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Malvidin (alvidin-3-glucoside) is a polyphenol that belongs to the class of natural anthocyanin, which is abun-
dantly found in red wines, colored fruits, and the skin of red grapes. Therefore, the current investigation was
intended to evaluate the effect of malvidin against myocardial infarction induced by isoproterenol in the rats.
The cardioprotective effects was assessed by determining the effect of malvidin on the activities of endoge-
nous antioxidants — catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GSH) — and on
the levels of lipid peroxidation and serum marker enzymes. The serum levels of IL-6 and TNF-o. were also de-
termined using an enzyme-linked immunosorbent assay (ELISA) kit.

The present study demonstrated a significant cardioprotective effect of malvidin by restoring the defensive ac-
tivities of endogenous antioxidants — catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase
(GSH) - and by reducing the levels of lipid peroxidation and serum marker enzymes lactate dehydrogenase
(LD) and creatine kinase (CK). Malvidin significantly ameliorated the histopathological changes and impaired
mitochondria in the cardiac necrosis stimulated with isoproterenol. Additionally, the results also demonstrat-
ed that nuclear translocation of Nrf-2 and subsequent HO-1 expression might be associated with nuclear fac-
tor kappa B (NF-kB) pathway activation.

Our findings suggest that malvidin exerts cardioprotective effects that might be due to possible strong antiox-
idant and anti-inflammatory activities. Therefore, this study provides the basis for the development of malvi-
din as a safe and effective treatment of myocardial infarction.
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Background

Globally, myocardial infarction (M) is a leading cause of mor-
bidity and mortality in developed as well as in developing
countries [1,2]. Ml is an important acute disease of myocardi-
al necrosis, manifested by an imbalance between myocardial
blood demand and the coronary blood delivery [3,4]. This im-
balance leads to cardiac ischemia and degeneration of cardio-
myocytes [5,6]. The damage to heart tissues because of isch-
emia eventually causes irreversible cardiac injury or death [7].
The changes in histopathology of cardiac tissues and biochem-
ical alterations [8] associated with mitochondrial impairment,
lipid peroxidation, and endogenous antioxidants in the myo-
cardium, as well as serum markers, is the hallmark of cardi-
ac ischemia [9].

Isoproterenol hydrochloride (ISP) is a structurally synthetic cat-
echolamine. It is widely known as a potent beta-adrenergic ag-
onist that produces extensive biochemical, functional, and his-
tological alterations in the heart [10,11]. ISP is primarily applied
to induce Ml in experimental animals at larger doses owing to
the production of substantially toxic free radicals and lipid per-
oxidation via an auto-oxidation process. ISP-induced MI ani-
mals show excessive generation of free radicals followed by
production of oxidative stress as a result of reduced endoge-
nous antioxidant activity [12]. The excessive production of ROS
(e.g., hydroxyl radicals and superoxide anions) in the ischemic
tissues causes oxidative injury to membrane proteins, lipids,
and carbohydrates [13]. Several preclinical studies suggested
that during myocardial ischemia, the level of oxidative stress
is significantly enhanced via reactive oxygen species (ROS) and
influences the development of MI [14,15]. Therefore, there is
great need for a defensive antioxidant therapeutic approach
to safely avert ischemic heart complications.

Several drugs have been found to be effective against cardio-
vascular disease, but their use is associated with adverse re-
actions. Therefore, many researchers have focused on nutra-
ceuticals based on antioxidants to prevent CVD diseases with
fewer adverse effects [16]. There has been great interest in
the commercial exploration of dietary natural polyphenols that
extensively exert antioxidant activities to promote health and
well-being. Numerous studies have suggested that dietary poly-
phenols substantially prevent the prevalence of ischemic heart
disease [17]. Moreover, moderate consumption of red wine has
been associated with decreased risk of CVD and cancer [18].
This health benefit in CVD is principally associated with the
presence of therapeutic polyphenols of red wine. Thus, the pos-
sible protective role of malvidin (a red wine polyphenol) was
investigated in the isoproterenol-induced myocardial infarction
in rats. Malvidin (Malvidin-3-glucoside) is a polyphenol and a
natural anthocyanin abundant in red wines, colored fruits, and
the skin of red grapes [19]. Various researchers have reported
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that the natural antioxidant activity of anthocyanins is closely
linked to its conjugated double bond and hydroxyl groups on
the B-ring [20]. Malvidin has been reported in many previous
studies to be a powerful medicinal agent, and it is reported
to protect human fibroblast cells against stress-induced pre-
mature senescence [21-23]. However, the cardioprotective
effect of malvidin in isoproterenol-induced myocardial infarc-
tion in rats has not been documented to date. Therefore, the
present study aimed to elucidate the potential cardioprotec-
tive role of malvidin in rats stimulated with ISP. The protec-
tive effect of malvidin was evaluated by assessing the mark-
er enzymes of cardiac injury, lipid peroxidation, endogenous
antioxidants, and mitochondrial impairment, as well as histo-
pathological alterations.

Material and Methods

Animals

The current study was carried out with 36 male albino Wistar
rats weighing about 150-200 g. The rats were housed in a
polypropylene laboratory cage under optimum temperature
(25+2°C) and humidity (50+5%) and 12: 12 h light-dark (LD)
cycles. They were provided with standard laboratory rat food
and water ad libitum before the experiments. All experimen-
tal procedures were carried out as per standard protocol eval-
uated and approved by the I.A.E.C. (Institutional Animal Ethics
Committee) of Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, China.

Drugs, chemicals, and treatment schedule

Isoproterenol (ISP) hydrochloride, enalapril and malvidin (mal-
vidin-3-glucoside chloride) were procured from Sigma-Aldrich
Chemicals Pvt. Ltd. (St. Louis, MO, USA). All the biochemical
and chemical reagents used in this study were of analytical
grade (>90% pure).

A total of 36 male rats were randomly distributed into 6 groups,
6 animals in each and all groups of animal treated in the fol-
lowing manner:

Group I - Saline/Normal control-
Rats were administered with normal saline (2 ml/kg, p.o. per
day) for 21 days.

Group Il - Isoproterenol/ISP control-

Rats were administered with normal saline (2 ml/kg, p.o. per
day) for 21 days and challenged with ISP (85 mg/kg, s.c.) on
the 20* and 21°t day.

Group Il — Malvidin (100 mg/kg+ISP)-
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Rats were treated with malvidin (100 mg/kg, p.o. per day) for
21 days and challenged with ISP (85 mg/kg, s.c.) on the 20t
and 21t day.

Group IV - Malvidin (200 mg/kg+ISP)-

Rats were treated with malvidin (200 mg/kg, p.o. per day)
21 days and challenged with ISP (85 mg/kg, s.c.) on the 20t
and 21t day.

Group V — Enalapril (10 mg/kg+ISP)-

Rats were treated with enalapril (10 mg/kg p.o. per day) for
21 days and challenged with ISP (85 mg/kg, s.c.) on the 20t
and 21t day.

Group VI - Malvidin (200 mg/kg) alone group-
Rats were treated with malvidin (200 mg/kg p.o. per day) for
21t days.

Biochemical estimation in serum

The animal blood samples were taken from the retro-orbital
plexus and allowed to clot at room temperature for 30 min.
The serum was extracted from the blood via centrifugation at
3000 rpm (15 min at 30°C) and used for the assessment of
marker enzymes, including lactate dehydrogenase (LD) and
creatine kinase (CK).

Estimation of cardiac injury markers LD and CK in serum

The levels of lactate dehydrogenase (LD) and creatine ki-
nase (CK) were estimated with kits from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China) in serum. The pro-
cedure was performed according to the instructions provided
by the supplier. The results are presented as IU/L.

Biochemical estimation in heart

Hearts were isolated from the sacrificed rats, rinsed in isoton-
ic saline, and weighed. The myocardial tissues were homoge-
nized with 0.1 M ice-cold phosphate buffer, pH 7.4. Postnuclear
supernatant was formed by centrifugation of 10% w/v ho-
mogenates of myocardial tissues at 12000xg (20 min at 4°C).
Afterward, separated supernatant aliquot was used for the
biochemical estimation.

Lipid Peroxidation (LPO) quantification

The amount of lipid peroxidation (LPO) was estimated by
2-Thiobarbituric Acid Reactive Substances (TBARS) assay us-
ing the method described by Ohkawa [24]. In this assay, malo-
ndialdehyde (MDA) generated during lipid peroxidation was
quantified via thiobarbituric acid (TBA) reactions. The value of
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Estimation of catalase (CAT), reduced glutathione (GSH),
and superoxide dismutase (SOD)

The extent of CAT enzyme was determined using the procedure
described by Luck [25]. The procedure involves measurement
of the breakdown of H,0,, and results are denoted as pmole
of H,0, decomposed/min/mg of protein. GSH enzyme was es-
timated using the procedure of Ellman [26], and the results
are reported as pmole of the GSH/mg of protein. The level of
SOD was determined according to the procedure of Kono [27].

The results are denoted as unit/mg of protein.
Estimation of mitochondrial complex
Isolation of the heart mitochondria

The heart mitochondria were isolated by standard methods of
Takasawa [28]. In this procedure, the heart tissues were placed
in the fresh ice-cold buffer (50 mM Tris-HCl, pH 7.4) containing
the sucrose (0.25 M) and then homogenized. The formed ho-
mogenate was centrifuged at 700xg for 20 min to obtain the
supernatant, which was further centrifuged at 9000xg for 15
min. The mitochondrial pellets were washed and re-suspend-
ed in Tris-hydrochloric buffer (ice-cold, 10 mM, pH 7.8), con-
taining the sucrose (0.25 M) The obtained heart mitochondrial
fractions were stored at -80°C until use for complete evalua-
tion of enzymatic complex.

NADH dehydrogenase activity (Complex — 1)

This activity of complex-I was determined according to the
method described by King and Howard [29]. Briefly, this pro-
cess involves the conversion of NAD+ from NADH via catalytic
oxidation along with the successive reduction of cytochrome-c.

Succinate dehydrogenase activity (Complex — 2)

Succinate dehydrogenase was determined according to the
method described by King (30). The method is associated with
oxidation of succinate by potassium ferricyanide.

MTT ability (Complex - 3)

According to the method of Liu (31), the reduction rate of MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-H-tetrazolium bro-
mide) by hydrogenase activity was measured in the isolated
mitochondrial samples.

Cytochrome-c oxidase assay (Complex — 4)

The level of cytochrome-c oxidase was measured by the pro-
cedure of Sotocassa [32]. Briefly, the procedure involves the
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Figure 1. Effects of malvidin on myocardial injury marker enzymes in ISP-induced Ml in rats. (A) Level of lactate dehydrogenase (LD)
and (B) level of creatinine kinase (CK) were measured in serum. Values are presented as mean +S.E.M. 2 p<0.05, ¢ p>0.05,
compared to saline control (normal control); ¢ p<0.05, ® p>0.05, compared to ISP control. ISP — isoproterenol; Malv — malvidin;

LD - lactate dehydrogenase; CK — creatinine kinase.

estimation of cytochrome-c oxidase activity in the isolated mi-
tochondrial samples.

Histopathology examination of myocardial tissue

Hearts were extracted from sacrificed rats, washed, immedi-
ately fixed in 10% NBF (neutral buffered formalin), and em-
bedded in paraffin. We made 5-mm-thick sections of myocar-
dial tissues, stained them with hematoxylin and eosin (H&E),
and then examined them under a light microscopic for histo-
pathological changes.

Estimation of pro-inflammatory cytokines

The serum levels of IL-6, TNF-o. were determined using an en-
zyme-linked immunosorbent assay (ELISA) kit (R&D System
Inc, USA).

Western blot analysis

The isolated heart tissue was homogenized in ice-cold RIPA buf-
fer (0.1% phenyl methyl sulfonyl fluoride), containing protease
inhibitor (Roche Applied Science, Germany), and the supernatant
was collected after centrifugation at 12000 rpm for 20 min. The
protein concentration was determined using the BCA protein as-
say kit. The protein extracts were loaded and separated by so-
dium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), and the resolved proteins were transferred onto PVDF
membranes. The membranes were blocked with 5% non-fat milk
in Tris buffer saline and incubated at 4°C overnight with sepa-
rate primary antibodies, anti-Nrf-2 (Abcam, 1: 1000), antieHOe1
(Abcam, 1: 2000), anti-p-NF-kB (CST, 1: 1000), anti-NF-kB (CST,1:
1000), anti-p-IkBot (CST, 1: 1000), and anti-IKKp (CST, 1: 1000).

Statistical analysis of data

All results are presented as the mean +SEM. The statistical
results were evaluated using one-way ANOVA followed by
post-hoc analysis using Tukey’s multiple comparison test us-
ing GraphPad Prism software. P<0.05 was considered a sta-
tistically significant difference.

Results

Effects of malvidin on LD and CK in serum

Results showed that ISP-administered rats exhibited a signifi-
cant (p<0.05) rise in myocardial injury markers such as lactate
dehydrogenase (LD) and creatine kinase (CK) in blood serum
in comparison to saline control rats. However, the treatment
with malvidin (200 mg/kg) to ISP-challenged rats caused sig-
nificant (p<0.05) reduction in the levels of LD and CK in se-
rum in comparison to ISP control rats. Further, enalapril-treat-
ed rats also exhibited a significant decrease in LD and CK in
comparison to ISP control, while no significant alterations in
LD and CK were noticed in the malvidin (200 mg/kg) alone
group compared to saline control rats (Figure 1).

Effect of malvidin on oxidative damage and endogenous
antioxidants in the heart

ISP administration in rats significantly (p<0.05) increased the
lipid peroxidation, as indicated by the elevated level of MDA
(a marker of oxidative damage), in the heart compared with
saline control rats. However, malvidin (100 and 200 mg/kg)
treatment showed significant (p<0.05) reduction in ISP-induced
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Figure 2. Effects of malvidin on antioxidant enzymes in ISP-induced Ml in rats. The levels of antioxidants were measured in the heart
of rats. Values are presented as mean +S.E.M. 2 p<0.05, € p>0.05, compared to saline control (normal control); ® p<0.05,
compared to ISP control. ISP —isoproterenoll Malv — malvidin; MDA — malondialdehyde; SOD — superoxide dismutase;

CAT - catalase; GSH — glutathione.

oxidative damage, as demonstrated by decreased levels of
malondialdehyde (MDA), compared with saline control rats.

Furthermore, we noticed that isoproterenol (ISP) markedly
(p<0.05) diminished the myocardial antioxidant enzymes CAT,
SOD, and GSH, thereby indicating myocardial damage, when
compared with the saline control group. Treatment with mal-
vidin (100 and 200 mg/kg) significantly (p<0.05) reduced myo-
cardial damage by restoring the beneficial antioxidant enzymes
CAT and SOD. Additionally, GSH level was also significant-
ly up-regulated by malvidin (100 and 200 mg/kg) treatment.
Moreover, rats in the malvidin (200 mg/kg) alone group did
not show significant changes in the levels of CAT, SOD, GSH, or
MDA content when compared to saline control rats (Figure 2).
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Effects of malvidin on heart mitochondrial enzyme
complex

The results show that ISP administration caused a notable mi-
tochondrial dysfunction by significant (p<0.05) depletion of suc-
cinate dehydrogenase, NADH dehydrogenase, cytochrome-c ox-
idase enzymes activities, and MTT ability in heart mitochondria
compared to saline control rats. However, we observed that ISP-
induced mitochondrial dysfunction was significantly (p<0.05)
decreased by treatment with malvidin (200 mg/kg) and enala-
pril (10mg/kg). The malvidin (200 mg/kg) alone group did not
show any distinct change in heart mitochondrial complex ac-
tivity or MTT ability compared to saline control rats (Figure 3).

Effect of malvidin on serum pro-inflammatory cytokines
As shown in Figure 4, the serum level of IL-6 and TNF-o. was

significantly elevated in the I1SO-treated group compared with
the controls (p>0.01). Moreover, treatment with malvidin caused
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Figure 3. Effect of malvidin on mitochondrial enzyme complex
1, 2, 3, and 4 in heart. The levels of mitochondrial
enzyme complex 1, 2, 3, and 4 were measured in the
hearts of rats. Values are presented as mean +S.E.M.

2 p<0.05, © p>0.05, compared to saline control (normal
control); ® p<0.05, compared to ISP control. ISP —
isoproterenol; Malv — malvidin; Mitochondrial enzymes
(complex1 — NADH dehydrogenase, complex2 —
succinate dehydrogenase, complex3 — MTT ability, and
complex-4 — cytochrome-c oxidase).

a significant decline in the level these pro-inflammatory cyto-
kines in a dose-dependent manner.

Effect of malvidin treatment on histopathological changes

In this histopathological examination, normal saline control
rats showed a clear, intact homogeneous structure of the myo-
cardium, with no sign of edema or inflammation. On the other
hand, rats administered with ISP had moderate-to-marked myo-
cardium necrosis and edema, along with infiltration of inflam-
matory cells like lymphocytes and macrophages. Further, the
rats treated with malvidin (100 and 200 mg/kg) and enalapril
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(10 mg/kg), compared to ISP-challenged rats, showed mark-
edly improved myocardial necrosis, with decreased edema
and infiltration of lymphocyte cells and macrophage cells.
However, malvidin (200 mg/kg) treatment showed more im-
provement in the damaged myocardial tissue compared to
malvidin (100 mg/kg). The malvidin (200 mg/kg) alone group
presented similar histoarchitecture of the myocardium as in
normal rats (Figure 5).

Determination of malvidin on HO-1 and Nrf-2 protein
expressions in the heart

As shown in Figure 6, the ISO-treated rats showed significant
decline in HO-1 level compared to the control group (P<0.01).
Malvidin treatment caused restoration of the ISO-induced
HO-1 level. However, the level of Nrf-2 was significantly de-
creased after administration of ISO, and the expression was
reversed in a concentration-dependent manner after the in-
troduction of malvidin.

Effect of malvidin on NF-«B signalling pathway
As presented in Figure 7, we found that malvidin caused sig-
nificant inhibition of phosphorylated IkB-o. and NF-xB expres-

sion in comparison to the myocardial tissues following chal-
lenge by ISO.

Discussion

Globally, CVD is a critical health problem. It is predicted that
by 2023, CVD will cause more than 20 million deaths annual-
ly [33]. Myocardial infarction (M), a serous CVD, is a prominent
cause of morbidity and mortality throughout the world [34].
Cardiotoxicity caused by isoproterenol (ISP) at a larger dos-
age in an animal model exhibits a better discernment in the
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Figure 4. Effect of malvidin on the serum level of pro-inflammatory cytokines IL-6 (A) and TNF-a (B) in ISO-induced myocardial
infarction in rats. Values are expressed as means +S.E.M. Compared with control: # P<0.05; # P<0.01; #*## P<0.001; Compared

with model: * P<0.05; ** P<0.01; *** P<0.001.
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Figure 5. Effect of malvidin treatment on histopathological changes in myocardium (cardiac tissue light micrograph at magnification

100x). (A) Saline control (normal control) rats showed clearly normal histoarchitecture of the myocardium; (B) ISP (85 mg/kg)
control group presented moderate-to-marked myocardium necrosis, edema, and infiltration of inflammatory cells;

(€) Malvidin (100 mg/kg) group presented moderate myocardium necrosis with lesser edema and infiltration of inflammatory
cells compared to the ISP control group; (D) The malvidin (200 mg/kg) group presented mild myocardial necrosis with a
significant decrease in edema and infiltration of inflammatory cells compared to the ISP control group; (E) The enalapril

(10 mg/kg) group presented mild necrosis with a significant decrease in edema and focal infiltration of inflammatory

cells compared to the ISP control group; (F) The malvidin (200 mg/kg) alone group presented similar histoarchitecture of

myocardium as in the saline control (normal control) rats.

Malv Malv
Control IS0 (100 mg) (200 mg)
HO-1
Nrf-2
GAPDH

Malv Malv
(100 mg/kg) (200 mg/kg)

Control 150

Figure 6. Effect of malvidin treatments significantly increased
HO-1 induction and activated nuclear respiratory factor
2 (Nrf-2) translocation in ISO-induced myocardial
infarction in rats. Representative immunoblots for
HO-1 and Nrf-2.
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Figure 7. Effect of malvidin on IxB-o and NF-kB phosphorylation
determined by Western blot analysis.
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pathology of myocardial damage and clearly indicates involve-
ment of oxidative stress. Several studies have proven the pro-
tective function of dietary polyphenols in the treatment of hy-
pertension, cardiovascular disease (CVD), and diabetes [35].
Dietary natural polyphenols extensively exert antioxidant ac-
tivities and are widely reported to prevent ischemic heart dis-
ease [17]. Moreover, a variety of studies have suggested that
malvidin exhibits considerable antioxidant activity [22,23,36].
Collectively, on the basis of these findings, we intended to in-
vestigate the cardioprotective effects of malvidin (a red wine
polyphenol) in isoproterenol-induced myocardial infarction in
rats. The current investigation showed that malvidin exerts po-
tential cardioprotective effects in ISP-induced oxidative cardi-
ac damage as indicated by reduced levels of marker enzymes
of cardiac injury and lipid peroxidation and by restoring en-
dogenous antioxidant activities. Moreover, malvidin effective-
ly ameliorated the mitochondrial dysfunction and histological
changes in the myocardium. During the investigation, we ob-
served that serum enzymes LD and CK activities were signif-
icantly increased in the ISP-treated rats, suggesting the leak-
age of marker enzymes LD and CK from necrotic cardiac cells
into blood circulation. The release of LDH1 and LDH2 (cardiac
specific isoenzymes) in the blood circulation indicates necro-
sis caused by ISP stimulation [37]. The higher concentration of
malvidin (200 mg/kg) treatment to ISP-challenged rats drasti-
cally reduced the marker enzymes LD and CK in serum and in-
dicates a cardioprotective action of malvidin. A severe cellular
injury to cardiac tissues induced via ISP is commonly manifest-
ed by the elevated MDA content (a bioactive marker of lipid
peroxidation), which is closely linked to the enzyme inactiva-
tion and changed membrane structure. Subsequently, it pro-
motes the necrosis of myocardial membranes and eventually
leads to severe, irreversible damage to the myocardium [38].

In this study, the results reveal that ISP significantly raised the
level of MDA (a marker of oxidative damage) and increased
production of lipid peroxidation along with excessive gen-
eration of free radicals. These effects are most likely due to
auto-oxidation of ISP. On the other hand, malvidin (100 and
200 mg/kg) treatment significantly decreased the MDA levels
in ISP-induced MI, thereby showing good protection against
myocardial oxidative damage. Similarly, a previous study also
supported that malvidin prevents lipid peroxidation and oxi-
dative stress in mouse forebrain homogenates, possibly due to
its ROS scavenging properties [39]. An antioxidant system of
endogenous enzymes containing hydroxyl radical and superox-
ide anions and composed of CAT, SOD, and GSH is the promi-
nent cellular safeguard against oxidative stress, and this sys-
tem also helps to avert ROS generation [40]. Our study shows
that the endogenous marker enzymes CAT, SOD, and GSH were
significantly reduced in ISP-induced infarcted rats.
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This indicates oxidative damage of cardiac tissue due to ex-
cessive formation of free radicals induced by isoproterenol.
However, malvidin treatment in ISP-induced infarcted rats
remarkably restored the levels of CAT, SOD, and GSH, which
may be correlated with the antioxidant effects of malvidin by
quenching of free radicals. Mitochondria are a major intracel-
lular source of ROS formation and thus are a target for oxida-
tive injury mediated by ROS in the heart. Increased produc-
tion of free radicals through excessive ROS generation leads
to damage of cell membranes, fatty acid oxidation, and de-
activation of TCA. Thus, an alteration in enzyme activity of
the TCA cycle involves free radical-mediated cardiac damage.
Several studies have demonstrated that cardiac dysfunction
due to abnormal mitochondrial membrane structure and its
altered content are elemental characteristics of myocardial in-
farction [41,42]. We found that malvidin treatment noticeably
up-regulated the mitochondrial complexes such as succinate
dehydrogenase, NADH dehydrogenase, cytochrome oxidase,
and MTT ability in ISP-induced infarcted rats. Our results re-
veal that malvidin effectively restored the normal levels of mi-
tochondrial enzymes, possibly due to its free radical neutral-
ization activities, thereby suggesting preventive effects against
mitochondrial dysfunction.

During our histopathological investigation, normal control sa-
line rats exhibited a clear, intact homogeneous structure of
myocardium with no sign of edema and inflammation. In con-
trast, ISP-induced infarcted rats presented moderate-to-marked
myocardium necrosis with edema and infiltration of inflam-
matory cells (lymphocytes and macrophages). Moreover, rats
treated with malvidin had decreased necrosis with edema and
infiltration of lymphocyte cells and macrophage cells. This find-
ing presents a marked improvement in myocardium necrosis,
possibly due to the antioxidant effects of malvidin. It is exten-
sively reported that the distinct patterns of hydroxylation and
methoxylation, basically on the B-ring, regulate particular an-
tioxidant attributes of polyphenols [20,43]. Thus, the polyphe-
nolic structural activity of malvidin may contribute strong an-
tioxidant effects. The conversion of heme to its end-products
is the rate-limiting step catalyzed by the stress protein HO-1
in response to oxidative stress. The transcription factor Nrf-
2 has been considered as a key molecule regulating the ac-
tivity of GSH, GPx, ROS, and HO-1. Thus, once activated, the
Nrf-2 moves into the nucleus and binds to the antioxidant re-
sponsive element (ARE) positioned in the promoter region of
antioxidant and phase Il enzymes to augment antioxidant ca-
pability and re-establish redox homeostasis [44]. In the pres-
ent study, Nrf-2 levels were found to be significantly lower in
the heart tissue of 1SO-treated rats, reflecting a reduced an-
tioxidant and homeostatic capacity. Malvidin treatment in-
creased the HO-1 expression and Nrf-2 translocation in the
myocardium, suggesting that its cardioprotective effects were
through activating the Nrf-2/HO-1 pathway. The critical factor
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in cardiovascular disease is the generation of inflammatory re-
sponse; therefore, anti-inflammatory agents play a significant
role in attenuation of these responses. Studies have shown
that, in myocardial insults, pro-inflammatory cytokines (e.g.,
TNF-o and IL-6) are found in elevated concentrations and are
greatly dependent upon the activation of NF-xB [45]. In dor-
mant cells, NF-xB is not able to bind in the cytoplasm by in-
teracting with the inhibitory kappa B (1xB) family. Thus, after
simulation, lkxBa is phosphorylated and degraded by the 1xB
kinase (IKK) complex, which allows NF-xB to be translocated
from the cytosol to the nucleus, where it can bind to the pro-
moter region of target genes. We found that, after I1SO insult,
the levels of TNF-o0 and IL-6 were elevated. However, in the
malvidin-treated group, the levels of these cytokines were sig-
nificantly decreased in the serum, which might be the cause
of its cardioprotective effects via anti-inflammatory proper-
ties. The results further indicated that malvidin treatment in-
hibited the upstream IKK and IkBa phosphorylation, as well as
IxBa degradation. Moreover, we also found that ISO-induced
nuclear translocation of NF-xB p65 was significantly attenu-
ated by malvidin. Collectively, our observations support the
benefit of moderate consumption of red wine as a way to de-
crease risk of cardiovascular disease, and we hope our results
contribute to the development of safe and effective nutraceu-
ticals based on malvidin.
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Conclusions

Our results suggest that malvidin exhibits strong cardiopro-
tective effects against isoproterenol-stimulated myocardial
infarction in rats. The protective effects of malvidin occur by
restoring the defensive activities of endogenous antioxidants
CAT, SOD, and GSH by reducing the levels of lipid peroxida-
tion and serum marker enzymes LD and CK. Additionally, mal-
vidin significantly ameliorated the histopathological changes
and impaired mitochondria in the cardiac necrosis produced
by isoproterenol. Overall, our findings suggest that the cardio-
protective effects of malvidin be due to its antioxidant prop-
erties. Therefore, we hope that the present investigation of-
fers information that will be useful in developing a safe and
effective malvidin-based therapy, which could be an effective
treatment of cardiovascular disease. Nevertheless, more mo-
lecular-level studies are needed for further validation.
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