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Interleukin-37 has A Promising Cardioprotective
Effect on Isoproterenol-Induced Myocardial Infarction
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SUMMARY: The main cause of mortality and disability globally is myocardial infarction (MI). Isoproterenol (I8@yrenoceptor
agonist, has been used to induce rat myocardial necrosis. Whereas interleukin-37 (IL-37) has anti-inflammatory and egtommpézties.
The study aimed to investigate the potential protective effects of IL-37 administration on cardiac architecture, oxidativendtre
inflammatory markers during 1ISO-induced Ml in rats. Three groups of adult male rats were used in this study, the norngabegntrol
(n=8), ISO-induced MI group (n=8) that received isoproterenol hydrochloride (ISO) (100 mg/kg/day, SC, for the first 2 censgm)ti
and IL-37-treated group (ISO+IL-37) (n=8) that received recombinant human IL-3%(K@ /day, intraperitoneally, for 2 weeks during
and after ISO injections. Heart rate (HR.) and ECG changes were monitored. Some oxidative stress markers such as sopgesade dis
(SOD), nitric oxide (NOx), malondialdehyde (MDA), and glutathione (GSH) tissue levels in the tissue homogenate were ésdaykith-In
6 (IL-6), tumor necrosis factoe- (TNF-a), caspase-8, P53, and C- reactive protein (CRP) were among the inflammatory markers examined.
In addition, serum levels of creatinine kinase (CK-MB) and lactate dehydrogenase (LDH) were analyzed to evaluate the mjogardial
For histological analysis, tissues were sectioned, fixed in paraffin, and stained with hematoxylin and eosin (H&E), Massore Brcl,
immunohistochemical against NF-kB, TNf-and Caspase-9. IL-37 improved ECG changes, cardiac enzyme markers, and some inflammatory
markers of oxidative stress in ISO-induced MI. It also improved the histopathological and immunohistochemical changesoindidisiion:
IL-37 might be a promising therapeutic modality in myocardial infarction.
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INTRODUCTION

Cardiovascular disease (CVD) is a serious globalf efficient preventative and treatment measures (Kopechek
health concern that has grown to epidemic levels in limitegt al, 2016), even though, sedentary habits, obesity, and
nations, accounting for 78 % of all deaths. The prevalencedibetes mellitus continue to jeopardize these benefits from
CVD has dropped in developed nations due to the applicatiefficient treatment methods (Patel & Meh2813).
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Even though myocardial infarction treatment haMMATERIAL AND METHOD
evolved significantly over the last few years, most current
medications were created without clear molecular targets
(Goyal & Mehta, 2013). Nevertheless, Many therapeutic The experimental animals.Twenty-four male adult
pathways have been established due to an incread#idtar rats (weighing 160-210 g) were obtained from the
understanding of the biochemical and cellular changes theculty of Veterinary Medicine's animal house, Zagazig. The
occur in myocardial infarction (Patel & Mehta, 2012).  experimental animals were housed in steel wire cages (3-4

per cage) at room temperature, on a natural light/dark cycle,

Acute myocardial infarction can result in severavith unrestricted access to food and water. The animals were
myocardial ischemia, which activates autoimmunity andcclimated to their environment for one week prior to the
draws a lot of inflammatory cells to the region of thénitiation of the studies. Appropriate animal health and well-
infarction, and produces a lot of cytokines involved in thbeing indicators were continuously monitored, and the
inflammatory response (Kaét al., 2014). It has been shown College of Medicine Ethics Committee at Zagazig University
that excessive inflammatory cytokines harm myocardidlas approved the procedures for using animals in research
cells, speed up myocardial cell apoptosis, and subsequerithpproval number: ZU-IACUC/3/F/107/2022).
decrease cardiac function (Lét al, 2016). A large influx
of inflammatory cells may also release a lot of inflammator€hemicals.Recombinant human IL-37 was obtained from
mediators to contribute to inflammation. These inflammatorfAdipogen AG, Liestal, Switzerland). Unless otherwise
mediators contribute to the necrosis and apoptosis of cardgpecified, Sigma-Aldrich Chemical Co. provided the kits,
cells as well as the dysfunction of endothelial cells (Hori &hemicals, and reagents utilized in this investigation (St.
Nishida, 2009). Louis, MO, USA).

In the current study, we focused on interleukin (IL)Induction of Experimental MI. Isoproterenol
37 as a therapeutic candidate in myocardial infarction usihgdrochloride was dissolved in normal saline (100 mg/kg),
the isoproterenol (ISO)-induced myocardial infarction rathen the rats were SC injected for two next days. The used
model. Isoproterenol is a synthetic catecholamine that rapidipse was selected in accordance with prior research
produces oxidative products leading to the cellulajRayabarapu & Patel, 2014). Elevated levels of blood
impairment detected in myocardial hypoxia, acute coronacyeatine kinase-MB (CK-MB) and lactate dehydrogenase
insufficiency, angina, and subendocardial infarct (Zhuan@DH) in rats indicated 1SO-induced MI.
et al, 2017).

Animal Grouping and Experimental Protocol. Twenty-four

Interleukin-37 is a member of the IL-1 family thatmale (Wistar) albino rats were randomly divided into three
contains both pro-inflammatory cytokines such as dl.-1 groups. Group | (normal control; n=8): animals received 200
18, IL-33, and IL-36, and anti-inflammatory members likgil normal saline; intraperitoneally (vehicle) for two weeks.
IL-37 and IL-38 (Ceciliaet al, 2013). IL-37 is a major Group Il (ISO; n=8): animals received 200f normal saline
inhibitor of both innate and acquired immune responségehicle) intraperitoneally for two weeks during and after
(Nold et al, 2010). Animals that overexpress IL-37 argeceiving isoproterenol hydrochloride (ISO) subcutaneously
protected from colitis, hepatitis, and endotoxic shock (Nold 00 mg/kg/day, SC, for the first 2 consecutive days for
et al, 2010; McNameet al, 2011). IL-37 improves the induction of MI). Group Il (ISO+IL-37; n=8): animals
inflammation and immune reactions in psoriasis (Tehg received recombinant human IL-37 (4dYkg /day), dissolved
al., 2014). IL-37 is secreted by dendritic cells, macrophagen,200ul normal saline and injected intraperitoneally (Cavalli
endothelial, and smooth muscle cells (Busfatldl, 2000; et al, 2016) for 2 weeks during and after the administration
Boraschiet al,, 2011). IL-37 controls the differentiation of of ISO (100 mg/kg/day, SC, for the first 2 days).
several immune cells and suppresses innate inflammation
(Dinarelloet al, 2016). The advancement of cardiovasculdECG monitoring. The rats were weighed, an
disorders may be associated with IL-37 (Zhuetreg, 2017). electrocardiogram (ECG), and blood samples were taken at
It was determined that individuals with acute myocardiahe end of the two-week period. Thiopental (45 mg/kg, i.p.)
infarction have increased amounts of IL-37 in their bloodas used to anesthetize the animals, and they were maintained
(Jietal, 2014). The purpose of this research is to assess lkarm using a heating light to prevent hypothermia. Peripheral
37's impact on myocardial infarction in rat experimentdimb electrode needles were implanted subcutaneously into
models by investigating cardiac function, cardiaeach rat's forepaw pads and tail. ECG was recorded and
microscopic architecture, and its anti-inflammatory, antianalyzed. The data was collected with a Power Lab System
fibrotic, and anti-oxidative mechanisms. (4/3 with bridge amplifier) and analyzed with Lab Chart Pro
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software (AD Instruments Pty Ltd, New South Wales]:100 dilution). Diaminobenzidine chromogen was applied

Australia) to determine heart rate (HR.) and ECG changedor 5 minutes to the slides to visualize the immunoreaction
18. Alight microscope (The Leica DM500 microscope) with

Biochemical assessmenAfter rats were euthanized, blooda digital camera (Leica ICC50 W Camera Modul, D) was

was collected for biochemical analysis as previously describaded to examine the slides.

(Qianet al., 2019). The hearts were dissected, washed, dried,

and weighed. The Heart Weight Index (HWI) was calculatedlorphometrical study. Cardiomyocyte diameters in

(heart weight in milligrams to body weight in grams ratio)hematoxylin and eosin-stained sections among all groups

For the biochemical assessment, one portion of the heart wasre measured throughout the nucleus-corresponding area.

mixed with a 10 % (w/v) homogenate in phosphate buffédnly longitudinally cut cardiomyocytes with visible nuclei

(pH 7.4) according to previously mentioned technique (Goyahd cellular boundaries were considered for the analysis

et al, 2015). The cardiac homogenate was prepared to asggngusstet al, 2021). Area % of collagen fibers, B,

the oxidative stress biomarkers following Rayabarapu & PatENFa, immunoreactions were also estimated using (ImageJ)

(2014). The superoxide dismutase (SOD) (Cat. No. 1916@pmputer software for image analysis (Wayne Rasband, NIH,

nitric oxide (NOx) (Cat. No. MAK454), malondialdehyde Bethesda, Maryland, USA).

(MDA) (Cat. No. MAKO085), and glutathione (GSH)

(Cat.No.MAK453) tissue levels were assesse8tatistical analysis.Of the collected data was performed

spectrophotometrically according to directions of the usadilizing SPSS version 26 and GraphPad Prism version 9.

assay kits (Sigma-Aldrich Chemical Co., St. Louis, MOUsing the Kolmogorov-Smirnov and Bartlett tests, the

USA). Standard commercial enzyme-linked immunosorbenbrmality and homogeneity of the variance of all the data

assays (ELISA) kits from Sigma-Aldrich Chemical Co. (Stwere determined. The results are reported as meaD,

Louis, MO, USA) were used to measure serum levels of tissard statistical significance was established using one-way

inflammatory markers [interleukin-6 (IL-6) (Cat. No. ANOVA and Tukey'post hodest. All statistical tests had a

RABO0311), tumor necrosis factor- a (TNF-a) (Cat. Nofixed significance level of p < 0.05.

RABO0479), and C- reactive protein (CRP) (Cat. No.

RAB0097). Moreover, the serum levels of creatine kinase

(CK-MB) and lactate dehydrogenase (LDH) were assessBRESULTS

by ELISAKits to evaluate the myocardial damage. The cardiac

apoptotic markers p53 was measured in tissue using sandwich

ELISA kits (Cat. No. ERA47RB, Thermo Fisher Co.,IL-37 improved Cardiac weight index and ECG

Waltham, Massachusetts, U.S.) together with caspase-8 (naidifications in ISO-induced IM. Our results showed a

No ab39700, Abcam, USA) according to the manufactureissgnificant increase in heart weight index (HWI) in the

instructions. cardiac ischemic group (ISO-treated) compared to the control
group, indicating hypertrophy. However, IL-37 treatment
Histopathologic evaluation of cardiac injury significantly improved the HWI alleviating ISO effects.

Moreover, the ISO group exhibited a significant increase in
Light microscopic study. The heart tissues were fixed inHR, T wave inversion, QTc interval prolongation, wide QRS
10 % formalin followed by histological processing anddemonstrating ischemia and conduction defects), and
paraffin wax encasement. Thenuf longitudinal sections significant ST-segment depression (indicating the
of the left ventricular myocardium were stained by Massaprogression of ischemia-induced MI). Contrarywise, IL-37
trichrome and Hematoxylin and Eosin (H&E) fortreatment improved ECG abnormalities secondary to 1ISO
histopathological examination. delivery, as shown in Table I.

Immunohistochemical study.Paraffin tissue sectiongdn  Biochemical parameters

were prepared and immunohistochemically stained

according to the avidin-biotin complex (ABC)IL-37 treatment improved cardiac enzyme markers in
immunoperoxidase technique for the localization of NF-kBWIl. As shown in Table Il, the two days of administration of
TNF-a, and Caspase-9. The slides were washed withO led to a significant elevation in the serum LDH and
hydrogen peroxide and incubated with the primary rabb@K- MB, respectively, in the cardiac ischemic group (ISO-
polyclonal antibody against NF-kB (p65) (Labvisiontreated) compared to the control group. Conversely, IL-37
Thermo scientific, USA, RB-1638, 1:100 dilution) and TNF{reatment (2ug/kg/day, intraperitoneally) normalized the
a (Abcam Cambridge, MA, USA, ab9635, 1:100 dilutionserum LDH and CK- MB levels in the cardiac ischemic+
and caspase-9 (Abcam Cambridge, MA, USA, ab202068&.-37 group.
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Table I. Impact of IL-37 therapy on HWI and ECG alterations in rats with ISO-induced MI.

Parameter Control Group ISO Group ISO+IL-37 Group
(n=8) (n=8) (n=8)

HWI (mg/g) 3.42+0.18 4.92+0.26 3.53+0.27

Heart rate (bpm) 311.71+14.8 391.41+15.6 379.6 £12.64

ST-height amplitude (mV) 0.039 £0.008 -0.14 +0.007 0.028 £ 0.0053

T wave amplitude (mV) 0.107 +0.008 -0.019 +0.003 0.018 +0.004

QTc (ms) 130.1+£5.2 278.4 +5.9 138.6 +5.8

QRS duration (ms) 23.1+1.8 29.1+1.7 23.7+1.4

Values expressed as mea8D, * Significance versus the control group at p< 0.05. #Significzerseghe ISO group

at p< 0.05

Table II. Effect of IL-37 treatment on cardiac enzymes and lipid profile among the studied

group’s.

Parameter Control Group ISO Group ISO+IL-37 Group
(n=8) (n=8) (n=8)

LDH (IU/L) 610.20 + 40.10 1420.15 + 43.93 650.40 + 41.26

CK- MB (lU/L) 512.31 £ 24.30 1286.25 + 29.90 625.12 +25.3

TC (mg/dl) 108.26 £7.38 194 + 21.65 122 +16.3

HDL-C (mg/dl) 5421 +4.72 35+382 45 + 4,56

LDL-C (mg/dl) 42.32+£7.61 110 + 1461 56 + 11.5%

TG (mg/dl) 85.42 + 15.35 142 + 1723 96 + 12.64

Values expressed as mearsD, * Significance versus the control group at p< 0.05. # Significance
versusthe 1SO group at p< 0.05

IL-37 treatment improved inflammatory markers in Ml . The ISO group || -37 treatment improved oxidative
revealed a significant elevation of the inflammatory markers (GNE-6, stress markers in MI. Regarding
and CRP) in the cardiac ischemic group (ISO-treatecjugthe control group.  gxidative stress markers, the
However, compared to the 1ISO-treated group, their levels were consideralldministration of 1SO significantly
lower after IL-37 therapy as shown in Figure 1. increased cardiac MDA and NOx
content with a reduction in myocardial
GSH, GPx, and SOD in comparison to
the control group. Interestingly, IL-37
treatment succeeded in normalizing
MDA and NOx tissue content and
improved GSH content, GPx, and SOD
activities compared to the cardiac
ischemic group, as shown in Figure 2.

IL6 pgimL
TNF-a (pg/mL)

IL-37 treatment ameliorated apoptotic
markers in MI. ISO significantly

A€ B¢ increased the myocardial p53, and
caspase-8 content in the cardiac ischemic
400- group (ISO-treated) compared to the
- control group. However, treatment with
= IL-37 ameliorated the p53 and caspase-8
§ 2004 Fig. 1. Effect of IL-37 treatment on contents, as shown in Figure 3.
5 inflammatory markers among the
- studied groups, values expressed ag_-37 treatment ameliorated lipid
meant SD, *Significance group at p< profile in MI. 1SO significantly

0.05, **p<0.01, and ns: nonsignificant. ; - .- <oq the total cholesterol (TC),

low-density lipoprotein cholesterol
(LDL-C), and triglyceride (TG) serum
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levels while decreasing high-
density lipoprotein cholesterol
(HDL-C) in the cardiac

ischemic group (ISO-treated)
compared to the control group.
However, IL-37 treatment
ameliorated approximately
succeeded in normalizing the
lipid profile in the (ISO+IL37)

group, as shown in Table II.

IL-37 treatment improved
histological and immuno-
histochemical changes in MI.
Sections stained with
Hematoxylin and Eosin
revealed that the control group
exhibited normal histological
character; parallel myocardial
fibers had branching with an
anastomosing pattern, central
oval vesicular nuclei, and
visible intercalated discs.
Fibroblasts with elongated
dark nuclei and blood
capillaries were seen in the
interstitial space between the
cardiac muscle fibers (Fig. 4a).

Cardiac ischemic
group (ISO treated), H&E-
stained myocardial sections
showed marked histologic
changes in the ventricular

Fig. 2. The effect of IL-37 therapy on oxidative stress indicators among the studied groups, values

expressed as mearSD, * Significance group at p< 0.05, **p< 0.01, and ns: nonsignificant.

200+

1504
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ns

200+ I ekokok *okkok |
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150+ ST

S S

caspase-8 (ng/g tissue)

myocardium in the form of
disorganized myocardial
fibers with pyknotic nuclei,
absence of the intercalated
discs and widening of the
interstitial spaces between
them. The widened interstitial
spaces showed mononuclear
cellular infiltration, red blood
cells, and prominent fibrous
tissue. Also, congested blood
capillaries and hemorrhage
within the myocardial fibers
were seen. Some intensely
eosinophilic, fragmented, and
wavy myocardial fibers were
seen. Also, cytolysis of

Fig. 3. Effect of IL-37 treatment on apoptotic markers among the studied groups, values expreddypgardial  fibers  was
meanz SD, Significance group at p< 0.05, , **p< 0.01, and ns: nonsignificant.

observed (Fig. 4b-d). In the
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Cardiac ischemic+ IL-37 group, most of the normadf collagen fiber distribution. In the cardiac ischemic group
histological features of the myocardium were restored; themevealed a significant increase compared to the control group
were parallel myocardial fibers with branching andt P < 0.05. However, the area % of collagen fibers in the
anastomosing patterns, central oval vesicular nuclei, a@érdiac ischemic+ IL-37 group exhibited a significant
visible intercalated discs. Less widened interstitial spacetecrement compared to the Cardiac ischemic group but still
some congested capillaries, and pyknotic nuclei were stivealed a significant difference from the control group at P
seen (Fig. 4e). < 0.05 (Fig. 5e).

Masson's trichrome staining was performed to detethmunohistochemical results:Assessment of the NF-KB,
the fibrotic changes in the different experimental groups, aiNF-a, and caspase-9 immunoexpression in cardiac tissue
shown in Figure 5. The Control group revealed scanty bluevealed negative to weak expression in the control group (Fig.
collagen fibers in interstitial space (Fig. 5a). In contrast, tt&a, 7a, 8a), strong expression in the cardiac ischemic group
cardiac ischemic group exhibited abundant basophil{€ig. 6b, 7b, 8b), and weak to moderate expression of the three
collagen fibers in interstitial space and around the blogatoteins in the cardiac ischemic +IL37 group (Fig. 6c, 7c, 8c).
vessels (Fig. 5b-c). Interestingly, in the Cardiac ischemickhe immunoexpression of the proteins NF-KB, TNF- a, and
IL-37 group, few basophilic collagen fibers in interstitialcaspase-9 was significantly higher in the cardiac ischemia
space and around the blood vessels were observed compgredp compared to the control group and significantly lower
to the cardiac ischemic group (Fig. 5d). These results wanrethe cardiac is-chemic +IL37 group compared to the cardiac
(Fig. 6d, 7d, 8d).
N F

Fig. 4. Photomicr

shows parallel myocardial fibers with branching and anastomosing patterns, central oval vesicular nuclei (arrow), ante:kdsibled

discs (Ic). Fibroblasts (short arrow) with elongated dark nuclei and blood capillaries (BC) are seen in the interst{bédcipAsterix).

(b): Cardiac ischemic group exhibits disorganized myocardial fibers with pyknotic nuclei (arrowhead) and the absenar cdildie tht
discs, widening the interstitial spaces (white Asterix). Amononuclear cellular infiltration (circle), red blood cells @REB@spminent
fibrous tissue (double arrow) are seen in the widened interstitial spaces. Congested blood capillaries (# BC), intengkiljceosino
(curved arrow) and fragmented (bifid arrow) myocardial fibers, and cytolysis (thick arrow) of the myocardial fibers are.ofg3erve
Cardiac ischemic group shows wavy (crossed arrow) and intensely eosinophilic (curved arrow) myocardial fibers, blood sglls (RBC
and prominent fibrous tissue (double arrow) in the widened interstitial spaces (white Asterix). (d): Cardiac ischemic ipitaip exh
hemorrhage within the myocardial fibers, intensely eosinophilic (curved arrow), fragmented (bifid arrow), and wavy myibeasdial f
(crossed arrow). The myocardial fibers' cytolysis (thick arrow) is seen with wide interstitial spaces (white Asterix}lige)ischemic+

IL37 group showing parallel myocardial fibers with branching and anastomosing pattern, central oval vesicular nucleifdrrow), a
visible intercalated discs (Ic). Less widened interstitial spaces (white Asterix), some congested capillaries, and py&nate stilc

seen. (f): A chart displays the cardiomyocytes diameters of the left ventricular wall among experimental groups. *, prpéares co
with the control group; #, p < 0.05 compared with the cardiac ischemia group. Scale her=>&00.
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D : N TR PN z -

Fig. 5. Photomicrographs of Masson's trichrome stained sections; (a) control, (b, ¢) Cardiac ischemic groups; (d) Cardiac
ischemic +IL37 group. (arrowhead) and (bifid arrow) demonstrates the collagen fibers distribution around the blood vessels
(BV) and interstitial space, respectively. Scale bargrb0x400. (e) A chart displays the Area % of blue staining of collagen
fibers in the ventricular myocardium of different experimental groups. Data are presented aSDéar 8); #, significance

versus control and *, significance versus the Cardiac ischemic group at P < 0.05.

Fig. 6. Photomicrographs of NF-KB immunostained sections showing the expression of NF-KB; (a) Control
group, (b) Cardiac ischemic group, (c) Cardiac ischemic +IL37 group. Positive staining is well-defined as brown-
yellow staining (arrow). Scale bar= ffh, x 400. (d) A chart displays the quantification and statistical analysis of
the area % of the ventricular myocardium of different experimental groups. Data are presented&8Dr{@an

8); #, significantly different from control *, significangersusthe Cardiac ischemic group at P < 0.05.
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the quantification and statistical analysis of the area percent of TNF-a. Data are presented as mean
+ SD (n = 8); #, significantly different from control *, significaneersusthe Cardiac ischemic

group at P < 0.05.
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Fig. 8. Photomlcrographs of Caspase-9 immunostained sections showing the expression of Caspase-
9; (a) Control group, (b) Cardiac ischemic group, (c) Cardiac ischemic +IL37 group. Positive staining
was well-defined as brown-yellow staining (arrow). Scale bargrB0x 400. (d) A chart displays

the quantification and statistical analysis of the area percent of caspase-9 in the ventricular myocardium
of different experimental groups. Data are presented astr®@r(n = 8); #, significantly different

from control *, significantly different from the Cardiac ischemic group at P < 0.05.
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DISCUSSION influence. In agreement with our findings, a study revealed
that the transgenic expression of human IL-37 in a mouse
macrophage line considerably inhibited the generation of

The current research investigates the potentittie pro-inflammatory cytokines (Sharnea al., 2008).
treatment function of exogenous IL-37 for the ISO-inducelloreover, recombinant IL-37 inhibited pro-inflammatory
myocardial infarction rat model. The model of ISO-inducedytokines limiting the inflammatory burden in

Ml is characterized by less invasive techniques withoirifflammatory arthritis (Cavalbt al, 2016), following acute

complications of general anesthesia when compared witng injury (Morettiet al, 2014), and obesity (Nold-Petry

the occlusion of the coronary artery (Rayabarapu & Patel al, 2015). Furthermore, it suppressed the inflammatory

2014). response and elevated oxidative respiration, improving
exercise tolerance (Cavadt al, 2017). IL-37 inhibited

Our results revealed that IL-37 treatmentlso the inflammasome bioactivity, IL31and IL-18

ameliorated rat myocardial infarction, as demonstrated jrudloff et al, 2020).

restricted inflammatory responses, reduced oxidative stress,

inhibited cardiomyocyte apoptosis, and improved cardiac The plasma level of IL-37 is significantly elevated

function. with acute coronary syndrome (Rudladt al, 2020).
Patients with raised baseline IL-37 levels at admission have

The serum LDH and CK- MB levels are sensitivgpoorer outcomes. Therefore, IL-37 may serve as a mortality-
indices for assessing myocardial infarction severity (Saepcedictive biomarker in acute coronary syndrome (ACS)

& Ahmed, 2006). Our findings showed that the serum CKYanget al, 2017). The higher IL-37 levels in ACS patients

MB and LDH activities of ISO-intoxicated rats werecould be considered the compensatory response to a greater

significantly increased due to their leakage from the aré@aflammatory reaction owing to its anti-inflammatory

of cardiac necrosis induced by ISO (Manjetal, 1992). properties.

IL-37 treatment significantly lowered these marker

enzymes compared with 1SO-intoxicated animals The generation of reactive oxygen species in Ml can

establishing the cardioprotective role of IL-37 bydramatically disrupt cardiac homeostasis, increasing the

conserving the myocardial membrane structural arahtioxidant system's demand (Singalal, 1982). The
functional integrity. increase in myocardial MDA and NOx content in the current
investigation, along with the decrease in GSH, GPx, and
Moreover, as dyslipidemia contributes to MI, ISOSOD levels, point to the development of oxidative stress in
was found to activate cAMP formation, enhancing lipidhe ISO-treated rats. The decrease in the levels of cardiac
biosynthesis and developing hyperlipidemia (Ithayarasi 8 DA and NOx may be ascribed to IL-37's antioxidant

Devi, 1997). In the current study, it was found that rat®sponse to the free radicals brought on by ISO's auto-

treated with ISO had significantly higher levels of TC, LDL-oxidation. Administration of IL-37 significantly reduced

C, and TG serum, which were dramatically reduced khis oxidative stress while maintaining cardiovascular

treatment with IL-37 and improved HDL-C levels. Theséunction. Additionally, the effect of IL-37 dramatically

findings support the adjunct usage of IL-37 to improveeduced the ISO-induced myocardial apoptotic markers
dyslipidemia and consequently reduce the risk of MI. lauch as p53 and caspase-8 content. As a result, the

accordance, it has been revealed that IL-37 has a proteciivgorovement in exercise tolerance that follows IL-37

effect against atherosclerosis involving the inhibition afherapy can therefore be attributed to the antioxidant activity

Rho-kinase (ROCK) activity, which might be theof IL-37, which results in a decrease in oxidative stress-

mechanism preventing hyperlipidemia (Yat@l, 2017). related metabolic markers and an increase in the antioxidant

Rho-kinase activity is amplified in atherosclerosis, actinglutathione, trying to delay muscle fatigue and improving

as an atherosclerotic burden marker suggesting a probatnlescle contraction (Cavabit al, 2017).

relationship between IL-37 and atherosclerosis (Shaoyuan

et al, 2015). Treatment with IL-37 considerably reduced the
hypertrophy observed in the ISO group as shown by the

Serum concentrations of CRP, TNF-a, and IL-6 irelevated heart weight index (HWI). Additionally, IL-37 was
rats (ISO-treated) increased significantly. However, IL-3&ffective inalleviating ECG abnormalities brought on by

treatment dramatically reduced the elevated serum levé®0O administration, including elevated HR, inverted T

of CRP, TNFe, and IL-6. Consequently, by loweringwave, prolonged QTc interval, and QRS duration

cardiac stress biomarkers and lowering the production @fdicating ischemia and conduction abnormalities), and
inflammatory cytokines, IL-37 has an anti-inflammatonsignificantly depressed ST-segment amplitude (indicating
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the progression of ischemia-induced MI). Moreover, Marked immunoexpression of NEB and TNFe
treatment with IL-37 declined elevated systolic and diastoliwas observed in the ischemic group, which aligns with the
blood pressure and heart rate induced by I|S@ported stimulation of the NiB pathway by ischemia and
administration. In agreement with our findings, manynyocardial necrosis. NKB can both shield cells from
studies reported that IL-37 decreatezlarea of myocardial ischemia and act as a cytotoxic agent by extending
infarction, inhibited dendritic cell maturation, reversednflammation. In addition, monocytes in the neutrophil
cardiac remodeling, increased IL-10 expression alleviatéafiltration secret some cytokines like TNF-which acts
myocardial injury induced by ischemia/reperfusion (8/u through TNF receptor 1 (TNFR1), exaggerating remodeling
al., 2014; Zhwet al,, 2016). and fibrosis (Michels da Silvet al, 2019).

As previously noted, densely stained myocardial In the IL-37 treated group, there was moderate
fibers and widened interstitial spaces were observed in ttemunoexpression of NkB and TNFe&, which is
cardiac ischemic (ISO) group, which are consistent wittonsistent with amelioration of the inflammatory status. IL37
interstitial edema and the coagulative necrosis of the known to induce anti-inflammatory effects through the
myocardial fibers seen by deep cytoplasmic eosinophilia esduction of the pro-inflammatory cytokines production and
the first signs of myocardial infarction (Afr@ al, 2016; upregulation of anti-inflammatory ones (Su & Tao, 2021).
Michaudet al, 2020). Additionally, congested blood vesselsMoreover, IL37 regulates the activity of NdB, which is
mononuclear cellular infiltration, and red blood cells weressential for numerous macrophage functions (drad,
observed in the interstitial spaces. These findings a?819).
compatible with increased vascular permeation and
neutrophil infiltration in the ischemic myocardium resulting Notably, our data demonstrated that IL-37 protects
in necrosis and muscle degeneration (Porttaal, 2017). against inflammatory load and oxidative stress in 1ISO-

intoxicated rats. Further study on the efficacy and possible

According to earlier studies, the observed wavgdverse effects of IL-37 in MI patients is highly
myocardial fibers associated with interstitial edema areracommended.
characteristic finding in early and acute infarction. The
increased hydrostatic pressure of the edematous interstitial
space causes the myocardial fibers to be compressed @@NCLUSION
stretched, giving the impression of being wavy. Sections
stained with Masson trichrome revealed significant
deposition of collagen fibers in the interstitial space and This study showed that IL-37 could greatly reduce
around blood vessels in the cardiac ischemic (ISO) groube myocardial damage caused by oxidative stress and
which aligns with fibroblast ingrowth within myocardiuminflammation during ISO-induced myocardial infarction in
in late stages of infarction as an initial step to scarringts. As a result, it can be utilized as an adjunct therapy to
following engulfment of dead cardiomyocytes byprevent myocardial infarction. This might be advantageous
macrophage and neutrophil infiltration (Michaatlal, for avoiding the development of heart failure. To verify the
2020). mechanisms of action, additional research is needed. The

limitations of this study, that it is a rat study, that future proof

Contrary, the cardiac ischemia (ISO)+IL-37 groups needed in large animals and future studies should compare
showed preserved histological structure of the myocardiutihe effects of IL-37 on different types of myocardial
with fewer collagen fibers deposition, which is consistenfarction models to better understand its mechanisms and
with reported beneficial effects of IL37 on cardiac pathologgotential clinical applications.
including its ability to alleviate cardiac infarction and hinders
the expansion of atheromatous plaque (Yanhgl, 2019).

Additionally, IL-37 was also found to have anti-fibroticAUTHORS' CONTRIBUTIONS. Project design,

effects by modulating fibroblasts by inhibiting TGF-b1 (Kimexperimentation, data analysis, and manuscript writing were

et al, 2019). all handled by HAE. AEH: Designed the study, conducted
experiments, evaluating information, ME and M. EL ran

TGF{31 plays a significant role in inducing heartstatistical calculations. Histopathological tests were carried
fibrosis; it stimulates fibroblast proliferation, and througlout by AA, ME and OA, respectively. SH: performed
phosphorylation of its downstream mediators, Smad2/Smae8periments, examined data, ran statistical calculations, and
collagen deposition and fibrosis are induced (Sagidal, gave the experimental plan a close look. Each author read
2021). the final draft of this text and approved of its contents.
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