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Abstract [ Objectives | To investigate the protective mechanism of naringenin on acute myocardial ischemia-reperfusion injury (AMI-RI) in
Sprague-Dawley (SD) rats. [ Methods] A total of 32 SD rats with AMI-RI model construction were randomly divided into AMI-RI model con-
trol group and citrus pigment A/B/C groups (n=8). The naringenin A, B, and C groups were administrated 20, 40 and 80 mg/ (kg - d) for
10 d. The AMI group served as the negative control and was not treated. At the conclusion of the treatment regimen, a sample of intraventricu-
lar blood was collected for the purpose of measuring lactate dehydrogenase (LDH) , glutathione peroxidase ( GLH-PX) , nitric oxide (NO),
and superoxide dismutase (SOD) levels. Additionally, myocardial tissue was identified within the ischemic region. The content of malondial-
dehyde (MDA) was determined by inducing nitric oxide synthase (iNOS) and endodermal nitric oxide synthase (eNOS) positive cells in the
left anterior descending coronary artery. [ Results ] Following citrus treatment, the contents of GLH-PX and SOD in ventricular blood of the cit-
rus B group were found to be significantly elevated, while the contents of NO and LDH in myocardial MDA and ventricle were observed to be
significantly reduced. The number of eNOS-positive cells was significantly increased, while the number of iNOS-positive cells was significantly
decreased. The difference was statistically significant when compared with the AMI-RI group (P <0.05). The changes observed in the above
indicators in the citrus C group were more pronounced than those observed in the citrus B group. The difference between the citrus C and the
B group was statistically significant (P <0.05), indicating that this effect is concentration dependent. [ Conclusions ] In addition to its ability
to inhibit myocardial lipid peroxidation during AMI-RI by increasing SOD activity, naringenin may also affect the synthesis and release of NO
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by regulating eNOS and iNOS, thereby achieving protection against AMI-RI. One effect is enhanced as the dose of the drug increases.
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1 Introduction

Acute myocardial infarction ( AMI) is the leading cause of fatal
heart disease. The pathological factors causing AMI are mainly
insufficient blood supply caused by coronary artery stenosis. Con-
sequently, the prompt restoration of coronary blood flow repre-
sents a fundamental measure for the preservation of ischemic my-
ocardium and the maintenance of cardiac pumping function. Nev-
ertheless, while ischemic myocardial tissue rapidly restores blood
flow, acute myocardial ischemia-reperfusion injury ( AMI-RI) is
a significant concern''’. Studies have demonstrated that the pri-
mary cause of tissue injury in AMI patients is not myocardial is-
chemia itself, but rather the tissue redestruction caused by lipid
peroxidation of oxygen free radicals after reperfusion, or reperfu-
sion injury’”’. SOD is a free radical antioxidant enzyme that pri-
marily functions by removing oxygen free radicals and inhibiting
lipid peroxidation reactions. Naringenin has been demonstrated to
possess free radical scavenging, anti-atherosclerotic, myocardial

protective and other pharmaceutical effects"’ .

It has been repor-
ted that naringenin has pharmaceutical effects, including scaven-
ging free radicals, inhibiting tumor cell proliferation, anti-athero-
sclerosis, hypoglycemic effects, protection heart muscle, and in-
hibition of inflammatory responses caused by inflammatory fac-

tors'*). A paucity of systematic studies on cardiovascular re-
search has been identified. Consequently, an investigation was

conducted to assess the impact of naringenin on AMI-RI and to
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elucidate its potential mechanism of action.

2 Materials and methods

2.1 Experimental animals The study involved 32 male SD
rats ( SPF grade), aged 6 — 7 weeks old, with a body mass of
160 —170 g. The animals were maintained in accordance with the
principles of animal welfare, and all experimental procedures were
conducted in accordance with the 3R principle of experimental
animals.

2.2 Instruments and reagents The citrus pigment was pro-
cured from Shanghai Keshun Biotechnology Co., Ltd. ( batch
No. :180724) ; Chloral hydrate was purchased from Shanghai Ha-
ling Biotechnology Co., Ltd. (batch No.:01802719); Lactate
dehydrogenase (LDH) , glutathione peroxidase (GLH-PX) , nitric
oxide (NO), superoxide dismutase ( SOD ), malondialdehyde
('malondialdehyde, MDA ), the induced nitric oxide synthase
(iNOS) and endothelial nitric oxide synthase (eNOS) ELASA
test kits were provided by Nanjing Jiancheng Bioengineering Insti-
tute (batch No. : H18050, H18013, A01807, A018094, A7025,
A8021, A18097).

2.3 Methods

2.3.1 AMI-RI Model building. Rats of similar weight were se-
lected and injected with 10% chloral hydrate intraperitoneally at a
dose of 0.3 ml/kg. Following the administration of the anesthet-
ic, the abdomen was fixed on the mouse table and connected to the
BW-BM1103 small animal ventilator. In the case of iodine disin-
fection of the chest and abdomen, a sterile towel should be

spread, and carefully opened to reveal the pericardium. The heart
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should then be held in place while a small, round needle should
be prepared and used to puncture the anterior descending branch.
However, care should be taken to avoid puncturing the ventricular
wall, as this could result in significant bleeding. A thin silicone
tube should be placed parallel to the anterior descending branch,
with the wire and ligation tightened. This would result in acute is-
chemia of the left anterior coronary artery for 30 min. Subsequent-
ly, the silicone tube should be removed, allowing reperfusion of
the descending branch of the left anterior coronary artery. Finally,
the chest and skin should be sutured 45 min after the initial proce-

dure™

. The following criteria must be met for enrollment in the
AMI-RI model; typical AMI electrocardiographic changes, inclu-
ding presystole, T-wave elevation or inversion, and ST-segment
elevation on the electrocardiogram, must be observed after 45 mi-
nutes of reperfusion™ .

2.3.2 Group allocation and treatment. All animals were random-
ly divided into AMI-RI group and naringenin A/B/C groups.
Each group consisted of 8 animals. After the animals were awake,
the citrus A/B/C groups were treated for 10 d at 20, 40 and
80 mg/ (kg - d), administrated 8 h per day. The AMI-RI group
was not treated and served as a negative control. By the conclusion
of the treatment period, 6, 7, 8, and 8 animals survived in the
AMI-RI and naringenin A/B/C groups, respectively.

2.3.3 Detection of myocardial tissue in blood and ischemic re-
gion. Following the conclusion of the treatment regimen, a 1-mL
of blood sample was collected directly into the chamber with a
blood sampling needle. The levels of LDH, NO GLH-PX and SOD
were then quantified via enzyme-linked immunosorbent assay
(ELISA). The animals were subsequently euthanized, and myo-

cardial tissue from the ischemic region of the left anterior descend-

ing coronary artery was harvested. The content of MDA was then
measured according to the ELASA test box.

2.3.4 Detection of the number of vascular endothelial iNOS/
eNOS positive cells. The heart was excised and the ventricles and
atria were perfused with normal saline injection from the aorta,
The myocardial tissue in the ischemic area of the left anterior de-
scending coronary artery was fixed with formaldehyde, dehydrated
with ethanol 24 h later, embedded in paraffin, continuously sec-
tioned into approximately 5 pm thick tissue sections, and then
stained with hematoxylin and eosin. Four fields were randomly se-
lected for the examination of iINOS/eNOS positive expression at
400x magnification, and the number of iINOS/Enos-positive cells
in 100 cells in each field was counted.

2.4 Statistical analysis A statistical analysis was conducted
using SPSS 21. O statistical analysis software. The experimental
data were expressed as mean + standard deviation (x £s). A one-
way homogeneity of variance analysis was initially performed, and
pairwise comparisons between groups were conducted using the

Dunnet ¢ test for two-sample means, with a significant level of

P <0.05.

3 Results and analysis

3.1 Rat blood and myocardial tissue As illustrated in Table 1,
SOD and GLH-PX exhibited a notable increase, while NO and
MDA demonstrated a significant decline when compared to the
AMI-RI group (P <0.05). Furthermore, the observed change in
naringenin group C was more pronounced, and the disparity be-
tween naringenin group C and group B was statistically significant

(P<0.05).

Table 1 Comparison of lipid metabolites and active enzymes in 4 groups of rats (x +s)

Group (number) MDA // nmol/mL SOD //U/mL LDH //U/mL GLH-PX //U/mL NO//U/mL
AMI-RI (6) 21.47 +1.64 218.39 £12.01 34.24 £2.20 207.18 £13.54 67.39 +4.02
Naringenin A (7) 19.25+1.95 227.17 £12.93 32.09 £1.32 215.33 £14.72 64.28 £5.87
Naringenin B (8) 15.34 +1.27 268.21 £17.80" 22.53 £1.94% 309.27 £19.89* 51.97 £4.15"
Naringenin C (8) 9.01 +1.02% 291.50 £22.42° 17.91 £1.66"° 341.22 +13.97%° 44.91 £3.05%°
NOTE The letters "a," "b," and "¢" indicate statistical significance at the 0.05 level versus the AMI-RI, naringenin A, and naringenin B groups, respective-

ly. The same below.

3.2 Number of iNOS/eNOS positive cells
Table 2, the number of eNOS-positive cells in the naringenin B/C

As illustrated in

groups was found to be significantly higher than that in the AMI-RI
group (P <0.05). Furthermore, the change in naringenin concen-
tration in the naringenin group C was more pronounced, and the
difference between the naringenin group C and group B was statis-
tically significant (P <0.05).

Table 2 Comparison of test results of iNOS/eNOS positive cells

cells/100
Group (number) iNOS eNOS
AMI-RI (6) 41.09 +£2.57 9.25+1.04
Naringenin A (7) 39.51 +4.60 10.53 £1.43
Naringenin B (8) 31.97 £1.20™ 15.30 £1.91%
Naringenin C (8) 25.04 +1.35%¢ 19.24 £2.10™°

4 Discussion

Naringenin, also known as naringenin, is a flavonoid that is widely
distributed in lemon, Rosaceae, Rosaceae and citrus plant.
Among these, the content of tangerine peel is the highest'”. It was
observed that SOD and GLH-PX exhibited a notable increase,
while NO, MDA and LDH demonstrated a significant decline when
compared to the AMI-RI group. The number of eNOS-positive cells
in the naringenin B/C groups was found to be significantly higher
than that in the AMI-RI group, and the change in naringenin con-
centration in the naringenin group C was more pronounced. The
results indicate that the effect increases with an increase in drug
dose, suggesting a concentration-dependent phenomenon. Our
findings demonstrate that the lipid peroxidation product MDA is in-
volved in the entire evolution of AMI-RI pathology, and that SOD
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can exert a protective effect on AMI-RI by scavenging free radi-
cals”*’. GLH-PX is a crucial peroxidase-like enzyme that is widely
distributed throughout the body. The active center of GSH-Px is
selenocysteine, and its vitality size can serve as an indicator of the
body’s selenium levels. Selenium is a crucial component of the
GLH-PX enzyme system. It can catalyze the conversion of GSH in-
to GSSG, facilitating the reduction of toxic peroxides into non-toxic
hydroxyl compounds, This process protects protect the structure
and function of cell membranes from peroxide-induced damage.
Additionally, GLH-PX levels influence the body’s ability to remove
toxic metabolites. LDH plays a pivotal role in glycolysis and gluco-
neogenesis, acting as an essential enzyme between pyruvate and
lactate. The body exhibits a clear increase in ischemia reperfu-
sion, with a correspondingly specific distribution. This makes it an
invaluable clinical reference standard and diagnostic tool for myo-

. In this study, the content of SOD and GLH-PX

increased in rats compared to the AMI-RI group, while myocardial

cardial disease™”’

MDA and ventricular LDH decreased. These results are consistent
with those of the aforementioned study.

NO plays a pivotal role in maintaining homeostasis within the
internal environment, particularly with regard to the cardiovascular
system. Three distinct types of NOS are involved in the catalytic
synthesis of NO, namely nNOS, eNOS and iNOS.
iNOS that is primarily responsible for the induction of NO. The ex-

However, it is

perimental observation of the citrus B/C group of rats revealed a
significant increase in the number of vascular endothelial eNOS-
positive cells, accompanied by a significant decrease in the num-
ber of iNOS-positive cells. This was accompanied by a significant
decrease in ventricular blood NO levels. It was therefore postulated
that citrus may improve eNOS activity, reduce iNOS expression,
and indirectly reduce the synthesis of NO, thereby maintaining NO
in a physiological state and expanding the effect of blood vessels,
improving myocardial blood supply.

In conclusion, in addition to inhibiting cardiac lipid peroxida-
tion during AMI-RI by improving SOD activity, citrus may also af-
fect NO synthesis and release by regulating eNOS and iNOS, thus
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realizing the protective effect on AMI-RI, which is enhanced with
increasing drug dose. This suggests that this effect is concentra-
tion-dependent. In view of the above observed phenomenon, it is
imperative to conduct further research on the pharmacological
mechanism of citin and to investigate its potential medicinal

applications.
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AGRIS (The Agricultural Sciences and Technology) is a booklist-style international agricultural database which is established by the +

documents, corpuses,

+ books, technology reports, patents, maps, meeting papers, and other literatures, which are collected by 135 countries and regions, 146 } +

+ branches of AGRIS, and 22 international organizations. Its content comprises all the agricultural fields in the world, as well as forestry, +

economy, aquatic sciences, fishery, human dietetics,

g

and so on. This database is an international intelligence communication system
maintained by FAO, which updates quarterly and increases by 0. 13 million records annually, with large data amount.

Learn more about AGRIS, please login http://www. fao. org/agris/
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