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ABSTRACT 
The current research was realized for the cardioprotective effect of anthocyanin-rich extract of red cabbage (ARERC) 
on isoproterenol-induced (ISO) myocardial infarction (MI) in rats. Total phenolic, anthocyanin content, and 
antioxidant activity were assessed in ARERC. ARERC acute toxicity was evaluated. The results revealed that ARERC 
contains a high amount of total phenolic (633.9 mg gallic acid equivalents/100 g) and total anthocyanin (618.2 mg 
Cy3G/100 g) in association with antioxidant activity against (1,1-diphenyl-2-picrylhydrazyl) radicals and possesses 
high reducing capacity. ARERC was completely safe up to 12 g/kg mice BW. ISO-induced myocardial injury was 
recognized by elevation in relative heart weight, plasma cardiac marker enzymes (lactate dehydrogenase, creatine 
kinase, aspartate transaminase, and alanine transaminase), oxidative stress markers (malondialdehyde, superoxide 
dismutase, and catalase), inflammatory marker C-reactive protein, and histological changes in the cardiac tissue. 
ARERC oral administration (100 and 200 mg/kg) before MI initiation diminished oxidative stress and inflammation, 
reinstated the cardiac antioxidants, and improved all changes in cardiac tissue in rats. ISO increased inflammatory 
cytokines expression (IL-6 and IL-1) and 5-hydroxytryptamine-7 receptor in the cardiac tissue. Results suggested 
that administration of ARERC alleviates inflammation, stress of oxidation, and damage in the cardiac tissues. Results 
suggested the beneficial effect of ARERC as an alternative treatment against cardiovascular diseases, especially MI.

INTRODUCTION 
Noncommunicable diseases are broad cluster diseases 

such as cardiovascular diseases (CVDs), cancer, diabetes, and 
respiratory diseases which are accountable for nearly 70% of 
all worldwide deaths (Iriti et al., 2020; Pati et al., 2019). In the 
21st century, 17.3 million deaths from CVDs were recorded each 
year (Komal et  al., 2021). All CVDs [heart failure, myocardial 
infarction (MI), and atherosclerosis] are accompanied by structural 
changes in the function of the cardiac tissue and blood vessels. In 
spite of global enhancements in health attendance, the death rate 
because of CVDs is progressively increased in medium- and low-

revenue countries (Kumar et al., 2016). MI accounts for 10% of 
the total death from CVDs (Arvanitis et al., 2020). Bad dietary 
habits, low activity, and lack of exercise are among the main 
causes of the spread of noncommunicable diseases, especially 
CVDs. So ingesting fresh foods that contain phytochemicals must 
be increased for health promotion. Edible plants contain a large 
amount of phytochemicals like phenolic compounds, polyphenols, 
and flavonoids. All these phytochemicals showed different 
biological activities like anticancer, anti-inflammatory, antioxidant, 
and glucose regulation (Mattioli et al., 2020). Anthocyanins are a 
class of polyphenols, which are pigments soluble in water present 
in flowers, fruits, and vegetables. Anthocyanins play an essential 
role in food palatability as they are responsible for its color 
(Ahmed et al., 2015). Anthocyanin dyes have been broadly used 
as natural food pigments. Also, these pigments are possibly useful 
as functional components, as they provide vital properties such as 
antioxidant, anticancer, and glucose regulation (He et al., 2010; 
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Liu et  al., 2018). Many coloring foods are the major source of 
anthocyanins like red cabbage, grapes, plums, and apples (Mattioli 
et  al., 2020). Red cabbage (Brassica oleracea L.) is one of the 
richest sources of anthocyanins, especially acylated anthocyanins 
(Wiczkowski et al., 2013). Consumption of red cabbage possesses 
reduction of the incidence of chronic illnesses like cancer, 
CVDs, hyperlipidemia, and neurodegenerative diseases (Cruz 
et  al., 2016; Mattioli et  al., 2020; Tarozzi et  al., 2013). It was 
reported previously that anthocyanins intake is associated with 
reduction of death from coronary heart disease (CHD) due to 
its antioxidant, anti-inflammatory, and dyslipidemic activities 
(Castaldo et al., 2019). Also, the authors decided that diet should 
contain food sources of anthocyanins to reduce the risk of CHD 
(Castaldo et al., 2019). The present research intended to estimate 
the cardioprotective of anthocyanin-rich extract of red cabbage 
(ARERC) in the MI model in rats. To realize this aim, antioxidant 
activity, total phenolic, and total anthocyanin of the extract were 
determined. Also, the acute toxicity of the extract was assessed.

MATERIALS AND METHODS

Materials
Red cabbages (B. oleracea L. var. capitata) were 

obtained from native markets, Giza, Egypt, and were stored at 4°C 
until extraction.

Animals
Male Sprague-Dawley rats 140–180 g were used in the 

MI experiment. Animals were kept individually in stainless steel 
cages at room temperature of 25ºC ± 2ºC and relative humidity of 
about 55%; water and food were given ad libitum. Adult normal 
male and female albino mice of 21–25 g body weight were used in 
acute oral toxicity. Animals were provided from animal house of 
the National Research Centre (NRC), Egypt. This study has been 
carried out as a part of internal project number 12050203 in the 
NRC. This project was permitted by the Medical Research Ethics 
Committee, NRC, with approval number 19176, and followed 
the recommendations of the National Institutes of Health Guide 
for Care and Use of Laboratory Animals (Publication No. 85-23, 
revised 1985).

Animals’ diet
Corn oil (10%), 12.5% casein, 45.3% maize starch, 

22.7% sucrose, 5% fiber, 3.5% salt mixture, and 1% vitamin 
mixture were mixed for preparation of balanced diet for rats 
feeding. Salt and vitamin mixtures were prepared according to 
AIN-93 (Reeves et al., 1993).

METHODS

Preparation of ARERC
Red cabbage was washed and cut. The extraction 

procedure was carried out using the solid-liquid extraction method. 
Ethanol/water/citric acid mixture (70:30:0.5 v/v/w) was used for 
extraction. Red cabbages were macerated in the extraction solvent 
(1:3 w/v) for 1 hour in a shaker (SCILOGEX- SK-0330-Pro); the 
extract was then centrifuged at 3,000 × g for 15 minutes. The 
solvent was completely evaporated from the extract under reduced 
pressure at 40°C. ARERC was kept in freezer until used.

Determination of total phenolics content
Phenolics content was estimated colorimetrically 

in ARERC using Folin-Ciocalteu reagent (Singleton et  al., 
1999). Absorbance was measured at 765 nm using UV visible 
spectrophotometer. The total phenolic content was expressed as 
gallic acid equivalents (GAE) in mg/g extract. The results were 
expressed as mean ± SD.

Determination of total anthocyanin

Total anthocyanin as cyanidin-3-O-glucoside was 
measured according to the method of Sims and Gamon (2002). 
Total anthocyanin as cyanidin-3-O-glucoside (mg/l) = (Abs × 
M.W. × D.F. × 1,000)/(ε ×1)

Where is: MW (molecular weight of cyanidin-3-O-
glucoside) = 449.2 g/mol

D.F. = dilution factor, 1= path length in cm, ε (molar 
absorbance coefficient for cyanidin-3-O-glucoside = 26,900 
molar extinction coefficient, in 1l × mol/l × cm–1), 1,000 factor 
conversion from g to mg (Tonutare et al., 2014). 

Determination of antioxidant activity of ARERC
The antioxidant activity of ARERC was determined 

using two models of antioxidant systems. The first one is 
(1,1-diphenyl-2-picrylhydrazyl) (DPPH)-free radical scavenging 
activity according to the method of Shekhar and Anju (2014) 
and the second is reducing capacity assessment according to the 
method of  Yildirim et al. (2001). The percent of DPPH scavenging 
effect was calculated using the following equation: 

DPPH scavenging effect (%) or Percent inhibition = [A0 
− A1/A0] × 100, where A0 was the absorbance of control reaction 
and A1 was the absorbance in presence of test or standard sample. 
Reducing capacity is calculated as follows:

RP = [(Am/Ab − 1) × 100], where Am was the absorbance 
of reaction mixture and Ab was the absorbance of blank mixture 
(Benkeblia, 2005). 

Acute oral lethal toxicity test of ARERC
The acute toxicity of ARERC was evaluated using the 

method of Goodman et al. (1980). Normal male and female adult, 
albino mice of 21–25 g body weight were used. Mortality after 24 
hours counts between mice groups (8 animals/group), which given 
progressively oral dosage levels of ARERC were recorded. 

Evaluation of cardioprotective effect of ARERC against 
isoproterenol-induced (ISO) MI

Thirty-two male rats were allowed acclimatizing for 
7 days in their cages before starting the experiment. Rats were 
divided into four groups (8/group) and fed on a balanced diet all 
over the experimental work (21 days). Group one was served as 
the normal control group, while group two was MI control. The 
third and fourth groups were given anthocyanin extracts orally on a 
daily basis at 100 and 200 mg/kg rat body weight, respectively. In 
the last 2 days (20th and 21st day) of the experiment, isoproterenol 
(Santa Cruz Biotechnology, Dallas, TX) solution in saline (85 mg/
kg) was injected subcutaneously (Dianita et al., 2015) for all rats 
except the normal control group. Body weight was monitored once 
every week. At the end of the experiment, the final body weight of 
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rats (FBW) was recorded. After overnight fasting, blood samples 
were collected from all rats in heparinized tubes. Plasma samples 
were separated for determination of total cholesterol (T-ch) (Allain 
et  al., 1974), triglycerides (TG) (Fossati and Prencipe, 1982), 
and high-density lipoprotein cholesterol (HDL-Ch) (Burstein 
et al., 1970). Low-density lipoprotein cholesterol (LDL-Ch) was 
calculated [LDL-Ch=Tc-HDL-c-(TG/5)]. Oxidized-LDL (Ox-
LDL) was determined using an ELISA kit (Catalogue # SL0554Ra, 
Sunlong®). Plasma malondialdehyde (MDA) was assessed as an 
indicator of lipid peroxidation (LPO) (Satoh, 1978). Plasma 
catalase activity (CAT) (Aebi, 1984) and superoxide dismutase 
(SOD) (ELISA kit, Catalogue # SL1341Ra, Sunlong®) were 
analyzed as an indicator of antioxidant status, while C-reactive 
protein (CRP) was determined as inflammatory marker using 
ELISA kit (Catalogue # SL0202Ra Sunlong®). Plasma activities 
of cardiac marker enzyme aminotransferase [alanine transaminase 
(ALT) and aspartate transaminase (AST)] (Reitman and Frankel, 
1957), lactate dehydrogenase (LDH) (Van der Heiden et al., 1994), 
and creatine kinase (CK) (Hørder et  al., 1990) were measured. 
Plasma creatinine (Bartles et  al., 1972) and urea (Fawcett and 
Scott, 1960) were estimated as kidney function indicator. After 
animal anesthesia and scarification, the heart was dissected and 
weighed. Relative heart weight was calculated as follows: Relative 
heart weight = Absolute heart weight (g) × 100/FBW (g).

Gene expression analysis of IL-6, IL-1β, and 5HT-7
PureLink®RNA Mini-kit (Ambion®Life-TechnologiesTM) 

was used to isolate total RNA from heart tissue according to the 
manufacturer’s directions. cDNA was synthesized from total RNA 
(1.5 µg) with RevertAid first-strand cDNA synthesized-kit (Thermo-
Fisher® InvitrogenTM) according to the manufacturer’s directions. 

The reagent reaction mixture (25 µl) consisted of 12.5 µl 
of SYBR Green master mix (Thermo-Fisher® InvitrogenTM), cDNA 
template (1 µl), and primer pairs (0.25 µM). The sequence of 
primer pairs was obtained from Khan et al. (2013) and Cinar et al. 
(2020) for interleukin-6 (IL-6), IL-1β, and 5-hydroxytryptamine-7 
receptor (5-HT7) (Table 1). Real-time PCR was performed with a 
Rotor-Gene® MDx instrument programmed at 2 minutes at 50°C 
followed by 10 minutes at 95°C, 45 cycles (95°C for 20 seconds, 
60°C for 30 seconds, and 72°C for 30 seconds), melting curve 
program (60°C–95°C). The negative control was PCR-water. The 
target gene’s relative expressions were calculated according to 
Livak and Schmittgen (2001) method (delta-delta CT method); 
the target gene expression was normalized to glyceraldehyde-3-
phosphate dehydrogenase (housekeeping gene expression).

Histopathological examination
For histopathological examination, heart was collected 

from all rats’ groups and fixed in 10% buffered formalin. Twenty-
four hours later, heart tissues were washed three times in 70% 
ethanol, dried using a graded ethanol series, and then fixed in 
paraffin wax. Paraffin sections were cut into 5-μm thick slices 
and stained with hematoxylin and eosin for light microscope 
examination. The sections were viewed and photographed using 
a digital microscope (Olympus BX50, Japan) (Bancroft et  al., 
2012).

Statistical analysis
Data were analyzed by one-way C analysis of variance 

followed by the Tukey multiple comparison test using software C 
Statistical Package for the Social Sciences 22. Differences were 
considered significant at p ≤ 0.05. Data are expressed as mean ± 
standard error (mean ± SE).

RESULTS

Phenolic, anthocyanin content, and antioxidant activity of 
ARERC

The total phenolics and total anthocyanin content of 
ARERC are shown in Figure 1. Total phenolic compounds were 
present by 639.2 ± 2.57 mg GAE/100 g extract, while total 
anthocyanin was present by 618.2 ± 0.98 mg Cy3G/100 g extract. 

Figure 2 showed the results of the antioxidant activity 
of ARERC using two methods of antioxidant activities. The first 
one is free radical scavenger activity using DPPH as free radical, 
while the second is the reducing power method. In the two studied 
methods of antioxidants, the activity is increased in accordance 
with the increment of the concentration of the extract. In the case 
of DPPH (Fig. 2a), red cabbage showed the maximum inhibition 
percent at the level of 500 mg/ml (85%) and it is similar to that 
observed by BHT (88.8%). In the reducing capacity method, red 
cabbage extract reduced Fe3+ from potassium ferrocyanide to Fe2+ 

which leads to the appearance of Prussian blue. This color increased 
with the concentration of the reducing power of ARERC (Fig. 2b).

Effect of ARERC on plasma antioxidant status and 
inflammatory markers

In the present study, MI was induced in rats through 
subcutaneous injection by ISO. In the present study, MDA as LPO 
indicator and CRP as inflammatory marker elevate significantly 
in the MI group (Table 2) in comparison with the normal group. 
Antioxidant enzymes CAT and SOD reduced significantly in the 

Table 1. Sequences of primer pairs for RT-PCR amplification.

Sequences Target genes

FW (5′-TGA TGG ATG CTT CCA AAC TG-3′) IL-6

RW (5′-GAG CAT TGG AAG TTG GGG TA-3′)

FW (5′-CAC CTT CTT TTC CTT CAT CTT TG-3′) IL-1β

RW (5′-GTC GTT GCT TGT CTC TCC TTG TA-3′)

FW (5′-AGACTGCTCAAA CACGAAAGG-3′) 5HT-7 receptor

RW (5′-AAG GCT CCC ACG ATG ATC C-3′)

FW (5′-GTATTGGGCGCCTGGTCACC-3′) GAPDH

RW (5′-CGCTCCTGGAAGATGGTGATGG-3′) Figure 1. Total phenolic and anthocyanin contents of red cabbage extract.
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MI group in comparison with normal control. Oral administration 
of ARERC exhibited significant improvement in the antioxidant 
status (reduction of MDA and elevation of CAT and SOD) in 
association with a reduction in CRP as an inflammatory marker 
compared with MI control.

Impact of ARERC on plasma lipid profile and Ox-LDL
Plasma lipid profile and Ox-LDL of different 

experimental groups are present in Figure 3. Injection of rats with 
isoproterenol induces a significant increase of plasma TG, T-ch, 

LDL-Ch, and Ox-LDL in association with significant decline 
in HDL-Ch in the MI rat model in comparison with normal 
control. Administration of ARERC orally in low and high dose 
significantly attenuated the elevation of plasma T-ch, TG, LDL-
ch, and Ox-LDL and improved the level of HDL-ch significantly 
compared with the MI group.

Effects of ARERC on cardiac marker enzymes
Table 3 presented a significant elevation in the levels 

of LDH, ALT, and AST in the MI rats. Oral dose of ARERC 
significantly decreased the elevation of those enzymes as compared 
to the MI group. In the present research, CK showed significant raise 
in the MI group compared with the normal group (Table 3). Kidney 
function parameters (creatinine and urea) increased significantly in 
the MI control group in comparison with normal control (Table 3). 
Oral administration of ARERC attenuates the elevation in kidney 
functions significantly compared with MI control. Also, CK levels 
reduced significantly in rat’s groups given oral dose of ARERC 
compared with the MI group and similar to the normal group.

Effect of MI and ARERC on body weight and relative heart 
weight

Effect of ISO and ARERC on relative heart weight, 
FBW, and body weight gain appears in Figure 4a and b. The 
relative heart weight of the MI group elevates significantly in 
comparison with normal control and rats given ARERC (Fig. 4a). 
FBW and body weight gain showed a nonsignificant difference 
between all groups.

Effect of MI and ARERC on gene expression of IL-6 and IL-
1β receptor

The inflammatory cytokines IL-6 and IL-1β gene 
expression elevated significantly in MI control in comparison with 
normal control. 5-HT7 receptor mRNA expression was elevated 

Figure 2. Antioxidant activity of ARERC (a) Free radical scavenger activity of 
BHT and ARERC. (b) Reducing capacity of ARERC.

(a)

(b)

Table 2. Effect of ARERC on plasma antioxidant status and inflammatory marker.

MDA (mmol/ml) Catalase (U/l) SOD (U/ml) CRP (ng/ml)

Normal control 3.64a ± 0.078 436.45a ± 8.23 11.28b ± 0.272 2.87a ± 0.098

MI control 5.70c ± 0.158 356.00b ± 08.44 01.97a ± 0.133 8.24b ± 0.188

Low dose of anthocyanin-rich extract 4.27b ± 0.098 380.25b ± 09.01 8.088d ± 0.262 6.30c ± 0.134

High dose of anthocyanin-rich extract 4.47b ± 0.130 381.25b ± 07.42 09.18c ± 0.264 5.05d ± 0.217

means = n ± SE, where n = 8.
In the same column, the similar letters mean nonsignificant difference within groups at p ≤ 0.05.

Figure 3. Plasma lipid profile and Ox-LDL of the different experimental groups.
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significantly in the MI group in comparison with the normal 
group (Fig. 5). Low dose and high dose of ARERC significantly 
downregulated the gene expression of IL-6 by 2.4- and 4.7-
fold changes as compared to MI control and downregulated the 
expression of IL-1β by 3.9- and 4.5-fold change, receptively. 5HT-
7 receptor mRNA expression was significantly downregulated by 
treatments of low and high dose of ARERC.

Histopathological examination of cardiac tissue
Histopathological examination of cardiac tissue revealed 

that tissue of rat hearts from the normal group showed normal 
myocardial muscle (NM) with normal striation and nucleation 
(Fig. 6a). Diffuse areas of myocardial muscle hyalinosis and 
Zenker’s necrosis, hemorrhage, and mononuclear cell infiltration 
were clearly visible by microscopy in heart of rats from the MI 

control group (Fig. 6b and c). The MI group treated with a low 
dose of ARERC revealed apparently NM fibers together with 
regression of the mononuclear cell infiltration compared with 
the MI control group to a circumscribed focal area(Fig. 6d); also, 
there was congestion of the blood vessel as a sign of living muscle 
fibers (Fig. 6e) unlike the necrosed muscle fibers in the MI control 
group. The MI group treated with a high dose of ARERC showed 
NM with normal striation and nucleation highly resembling the 
control negative group (Fig. 6f).

DISCUSSION
Red cabbage (B. oleracea L.) is one of the richest 

sources of anthocyanins (Wiczkowski et al., 2013). Consumption 
of red cabbage possesses a reduction in the incidence of chronic 
illnesses like cancer, hyperlipidemia, and neurodegenerative 
diseases (Cruz et al., 2016; Mattioli et al., 2020; Tarozzi et al., 
2013). In the present study, ARERC contains a high level of 
total phenolic and total anthocyanin. It was reported previously 
that raw red cabbage contains total anthocyanins by 62.94 mg/l 
and total phenolic by 191.59 mg GAE/100 g (Demírdöven et al., 
2015). Jana et  al. (2017) found that total anthocyanin content 
in red cabbage extract was 86.004 mg/100 g when extracted by 
methanol/water/formic acid. In the current research, ARERC 
possessed antioxidant activity in the DPPH and reducing capacity 
methods. In the two studied methods of antioxidants, the activity 
is increased in accordance with the increment of the concentration 
of the extract (Fig. 2a and b). The current results are in accordance 

Table 3. Effects of anthocyanin-rich extracts of red cabbage on cardiac marker enzymes and kidney functions in rats.

LDH (U/l) CK (U/l) AST (IU/l) ALT (IU/l) Urea (mg/dl) Creatinine (mg/dl)

Normal control 170.92a ± 7.157 50.88a ± 2.805 69.17a ± 0.59 07.40a ± 0.204 21.55a ± 2.84 0.74a ± 0.037

MI control 192.15b ± 3.814 70.49b ± 4.797 73.15b ± 0.308 09.65b ± 0.509 32.97b ± 3.28 0.85b ± 0.027

Low dose of anthocyanin-rich extract 176.58a ± 1.238 51.32a ± 6.287 67.10a ± 0.876 08.29a ± 0.492 23.54a ± 1.74 0.59c ± 0.018

High dose of anthocyanin-rich extract 179.39a ± 7.797 51.07a ± 6.863 68.85a ± 1.490 8.33a ± 0.198 24.57a ± 1.09 0.69a ± 0.041

Means = n ± SE, where n = 8. 
In the same column, the similar letters mean nonsignificant difference within groups at p ≤ 0.05.

Figure 4. (a) Relative heart weight (%) of different experimental groups. (b)
Initial body weight, FBW, and body weight gain of different experimental
groups.

(a)

(b)

Figure 5. The relative expression of IL6, IL-1β, and 5HT-7 receptor genes in 
heart of different experimental groups. The mRNA expression of IL6, IL-1β, 
and 5HT-7 receptor is normalized with housekeeping gene (GAPDH); values 
are fold change of MI control and represent as means ± SD. The same letter in 
each column is not significantly different and different letters are significantly 
different at the level of 0.05 probability levels.
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with many previous studies which suggested that anthocyanins 
act as antiradical through quenching reactive radical species such 
as reactive oxygen/nitrogen species (Ali et al., 2016; Duchowicz 
et al., 2019; Nimse and Pal, 2015).

In the current research, MI was induced in rats through 
subcutaneous injection by ISO. This model is commonly used for 
the evaluation of the efficacy of new drugs or alternative treatments. 
ISO produces unrepairable damage in the cells and finally leads 
to necrosis of the myocardium (Shikalgar and Naikwade, 2018). 
ISO injection led to hypoxia ischemia through direct action on 
cardiac cardioprotective and vascular β-receptors, which finally 
induce necrosis of myocardium (Dianita et al., 2015). Induction 
of MI in rats is associated with the formation of reactive oxygen 
species (ROS) such as superoxide anion, hydrogen peroxides, and 
nitric oxide-derived peroxynitrite (Dianita et  al., 2015). In the 
present study, the LPO marker, MDA, increased significantly in 
the MI group (Table 2). Elevation in MDA level may be attributed 
to an increment in ROS which leads to LPO. LPO is very harmful 
and responsible for organ and tissue damage (Zheng et  al., 
2017), which leads to inflammation and inflammatory markers 
as shown in the current research by the raise of CRP in plasma 
(Table 2) of the MI group. Results in Table 2 showed that there 
was an accelerating reduction of CAT levels, which seemed to 
be eminent to SOD in defending the cells from ROS-mediated 

damage which is similar to previous studies (Dianita et al., 2015; 
Raish et al., 2019). Administration of ARERC showed significant 
improvement in the antioxidant status (reduction of MDA and 
elevation of CAT and SOD) in association with a reduction in 
CRP as an inflammatory marker. The improvement in antioxidant 
status and inflammation in rats administered ARERC as revealed 
its cardioprotective efficacy against ROS release during the MI 
and this may be attributed to its activity as antioxidant as shown 
in the present study. 

Injection of rats with ISO induces a significant rise 
in plasma TG, T-ch, LDL-Ch, and Ox-LDL in association with 
significant decline in HDL-Ch in the MI rat model. Improvement 
in dyslipidemia in the administration of ARERC orally in the 
current study is in accordance with the results of Raish et  al. 
(2019). Consumption of red cabbage possesses a reduction in the 
incidence of CVDs and dyslipidemia (Cruz et al., 2016; Mattioli 
et al., 2020). Anthocyanin extract of purple sweet potato, black 
rice, and red Chinese cabbage reduces T-ch, non-HDL-ch, which 
leads to enhancement of atherosclerotic plaque stabilization (Joo 
et al., 2018; Miyazaki et al., 2008; Xia et al., 2006).

Table 3 showed a significant increase in the levels 
of LDH, AST, and ALT in the MI rats. LDH, AST, and ALT 
are enzymes used to diagnose the necrotic cells. ISO injection 
induced injury in the cardiomyocytes due to increment of ROS as 

Figure 6. Micrographs of rats’ heart from different groups showing the following: (a) Normal control group showing normal myocardial (NM) muscles; note the 
normal striation and nucleation (H&E ×400). (b) MI group showing diffuse in the areas of myocardial muscle hyalinosis and Zenker’s necrosis (arrow), hemorrhage 
(arrowhead), and mononuclear cell infiltration (*) (H&E ×200). (c) MI group showing higher magnification of the myocardial muscle necrosis (H&E ×400). (d) MI 
group treated with a low dose of ARERC showing NM muscles (*) and small focal area of mononuclear cell infiltration (arrowhead) (H&E ×400). (e) MI group treated 
with a low dose of ARERC showing NM muscle and congested blood vessel (arrow) (H&E ×400). (f) MI group treated with a high dose of ARERC showing NM 
muscles (NM); note the normal striation and nucleation (H&E ×400).
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observed in the present study (Table 2), which led to disruption in 
cell membranes and elevates enzymes levels in the blood (Khan 
et al., 2013). Pretreatment with ARERC decreased the elevation 
of these enzymes. ARERC significantly preserves the safety of 
the membrane cells, thus limiting the leak of those enzymes. This 
effect may be attributed to the antioxidant activity of the extract 
(Fig. 2). The necrosis of myocardial severity in experimental rats 
was reduced with an increase in oral dose of ARERC, which is 
in concert with previous studies (Dianita et al., 2015; Jana et al., 
2017; Patel et al., 2012; Raish et al., 2019). In the present research, 
CK showed significant elevation in MI group (Table 3). CK is an 
important enzyme related to myocardium and relatively increased 
after myocardial injury. It elevates after 4–9 hours after infarction 
and returns to normal after 48–72 hours (Dianita et  al., 2015). 
Kidney function parameters, creatinine and urea, were increased 
significantly in the MI group (Table 3). Oral administration of 
ARERC attenuates kidney function elevation. The present results 
are in concert with Ghartavol et al. (2019).

Relative heart weight of the MI group elevated in 
comparison with normal control and rats’ groups given ARERC (Fig. 
4a). The current findings are in agreement with the results observed 
by Shikalgar and Naikwade (2018) and Derbali et  al. (2015). 
Elevation of relative heart weight of MI rats may be attributed to 
increment of water content and necrosis of myocardial muscle fibers 
followed by damage of tissue by inflammation of the cells (Rajadurai 
and Mainzen, 2007; Shikalgar and Naikwade, 2018).

The inflammatory cytokine IL-6 and IL-1β gene 
expression elevated significantly in the MI group. 5-HT7 receptor 
mRNA expression was raised significantly in the MI group (Fig. 5).  
The current findings are in covenant with the results observed 
by Cinar et  al. (2020) who found that IL-6 mRNA expression 
and 5-HT7 receptor mRNA expression levels increased in MI 
control. Elevation in the mRNA expression of 5-HT7 receptor 
and inflammatory cytokines (IL-6 and IL-1β) in the present 
research may be attributed to endothelial dysfunction due to 
damage of vascular tissues, through elevation of plasma TG, 
low-density lipoprotein, and Ox-LDL in the MI group as shown 
in Figure 3. It was reported previously that Ox-LDL increases 
5-HT and stimulates thrombocyte aggregation (Zhao et  al., 
1995). Dyslipidemia in association with increment in LPO 
(MDA), reduction in antioxidant enzymes, and elevation of 
inflammatory maker C-reactive protein in MI control (Table 2) 
in the present study led to increasing serotonin (5-HT) release 
from thrombocytes, which induced thrombocyte aggregation 
in plasma. The increment in 5-HT increased vasoconstriction 
in association with increase 5-HT receptors such as 5-HT7 
as observed in the present study. Low dose and high dose of 
ARERC significantly downregulated the gene expression of 
IL-6 by 2.4- and 4.7-fold changes as compared to MI control 
and downregulated the expression of IL-1β by 3.9- and 4.5-
fold change, receptively. 5HT-7 receptor mRNA expression was 
significantly downregulated by treatments of low and high dose 
of ARERC. Heart-specific gene regulation plays an important 
function in heart progress and age-related myocardial formation. 
Moreover, changes in gene expression in response to injury or 
stress participate in cardiac pathology (Komal et al., 2021). 5-HT 
plays an important role in mammal’s heart such as increase heart 
rate, heart contraction, valve fibrosis, and thrombosis. 5-HT 

receptors (5-HT1 to 5-HT7) are responsible for all these effects. 
Serotonin modulated the release of IL-1β and IL-6 through the 
activation of 5-HT4 and 5-HT7 receptors in LPS-stimulated 
human blood monocytes (Dürk et al., 2005). IL-1β and IL6 as 
inflammatory cytokines were shown to be upregulated in the 
myocardium early after injury (Deten et al., 2002; Frangogiannis 
et al., 1998; Kukielka et al., 1995). In the current study, 5-HT7, 
IL-1β, and IL-6 expression were elevated after MI and this 
elevation was reversed by the treatment of ARERC. It might 
be possible that ARERC improves cardiac remodeling through 
its anti-inflammatory effect in modulation of cytokines  and 
stimulating serotonin receptors.

ISO injection leads to diffuse areas of myocardial muscle 
hyalinosis and Zenker’s necrosis, hemorrhage, and mononuclear 
cell infiltration were clearly visible by microscopy in heart of 
rats from the MI control group (Fig. 6b and c). ARERC showed 
improvement in histopathology of the cardiac tissue, which may 
be attributed to its activity as antioxidant in vitro (Fig. 2) and in 
vivo (Table 2) due to the presence of phenolic compounds and 
anthocyanins and also may be attributed to its anti-inflammatory 
activity (Table 2) and lipid-lowering effect (Fig. 3) as revealed in 
the current research. 

CONCLUSION
ARERC in the present study possesses a cardioprotective 

effect against ISO-induced MI. This effect is possibly resulting 
from its antioxidant and anti-inflammatory activities. The 
cardioprotective effect of ARERC is evidenced by reduction of 
inflammation, oxidative stress, dyslipidemia, and improvement 
of cardiac enzymes and also regulates gene expression of 5-HT7 
receptors and inflammatory cytokines IL-6 and IL-1β in association 
with reduction of relative heart weight. Finally, ARERC showed 
improvement in histopathology of the cardiac tissue.
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