of death. MI is 
induced by cardiac hypertrophy characterized by irreversible heart tis
sue damage (Guo et al., 2016) due to insufficient blood supply, 
decreasing oxygen supply in heart tissue (Li et al., 2014). An abnormal 
thickening of the left heart ventricle (LHV) wall reduces left ventricular 
capacity. Long-term hypertrophy causes cardiomyocyte loss, heart fail
ure, angina, and arterial atherosclerosis (Lee et al., 2017). Research is 
being conducted globally to discover interventions to protect the 
myocardium tissues from MI. Prevalent therapies have severe side ef
fects with prolonged dependence on such therapies (Pasupathy et al., 
2017). Alternative remedies are being used to overcome these compli
cations, as these are considered safe, effective, and economical (Shaito 
et al., 2020). 

Citrullus lanatus (Thunb.) Matsum. & Nakai., commonly known as 
Tarbooz (Khare, 2007) (Cucurbitaceae), is widely cultivated as edible 
fruit globally (Koocheki et al., 2007; Renner and Pandey, 2013; Siddiqui 
et al., 2018). The fruit is eaten raw and roasted besides desserts, salad, 
snacks, watermelon cake, lemonade, and watermelon rind pickles 
(Erhirhie and Ekene, 2014; Siddiqui et al., 2018). Drinks and juices 
made from fruits and seeds are used for freshness, chilling, and 
thirst-quenching in summer (Rahman et al., 2013). Its seeds, commonly 
known as Tukhm-e-Tarbooz, are used against urinary complaints, hepatic 
congestion, intestinal catarrh, and gastrointestinal disorders (Khare, 
2007). The traditional herbal practitioners use seeds to cure gastroin
testinal disorders, urinary disorders, aphrodisiac (Duke, 2008; Per
kins-Veazie et al., 2007), cardiovascular disorders, hypotensive 
(Erhirhie and Ekene, 2014; Rimando and Perkins-Veazie, 2005), and 
reduce fever (Taiwo et al., 2009). The seeds and fruit have analgesic, 
anti-inflammatory (Iswariya and Uma, 2017), diuretic, anti-urolithiatic 
(Siddiqui et al., 2018), antioxidant (Gill et al., 2011), hypotensive, 
cardioprotective (Massa et al., 2016), and antiulcerative activities (Gill 
et al., 2011). 

C. lanatus seed comprises 32 - 40% oil content with a higher pro
portion of polyunsaturated fatty acid (Raihana et al., 2015). Mabaleha 
et al., (2007) and Taiwo et al., (2009) reported that C. lanatus seeds are 
rich in linoleic acid, approximately 54 - 68.6%. C. lanatus seed also 
contains oleic acid (13 - 16%), stearic acid (5 - 7%), palmitic acid (9 - 
12%) with smaller quantities of myristic acid (0.04%), palmitoleic acid 
(0.07%), margaric acid (0.1%), linolenic acid (0.3%) and arachidic acid 
(0.29%) (Ouassor et al., 2020; Raihana et al., 2015; Taiwo et al., 2009). 
Besides fatty acid, phytosterols (471.5 mg/100 g) are present in 
C. lanatus seed oil, including sitosterol (55 mg), stigmasterol (5 mg), and 
stigmastadienol (31 mg) (Ouassor et al., 2020). Abu-Reidah et al., 
(2013) reported polar fraction of C. lanatus fruit and seed is richer in 
polyphenols and other polar phytoconstituents. C. lanatus polar fraction 
contains L-citrulline, protocatechuic acid 3-glucoside, rutin, caloden
droside A, orientin, Isovitexin, ajugol, and quercitrin. (Abu-Reidah et al., 
2013; Siddiqui et al., 2018) 

Despite traditional uses of seeds of Citrullus lanatus (Thunb.) Matsum. 
& Nakai. In cardiovascular ailments, no previous study exits rational
izing its folk medicinal usage. The present work used in vitro, in vivo, and 
molecular docking models to investigate the cardioprotective properties 
and metabolomics insights of Citrullus lanatus (Thunb.) Matsum. & 
Nakai. seeds (Cl.EtOH). The ISO induced-MI model was used to clarify 
the potential mechanisms of Cl.EtOH is based on heart and serum 
metabolomics and gene expressions. 

Materials and Methods 

Preparation of Extract 

From May to July 2018, C. lanatus seeds were obtained from fresh 
fruits pulp farmed in local farms in Multan, Punjab, Pakistan, rendering 
them free of fruit pulp. A taxonomist Dr. Zafarullah Zafar, from Institute 

of Pure and Applied Biology, Bahauddin Zakariya University Multan, 
Pakistan, identified (herbarium voucher number: P.K.F. 1916/30) the 
seeds and fruit of C. lanatus. A plant specimen was submitted in the same 
institute’s Herbarium with P.K.F. 1916/30) voucher. 

After removing the husks from the seed, the interior section was 
crushed into coarse seeds powder using an herbal grinder. The pulver
ized material (120 g) was hot macerated in the Soxhlet apparatus with 
hydroethanol (70% ethanol and 30% aqueous). It evaporated under 
reduced pressure at 36 ± 2 ◦C in a rotary evaporator (Buchi R-200) to 
get a thick brownish yellowish tinted extract (Cl.EtOH) with a yield of 
45%. The Cl.EtOH solution was kept at -20 ◦C in an amber container. On 
the day of the experiment, the Cl.EtOH was diluted to the appropriate 
concentration in distilled water or normal saline. 

Chemicals and materials 

Analytical grade solvents methanol, trifluoroacetic acid (TFA), 
ethanol, acetonitrile (ACN), and formic acid (FA) were procured from 
Sigma Aldrich Chemicals Co. USA. All chemicals for buffer solutions, 
analytical grade standards for HPLC and experiments were procured 
from Merck and Sigma Aldrich Chemicals, Co. USA. N(ω)-nitro-L-argi
nine methyl ester, Isoproterenol (ISO), and RIPA Buffer was procured 
from Sigma Aldrich Chemicals, Co. USA. The primary rat antibodies 
(ANP, IL-6, eNOS3, β-actin) and rabbit anti-horseradish peroxidase 
(HRP) antibodies were procured from Cambridge, UK. Angiotensin II, 
cyclic guanosine monophosphate (cGMP) level, and nitrate/nitrite (NO) 
immunoassay kits were procured from MyBioSource Inc. California, 
United States. All serum commercially available biochemical kits were 
purchased from Abcam (Cambridge, UK), MyBioSource (California, 
USA), and Sigma Aldrich Chemicals (USA). 

Sample Preparation for HPLC and LC-ESI- MS/MS 

Cl.EtOH was diluted in 1 ml 100% methanol for HPLC and LC-ESI- 
MS/MS analysis, and the supernatant was collected after centrifuga
tion for 12 min at 14000 rpm. The supernatant was filtered using a 0.22 
µm syringe filter. 

LC ESI-MS/MS analysis 

LC ESI-MS/MS (LTQ XL mass spectrometer, Thermo Electron Cor
poration, Waltham, MA, USA) was used to analyze Cl.EtOH to conduct a 
preliminary screening of bioactive compounds. (Seraglio et al., 2016; 
Wahid et al., 2021). The direct injection of sample into an electron spray 
ionization (ESI) probe conFig.d to both positive (M+) and negative (M-) 
ionization modes and a mobile phase comprised solvent A: 0.1% FA in 
methanol (MeOH) and Solvent B: 0.1% FA in aqueous and acetonitrile 
(ACN) (80:20) were used for separating compounds. The optimal chro
matographic parameters for separation were; mobile phase flow rate 
(0.4 ml/min), the column temperature (25 ◦C), sample injection volume 
(8 µl), mass-spectrum range (50 - 1000 m/z), and column size (C-18, 2.1 
mm × 100 mm, 3 μm). The mobile phase gradient was adjusted for 
solvent A (v/v) as follows: 98%, 98 - 80%, 80 - 70% 70 - 10% and 10 - 
98% from 0 - 4.0 min, 4.0 – 8.0 min, 8.0 – 15.0 min, 15.0 – 17.0 min, and 
17.0 – 20.0 min, respectively. The ideal ion source settings for mass 
spectrometric analysis were; ion spray voltage for positive mode: 5500 
V, ion spray voltage for negative mode: -5500 V; curtain gas (CUR): 25 
psi; nebulizer gas (GS1): 55 psi; auxiliary gas (GS2): 55 psi; ion source 
temperature: 400 ◦C. As a CUR and GS2, nitrogen was employed. Ions 
are isolated in an ion trap and fragmented using collision-induced 
dissociation (CID) energies ranging from 10 to 45, depending on the 
stability of the parent precursor ions used in tandem mass spectrometry. 
Thermo Scientific’s X-Calibur 3.0 (Waltham, MA, USA) was used to 
gather and process ESI-MS/MS data. 
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Identification of compounds 

The bioactive constituents were identified by comparing their mass 
spectra chromatogram to previously published data and reference li
braries, including the Mass Bank of North America (Mo-NA; htt 
p://mona.fiehnlab.ucdavis.edu, Accessed on June 18, 2021) and the 
European Mass Bank (https://massbank.eu/MassBank/, Accessed on 
June 18, 2021). The spectra of compounds were compared to high- 
resolution masses and MS/MS fragmentation of libraries and databases 
(Syed et al., 2021). ChemDraw 18.0 (PerkinElmer informatics, Waltham, 
MA, USA) was used to elucidate the structure 

Quantification of bioactive compounds by using analytical HPLC- 
DAD UV/Vis 

HPLC method optimization 

Cl.EtOH was processed to RP-HPLC (Agilent Technologies, Germany) 
to validate and quantify the bioactive compounds (β – sitosterol, epi
gallocatechin, chlorogenic acid, gallic acid, ellagic acid, vanillin, vitexin 
and, kaempferol) (Qamar et al., 2021; Wahid et al., 2021). The sample 
was analyzed in RP-HPLC using a C-18 column (C18, 4.6mm × 150 mm, 
5 µm), and the following chromatographic parameters were optimized; 
mobile phase, column temperature, injection volume, flow rate, and 
detection wavelengths. The mobile phase comprises Solvent A: 0.1% 
TFA in MeOH, and Solvent B: 0.1% TFA in Aqueous and ACN (80:20) 
was used to visualize peaks. The optimal chromatographic conditions 
were; temperature (25 ◦C), mobile phase flow rate (0.8 ml/min), column 
sample injection volume (8µl), and optimal detection wavelengths (250, 
270, 280, and 320 λ). The mobile phase gradient was adjusted for sol
vent A (v/v) as follows: 95%, 95 - 90%, 90 - 80% 80 - 10% and 10 - 95% 
from 0 - 4.0 min, 4.0 – 8.0 mins, 8.0 – 14.0 min, 14.0 – 20.0 min, and 
20.0 – 30.0 min, respectively. The results were compared with UV 
spectra and external standards’ retention time (Rt). 

Validation of the analytical method 

The validation method was determined under prescribed guidelines 
of the International Conference on Harmonization (ICH) and described 
in our previous report (Qamar et al., 2021). 

Preparation of external standards: A stock solution of external stan
dards (β - sitosterol, epigallocatechin, chlorogenic acid, gallic acid, 
ellagic acid, vanillin, vitexin, kaempferol) dissolved in 1 ml 100% 
methanol at concentration 150 µg/ml, and the supernatant was collected 
after centrifugation for 10 min at 14000 rpm; stored at -20 ◦C. On the 
analysis day, the stock solution was diluted to further 100 µg/ml and 50 
µg/ml. The supernatant was collected and filtered using a 0.22 µm sy
ringe filter. 

Linearity, limits of detection, and quantification: For linearity valida
tion, dilutions (7.81 - 500 µg/ml) of external standards were prepared to 
assess the linearity detector response by constructing a standard curve 
based on the concentration and the peak area of each standard. The 
detection limits (LOD) and quantification limits (LOQ) were calculated 
using the formula below. 

LOD = 3.3σ ÷ S  

LOQ = 10σ ÷ S  

where σ is the intercept standard deviation and S is the slope of the 
linear regression equation. 

Specificity: A total volume of 8 µl of extracts and external standards 
samples were injected in RP-HPLC under the optimal chromatographic 
parameters mentioned above. The chromatographic peaks and retention 
time (Rt) of extracts and external standards were compared to determine 
peak purity. The calibration curves for each external standard were used 

to quantify the peaks. 
Precision and repeatability: The precision and repeatability of the 

current method for each external standard were studied on interday (n =
4) and intraday (n = 4 on three consecutive days) under the optimal 
chromatographic parameters mentioned above, and the relative stan
dard deviation (RSD) were determined. 

Accuracy and recovery: The accuracy and recovery of the current 
method for each external standard were determined by retrieving 
external standards from Cl.EtOH. Three different strengths of external 
standards (50 µg/ml, 100 µg/ml, and 150 µg/ml) were used for this 
method: 50 µg, 100 µg, 150 µg of external standards, and 100 mg of Cl. 
EtOH samples were mixed to get a final concentration of external 
standards; 50 µg/ml, 100 µg/ml, and 150 µg/ml. A total volume of 8 µl 
mixture sample was injected in RP-HPLC under the optimal chromato
graphic parameters mentioned above. The sample recovery percentage 
of an external standard was estimated using the following equation. 

%Recovery = (observedconcentration ÷ actualconcentration) × 100  

Animals and housing conditions 

The protocols were approved by the Department of Pharmacology 
ethical committee (vide No. EC /04-PhDL/S2018), and the studies 
strongly aligned with the Commission of Laboratory Animal Resources 
(Rowan, 1979). Sprague-Dawley rats (170 ± 20 g) and mice (28 ± 3 g) 
were obtained without discrimination of gender for experimental pur
poses from the same faculty. The animals were housed in the animal 
house that followed a dark/light cycle with standard food and free ac
cess to tap water under controlled circumstances (22 ± 4 ◦C). Rats and 
mice were killed through cervical dislocation. 

Ethics Statement 

ARRIVE guidelines, UK Animals (Scientific Procedures) Act 1986 and 
accompanying recommendations, EU Directive 2010/63/EU for animal 
research or National Institutes of Health guidance (NIH Publications No. 
8023, revised 1978) for the care and use of laboratory animals were 
followed in all experiments. The Bahauddin Zakariya University Ethical 
Committee (EC /04PhDL-S2018) approved the study dated (EC 
/04PhDL-S2018) dated 26th March 2018. 

Isolated tissue experimentation 

The methodology described by Saqib and Janbaz (2016) and Gilani 
et al., (2008) was used for in vitro studies. 

Isolated aorta preparation 

The thoracic aorta was dissected from rats following cervical dislo
cation and immersed in Kreb’s solution aerated with carbogen. All ad
hesive fatty tissues were removed carefully without damaging the aortic 
endothelium lining. Each aortic ring (2 - 3 mm) preparation was fixed in 
a 15 ml tissue organ bath that had been previously filled with the Kreb’s 
solution accreted with carbogen and maintained at 37 ◦C using a 
circulating thermoregulator. Before testing the drug, a preloaded force 
of 2 ± 0.1 g was applied to aortic rings preparation and was allowed to 
equilibrate for 50 ± 5 min with buffer drainage with new Kreb’s solu
tion; after 8 ± 2 min. A force-displacement transducer (Model 
FORT100) was used to record the physiological response of the tissue. 
Signals were amplified through Power Lab® (4/25) and displayed in Lab 
Chart Pro (Version 7). The physiological activity was assessed immedi
ately before the test drug dose and was estimated as a percent 
contraction. The test or drug materials were sequentially administered 
after equilibration. 

This study was used to evaluate the cholinergic and nitric oxide 
(NO), based endothelium-derived relaxing factor (EDRF), intact 
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endothelium, and denuded endothelium aortic preparations. For 
denuded endothelium aortic preparation, intima of aorta ring was rub
bed with curved forceps. The presence or absence of endothelium 
function was confirmed by relaxation of phenylephrine (1 µM) induced 
contraction with acetylcholine bolus administration (1 µM), 70 - 80% 
relaxation in contraction confirmed the presence of endothelium func
tion (intact endothelium). In contrast, further increases in contractions 
confirmed the absence of endothelium function (denuded endothelium) 
(Kamkaew et al., 2011). K+ (80 mM), phenylephrine (1 µM), and K+ (25 
mM)) induced contractions on both aortic preparations in a tissue organ 
bath were used to investigate the putative vasorelaxant activity of Cl. 
EtOH. 

Preparation of isolated paired atria 

The heart was dissected from rats following cervical dislocation and 
immersed in Kreb’s solution aerated with carbogen. Ventricles and all 
adhesive fatty tissues were removed carefully without damaging the 
pacemaker, and atria preparation was fixed in a 15 ml tissue organ bath 
that had been previously filled with the Kreb’s solution accreted with 
carbogen and maintained at 37 ◦C using a circulating thermoregulator. 
Before testing the drug, a preloaded force of 1 ± 0.1 g was applied to 
aortic rings preparation and was allowed to equilibrate for 30 ± 5 min 
with buffer drainage with new Kreb’s solution; after 8 ± 2 min. A force- 
displacement transducer (Model FORT100) was used to record the 
physiological response of the tissue. Signals were amplified through 
Power Lab® (4/25) and displayed in Lab Chart Pro (Version 7). The 
physiological activity was assessed immediately before the test drug 
dose and was estimated as a percent contraction. The test or drug ma
terials were sequentially administered after equilibration. 

In vivo experimentation 

Evaluation of maximum tolerated dose 

The maximum tolerable extract dosage was studied in six groups of 
rats. Normal saline and five doses of the extract were given orally every 
day for 28 days at 50, 100, 150, 200, and 300 mg/kg. The body weight, 
behavioral changes, clinical indications of distress, and death of animals 
were followed for 28 days. (Elasoru et al., 2021). 

Evaluation of blood pressure and hemodynamic parameters in anesthetized 
rats 

Healthy rats (250 - 300 g) were anesthetized with diazepam (i.p. 5 
mg/kg) and ketamine (i.p. 85 mg/kg) separately for satisfactory anes
thesia without modifying cardiovascular parameters within normoten
sive limits (Saqib and Janbaz, 2016). Rats were fixed on dissecting table 
in a supine position, and the temperature was maintained with an 
overhead lamp. The tracheotomy was performed, and the trachea was 
cannulated with a polyethylene (18G) tube to ease respiration. The 
cannulation of the right jugular vein was performed for intravenous 
injection of Cl.EtOH and drugs, while carotid artery cannulation was 
performed to record the changes in hemodynamic parameters with a 
pressure transducer (MLT 0699), filled heparinized saline (50 IU/ml). 
Signals were amplified through Power Lab® (4/25) and displayed in Lab 
Chart Pro (Version 7). The exposed region was coated with a wet cotton 
swab and allowed to equilibrate for 13 ± 5 min before administering 
any drug. Acetylcholine (Ach; 1 µg/kg) and adrenaline (Adr; 1 µg/kg) 
was administrated for standard hypotension and hypertensive response 
prior to testing material. 

L-NAME induce acute hypertension 

For the acute antihypertensive study, a solution of L-NAME, an nitric 
oxide synthase inhibitor, was administered intravenously (20 mg/kg) to 

normotensive Wistar rats. Cl.EtOH was given intravenously twenty mi
nutes after L-NAME injection when maximal elevation in L-NAME- 
induced blood pressure. 

Isoproterenol induced chronic myocardial infarction 

According to Eladwy et al., (2018), the study was designed for 21 
days to induce MI. Isoproterenol (ISO) and Cl.EtOH was dissolved in 
normal saline. Forty-two male albino rats (150 - 200 g) were segregated 
randomly into seven groups and housed in separate cages. Each group 
contains six animals. 

Group I: The negative control group was administered orally normal 
saline at a dose of 10 ml/kg 

Group II: The intoxicated control group was administered ISO sub
cutaneously at a dose of 5 mg/kg/day for 14 days (from the 8th day of the 
experiment to the 21st day). 

Group III: The standard drug treatment group was administered 
orally carvedilol at the dose of 10 mg/kg/day for 21 days. 

Group IV: The standard drug treatment group was administered 
orally verapamil at the dose of 10 mg/kg/day for 21 days. 

Group V: The extract treatment group was administered orally Cl. 
EtOH at dose 75 mg/kg/day for 21 days. 

Group VI: The extract treatment group was administered orally Cl. 
EtOH at dose 150 mg/kg/day for 21 days. 

Group VII: The extract control group was administered orally Cl. 
EtOH at dose 150 mg/kg/day for 21 days. The extract control group was 
used to determine the effects of Cl.EtOH in the absence of ISO on model 
parameters. 

After one hr., pretreatment of carvedilol, verapamil, and Cl.EtOH, 
subcutaneous injection of ISO (5 mg/kg), was administrated for 
consecutive 14 days starting from the 8th day until day 21st day, except 
Group VII, which did not receive the ISO. 

Sample collection 

After 24 h of last administration of ISO, animals were anesthetized 
(ketamine i.p. 40 mg/kg), and blood was collected from the retro-orbital 
sinus to determine biochemical indices in coagulant tubes and antico
agulant tubes containing EDTA. The blood samples were centrifuged at 
4500 rpm for 15 min at 4 ◦C to separate serum and plasma from blood 
and stored at -20 ◦C. The animals were slaughtered through cervical 
dislocation, and heart tissues dissected. Immediately the heart tissues 
were washed with ice-cold saline and frozen for RT-PCR analysis or 
preserved in 10% formalin for histopathology studies. 

Determination of Biometrical indices 

The cardiac hypertrophy was assessed with biometrical indices, i.e., 
heart weight, heart diameter, left heart ventricular (LHV) weight, LHV 
thickness, heart weight index (heart weight/body weight ratio), LHV 
index (left heart ventricular /body weight ratio), tail length index (heart 
weight/tail length ratio), tibia length index (heart weight/tibia length 
ratio) (Elasoru et al., 2021). 

Histopathological examinations 

Hematoxylin and eosin (H&E) staining: The fixed hearts were dehy
drated with sequential dilutions of alcohol (70 - 100%), cleaned with 
xylene, and fixed in paraffin at 56 ◦C. The heart slices (4 µm thick) were 
deparaffinized and stained with hematoxylin and eosin (H&E) stains. 
Digital photos were captured using a 4x and 10x magnification micro
scope. The total cell count, diameter, and size were measured using 
ImageJ software (ImageJ, Version 1.44p, NIH, USA). 

Masson’s trichrome staining: To assess cardiac fibrosis, we used Mas
son’s trichrome staining with certain modifications. The heart slices 
were incubated for 120 ± 10 min in prewarmed Bouin’s solution. The 
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nuclei were stained for 20 min with Weigert’s hematoxylin, while Bie
brich scarlet-acid fuchsin solution was used to stain the cytoplasm and 
muscle for 20 min. The tissue slices were treated with a 
phosphomolybdic-phosphotungstic acid solution for ten minutes, then a 
blue aniline solution for 10 min. After 30 s of incubation with 1% acetic 
acid, the slices were dehydrated with ethanol and xylene. Digital photos 
were captured using a 4x and 10x magnification microscope. Interstitial 
and perivascular fibrosis was assessed using ImageJ software (ImageJ, 
Version 1.44p, NIH, USA) 

Determination of serum cardiac biochemical markers 

Biochemical indicators for myocardial infarction; alanine trans
aminase (ALT), lactate dehydrogenase (LDH), creatine kinase MB (CK- 
MB), creatine kinase (CK), aspartate transaminase (AST), troponin I 
(cTnI), troponin T (cTnT), angiotensin-converting enzyme (ACE), renin 
concentrations, brain natriuretic peptide (BNP), arterial natriuretic 
peptide (ANP), serum interleukin-6 (IL-6), and lipid profiling were 
determined by commercially available enzymatic kits and quantified by 
spectrophotometry at 340 nm. Angiotensin II, cyclic guanosine mono
phosphate (cGMP) level, and nitrate/nitrite (NO) levels were deter
mined by enzyme immunoassays and colorimetric assay kits in 
accordance with the manufacturer’s instructions (Syed et al., 2016). 

Quantitative real-time polymerase chain reaction (qRT-PCR) 

The frozen heart tissues were homogenized, and total RNA was 
extracted using TRIzol reagent (Invitrogen) per the manufacturer’s in
structions. The relative gene expression was determined by RT-PCR 
using the Bio-Rad CFX96 system. The primers used in this study are 
IL-6 (F: AGTTGCCTTCTTGGGACTGA R: ACAGTGCATCATCGCTGTTC), 
arterial natriuretic peptide (F: ATACAGTGCGGTGTCCAACA, R: CGA
GAGCACCTCCATCTCTC), cardiac Troponin T (F: CAGA
GAGGAGGAAGGTGCTG, R: TTCCCACGAGTTTTGGAGAC), nitric oxide 
synthase 3 (F: AACTAGACTGGGAGGGAGTCA, R: GGGCAGCAG
GATGTCCTAATA), and MMP-9 (F: CCCCCAACCTTTACCAGCTA, R: 
GGTCAGAACCGACCCTACAA). mRNA expression levels were normal
ized in a similar sample to housekeeping gene β- actin (F: AGCCATG
TACGTAGCCATCC, R: CTCTCAGCTGTGGTGGTGAA). 

Western blotting 

According to Kumar et al., (2017), proteins were isolated from the 
left cardiac ventricles. The left ventricle (150 mg) was homogenized in 5 
ml RIPA buffer with 1x protease and phosphatase inhibitors (Sigma 
Aldrich Chemicals, Co., USA) and centrifuged the homogenate at 13,500 
rpm for 20 min, then transferred the supernatant to a vial. The Bradford 
technique was used to determine the protein concentration using stan
dard BSA. Proteins were loaded onto a 10% SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred for 2 h at 110V onto 
methanol activated 0.2 µm pore size polyvinylidene fluoride (PVDF) 
membranes (Millipore, USA). PVDF membranes were treated with pri
mary antibodies overnight at 4 ◦C after being blocked with 5% nonfat 
milk at room temperature. To eliminate unbound primary antibodies, 
the membrane was washed three times with 1x Tris-buffered Saline, 
0.1% Tween (TBST). The membranes were treated at room temperature 
for 60 min with a secondary antibody labeled with horseradish peroxi
dase (HRP, dilution 1:3000). The membrane was then rinsed three times 
with 1x TBST, and bands were identified using the Gel Doc XR system 
(Bio-Rad). The research employed rat anti ANP (1:1500 dilution), rat 
anti IL-6 (1:500 dilution), rat anti eNOS3 (1:1000 dilution), and rat 
anti-actin (1:1500 dilution). Image J was used to assess the expression of 
particular proteins, and the results were adjusted to the housekeeping 
protein β-actin. 

Metabolomics Study 

The metabolomics investigation was conducted in accordance with 
Sun et al., (2017) and Wu et al., (2020). 

Sample preparation: The LC ESI MS/MS technique was employed for 
metabolomics, and samples were combined in a 1:1 v/v solution of 
acetonitrile (ACN) and methanol (MeOH). After thawing the serum 
samples at 4 ◦C in an ice bath, 100 µl serum and 400 µl precooled ACN: 
MeOH were combined and vortexed for 30 - 60 s, sonicated for 10 min at 
4 ◦C, then incubated overnight at -20 ◦C to precipitate the proteins. 
Finally, the mixture was centrifuged at a speed of 13000 rpm for 15 min 
at a temperature of 4 ◦C; the supernatant was transferred to a dry clean 
tube and dried. Heart tissues were treated identically, except they were 
homogenized three times in water (at a 1:10 w/v ratio) using a tissue 
homogenizer. The dried residues were reconstituted with ACN: MeOH 
(1:1 v/v), vortexed for 30 - 60 s, sonicated for 10 min, centrifuged at 
13000 rpm for 15 min at 4 ◦C, and then the supernatant was transferred 
to LC-MS vials. 

Chromatographic conditions: Prepared solutions (8 μl) were injec
ted into the LC ESI-MS/MS binary gradient system under chromato
graphic conditions mentioned in section 2.4, and using mobile phase 
solvent A: 0.1% FA in aqueous and solvent B: 0.1% FA in acetonitrile. 

Data processing and biomarker identification 

The ESI-MS/MS data acquisition and processing software X-Calibur 
3.0 (Thermo Scientific, Waltham, MA, USA). The metabolites identities 
were confirmed by comparison of MS/MS spectra with online databases 
searches HMDB (http://www.hmdb.ca, accessed on 3rd July 2021) and 
Mass bank of North America (https://mona.fiehnlab.ucdavis.edu/, 
accessed on 3rd July 2021) based on exact mass measurement (mass 
error < 5 ppm). The data matrix was imported into R studio with 
MetaboAnalyst for pathway analysis and enrichment analysis. 

SIMCA 14.0 (MKS Umetrics) was used to analyze the serum and 
cardiac LC-MS/MS metabolomic data. Unsupervised principal compo
nent analysis (PCA) was performed to identify metabolic patterns and 
trends. Following that, we used partial least squares discriminant anal
ysis (PLS-DA) and orthogonal projections to latent structures discrimi
nant analysis (OPLS-DA) to assess and differentiate between 
experimental groups. Additionally, these models were validated using 
stringent permutation testing. The variable importance (VIP, VIP > 1) 
and t-test (p0.05) were used to identify potentially biomarker-relevant 
metabolites. 

Molecular docking 

The methodology described by Sirous et al., (2019) was used for 
Molecular docking experiments. 

Ligand Preparation: The prominent bioactive compounds in network 
pharmacology were used as ligands further to investigate binding forces 
and stability in target proteins. The three-dimensional structures of li
gands were obtained from PubChem (https://pubchem.ncbi.nlm.nih. 
gov, Accessed date: 15th July 2021) in mol2 format and subjected in 
LigPrep (Maestro v11.8, Schrodinger suite 2018-4) for ligand ionization, 
minimization, and optimization. OPLS3e force field was applied for 
energy minimization and optimization of ligands to enhance accuracy 
and performance of predicting protein-ligand model that provides the 
lowest energy conformer. Following Epik tool was used for possible 
protomers, and ionization states were generated at target pH (7.4 ±
2.0). The tautomeric states were generated for each ionized ligand and 
used the Desalt to retain the ligands with the most significant number of 
atoms. The stereoizer was used to generate stereoisomers of each ligand 
and retained stereogenic chirality data from the input file, with a limit of 
10 stereoisomers considered per ligand. 

Protein Preparation: The three-dimensional crystallized structure of 
proteins was obtained from RCSB Protein Databank (RCSB PDB) 
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(https://www.rcsb.org, Accessed date: 28th April 2021) in PDB format 
and subjected to Protein Preparation module (Maestro v11.8, Schro
dinger suite 2018-4) for protein generating het states, hydrogen bond 
assignment, ionization, minimization, and optimization. The imported 
protein structure was determined whether the protein-ligand complex is 
dimer or multimer and refined the structure to remove redundant 
binding site. The bond orders were adjusted for untemplated amino acid 
residues and het group based on the chemical component dictionary 
(CCD) database. The covalent bond from metal ions and nearby atoms to 
protein structure changed to zero-order and corrected the formal 
charges to metal ions and nearby atoms. If the protein structure contains 
sulfurs close to each other within 3.2 Å, then disulfide bonds were 
created between two sulfurs. The Prime tool was used to fill missing side 
chains atoms and loops in protein structure. Finally, in preprocess Epik 
tool is used to generate the protonation and metal charge states of the 
het groups at target pH (7.4 ± 2.0) for ligands. Then all water molecules 
and Het groups from the protein structure were deleted beyond 5.00 Å, 
and hydrogen atoms were added to the structure. PROPKA tool was used 
to optimize the H-bond assignment of protein structure at pH 7.0, and 
the OPLS3e force field was used to constrain energy minimization for 
energy reduction and protein structure optimization. 

Molecular Docking and Receptor grid generation: With receptor grid 
generation (Maestro v11.8, Schrodinger suite 2018-4), the binding 
pockets of the protein structure were defined for molecular docking. A 
literature review, a selection of previously bound protein ligands or 
sitemap (Maestro v11.8, Schrodinger suite 2018-4) were used to define 
coordinates (x,y,z) of the cubic grid box. The grid box’s length has been 
increased to 16 Å pixels. The potential of the receptor’s nonpolar por
tions was reduced by a factor of 1.0 Å based on the Van-der Waals radii 
of non-polar atoms of protein with a partial charge cut-off of 0.25 Å. 

The extra precision (XP) Glide (Maestro v11.8, Schrodinger suite 
2018-4) was used for induced fit molecular docking of prepared ligands 
and proteins and utilizing a previously generated receptor grid file. The 
partial charge was set at a cut-off of 0.15 Å and the scaling factor of 0.80 
Å for Vander Waals radii. The ligand sampling was adjusted to flexible 
docking and included the nitrogen (non-ring) inversions and ring con
formations to generate conformers. The bias sampling of the torsions 
around the bond was also included. The Epik states penalties were added 
to the docking score. 

The XP docking findings were exposed to Prime MM-GBSA (Maestro 
v11.8, Schrodinger suite 2018-4), which used the VSGB solvation with 
the force field OPLS3e to determine the binding energies of ligands with 
protein structures. 

Inhibition Constant (Ki): According to the equation below, the in
hibition constant was calculated using the binding free energy of the 
ligand 

ΔG = − RT(lnKi)orKi = e(− ΔG /RT)

Where ΔG is the ligand’s binding free energy, R is the gas constant (cal. 
mol− 1. K− 1), and T is the ambient temperature (298 Kelvin). 

Statistical analysis 

The results of the experiments were represented as mean ± standard 
deviation (S.D.), and sigmoidal dose-response graphs with a nonlinear 
regression curve fit were used to calculate the median effective con
centration (EC50) with a 95% confidence interval (CI). Concentration- 
response curves were drawn using logarithmic sigmoidal dose- 
response graphs. For in vivo research, one-way ANOVA was used, fol
lowed by the Dunnett test and student t-test, with a p < 0.05 deemed 
significant. Graphpad Prism (Version 8.0) and R studio with mainly 
package “ggplot” was used for all statistical analyses and graph charting 

Results 

Identification of bioactive compounds by LC-ESI-MS/MS analysis 

LC ESI-MS/MS analysis identified 15 bioactive compounds in Cl. 
EtOH. The major bioactive compounds identified were β-sitosterol, 
coumarin, gallic acid, catechol, catechin, kaempferol-3-o- 
glucorhamnoside or kaempferol-7-o-neohesperidoside, vitexin, L- 
citrulline, protocatechuic acid, ellagic acid, epigallocatechin, vanillin, 
chlorogenic acid, quercetin, and kaempferol (Fig. 1, Table 1), which may 
collectively be responsible for this biological activity. 

Optimization of HPLC conditions and method validation 

The HPLC parameters were optimized with a mobile phase system 
consisting of solvent A (0.1% TFA in methanol) and solvent B (0.1% TFA 
in acetonitrile) at a flow rate (0.8 ml/min) was used to achieve the 
maximum separations and peak visibility of compounds over a 50 ±
5min run time. To enhance the visibility of chromatographic spikes, the 
retention times of separation peaks were compared to the retention 
times of external standards under identical chromatographic circum
stances at various wavelengths (λ) 250, 280, and 320 nm (Table 2 and 
Fig. S1). At 280 nm, epigallocatechin and chlorogenic acid peaks were 
visible; at 320 nm, the peaks of gallic acid, ellagic acid, vanillin, vitexin, 
and kaempferol were visible, and at 250 nm, the peak of β– sitosterol 
was visible. 

For linearity validation, the calibration curves of dilutions of 
external standards were employed. The β – sitosterol, epigallocatechin, 
chlorogenic acid, gallic acid, ellagic acid, vanillin, vitexin, and kaemp
ferol had a linearity range between 1.95 - 500 µg/ml with a significant 
regression coefficient (r2) 0.9991-0.9999. LOD and LOQ of the current 
method were found between 0.25 - 0.81 µg/ml and 0.81 - 2.45 µg/ml, 
respectively (Table 2). Interday (n = 4) and intraday (n = 12) evaluation 
of external standards β – sitosterol, epigallocatechin, chlorogenic acid, 
gallic acid, ellagic acid, vanillin, vitexin, and kaempferol were used to 
confirm the instrumental precision and repeatability. The precision 
validation results in Table 2 and Table S1 showed that the interday and 
intraday %RSDs were 0.83 - 1.41% and 0.64 - 1.75%. To determine the 
recovery percentage, Cl.EtOH was spiked with various concentrations of 
external standards (50, 100, and 150 g/ml) in accuracy validation of the 
instrument. The percentage recovery data (Table 2, Table S2) indicate 
that the mean value ranges between 98.03 0.88 and 99.42 0.49 with a 
percent RSD of 0.49 - 1.94%, indicating that this approach is accurate. 

Quantification analysis of bioactive compounds by HPLC 

Compounds detected by LC ESI-MS/MS were quantified using 
external standard dilutions and standard calibration curves (Table 2). 
Kaempferol was present in higher concentration (446.19 µg/g), followed 
by gallic acid (384.52 µg/g), vitexin (359.88 µg/g), chlorogenic acid 
(351.2 µg/g), vanillin (335.78 µg/g), and epigallocatechin (314.64 µg/ 
g). Ellagic Acid and β - sitosterol were quantified 289.52 and 251.09 µg/ 
g, respectively. 

In vitro experiments 

Effects on isolated rat aorta preparation 
The Cl.EtOH was applied on intact endothelium aortic preparation to 

examine the vasorelaxant effect (Fig. S2). The Cl.EtOH exerted the 
relaxant effect with no constriction in intact endothelium. However, 
denuded aortic preparations caused the minor constriction at 0.1 to 3 
mg/ml, but constrictions relaxed completely at a dose of 5 - 10 mg/ml 
(Fig. 2A). These constrictions in denuded aortic preparations were 
blocked with doxazosin (1 µM). Atropine (1 and 3 µM) and L-NAME (1 
and 3 µM) were used to blockade the cholinergic and NO induce EDRF 
based vasorelaxant response on endothelium intact aortic tissue and Cl. 

F. Saqib et al.                                                                                                                                                                                                                                    

https://www.rcsb.org


Phytomedicine 100 (2022) 154069

7

EtOH induces constrictions in endothelium intact aortic preparations. 
The Cl.EtOH induced constrictions in intact endothelium aortic prepa
rations. The Cl.EtOH reverted the phenylephrine (1µM), K+ (80 mM), 
and K+ (25 mM) induced constriction in endothelium and denuded 
aortic preparations. The EC50 for phenylephrine (1 µM), K+ (80 mM) and 
K+ (25 mM) induced constriction on intact endothelium aortic prepa
rations were 0.2429 mg/ml (95% CI: 0.1489 to 0.4071 mg/ml), 6.039 
mg/ml (95% CI: 3.161 to 12.97 mg/ml), 0.3295 mg/ml (95% CI: 0.1591 
to 0.7633 mg/ml) respectively, whereas EC50 for above mentioned 
contractions on denuded aortic preparations were 1.855 mg/ml (95% 
CI: 0.6956 to 8.104 mg/ml), 4.030 mg/ml (95% CI: 2.337 to 7.227 mg/ 
ml), 0.1188 mg/ml (95% CI: 0.05380 to 0.2542 mg/ml) respectively 
(Fig. 2A). In the presence of atropine (1 µM) and L-NAME (1 and 3 µM), 
Cl.EtOH failed to relax the phenylephrine (1 µM) evoked contractions on 
intact endothelium aortic tissue. It was observed that atropine (1 µM) 
completely blocked Cl. EtOH relaxation of the phenylephrine (1 µM) 
induces contraction on aortic preparations. However, L-NAME (1 µM) 
failed to block the relaxation but, at 3 µM, the relaxations response of Cl. 
EtOH was blocked with initial relaxation started at 3 to 10 mg/ml. It 
indicates the presence of calcium channel antagonistic activity besides 
the NO-based EDRF mechanism. These results were verified and 
compared with verapamil, a calcium channel blocker, for possible cal
cium antagonistic activity of Cl.EtOH. Verapamil relaxed, phenyleph
rine (1 µM), K+ (80 mM) and K+ (25 mM) induced constrictions in intact 
endothelium aortic preparations with respective EC50 of 0.05608 µM 
(95% Cl: 0.04019 to 0.07924 µM), 0.03896 µM (95% CI: 0.02382 to 
0.06550 µM) and 0.01280 µM (95% CI: 0.01072 to 0.01529 µM) 
respectively (Fig. 2A). 

Effect on isolated rat paired atria preparations: 
The Cl.EtOH was applied to rat paired atria preparations to explore 

its possible inotropic and chronotropic effect (Fig. S2). The Cl.EtOH 
decreased the force of contraction and heart rate in concentration 
dependent manner at dose 3 - 10 mg/ml with respective EC50 of 0.3024 
mg/ml (95% CI: 0.1686 to 0.5554 mg/ml) and 0.1213 mg/ml (95% CI: 

0.07031 to 0.2067 mg/ml). Atropine (1 µM) attenuated Cl.EtOH nega
tive inotropic and chronotropic effect with respective EC50 of 8.794 mg/ 
ml (95% CI: 3.521 to 35.55 mg/ml) and 2.425 mg/ml (95% CI: 1.540 to 
3.878 mg/ml) (Fig. 2B). The Cl.EtOH produced the concentration 
dependent inhibitory response towards force of contraction and heart 
rate in paired atrium preparation with respective EC50 values of 0.02998 
µM (95% CI 0.02013 to 0.04510 µM) and 0.3077 µM (95% CI: 0.1969 to 
0.4830 µM) (Fig. 2B). 

In vivo experiments 

Maximum tolerated dose 
When Cl.EtOH was studied for a maximum tolerated extract dose in 

rats. It was found safe with no changes in the body weight, behavioral 
changes, clinical signs of distress, and mortality of rats were observed 
during 28 days. 

Effect on blood pressure and hemodynamic parameters 
The intravenous administration of Cl.EtOH attenuated the dose- 

dependent systolic blood pressure (SBP), diastolic blood pressure, 
mean arterial blood pressure (MABP), and pulse pressure with decreased 
heart beats per min (BPM) in normotensive anesthetized rats (Fig. S3). 
The hypotensive response of Cl.EtOH was dose-dependent at doses 0.1, 
0.3, 0.5, and 1 mg/kg. The Cl.EtOH decreased MABP in range 104, 57, 
41, and 55 at respective doses of 0.1, 0.3, 0.5, and 1 mg/kg (Fig. 2C). In 
the presence of atropine, the hypotensive effect was attenuated, and 
MABP decreased in the range of 107, 108, 104, 99 at doses 0.1, 0.3, 0.5, 
and 1 mg/kg, respectively (Fig. 2D). The verapamil decreased MABP in 
normotensive anesthetized rats in the range of 92, 75, and 53 at 
respective doses 1, 3, and 10 µg/kg (Fig. 4E). 

L-NAME induce acute hypertension 
Fig. 4F demonstrated a substantial (p-value < 0.05) rise in MABP 

(207.808 ± 5.61 mmHg) in anaesthetized normotensive rats, when 
treated with L-NAME to induce acute hypertenion. However, treatment 

Fig. 1. ESI-MS/MS spectra in negative and positive mode for tentative compounds in Cl.EtOH. The tentative compounds are quercetin, kaempferol, gallic acid, 
protocatechuic acid, epigallocatechin, and vitexin 
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Table 1 
Bioactive compounds in Cl.EtOH corresponding to the chromatographic fragments by LC ESI-MS/MS.  

Sr. 
No 

Rt 
(min) 

Molecular 
Weight 

Observed 
MS (m/z) 

Calculated 
MS (m/z) 

Error 
(ppm) 

Precursor 
type 

ESI-IT MS/MS 
(Ions) 

Empiricalformula Proposed 
compound 

Class 

1 0.83 414.7 413.3785 413.3781 -0.97 [M-H]- 412.08, 391.33, 
365.33, 352.33, 
311.25, 297, 
285.08, 255.08, 
171 

C29H50O β-sitosterol Phytosterols 

2 0.97 146.14 147.0441 147.0446 3.40 [M+H]+ 147,103, 91, 77 C9H6O2 Coumarin Coumarins 
3 2.1 170.12 169.0143 169.0147 2.37 [M-H]- 169, 125, 81, 79 C7H6O5 Gallic acid Hydroxybenzoic 

acid derivatives 
4 2.67 110.11 109.0295 109.0291 -3.67 [M-H]- 109, 108, 81 C6H6O2 Catechol Phenols/ 

Benzenediols 
5 3.12 290.27 291.0863 291.0871 2.75 [M+H]+ 291, 165, 

139,123 
C15H14O6 Catechin Flavonoid/ 

Catechins 
6 4.3 594.5 593.1512 593.1522 1.69 [M-H]- 593, 327, 285 C27H30O15 Kaempferol-3-O- 

glucorhamnoside / 
Kaempferol-7-O- 
neohesperidoside 

Flavonoid 
glycosides 

7 5.3 432.4 431.0985 431.0971 -3.25 [M-H]- 431, 341, 311, 
283, 117 

C21H20O10 vitexin flavone glucoside 

8 5.4 175.2 176.1161 176.1163 1.14 [M+H]+ 176, 159, 113, 
88, 70 

C6H13N3O3 L- Citrulline non-essential 
amino acid 

9 5.7 154.12 153.0183 153.0179 -2.61 [M-H]- 153, 109, 91, 80, 
65 

C7H6O4 Protocatechuic acid Hydroxybenzoic 
acid derivatives 

10 8.8 302.19 300.9993 300.9989 -1.33 [M-H]- 300.08, 283, 
257.18,201, 
207, 172 

C14H6O8 Ellagic acid Tannins 

11 8.9 306.27 305.0367 305.0377 3.28 [M-H]- 305, 169, 125 C15H14O7 Epigallocatechin catechin gallates 
12 9.5 152.15 151.0411 151.0417 3.97 [M-H]- 151, 136, 123, 

108, 95 
C8H8O3 vanillin Phenols/ 

Methoxyphenols 
13 11.1 354.31 353.0883 353.0886 0.85 [M-H]- 353, 191, 173 C16H18O9 chlorogenic acid Alcohols and 

polyols 
14 12.2 302.23 303.0493 303.0483 -3.30 [M-H]+ 303, 285, 274, 

257, 229, 219, 
201, 185, 173, 
165, 153, 137 

C15H10O7 Quercetin Flavonoid 
glycosides 

15 16.7 286.23 287.0615 287.0613 -0.70 [M-H]+ 287, 269, 263, 
259, 241, 213, 
201, 185,171, 
153, 121 

C15H10O6 Kaempferol Flavanols  

Table 2 
Quantification and method validation of compounds in Cl.EtOH by HPLC DAD-UV/Vis  

Analytes λ(nm) Rt 
(mins) 

Linear Regression Data LOD 
(µg/ 
ml) 

LOQ 
(µg/ 
ml) 

Concentration 
(µg/g) 

Precision (RSD 
%) 

Recovery Analytes þ
Extract (µg/g) 

Range 
(µg/ml) 

Equation r2 Inter 
Day 

Intra 
Day 

Mean RSD 
% 

50 µg 100 µg 

β - sitosterol 250 19.5 7.81- 
500 

y =
22.489x +
9.64 

0.9999 0.81 2.45 251.09 1.41 0.97 99.42 
± 0.49 

0.49 298.14 349.78 

Epigallocatechin 280 3.1 7.81- 
500 

y =
259.48x +
14.58 

0.9999 0.27 0.81 314.64 0.89 0.64 98.75 
± 1.50 

1.52 363.41 412.78 

Chlorogenic 
acid 

8.2 7.81- 
500 

y =
239.48x +
12.48 

0.9995 0.25 0.75 351.20 0.95 1.75 98.97 
± 1.92 

1.94 399.12 450.81 

Gallic acid 320 2.4 7.81- 
500 

y =
179.47x +
17.17 

0.9998 0.45 1.38 384.52 1.36 0.77 99.23 
± 0.52 

0.52 432.92 483.01 

Ellagic Acid 7.5 7.81- 
500 

y =
279.53x +
15.56 

0.9996 0.26 0.80 289.52 0.83 1.23 98.73 
± 0.88 

0.89 337.63 388.15 

Vanillin 12.1 7.81- 
500 

y =
202.36x +
14.70 

0.9999 0.34 1.04 335.78 1.30 1.06 99.40 
± 0.70 

0.71 383.89 433.61 

Vitexin 16.2 7.81- 
500 

y =
21.295x +
2.59 

0.9993 0.58 1.75 359.88 1.29 1.33 99.35 
± 1.14 

1.14 407.76 458.26 

Kaempferol 19.4 7.81- 
500 

y =
181.48x +
3.62 

0.9999 0.63 1.92 446.19 0.48 1.16 98.57 
± 1.05 

1.07 495.77 544.82  
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Fig. 2. A. Vasorelaxant effects of Cl.EtOH and verapamil on endothelium intact (E+) and B. denuded endothelium aortic (E-) preparation in phenylephrine (1 µM), 
K+ (80 mM), and K+ (25 mM) spastic contractions in the absence and presence of atropine and L-NAME. E. Negative inotropic and positive chronotropic effect of Cl. 
EtOH on isolated paired atrium preparation in the absence and presence of atropine (1 µM). The hypotensive effect of C. Cl.EtOH (mg/kg) D. in the presence of 
atropine (1 mg/kg) E. verapamil (µg/kg) in normotensive anesthesia rats and F. on L-NAME induce acute hypertensive rats anesthesia rats with changes in systolic, 
diastolic, mean atrial blood pressure, pulse pressure (MABP) and heart rate. (Values are expressed as Mean ± S.D., and student t-test was applied and compared to 
control group and p < 0.05 was considered significant). (Values are expressed as Mean ± S.D., and the dose-response curve analyzed data for in -vitro experiments (n 
= 4), *p < 0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001 vs control group and #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs L-NAME group, n =
5). Con: Control, Ach: acetylcholine, Adr: adrenaline 
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with Cl.EtOH (0.1, 0.3, 0.5, and 1 mg/kg, i.v.) resulted in a signifcant (p- 
value < 0.05 vs. L-NAME) drop in MABP as 177.37 ± 7.35, 111.8102 ±
3.1, 63.084 ± 2.15 and 36.48 ± 6.165 mmHg at doses 0.1, 0.3, 0.5 and 1 
mg/kg. 

Effect on ISO induce chronic myocardial injury 
The effect of Cl.EtOH on the isoproterenol-induced chronic 

myocardial injury was studied in different preliminary cardiac hyper
trophy indices like biometrical indices, histopathological parameters, 
and cardiac biochemical markers. It was observed that Cl.EtOH pro
tected the animals from ISO induce chronic myocardial injury. 

Physical activity and survival rate 
The physical activity and survival rate during the study are major 

factors indicating myocardial infarction or heart failure. During this 
study, mortality is expected due to myocardial ischemia. However, no 
mortality was found in animals treated with Cl.EtOH (75 and 150 mg/ 
kg), verapamil, and carvedilol, but mortality was found in the disease 
(ISO) group; 3 animals died due to myocardial infarction out of seven 
animals (Table S3, S4). 

In this study, ISO administration decreased the physical activity of 
rats after the 4th subcutaneous administration of isoproterenol, and it 
completely diminished after the 10th administration with shortening of 

breath. At the same time, animals treated with Cl.EtOH (150 mg/kg), 
verapamil, and carvedilol were active and had neglectable shorting of 
breath. It was observed that animals in the ISO group lost weight during 
the study, but increased other parameters like fatigue, shorting of 
breath, and physical activities were observed. However, weight loss or 
increase in other parameters was not found in Cl.EtOH (150 mg/kg), 
verapamil, and carvedilol treatment groups. 

Effect on histopathological parameters 
The histological changes in myocardial tissue were studied to check 

necrobiosis with fibroblastic proliferation and inflammatory cells infil
tration. Other parameters like the number of cells, diameter, and 
thickness of both cell and muscle were also studied. The results showed 
that myocardial tissues of the ISO group had significant damages in 
muscle fibers (increased fibrosis, inflammatory cells infiltration, local 
collagen fiber hyperplasia, and interstitial edema of myocardial tissues). 
Moreover, these tissues had a prominent presence of high neutrophil 
infiltration, with weak myofibers, pyknosis, karyorrhexis (Fig. 3), and 
many structurally disordered fibrous tissues. However, Cl.EtOH, 
verapamil, and carvedilol treatment significantly (p < 0.05 vs. ISO 
group) decreased the inflammatory cells infiltration and fibrosis with 
less damage in myocardial tissues. The low dose of Cl.EtOH (75 mg/kg) 
had less significant (p < 0.05 vs ISO group) protection. The Cl.EtOH 

Fig. 3. Effects of Cl.EtOH on gross morphology and histopathological changes in heart tissues. A. Histopathological changes in myocardial tissues of experimental 
groups after ISO induced MI with hematoxylin-eosin (HE) and Masson’s trichrome staining (× 10 magnification); a. Necrotic myocardial fibers; b. Macrophages; c. 
neutrophil infiltrations; d. Interstitial edema; e. mucoid degeneration; f. fibroblast; g. loss of striations with nuclear changes. B. Gross morphology of heart tissues in 
transverse section C. The histopathological parameters include cell count, diameter, surface area, and fibrosis. (Values are expressed as Mean ± S.D. (n = 6), *p <
0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001 vs ISO group and #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs control group). Con: Control; Ver: 
verapamil; Car: carvedilol; LD: 75 mg/kg Cl.EtOH; HD: 150 mg/kg Cl.EtOH, Cl.EtOH: 150 mg/kg Cl.EtOH without ISO induced MI, 
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(150 mg/kg), verapamil, and carvedilol decreased the necrobiosis due to 
which cell count increased significantly (p < 0.05 vs. ISO group). 

In contrast, cell diameter and cell surface area were maintained 
significantly (p < 0.05 vs. ISO group), as compared to the ISO group 
(Fig. 3). These results indicate the Cl.EtOH protects myocardium tissues 
from ISO-induced infarctions. 

Effect on biometrical indices 
Fig. 4A depicts the effect of Cl.EtOH on biometrical indices of ISO 

induced cardiac hypertrophy. It was noticed that ISO administration 
significantly (p < 0.05 vs. control group) increased biometrical indices 
such as in the disease (ISO) group. All biometrics indices, i.e., heart 
weight, heart diameter, left heart ventricular (LHV) weight, heart 
weight index, LHV index, tail length index, and tibia length index, were 
increased in the ISO group, while Cl.EtOH (150 mg/kg), verapamil, and 

carvedilol treated groups reduced the biometrical indices. These treated 
groups had significance (p < 0.05 vs. ISO group) protection from cardiac 
hypertrophy as compared to the ISO group, while no significant (p <
0.05 vs. control group) difference was observed between control and 
these treated groups. The low dose (75 mg/kg) of Cl.EtOH was found 
with low significance (p < 0.05 vs. ISO group) protection in animals. 

The gross investigation of LHV thickness showed the significant (p <
0.05 vs. control group) presence of hypertrophy in the ISO group 
(Fig. 3C, 4A) as compared to the control group, however, Cl.EtOH (150 
mg/kg), verapamil, and carvedilol treated groups had no remarkable 
thickness. 

Effect on serum cardiac biochemical markers 
The serum biochemical markers, especially CK, CK-MB, cTnT, cTnI, 

LDH, ANP, and lipid profile, have clinical significance in myocardial 

Fig. 4. Effects of Cl.EtOH on hypertrophic and myocardial infarction biochemical markers. A. The biometric cardiac hypertrophy markers B. The changes in serum 
biochemical cardiac makers after ISO induced MI. (Values are expressed as Mean ± S.D (n = 6), data were analyzed by student t-test, compared to ISO group, 
whereas ISO group compared with control and p < 0.05 was considered significant. *p < 0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001 vs ISO group and #p <
0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs control group). Con: Control; ISO: isoprenaline; Ver: verapamil; Car: carvedilol; LD: 75 mg/kg Cl.EtOH; HD: 
150 mg/kg Cl.EtOH, Cl.EtOH: 150 mg/kg Cl.EtOH without ISO induce MI, 
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infarction diagnosis. Besides, other serum biomarkers help study cardiac 
injuries such as ACE, NO concentrations, renin concentrations, ALT, 
AST, serum IL-6, BNP, and cGMP concentrations. Fig. 4B showed that 
there was a significant (p < 0.05 vs. control group) difference between 
ISO and control biomarkers. The rise of these serum biomarkers in the 
ISO administrated group indicates chronic myocardial infarction, 
although Cl.EtOH (150 mg/kg), verapamil, and carvedilol treated 
groups, had serum biomarkers within the limit range except low dose 
(75 mg/kg) of Cl.EtOH. These treated groups had significance (p < 0.05 
vs. ISO group) protection from myocardial infarction as compared to the 
ISO group and no significant (p < 0.05 vs. control group) difference 
between control and these treated groups. The results showed that Cl. 
EtOH protects the animals from ISO-induced cardiotoxicity. 

Gene expression analysis 
Fig. 5 presented the mRNA expression of inflammatory and cardiac 

genes such as NOS3, ANP, IL-6, cTnT, and MMP-9 were studied. mRNA 
expression of ANP, IL-6, MMP-9, and cTnT was significantly down
regulated in Cl (p < 0.05 vs. ISO group).EtOH (150 mg/kg), verapamil, 
and carvedilol treated myocardium, but the expression of these genes 
significantly (p < 0.05 vs. control group) increased in the ISO group. The 
low dose (75 mg/kg) of Cl.EtOH was found with low significance (p <
0.05 vs. ISO group). However, mRNA expression of NOS3 was signifi
cantly (p < 0.05 vs. ISO group) up-regulated in Cl.EtOH (150 mg/kg), 
verapamil, and carvedilol treated cardiac tissues, whereas its expression 
was significantly (p < 0.05 vs. control group) reduced in hypertrophied 

hearts of the ISO group. 
The hierarchical clustering heatmap analysis was used to determine 

the normalized intensities of gene expression in ISO, control, Cl.EtOH 
(75 and 150 mg/kg), verapamil, and carvedilol (Fig. 5B). The results 
indicate that the tendency of expression in treatment groups was far 
from the expression of the ISO group but near the control group. 
Furthermore, these results demonstrated that Cl.EtOH successfully 
reversed and changed gene expression trends similar to verapamil and 
carvedilol. 

With western blot analysis, we found that IL-6 and MMP-9 expression 
were decreased in Cl.EtOH (150 mg/kg), carvedilol, and verapamil 
compared to the ISO group, where they were increased. When IL-6 and 
MMP-9 expression were increased, it indicated inflammation in car
diomyocytes. However, NOS3 expression was increased in Cl.EtOH (150 
mg/kg), carvedilol, and verapamil compared to the ISO group where 
NOS3 was decreased. When NOS3 expression increased, it indicated the 
relaxation in cardiomyocytes (Fig. 5C, Fig. S4). The hierarchical clus
tering heatmap analysis indicate that Cl.EtOH successfully reversed the 
tendency of protein expression in treatment groups and clustered the 
ISO group far away from treated groups (Fig. 5D). 

Metabolomics profiling analysis 

Multivariate data analysis 

The principal component 1 and 2 were utilized to score the PCA plot. 

Fig. 5. Effects of Cl.EtOH on mRNA gene expressions of IL-6, ANP, cTnT, NOS3, and MMP-9 in myocardial tissues after ISO induced MI. A. The trend of gene 
expression in hypertrophy myocardial tissues B. The hierarchical clustering heatmap analysis of gene expression in myocardial tissues; red represented the increase in 
gene expression while blue represented the decrease. C. Western Blot analysis of NOS3, MMP9 and IL-6. β-actin used as housekeeping genes. D. The hierarchical 
clustering heatmap analysis of protein expression in myocardial tissues; red represented the increase in gene expression while blue represented the decrease. (Values 
are expressed as Mean ± S.D (n = 6), data were analyzed by student t-test, compared to ISO group, whereas ISO group compared with control and p < 0.05 was 
considered significant. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs ISO group and #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs control 
group). Con: Control; ISO: isoprenaline; Ver: verapamil; Car: carvedilol; LD: 75 mg/kg Cl.EtOH; HD: 150 mg/kg Cl.EtOH. 
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The unsupervised PCA score plots of metabolome data of serum (R2X =
0.976, Q2= 0.963) and heart (R2X = 0.997, Q2= 0.992) showed a 
satisfactory classification of experimental groups with an explicit sepa
ration between ISO group and others groups, i.e., Cl.EtOH (150 mg/kg), 
verapamil, and carvedilol (Fig. S5). If R2X and Q2 are more significant 
than 0.5, the model is considered good stability and prediction. These 
results indicate a successful modeling process with severe metabolic 
alteration in the ISO group. 

The supervised OPLS-DA plot was used to discriminate the serum and 
heart metabolites between control, ISO, Cl.EtOH (150 mg/kg), verap
amil, and carvedilol groups. In the OPLS-DA plot, there was explicit 
serum and heart metabolites discrimination between the ISO group and 
others groups, i.e., Cl.EtOH (150 mg/kg), verapamil and carvedilol. The 
ISO group was far away from the Cl.EtOH (150 mg/kg), verapamil, and 
carvedilol treated groups whereas Cl.EtOH (150 mg/kg), verapamil, and 
carvedilol treated groups intersect each other (Fig. 8). The higher R2X, 

Q2, and CV-ANOVA parameters of the model indicated the excellent 
fitness and predictability of OPLS-DA patterns without overfitting. The 
OPLS-DA models of serum (R2X = 0.967, Q2 = 0.695) and myocardium 
tissues (R2X = 0.997, Q2 = 0.627) had good stability and predication. So, 
OPLS-DA analysis results indicate a significant difference (p < 0.05) 
between metabolites of ISO and treated groups. Furthermore, OPLS-DA 
models between control and ISO (serum: R2X = 0.989, Q2 = 0.999; 
heart: R2X = 0.977, Q2= 0.912), verapamil (serum: R2X = 0.853, Q2 =

0.743; heart: R2X = 0.994, Q2 = 0.776), and EtOH extract (150 mg/kg) 
(serum: R2X = 0.976, Q2 = 0.997; heart: R2X = 0.969, Q2 = 0.738) were 
established for both serum and heart metabolites and also OPLS-DA 
model was established for verapamil and Cl.EtOH (150 mg/kg) 
(serum: R2X = 0.957, Q2 = 0.992; heart: R2X = 0.980, Q2 = 0.334). 

For statistically validity and significance of serum and cardiac tissue 
metabolites of control, Cl.EtOH (150 mg/kg), verapamil, carvedilol and 
ISO group were further evaluated by permutation tests with cross 

Fig. 6. Effects of Cl.EtOH on metabolic profiles of serum samples after ISO induced MI. A. The trend metabolic profiles of serum samples. (Values are expressed as 
Mean ± S.D (n = 6)), data were analyzed by student t-test, compared to ISO group, whereas ISO group compared with control and p < 0.05 was considered sig
nificant. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs ISO group and #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs control group). Con: 
Control; ISO: isoprenaline; Ver: verapamil; Car: carvedilol; HD: 150 mg/kg Cl.EtOH 
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validation (Fig. S5). The parameter R2 used for variance and Q2 explains 
the predictability of model, degree of overlapping and correlation be
tween permutated and original data. The negative Q2 intercept sug
gested the good predictability and correlation of model. The 
permutation test results for serum (R2 = 0.251, Q2 = -0.50 and cardiac 
tissues (R2 = 0.075, Q2 = -0.524) indicate that models are stable and 
predicated the variation. Furthermore, validation models between 
control and ISO (serum: r2x = 0.409, q2 = -0.918; heart: r2x = 0.947, q2 

= -0.913), verapamil (serum: r2x = 0.328, q2 = -1.31; heart: r2x = 0.437, 
q2 = -0.908), and Cl.EtOH (150 mg/kg) (serum: r2x = 0.584, q2 = -2.25; 
heart: r2x = 0.214 q2 = -0.629) were established for both serum and 
heart metabolites and also validation model was established for verap
amil and Cl.EtOH (150 mg/kg) (serum: r2x = 0.482, q2 = -2.37; heart: 
R2X = 0.209, Q2 = -0.512). 

Analysis of the biomarkers in different samples 

Serum metabolites: The metabolome data analysis was used to identify 
the metabolites and explore the metabolic pathways related to 
myocardial infarction. In serum, 75 metabolites as potential biomarkers 
were filtered and identified, including ketone bodies, mineralocorticoid, 
eicosanoids, organic acids, amino acids, glycoproteins, choline, glycerol, 
glucose, and betaine. Fig. 6 depicts the alternation of 35 metabolites in 
serum. The levels of 3-hydroxybutyrate, 5-hydroxytryptophan, 9-HETE, 
acetoacetate, acetone, aldosterone, arachidonic acid, aspartic acid, 
betaine, cortisol, glucose, epinephrine, hypoxanthine, valine, lactate, 
malic acid, phenylalanine, lysine nicotinic acid, phosphocholine, pyru
vic acid, and thromboxane A2 were significantly (p < 0.05, vs. control 
group) elevated in ISO group as compared to control. However, Cl.EtOH 
(150 mg/kg), verapamil, and carvedilol significantly (p < 0.05, vs. ISO 
group) reversed and inhibited alternation of these metabolites 

Fig. 7. Effects of Cl.EtOH on metabolic profiles of heart samples after ISO induced MI. A. The trend metabolic profiles of heart tissue sample. (Values are expressed as 
Mean ± S.D (n = 6)), data were analyzed by student t-test, compared to ISO group, whereas ISO group compared with control and p < 0.05 was considered sig
nificant. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs ISO group and #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs control group). Con: 
Control; ISO: isoprenaline, Ver: verapamil; Car: carvedilol; HD: 150 mg/kg Cl.EtOH 
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expressions in rats. However, it was observed that amino acids, i.e., 
alanine, arginine, asparagine, glutamate, glutamine, isoleucine, leucine, 
methionine, niacinamide, pantothenate, pyroglutamic acid, taurine, and 
glycerol phosphocholine significantly (p < 0.05 vs. control) reduced as 
compared to control in ISO group, whereas Cl.EtOH (150 mg/kg), 
verapamil, and carvedilol significantly (p < 0.05 vs. ISO group) 
improved amino acids expressions. These results showed that Cl.EtOH 
(150 mg/kg) ameliorated alternation of isoproterenol-induced myocar
dial infarction in rats similar to verapamil and carvedilol. 

Heart tissue metabolites: In cardiac tissue, 60 potential metabolites 
biomarkers were filtered and identified. Fig. 7 portrayed the alternation 
of 30 metabolites in the heart. The results indicated that levels of 3- 
hydroxybutyrate, 5-hydroxytryptophan, acetoacetate, acetylcysteine, 
aspartic acid, hypoxanthine, valine, alanine, arginine, asparagine, 
glucose, glutamate, glutathione, serine, adenosine monophosphate, 
glutamine, isoleucine, lactate, leucine, malic acid, methionine, phenyl
alanine, lysine, niacinamide, pantothenate, phosphocholine, pyroglu
tamic acid, pyruvic acid, taurine, glycerol phosphocholine were 
significantly (p < 0.05, vs. control group) elevated in ISO group as 

compared to control, but Cl.EtOH (150 mg/kg), verapamil and carve
dilol significantly (p < 0.05, vs. ISO group) reversed and inhibited 
alternation of these metabolites expressions in rats. 

Metabolic pathway analysis 

The serum metabolites were subjected to MetaboAnalyst to identify 
the pathway enrichment and metabolic pathways relevant to myocar
dial infarction. Total 46 metabolic pathways were identified in serum 
and 38 in heart tissues. Fig. 8 illustrated that the ISO group had highly 
altered metabolic pathways with higher concentrations of metabolites 
than control, but verapamil and Cl.EtOH (150 mg/kg) regulated the 
concentration of the metabolite and had a minor alteration in metabolic 
pathways to treat myocardial injury. The above-mentioned metabolic 
pathways mainly involve energy, amino acid, and oxidative metabolism 
stress. Notably, amino acid and energy metabolism pathways were 
significantly enriched in the ISO group and then reversed with Cl.EtOH 
(150 mg/kg) and verapamil treatment, especially BCAAs, glutamine, 
and glutamate metabolisms ketone bodies, and amino acid degradation. 

Fig. 8. Summary of metabolic pathways analysis. Metabolic Pathway analysis of ISO, verapamil, and Cl.EtOH in A. serum and B. heart. The data were normalized 
with the control group. The size and color of each circle represented the significance (p-value) of metabolic pathway and pathway impact, respectively. The red 
indicated the higher p-value, and the yellow represented the lower p values. C. The hierarchical clustering heatmap analysis for the alterations of metabolites in 
serum and heart samples after ISO induces MI between control, ISO, verapamil, carvedilol, and Cl.EtOH (150 mg/kg). 
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Thus, metabolic pathway analysis illustrated the cardioprotective 
mechanism of Cl.EtOH (150 mg/kg). 

Correlation and Heatmap analysis of metabolites 

The heatmap analysis and correlation approaches were used to 
narrow the significance and accurate predictability of Cl.EtOH effec
tiveness between ISO and treated groups. First, heatmap correlation 
analysis based on the Pearson correlation coefficient was used to 
recognize the relationship among the altered metabolites (Fig. 9). 

The hierarchical clustering heatmap analysis was employed to 
determine the normalized intensities of endogenous metabolites in ISO, 
control, Cl.EtOH (150 mg/kg), verapamil, and carvedilol (Fig. 8). The 
results indicate that the tendency of metabolites in treatment groups was 
far away from the metabolites of the ISO group but near the control 
group. Furthermore, these results demonstrated that Cl.EtOH success
fully reversed and changed the trends of metabolites similar to verap
amil and carvedilol. 

Molecular docking 
Docking calculations are advantageous for predicting the position of 

a ligand inside a target protein’s binding site. The use of physical energy 
factors (i.e., solvation energy) in conjunction with an appropriate force 
field improves th e accuracy of docking calculations for compounds 
(Kuhn and Kollman, 2000; Sirous et al., 2019). The beneficial effects of 
bioactive compounds from Cl.EtOH, epigallocatechin, vitexin, gallic 
acid, vanillin, and chlorogenic acid were docked with target proteins 
with voltage-gated calcium channel β2a (VGCC, PDB:1T0J), Muscarinic 
receptor 3 (PDB ID: 5ZHP), and nitric oxide synthase 3 (NOS3, PDB: 
1M9R) to validate the activities as represented in Table 3 and Fig. 10. 
These proteins are members of EDRF, and calcium mediate signaling 

pathways (Eschenhagen, 2018). 
Voltage-gated calcium channel β2a: Vitexin had dominant binding 

energies for voltage-gated calcium channels (ΔGBinding: -48.43 kcal/ 
mol). It formed conventional hydrogen bond interaction with amino 
acids residues Arg65 (2.17 Å), Arg227 (3.01 Å), Lys90 (1.96 Å), Asp384 
(2.01 Å), Gln380 (1.85 Å), Phe383 (2.98 Å), and Val109 (1.69 Å), car
bon hydrogen bond interaction with residues Arg65 (2.38 Å), Asp384 
(2.70 Å), Gln380 (2.96 Å), Glu381 (2.46 Å), and Asp384 (2.64 Å), π-π T- 
shaped interaction with residue Phe92 (5.15 Å), and π-alkyl interaction 
with residues Lys90 (4.63 Å). Chlorogenic acid scored the second rank 
for VGCC with binding affinity -28.41 kcal/mol. It had hydrogen bond 
interaction with amino acid residues Asp319 (1.88 Å), Asp319 (2.17 Å), 
and Ile261 (3.06 Å), π-donor hydrogen bond interaction with residue 
Ile263 (3.31 Å), and salt bridge / electrostatic attractive charge inter
action with residue Lys254 (2.25 Å), electrostatic attractive charge 
interaction with residue Lys247 (4.27 Å), and π-alkyl interaction with 
residue Ile263 (4.45 Å). The rank of ligands with VGCC based on 
docking score are given below: vitexin, chlorogenic acid, epi
gallocatechin, gallic acid, and vanillin. 

Muscarinic receptor 3: Chlorogenic acid scored lowest binding af
finity for Muscarinic receptor 3 (-46.39kcal/mol). It formed hydrogen 
bond interaction with amino acids residues Ile222 (1.94 Å), Tyr506 
(2.34 Å), Lys522 (2.33 Å), Cys220 (2.55 Å), Cys220 (2.02 Å), Leu225 
(1.68 Å), and Asn513 (1.63 Å), carbon hydrogen bond interaction with 
residues Phe221 (2.96 Å), Pro228 (2.66 Å), Pro228 (2.57 Å), Thr231 
(2.86 Å), and Cys220 (2.98 Å), electrostatic attractive charge interaction 
with residue Lys522 (4.91 Å), electrostatic π-anion interaction with 
residue Trp525 (4.75 Å), π-σ interaction with residue Thr231 (2.65 Å), 
and π-alkyl interaction with residue Tyr529 (4.52 Å). Vitexin scored the 
second rank for M3 receptor with binding affinity -41.07 kcal/mol. It had 
hydrogen bond interaction with amino acid Tyr148 (1.88 Å), Lys522 

Fig. 9. Correlation Heatmap analysis of serum and heart metabolites varied significantly after ISO induced MI. A. Correlation between serum and heart metabolites. 
Correlation Heatmap analysis of serum and heart metabolites in B. Control group, C. ISO group, D. Verapamil group, E. Carvedilol group F. Cl.EtOH (150 mg/kg) 
group. S: Metabolites identified in the serum; H: Metabolites identified in the heart. 
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Table 3 
Binding energies (kcal/mol) of compounds with voltage-gated calcium channel beta2a, muscarinic receptor 3, and nitric oxide synthase 3 calculated by Prime 
MMGBSA  

Name Docking 
score 

ΔGBinding Log 
(pKi) 
(µM) 

ΔGCoulomb ΔGCovalent ΔGHbond ΔGLipophilic ΔGSolv 

GB 

ΔGvdW Residue-Ligand Interactions with Distance (Å) 
Hydrogen Bonds Electrostatic / 

Hydrophobic 
Bonds 

Voltage-gated calcium channel beta2a (PDB:1T0J) 
Vitexin -6.61 ±

0.14 
-48.59 ±
1.00 

-17.80 -40.91 5.46 -3.29 -9.9 40.04 -39.06 Conventional 
Hydrogen Bond: 
Arg65 (2.17), 
Arg227 (3.01), Lys90 
(1.96), Asp384 
(2.01), Gln380 
(1.85), Phe383 
(2.98), Val109 
(1.69), Carbon 
Hydrogen Bond: 
Arg65 (2.38), 
Asp384 (2.70), 
Gln380 (2.96), 
Glu381 (2.46), 
Asp384 (2.64), 

π- π T-Shaped: 
Phe92 (5.15), Pi- 
Alkyl: Lys90 (4.63) 

Chlorogenic 
acid 

-5.86 ±
0.13 

-28.50 ±
0.58 

-9.11 -0.33 0.96 -3.46 -9.88 15.54 -30.34 Conventional 
Hydrogen Bond: 
Asp319 (1.88), 
Asp319 (2.17), 
Ile261 (3.06), π 
-Donor Hydrogen 
Bond: Ile263 (3.31), 

Salt Bridge; 
Electrostatic 
Attractive Charge: 
Lys254 (2.25), 
Electrostatic 
Attractive Charge: 
Lys247 (4.27), Pi- 
Alkyl: Ile263 (4.45) 

Epigallocatechin -5.82 ±
0.12 

-37.51 ±
0.77 

-13.01 -40.45 3.27 -4.2 -7.07 40.4 -28.07 Conventional 
Hydrogen Bond: 
Arg227 (2.34), 
Gln380 (1.87), 
Pro336 (2.04), 
Glu381 (2.24), 
Pro336 (2.18), 
Carbon Hydrogen 
Bond: Ser330 (2.66), 

Electrostatic π 
-Cation: Arg65 
(4.30), Arg227 
(4.66), Electrostatic 
π -Anion: Asp384 
(3.79), Asp384 
(4.70) 

Gallic acid -3.29 ±
0.07 

-9.41 ±
0.19 

-0.84 1.03 -0.09 -2.42 -2.95 8.02 -12.95 Conventional 
Hydrogen Bond: 
Asp251  

Vanillin -2.86 ±
0.06 

-25.28 ±
0.52 

-7.72 -16.48 1.13 -1.83 -8.14 15.07 -13.44 Conventional 
Hydrogen Bond: 
Phe92 (1.87),Arg227 
(2.36), 

π- π T-Shaped: 
Phe92 (5.18) 

Verapamil -2.54 ±
0.05 

-44.60 ±
0.91 

-16.08 -19.55 3.75 -1.21 -14.26 29.51 -41.79 Conventional 
Hydrogen Bond: 
Arg227 (2.65) 
Carbon Hydrogen 
Bond: Tyr402 
(2.72), Asp384 
(2.54), Tyr402 
(2.69), Glu111 
(2.61), Ser330 
(2.75), Pro336 
(2.49), Glu381 
(2.67), Ser382 (2.43) 

Electrostatic 
Attractive Charge: 
Asp384 (4.51)  
π -Cation: Arg227 
(4.00) 
π-Anion: Asp384 
(3.66) 
Alkyl: Ala335 
(4.32), Ala405 
(3.99), Lys110 
(4.24), Pro326 
(5.46), Ile338 (4.46) 
π-Alkyl: Phe92 
(5.37), Lys110 
(5.11), Ala409 
(4.44)) 

Muscarinic receptor 3 (PDB ID: 5ZHP) 
Chlorogenic 

acid 
-11.25 ±
0.24 

-46.85 ±
1.00 

-16.92 -59.66 9.72 -3.75 -18.41 66.62 -39.63 Conventional 
Hydrogen Bond: 
Ile222 (1.94), 
Tyr506 (2.34), 
Lys522 (2.33), 
Cys220 (2.55), 
Cys220 (2.02), 
Leu225 (1.68), 
Asn513 (1.63), 
Carbon Hydrogen 
Bond: Phe221 
(2.96), Pro228 
(2.66), Pro228 

Electrostatic 
Attractive Charge: 
Lys522 (4.91), π 
-Anion: Trp525 
(4.75), π -σ: Thr231 
(2.65), π -Alkyl: 
Tyr529 (4.52), 

(continued on next page) 
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Table 3 (continued ) 

Name Docking 
score 

ΔGBinding Log 
(pKi) 
(µM) 

ΔGCoulomb ΔGCovalent ΔGHbond ΔGLipophilic ΔGSolv 

GB 

ΔGvdW Residue-Ligand Interactions with Distance (Å) 
Hydrogen Bonds Electrostatic / 

Hydrophobic 
Bonds 

(2.57), Thr231 
(2.86), Cys220 
(2.98), 

Vitexin -8.28 ±
0.18 

-41.48 ±
0.89 

-14.61 -29.92 7.72 -2.3 -10.32 28.87 -32.99 Conventional 
Hydrogen Bond: 
Tyr148 (1.88), 
Lys522 (2.06), 
Cys220 (2.32), 
Asn513 (1.71), π 
-Donor Hydrogen 
Bond:Phe221 (2.73), 
Trp525 (2.52), 

π - π T-Shaped: 
Trp525 (4.90), 

Epigallocatechin -7.85 ±
0.17 

-38.76 ±
0.83 

-13.44 -21.83 2.9 -3.19 -13.59 26.97 -29.12 Conventional 
Hydrogen Bond: 
Ile222 (2.68), 
Tyr506 (2.41), 
Lys522 (2.40), 
Ile222 (2.19), 
Cys220 (1.74), 
Cys220 (2.12), 
Carbon Hydrogen 
Bond: Ser226 (2.47), 
Lys522 (2.53), 
Tyr148 (2.91),  

Gallic acid -6.66 ±
0.14 

-19.83 ±
0.42 

-5.30 -39.36 1.65 -2.69 -10.44 49.65 -16.14 Conventional 
Hydrogen Bond: 
Tyr148 (1.87), 
Ile222 (2.66), 
Cys220 (1.67), 
Asn526 (2.31) 
Carbon Hydrogen 
Bond: Phe221 (2.59)  

Vanillin -4.75 ±
0.10 

-32.33 ±
0.69 

-10.67 -9.48 4.62 -1.31 -11.28 7.24 -19.84 Conventional 
Hydrogen Bond: 
Tyr506 (1.83), 
Cys220 (1.97), 

Alkyl: Leu144 
(4.69), π -Alkyl: 
Trp143 (4.66), 

Verapamil -2.29 ±
0.05 

-62.00 ±
1.33 

-23.43 2.45 4.92 -1.22 -27.11 2.8 -41.13 Conventional 
Hydrogen Bond: 
Ile222 (2.45), 
Lys522 (2.03), 
Carbon Hydrogen 
Bond: Phe221 
(2.73), Lys522 
(2.42), Asn513 
(3.04), Glu219 
(2.69), Glu219 
(2.63), Cys220 
(3.03), Cys220 
(2.66), Ile222 (2.53) 

Electrostatic π 
-Cation: Trp525 
(4.66), Trp525 
(4.11), π -Donor 
Hydrogen Bond: 
Tyr506 (2.95), π- π 
Stacked: Phe221 
(4.95), Tyr529 
(5.24), Alkyl: Ile222 
(4.67), Leu225 
(4.88), Leu144 
(4.82), π -Alkyl: 
Tyr127 (4.92), 
Trp143 (4.55), 
Phe221 (4.41), 
Tyr529 (5.05) 

Nitric oxide synthase 3 (NOS3, PDB: 1M9R) 
Epigallocatechin -9.75 ±

0.20 
-25.85 ±
0.55 

-7.88 -35.34 7 -4.15 -22.25 53.78 -18.81 Conventional 
Hydrogen Bond: 
Arg365 (2.70), 
Ala446 (1.67), 
Ser102 (1.80), 
His461 (2.13), 
Trp447 (2.88), 
Val449 (2.27), 
Glu361 (1.87), 
Glu361 (1.76), 
Carbon Hydrogen 
Bond: Pro451 
(2.41), Ala446 (2.30) 

Electrostatic π 
-Cation: Arg365 
(3.31), Pi-Pi 
Stacked: Trp447 
(5.93), Trp447 
(4.46), Trp447 
(5.15), Alkyl: 
Ala446 (5.17), π 
-Alkyl: Trp445 
(5.28), Phe460 
(4.72), Trp447 
(4.28), Trp447 
(3.93), Val104 
(5.06), Pro451 
(5.41) 

Vitexin -8.04 ±
0.16 

-45.07 ±
0.96 

-16.15 -28.62 5.78 -4.33 -11.28 51.64 -47.15 Conventional 
Hydrogen Bond: 
Arg365 (2.12), 
Arg365 (1.99), 
Arg365 (2.60), 

Electrostatic Pi- 
Cation: Arg365 
(3.78), Arg365 
(4.67), Arg365 
(4.30), Pi-Pi 

(continued on next page) 
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(2.06 Å), Cys220 (2.32 Å), and Asn513 (1.71 Å), π-donor hydrogen bond 
interaction with residues Phe221 (2.73 Å), and Trp525 (2.52 Å), and π-π 
T-shaped interaction with residue Trp525 (4.90 Å). The rank of ligands 
with a muscarinic receptor based on docking score is given below: 
chlorogenic acid, vitexin, epigallocatechin, gallic acid, and vanillin. 

Nitric oxide synthase 3: Vitexin hit the lowest binding energy for 
(ΔGBinding: -44.62 kcal/mol) for NOS3 but scored the second position 
on the docking score (-8.012 kcal/mol). It formed hydrogen bond 
interaction with amino acid residues Arg365 (2.12 Å), Arg365 (1.99 Å), 
Arg365 (2.60 Å), Arg372 (2.67 Å), Glu361 (2.02 Å), Glu361 (2.01 Å), 
Phe460 (2.51 Å), and Glu361 (2.77 Å), carbon hydrogen bond interac
tion with residue Glu361 (2.77 Å), π-donor hydrogen bond interaction 

with residue Trp74 (3.22 Å), electrostatic π-cation interaction with 
residues Arg365 (3.78 Å), Arg365 (4.67 Å), and Arg365 (4.30 Å), π-π 
stacked interaction with residue Phe460 (4.70 Å), Trp447 (4.13 Å), 
Trp447 (5.52 Å), Trp447 (4.84 Å), Trp447 (4.45 Å), and Trp447 (5.44 
Å), π-π T-Shaped interaction with residue Trp74 (5.47 Å), and π-alkyl 
interaction with residue Val104 (4.58 Å). Epigallocatechin first in 
docking score (-9.72 kcal/mol) with binding affinity -25.59 kcal/mol. It 
formed hydrogen bond interaction with amino acid residues Arg365 
(2.70 Å), Ala446 (1.67 Å), Ser102 (1.80 Å), His461 (2.13 Å), Trp447 
(2.88 Å), Val449 (2.27 Å), Glu361 (1.87 Å), and Glu361 (1.76 Å), carbon 
hydrogen bond interaction with residues Pro451 (2.41 Å), and Ala446 
(2.30 Å), electrostatic π-cation interaction with residue Arg365 (3.31 Å), 

Table 3 (continued ) 

Name Docking 
score 

ΔGBinding Log 
(pKi) 
(µM) 

ΔGCoulomb ΔGCovalent ΔGHbond ΔGLipophilic ΔGSolv 

GB 

ΔGvdW Residue-Ligand Interactions with Distance (Å) 
Hydrogen Bonds Electrostatic / 

Hydrophobic 
Bonds 

Arg372 (2.67), 
Glu361 (2.02), 
Glu361 (2.01), 
Phe460 (2.51), 
Glu361 (2.77), 
Carbon Hydrogen 
Bond: Glu361 
(2.77), π -Donor 
Hydrogen Bond: 
Trp74 (3.22), 

Stacked: Phe460 
(4.70), Trp447 
(4.13), Trp447 
(5.52), Trp447 
(4.84), Trp447 
(4.45), Trp447 
(5.44), π- π T- 
Shaped: Trp74 
(5.47), Pi-Alkyl: 
Val104 (4.58), 

Gallic acid -7.81 ±
0.16 

-1.82 ±
0.04 

2.45 -35.42 2.04 -3.62 -13.41 78.48 -25.1 Conventional 
Hydrogen Bond: 
Arg365 (1.95), 
Arg365 (2.17), 
Ser102 (1.76), 
Ala446 (2.41), 
Ser102 (2.24), 

Electrostatic 
Attractive Charge: 
Arg365 (3.35), π - π 
Stacked: Trp447 
(5.26), Trp447 
(4.43), Pi-Alkyl: 
Val104 (5.13), 

Vanillin -6.41 ±
0.13 

-26.04 ±
0.56 

-7.97 -10.21 1.28 -1.24 -15.66 30.3 -26.5 Conventional 
Hydrogen Bond: 
Arg365 (2.05), 
Ser102 (1.77), 
Carbon Hydrogen 
Bond: Ala446 
(2.44), 

π- π Stacked: 
Trp445 (5.34), 
Trp445 (5.50), 
Trp447 (5.83), 
Trp447 (4.88), π - π 
T-Shaped: Phe460 
(5.46), π -Alkyl: 
Phe460 (4.84), 
Trp447 (3.40), 
Trp447 (3.67), 
Val104 (5.07), 

Chlorogenic 
acid 

-2.93 ±
0.06 

-42.91 ±
0.92 

-15.22 -53.59 6.98 -4.77 -22.33 72.94 -39.25 Conventional 
Hydrogen Bond: 
Arg365 (1.99), 
Arg365 (2.54), 
His371 (2.83), 
Trp447 (2.35), 
Glu361 (1.78), 
Glu361 (1.94), 

Electrostatic 
Attractive Charge: 
Arg183 (4.59), π- π 
Stacked: Trp447 
(4.81), π- Alkyl: 
Pro451 (4.91), 

Verapamil -1.41 ±
0.03 

-57.41 ±
1.23 

-21.46 34.01 2.66 -0.88 -32.07 0.19 -55.17 Carbon Hydrogen 
Bond: Trp447 
(2.39), Trp447 
(2.58), Trp447 
(2.58), Val449 
(2.69), Glu361 
(2.86), Glu361 
(2.67), Ser102 
(3.00), Phe460 
(2.70), 

Electrostatic 
Attractive Charge: 
Glu361 (4.20), 
Electrostatic 
π-Cation: Arg365 
(4.74), Electrostatic 
π-Anion: Glu361 
(3.52), π-π Stacked: 
Phe460 (4.90), 
Trp447 (4.04), 
Trp447 (4.33), 
Alkyl: Val104 
(5.02), π-Alkyl: 
Trp74 (4.73), 
Trp445 (4.32), 
Trp445 (4.37), 
Trp447 (5.22), 
Trp447 (4.02) 

Values are expressed as Means ± S.D, n = 3, ΔGBinding: Binding free energy, Log (pKi): Logarithmic of predicated Inhibition Constant (pKi), ΔGCoulomb: Coulomb 
binding energy, ΔGCovalent: Covalent binding energy ΔGHbond: Hydrogen bonding energy, ΔGLipophilic: Lipophillic binding energy, ΔGSolv GB: Generalized born 
electrostatic solvation energy ΔGvdW: Van der Waals forces energy. These all energy contribute to Binding free energy (ΔGBinding) 
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π-π stacked interaction with residue Trp447 (5.93 Å), Trp447 (4.46 Å), 
and Trp447 (5.15 Å), alkyl interaction with residue Ala446 (5.17 Å), and 
π-alkyl interaction with residues Trp445 (5.28 Å), Phe460 (4.72 Å), 
Trp447 (4.28 Å), Trp447 (3.93 Å), Val104 (5.06 Å), and Pro451 (5.41 
Å). 

Chlorogenic acid was second to vitexin found with binding affinity 
-42.49 kcal/mol but had the last position in docking score. It formed 
hydrogen bond interaction with amino acid residues Arg365 (1.99 Å), 
Arg365 (2.54 Å), His371 (2.83 Å), Trp447 (2.35 Å), Glu361 (1.78 Å), 
and Glu361 (1.94 Å), electrostatic attractive charge interaction with 
residue Arg183 (4.59 Å), π-π stacked interaction with residue Trp447 
(4.81 Å), and π-alkyl interaction with residue Pro451 (4.91 Å). The rank 
of ligands with NOS3 based on docking score is given below epi
gallocatechin, vitexin, gallic acid, vanillin, and chlorogenic acid. 

Discussion 

The seeds and fruit of Citrullus lanatus (Thunb.) Matsum. & Nakai. 
have been regarded as traditional healers and used to treat various 
diseases. C. lanatus seeds have been used for centuries to bolster and 
enhance health, as an energy booster, and treat cardiovascular disor
ders. Still, its therapeutic actions for CVDs remain unknown. However, 
more research is necessary to fully comprehend the impact of C. lanatus 
seeds on vasorelaxation and myocardial violations. (Rajasree et al., 
2016; Siddiqui et al., 2018). As a result, this work used an integrated 
method of metabolomics profiling to investigate putative pathways of 
C. lanatus in isoproterenol (ISO)-induced myocardial infarction (MI). 
Isoproterenol causes long-lasting cardiac hypertrophy by causing car
diomyocyte compensatory loss, which may progress to heart failure. The 
LC-ESI MS/MS screening of Cl.EtOH revealed that major bioactive 
compounds are β-sitosterol, coumarin, gallic acid, catechol, catechin, 
vitexin, L- citrulline, protocatechuic acid, ellagic acid, epigallocatechin, 
vanillin, chlorogenic acid, quercetin, kaempferol. The rutin, kaempferol, 
and quercetin exert antispasmodic activity (Gilani et al., 2008). 

Vasorelaxant response through the blockade of VGCC: The Cl.EtOH was 
tested for possible vasorelaxant activity on intact endothelium and 
denuded rat aortic preparations. On both preparations, the Cl.EtOH had 
a vasorelaxant effect. Like verapamil, Cl.EtOH displayed a relaxant 
response to PE (1 µM), and K+ (80 mM) produced contractions. PE ac
tivates 1-adrenergic receptors, prompting phosphatidylinositol to be 
converted to inositol-1,4,5-triphosphate, which raises intracellular cal
cium via triggering voltage-dependent calcium channels. The sympa
thetic nervous system regulates the vascular smooth muscle tone 
(Sharkey and MacNaughton, 2018). Adrenoceptors promote stimulatory 

actions in vascular smooth muscle by raising cytosolic calcium levels, 
either by the inflow of calcium from extracellular fluid or release from 
cytosolic reserves, to elicit depolarization of vascular preparations 
resting action potentials. The Cl.EtOH in our study suppressed K+ (80 
mM) and K+ (25 mM) spastic contractions at 5 mg/ml and 1 mg/ml, 
respectively, whether it intervenes by calcium channel blockade or po
tassium channel opening. K+ (80mM) triggered depolarization with the 
inflow of calcium current into the cell, increasing cytosolic calcium ions, 
and this intense depolarized membrane action may have resulted in a 
long-lasting persistent contractile response in aortic preparations. 
(Saqib and Janbaz, 2016). The smooth muscle will relax after repolari
zation has occurred by blocking the influx of calcium current, Cl.EtOH 
relaxed the K+ (80 mM) induced contraction and blocked the evoked 
depolarization and repolarized membrane potential. The following 
events were expected to be inhibited (Sharkey and MacNaughton, 
2018). The following series of events were expected to be inhibited: 1) 
decreased in cytosolic calcium ions concentration, 2) the insufficient 
cytosolic calcium ions to interact with the regulating protein phospho
kinase C, the calcium-calmodulin complex could not form., 3); myosin 
light chain kinase (MLCK) activation and MLCs phosphorylation did not 
occur and 4) The interaction of actin and phosphorylated MLCs did not 
occur; As a result, the tissue contractile response was not attained (Saqib 
and Janbaz, 2016; Wahid et al., 2021). 

Consequently, Cl.EtOH and verapamil completely blocked K+ (80 
mM) and K+ (25 mM) induced contractions (Mehmood et al., 2014). The 
relaxation of PE (1 µM) and K+ (80 mM) generated contractions reflects 
a blockage of intracellular calcium influx through calcium channels. 
Calcium channel blockers (CCB) are essential medications to treat 
angina and hypertension (Saqib and Janbaz, 2016). Literature data de
scribes epicatechin, apigenin, quercetin, rutin and caffeic acid having 
antispasmodic activity (Lanuzza et al., 2017). It was previously reported 
that the antispasmodic activity of epicatechin (Ghayur et al., 2007), 
naringenin, kaempferol, quercetin, and rutin (Ajay et al., 2003; Fusi 
et al., 2003; Gilani et al., 2006) on isolated aorta preparation. 

Vasorelaxant response through the regulation of NO: As mentioned 
above, Cl.EtOH also relaxed PE-induced spastic contraction on both 
endothelium (intact and denuded) aortic preparations. However, in the 
presence of atropine and L-NAME, it failed to relax the PE-induced 
spastic contractions on endothelium intact aortic portion. Hence, ni
tric oxide (NO), an endothelium-derived vasodilator, may be released 
consequence of muscarinic receptors activation located in vascular 
endothelium. NO activates guanylyl cyclase and produces cGMP from 
cGTP. Subsequently, intracellular concentrations of cGMP increase, 
triggering the cGMP-dependent protein kinase, which intervenes with 

Fig. 10. Depicted the 2D protein-ligand interaction between bioactive compounds (vitexin, chlorogenic acid, epigallocatechin, gallic acid, and vanillin) and proteins; 
A. voltage-gated calcium channel β2a (VGCC, PDB:1T0J), B. muscarinic receptor 3 (PDB ID: 5ZHP), C. nitric oxide synthase 3 (NOS3, PDB: 1M9R). D. Heatmap of 
binding energies (kcal/mol), of bioactive compounds (rutin, quercetin, scopoletin, and kaempferol) and proteins. E. Heatmap of p-adjusted values of binding energies 
when compared to verapamil. (p < 0.05 vs verapamil). 
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inositol 1,4,5-triphosphate receptor-associated cGMP kinase substrate 
and MLC phosphatase, leads decrease intracellular calcium concentra
tion and decrease the availability of MLC for actin and MLC cross-bridge 
for vasoconstriction (Fig. 11). 

The development of oxidative stress-related hypertension is linked to 
decreased NO bioavailability. Oxidative stress is a pro-hypertensive 
factor that worsens endothelial dysfunction and increases vasocon
striction, all of which lead to increased systemic vascular resistance and 
elevated blood pressure (Touyz et al., 2018). Nitric oxide synthase cat
alyzes the production of endogenous nitric oxide (NO) from the amino 
acid L-arginine (NOS). NO reduces adrenergic neurotransmission and 
lowers NADPH oxidase-driven superoxide anion (O2•), in addition to 
working directly on vascular smooth muscle cells to produce relaxation. 
Endothelial dysfunction in the presence of L-NAME may be caused 
through the oxidation of NO by O2• to the potent oxidant peroxynitrite 
(ONOO) (Kukongviriyapan et al., 2015). Endothelial NOS (eNOS) 
uncoupling is caused by ONOO molecules, leading to the generation of 
O2• instead of NO. ONOO also inhibits eNOS activation by inhibiting 
eNOS phosphorylation by protein kinase B (Akt) (Aekthammarat et al., 
2019). We discovered that in the presence of L-NAME, 
endothelium-dependent vasorelaxation of Cl.EtOH in the aortic prepa
ration was attenuated, indicating endothelial dysfunction. Cl.EtOH 
treatment, interestingly, reduced endothelial dysfunction while also 
lowering oxidative stress, probably due to its antioxidant action. 

Negative inotropic and chronotropic effect: When Cl.EtOH studied rat 
paired atrium, it exhibited the negative inotropic and chronotropic ef
fect, the diminished force of contraction, and partial decrease in heart 
rate. The heart muscle contraction is introduced by the electrical exci
tation of cardiac myocytes (excitation-contraction coupling, ECC). The 
plausible explanation of observed findings is that Cl.EtOH may be 
exhibited through cholinergic activity or blockade of adrenoceptors and 
L-type calcium ion channels (Eschenhagen, 2018). In the presence of 
atropine, negative inotropic and chronotropic effects were altered, 
indicating the presence of cholinergic muscarinic M2 receptor activity 
and calcium channel blockade activity on cardiac myocytes, which were 
previously proven on aortic preparation to verapamil (Saqib and Jan
baz, 2021). 

Hypotensive effect: The experimental findings of Cl.EtOH on aortic 
preparations and atrium preparation made it a good candidate for 
possible hypotensive effects on normotensive blood pressure of anes
thetized rats. The Cl.EtOH decreases the systolic blood pressure (SBP), 
diastolic blood pressure (DBP) and means arterial blood pressure 
(MABP) of the anesthetized rats. These parameters were reduced on 
pretreatment of atropine (1mg/kg), supporting the speculation of 
involvement of M2 receptors located in myocardial tissues and through 
generalized vasodilation due to non-inverted M3 receptors on aortic 
preparations—the calcium channel blockade activity of Cl.EtOH also 
cannot be ruled out that may play a vital role in the antihypertensive 
activity of the extract. 

Hypertension is produced predominantly by a NO deficiency and 
oxidative stress in the L-NAME-induced hypertension animal model. The 
suppression of NO production by L-NAME has some features with human 
idiopathic hypertension, including ROS-induced cardiovascular abnor
malities, inflammation, sympathetic nerve and renin-angiotensin system 
activation, and cardiovascular remodeling. L-NAME, a nonselective NOS 
inhibitor, affects both peripheral and central NO production (Aek
thammarat et al., 2019). The experimental paradigm of L-NAME-
induced hypertension adopted in this study is analogous to that of 
oxidative stress-induced hypertension produced by a NO deficiency, 
which are also features of essential hypertension (Kukongviriyapan 
et al., 2015). The inhibition of NO produces volume-dependent eleva
tion of BP, leads to arterial hypertension and vasoconstriction (Veer
appan and Malarvili, 2019). In our results Cl.EtOH decreases L-NAME 
induce elevated the systolic blood pressure (SBP), diastolic blood pres
sure (DBP) and means arterial blood pressure (MABP). 

ISO induce Myocardial infarction: Myocardial infarction leading cause 
of abnormalities in heart function and myocardium structure. Isopro
terenol administration is widely used in academia to establish myocar
dial infarctions in experimental animals (Meng et al., 2020; Shao et al., 
2013; Zhou et al., 2020). In this study, the cardioprotective effect of Cl. 
EtOH was studied in ISO to induce chronic myocardial infarctions. The 
Cl.EtOH restored ISO abnormalities and protected the myocardium tis
sue. ISO administration caused a significant increase in biometrical 
indices; heart weight, LHV weight, and other myocardium infarction 

Fig. 11. Mechanistic insight of Cl.EtOH on L type voltage-gated calcium ion channel and NO based endothelium-derived relaxing factor.  

F. Saqib et al.                                                                                                                                                                                                                                    



Phytomedicine 100 (2022) 154069

22

parameters, also elevation was observed in serum biochemical param
eters levels such as CK, CK-MB, LDH, cTnT, cTnI, BNP, ANP, ALT, AST, 
ACE and lipid profile. The Cl.EtOH pretreatment and co-administration 
improved trends in these indices significantly (p<0.05) compared to 
verapamil and carvedilol. The gene expression of myocardial tissues 
showed Cl.EtOH could attenuate the ISO-induced toxicity effect. It was 
observed that Cl.EtOH increases the protective role by enhancing eNOS3 
mRNA expression, which stimulates vasodilation by the EDRF mecha
nism (Fig. 11). Besides it, inflammatory proteins IL-6 and MMP-9 and 
cardiac protein cTnT and ANP increased in ISO group were significantly 
(p < 0.05 vs. ISO group) reverted by Cl.EtOH, verapamil, and carvedilol. 
Matrix Metallopeptidase 9 (MMP-9) initiates the fibrosis and indicates 
the degradation of the extracellular matrix (Syed et al., 2016). Its 
expression was increased in the ISO group due to autophagy and ne
crosis in myocardial tissues, whereas Cl.EtOH, verapamil, and carvedilol 
had lower expressions of MMP-9, which may indicate the presence of 
protection. 

It is previously reported that rutin (Filipský et al., 2017; Prince and 
Karthick, 2007), quercetin (Liu et al., 2012; Punithavathi and Stanely 
Mainzen Prince, 2011, 2010), naringin (Rajadurai and Mainzen Prince, 
2006; Rajadurai and Prince, 2009; Rajadurai and Stanely Mainzen 
Prince, 2007), kaempferol (Suchal et al., 2016; Zhang et al., 2019), gallic 
acid (Ryu et al., 2016; Stanely Mainzen Prince et al., 2009), epi
gallocatechin (Devika and Prince, 2009) protects rats from isoprenaline 
induce cardiotoxicity. Topal et al., (2018) reported that rutin prevents 

cisplatin-induced cardiotoxicity and reverses troponin I, CK, CK-MB and 
TNF-α, levels. Zaafan et al. (2013) reported that quercetin protects the 
animals from isoprenaline-induced myocardial infarction and reverses 
the cardiac damage markers, including CK-MB, TNF-α, and cTn-I. Pris
cilla and Prince, (2009) reported that gallic acid protected the 
myocardium tissue from isoproterenol-induced oxidative stress and 
reverted the CK-MB, LDH, AST, ALT, and cTnI. Hackl et al. (2002) re
ported that quercetin inhibited ACE activity by converting bradykinin 
and angiotensin, Sanchez et al. (2006) reported that quercetin and iso
rhamnetin can reduce AnglI-induced endothelial dysfunction. 

Metabolomics analysis: The metabolomics analysis of serum and heart 
samples was conducted to determine the changes of endogenous me
tabolites among the groups. It was found that Cl.EtOH reverted the ISO- 
induced abnormalities in potential metabolites biomarkers and their 
changes associated with the hypotensive effect. The potential bio
markers were part of the following biological pathways; lipid meta
bolism, oxidative stress, nicotinic and nicotinamide, energy metabolism, 
and pyruvate metabolism (Fig. 12). The above-mentioned biological 
pathways are associated with vascular endothelial dysfunction or 
different etiologies of hypertension (Jiang et al., 2017). 

Energy metabolism: Typically, there is a great need for energy in 
cardiac tissue, but its energy demands extensively increase during 
myocardial infarctions due to the high utilization of oxygen and aden
osine triphosphate (ATP) (Li et al., 2014) and disturbance in myocardial 
ATP/ADP ratio. Cardiac mitochondria utilize a variety of substrates to 

Fig. 12. Effect of Cl.EtOH on trends of metabolites in heart and serum samples after ISO induces MI.  
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produce ATPs, of which approximately 70 - 80% of ATPs are derived 
from the oxidation of free fatty acids, and the remaining are derived 
from carbohydrates, amino acids, and ketone bodies. Previously re
ported, ISO induces myocardial infraction heart characterized as worse 
cardiac energy biosynthesis with an accumulation of amino acids and 
free fatty acids (Luan et al., 2015). Moreover, Cl.EtOH treatment 
reversed ATP/ADP ratio and increased the ATP availability in the 
myocardium. 

Biosynthesis and degradation of ketone bodies: 3-hydroxybutyrate, 
acetoacetate, and acetone are members of ketone bodies derived from 
oxidation of free fatty acids and elevated levels of free fatty acids ISO 
induced myocardial infraction hearts (Du et al., 2014). The mitochon
drial biosynthesis of ketone bodies increased when glucose levels 
decreased in serum and myocardial tissues during myocardial ischemia. 
In addition, ISO also significantly (p < 0.05 vs. control group) elevated 
the fumaric acid levels with decreased levels of succinic acid and citric 
acid compared to the control group. These results indicate abnormalities 
in Kreb cycle intermediates during myocardial ischemia. The downtrend 
of serum glucose during myocardial infraction indicated the increased 
trend of glycolysis to produce ATPs in myocardial tissue (Hunter et al., 
2016; Wende et al., 2017). 

Pyruvate metabolism: Pyruvate is a terminal metabolite of glycolysis 
utilized in the Kreb cycle for energy production. Pyruvate is converted 
into lactate, and the accumulation of lactate leads to increased levels of 
alanine in myocardial tissue (Wang et al., 2013). The altered glucose 
levels, pyruvate, lactate, and alanine indicate the impairment in glucose 
oxidation and increase in glycolysis. These all altered metabolites reflect 
an altered energy metabolism in ISO myocardial tissue. Cl.EtOH 
significantly (p<0.05 vs. ISO group) reverted the free fatty acids 
oxidation, ketone bodies (3-hydroxybutyrate, acetoacetate, and 
acetone), glucose, fumarate, pyruvate, lactate, citrate, succinate, and 
alanine to improve the energy metabolism, Krebs cycle and glycolysis. 
Thus, Cl.EtOH increases ATP availability in the myocardium and im
proves cardiac energy metabolism. 

Amino acids metabolism: Certain amino acids degrade into interme
diate metabolites to act as cardioprotective substrates in ischemia to 
increase and supply ATPs. In the metabolomic study, ISO administration 
altered serum amino acids (aspartate, isoleucine, leucine, glutamate, 
valine, methionine, glycine, lysine, and alanine) levels samples. This 
might be due to increased biosynthesis and degradation of amino acids 
in cardiac tissue to meet the energy requirement. Glutamate, aspartate, 
glutamine, and branched-chain amino acids (BCAAs, valine, leucine, 
and isoleucine), used as metabolic substrate tricarboxylic acid (TCA) 
cycle (Drake et al., 2012). Jiang et al., (2017) found that serum gluta
mate content was reduced in pyruvate deficiency-induced myocardial 
infraction and contributed as the intermediate substrate for glycolysis 
and TCA. Glutamate is a potential indicator of mitochondrial dysfunc
tion and negatively correlates with myocardial infarction. The increased 
serum glutamate levels facilitate the alternations in the Krebs cycle, 
amino acids, nucleotide degradation, and ammonia detoxification 
(Nemutlu et al., 2015). Aquilani et al., (2017) found that in chronic 
heart failure (CHF) patients, aspartate, glutamate, methionine and 
cysteine concentrations were decreased as severity of disease increases 
to meet the metabolic requirements. However, Cl.EtOH regulates these 
amino acids and is involved in amino acid metabolism to exert a car
dioprotective effect. 

Branched chain amino acids metabolism and Oxidative stress: Branched 
chain amino acids (BCAAs) (valine, leucine, and isoleucine), used as 
alternate substrates to play a significant role in energy production. The 
myocardium tissues have insufficient capacity than other organs to 
utilize the BCAAs and produce energy for maintaining heart function 
(Fu et al., 2018). BCAAs alternation in serum also caused oxidative stress 
that may cause organ damage (Tso et al., 2014). Branched chain amino 
acids (BCAAs) alternation in serum also caused oxidative stress that may 
cause organ damage (Tso et al., 2014). Decrease levels of BCAAs in 
serum may be due to their accumulation in damaged organs, especially 

in the heart during ISO-induced MI (Guo et al., 2016). The accumulation 
of BCAAs in damaged organs leads to energy metabolism disturbance, 
mitochondrial dysfunction, and mammalian target of rapamycin 
(mTOR) signaling pathway activation, leading to intensified cardiac 
dysfunction. 

In addition, glutamine, histidine, methionine, and cysteine meta
bolism are connected to oxidative stress because they are sensitive to all 
types of reactive oxygen species (ROS) (Bin et al., 2017). Methionine 
produces glutathione and activates antioxidant enzymes to respond to 
oxidative stress (Martínez et al., 2017). Bin et al., (2017) reported that 
methionine protects the myocardium tissue and vasculature from dam
age by reducing the oxidative stress induced by various oxidants. ISO 
administration increased the hypoxanthine that upregulates cholesterol 
and ROS, inducing endothelial dysfunction through oxidative stress and 
apoptosis (Kim et al., 2017). The nicotinamide ribose, a precursor of 
nicotinamide (niacinamide) which is component of NADH and NADPH. 
It regulates oxidative stress by increasing levels of NADPH and antiox
idant enzymes. In the present study, ISO administration increases the 
proline levels; proline is a major component of collagen, and its elevated 
levels indicate the development of cardiac remodeling (Zimmerli et al., 
2008). The results indicate that Cl.EtOH improved the altered BCAAs, 
glutamine, hypoxanthine, histidine, methionine, cysteine, and nicotin
amide levels and reduced oxidative stress. These findings support that 
Cl.EtOH improves the alternation of amino acid metabolism and upre
gulates the ammonia fixation and detoxification to protect the heart 
against myocardial ischemia. 

Tryptophan metabolism and production of inflammatory markers: 5- 
hydroxytryptophan (5-HTP) produced in tryptophan metabolism, and 
its decarboxylation led to 5-hydroxytryptamine (5-HT, serotonin). Se
rotonin is a potential inflammatory marker, vasoconstrictor, and neu
romodulator. The variation in 5-HTP serum levels modulates the 
secretion of neurotransmitters such as; epinephrine which has vaso
constriction properties. Through various pathways, nicotinic acid, 
nicotinamide, and 5-HTP play a crucial role in hypertension and 
myocardial ischemia. Previous studies report that sphingolipids were 
involved in etiologies of hypertension (Pörn-Ares et al., 2003). The 
altered ceramide levels activate the protein kinase then initiate cascade 
signaling to induce apoptosis. Thereby, eNOS activation was inhibited, 
oxidative stress was induced in vascular endothelial cells, and produc
tion of NO was decreased, both cumulatively causing vascular 
dysfunction with suppression of endothelium-dependent relaxation of 
blood vessels. Ceramide also induces arachidonic acid and thromboxane 
A2 upregulation in the cyclooxygenase pathway. The elevation of both 
intermediates promotes platelet aggregation and vasoconstriction (Liu 
et al., 2018). These results support the gene expression and in vitro 
studies that Cl.EtOH improved the cardiac function by eNOS activation 
and upregulated the endothelium-dependent relaxation (Fig. 11) 

Conclusions and future perspectives 

In this study, a combination of mechanistically based in vitro and in 
vivo experimentation was used to investigate the potential car
dioprotective effect of Cl.EtOH. The results suggest that the antihyper
tensive mechanism of Cl.EtOH may involve the regulation of nitric oxide 
(NO) based endothelium-derived relaxing factor (EDRF) and is associ
ated with vascular endothelial function. Further, metabolites profiling of 
serum and heart tissues suggests that Cl.EtOH reversed the ISO-induced 
myocardial infarction through amino acid metabolism, energy meta
bolism, and oxidative stress associated with the myocardial infarction. 
In summary, metabolomic profiling demonstrated mechanistic insight of 
Cl.EtOH in antihypertensive and cardioprotective activities. This bio- 
investigation revealed that Cl.EtOH exhibits significant antihyperten
sive and cardioprotective activities, which justifies using this plant in the 
traditional plant medicine of Pakistan and India. 

Despite the significant pharmacological potential of C. lanatus seeds, 
more evidence is needed to address some questions from drug discovery 
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vision. In this regard, a broader look is desirable in the upcoming future 
to discover novel bioactive compounds and pharmacological aspects for 
C. lanatus seeds. There is also a need to develop some protocols for the 
quality of seeds used for CVDs. 
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